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P?s RT I

V. IS ALL'ATION A! COW ARISON OF NUCLI:AR POWl:!:PL!.NT.

SITING METHODOLOGIES
.

Cl! APTER I

I ? 'TPODL'CT I UN

iany different methodologies have been and ar2 being used to identify
iott atial powerplant sites. In addition, numerous factors or site sel'cti cr:--

t ria have been erployed by these methodologies to reasure site suitability. .

arlett has made it difficult to evaluate the adequacy of siting studies. The

; ) e ; t i ';e of this study is to evaluate the changes that r.ay occur aman ; sp ;11<

.- i t .i n k i n t s as a result of the particular characteristics of the a rir i

sthedalc7 es and the criteria they ecolcy,i_ti' re

I erder to achieve the study objcctive, it was first necessary t s d t. c.

tm m.-tu i, l r,g i e , were currently being used. Several sources of informatl ..x1 t-

1:.;ludi a docurentation of siting studies which had L. e n O s n. a r: jisc;+,
i,

at atiil a thodologies in the literature. It <as decided that for + ts,

ur: - of this study it would be bet te r t o concentra te on the re t!u nl 4 _

.t | actualli Leen used in siting studica and reported in chapters al* rr *

1* Jaluation contained in Envircnmental Pe;crts (EPs) because tne 5:th<

. actically dcronstrated- Hr we'Je r , this ai :;rcach had two d r awb.ic
~

16L CCnCernS *he t i~ e j.e r 10d O'Je r Wnich the StLdleS wert CCnd dC t'. d .

r* 1 J u:' e r.t studie w "11 C2 nere T'2;ti a3 l G r; aM 6 ears i 1.,

r- car.ent StuIlds are at lt!a S t j 'f f ITU Gld literaturt scarC . l'is

f t '. t r: l'ij Port r l:ia r ;. i[ Ir ,_ + ,; s '. .1 tin 1 . tulles perf arrc d today t
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ha net i on cm,ple t ene s s on the subject of site selecticn and on representatlor of the

full ranae of rethodoloqiet being used. 'I he similarities a ru i differences of th"

reth<idoloties were noted and a classification schere, which is presented in Chapter

II, w1s devised.

data base was needed in order to corpare the results of the a pp l i ca t ic,n n ofn

the different rethodologies in the same context. It was recognize! that t h. ' differ-

ences between the results of the rnethodoloqy applica tions right be controlled, to a

1 t r i;e extent, by geographic factors. Therefore, it w .1 s decided that two dsta ba s: <

representina different regiens af the country would be useful. !>e sc r i p t ion s of t he

two data bases chosen are contained in Chapter I of Part III.

Sesaral of the rethodologies used in the past are of a <m a l i ta t i /<- ia t u r <

this is in contrast to other methcdologies which are clearly r re quantitati/e

Tht qualitative rethods reviewed have no clear analytical st ucture and e ph i:.1 ve

different factors tar different sites. Because of this rm specific apprt i h , it

w ir nn* I"- sible to a cc u ra t e l;. sirulate the use of these .ite selection r e t hr .d s

with the te:* data bases in a way 'nat would allow cm pm rison with oth r r o r.

qaantitatis+ ' t h: is. There' 2 re , It was shown t h.i t the assr ptions ~arb- <<r <r.Ir

le 1: of * ibil t ty i r. terrs (if a p ticular sitini f ac t r>r , :le: r r i l< < > i r. r; i:1tta-.

t i '. . terrs, have an effs.ct (o the rankin: of sites, a r.d that t h' irplicit + r<,

o! 1 p s r t i t. assioned t< a particular facter il sr. affe<*. r a r <.1 r.

Mant,ulations sirulating several of the :;ua n t i t a t i . r.e t t.: d a l o g i e curr<.. . t lii

in ase were .> r f o rr.e d c n t ht data bases to provide information t h. f olle cir. ;.

analyws

1 The ccr:. ir l son betweer exclusion a c re e n ir.g a r, > cc artc' h f i g .h t !)

c r< in<,,

2. Ti effoct at we i- r h t i n g s+ructures, an le

3. T5 off"ct of c h : a n i n ", different suitabilltj le' .1x for articular
'iting act or.*
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CHAPTER II

- SITING METHODOLOGIES 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 reviewed I r,
order to determine which siting methodologies were being used by utility compan o
L'leven of these siting studies, and one contained in a Final Environmental :: L a t, -
rent (IES) prepared by the Nuclear Regulatory Cormission (NRC), were chosen to 't-

ceive detailed classification of the methodologies they employed. These 12 litin;

stu les were chosen because they were representative of the range of methodolv;1m
ust and Lecause their ERs contained sufficient information on which to Lase a'

reasonable classification assessment.

Although the siting procedures used by the utilities are diverse in the .cl- r

of :c t e p s involved, they can generally be divided into three phases.*
Pnase I--Determination of Candidate Areas: The Region of Interest (FOI)-

screened to locate Candidate Areas for a site,

Phase II--Determination of Candidate Sites: The Candidate '.r e a s are s c r.-

to locate Candidate Sites.

Phase III--Daternination of Prcposed Site: The Cand ida te Sites are evaluat_;-

and conrared to deternine the Proposed Site.

Por this study, a candidate area will be defined as a collectiun ;f c- +

cells of sufficientI; high suitability. candidate litt will '; 2 aeft A a:,n

with:n such an area. The cell size (1.3 miles [2.4 b] en a sidc for +'< tah

area and 1.2 mtles (2 kmi on a :l i d e for t ht Illinois stuuy area) 1" lar a a
'

acc rmadate two or three nuclear werplanta The !ocati n actuall, c:

'rplant cauld fall within scne por ti: n nt a cell, :n tb icundar, !<*

four col., Increa t H rcoll:, or =t the in te r sect i i:; 10umlari. , *

latter t cirn:-'la t, to 14 located would increase th chance that t i

Nigh* CcCur.

.

Three-Pha." ", del
.

of Intores*

Any sitina study is cen;l;ctec within a r: 11 9 dot. *
s .i

T
The orocess osually starts wit h a definea Pem nn nf Irterest f: :)

with a Pret osed Site. (See Roference 1 for t o r r i n o l e-- definit 1cns i

J%mg ,...
" Q' .o

k]



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 been 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-

ori permit ever-increasing transmission distances, the recent trend has been t ow a rri
ever-increasing size for the POI.

Phase I -De t e rm ina ti on of Candidate Areas

Begional analysis is essentially a screening process to select those are.in

in which a more concentrated effort chould be applied to identify potential sites

Financial, legal, and time limitations generall'/ dictate that this screening be

based solely on published data.

i' h a s.- I I-- De te r " i r.a t i o n of Candidate Sites

The se lection o f candidate sites is often done in two step: First, ;s +<attal

cite: are defined in the candidate areas. A screening of these intential nite: re-

sults in cand ilate s i te :> "are detailed additional analysin and data art re-

iired fcr this phase th in are required for candidate Trea elec tic : T7; tc .<

< enc site-srecific data are obtained by survey and by othe r recora.a l s sar.co N s
*

in order to assure better data quality for the final p ha r.

Phas III--Doternination of Prorr sed Site (Final Site %:li:c t ion)

The r'thodolcaies us a to compare and ovaluate candida+e i t r_ 'r! r t

.e et tho Freinsed -; i t . are more diverst and rie ne r 111'. rcre ccq ley *Sr *

u:s 'd for the previous two phaser The nu~h.: cf siting c r l t.>rl a . r: > l t - i-d

riliability of the data fer Phaso III are usull', arcatr-r thir frr t h. ~
i d2 '

s 1 * r- solection chase.

14 t:Clasn t f ic it to: >' Proc.Site r
4

* *t-+ +5 41nf t he a l t ? r !' i t t >itt rafal tticr cha * irfP! ' + $
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TABLE I

Siting Methodologies Appropriate to Each Phase of
the Site Selection Process

.
Sitina Methodoloov Phase I Phase II Phase III

Favorability Selection X X X

.

Comparison Screening X X X

Qualitative Corparison Same as Favorability X

Cost Effectiveness - - X

Site Rating - - X

Exclusion Screening X X X

Favorability Selection

Candidate Areas -- Candidate areas are selected because of one or riore fr.orable
characteristics. The siting criteria can be applied either sequentiall, or

~ r-

rontly Sequential application aplies that second siting criteria would L. 1:i

only to the area rernining af ter the first criteria were applied, Concurrent a;..!i-

cation involves sirultaneous consideration of the criteria. In the latter ca m , m

area right have a single weak point yet still rerain in the study because of -< cr

rore corpensating positive features.

This screening procedure is typically done in a qualitative r.ancer a r. "a 1

h i < .113 subjective. Areas are selected because they have cne or rore tarticularl,

favorable characteristics. In the recent past, the rest important of the favor-

:d n e a r ra > > tnability criteria have been location within the utility service area a

a source of cooling water. Equally favcrable locations ray exist el&wher<, but .'

an adequatt nu" er of candidate areas is identified, no a t t eri.t is r ide tr & r i

+h- :-'e lar a 1 7 2
th.se a l t e r r.a t e areas. The definitic- of .u i< ";'.a t e .ier

',rrino tb sti ;y.

'and i,la t o Sites -- *e preceding co ents cc r.co rn i r e, frccraLiltt +,4

ehe canlida+e area selecticn rhase are also ap;licable to this nas< " - -

difference involses the s i t i nc.: critoria ar. lied. Crtteria such ,, - r- it *

imw.> r l oa d , cenling water, and ra3or faults a r r- easil at plie 1 at tb . < .

",re site-specific criteria such as terooraphs, t r a n s m i , , i o r. access, , , a-

eccicqical sensitivity are more remlily aM.lled in this I.han

Prcem ed Sito -- Occasionally an individual itc icu n! whic .c ua.,

crerosed on th. ! a sis of r. it r* +

facorabic characteristics that it < .

.

*h Lasis of an alternato site evaluatlo-'.1

Exc1Us1On ScrenniniT

Candidate Areas -- A sat of explicitly statel ( >: c l 'rnart crit ,i, ,

Ir al - ri c less th in 10 miles (16 kr) f i nr a wate' iource <tu., a: 1,

qh 4!My#

l)b
#

6 pu ea;+ u m udU hM va- , ,

S W. . u
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the RJI. The candidate areas are those which remain after this screening. The

emphasis here is on defining minimum standards of acceptabiltty.

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 .' ele methodology used at this stage since it does not
select sites but rerely reduces the areas in which candidate sites can be loca t r.d .
Eventually, some corpa r i sor. of the remaining areas would bo needed in order to 10-
cate and evaluate ca ncl id a t e sites.

Cnrrarlsen Screenino

Candidate Areas -- A set of explicitly stated criteria, or siting issues, is

established and utility ratings assigned to each category within each critericn n

map is prepared covering the e'1 tire ROI for each criterion (siting issue), A <et

of weights is established which determines the relative irportance of each of the

criteric as part of the site ar'a suitability assessment. The weights are a; p l i c -i

to the rattnas for each issue aa a corposite score is developed. The score for

each site area is ccroared to other areas in order to rark-order the site areas and
identify the rost suitable area or areas. For selection of candidate areas, p ra:ra l

criteria that vary cver larger regicns (as opposed to criteria that vari ra;sili

over n r.a l l req 1cns) are cercared using a rating and Ir;.crtance-ratio weicht i ng

s t r u c t u r e' .

Candidate Sites -- The sare precedure as that used in ca n d i n ' t r- area sc l e '' r"
i

applied. However, additional s it e-speci f ic data are used eith increasir 1is

complex cr discriminatino criteria.

Pru csed Sitt -- w;ain a weighting structure prc <!c th ferrat for t .ari-r-
> >

,r'n. More specific criteria are used and the evaluatin may h( lisa r '* it

th15 iCint into C?StH, r.n V i r c r.ro n t a l IrpaCtS, an'I S o C i r,( . & ', n ' A 1 C C h a r. '-

' 2.111 t a t i '. C nr i ! .1 r_i_.9 r 'r._u.
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NCPA requirements, but this methodology is generally used most often wh the e. /i-

ronmontal impacts for all candidate sites are approximatel/ equivalent.

Site Rating

A rating scheme is applied to each of the candidate sites and the propum d
site is chosen based on the outcore. Site rating is similar to comparison screen-

inq, but the evaluation criteria (or issues) are determined by the strengest features
of the sites under actual investigation. For this reason, site rating is only appli-

cable to Phase III of the siting process.

Classification of Selected Siting Studics

T!.e '11;rity of the 41 sitino stadies reviewed appeared tc use f,rr;r a b i l i r '
selection for both candidate area and site selection. Unwever, this r0 r,t 't -

flect the rethodology actually used but rather may have resulted becaas t h- f.|

preo nted in sLi f f icien t informa tion concernin ; the site selectinn pre mnn If -

clusionary criteria or acceptability scales were e ployed but not d i se m. H 't.1

ER, the appearance of havin.: used favorability selection would resul+

< till''I h r 12 sitina studies selecteJ for this study were "hosen f r. their <

clasalfi-itien of the site selection -ethoJ ;1c .;ie s they e ployer!. "ab'< .I

''
identifies the rethotiole- ies used for the three phases of the sit t w I:''

al .s-
ich of the stt lies. cm' aliiticn11 features cf these si clies ,

4

_ is se ! _"

The Blue Hills Staticn siting study stated that th+ envircnrertal ir: acts at
2 *hethc candidato sites were equivalent. The Callaway Plant s i t i n c, s t M/ u .,

s ar.e rethodoleq1es as the Blue Hills Staticn with the excepticn that exclu . nar-

criterion was stated.

The Douglas Point Nuclear Generating Station s i t i n': stuc used f a '. n r a h i : t .

: !-<'loction for Loth the can11date area and site select 1 thases "' h ' & -+

* *

*h plant used Jualltative ccr: 3rison to select ti ! rc1 c si sit , w :- r 2:;

r

sts used a site ratin'? schere. This latt?r scha - I n valv < ra:, *'

e ach -f 10 i l t i r. 2 :r l + rla.
' -

t - i-ca Utdates (1, 2, or 3)

.;tation siting study used the s a r .-_ ::ethods as t h* D mlas Fair * (TS st- .it:

t'e selectic: nf uanI dat *' ^> +

addit ion of exclusicn screening in r 4 i

ocific site ratinq schere, the five candidate n)*< w* ri* I, m ,

t . * < '1- 1*f ,) ' ' 'i r . l b l o , 3 ' SNept lblet"! l, 2 =

n r "' e n t a l eriter11. L' h * '' I t wd 'rt 1 .t ': e
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TABLE II

Methodology Classification for Selected Siting Studies

Phase I Phase II Phase III
Candidate Candidate P ro;>os ed

Siting Study Date Areas Sites Sites

Blue Hills Station Aug . 19 7 4 PS and ES FS and ES CE
Callaway Plant 1974 FS FS CE

Douglas Point Nuclear
Generating Station (FES) 1976 FS FS SR

Jaresport Nuclear
Power S tat ion 1974 FS FS and ES SR

Fulton Generation Station 1973 ES FS SR

Douglas Point Fuclear
Generating Station (EP) 1973 FS FS QC
Marble Hill riuclear
Generating Station 1975 FS FS QC
NF.P tiuclear Powerplant 1976 ES FS QC
River Bend Station 1975 PS FS CC
Palo Verde Nuclear
Generating Station 1974 ES and CS ES and CS FS

South Texas Project 1974 FS and CS FS CS

Tyrcne Energy Park 1974 ES ES and CS CS

Le rnd
CE Cost-Effectiveness Analysis=

CS Cor; arisen Screening=

Exclusion ScreeningES =

PS Favorability Selection=

Cualitative CerrarisonCC =

SR - Site Pating

A 7The 'arble Hill tiuclear Generat1Cn Station' and River Liu ,tation sitir

studios both used favoribility selection t o lo t e rraine c a r. .! 11,i + + areas arm . *<
an-! riualltativD COF{arisOn tO ielt Ct t ht- [ rC;:n S G'l S1 Th* NET u c l ami r ;_ r-

lant ;itina stu+c f o l l c w o -! the nam >- re 't h n !a l c.;y exc< ! t ti:a t it ur+~! +xelt.

screeni to determine candidate areas

The Talo er lo 'uclear Generat r. " Static,n itir at. c- aril cr. in:-

usoi a 0 * ~ scalc based en !o rree ^f a c c e p t a h 1 1 1 t '. altir crit < 1
~' ' r,

m on ,E-1 @ tin- factors and the cc site rati !'*'rnirm! "e 11 J :i t ar n.

S i t e. * S . The pro Joil Site was ;'ic k f ul [rl arilt fa'm r,ti 111* +-lt c+1ort

; .i t -1i

aCt j i J> l t l ' [Or tjullitatl'. Cc~! TriMnn s' l t ' ther S i t t': wf u li *
t !~. ' .'.l'

'

~t

t 7 ' t'h e r .11 e

De SCuth It' x a S Prn]eCI S i t I T.q t l.d y U '! l CT PI, i !1.l t l ' [ J1'.' :' r . l } ; l } }- ?-
'

1 ~'tion md cc parison screenin, +o sole;t candilato area can 1: 11t+. + +

chosen by f7vorability selection- Ccenariscn scret n l :.1 w-i.' u v -! 1. ^**

final nite; each candidate site was rated nn a 0 tc 5 ac cc ;.t a' . * c a l- { ',j / .' n
i ~j isix >1tinq criteria ara en ecst differential. The criterta w. 1 r i t *

m : .
*-

ran k ir r < 3 O r. O

J A Q Lj| (O
?4 p'

"



The Tyrone Energy Park siting study used comparison screening to narrow three
candidate sites to a single proposed site. The sites were rated on a 1 = poor to

4 = excellent scale for the different criteria. The criteria were then weighted and

the sites r5nkcd.
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PART II

~ AN EVALUATION OF NUCLEAR POWERPlANT
SITING METil0DOLOGIES

1. OVl!RVIliW OF Ml!T110DOLOGY liVAlllATION

1.1 Scope of livaluation

Sandia Laboratories contracted with Woodward-Clyde Consultant.s to

in an analysis of alternat ive methodologies for select ing nuclearassist

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

Com-rationale and substantive assistance to help the Nuclear Regulatory

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

siting studies. Specifically, distinctive characteristics of adeuuate

nethodologies were to be ident i fied , although it sas not the purpose o:
To ident i fythe study to determine a single "bc;t" siting methodology.

these characteristics, an evaluation of site select ion methodologies was

conducted.

A variety of methodologies has been either proposed for use or

actually used in nuclear 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 l'ee- u ed previously in sitiny

studies for i nvironmental Reports submitted to the NRC

n ' 7)
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Three main characterist ies produce complexity in evaluating meth-

odologies. First, it is difficult to determine exactly what constitutes -

a methodology. Di f ferent procedures are often referreu to by the same

name. i f indeed any name is used. Second, the objectives to be achieved

by a s it ing study (aside from site ident i fication) often are not clearly

articulated. Third, individuals have different perceptions of the rela-

tive importance of achieving varion.c object ives of a methodology. 'I h u s ,

a nethodology may be evaluated very favorably by one person and un-

favorably h- another because cach at taches di f ferent degrees of importance

to t hose aspects of sit ing which the methodology handles well or poorly,

The assessment of methodologies is complicated by the fact that a

part icular application may have flaws that are easi'y correctable but

which reduce its usefulness as a siting study that is, the flaws are

not inherent in the nethodology used, but rather result from the imple-

ment at ion of the nethodology in a particular siting study, 'Ihis

report evaluates methodologies as they were actually inplemented and,

in addition, as they might have been applied i f various correctable

mistake had not been nade.

The object ives of siting methodologies were determined in nect i n;:3
.

with individuals familiar with nuclear power plant siting These i:di-

viduals included professionals at Sandia 1. abo ra t o r i e:, , NRC, con su l t i n;:

firns engaged in conducting siting st ud i e., , and utilite companies which

EO, 7 3 f,J>L : ',
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- commission and conduct siting studies. lii ght een lower level objectives

were speci fied. For each, an at t ribute scale was const ructed to indicate
.

the degree to which the various methodologies met the corresponding

objectives.

Four individuals discussed with us their relative ureferences for

achieving the various objectives. The individuals had different per-

spectives and responsibilities in the nuclear power plant sit ing proce: ,

Itased on these interviews, three separate multiattribute utility funct ions

representing dif ferent points of view regarding the various objectives

were constructed. Although the preferences encoded in the three ut i l i t;

funct ions di f fer substantially, the final ranking of methodologies is

almost identical using any of the utility functions. This occurred

because the better methodologies were better on essentially alI the

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

ut ility funct ion for use in this evaluat ion.

1.2 Select ion of Sfethodologies for Evaluation

The alternate site evaluat ion chapters of forty-one 1 nt i ronnental

Repo rt s (ER) and one Final 1:.nvi ronmental Statement ( I I:S ) subnitted as

part o f canst ruct ion permi t applications to the Nuclear Regulatory

were reviewed by SandiaCommission between .luly 1972 and Septenher 1976

Laboratories. This review ident i fied t he sit ing methodologies actuallt

being used by utility companies. Twelve of the studie3 were selected

r) n ?
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for detailed evaluation of the methodologies used. The twelve studies

were chosen because they are representative of the range of methodologie' .

in-used by ut ilit ies and because the liRs or l'ES contain sufficient

formation on which to base a reasonabic evaluation.

Although the sit ing procedures used by the utilities di ffer in

nuuber a f steps, they generally involvc three phases. The procedure

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

Site *

Phase 1. I)eterminat ion of Candidate Areas: 'The Region of

Interest is screened to locate Candidate Areas for a

site,

Phise II. 11etermination of Candidate Sites: The Candidate

Areas are scrmned to locate Candidate Sites.

Phase 111. I)etermination of Proposed Site lhe Candidate Sites

are evaluated and compared to determine the Proposed

Site.

1.2.1 llet erminat_i on of, Cand idate Areas. hith the regional analyser,
_ _

is performing a <creening t o select areas t.here a ; ore concentratelone

- . . - . . . - -

*Speci fie definit ions for these terms and others used in this section
are contained in: " Regulatory Guide M.2, Refised; l' reparation of In-

vi ronmental Reports for Nuclear Power St at ions." linited St ates Nucl.ar
Regulatory Commission. Of fice of Standards l'evelopnent , .luly Iro.

'? . ,'' ' O.-
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e f fort will be applied to identify potential sites. Itisically three

.

di fferent procedures are used by the nuclear indust ry to determine

Candidate Areas:*

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

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

applying all the siting criteria to the entire Region of

and choosing Candidate Areas based on the combinedInt e rest

suitability of the area.

2. lixelusion Screening: The Candidate Areas are those that re-

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

the Region of Interest . lixamples of exclusionary crit eria in-

clude: in a federal park, more than ten miles from a water

source, and less than five miles f rom an act ive faul t .

Areas are rated on a scale based on3. Comyarison Screening.
_

degree ci acceptability for one or more siting criteria. The

r;itings are combined (the various sit ing crit eria are assi gned

weighting factors based on the importance of each ) .inl the

areas are ranked. Those areas having an acceptable rating or

ranking become the Candidate Areas.

;i
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Of the three methodologies the third is the most quantitative- the,

first, the least. 1:or favorahility select ion, areas are picked because -

they are part icularly iavorable based on one or more criteria. Equally

favorable locations may exist elsewhere; but i f an " adequate" nunber of

areas is identiried, no attempt is made to ident i fy the others. The

definit ion 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, equally undesirable locations may still r main in

the Candidate Areas, but those wil1 presunably be ident i fi ed in subse-

quent phases of the sit ing study.

1.2.2 Determinat ion of Candidate Sites. After t he Candidate Areas

are determined, potential sites within those areas are located.

Additional and rore detailed analyses and data are requi red for the

potential sites in order to select from then a set of Candidate Sites

Site-speci fic data should he employed along with survey and reconn.ii s-

sance i n fo rmat i on in thi., process.

The procedures used to select Candidate Sites are the same as those

for select ing Candidat e Areas. Only the number o f s i t i ng c ri t e r i ..

employed and the quality of the data di f fer ie,a i n , the three sitin;

nethodologies used to select Candidate Sites are: (1) f avo rab i l i t y

selection; (2) exclusion screening- and (3) compa ri son screening.,

C oS ^ -

/b [81(

26



i,'.3 Ilet e rminat ion of Proposed Si t e. The procedures, used to det e r-

mine t he l'roposed Site are more diverse and r,enerally are more complex

t han t hose used for the previous phases. The numbe r o f s i t i np, c r i t e r i a

euployed and the quality of the data are usually r,reater than in the

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

Proposed Site are:

1. Favorability Selection: Occasioially a site having a mfficit
'

number of favorable conditions is proposed on the basis of it:

merits alone rather than through an alternate site evaluat ion.

2. Qualitative Comparison: The siting criteria are discussed for

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

port for the decision is primarily qualitative.

3. Cost-I:f fect iveness Analysis: Choice of the Proposed sit e is

chosen based on engineering costs. A qualitat ive descript ion

of environmental impacts is included. This methodology i

generally used when the envi ronn: ental impacts for all Candi-

date Sites are approximately equ valent.

1. Site Rating. A rating scheme is applied to the Candidate

,

cites; it s out come det ermines the Prapon d Si t e. 'l h e basis

for t he t radeo f fs anong t he di f ferent siting criteria is

rarely clear. No weighting factors are used.

. ,,
,
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3- 9.TPiif_I "" SC.rcy'n ii[p The procedure is the same as that dis-?___ _ _

cussed under Candidate Area selection.

l . .' . 1 Classi fication of Selected Siting Studies. Table 1.1 identi-

fies the methodologies evaluated in this report by the siting study in

which each was used and by the manner in which the three phases of site

select ion were performed. A more det ailed discussion of each methodology

is given in Section 5 and in Aipendix 1.l

The ...jority of the sit ing studies reviewed appeared to use favor-

ability selection for both Candidate Area and Site select ion. ~lhis

classi fication may not re fl ec t the actual procedure used but could have

resulted from insufficient information having been presente in the 1:n

If, although they might have been used, exclusion criteria or accept-

ability scales were not presented in the LR, the appearance - and hence

t he classi fication - of favorability selection would result.

1,3 Out 1ine o f Report

'lhe nain sections of this report correspond to the di f ferent tasks

conducted as part of the evaluat ion of nuclear power plant site selee-
.

tion methodologies. Sect i on .' d i scusses the evaluation approach used in

the study Sect ion 3 t reat s the object iver of sit ine nethoJologies.

Speci fic att ributes (measures of ef fect iveness ) to assess the extent to

which a methodology meets each objective are presented in Section 1.
g g (, qo
Je _ ct
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Section 5 1:ltes t he various methotlologies on each of tiie at t ribut e

seales. Sect ion 6 discusses the mult iattribute ut i1ity st ruct urcs used .

to :in tigamat e the va rious at t ributes into one overall evaluation (objective)

function. Ihe result s of evaluating the nethodologies are presented in

Section 7; the implications of those result s are discussed in Sect ion 8.

V.irious support ive technical material is presented in appendices.

.
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.'. lY \lR\ TION Al"'ROACll: DICISION ANAL 3 SIS
.

'the major complexities in evaluat ing nuclear power plant sitiny

methodologies are:

1. speci fying t he obj ect ives of t he met hodolor,ies,

2. constructing measures to indicate the degree to which the

objectives are achieved

3. describing methodologies in terms of the degree to which t hey

meet the objectives

1 assessing the relat ive importance of the various obj ect i ves

llecision analysis explicitly addresses each of these complexities in a

fornal and logically consistent manner, For this reason, and because

the contract required it, decision analysis was chosen to examine the

;iting methodologies.* A summary of the theoret ical foundatione af

decision analysis is given in Appendix 1. A c. ore detailed presentation

of the theory and practice of decision analysis is given collectivel) in

von Neumann and Morgenstern [4]; Raiffa [3]; Brown, Kahr, and .n

ll); and Keeney and Rai f fa [2]. 't h i s sect ion provides an overvit ,of

the approach.
.

d

. _ _ _ . . _ __

* Decision inalysis was not selected as one of t he siting methodoloaics
to be luated since, through IN h, it had not been used in intiran-

mental :' ort s fi l ed wi t h t he Nuc l ear Regul atory Commi s.;i on

31
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.

2.1 lie s e r i p t i on o f t he I)ec i s i on Ana lys i s Apy roac_h.

,

11ecision analysis is a systematic procedure which can help eval-

uate alternatives in accordance with the preferences and judgments of

various expert s and af fected part ies. For discussion, decision analysis

can be broken down into the following steps:

e st ructuring the problem

o describing the consequences of each alternative

e determining the preference st ructure

e rationally synthesizing information

I,e t us discuss these steps in more detail.

St ruct uring the Problem. Structurin;' involves definition of the

problem scope, identi fication of a s( t of object ives , speci ficat ion of

attributes (i.e., measures of ef f et iveness i to indicate the dee,ree to

which each objective is achieved, and deternination of alternat ives to

be evaluated. Also, individuals whose preferences are important t o the

analysis are identified. (I. cision analysis provides a f r:n:.ew o rk in

which di ffer(nt viewpoints can be considered in evaluating the alterna-
'

tives i f desired. )

CO; a
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.

Desc ribing t he Consequences of I'ach Alternat ive. A descript ion of.

_ _, _

~

the consequences of each alternat ive is given in terms of the at t ri-

buter. I f there are uncertaint ies in estimating consequences, a complete

<peci ficat ion of the consequences of choosing a part icular alternat ive

wilI requi re t he quant i ficat ion of prohahiiit les for the di f ferent pos-

sible consequences. The consequences (and, if necessary, probabi:ities1

are determined from data, nodels, or the professional judgment of expert

Determining the Preference St ructure. In this step, the prefer ence ,

of the individuals concerned with the problem :ve quantified. The proce,

involves quant ifying the various concerned individuals' value t radeof fs

between achievement of compet ing object ives and, i f necessary, quant i fy-

ing t hei r at t i t udes t oward ri sk-t ak ing tltility theory is used to express

p re fe ren c e s in a mathematical form called a utility function. Such a

function is assesced by asking the decision maker various preference

questions.

Synthesiring the In format i on . Synthesis, which intec, rates the in-

fornation tathered in previous st eps, i: computational and int erpret i ve

it consists of calculat ine the expected utility for each alternat ive anJ
.

exaninin.: the reasons for the overall levels of utilit) . Sensitivity

analysis may be included in this step; it i s of ten appropriate t o var:*

t he consequences of each alt ernat ive and t he ut ili t y funct ions to deter-

nine how this a f fects the rank ing of the al ternat ives.

t
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.' . 2 liec i s ion Ana lysi s of Si t e Select ion Methodologic_s
.

To overview the analysis of nuclear power plant site selection

methodologies, a descript ion of the four steps of the examinat ion is

given here.

St ructuring the problem involved speci fying both the object ives

hierarchy and an attribute to measure each of the lower level objectives

The twelve siting methodologies to be evaluated were also selected.

To describe the consequences of each alternative, the degree to which

each of the nethodologies measured up in terms of the att ribute scales

was quanti fied. Since there were eighteen scales (one for each lower

level objective), the methodologies were fully described by ciehteen
.

pieces of data. One datum rated a methodology on one att ribute.

To determine the preference st ructure, interviev t.ere held with

four individuals closely familiar with aspects of nuclear power plant

ticing problems. As a result, three uti1ity functions were constructed:

one representing the viewpoint of a consultant , one representing the

viewpoint of a staff member of Sandia I,abora t o ri es , and one combining

t he viewpoint s o f two NRC sta f f members. *
,

*lt is important to stress that the viewpoints represented personal '

opinions and not of ficial policy, I u rt he rnore , the utility asses ments
were all conducted to be rough first-cuts of the preference ;t ruct ures .
The ensuing analysis then indicated that refined assessment s were not
required to carry out the purposes of this study,

34 C () > n '/
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.

't he final <tep was synt he:;i s of in format ion. Ilsiny each of t he

.

t b ree utility funct ions , an evaluat ion of the t welve met hodologic wa-

conduc t ed. A ranking of the methodologies resulted. heak conponent' of

the uethodologies were iden t i fied.

In this evaluation, our intent was to st ructure the problem ca n -

fully in 4tep 1 and then to conduct an analysis of methodolo;;ies ut i li:-

ine some simplificat ion in steps 2 and 3. This would indicate which

aspects of these steps were critical to the evaluation and wort .y ofi

addi t ional ef fort . Thus, in step 2 the methodologies were described

deterministically rather than by using probabilit ies to indicate unctr-

tainties about the methodologies. In step 3, we assumed each of the

single-attribute utility functions was linear and concent rat ed on the

value t radeof fs among at t ributes (i.e., the relative importance amon;

objectives). As illustrated by the analysis in Section 7, these ;in-

pl i fi cat ions , which initially se ned appropri at e , ;> roved in fact to be

inconsequent to the overal' sult s of the st udy , I!cn c e , it was not

necessary to const ruct a more sophisticated mdel. Ihe ori;;inal andel

eiptured the essential feat ures o f t he proble .

,
l'ecision analysis had several advantaces for evaluat i n e nuclear

pmse r p l ant siting methodologies:
.

e 'lhe process o f .;pec i fy i n g objective, and .it t ribut e - leJ to a

clear, explicit defini t ion of the r ealuat ion probler.

35 - ,
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.

o Decision analysis provided a logical mechanism for quantita.

t i vely considering value t radeof fs among mult i ple obj ect i ve-

e Quant i ficat ion allowed appraisal of the sensit ivity of evalu-

at ion conclusions to di f ferent assessment s of the relative

importance of various object ives.

e The explicit, quant itat ive nature of a decision analys pro-,

vided a complete document at ion of the evaluat ion.

lh e remainder of this report discusse.' the evaluat ion of site select ion

me t h od o l o g i e :, in detail.
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.i . OltiiETIVI:S l'OR l'V \I,Il \T I NG S ITI' St.!R.'l ION MI:'li101H)IDG II S.

a.I St ruc.t u.re o f Oh j e.c.t.i.v.e.s
. . . . -:. .

liie ob ject it:'s of sit ing met hodologies were det ermined in meeting'

wit h individuals familiar with nuclear power plant siting. The proce:

w.is iterative, with changes made in the objectives structure over a

period of several months based on the comments of the individuals inter-

viewed.

lhe final objectives for the evaluation are illustrated in Ilaure

3.1. To s i mp l i f, the figure, short keywords are used for each object i ve.

A complete definition of each object ive is e,iven in Subsection a.2.

\s Fi gure 3.1 shows , the objectives in the evaluat ion of , i t i n t.

.et hodologies are arrangeJ hierarchically. For example, the qualit y of

\nalysis obj ect ive has three l ayers o f subobj ect i ves under i t , 'i h e dis-

eus; ion in Sections 1 and o shows a useful feat ure of decision anal; <i s :

a t t ributes (neasure s of ef fect iveness) need to be >peci fied only for t he

lowest level objectives in the h i era rchy. Thus, we can see fl o n Figurt

5.1 that ei ght een at t ributes must he speci fied in the ev a l u.i t i on . !he

ut hem.it ical procedures of ut i1it y theory enable us to combine the.

at t ribut es to obt ain evaluat ion functions for the higher level obj cet i ve:
.

_
n,

)L {
Ji
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Stated
(1.1.1.1)

-Candidate -

Area Justi fi ed
Determination (1.1.1.2)
(1.1.1)

-

-Da t a
-Candidate (1.1.1. 3)

Site
Identification (1,1) -Stated

(1.1.2.1)
-Quality - - Candidate

of Site Justified

Analysis (1) Deternination (1.1.2.2)
(1.1.2)

Dat-
(1.1.2.3)

--Site Maltiple Conctens (1.2.1)
Selection (1.2) - Der,ree o f In: pac t (1.2.2)

- Comparable Analysis (1.2.3)
- Da t a (1.2.4)

Rationale (1.2.5)
-- Un c e r t a in t i c s (1.2.6)

Long-Term ltp.ets (1.2.7)

- Sensitit :ty
Analysis (1.3)

Understandability (2.1)

- Public -

Perception (2)

Perceived Public
Input. (2.2)

Required
Expertire (3.1) .

- Prac t i ca l i ty (3)--
.

Cost (3.2)

F i p.u re 3.1 OBJFC 11\'LS IIII.!tWCHY

gg9 q,-
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3 . .' lie finit ion of Object ives

-

'Ihe object ives used to evaluate nuclear sit ing methodologies are

de fined below, l'he numbering scheme corresponds to that in parenthew

following each object ive in 1igure a.l. Note that decimal points separ-

ate re ferences t o d i f ferent levels in the objectives hierarchy. 'l h u s ,

for example, 1.2.7 refers to the seventh subobject ive (l.ony-Tern Inpacts)

under the second subobjective (Site Selection) under the fi rst objective

U]ual ity o f Ana lysi s ) . The object ives are:

1, Quality of Analysis: The methodology should bc sound , de ft n-

.sible, and useful to NRC in its decision naking. In particu-

lar,

1.1 CanJidate Site Ident : ficat ion : The Candidate Site Iden-

t i ficat ion port ion of t he methodolo:1.y should be sound ,

de fen s i b l e , and useful to ' RC in its decisien-makine,

process. This means,

l .. l .1 Candidate .irca lie t erai na t i on : 1:or C:mJ idat e

Area det ermination:

.

1.1.1.1 lhe screenina criteria should be

- clea rly st at ed-

1.1.1.2 'l h e screeninc criteria should he

explicit 1y j ust ified.

39
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1.1.1.3 Su f fi c i ent data should he used to

implement the screening criteria -

accurately.

1.1.2 C a n d.i.d a t.e. .S i .t.e. I)e t e rm.i n.a t.i.o.r, ; l'or Cand idat e
..-_ . . . .. . . - - . -

Site determination:

1.1.2.1 The selection criteria should he

clearly stated.

1.1.2.2 The select ion crit eria should be

explicit ly just i fied.

l .,1. 2. 3 Sufficient data should be used to

implement the selection criteria

accurately,

1.2 Site Selection: 'lhe procedure for selecting a site -;h o u l d

he clearly support ed. This neans,

1.2.1 The nultiple concerns in sit ing should he con-

sidered. These include:

c environmental, engineering / economic, socio-

econonie, hea lth , anJ sa fet y i ssues

-

e intangibles

e d i f fe rent i a l impacts oser societe
~ C O ^, ') / ')

Jil LOL

40



.

1.2.2 The varying degrees of impact that the Candi-

' date Sites will have with rep.ard to each o' the

multiple concerns should be considered.

1.2.3 The analysis of all Candidat e Sites should he

comparable hcth in level of detail and in

analysis method to t hat for the primary site.

1.2.4 Su f fic i ent data should be used to justify

statements made.

1.2.5 The rat ionale should be provided for the method

used to integrate the analysis results and to

select a site.

1.2.6 Uncertainties in data and natural variations

in conditions at the Candidate Sites should he

considered.

1.2.7 'I h e impact s of a nuclear poser plant at each

Candidate Site over the long run should be

considered.

.

1.3 Sen s i_t i v_i t y .in a l g ij It should be possible to e>plore

- the sensit ivity of t he stuJy conclusions to changes in

dat a and other input s. " O ') " 7
J , z. cvJ
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2. Public Perceytion: The method should di rect ly and demonst ra-

bly address the concerns of interested public groups in *

particular,

2.1 IJnd ers t andab i l i t v : 'Ibe method shou'.d be understandable
_

to the enlightened layman.

2.2 Perceived Public Input: The nethod should appear to and

actually involve the public directly in the Site Selec-

tion process.

3. Ijracticality: It should be possible to carry out the nethod

in a real-world environment. In particular,

3.1 fixpe rt i se The skills needed to it.plement the n.ethod

should he widely available.

3.2 Cost: The method should relatively inexpensive to

implement.

.

6

/ $ 4 |
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4. ATTRi ttUTI'.S TO MiiAStJRii I)l.Glmh 01: XITA INMI.NT OF OB.lFCTIVI.S

.

4.1 Selection of At t ributes

it is necessary to speci fy an att ribute (measure of ef fect ivenes s J

for each of the eighteen lowest level objectives in the evaluation of

site selection methodologie.,. No natural scale existed to measure the

degree of att ainment for any of the objectives. (This is true even fo r

cost, which would seem to have a natural scale of dollars. 'ihe co;t of

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

For example, costs for applying a specified methodology in Arizona :a)

d i fier from those for its use in Massachusetts.)

lor all cighteen lowest level objectives, scales were 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 n.odi fied in light of experience

using them to describe dif ferent siting nethodologies. The final attr;-

bute scales, described in Subsection 4.2, allow accurate depiction of

t he di fferences amone. the various sit ing methoJologies.

4. Descript ion of At t ribute Scales'

.

For ease in later mathematical work with the at t ribute scales, alge-

braic symbols were assigned to represent each at t ribute, 'I b e s e ;yn hol y

are defined in Table 4.1. 'lhe subscri pt s on t he symbo l s a r.- t 'ie

(_ L b
^
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Table 4.1 Dl!FINITION OF SYMBOI.S I:0R ATTILIl!UTES

__ _ .

1. Quality of Analysis
~

1.1 Candidate Site Identification

1.1.1 Candidate Area Determination

X = Screening criteria clearly stated3y17

X = Scr ening criteria explicitly justified
1 2

X = Sufficient data used
1113

1.1.2 Car.didate Site Determination

X;gy = Selection criteria clearl;. .tated
X = Sel etion criteria explicitly justified1U2
X = Sufficient data used

1120

1.2 Site Sc1cetion

) gy = Multiple concerns cc idered

X = Degree of impact considered
3

X = Comparable analysis of candidate sites123
X = Sufficient data usedg4

X = S lection rationale providedUS
line rtainties consideredX =

126
X = 1.ong-term impacts consideredg

1.3 Sensitivity Analysis

X = Sensitivity analysis possible
33

2. Public Perception

X = Understandability of methodology
-

g
Perceived public inputX =

g
.

3. Pract i ca l i ty

X - hpenise requhed to use neGodolop,y
37

X2 = Cost of using nethodologya

C ( ) (.i.) / ( G 0(
1
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tme as tlie numbers assigned to chject ives in 1igure 3.1 except t h;i t

- the decin.il points have been omitted.

The definit ions of the possible levels of each at t ribute are given

below .c numerical levels have no exact relative neaning, except that

larger numbers indicat e more pre ferred level s. Thus, for exampl e , a

level of 2 on an attribute scale is better than a level of 1, but it i,

not necessarily twice as good. Isasically, the numbers are a shorthand;

they represent a particular scale level and eliminate the need to write

out the complete definition of that scale level at each re ference.

1. Qualit y of .\nalysi s

1.1 Candidate Site Identification

1.1.1 Candidate .\rea 'e t e rui na t i on

1.1.1.1 Screening criteria clearl) stated

1111

0. No criteria explicitly stateJ.

1. Some criteria explicitly s t a t e ;' ,

but some t ype:, not 4t it ed !c ,

intangibles).
.

2. .\ l l screening crit eria t- x p l i c i t 1 )

but qualitativel) stattJ.

,.

Y ( 'g #
''
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3. lissent ially all screening, cri-

teria explicitly and quantita-
'

tively stated.

1.1.1.2 Screening criteria explicitly just i-

fied (Xggg)

0. No criteria explici t ly justified.

1 Some criteria explicitly justi-

fied, but some types not justi-

fied.

2. ?!I screening criteria just i fied.

1.1.1.3 Su f fici ent data used (X j;;3)

O. 1.ittle or no data available to

implement cri teria accurately.

1. Data available to i nplc nent

some criteria accurately, but data

not available for some types.

2. I)ata available to inp'ement all

criteria accurately.

1.1.2 Candidate Site determination
.

1.1.2.1 Selection criteria clearly stated

I
1121
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O. No ; election criteria explicitly

-

s t :s t ed .

1, Some criteria explicitly 4tatol,

but some types not stated.

2. All criteria explicitly but

qualitatively stated.

3. 1.ssentially all screenin. criteria

explicitly and quantitatively

stated.

1.1.2.2 Selection criteria explicit ly justi-

fled (X}; )

n. ',o cri t eria expl i c i t ly j ust i fi ed.

1, Some criteria explicitiv justi-

fied, but sone types not j ust i-

fied.

2. Al1 eriteria j ust i fi ed.

1.1.2.3 Su f fi c i en t data used (X l l a, _ )

0. 1.ittle or no data available to

i mp l e r.e a t criteria accuratel)

1, Data available to iuplement-

some criteria accurately, but

data not ;lvailable for sor e t yne.

47
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2. 1)ata available to implement

all criteria accurately.
'

l.2 Site Selection

1.2.1 Multiple concerns considered (X 121)

O. The existence of multiple concerns recog-

ni:ed but without consideration of t r .deof fs.

1. The major concerns and tradeoffs qualita-

tively discussed in some detail.

2. Tradeoffs quantitatively analyzed for some

concerns but not for others (e.g., intang-

ibles).

3. 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.

4 1.imited quantitative value tradeoffs made

among all concerns with the basis for the

tradeoffs among the different attributes

provided.
.

5. " ore complex and careful tradeof f analysis

performed.

48 cg3 ,) ,
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1.2.2 Ilegree of impact considered ( X ; , ,)
.

O. Not considered.
.

1, llegree of impact recognized qua1itativeiy

but not quant i fied.

2. llegree of impact quant i fied for some

concerns but not for some types

3. llegree of impact quant i ficJ for all con-

cerns.

1.2.3 Compa rable analysis of Candidat e Si tes (X 1 2 .,,1

O. Candidate Sites discus. sed only qualita-

tively, with the primary ite dis-

cussed in more detail.

1. Candidate Sites analyzed quantitatively

using sar.e method as for primary sit e

but in linited detail.

2. \11 Ca ntl i da t e Sites analyzed quantitatisel

la comparable detail.
,

1.2.1 Sufficient Jata used (X33)

O. 1)a t a available but accuracy in substantial
.

doubt.

.

1. Ma j o r e l eir.e n t ., of the analysis suppo rt ed

by good data, but some data either missin..

or of questionable accuracy.
e, '

9 ,,

(J i L L'
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2. Accurate data backing t he ent i re Si t e .

Selection analysis.
.

1.2.5 Selection rationale provided (X I125

0. Decision mechanism not elcarly presented.

1. Mechanism clearly presented.

1.2.6 Uncertainties considered (X I126

0. Single values with no clear meaning used.

1. Single values used with acknowledgement

of a few uncertaintie: and nat ural t a ria-

tions but no quant ificat ion of t hem-

2. Single values used with acknowledgement

of nost major uncertainties and natural

va ri at ion s but no quant i ficat ion of them.

3. \1aj o. uncertaint ies and nat ural variations

analyzed quantitatively,

1.2.7 !ong-tera impacts considered (Xg 3., )

O. Not considered (except perhaps for dis-

count ing of nonet ary cost s ) .
-

1. Di scussed qual i t at i vely for sone as;'ec t
.

of the Site Selection.

2. Di scussed quant i tat ively for some a s pe c t :,

of the Site Selection.

50 CO7 9'7JiL LiL
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1.3 Sensitivity analysis possible (X g3)

O. No sensitivity analysis results presented and in-

sufficient data presented to enable the reader

to do any himself.

1. The means v.ailable for a limited sensitivity

analysis. (The analysis may actually be done in

the report, or data sufficient for t he reader to do

it nay be present ed. )

2. Sensitivity analysis results present ed for ,iany

major components of the Site Select ion study.

3. Virtually complete sensitivity analysis results

presented.

2. Public Perception

2.1 (Inderstandability of methodology (Xg)

O. Requires special technical knowledge to understand

anything.

1. The general approach can be understood without

technical knowledge but not the specific calculations

needed to implement it.

,
2. No special knowledge required to understand the

approach or its inplementation.

InO ^'7
J/L Li J
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2.2 l'erceived Public Input (Xg)

O. No direct public participaticn in the site selection

process.

1. lii rec t public participation in process.

3. Practicality

3.1 l'.x pe rt i se required to use metho<talogy (X_l)a

0 Specialized and not widely known techniques requi reil

(e.g., decision analysis).

1. Specla1i:ed but relatively welI known skil1s required

(e. g. , cost /benefi t ) .

2. Routinely available skill., only required (e.g.,

engineering economy).

3.2 Cost of using methodology (X,,)
3

O. liigh cost.

1. Medium cost.

2. l.ow cost.

C O "d'
''d

J/ Ll '
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3. Qll\NTITN1 iVl! lil:SCR I PT10N 01: S I T I NG Ml!I i10D01.OG l I.S
.

5.1 Discussion of Sit ing Studies I:valu.ited

Sit ing studies present ed in eleven I:nvi ronmental Report s and one

I:inal 1.nvironmental Statement were chosen fo r d e t a i l t d c l a - .ification

of t he site selection methodologies they employed. Table 3.1, which i :,

equivalent to Table 1.1, identi fies the methodologies used for the three

phases of the siting process for each of the twelve studies. Spec i fi c

"

details of the studies are discussed in the t'o l l ou i n y par';raph3

The Blue Ilills Station sit ing study [1] used a combination of

exclusion screening and favorability selection at both the Candidate

Area and Site selection phases. The study used a cos t -e f fect i veness

analysis to select the proposed site, It was stated that the environ-

mental impacts at the Candidate Sites were equivalent. The Cal l awa:,

Plant siting st.:dy [2] used the same methodologies except that no

exclusionary criteria were stated.

~ihe Douglas Point Nuclear Generating St at ion ;iting study used

favorability select ion for both the Candidate Area and Sit e selection

. - - . _

'

Recall fron Subsection 1.2 that the majority of the siting st uJies re-

viewed cnpeared to use favorability select ion for both Candidat e Area
, and Sit e select ion. 'Ihis classification ay not reflect the methodo-

logy actuall: used, but may have resulted from insufficient i n fo rua t i o n
being presented in the I:R concerning the 4ite selection process. If

exclusionary criteria or acceptability scales were employed but not dis-
cussed in the ER, the appearance of havin;' used screening would resul t ,

C 0 ^; r
U / d. (_ i }
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Table 5.1 SITING STUDY MEll10DOLOGY CLASSIFICATIONS

Phase I Ph.ise II Phase III
Candidate Candidate Proposed

Siting Study Areas Sites Site

Blue Ilills Station FS and ES FS and ES CE

Callaway Plant FS FS CE

Dauglas Point Nt.cicar Generating Station (FES) FS FS SR

Jamesport Nuclear Power Station FS FS and ES SR

ruiton Generating Station ES FS SR

Pou:;1as Point Nuclear Generating Station (ER) FS FS QCw
.c

'4arbl e !!il l '' Icar Generating Station FS FS QC

''EP Nuclear Power Plant ES FS QC,

River Bend Station FS FS QC

Palo Verde N':letr Generating Station ES and CS ES and CS FS

South Te.' s Project FS and CS FS CS

Tyro,c Energy i'. irk FS ES and CS CS

Legend

CE = Cost-Effectiveness Analysis
CS = Comparison Screening
ES = Exclusion Screening
FS = Favorability Selection

Ln QC = Qualitat ire Co p:1 isen
'- O '; R = S i t e ' t ine::

A)

N
'

~
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phases The 1:R tudy |3| used a qualitat ive comparison to select the

l'roposed Si t e , whereas the ITS study [1] used a site rating scheme.-

this l at t er scheine involved ranking the three Candidate Sites on each of

ten citing criteria. The Janesport Nuclear Power Station siting study

151 used the same methods as the llouglas Point Fl:S study, with the

.iddit ion of exclusion screening in the selection of Candidate Sites.

Fo r i t s speci fic site rat ing scheme, the five candidate ;ites were rat ed

I, 2, or 3 (1 = preferred, 2 = favorable, 3 = acceptable) on five engineerin

e riteria and seven environmental crit eria. The ratings were added to

rank the sites. Ihe sites were also ranked from a total-cost standpoint.

'l h e final Jamesport site was fi rst on both rankings. The lulton Generat-

ing St at ion siting st udy [6 ] methodology di ffered from that of the

Douglas Point FliS study by its use of exclusion screening to determine

Candidate Areas. Ihe Fulton study rating scheme consisted of assigning

value of 1 = preferred or 2 = acceptable to factors within nine ;itinca

criteria. liach criterion contained from five to nine factors. I:a ch

criterion was rated according to the average of its factor values. 1.ach

ite was in turn rated according to the average of its criterion ratin n .,

The 'fa rble Ilill Nuclear Generat ing Stat ion 17| and River Bend

.
Station [S] siting studies both used a fa vo rah i I i t :. selection to

determine Candidate Areas and Sites and : (pialitative comparison to

.

; elect the Proposed Site. The Niil' Nuclear Power I'lant sit ing st udy

[ '.' l w a s t he ,ame except that it used exclusion screening to det ermine

Candidate \reas.

'$ 0 7 , , .
a, L - ?
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The Palo Verde Nuc lear Cencrat ing St at ion si t i ng study |10] used

exclusion screening and comparison screening to determine Candidate .

\reas and Sites. Areas were rated on a O 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 l'roposed

Site was picked primarily on favorability selection, since data acquisi-

tion at other sites would have upset the time schedule.

'lhe South Texas Project siting study [11] used a combination of

tavorability selection and comparison screening to select Candidate

Areas. Candidate Site < were chosen by favorability select ion. 'lhe sites

were rated on a o to 5 acceptability scale on six siting criteria and on

cost di f ferent ial . The criteria were weighted to provide a site rankine,

The Tyrone F.ncrgy Park sit ing study [12] used exclusion :creening to

determine Candidate Aress and exclusion and comparison screening to

deternine 1:and ida t e Si tes. The three Candidate Sites were narrowed to a

Proposed Site by r cans of comparison screening. The sites were rated

on a 1 = poor to 4 = excellent scale for the different criteria. ihe

criteria were then weighted and the sites ranked.

.

5.2 Descrigtion of Methodoloaies

.

livaluat ion of the twelve sit ing methodologie' .ic co rili ng t o the

att ributes defined earlier was carried out using data presented in the

I Rs and FliS. l>uring deterninat ion of scale leve!- ror cach at t riluit e

c O '; a' Q
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.or the v.irious siting methodologiec, it became app:arent that there were

f l .us s of two t ypes in the application of the methodologies. l'i r st ,

' there were some di fficult ies that could easily he correct ed without

changing the methodology. For example, some of the sit inn studies did

not contain explicit statements of all the screening criteria used in

the Candidate Area determination. This is a methodological flaw, but

one that could easily he corrected without changing the basic methodolor.y

used in the study. Other methodological flaws were intrinsic to the

approach used and could not be changed without changing the methodology

For example, some methodologies did not consider uncertai; ties in the

input information. There would be no way to consider these withoui

changing the methodology substantially.

In order to evaluate the methodologies more accurately, it was

decided to determine attribute levels describing the methodology in each

<tudy a3 it was actually implenented and, in addition, as it potentia 1ly
_ _.

could be impit'mentt'd if the minor flaws were avoided. The at t ribut e
_

levels describing each methodology as implemented are given in 'lable

5..', and the levels describing the methodologies as they potentially

might he implemented are given in T.ib!c i.3. For reference, the best

possible ratings for each attribute are listed in these table., A

. Jetailed explanation of the reasons for each att ribute level ia given in

Appendix 1

I:xamining these two tables leads to several conclusions. l' i r s t ,

although all twelve of the methodologies as actually applied are somewhat
F ()-) g^-
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Table 5.3 ATTRIBUTE VALUES FOR METHODOLOGIES AS THEY POTENTIALLY MIGHT BE APPLIED
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d i f fe rent , when the potential fo r the - '.odologies is examined (Table

5.3) there are only five distinct methodologies. All the methodologies

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 al.;o show that six of the twelve methodologies as ac-

tually applied are dominated. That is, for the dominated methodologies

there is another methodology which is at least as good on all attributes

and better on a' least one att ribute. The dominated methodologies could

never he rated as the best regardless of what objective (utility)

function was used to do the rating.

Three of the five methodoloaics 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

attribut es X - (Sensitivity Analysis) and X 3 (Cost). 'i hus , the pre-
la a

ferred methodology will depend on whether the evaluator judges the

increased ability of methodology IV to perform sensitivity analysi< to

be worth the ext ra cost.

The situation is not so simple in Table 5.2. I f, however, the

levels of X);g (screening criteria explicitly justi fied) and N (Cost)g
.

were each raised by one for the Palo Verde methodology, then it would

dominate all the other methodologies in the table. Fu rt he rmore , it

rates much higher on some att ributes than most of the other nethodologies.
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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.

.
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.
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MULTIATTRIBUTE UTILITY FUNCTIONS FOR EVALUATING Ml!Tif0DOLOGIES6.

.

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:

n (0a
C09 L 0

)
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1. All the assumpt ions necessary to verify the appropriateness

of a particular ut ility structure were not investigated to -

the degree permitted by the methodology,

2. The single-attribute utility functions, whose scales were

constructed to provide linear preferences, were simply

assumed to indeed be linear.

3. The scaling factors were assigned in part from assessing

the relative importance of the various att ributes rather

than by explicitly assessing value tradeoffs among attributes

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. llence, no

further refinement of the utility functions was conducted. This section

indicates details of how the utility functions used in ranking the site

selection methodolegies were determined.

6.I Structure of Utility Functions

Careful thought in defining the attributes and subsequent discussions

with the interviewees indicated it was reasonable to assume at each

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

ferential independence condit ions held for a nult iplicat ive or addi t ive

66 g () q q c: 7
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decomposition of the utility function. These independence conditions,

*

which are illust rated below, are discussed in more detail in Appendix 3.

The utility function structure that results from these decompositions

is shown in 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 i f single-attribute utility functions are

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 X1, X,, and X,. If the
a.

assessment of the utility function over X does not depend on the levels
3

of X, and X then we say that X; is utility independent of the pair3,

implies u;(x ) exists and, in paticular, it does notX;, X 1his
33

depend on X and X . If the value tradeoffs between attributes X andg 3 7

X; do not depend on the level of X then the pair X 3, X3 is pre-
3,

ferentially independent of X This implies that the relative value of
3

- ti'e scaling factors k and k does not depend on x_.
I g a

- If N . t = 1, 2 , 3, is utility independent of the other two att ri-
1

butes and if each of these pairs of attributes is preferentially in-

dependent of X;, i = 1, 2, 3, then either the additivo or multiplicative

^ 'i67 E O ", <
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Table 6.1 UTI1.ITY FUNCTION DECOMPOSITIONS INDICATING
Tile ADDITIVE AND MULTIPLICATIVE F0F01S

.

--

.

3
' k;u;(x;) additive,

u(x) = (6.1)3

[Kk ui(x;)+1]-1 K/0, multiplicative.i ,

i=1

N;

Nij"ij *ij'

j=1
Iup(x;) = N; (6.2)

||IKkju;j(x;j)+1]-1 K; / 0i i ,
;

j=1

i= 1, 2 , 3 ; N1 = 3; N2 2; N3=2=

U
lj

ijm ij,(xij=)k u,

, c= 1
f

u;j(x 3) = q ij (6.3)N
1

IK klj ljm"1jn(*1ja)'ll-1 *Klj / U
13

,

j 1, 2; N;) " 2; N 7= -

12

3

yggnu3 inn (x yi=n)k,

a=1
l

-

"llan(*llan } ( 6 . '* )

f Elim llen"1lt-(*ilan * ll ~I /0'l ln'

m - 1,2 ooh, ''
6S L
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fo rm in (0.1) of Table 6.1 must hold. Similar condit ions 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 hcid. 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 att ributes

Roughly speaking this meant, for instance, that objective I was three

times as important as objective 2 when objective 3 was at an undesirable

level. Then objective I would still be three times as important as

objective 2 when objective 3 was at a desirable level. I:ach of the inter-

viewees felt such assumptions seemed reasonable as an approximation at

each level in the objectives hierarchy.

h.2 Determinat ion of Sinele- At t ribute lit i'. ity Funct ions

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, Thi for preliminary analysis par-,

- poses, it was reasonable to assume that the utility function over each

' attribute was linear. This assumpt ion resulted in the ut ility funct ions

presented in Table 6.2.

C,,, , q~n
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Table 6.2 SINGLli- ATTi!IBlJI'E UT'i,ITY FUNCTIONS

.

"1111(*1111) ' 1111' *1111 ' ' '

"1112(*1112) " * *1112' *1112 = 0, 1, 2

"1113(*1113) " * *1113' *1113 ' '

"1121(*1121) ~ ' 1121' *1121 " ' ' '

"1122 *ll22) .500x1122' *1122 0, 1, 2I

"1123(*1123) = . 00xy173, ll23
x = 0, 1, 2

l21(''121) 5ti *
*121' *121 - , , . . .,*

R2 (* 1 M) ~333*122' *122 = 0, 1, 2, 3u =

l23(*123) '' *123' *J23ti *
' '

y g,3 (xg .) .500x x .,; = 0, 1, 2u =
, y,

125(*125) *125' *125t1
'

"l?6(*126) " '' 126' *126 ' ' ''

127(*127) .500xt1 =

127' *127 ' '

y3(xy3) = .. % )3, x;3 =0, 1, 2, .3tr

g (xg) .500x =0, I, 2u g,x21=

g(x2 ')) = * T' ' * M =0, 1u

.

u l(x.,) - 5 0 0 x .. l , x .. l =0, 1, 2
a ai a a

32(*32 .500^32' *32u
' '

n ,

a f
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6.3 lietermination 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 interviewees' 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

3 from their worst to their best levels, which would you prefer?" Ste

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 k; in (6.1) must be greater than either L #
2

k,. If Public Perception is second in importance, then k is greater
a g

than k-. If Quality of Analysis is more important than Public Perception
3

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

Such considerations involving combinations of different levels of

the objectives hierarchy yielded a relative ranking of all the L'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 determini the absolute

value of k from which each other k could be determined. (See Appendix a
7

q O -) ,

s,c ,- ,

-ic
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for 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-

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

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

ut ility 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 parameter

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 6.5 shows substantial disagreement

about the relative importance of the different objectives u,ed 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 di fferences in parameter values quanti fy some of the dis- -

agreements within the nuclear community about the importance of various
.

aspects of nuclear power plant siting methodologies. When we first

obtained the three sets of ut ility funct ion parameters, we were concerned

that the major disagreements might make it difficult to reach firm

72 C. O 3 qq7
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Table 6.3 PARAMETERS FOR UTILITY FUNCTIONS

Scaling Utility Utility Utility
Factor Attribute Function 1 Function 2 Function 3

k Quality of Analysis .667 .800 .850
1

k Public Perception .267 .150 .079
2

k. Practicality .033 .050 .150
s

k Candidate Siteyy
Identification .460 .210 .750

k Site Selection .360 .560 .375g
k Sensitivity Analysis .180 .230 .250y3

k Candidate Areayyy
Detemination .450 .800 .750

k Candidate Site
112

Detemination .550 .800 .250

k Screening Criteriayyyy
Clearly Stated .273 .250 .750

k Screening Criteria
1112

Explicitly Justified .181 .250 .500

k Su m e W Data Used . 5% .500 .625yy13

L Selectic Criteria3g
Clearly Stated .273 .250 .750

k Selection Criteria
112",

Explicitly Justified .181 .250 .500

k u cien Data Used .M .500 . 6 2 r-1123

k MultiP e Concerns .20s .275 .075l
121

L Degree of Inpact .250 .275 .150122

1;123 Comparable Analysis .042 .403 .150

L Sufficient Data .042 .407 .120yg
k S lection Rationale .125 .183 .033H5
k Uncertaintico .126 .183 .113H6

-

k Long-Tern I: ,ucts .20S .147 .150g

k Undei randability .429 .200 .S50g

k Public Input .571 .S00 .250

k Expertise Required 1 .100 .7503

L,2 Cost 0 .900 250a

b/ q q ,73 J / z, f74
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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

di f ferent functions.

- ,

.
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b
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7, liVALUATION OF METil0DOLOGIES

.

The ranking of the siting methodologies as they were applie<' using

the three different multiattribute mtility functions is given in Table

7.1. The rankings ft- the methodologies as they potentially 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 p re fe rred

methodology (Palo Verde) is the same for all three utility funct ions ,

and the five best methodologies (Palo Verde, South Texas, Tyrone, Blue

Ilills, 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 X;337) 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 to the di f-

ferent utility functions seems surprising at fi rst . But examination

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

75
C c: , -
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Table 7.1 RANKINGS OF METHODOLOGIES AS ACTUALLY APPLIED

Utility Functica 1 Utility Function 2 Utility Functicn 3

R:n'< Methodology Utility Mothedelory Utility Methodology Utility

1 Palo Verde hu:1 car Palo Verde Nu:Icar Palo Verde : 1c:r
Ccncretin Statica .721 Generating Station .76S Concrating Station .921

2 Sov h Tex:: Project .641 South Texas Projce .740 Tyrone Energy P:rk .257

3 Tyrcne Energy Park .625 Tyrone Ener;y Pr.rk .713 31ue Hills Station .882

4 Elue Hills S:: icn .618 Olue " ills S:::ica .602 South Texas Projcet .863
m p,

''' 5 Janesport Nucicar J: espcrt Nu:1 car J =asport Nucleara
m -$ Power S: tion .S50 Power S:stion .679 Power S: tica .833

~ 2-

( '

Calleuay Picn: .530 Callaway Plant .654 Dou;1:s Pcint Nucicar3 6

Generatin; S :: ion (ER) .835
i

! 7 Cou;;as Point Nuclear Fulton Generating St: tion .604 Douglas Point Nuclear
Generating S tica (ER) .52i Gencrc:ing S:: icn (FES) .329

S 2 cur :s P:in Sucics Om cles Point Nucicar NEP Nucicar Power Picnt .317
Ca-c:atia; Station (F2S) 405 Generatin S : tion (ER) .500r i .

f Y
t ; D cult:n Cen:ratin; Statica .475 Cou;1:s Point Nu:Icar River Send S :.tien .307

{
Generatin; Statica (FES) .5SD

G sw-
E 7 10 River rend St u on .554 River 3cnd Station .563 Callaway Plant .801
L .)
6. ,j 11 N2P Nuc:ccr Power PI nt . 55 Marble Hill Nucicar Marble Hill Nucicar
h pe Generating S:: icn .561 Generatin; Station .750

Ln g.n...s .

-g 12 Marble Hill Nuclear N2P Nuclear P ecr Plant .557 Fulton Generating Station .699veUy Gen: rating S:::icr .432

N
,
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Table 7.2 RANKINGS OF METHODOLOGIES AS THEY POTENTIALLY MIGHT BE APPLIED

DC
%m~._ '

.Hw-

w_ :
4M Uti',ity Functicn 1 Utility Function 2 Utility Function 3
q

PE.- Rank Me t c.c do l e;'y U::ility Methodolo;;y Utility Methodology Utility
E:2.?my
Md/

1 !'ethodology IV: Mathodology IV: Methodolo::y IV:
Palo Vcrde/ South Tc.us .705 Pr.lo Verde / South Texas .S40 Mio Verde /Scuth Texas .9504% %

D dj
2 '! thodelegy V: Tyrone .744 Methodolo::y V: Tyrone .801 M2thodology V: Tyrone .949

g;/|g
j -g

w1
f' 3 ':cthodology II: Methodolo;y II: M:thodology II:

gS Ocu les Point (F2S)/ Douglas Point (FES)/ Douglas Point (FES)/
% Jamesport/Fulton .703 J nesport/Fulten .740 Jr.csport/Fulton .926

% ,' 4 Mcthedolo w. I: Methodolo0y I: !!:thodolocy I:

'je,J LIc Hills /C 11:xay .672 Elt:c i: ills /Callaway . 7 2.' Blue Hills /Cc11:way .013
%

h '::thodology III: athodology I!!: Methodology III:5 -

- 00u;1:s Point (ER)/ Dougics Point (ER)/ Ceuglas ?oint (ER)/
hN M.ucle lhil/::EP/ Marble liill/NE?/ Marbic Hill /NEP/

River Bend .611 River Bend .64S -River 30nd .335

e
I\.

[.

1



3 2 1

n n n
o. o oy+ y t' y ;t

it c t
! n itc c
it u in n l n

-

t u t uUF UF uF d
([f( !e

l
!

l
p

I| p .
a
e
b

i|y t

g h
o

1
ig .

lo 1| m
d

h
iyo

I %
iNV|t

e
t

M n
e

V| t

o
p

y
e
h
t

0 9 8 7 6 5 4 A
s

1 0 0 0 0 0 0

S
345

I

E

G
O
L
O
D
O
H

3 2 T1

n n n E
o. o. o

yt Y y :t Mt

ft. c :t. c t :
n ! r h r Fit u it u it u3 UF UF UF OJy f{ f[

S

4| G
N

A'
? d|

I

K
d N

8.6 |
A
R

e*f,&s 4| .

1

Jf 7

r
e& o r& | u

Sf -
!p

d ig
e

C| -
F

-

8 _ p
-

G a

C -

c/s | !!y
c
a

+/ 9|
t

c
a

-s;
- \

s

A
4| - \- -

;

N-
3

6 $e - -

fn | _'

/ - - .e2

/ e)q|' N,\
-

-

-

,|1I 1l-||l
f|;-

.

C. 9 8 7 G 5 4
1 0 0 0 O 0 0

3=5

yaa n,) J
t s. N. NV<



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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S. IMPLICATIONS OF Tile ANALYSIS AND REC 05NENDATIONS FOR

. FURTilER STUDY

8.1 Implications 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 objectives were constructed.

2. The evaluation of methodologies as they have been used and

as they might potentially be used. Even though the

methodologies were evaluated from three significantly

different viewpoints, the rankings of the methodologies

were very similar in all three cases.

3. 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 public in tbc site selection process.

The principal purpose o this study was to identify strengths andc

.

weaknesses of methodologies used for nuclear power plant site selection.

The attributes in Section 4 define what is meant by strengths and

r;,
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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 ar.d 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 cethodology permits sensitivity analysis to

be donc to identify the critical factors that influence the selection of

a Proposed Site.

A conparison 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 Select ion

section of the ER is substantially reduced, since it is impossible t o -

determine the basic criteria that were used to select Candidate Sites.

CO7 7 O ')
JiL JuL
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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 possibic 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 l signifi-

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

Table S.3 indicates that, even when fully utilized, the best of the

methodologies (i.e., methodologies IV and V) have important shortcomings.

In particular, neither censiders value tradeoffs among the multiple

concerns of Site Selection as carefully as currently availabic analysis

methods would allow, nor docs 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.

S.2 Limitations of the Study

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

have analy:cd 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 for 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 wa.s good.

R99 * O[.J i

83



.

Cinally, 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 wece not considered here. It is pcssibla that some of these

methodologies overcome the difficulties shared by all the methodologies

analyzed here.

S.3 Recommendations for Further Study

There appear to be thrce 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 in-

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

Since all the methodologies currently in use have shortcomings,manners.

it may be worthwhile to investigate other methodologies that have been

proposed for siting studies but have not yet been used in reports submitted

f ?
2
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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 indierted

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 individuals. In particular, the views of various public interest

groups 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. I f not , same policy decisions

would be needed as to which function should be used.

j92
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The third contribut ion of this study was to identify weaknesses in

the best methodologies. It would seem appropriate to develop methodo-

logical techniques to alleviate those weaknesses. Better procedures are

needed for aspects of the process of selecting a Proposed S te from
*

a
Candidate Sites and for including the public in the decision-making

' process. For Site Selection, better procedures are required to utilize

' complex value tradeoffs among competing concerns of siting and to address

the uncertainties and long-term impacts inherent in nuclear power plant

siting For public participation, techniques are needed to communicate

[ relevant informat ion to the public and receive clear perceptions, j udg-
.

ments, and values from the public in such a manner that they may be

responsibly included in the evaluation of Proposed Sites. The end

,

puri,ose of such an extension would be to provide the NRC with better

; information on which to base its decision making.
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APPENDIX 1

.

TilEORETICAL BACKGROUND FOR THE EXISTENCE OF UTILITY FUNCTIONS

The axioms of decision analysis [1] define a formal logic for

evaluating alternatives where the conseqt nces of those alternatives may

be uncertain. Because there were no uncertainties among the alternative.

(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 techniques in

assessment. This utility function was chosen for three reasons:

1. If the deterministic analysis indicated uncertainties

were important, we intended to incorporate them;

thus, a von Neumann-Morgenstern utility function would

have been necessary.

2. The assessments required for a von Neumann-Morgenstern

utility function are generally easier than those required

. for deterministic value structures.

- 3. The utility of each methodology will provide not only

a ranking of the methodologies, but will also give some

indication how mutt hetter one methodology is than another.

87 7n7
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Before stating the axioms of utility theory, we define our nota-

tion. A simple lottery, written L(x ,p,x ), is a probabilistic event
2

characteri:ed by two possible consequences, which will be designated by

x and xg, and by their respective probabilities of occurrence, desig-3

nated by p and 1-p. The symbols >, %, and ' will be read "is pre-

ferred to," "is indifferent to," and 'is either preferred to or in-

d i f fe rent to," respectively. T' .u s , x s L(x2'P'*3) says that x; is in-
3

d i f ferent to the lottery which yields eithec M probability p or

x with probability 1-p.
a

Tht axioms stat a he. which imply the existence of a utility

function are only slightiv modified from the formulation of Pratt,

Rai f fa, and Schlaifer 11 J.

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

quences x; and x,, preferences exist such that either x; g, x) g,x xs

3<xg.or x

Axion 2: Transitivity. For any lotteries L , L,, and L, , the following
1 - a

hold:

.

i) L m L, and L - L implies that L 'e L
3 g 3 3 3

.

ii) L > L, and L., S L_ implies that L L,, etc.>
1 . a 1 a.

n,y

J Jd'

;j(/u)
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Since a consequence can he interpreted as a degenerate lottery
.

(i.e., p = 1), axioms 1 and 2 together imply the existence of a rankin>:

of the relative desirabilities of the various possible consequences

'lhey do not say that an individual can articulate this, nor do they

require that this ranking be stationary over time. i.e t us designate

x" a consequence which is not preferred to any of the other conse-as

quences for a problem and as x* a consequence which is at least as

preferred as each ci 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.

Axion 3. Comgarison of Simple Lotteries. Given the preference order

x; x theng,

L;(x g,p ,x;) > L (x3,p2'*2) If P1 >P'i)
g 3 2

ii) 1,; (x ,p ,x2) I'2 *1'P '*2 I If P1 "P-Ig 2 2

Axion 4 Quant i fication of Pre ference. lor each possible consequence

x, the enluator can specify a number -(x), where

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

Axioms 3 and 4 taken together establish a measure of the relative

desirabilities of the various consequences to the evaluator. The (x)

value, or indifference probability as it is called, is that measure.

.. n. q
(* t .' .I )Gt
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The measure n(x) in Axiom 4 indicates the relative preferences fo r
.

x. Clearly, since the standards x and x* for neasuring n(x) are some-

what arbit rary, di fferent funct ions may be assessed for a speci fic -n

individual in a particul.ir situation. To be consistent with these

axioms, however, all possible functions must be positive linear trans-

format ions of each other. Any positive linear transformation of n of

the form

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

is referred to as a ut ility scale for consequence x. 'ihe 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-

peeted 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 a , the arbitrary choice of x* and x" has no influence

on the actual decision. Iltility provides a relative scale analogous

to the temperature scales, and two scales which are positive linear

transformations of each other are identical for deci sion-mak ing purposes .

REFERLNCES - Appendix 1
.

1. Pratt, J.W., 11. Ra i f fa , and R. Schl a i fer. "The Foundat ions of lieci-

ston Under Uncertainty: An filementary I xposit ion." .lournal of the

American Statistical Association 39:353-357
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APPliNDIX 2

Ml!ASURDtENT SCAll:S 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 estahlish-

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-

ment, knowledge, and experience.

For any particular proble., the ar,alyst 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 manner useful for evaluating the alternatives involves value

judgments weighting the importance of various levels of achievement in

di f ferent objectives. This 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:

"'irno
j j (, Ji I

91



1. define di f ferent levels of achievement on the attribute

to describe the di fferent characteristics of the methodologies

2. select scale levels such that, loosely speaking, the

di fference in utility between adjacent levels was the same,

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

3. guarantee that the ratings of each methodology in terms

of the attribute levels clearly articulated the strengths

and weaknesses of the nethodologies

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,

prelininary utility assessments were conducted to see if it was reason-

able to assume the di f ference in utility between adjacent levels was

equivalent. In most cases, this scened to be an appropriate assumption.

hhen it did not seem appropriate, we created an additional attribute

level to nake the assumption more accurate.

In categorizing the methodologies, careful attention was paid to
.

whether the attribute levels distinguished clearly among the nethodo-

logies. In sore cases, additional points were added to scales in this

., , 3
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phase of the study. In others, coalescing two levels seemed appropriate

and was done. The result was te include enough points to ident i fy

d i f ferences in methodologies, but not so many as to obscure those dif-

ferences which seemed funJamental.

REFERENCES - Appendix 2

1. Keeney, R. L. , and 11. Ra i f fa . I)ecisions with Mult iple Chiect ives.

New York: hiley, 1976.
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APPE:iDIX 3

DhTEle!INATION 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

.,X has been specified. Then to find a utility function uX, X . .
3 3, 3

for use in the evaluation, it is necessary to find a funct ion u(x) , x ., ,

, x ) over the N attributes where x represents a specific value of. . .

X. Generally, various independence conditions are exploited to simpli-
n

fy the determination of u.

A3.1 Ut ility and Preferential Independence

For notational convenience let

5 X 3, ..,X I ""(X1, X , . ., X _g,=-

g ngg7

5;) = B , X , X;_3, X; 3, X),3, j,i,
X Xn)'. . .,. . ., ,

3 7

S W,. -*f
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Then X; is utility independent _ of X; i f preferences for risky choices

(lotteries) over X. with the value of S. held fixed do not depend on
1 L

the fixed value of X; . The set (X , X ) , preferentially independent

ofX.. i f preferences for consequences differing only in the values of
1)

X. and X. do not depend on the ralue of 5. . .
1 J IJ

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

and preferential independence to simpli fy the assessment of a.

Theorem 1. For a set of att ributes (X}, X) if X is utility in-

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

= k u;(x g) + k ,ug(x,) + k .,u;(x;)u,(x3)u(xy,xg) g g

where

1 for arbitrary x ',0 and u(x x)i) u(x y ) = x x x=
, , , ,

>(x{,xj),x ) ' (x x ) and (x x )suc!' that (x;, , ,

ii) u. (x . ) is a conditional utility function on X. with u.(x.) =0
1 1

~

1 1 1

*

1, for i 1, 2, andand u.(x.) ==
1 1

lii) L = u(x*, x ), k = u(x , x*), and k;g = l-k -k .1 g , g g

.

Theorem 2. For a set of attributes (X;, X,, () , N 3,,

_

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

1 1 1 1

_

tially independent ofX... j = 1, 2, i-1, i+1, N, then. .. .,

IJ

either

Cu <
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N

u(x x, .,x)= ku (xn). .3, N

- or

N

ku(x1, x,, ., x,) + 1 = [kk u (x ) + 1]. .

N nn n.

n=1

where

o O oi) u(xg,x3, 3x) = 0 and u(x{, x}, . . ,, xy) 1.=. . .,

oli) u f*n) is e nditional utility function on X with un *n) =0fn n

and u (x*) - 1, n = 1, 2, N,. . .,n n

... o o o O ottt) k = u(x ,x, x
_3,

x*, x), ., x.), and. . . ,g . .

N

iv) -l<k / 0 is the solution to 1+k = (1+kk )~n

n=1

If the conditions for one of these theorems to hold are true, then

the determination of n is simplified. It is only necessary to find

N single-attribute utility functions, u (x ), n= 1, 2, , N, and. . ,

N parameters k , k , .,k.. .
g g g

The questions needed to establish utility or preferential indepen-

. dence are discussed in detail in Keeney and Rai ffa [3] so only a brief

summary will be given here. To verify that (Xt,X) is preferentially3

independent of X specified values of 5 are assumed and :he persong, 13

whose utility function is being assessed is asked how much of X he
3

would give up for a speci fied improvement in the value of X . 'l h en , new

97
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values are specified for X and the same question about X and Xg 3 2

repeated. If the tradeoff between X and X is independent of the value -

3 2

of Kg, then preferential independence of (X , X ) fr m X is a reason-
3 2 12

able assumption.

The questions necessary to establish utility independence are

similar except that they require the consideration of simple situations

with uncertainty.

A3.2 Determination of Conditional Utility Functions and Parameters

if the conditions of either Theorem 1 or 2 hold then, as noted

above, it is onlv necessary to find u I*n), n = 1, 2, . . , N and
n

k to complete the determination of the utility functionkg,k, . . ., 3

x,. ) . Section 6 noted that it was adequate in thisu(x1, x,, . . ,

_ .i

study to assume each of the conditional utility functions was linear.

This was true because when the attribute scales were being developed, a

conscious ef fort was made to define them so linearity would hold. As

various experts were interviewed, it developed that linearity was not a

good approximation for some of the attributes. In those cases the

att ribute scales were redefined until linearity was approximately t rue,
.

(In situations where linearity is not true, standard utility assessment

techniques [3, 4] could be used to find the conditional utility functions.)

A variety of dif ferent questions can be answered to determine the

k 's [, ]. For example, the person whose utility function is being qq) 7'Jn
. . . - .

98



etermined could be asked to consider a situation where x is at its
n

- best possible value x* and the other attributes are at their worst
n

possible values x , x , . . ., x Ile would then bex _ g , x 3, . . . , .

o o o o o .asked to compare (x y, j, n-l' n n+1' *' *N) with anx *'*. . ., * *

uncertain situation which has a probability p of yiciding x*I, x*, . , x *, ). .
.s.&

and a probability 1-p of yielding (x ,x, . , x .) and to find the. .

value of p where he is indifferent between the certain and uncertain

situations. This value of p is equal to k .

In the evaluation of siting methodologies, a variety of different

questions was used with the individuals interviewed to determine informa-

tion about scaling censtants. As mentioned in the text, we carried out

preliminary interviews with several experts on the expectation that

l a t er , more forma l interviews would follow. These follow-up conversations

proved unnecessary, however, when th: ranking of methodologies was found

to be insensitive to the exact values of the scaling constants. In the

nreliminary interviews qualitative questions were sometimes asked to

gain information about the relative sizes of different scaling constants.

If the exact values of the constants had been important, these qualita-

tive questions would have been followed by quantitative questions of the

type discussed in the preceding paragraph. But because of the insensi-,

tivity of the evaluation to scaling constart values, we did not carry

out the quantitative questioning with some of the experts intervie..ed.

.o
COO jiUJ/5
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As a final point regarding utility assessment, the attributes in

the two theorems presented above do not have to be scalers. They may be ,

vectors made up of groups of scalar attributes. This fact was exploited

in the hierarchical decomposition procedure used to determine the utility

function in Section 6.

REFERENCES - Appendix 3
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Appendix 4

REASONS FOR SITING METIIODOLOGY ATTRIBUTE VALUES

.

This appendix states the rationale for the attribute values pre-

sented in Section 5. The data were provided by Sandia Laboratories.

The twelve studies analyzed here were selected after an initial, less

detailed consideration of forty-one Environmental Reports submittc ! to

the Nuclear Regulatory Commission between July 1972 and September 1976.

The studies are listed in alphabetical order.

.

Fn7 -' o c
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BLilE lilLI.S

Methodology

Attribute As Used Potential Rationale
~

.-

1.1.1.1 2 3 Although most of the criteria were ex-
plicitly and quantitatively stated, the
power demand center proximity was the
determining criterion and it was only
qualitatively discussed. This is not
a methodological flaw, but rather a
siting study flaw.

1.1.1.2 2 2 All criteria were discussed and
j ust i fied .

1.1.1.3 2 2 Literature contains sufficient data
for regional screening criteria.

1.1.2.1 3 3 Criteria are expressed in terms of
cost where appropriate; the others
are very clearly discussed. Guidelines
are stated as existing, although they
were not given in the ER.

1.1.2.2 2 2 All criteria were discussed and
justified.

1.1.2.3 2 2 1.iterature data were used appropriately
at this phase.

1.2.1 0 1 Cost data were given for engineering
concerns, but <nvironmental criteria
were treated separately. This type
of methodology involves treating the
two separately, but a qualitative dis-
cussion of t radeoffs could still be
included.

1.2.2 3 The di f ferences between sites are'

well quantified for most attributes.
If environmental objectives were
covered better, the methodology could -

quanti fy the degree of achievement .

1.2.3 2 2 The same type o- data is available
and analyzed for the alternatives

sites.

I O7
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Methodology ':

Attribute As Used Potential Rationale,

9

1.2.4 2 2 A good deal of data is presented for
- all of the criteria and is appropri-

ately referenced.

, 1.2.5 1 1 Since the alternate nuclear sites are * #'

. essentially equivalent environmentally
.

and from an engineering feasibility
".' 'standpoint, relative cost is the

deciding factor.

1.2.6 1 2 Uncertainties are not covered except
. .-

for the conservative estimates of the '

-

parameters involved in the exclusion . ' , '-
radius calculation.

1.2.7 1 1 Future population is covered by the
calculation referred to above.

1.3 1 1 The assumed cost estimates for many -
-

of the engineering attributes are ' ,

. . given.

2.1 2 2
-

The informed public can understand - -
. cost estintes and a qualitative dis-

.

cussion of environmental fa c t o rs . '

2.2 0 0 No public participation. ~

.-

3.1 2 2 No spe..al expertise was required. "
,

..

, . *
y.3.2 2 2 listimate based on above and the fact

,.. that data were obtained primarily tron
literature. -
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CALLAWAY PLANT

Methodology
,

Attribute As Used Potential Rationale
__ _

.

1.1.1.1 1 3 Many criteria are listed, and some
are listed as determining criteria,
but it is not clear exactly which
were actually used and what the
quantitative cutoffs were. This is
not a methodological flaw, but rather
a siting study flaw.

1.1.1.2 1 2 Reasons for use of some criteria
(proximity to load center, seismicity)
were discussed, but not in great de-
tail, and many criteria were simply
listed.

1.1.1.3 2 2 Literature searches would provide suf-
ficient dat a for the regional screen-
ing criteria.

1.1.2.1 1 3 Although the categcry of criteria are
listed, it is not clear what the cut-
offs were. The methodology is capable
of containing clear definitions of the
criteria. In fact , this study might

have used definitive criteria and
simply not included them in the report.

1.1.2.2 1 2 Many of the criteria were simply listed
with no discussian or justification.

1.1.2.3 2 2 Literature search data are sufficient
for this stage of the siting process.

1.2.1 1 1 lhe preferred site was inferior to the
others in only one respect -- t h e re l a -
tively high pumping head for makeup
water - and this was easy to justify
in light of the importance of other

'

considerations.

l.2.2 2 3 The di f ferences betweei, si tes are well
.

quant i fied for most attributes. In
part icular, if the environmental ob-
jective and degree of achievement were
covered bet ter. thi s siting study would
be as good as the methodology ceuld be.

CO7 7qJ/c jc}
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Methodology
_

Attribute As Used l'o t en t i a l Rationale
~ - . - - . - .

1.2.3 2 2 The same type of data is available and
analy:'ed for the alternative sites.

1.2.4 2 2 A good deal of data is presented for
all of the criteria and is appropri-

ately re ferenced.

1.2.5 1 1 The preferred site is superior in all
respects but one and is the obvious
choice. I f, however, dif ferent sites

were superior based on environmental
and cost considerations, the decision
mechanism would not be clear, since

the methodology does not cover trade-
of fs between the two areas.

1.2.6 1 2 The uncertainties in the cost esti-
mates ar2 discussed and it is con-
cluded that they all have an equal
probability of varying greatly. Some

cost estimates categories were not
included because they would have been
less than the possible variance in
other categories.

1.2.7 0 1 Although no long-term impacts were
covered in this study, several (future
population and land use) could easily
be handled by the methodology.

1.3 1 1 The cost estimates for many of the
engineering attributes are given and
some discussion is presented as to
their possible variance.

.' 1 2 2 The cost estimates are eisy to under-
stand, although the socioeconomic
cost impact model is slightly more
di f ficult .

,

2.2 0 0 No public participation.

.

3.1 2 2 No special expertise was required.

3.2 2 2 Estimate based on above and the fact
that data were obtained primarily from
Iiterature.

, n ',
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D0llGl.AS POINT

liR FliS
Methodology Methodolog

As Poten- As Poten-

At t ribut e lised tial lJsed tial Rationale
_

l.1.1.1 2 3 2 3 The reasons for area elimination
are given, but only qualitatively.

1.1.1.2 2 2 2 2 All screening criteria are dis-
cussed and justifled.

1.1.1.3 2 2 2 2 The necessary data are available.

1.1.2.1 2 3 2 3 See 1.1.1.1.

1.1.2.2 2 2 2 2 See 1.1.1.2.

1.1.2.3 2 2 2 2 See 1.1.1.3.

1.2.1 0 1 0 4 No discussion is given about

possible tradeoffs.

1.2.2 2 2 2 3 A qualitative discussion is given
for the level of achievement on
some attributes and a quantitative

treatment for a few. The FES
raaking system of 1, 2, or 3 on
each attribute gives at least a
comparative ranking.

1.2.3 2 2 2 2 The same t reatment is given each
of the alternate sites.

1.2.4 2 2 1 2 The !!R has qualitative data only
in many cases but that appears
adequate. The FES ranking does
not appear to correlate exactly
with the data table presented.

.

1.2.5 0 1 0 1 'lhe decision mechanisms are not
clearly presented in either case.

.

1.2.0 0 2 0 2 'Jo uncertainties are discussed.

1.2.7 1 1 1 1 Aquatic ecology and land use are
addressed to some extent.
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ER FliS
- Methodology Methodology

As Poten- As Poten-
Attribute lJsed tial lJsed tial Rationale

----

1.3 0 0 1 1 An insufficient amount of hard
.hta is presented in the 1:R. If

t'e rankings given in the FLS are
taken as acturate, then a 1imited

sensitivity analysis could be
done,

2.1 2 2 1 2 The LR discussions are easy to
follow although the decision
racchanisn is not obvious. The
validity of the FES taethodology
is hard to understand.

2.2 0 0 0 0 No public participation.

3.1 2 2 2 2 No special expertise is required.

3.2 2 2 2 2 The estimate is based on the
above and the fact that it
appears relatively few data were
required.

.
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FULTON

.

Methodology

Attribute As lised Potential Rationale

1.1.1.1 0 3 Criteria not stated.

1.1.1.2 0 2 Criteria not justified.

1.1.1.3 2 2 The necessary data are available.

1.1.2.1 0 3 See 1.1.1.1.

1.1.2.2 0 2 See 1.1.1.2.

1.1.2.3 2 2 See 1.1.1.3.

1.2.1 3 1 Maiy criteria are rated on a 1 to 2
scale, but the rationale for the

s<:her: used to combine them is not
given.

1.2.2 2 3 ihe 1 to 2 rating scale qualitatively
addresses the degree of achievement
of objectives.

1.2.3 2 2 The same type of data are available
and analyzed for the alternative sites.

1. 2.1 I 2 In some cases datr. are not provided to
justify statements.

1.2.5 1 1 The analysis and hence the decision
mechanism are easy to follo,s.

1.2.6 0 2 No uncertainties are discussed.

1.2.7 0 1 Although long-term impacts were not
covered in this study, several could
easily be handled by the methodology.

1.3 1 I Sensitivity analysis could be done on
the I to 2 ratine, scheme,

.

2.1 2 2 No special knowledge is required to
understand the method.

108 g g' - 7,7
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Methodology

Attrihute As Used Potential Pationale

2.2 0 0 No public participation.

3.1 2 , '\,o special expert i se i s required.'

A . =, ] - 1. stimate based on above and the fact
- ) ~

that data were obtained primarily
from literature.

.
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.l AMI'S PORT.

_

Methodology

At t ribute As Used l'ot ent i a l Rationale
- ____. ____ _ _ _ _ _ _ _

l.1.1.1 2 3 The primary screening criteria of
transmission line cost, water avail-
ability and cost, and population
density are explicitly but qualita-
tively discussed.

1.1.1.2 2 2 The criteria are all discussed and
j ust i fi ed .

1.1.1.3 2 2 Literature contains sufficient data
for regional screening criteria.

1.1.2.1 1 3 The I R does not cover how the initial
sites were chosen, but does elaborate
on the criteria that were used to
narrow the list. A report which
night contain the criteria is re fe r-
enced. This is not a methodological
flaw, but rather a specific study
flaw.

1.1.2.2 0 2 The criteria are not justified in the
ER, although they night be in the
referenced report . The nethodology
could include tat, j ust i ficat ion .

1.1.2.3 2 2 1.iterature data should suffice at this
stage.

1.2.1 3 1 Many criteria in the areas of engi-
neering considerations and environ-
mental impact are rated on i 1 to 3
scale and the equal-weighted values
are added up. An " acceptable" value
on an engineering consideration is
treated as equal to an " acceptable"
value on an environmental impact con- '

sideration.

1.2.2 2 3 The rating scale of " preferred,"
"favarible," or " acceptable" qualita-
tively addresses the degree of achieve-
nent of objectives, although some are
quantitative 1y covered.

7 ". g.~
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hfethodology

Attribute As Used Potential Rationalc
___

l.2.3 2 2 The same analysis and detai! were
used in the evaluation of sites.

1.2.4 2 2 Complete and referenced data back
up the a'talysis.

1.2.5 1 1 The analysis and hence the decision
mechanism are easy to follow.

1.2.6 0 2 Uncertainty is not covered.

1.2.7 0 1 Operational environmental imptets are
discussed.

1.3 1 1 A great deal of data backs up the
analysis and the reader could do some
sensitivity analysis himself.

2.I 2 2 The approach is easy to follow.

2.2 0 0 No public participation.

3.1 2 2 No special expertise required.

3.2 2 2 Estimate based on above and the fact
that data gathering did not appear to
be very complicated.

.
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MAllB11 IIi1.1.

Methodolor,y _

At t ribut e As lised Potential Rationair

- _ _ _ _ --
- - - - - - ._ - - - - - - - - - - -

1.1.i.1 2 3 The reasons for area elimination are
qualitatively discussed.

1.1.1.2 2 2 The reasons for area elimination on
cert ain crit aria are clearly addressed.

1.1.1.a 2 2 Date exist in the l it erature it. imple-
ment the criteria.

1.1.2.1 0 3 Although the criteria which were used
to pick the sites were not stated,
several studies were listed as having

taker place and their criteric could
have een listed.

1.1.2.2 0 2 Since no criteria n'ere listed, they

could not he justified.

1.1.2.3 2 2 Although the actual criteria were not
listed, it was assun,ed that part of
the reason for picking then would have
been the existence of suf ficient data.

1.2.1 0 1 No discussion was given about

t radeof fs.

1.2.2 2 2 Comparisor,s between ;ites were nade
and individual site limitations dis-
cussed. Cost estimates were made fo r
some attributes.

1.2.3 2 2 All sites were analyzed in a qualita-
tice .ianner (except for cost estinatesJ,

1.2.1 2 2 lhere is no apparent problem with the
data. .

1.2.5 0 1 The iR states that the decision was
based on the cost di f ferences and engi- -

neering and environmental considera-
tions, yet cost differences is the
only obvious superiority. The deci-

sion acchanism could be clear i f the
proposed site is clearly superior in
each category,

c c|, |- j ,, |
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Methodology

At t ri bute As Used Potentist Rationale
__ ___ _ _ _ _ . _ _ _ _ . . _ _ _ . _ _ _ .

1.2.6 0 2 No uncertainties were discussed.

1.2.7 0 1 No long-tern inpacts were discussed.

1.3 0 0 Since very few hard data are pre-
sented, one cannot do a sensitivity
analysis.

2.1 2 2 A qualitative description of at t ri-
butes is easy to follow, but the
nethod by which a decision is reached
from it is not.

2.2 0 0 No public participation.
3.1 2 2 No special expertise is required.
3.2 2 2 ~Ihe estinate is based on the above

and the fact that the data require-
nents were minimal.

.
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N1:P NUClJ.AR l'Oh!:It I'l.A.NT

Methodolop,y

At t ribut e As Used Potential Rationale

- - - - - . - - . - _ . _ - . . . . . - - - - . - _ . . . . - - - - - . . - -
- _ . _ . - . -..----.-- -

1.1.1.1 .3 3 The :ic reening c ri t eri a a re expl i c i t l y
and (piant itat ively itated.

1.1.1.2 2 2 The crit eria are discussed and
j ust liied.

1.1.1.3 2 2 Data exist in the literature to
i c.p l emen t the criteria.

1.1.2.1 1 3 Only the criteria used at the screen-
iny stage were explicitly stated.
Additional ones must have been used,

but they were not discussed.

1.1.2.2 1 2 See 1.1.2.1

1.1.2.3 2 2 See 1.1.1.3

1.2.1 0 1 No discussion at all was given of

possible t radeo f fs.

1.2.2 1 2 Comparisons between sites were made
and individual site limitations were
discussed. Cost estimates were made
for som att ribut es. Some at t ributes
(ecology) cimply stated there might
he some i mi)a t t .

1.2.3 2 2 All alternate ,ites were analyzed i n

the same detail.

1. 2. .! 2 2 'lhere i: no apparent problem with the
data.

1.2.5 0 1 'I h e I.R it at c3 ihat the dec i s ion t,as

based on cost d i f ference3 and ene.i- -

neering and environmental considera-
tions, yet it is not obvious how. lhe
decision acchanism could be clear i f -

the proposed ;ite in clearly superior
in each category.

. -
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Methodoloig
_

A* t ribut e As Iked Potential Rationale
___ ..--._. ----.- _ - --.. - - -- - -- -- -

1.2.6 0 2 No uncert ainties were discussed.

1.2.7 0 1 No long-term impacts were discussed.

1.3 0 0 Since very few hard data are pre-
sented, one cannot do a sen.;itivity

analysis.

2.1 2 2 A qualitative description of the
at t ribut es is easy to follow, al-

though how the decision is arrived
at is not clear.

2.2 0 0 No public particination.

3.1 2 2 No special expertise is required.

3.2 2 2 'Ibe estinate is based on the above
and the fact that the data require-
ments .c ... t n i ma l .
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PALO VERI)F.

Met hodo l og_

At t ribut e As !Jsed Potential Rationale
_ _ _ _ _ _ _ __ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _

l.1.1.1 3 3 'l h e screening criteria are all qualita-

tively discussed and elimination cri-
teria are quantitatively stated. lhe
rating and weighting scheme is dis-
cussed thoroughly and quantitatively
presented.

1.1.1.2 1 2 The study did not explain why one could
not be any distance away fro:a the
groundwat cr supply. This is an example
of a particular study flaw rather than
a methodological flaw.

1.1.1.3 2 2 Su f fi c i er.t data :re available in the

literature to implemen* the criteria.

1.1.2.1 a a The o to 5 scales on which the criteria
were rated provide quantitative
visibility and the weighting scheme
was explicitly discussed. The criteria
which resulted in the final candidate
site selection were very clearly
presented.

1.1.2.2 2 2 'lhe water availability criterion wa c i

justi fied at this 4tage and the reasons
for the primary and secondary fac t o r
concept were discussed explicitly,

1.1.2.3 2 2 The absence of site-specific geological
data made it difficult to implenent
the geology criterion accurately, but
this is a universal problea at this
screening level.

1.2.1 4 4 Geology was an absolute criterion. -

The renaining criteria were given
di f fering weight s. ~l h e scales far
individual criteria were all related

-

to a naster scale.

The rating ;iven to the site fo r a given1.2.2 a a

criterion showed the degree of achievement .

6
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Methodology

Attribute As lised Potential Rationalc
_ __ __

l.2.3 2 2 The sites were given the same detail
of analysis until the geology was done.
The time criterion kept some from having,
the same detail of investigation, al-
though the time criterion itsel f was
clearly stated.

1.2.4 2 2 The data appear to be complete and
accurate with the possible exception
of the seismic data. The classi fica-
tion ci some sites as requiring de-
tailed data which would take too long

to collect appears accurate, however.

1.2.5 1 1 The rating and weighting analysis
scheme and the time consideratic1
problem are clearly presented,

1.2.6 1 2 No uncertainties were discussed other
than the possibilities of backup water
supplies.

1.2.7 1 1 Long-term land use impacts were dis-
cussed in some cases. For example,
certain plant locations would stop the
encroachment of urban development on
the desert.

1.3 2 3 Corplete sensitivity analysis was done
at the valley and region level, but
when the study reached the alternate
site evaluation stage sensitivity
analysis was not done. Geology

became an all-important fa c t o r.

2.1 2 2 The studv is easy to follow and the
justification for the criteria is
complete.

.

2.2 0 0 No public participation.

~

3.1 2 2 No special expertise was required.

3.2 1 1 listimate based on above and the fact
that t ' egional level screening was
ve etc.

C09 '
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Methodology

At t ribut e As lised l'ot ent i a l Rationale
- - _ _ - . - - - - - - - - . - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1.1.1.1 2 3 The screening criteria are qualita-
tively discussed.

1.1.1.2 2 2 All screening criteria are discu; sed
and justi fied.

1.1.1.3 2 2 Sufficient data exist in the litera-
ture for this s i t ing :)hase.

1.1.2.1 2 3 The criteria are listed and data a re
included for each area for each cri t e ria ,

but quant i t at i ve cuto f f- are not di -
cussed.

1.1.2.2 0 2 No discussion i s ni ven co:. .ainn ..h>
the particular criteria are used.

1.1. 2. 5 2 2 See 1.1. l . 3

.2.1 0 1 No discussio, was eiven af possible
t radeof t' .

1.2.2 2 2 Comparisons between -; i t e s were made
and individual site limitations were
discussed. Cost est i:,at es were inde

for some at t ribut es

1.2.3 2 2 ~1 h e alternate ;ites were anal,:ed in
the ;ane detail.

1.2.4 2 2 There i: no apparent prob'en with the
data.

1.2.5 0 1 ihe IR state:, t h.it the decision u-

based on coct d i f ference:- and em i -
neerine, and enti ronnent a l conc dera-

tions. yet this is not obvious lhe

decisica .::echanic could be clear it
the i>roposed ;i t e i :- c l e.i r l y ;u;>crt(>r

-

in each categor:

1.2.0 3 2 No uncert a int i es s,ere discus wd.

EOO 7'[J'' "
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Methodology
- Attribute As ilsed Potential Rationale

_ _ _ __ _.

1.2.7 0 1 No long-term impacts were discussed.

1.3 0 0 Since very few hard data are presented,
one cannot do a sensi'_ivity analysis.

21 2 2 A qualitative description of the att ri-
butes is easy to follow, although how
a decision is arrived at is not.

2.2 0 0 No pralic participation.

3.1 2 2 No special expertise is required.

3.2 2 2 The estimate is based on the above and
the fact that the data requirements
were minimal.

.
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sol 1Til TI XAS.

Methodology

At t ribute As lised Potentia 1 Rationale
. _ _ _ _ _ _ _ _ _ _ _ __ _ ______ _ _ _ . _ . .________ ____ __

l.1.1.1 2 3 Although the criteria are very clea rly
stated, elimination was bas ed on "t oo

far f rom" in several cases ra t he r

than on quant it ative cutof fs.

1.1.1.2 1 2 There is litt le discussion of why
d i f fe rent criteria were used.

1.1.1.3 2 2 Published data existed and were used to
implement the criteria.

1.1.2.1 2 3 There is little discussion of nh>
d i f ferent criteria were used or why
d i f ferent weighting factors were

assigned to them.

1.1.2.2 1 2 There is little discussion of why
d i f ferent criteria were used or why
d i f fe rent weighting factors were
assigned to them,

' ''l , 1 . .' . 3 Published data and aerial phot og ra ph -',
were su f fi c i er.t to i:apl tn n* the
c rit eri a accurately.

1.2.1 1 1 1.ach fact or was rated on a o to 3 .cale
and the ratiny assigned various
w e i p,h t :, 'l h e individual O to 3

scales correspond to a .uster ,cale
based on degree of accept abi l i t y

1.2.2 3 ; 'l h e ra t i n;' for the di f ferent c ri t eria

quant i fy the degree of achie ce: ent

1.2.3 2 2 The alternate site' were all anal):cd
in conparable detail to the pri:m
site.

1. 2. .! 2 ' b reason exist- to que.; tion the

accurac: 01' the dita.

1 . 2 . ~> 1 1 1he rating and weighting scher,e i
clearly presented.

g (i t. -} J }
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Methodology

At t ribut e As lised Potential Rationale*

__

_ _ _ . _ _
_

l . 2. t> 0 2 No uncertainties are discussed.

1.2.7 0 1 No long-term impacts are discussed.

1.3 2 3 Sufficient numerical data are present ed
for the reader to do a sensitivity

analysis at the regional evaluation
phase and the study states sensitivity
analysis was done at the alternate
site evaluation stage.

2.1 2 2 The analysis it easy to follow.

2.2 0 0 No public participation.

3.1 2 2 No special expertise was needed.

3.2 1 1 The estimate is based on the above and
the fact that a fair amount of data
vas presented at the alternate site
evaluation stage, but not at the
regional screening phase.

.

M
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TYll0Nii I:NF.RGY PARK.

.

Afet hodo l ogy

Attribute As llsed Potential Rationale ,

1.1.1.1 3 3 The screening criteria were clearly
and quantitatively stated (greater
than three miles from water, greater
than ten miles from a rail road, less
than five miles from a population
center, etc.).

1.1.1.2 2 2 Although each justification was not
clearly spelled out, few were used
and most were obvious.

1.1.1.3 2 2 Published data were sufficient at this
stage.

1.. l . 2.1 2 3 Many of the selection criteria were
explicitly and quantitatively stated.
!!owever, the flatness of the land was

an important criterion, yet it was not
clearly defined.

1.1.2.2 1 2 The criteria and thei r weight ings were

incompletely discussed and jus-
tified.

1.1.2.3 2 2 Su f fi c i ent data were available to
perform t he study,

1.2.1 1 1 'T he d i f ferent concerns were all rated
on the same I to 4 scale (1 poor to=

4 = excellent] and assigned di f ferent

weights for t he final additions and
ranking.

The degree of achievement is quantified1.2.2 a a

by the rating given and the cost esti-
mates made, where applicable.

1.2.3 2 2 'lhe same level of analysi s wa:: und

for the three alt ernat e sites. -

1.2.4 2 2 Th data appear reasonable and accurate

1.2.5 1 1 he decision mechanism is presented in
detail.

122 q .^ '; .,\
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Methodology

Attribute As Used Potential Rationale
-

1.2.6 0 2 Uncertainty is not discussed.

1.2.7 0 1 Long-term impacts are not discussed.

1.3 1 2 A limited sensitivity analysis could
be done on the alternate site evalu-
ation phase, but insufficient data are
presented for the earlier phases. That
the data for the initial thirty sites
(then narrowed to three alternate
sites) were not included in the
report was a major study flaw in the
area of sensitivity analysis.

2.1 2 2 The approach is easy to follow if it is
read thoroughly.

2.2 0 0 No public participation.

3.1 2 2 No special expertise required.

3.2 2 2 Estimate based on above and the fact
that data collection did rot appear to
be overly difficult.

.

.
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PART III
.

A COMPARISON OF NUCLI:AR POW!:BPLANT SITI NG MI:T!!OI;OLOG Il 5

CIIAPTER I

ANALYSIS OF EMPIPICAL DATA

Intioduction

cral alternative re t hodo l o r ie s a */ s i l a bl e for 11h n t i f i c.i t 1 < .: 't ; t '. . t h, <
e

in f t:i ite site areas and the selection an d e'*.il ua t ion of speci fic site: a 'fata,

1; im w is establish.d to exercise these ret hodo lo,;y a l te r na t z ves an't er r p i rr t h- r'-

.a l t! Ce or il available data basos were found which were a s ' u r r-i to Le +iLi,,t _

r th) s t i;.iy . It wis dec 1 &d t ru t at least two iita La n , s hc o l < L' '' t t 1r>

*r exar1: the r e ricn il ditferences of the various criteria th?' r.t y if'< 'h< -'

!.irir n o: alternati.< si t t n-: rethodologies. ':h. dati bim us< fe:r t ! .< n t . !; . ' . -

& a d it a base for r ':r t he r n I l l t ru > i s ci n,! a serr:n:1 d it a L. i s , for rmrt' i t. r ' it< .

~ data La:.e !cr n o r t :.e r : Illinois was d e '/e l e ; * by A r m :: '; 2ti .il U: r-' <

atory (A.M 1:. or a to test ITL, a sitir c'e p ;t e r -;r m;rar- Jc' . l t; t ? 0 A:, , i

.crt: r: Illinolu 2. character 1' tic of the eastetr I'l .i t r Stat' # .-It + * t- rr 4

r.1itt'eli flat. The ( culoatcal envirt nm ''. t is t .aracterized 0 a )r1;'
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Selection and Description of Regional Evaluation Methodolor;ies

of the three siting methodologies typically used for regional evaluation, two

can be exercised and evaluated using the computerized data bases available for Utah

and Illinois. These two, the exclusion screening and comparison screening techniqws,

1ely on an area-wide data base that is sequentially or s imul tar'eously screened to

identify acceptable or nest suitable siting areas within the regional area of con-

sideration.

The third siting methodology used at the regional evaluation phase, favor-

ability selection, does not necessarily deal wich the entire ROI. One or nore site

aelection experts select those areas which are to be searched for potential sites.

The procedure for this selection involves the review of several site selection fac-

tors en an area-wide basis. This review, together with the local experience and

judcment of the siting experts, is applied in order to select a group of sceringly

good site areas. The suitability of thr>e areas is obviously dependent on how fan 11-

iar the siting ex}erts are with the POI and with the general criteria used durinc

the course of their selection. For these reasons, favorability selection is r;o t

appropriate for a '/stematic and comprehcnsive evaluation of an entire req 1cral

data base such as is done in this study.

taluaticnTo corpare the two quantitati'o techniques, an exclusion scroonin< <

and a corrariscn scre'-ning evaluat icn were devclc;ed for i:ach data base " h c= ro: ilt-

inq s i t i n .. arei i.+ n t t ' t ra t . :n 1ps were co pare-1 both + alv . r r-a s , ar' 1 ? 21 -> i

# + s

'

te !. The p 'i r po ' ' 0 this 'r" ;trl! r wa ,i t it'S in 1 :ll ' f t! C' n c e s Vero r ?(r 2

if Loth t(chniques identifv the sane areas or if onc technique ido-tifies si 11ar

aroas as well as a d cl i t i o n a l areas: the latter wr uld indicate a superior abillt t1

discrininat, a cem n suitable >ite areas.

r

In adiltic to c he basic c n ar: ' of th. ts] s c r e .. n i r te c h '. i q u ? i, eral
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Particular emphasis was placed on the comparison of the best sites or site

areas that resulted from the application of the alternative selection methodologies

to illustrate the difference in methods. The role that specific site selection

factors (issues) play in the selection of sites was also carefully considored. It

was recognized, however, that in either case the results of the comparisons were,

to a large extent, controlled by the data es and the regional physical differ-

ences contained in the two data bases.

Utah Example

Utah Data Base

The Utah data base extends frcn the Cinta Mountains c;1 the north to the c o r. -

tluence of the Green and Colorado Rivers in the south. The study area shown in

Fi mro 1 oxtends from Galt Lake City in the west to the border of the state of

Colorado on the east and includes approximately 32,000 square miles (83,000 km2).
The computerized format of the data is based on a grid cell that is 1.5 by 1. 5 mile.

,
(2.4 Ly 2.4 km). There are 14,400 individual 2.25-square-mile (5.8-kr?) grid c<lls

in the studv area.

As rentioned previously, the Utah data base was abstracted from a data <

rrepared for the WIEB study The purpose of the WIEB data baso was tr a9r . th<
feasibility of lo c a t i n c, Nuclear Energy Centers Jcdmina a minirun of 6 Q. l o ] j <

Thir data base includes the 11 westernrost states exclusi/e of Alaska an Haal.

and is f a i r l ,- general in nature for the follcwing two reasons:

1. It was used to site a facility requiring a large land aroa, and

2. "' h e studv region was extrerel, large geogra; hicall .l

The grid cell used to represent the data for the WIED stuuy c= t ' z a i
7

10 0-s ; ure-mile (259-km') area, which is a scale much la r .:e r than is t,; ica l!-
for "a re conventional nuclear generating station co, "ts. However, it ca s :e* :-

inea that these data could Le converted to a smaller gri c. e l l stze ,c i t h .r-+

t x t end in .; the apparent resolution of t he data.

It S S .I l d be be rcted that t he p u r;.<:s e :f the .ub lect st: i * - i

an ! e */ 31 u a t r tbo coveral site selection procedures currentl'. . < ' h- ia l l +

for sitinJ nuclear powerplants. Giver this I r ci l e stato ca * ux< <f i+ *
,

.eC1fIC data h a s t' 15 nCt retjulrC d to a S ~. u r t - th* CT'' 11.1 1 l' r Occu r Ic .-

*ic SitO9 thIt ~ay be identifled but rather to illuatrat< t! . +< -r <

r' 9 u1! In Epcc1f1C s1te 1CCatinnS ' .71 '. O n d i f f + ' T ~' n ' S 1 '. D ' 1 v. c t .i
'

* <

'T tI re33Gn, the accuracy Of 'T e' 'i r a ' h 1 C 1CCa*.lc r; r m. t e; t t b.s3

d r * Ie riGGTOuSly 333GrCd, as wGuld Ia r '. . ; u t r i ! . a lit r *;;' < "
, ,

the data have hee: deliberatel. alterc1 to illustrat< a oc: f;' i: n. can < *,

**, cost of abstracting the results of the stud nne of *he ;1te: 't, .

< N+"> - 3rea is k nowp* g n" ge, Cr expo"*ed tC* b. o n,)- ..a.,*\
' '

r Study bY U Utility or regulatory

J dd DM$.{sf
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In keeping with this qualification, seve ra l factors were added to enhance the

ability of the Utah data base to illustrate the differencer or similarities in sit-

inq methods.

,

Included in the siting data base are 10 site seloction factors. I:a u . factor

represents a site selection criterion and is applied using several methods to iden-

tify the most suitable or acceptable site areas, where the site area may contain

one 01 mare actual sites. Each ci the factors is selected for inclur,ioT in the

+">a luat ion because it either represents regulatory requirements, engincering cost

considerations, or ecological or sociopolit zal issues. For each of the factors,

a ray is plepared, in the grid cell format, and stored in the conputer for overla/

or conparative analysis. A general description of the specific issues and back-

cround en their purposes as pact of the site area selection process is contaire :1

in /g endix A.

Utah Exc'usion Screenina

Exclusion screening is based on the premise that fcr each najor siting cri-

torien, a threshold value can be defined that a i.otential powerplant location ru t

reet. In thin way each of the issue raps can he divided into two z c r.e s : acceptable

and not acceptable. An overlaying of t'.e several Assue raps can identif'j tL zc"

which passes all tests or neets each critericn. This zone is then assured tr L,

an acceptable sitino area.

To generate the exclusion screening case for Utah, each of the 10 issues wr

reviewM and a reasonable criterion for acceptability threshold was established for

each r1 These raps were then overlaid to deterrine those areas acceptable for

site 1 ation. The threshold values of the 1m e l of acceptability fcr each cri t :-

in Tabl, III.rion : 2.: s '

Tablo

Exclusion Scroenina Cr1*erla--Utah

Issue '$ 1 ~.ur C r 1 t a I1a#

1 SelSriC R i s k. U.29 aCcele rat ic:
2 Ecology rare or endannered' < .c;<~

3 P c ;-. u l a t i o n Density 0.4 SPF'
10 units (ccatJ.11 tanc-)J Transpcrtation

_

Access

"3 Landforr 20 . _ at +' c le '

6 TransrIncion Acces: 40 unit fr- + ! 1 s t a r. ' - )

J'7 Land Use N' .rr te c+ ul l a :-!

8 Soi s r it .
'

,
9 Air Traffic Hazard 2 miles f r' r air traffic < : r r l: *

10 Cooling Syster
5uttabl1it'j - SIBa .

a
Site population factor

b_ - t O qg j% a{}
m.,

buttability r : J g s ,,

u, b d psu%u m:,q u3 ep m.

au c an-
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Dased on the threshold values shown in Table 1, each issue rap was translated

into a hinary decision nap where the value of zero represented those areas below

the threshold 1< vel for a specific criterion and a value of one represen' d those

areas above the threshold level. These maps were thon added together and those

cells that totaled to score of 10 satisfied all of the 10 siting criteria. Those -i

values less than 10 indicated the nunber of screens passed; this number subt r acted

from 10 indicated the r.orber o f screens failed. The corpoter-generated h i s tu ; r a n ,

shown in Piqure 2, indicates the frequency distribution of the n u n.b e r of exclusion

screeninq criteria satisfied.

SDStARY OF SMPS

VALUE FREQ a LESS l yt'AL 0 861 1722 2583 3444 4305
T11AN nREATER

10 181 98.74 1.26 ****

4 1595 87.63 12.37 ********************

4305 57.65 42.35 ***************************************************************
7 3"02 31.17 68.83 **********************************************************

6 2351 14.79 85.21 ********************************

5 1501 4.34 95.66 *****************

4 565 .40 99.60 ******

3 49 .06 99.94 *

2 9 0.00 100.00 *

1 0 0.00 100.00 *

14154 'ELU I? o TO 100 "FX; = 7.052 "INISPOf VA!1E = 2.000 "A X I SPOf VA LU F. = 10.00

Floure 2. Frequency Distribution of the '.urber
of Exclusion Criteria Satisfied--Utah

Arc a s that satisfied all criteria and were acc( ptable for pruerplant l oca t i r: n
aro shown as tho darkest sfrbol (6) on the rap in Figure 3. The reraininq partir.r

of the op shoes the v'ographic distribution of the nurb:r of e xclusion criteria
satisfied. Corparisons of this rap with the indtvidual 1 s si _ r a; o in Appe.m!tx A
shcw r tral interostinI ways in which the individual is aes strongly i n t luence.
t h< o orall exclusicn screeninc The diaqenil li7ht ar os r a l l . i t i r.q f rr.n t_ h e r1 M

in ricure 3 rer rm i .t air cor nrs (c'i F i qu r. A-9 Ir , .; p .! 1 x Al. 7b i a.; ,a l

hour.d ir runnino frcr th+ upper right co r rx r in F i < .i r e 3 te the iMI. *h, lt

b: r d e r , with the da rke "ha b"i .treas on the ric r r:! : r e
* e nte th< r' st ;o l t abl a,

oism1< ar a (se+ fiqurt. A-1). Irrediatel, tc the r1 '+ of tr+ <r ar! r id !!

inrtien~ ,f the ismic iorder in Finure 3 is +hr trarsmirc
1r r' r (:. r 1 ,u

A-6) with t ha rr s t s ' ' t-ib l e :t r e a on t he left, cl0 er to th. c .si ,1 : ! +< v'

f:* ah OrarIr' He rm m i ne;

T^ c' n luct a Cr ? p .i r i S O n s crt'on i r ', e<lch if tb 'Itj ;< 1 If s S 1: "tluati 4

inileJsendently and a Sultability T a t i n ri function (SPf) for each rf **< j s q t r. 3-
is o flne ! *

*

In PC13iCn I h(d b ry , (he i'.I k (N h 1 l 1 I h fynO(lOn W( f jfd kJ ( -{f,' 3 *;};[} r* -

tier Hcwevor, for clarity if rcar' .g fu *b lay r ea:b r , t h. ter- +dlit-
in u s cul to indicate the rolative drqree to which an ar"a exnibit in T a c h .; r a r -
teristIC Would [' suitah1( In Contrast if C t ht/ r a r' * a S >:!; 11.1 I .T fil I * ' r' :. t' '
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Figure 3. Exclusica S c ree n i r .:-- L'; th

This suitability function represents the relat' suitability of each of the

categories within a specific issue for location of the powerplant. This relatt..

ranking is fixed on a predefined scale such that all areas within the stulc area,
excluding legally restricted areas, can be evaluated a:nl ccg ared cr: thi b1<h-tc-

low suitability scale. The suitability functions actually usmi fcr this stui; are
' shewn in Fiqure 4. For each of these 10 functions, the y-axis reasures the suit-

ability which is given as the relative rating assigned for each pcssible value o'
issue parareter (shown ca the x-axis of each function). Scre of these suitabilit

.

functions are continuous (e.g., seismic risk, population), while others are discre

or discontinuous (e.g., ecology, landform). The chutce between continuous and dis-
crete su.tability functions is based upon the way in which the carareter cf each -

1

] s i)Vparticular issue produces its irpact. The two paragraphs follcwing Figure 4

illustrate the reasoning used to develop ,the suit:bil:ty functions.
-/
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The seismic suitability function can be evaluated and compared in terms of

t hf extra cost of the design and construction features required to satisfy the

seismic design criteria. The D&M investigations, in connec; ion with Nuclear Energy

canter siting studies, surve.yed expert opinion and developed a utility function

swing the dependence of exc?ss seismic design cost pcr kU (c ) as a function of the<

50-year e f fective peak accele ration.1">horizontal ground motion providing the SRP

This utility functitn is shown in Fiqure A-2 in Appendix A. The utility function

is used to translate the category nunbers depicted in the map in Fiqure A-1 into

utility values which have a rance from 1 to 9.

To develop the suitability function for the population issue, it was assured

that the IcVel of suitability should be directly proportional to the number of

p 'ule exposed to accidental radiation from an'/ r'uclear powerplant at the site.

Such a linear relationship would only apply, howevu , if expost.re wore e ;ual for

all individuals. The potential impact on an individual is dircctly related to the

distance from that individual to the reactor. Thus, if distance is considered, ir-

acts are not equal for all individuals. However, the effect of distance is incor-

iorated into the calculation cf SRF which nornalizes the population distribution

with respect to distance. Therefore, a linear relationship, as shown in Figure 4,

can be und for utility with respect to SRF.

Prcjections for the years 1985 and 2020 were translated into utillt, values.

If an area exceeded either 0.5 for 1985 cr 1.0 for 2020, it was restricted fror

further consideration. The remaining areas were assigned utility calut s from th'

tility function according to their projected 2020 SPF value. The 2020 project 1.n

eas used to achieve a more conservative evaluation.

After the rating or suitability functions 'la ve l'e e n deterrired by technical

analysis for each of the individual issues, the importance values, or ration, are

5:terrined relative to each other. The irtartance ratio relates the i r; c r t a r,co <

me s;.c c i f i c issue to the irportance of other issues when ccnsidering the c' -rall

reasuro of quitability for plant location. This irportance ratio re;;resc ut s tho

.s i - tch* that each of the issues will have in the decisicnraking ;rocess or how ro'

'h the inuividual facters will ccntribute to t h+ assessront of sultah111t.+ 2

mw i r;no r t a n ce ratios are generall, subjecti'.t, in centrast to t h+ suitabilti

ct:cns, shown in Figure 4, which are rainly deterr1ntd by +ochnical a r.a l sic.

< se ir!ortance ratics are typicallt determined by scalin1 wi+h preferer.ce strt:-"

l o ' l ''
* :res cr usinq a group decision process such as the N i[hl. ! either

final set of tr; or tance ratio 3 for each of the inn 15 & <l' !i.
,

tC %elqnt each of the factor raps when creating a c or r. e 3 i t - suitability ri ".'

. + .i'^' r i t ir;n (Or t h *_ CC rp t rl s"reenin. Case ar*' Sh' wn . * a lli t

in 4 the irpCi t 'in ce r It l'.S in ' t };I t' 2n the , . l t ll> l 1 l t ;' ''
s <

I' t |ur6 4, a suitabl11tf /alue WaS CCr [. u t Pd u s i n :: a we l '*h t e'd f! r 1. tt c h .1 ' * r'

'
i 2- Irlt Cell in the study area. This suitability S C r_ re 81 r G + n t s ti< r :P e r : .

't C. irind of all grid Cells within the studv a rc a wher- tN hit er - sr1 , li-

're d e * e r"' i n e d to be roSt Suitable for pla..t loCatlCn. The suitab111t f Fl; s h% E,

-.

j ' 12
*9 f[ r

, D ,
=a. 4

, m a';; m, p,!:^ueqm
.g , ,,
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in Figure 5, was derived using the specific suitability functions and irportance

ratios defined for the case study.

TABLE II

Importance Ratios for Comparison Screening -

Issue Importance Patio

Seismic Risk 1.82

Ecology 0.88

Populatian Density 1.36

Transportation Access 0.78

Landfcrm 0.88

Transmission Access 0.76

Land Use 0.73

Foundation Capability 0.70

Air Traffic liazard 0.50

Cooling System Suitability 1.49

Corr:arison of Fiqure 5 with the individual issue mai: in A; ; endix n 2dtntifies,

two prirary issue boundaries. The seismic border on Figure 3 run, from near the

upper right corner to the middle of the lower border of the study area, as it did

with the exclusion screening. The border near the micidle of the left side of

Figure 5, with the higher suitability on tho right, is due to the ecology issue

(see Fiqure A-2). The corpletely white aremo running vertically on the left side

of Figure 5 are from the fault zones indicated in Fiqure A-1.

In contrast to the exclusion screening process, the cor arison screentro;

process develops a suitability score on a continuous scale to allow zones of rela-

tive suitability to be Mfined. For exarnle, the scorc for each cell within the

study area are shown c a histogram in Fiqure 0 and evaluated as a statistical

I. cp u l a t i on . Fl<;ure 6 clearly shows the degre* of 'a ccer. t ab i l i t ' achic od t h-

i< n i and provides quantitative guidance relat inc to the overall discrimi;atior of

t h< r.thnd. Thus, information is rhtained xhicn cuidee tb selection 0; a utoff

level for identifyinq c a r.d i d a t e sites or in setting die lay ir r- r c a l s To r; r a p h -

ically depict the p roc <:s s of idontifyinq zones of re l > t . .ui t abilit y a r-A a l s r,

recognl e the r e l a t i '. i resolution of data u s tw ! t he tc ~ :.a r i t cre n i r.c, ! reu' "

display intervals are used where qrou! s af iultabilit; scorr a ri vblimi 1 t, 'b

same interval- Typically, the top 1, 2, or 2-1/2 [ e r c. n t of all ce l l r: a r< c: 1h l r _ d

into the first interval and identiflod as canJ1Jat< siti.; ar an Thm < are t h-
.

darkost ireas i: Figure 5. Areas of lesser suitabillt, .i r t :rt 2 < -d i n t r> d. .; c e ..ilt

display intorvals and are shown as lic7ter toner < :- f ovay on t h> di: . lay N; <

Teilt i onf d j rs'Vious ly , thoSe aTea$ that are Ilank, or Whi te dro a r e a :i that W re,

restriCtod f i' r spCC1fic reJEf.nS in t n t. Valuatinn :.rOct sS.e
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SUMMARY OF MAPS

VALUE FREQ * LESi EQUAL 0 236 472 708 944 1180
-

THA N CRE.ATER--

100 0 100.'O .00 *
99 0 100.00 .00 *
98 0 100 00 .00 *
97 0 100.00 .00 *
96 0 10(.00 .00 *

95 0 10).00 .00 *

94 0 103.00 .00 *

93 0 IfD.00 .00 *

92 0 110.00 .00 *

91 0 100.00 .00 *
90 0 JDO . 00 .00 *
C9 0 100.00 .30 *

88 0 100.00 .00 *

87 0 100.00 .00 *
F6 0 100.00 .00 *

R5 0 100.00 .00 *
R4 0 100.00 .00 *
R3 0 100.00 .00 *

82 0 100.00 .00 *

81 C 100.00 .00 *

FO f. 100.00 .00 *

79 100.00 .00 *

78 99.74 25 **

77 '5 99.16 .84 ****

76 ,2 98.53 1.47 ****

75 ? '>0 97.37 2.63 *******

74 .05 94.25 5.75 ******************

73 578 89.79 10.21 *******************************

72 287 84.50 15.50 **********************************

71 830 78.10 21.90 ****************************************

70 919 71.01 28.99 **********=*******************************A*

69 1179 61.93 39.07 ************************************************************

68 1122 53.'8 46.72 *********************************************************

67 1001 45.56 54.44 ****************************************************

66 379 39. 7 b 61.22 *************************************************

65 713 33.29 66.71 *********"'*^************************

64 7 ',9 27.14 72.56 ****************************************
6, 063 22.31 77.69 ***********************************

5 525 1M.26 51.74 ****************************

fi 519 14.26 SS.74 ***************************

,0 350 11.56 FS.44 *****************

f4 390 R.56 91.44 *******************

24 237 6.73 93.27 ***********

57 223 5.01 94.99 **********

56 2 3.15 35.55 ***********'

55 l 'j a 1.65 96. 15 *********

54 1 37 .58 99.42 *******

53 39 R 99.7' **'
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Interpretation

IJsing the 10 site selection issues (criteria), both the exclusion screening
and comparison screening methodologies were erployed and a suitability evaluation
to determine potential site areas in the regional area was undertaken. The result

of these evaluations was a map that shows, in the case of the exclusion screening,

those areas that satisfy all 10 criteria and, in the case of the comparison screen-

. ing, those areas that are most suitable. These geographical regions are called

candidate site areas and are shown in Fiqure 7.
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. .re 7 Candidate ;1ttng Areas--ttah"

It is apparent from Fiqure 7 that there is little actual overlar 1. . . t w o - ; t!

to; areas identified by the exclusicn screening and those identified t>i the er.n -a r -

ison screcring, although the areas identified by the two rethodolor:le are clost

together (with the exception of the highly suitable area at the western !< Rar

of tho study area identified by the ccrparison screenina). These di f f e r e'.c' s

between the results of exclusion screening and ccrpariscn screenino cc Le ry lair 4

b- tb di f fe rent relative i r;- o r ta n ce of specific issues.

The only overlap is in the southern icortion of the s t u:ly area, surrnundl 4

the Green River corridor. Even in this ove r l a !. , however, the exclusicn-sen c :1

area is mostly on the right and the ccmparison-screencd on the left. This listinc-

tion corresponds to the s h a r i. vertical boundary shown in Figure 3, whish, in turr,

is due to tho boundary of a hichly suitable cooling area (see Figure A-lO).
- /
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Cooling has a high importance ratio (Table II) so we might expect the border to

show up most strongly ca the comparison screening map. However, the threshold

for exclusion screening on the cooling issue has been set so low (excluding nost

of the cooling categories) that the highest suitability cooling area stands out

quite strongly.

The air hazard and electric pcwc. transmission issues are less determining

for conparison screening than for exclusion screening because of their low impor-
.

tance ratios. It should be remembered that for exclusion screening all issues

carry the same weight.

The highest-ranked areas of Figure 3, exclusion screening, cover a m" '.

smaller geographical area than those of Figure 5, comparison screening. T4 is is

because the large number of issues (10) reans that relatively few areas will be

able to satisfy the cutoff for every one.

Illinois Exarple

I11tnois Data Base

The northern Illinois data base was abstracted from an ML report. The

study area is depicted in the rap in Figure 8. The origin was taken at a point cn

the border of Hendersen and McDonough Counties, lccated in the southwestern porticn
of the map Data were encoJe' in a grid of 130 horizontal divisions and 95 vertical

divisict 2 km per division, within the Illinois state boundaries. This re; re->,

sents a total of 11,022 sites. Ws t nuclear plants occup at least the approxi-
matel, 1,000 acres represented by t h< 2- by 2-kn cell. In order to allow for accu-

rate interpretive map /alues at the border of the grid (i.e., .roximity to waterways,

etc.), data werF entered in a region 13 divisicr.s farther out in each direction.
2This resulted in a total of 160 b: 123 (20,000) divisions, ccaering RO,000 kr It

rust h noted that accurate interpr( tive r"sults are assured only in the inner rect-
angl4 of Figure 8, within the stat ( borders. A l t h o u t; aral of the rys contair<.

valuos for all of t h.. 20,000 cells, t h< values curside the stat < Lcrders or the
inrer rectangle (130 Ly 95 di/iricns) my not b reall tic.

Y: orous assu.n tic a r.d strolifications were nade in o e r e r a t i rm the r.c r t ho r n
Illinair data base. Alth x.;h the- should not affect th. m fuln,in 'or thic stul'

of sltirm re t hodol m i e s , th< asso ptinr d0 finitely haw an ir: ict r t r. e ac arac

of the relative rerits of the sitt w thin the stum arca. I'> r e were trul. >-

forring a siting tudy, ra*her than a rethod<>lcuy ;tudy, a d .11 t i o n a l 'ffurt a n .1
accuracy would b requir.d.

St /eral factcrs wt ri- nct included in the Illinoin data his., d< ite- +"elr

tr; crt a ce in many siting s t ud i e :- For .xtrple, th"r< ar- rown seisric taa'+

in northcrn Illirois, but since these faults a re inactive, si r. r i c i t ; was *

ccnsidered in the study. As another exarole, n o r t h e r r: Illi" 15 13 relat 1; iat'
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Figure 8. The !;orthern Illinois Case Study Area

Decause the total range of elevation involved is only a few hundred feet, *he

importance of topography is minimal and it was, therefore, not censidered. Du'

to the relative uniformity of northern Illinois, characterizing the ecological

sensitivity on a regional level is screwhat reaningless. Areas such as state and

naticnal parks, wildlife ranges, and historical areas were eliminated from ccnsid-

eration on the basis of existing land use. Other than for these land use restrict-

tions, ecological sensitivity needs to be censidered on a site-specific basis a .d

is, therefore, not included in the regional Illinois data base.

In addition to the data already present in the nNL report, several factors

were encoded into a ccrputerized format to provide a more comnlete data base. A

tetal of seven site selection factors are included in the northern Illinois data

base, A general description of these soven issues is presented in Ap; endix D.

All of the data used in the northern Illinois study worc clansified m a

0 to 5 scale as follows:

, 5 (*) very favorable=

favorable4 (/) =

acceptable3 (-) =

practical but difficult2 (:) =

practical but very difficult1 ( ) =

0 ( ) unacceptable=

'



The scales for maps which were made by combining several data maps were based
on the following system:

4.5 (*) very favorable=

3.5 (/) favorable=

2.5 ;-) acceptable=

1.5 (:) practical but difficult=

0.5 ( ) practical but very difficult
.

=

0 ( ) unacceptable=

The combined maps generated by this process include final results of the ex-

clusion screening and comparison screening.

Illinois Exclusion Screening

To generate the exclusion screening case for Illinois, each of the seven

siting issues was reviewed and two sets of threshold values were listed (see Table

III). The cells which met each of the nininum values listed for Set I are indicated
by In asterisk on the map in Fiaure 9. The cells which ret the ninirum ralues

listed for Set II are indicated by a period on the same map.

T A B I.E III

Exclusion Screening Criteria for Northern Illinois

5tinirum Criteria
Issue Set I Set II

Power Network Considerations 4* 3*

Proximity to '-fa]cr daterways _ 15 kn ; 25 km

Populaticn Density Within a
78-kr Radius ' 150 _. 300<

-

Land Usage
_

3* 3*

Foundation Suitability
_

4* 3*
_

Transportation Accessibility 4* 3*

Tornado Fre'tuency no threshold no threshold

.

These nurbers refer to suitability ratinas

S e m- of the features of the n ap in Figure 9 can tm interIretml in terr of

the individual issue raps in Apperdix D. For exarnle, t b< circular sector Lorder

in the ncrtheast Iart of Figure 9 reflects the boundary tetw m the 3 0 '' ers'- !er, ,

4 kn' area and the 500 ,crsnns per 4 kr' area on the alaticn issue ru- (Fi:-
ure B-5 in Appendix B). Since the h1 chest repulation a nsiti t!.resholJ (for < * II)

,

is 3n0, the 500 ;ersons ,er 4 kr' areas is excluded and, therefore, left enq 1 t 1;

blank in Figure 9. Just to the left o' the 300 to 500 bcrder is mncther circular
arc boundary, between asterisks and dots, which erults f re t r.. boundart L.+ en

tho 150 and 300 ; ersons per 4 kn areas on the p o r a l a t i o r. rai

. ?u Q M G I(
1 b3&a t %uu wg ? ?,

'

,.
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Figure 9. Exclusive Screening Case for Northarn Illinois

Illinois Cceparison Screenina

To generate the comparison screening case for northern Illinois, irportance

raties were assigned for each of the seven siting issues. Using the irportance

ratios listed in Table IV and the suitability ratings shown in Appendix B, a suit-

ability value was computed for each cell in the study area. Since the suitability

maps in Appendix B are already expressed in terms of a ccrron suitability scale

(from 0 to 5), there was no need to develop separate suitabilit ns, as was>

done for the Utah example. This streamlined comparisen scree -; e - 's easier

to apply than the one used for Utah, but it also presents a gree iculty in

keeping track of the technical analysis supporting the deter.nina suttability
* functions. Figure 10 shows the final cell-suitability rat 2n. ,

The map in Figure 10 consists of three s/mL;is: diagonal and horizontal lines,

which represent favorable and acceptable areas, respectively, and asterisks, which

Indicate very fave-7bl ar , .

fi
'
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TABLE IV

Importance Ration for Comparison Screening
(Illinois)

Importance
*

Issue hatio

Power Network Considerations 2.0
,

Proximity to Major Waterways 1.5

Population Density 1.7

Land Use 2. O

Foundation Suitability 1.5

Transportation Access 1.3

Tornado Freluency 0.0

-m

.

Fiqure 10. Comparison Screenin<r

The population density rap (Figure B-5 ir AFI er.d i x h) 1: r e s i c.n s 1 L l e for t h-

circular are border in the ncrtheast cc.ner of Piqure 10, as well u: b l a t.k pocket *

cemtained within the nat. Itself. These Iockets are a l s r. present in the excitslor
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screening map (Figure 9) but are not so pronounced because the immediately surround-
ing area is indicated with very light shading.

In +he middle portion of Figure 10 is a pocket of acceptable area (horizontal

- lines) which 2 alls in the n,1ddle of a f avorable arca and extends into the north-

east. This acceptable area corresponds to some areas designated favorable in the

transportation issue map (Figure B-10) which happen to fall in the midst of a very
.

favorable transportation area and therefore really only looks poor by comparison.

Furthermore, the relatively poor transportation showing is due primarily to .he

distance from waterways, which also shows up as a separate issue (Figure B-4) to

further emphasize the relative unsuitability.

In the northwest corner of Figure 10 is a short vertical boundary between

favorable areas (on the left) and acceptable areas (on the right) . This is the

manifestation of a boundary in the foundation suitability map (Figure B-9) sepa-

rating very favorable from favorable areas.

Variation and Sensitivity

Alternative Evaluation Methodologies

The results of any comparison screening process will always depend on the

ways in which the issues are selected, parameterized, converted to suitability

values, and assigt.ed irportance weights. Analysis done thus far has prcvided sore

insight into the manner in which the nost suitable areas wi'.1 be affected by changes

in the major importance weights for individual issues. The quantification of such

changes is known as sensitivity reasurerant.

An additicnal variation measure of interest concerns the overall contribut' n

of the features of individual issue maps to the features of the final cortarisem

screening map. For the entire rap, the extent of features is best characterized

by geographical variance (or standard de"ia'ica). Adding the individual rap

variances to tha covariances between raps produces a reasurc of the overall con-

tribution of the individual iseue to the ccrparisca screr'ina suitability This

is also called the true issue weicht. The rethodologv for this process has been

dcscribed where it applies to the Utah data base. ' ire did not Fernit the arplica-

tion of the statistical techniques to the Illinois data base.

Weighting Sensitivity--Utah

. The general sensitivity of a weighting structure can be estirated from the

statistical distribution of the evaluation (sultability scores) that results from

applying a specific weighting structure. This is accorolished b: plcttinc a his-
- togram of the individual suitability scores for all cells within the study area and

thcn reviewing the general form of the histograr. In general, such a histograr can

range in shape from a broad distribution to a highly peaked shape,

P002 Mlpas. ,
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In a broad distribution, the statistical population is fairly heterogeneous

in character 2ving a wide variety of values). In such cases, it is assumed that

the ieighting system will have some sersiti.ity but will not sianificantly affect
the rank ordering of those few sites (c ells) that score at the high end of the

distribution. When the curve is very 'eaked (and the values are homogeneous), a
great deal more sensitivity in the we ghting system must be assumed. In that event,

the suitability scores are so tightly bunched together that the rank ordering (de-
termined by very small differences between suitability scores) of specific cells '

at the high end of the distribution could change significantly.

The nominal comparison screeni.g analysis of the Utah study area produced %he
fiirly broad histogram of suitabilit'f value distribution already shc wn in Piqure 6.

An alternative irportance weighting structure was generated by substantially
decreasiner the seismic risk and air traffic hazard. The remaining 8 issue weights

were all increased by an identical factor, chosen so that the sum of all 10 irpor-
tance talues rerained equal to 10.00. The resulting alternative list of irportance
values is qivon in Table V, with the nominal values also listed for cogarison.

The resultin:1 histogr am o f suitability '/alue distribution is shown in Pi<ture 11;-

this distributinn is just ac broadly spread as the distribution ia Fj-ture L.

TAB LF. V

A1 :e rn a t i'ce orchtin1 'tructures

_I r no r t a n ce Valuoa
Issue Norinal Alternativo

UTAH

1 Seisric Risk 1.82 1.14 (- 3 7 % ) *
2 Ecoicgy 0.88 1.00

3 Population Densits 1.36 1.55

4 Transrcrtation Access 0.78 0.89

5 L c.d f e rr 0.88 1.G0
6 Tr msmissicn Access s,76 C.Ee

? L a n :1 Use 9.73 0.63

9 Foundatim Ca;at111ty 0.70 0.81

9 Air Traffic Hazard 0 50 0.23 (-54-)*
10 Coolina atom Sultabillt 1.49 1.70

;^.00 l l ', b i;

s
The irnartrce alu for .Irric risk an i trit: lt
hazard sere eliberat 1) < m ! le ! o r c.. r t i ir-
dicatod, thus chan .' tb rulo r -la t ic ' vit! illi

ether valuM- c h i l. t hi- uli ~ si fc r lite .a*+s

caso are differi,t f rer the re inal canc %r all thor
values, this in enli a re alt ,f rt ,rral >

t a a
of 10. Th. ritic relatic whi!- betwee all "+her - alues
rerains thC S:cr f c; r Loth c Tss

%* d*4. m
at a
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SDeuRY OF R\PS

val.UE FREQ * LESS EQUAL 0 240 480 720 960 1200

THAN GREATER

100 0 100.00 .00 *

'
99 0 100.00 .00 *

98 0 100.00 .00 *

97 0 100.00 .00 *

96 0 100.00 .03 *

,
95 0 100.00 .00 *

94 0 100.00 .00 *

100.00 .00 *^93
92 0 100.00 .00 *

91 0 100.00 .00 *

90 0 100.00 .00 *

89 0 100.00 .00 *

88 0 100.00 .00 *

87 0 100.00 .00 *

86 0 100.00 .00 *

85 0 100.00 .00 *

84 0 100.0c .00 *

83 0 100.0, .00 *

32 0 100.'] .00 *

81 0 100 iO .00 *

80 99 90.24 .76 *****

79 82 r ' . 60 1.40 ***

78 6 30 3.75 6.25 *******************************

77 625 d8.92 11.09 *******************************

76 983 81.34 18.66 ****************************************'*******

75 1199 72.10 27.90 ************************************************************

74 1137 63.34 36.66 *****************************************************

73 1150 54.24 45.76 *********************************************************

72 Bs6 47.41 52.59 *********************************************

71 721 41.35 59.15 ***********************************

70 737 35.17 63.83 ************************************

69 634 3'.28 68.72 *******************************

64 534 27.17 72.83 **************************

67 548 22.63 77.37 ****************************

66 507 18.72 81.28 *************************

65 404 15.57 84.43 **********************

64 466 11.98 SS.02 ************************

63 eJn 8.70 9 1. 30 ***********************

62 347 6.02 93.98 *****************

61 268 3.95 96.05 **************

60 221 2.25 97.75 **********

59 164 .99 99.01 ******

***58 67 47 99.53
*57 16 .35 99.65
*56 13 .20 99.80

55 10 .12 99.A8 *

54 1 .12 99.88 *

53 7 .08 99.94 *

52 7 .01 99.99 *

51 0 .01 99.99 *

50 1 0.00 100.00 *

49 0 0.00 100.00 *

a = 71.23 MIN IS'1H VAllE = 50.86 M.\XI?"? VAIJE = F O .15 STA?DAFD DEVIATIP? =5.,'

Figure 11. C =Iarison Acreeni 5;nsiti i+ A l t e r n a t 1 */ c
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The effects of the changed importar:ce weights are best demonstrated by com-

paring the changes of relative ranking of specific sites. For this purpose, a set

of candidate sites is shown on Figure 12. The corresponding suitability values and

rank ordering of the suitability values is given in Table VI, for both the nominal

and a l te rna tive cor:pa r ison s c r ee n i ric, emamples. The row and rank ordered scores for .

the exclusion screening case are also given.
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ca-k Ort rir.c of S lect Sites--Utah

3ito Sultabillt. d ,' r 01 Criteria E a r. O r c!. .r i r .
~~1n11 Alternatl, Gatisfie1 Excit .; 1 e , -~1 :- 1 i l t r r r.a t i ce f x c l :. .1 t.

UTAH

1 78 72 7 7 4 3

2 BC 74 9 1 .

3 80 74 9 1 e 2

4 90 74 I c :*

3 79 74 19 i _ 1 .

f. 78 74 la 3 2 1
~ ec 70 In 1 1 1

8 RO 76 10 1 1 1

1 ,5 74 9 1 m J

10 BC 71 9 1 3 2

11 76 72 10 4 1

12 7 ". 73 10 6 3 1

% kTh % 74 71 lb ; 1

-
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Examination of Table VI reveals several interesting features. First of all,

the exclusion screening case appears to be closer to the alternative corparison

screening case than to the nominal. This is largely because the strong decrease in

seismic risk importance value gives tre alternative case a more uniform distribution
of importance values. Sites 1 through 9 appear to be relatively robust, differing

vf no more than one rank from one case to the next. Sites 10 through 13 appear to

change quite significantly. They all lie quite close to the boundary betweer cate-

go ies 1 and 2 on the seismic risk map (Figure A-1). Site 10 lies in the first

category so the decrease in seismic importance (going from the nominal to the alter-
native) drops one of its major strong points. On the other hand, sites 11, 12, and

13 lie in the second seismic risk category, which gives them a poor ranking for the

nominal case but allows them to move up significantly when the seismic irportance

weight is lowered for the alternative case.

Weightino Sensitivitv--Illinois

For the Illinois case, four alternative irportance weighting structures were

defined, as indicated in Table VII, with the nominal weighting values also shwn fo

comparison. The compar. son screening maps generated by the four alternative we1@ -

i:.g structures are shown in Figures 13 through 16. The resulting variations in

areas of highest suitability are described i.i the paragraphs following the figures.

"ABLE JII

Alternative Importance Weightingn--Illinois

Irr;ortance Woicht (IW)

Issues Nominal ~/ lN T Alt.B Alt.C Alt.b

Fower Network Corsideraticns 2.0 2.2 3.0 3.0 1.9

Cooling Water Proximity 1.5 .5 1.0 1.0 1.4

Population Density 1.7 2.0 2.5 1.C 1.6

I.and Use 2.0 2.2 3.5 1.5 1.9

Foundaticn Sultability 1.5 .7 0 1.7 1.4

N ns artation Accessibility 1.3 1.4 0 1.4 1.2

Tornai Frequency 0 0 0 ,4 6

The top 1 percent nf the sites was a fairly c nsistent set except for Alter-

native B (F.qure 14), for ilternative A (Ilgure 13), the Ir:',rtance rat 1< > for

u r o x I r l t '. to major waterway: was decreaned ty f. 6 percent. This was done tt 1111.-

trat< tho differences in the choices of alternative enolinq syste s. If o r. c e -

.
thrcugh cooling were assured, the prex1mity of a site to a ra)or waterway would Lt

much ncrc Ir;ortant thin if the uso of cooling t<xers wt re assured. Ground eat.r

u ;1d thon be capable of surplying the necessary makeup water. The choice of

assumpticns rade /ery little difference in this case. The top 30 s i t e: ;wi

identical for both casos. Only 10 of the top 1 percent of the sites in the

nc inal case were not i r.c l ud ed in the top I percent of the sites for Alter-

native A %

f g .

V dDM O [jt g-.t n. 593 005
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* Very favorable, / favorable, - acceptable
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The elimination of two of the criteria for Alternative B (Figure 14) caused
substantial changes. The top five sites from the nominsi case still ranked highest,
but there were numerous changes in listings for the top 1 percent. Half of the

sites in the top 1 percent of he nominal case run were not in the top 1 per-
cent of the Alternative B run. It is also interesting to note that those sites

which nble the top 1 percent of the Alternctive P run, but not the nominal '4 e

run, di1 not meet the Fet I exclusion critetia (see Tahle VIII). This is pr. 2 d,Iy

the ref 1t of low threshold values for transportation access, f oundation c ipais 11 ty ,
4

c r ce< >l i n.T .

Altornatives C (Figure 15) and D (Figure 16) represent the possible ch m t 's
caused h; the addition of an extra siting criterion. The particular sitine, crl-
tcrion aidition, tornado frequency, had a relatively large standard deviatior.
Each of the six criteria weights used in the nominal case were decreased by I
percent ir 'rder to include a soventh criterion. Although this change caused only
15 di terent sites to appear in the top 1 percent of the 2 cases, the r a nk i n'_; s
' tti to; I percent of the sites changed significantly.

A schor of these variations. can be interpreted in terrs of the indi'.1 dual

issue alch have irportance values changed from one alternative to the r.e x t . The
nest 7triking feature is the acceptable area near the riddle of the maps which * .

q re2t atrongly in Alternative D (Figure 16), The source of this rela *1 veli r

suitability has already been discussed in connection with the norinal case (Flo-
ure In) where it also shows up strongly. The prirary reason for thir !cor sulta-

bilit, is distance from a rager waterway; this affects two issues: t ranspurt at i :nr

a cc. 's : and coolin: water prcxinity. The noninal case and Alternative D have the

blohest ir;'er t ance weichts for the cooling and transportation ir nes . Alternatl +

in.! B have *he lcwest irpcrtance weichts '^r the ccaling anc transportatten 2.2 < ,
s

re . 'ctiveli
.

"ahle '/ I I I r m ares the rank :rlerino :r the top 1 is r:ent nf t he siti

. vh : i:a (in l nne representative site is listed for each : '- t he ar. .s r1 <

c la ! r r i n e cc-hinaticns. The site listina cons i s t: of the x a n c! y cccrdinates c. ? t he

alt w;ich uefine tb southwest cocrdinate of the r3 1.c (95,15). %. Y r!,

'' t '- for Set I an'l Set !I indicate whether the n1*o assod (Y ' r
-

. , .

i t', 'l us 1Cn 'ritoria } I S t e.! In ~ lblD [II. Thi sit # .'
-' (' nii) +

'r *h*- a 1 t e rn Itl'T " 15e S aro th"se which were inet . .o:! tr iho *',p 1 pe !
*

*hlt a r t l' il a r case ad nn* Innli orl in tho 'r.p I wr- * 'c an p r e y;!1 -

*. a n '. ore runs wnuld haw to be raJe for thc I'11nnis * :!y area tr *. t: -

tual confidence Intervals cf the varin irportance ratics. Hc an r , *ht ru ,*'i i
.

;l tfairly Wir!" rarW cf We i r, h t 1 T Struf'tul( - re :* hat ^rf r lde dQ indicatr thlt a

** :.arr- t o r . - r a t s vl 91tes. ,1:4

L1, dim OliE2jGhd% b
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'
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* Very f avorable , / favorable, - acceptable
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TABLE VIII

Sensitivity of Selected Candidate Site Rankings--Illinois

Selected (Number of Rankinct
Site Identically

_ Alt A Alt B Alt C Alt D bet I Set IINom.nal(3x,3y) Rz1ked Sites)

Nominal

96,55 (3) 1 1 1 10 1 N Y
.

99,46 (2) l 1 1 27 7 N Y

33,59 (2) 6 6 12 216 33 Y Y

95,50 (12) 10 10 72 10 21 Y Y

113,30 (9) 10 10 72 1 9 Y Y

38,110 (1) 31 35 307 54 4 Y Y

102,45 (2) 31 37 1 133 35 N Y

60,55 (4) 34 10 12 307 75 - -

95,52 (14) 38 81 72 114 101 Y Y

104,52 (6) 38 81 72 62 40 Y Y

95,58 (9) 58 39 72 29 50 Y Y

99,51 (2) 58 102 311 128 467 Y Y

100,48 ( 3) 58 102 311 128 123 Y Y

94,46 (26) 58 39 72 62 123 Y Y

139,30 (2) 58 39 72 25 35 Y Y

112,29 (17) 58 102 311 95 50 Y Y

142,29 (1) 58 102 311 56 35 Y Y

Alternative A

42,36 (1) 165 35 8 490 354 Y*
.

39,110 (2) 133 76 307 133 18 Y

94,31 (3) 962 76 8 911 467 '. Y

51,34 (1) 165 81 12 858 354 Y Y

iltornative B

36,45 (11) 962 102 12 911 467 *

'

115,50 (1) 451 102 12 340 301 ,

115,49 (2) 451 102 32 490 467 . .

* '

124,40 (2) 962 102 32 902 467

34,58 (3) 172 102 37 911 467 ;

92,37 (4) 962 107 37 911 407 *
.

51,38 (1) 172 102 44 490 467

86,58 (8) 962 102 45 911 467 '.

94,50 (1) 172 102 45 911 467 '

125,48 (5) 167 102 45 56 79 N

57,51 (1) 177 102 59 738 46~ '.

57,50 (12) 962 102 59 911 46'
*

Cg7m e C9
f,Alternative C

'

106,58 (16) 117 IC2 311 29 79 N

108,74 (1) 450 102 311 54 123 '

96,69 (1) 438 in2 311 94 277 : ,

J 5 If
E f g h
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TABLE V1II (Continued)

Selected (Number of
Site Identically Ranking
Qx,Ay) Ranked Sites) Noninal Alt A Alt B Alt C Alt D Set I Set II

Alternative D

38,109 (1) 133 102 311 292 18 Y Y

39,108 (4) 136 102 311 218 46 Y Y
*

39,109 (1) 437 102 307 431 100 Y Y

Individual Issue Contributicns (Map Sensitivity)

One of the most ir.portant chi acteristics of each issue map is the geographic

variation of parameter values or c.tegory numbers assigned to each cell. The es-

sence of a consistent and cceprehensive site evaluation methodology is the careful

a n a l'c s i s of the ca.mplexities of this geographic. variation. As a first step in this

analysis, the mean and standard deviation can be cceputed for the appropriate pa-

rareter for each issue rap The greater the standard deviation, the greater the

varietr ccntained in the issue. It is generally expected that those issues with

the greatest /arlety will contribute rest strongly to the valiety (or standard de-

viation) of the coricsite screening rai, be it cxclusicn, ccrparison, or ccrbina-

tion. I!ow c Ve r , this reasure of contrihution f- inu2Vidual issues is cornlicated

b; the fict that the individual issue raps nay have siellar gecqrarhic variations.

Similarities between two rars are characterized quantitat.ively b: the cctrelaticn

coefficient, which g . '/ e c the net fiaction of the total area cier which the two r.3ps

have the sare cr;ation (area po s i t ive l',. correlated minus ar r a nt.:ata- ly corre-

lated).

'he value of the correlation coefficient r a r. ' a c f r< r +1 tc -1, w i t '- +1 . il-

catim tnat the two rapn 'c a r / 1r exactlt t h< same r awr ind -1 1: 'icating tut

the two rar>' arc in exact!; the cpposit( ranm'r The f r 11 c w 2 ra ara ;r ipns m.ir

brief d vri; tion of these relationshi: 1 and illustrato t he with diset, i , et

t h< exclusier and c m irlson screcntng of th. Utah data base (Tir" and rt rourc

did nrt perri : ilar .llustraticns with thc T .1 1 :- ' 13 data ha m . ) Gnly the m +> ra l-

oxplanatiens and results of ;rn a t"s t slanificanc a : r- u reo n+ -! t he ra thr ati cal

hasis fer the analys1r is exp.21nel rorc fulli in th . I EE re : ett

Tha two-valued variables ased for t'. xclusi scre wr r, '- E !" 1

ttt si plest exa ple. A n '. uarticular ~y is cha: ac+ 4 riv h '. a o r i 61<'>.

whos - taluor are sp cif mi fer each cell of tc. r.y Tho /al < is 0 if t h, --11

dces nt satisf- the exclusion criteria and 1 if it es. m t m al: + * i -

'ariable c: i ve s the fraction of colls whic! niti f- the exclus1<- cr **r:i. i t.r i--

such two-valurd variaales, the rean .! t.inlarl de' i* are rcla* t h.i
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It is most convenient to describe the relationship between the individual

issue maps and the composite screening map in terms of the variances. If the geo-

graphic variations of the individual issue maps were independent of each other, the
variance of the conposite screening map would simply be the sum of the variances of
the individual issue maps. Ir. actual fact, the geographic variations may be quite

strongly cor1 elated; the matrix of correlation coefficients for the Utah study area
is given in Table IX. The large correlation coefficients are between the seismic

* and transmission issues (which is a negative correlation) and between the seismic

and cocling issues (which is a positive correlation); the only remaining significant

correlation is between the transmission and cooling issues.

Examination of the maps in Appendix A shows that the strong positive correla-

tien between the seismic and cooling issues arises f rom the easte rn half of both these

maps (Figures A-1 and A-10). It is purely accidental that the areas of low seismic

risk are also areas of fairly 7hundant cooling water and moderate ts*peratures. The

best areas on the transmission issue map surround the cities o' Salt Lake and Provo

in the northwest corner of the map; since this is the poorest section of the cooling

and seismic maps, the source of the negative correlation beccres clear liowe ve r ,

the negative correlation between transmission and cooling is surprising since po;ula-

tion centers tend to locate near reasonable sources of water. (When interpre*ing the

correlation coefficients in terms of the issue maps, it should be remembered that the

exclusion screening maps would look screwhat cifferent from those given in Append'x A;

they would have only too shades, but the dark and light areas would generally be as

pictured.)

The variance of the ccrposite screening rap is equal to the sum of the vari-

ances of the individual issue raps plus the covariances between all the pairs of

issue maps. Each covariance is the product of the correlation coefficient between

the two issue naps multiplied by the standard deviation of each rap. The covarl-

ance ratrix for the exclusion screening in the Utah study area is given in Ianlo

The elements along the diagonal are the earlances which are squares of the standard

deviations. The covariances are the products of the correlation coefficients < 'on

in lable D rultiplied Ly the correspondino standard deviations. For exarole, th

cov3riance between the selsnic and the transnission issues is -0.176?, which is

sirply the product of the corresponding correl.iticn ccofficient (-n.729) rult 11,

L- the standard deviatier. or the seismic issue (0.489) and the standard d.> / l a t i c

for the transmission assue (0.494).

The clerents of each rcw of the covariance natrix ( Ta b l- art ti .at

in t! e contribution colurn. Funning the eierents of this colurn gives the tariance

,
of the corrosite screening rap, the nurbers in the column represent the relati'.

contr1M ticn of the individual issues to the ccrposite scree: inq rap To or: Sasi v

the rolc of the individual issue contributicns, the elenents of the ccntributicn

colcrn can be expressed as fractions of the total sur of all the eleronts in the.

column (the compcsite screening nar variance); these numbers are given in the trac-

tienal contribution colurn of Table It should be ncted that t coa r l an a

ratrix is synretric about the diagonal, so the issue contributions could be ccrputed

by sunring each colemn instead of each rcw.

I



T AB L!: IX

Issue Correlation Coefficients Exclusion Screening
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The irsues which show the largest contributions in Table X are land use,

soils, seismic, and cooling. The discussion of the Utah exclusion screening identi-

fied the seismic and transmission issues as contruuting most sharpl/ to the def-
inition ;he Loundaries of the areas which passed all 10 screening criteria. In

Table X the transmission 1saue shows a small contribution (a negative sign) while
still managing to sharply define a boundary of the area which passes all 10 screen-
ing tests. This is because this selected area covers only a small fraction of the

study area, while the issue contributions given in Table X represent behavior *

cver the entire map. The concept of issue contribution is not necessarily aMaro-
priate for selecting the few best cells which satisfy all the screening criteria.
Since the issue contributions described the behcvior of the map as a whole, they
are probably mcst suited for analyzing the top 20 or 30 percent. In order to rely

upon the issue contribution concept, for actual siting decisions, the study area
over which it is applied would first have to be narrowed. Such a strategy ir dis-
cussed further in ci ap t e r I t.

The above issue contribution analysis can also be applied to the conearison
screening, with similar results, but the process is rore corplex. "'he s u i ta b i li ty
pa rarmti - for each israc rap r a r.g e s frcn I to 9 (continucus or discrete, depending
upcn the particular issue nap chosen), instead of the s i :ple , two-valued (zero cr
ene) parameter used for the exclusion screening.

Th. standard deviaticns and correlation coefficients which result frcn the
anali sis of the ccrnarisnn screening issue and corrosite screening maps a rt s h c .. n
1: "tbit ;I. The cr .relatic c c. a t' f i c i e n t s are a! ; t o: 1 ateli t i.( came ;i z.

. m - ' - tne exclusin a c l et :.1 r case (Table IX) becaux the correlatt ' 'i er l-

rient is a ncrralized statistic, which is not affected h the difference ir ; a r r-

ter size Lotween the two cases. The standard deviaticns, e: t!.e o t h e r r.a r + , art

ruch l a r r.; c r for t he corpari s 7 screening than 'Dr t h< s rlus i c.n rr- ;1r case.

This is primarily due to t ht larm'r ; araret e r size, but it in I r. t o r o s t i r,a to ntt
that t!' cariaticr am th- standard & /la t ic: 'ar the earlot 1; su , ir much

troater also. Fcr rmrirtscn screening, the air co r r 1 L ':r s issue has t h- 1. l o h . s t
rt .ndar & ciaticn, 3.12, whichd

2 , r .o r o than f i '. * tir.0 t h< s t a r.11 r 1 z i l t i r.: f.r

' . i ' .11 a t l (0.62). 'I h r a t 1 '' o '- largest t' ' ~a l lt t s t :1 r !a r d de itle r, f c. r t he
-

exclusi n screening cast is onli clightli lary r than 2."
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T A B LI' <I

Issuo Correlation Coefficients Comparison Screening
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~;BI E XII

Issur Contributions ('onpa r i r.cn Screening
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Summing the individual issue elements for each row gives the total issue contri-

butions; in the fractional contributions column, these contributions are expressed

as fractions of the total variance of the composite suitability map (which is the

sum of the 10 individual cont.ibutions).

.

Examination of the individual issue contributions in Table X11 shows the

largest to come from the seismic and cooling issues. The strong contribution from
~

the seirmic issue is quite consistent with the corparison screening rap (Figure 5)

where the boundaries of the highest suitability areas were found to be cost strongly

defined by the seismic issue. The species (e cology) issue was also responsible for

sharply defining one small area in the extreme western part of the nup (Figurc 5);

this can be reconciled with the rather small contribution of the species issue

indicated in able XII because the western area is the only part of the seismic map

that has a large amount of structure (Figure A-2).

One of the most interesting features of Table XII is the moderately large

negative con t r i b u t i or. from the transnission issue. In the exclusion screening issue

contribution analysis, given in Table X, this issue was found to have a small

negative contribution: for the corparison screening, however, the negative correla-

ticns with the seismic and cooling issues are stronger because of their larger

issue weights and the overall contribution becomes sig;4ficantly negative. Thi

reans that, when the rap variations are considered as a whole, areas of hiaher cver-

all suitability will te areas of low transmissicn suitability and conversely, areas

of Icw transrissien suitability will be areas of higher overall suitability. ~his

negatise contribution indicates that, with the except n of a few isolated areas,4

an cbjective of short transmission distance will be inconsistent with the ,;al of

highest overall suitability. Of course, as with the exclusion screc ina a; '.li ca-

tiens, the negative contributien frcr the transmissicn issue could be c h a r, a ed scre-

what by ccncentrating the analysis en a sraller study area.

Policv Variations

Attribute Variation ' Po:: u l a t i c n E x a~p l e ). -- Safety is a rajcr .= m in n uc l t ir

rowernlant siting. Seseral different attributes can b used to reasure th< relat

suitability of a site with respect to safety. Padiatinn doc d u. to correl c: rat-e c

Ino ccnditions and estimated doses from accidental releases can b ., consicerm

currc-t nuclear plants have had little difficulty reeting the established re;ulat: -

limits for individual doses and total population doses resultino frcr narral r . rat-

Ina ennlitions. This issue is, therefore, not likelt tc te a ,'c ificant rr + r1

in the selection of candidate sites.

Suitabilit; ratings based on estirated dcses frcr accidental re leasm can cary

-'rkedi for different sites in rest regicns, d e ;. e n d i r e cn mteorc!c. n - :! *3

* listributions. Accident dose is, therefore, a useft sitinn criterior at tr rc i r -

al lev 31: however, it is not si cci fic enough for a Unique relsure Sultatil.t rat-

ings can be assigned to sites based on the dose at the site !:cun d a rv , total la-

tion dcse within the lcw pcpulation zone, raxinun popalation dose for cr+ cell within

b I1 i ;a
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the low population zone, total population dose, or maximum population dose for orc
cell. Figures A.7 to A.10 in Reference 14 show these doses calculated from input
based cn the Dresden site (Morris, Ill.) meteorological data. Figures A 12 and A.13

in Reference 14 show a calculation of the total population dose and the maximum popu-
lation dose for one cell, assuming that the dose is inversely proportional to the

square of the distance from the site. References 14 and 23 contain the details of

the assumptions used in calculating the various doses. A review of the six figures .

reveals that different suitability patterns would result, depending on which attri-
bute was chosen to represent accident dose. Although the site population factor is

presently one of the accepted cttributes f or raeasuring sa f ety, the different suita-
bility patterns illustrate the importance of encosing the proper attribute for any
site selection issue.

Alternati"e Sultability Function Selecticn (Utah Coolina Fxarole) -- A suit-

ability functie n is used to define irpact levels on a relative scale for all the

possible parameter values of an individual siting issue. Development of the suit-

ability function is a two-step process: (1) % fining the issue and its attributes

(categories or scale of reasurenent) and (2) assigning suitability values to those
attributes. The perspective cr purpose of the issue must be established prior to
the selection of attributes. Guidelines have Leer developed for defining cach if

the F.o r e traditicnal siting issues. Fcr exarple, cancepts such as punlic safets

are well-define _sd through ouidelincs tertatring to acceptable levels of seismic

hazard and proximity to concentrations of population. For ct'aer issues, however,

the concentual approzTh to an issue ray varv between regions or ay 1: e directly re-
lated to the technical srecifications of the powerplant to be sited. For exarple,

the definition of the suitability for ccolln:; systers is jartially dependent on the
geograinic reqion under studv and the type of coolin; ctster to be used.

It can tc assum d that tho operation of a crolir' 33strr technicall feast-.>

ble at alrcst any site individua' ;i te differences aro ran s f est ed h- differencc' In
ccnstruction and cieratina costs. To estlaat< costs fnr a "i t en sitt, howccer, v r.

assumptions concerning cooling technolcay must b made. The followinu four cpticns
are a v a i l a'a l t for cl:issifying ; resent and ex; ected future cc; ling t echn a l c. .

l Once-throuf syster--This ]s the s ir; I c s t ana chear-st t mter. 15 a t
transfer is accc plished L: Ir :reasir t hf wat r t er; e ra t ur. Iocau
of the larq ';uantities cf water . u iu l r.H an! l i m i t e.! s u; 12 ' ' vater

available (Iarticularly in the wist), thi< qtan la ; errittoi c: , at

coastal sites.

2. Evaporative (wet) ree s * c r s -- I . tb s t - -- rc t <' ''t heat dit 2 ;. . Lt:
.

CPre , fror Watfr OV1[nrat1C Lei ia t f ' r a rt ;l r t ,! t !.a n Wlth *}. Cnec- .

throuqh ryste but er'lin2 tcaors nuat te construct."! .ur rat. '

3. Dry Systers--With t b-- t sttrs ill c' thr at trannt. is t !' +4 * * .

working fluid (usuall, water) e t he atr. ' wat r 1. rt julrc 1 ;t th-.
,

lartie ho'* tra ' e' r s u r f,t ce's make d r; Cr (111 '.4t'rE t x ' d. EL t t r. ~ 5tIU

.i . Wet-dry 5tP9S--TheSt _1 r e CC rbi fia t i t r: f wet
a n, } i}rs *n& .-c 37 37,

+
;

designed so that wat r is ustd c.;1y wh< t h< ~11r m:! h. avl. st () *< ; ,

r] u ', Ul/ J
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(high su tme r tempe ratures) . This s y s t e:n is more expensive to construct
and operate than a totally wet system. However, it can be operated in

areas where little water is available.

Cooling ponds and spray systens can be considered variations of options 1 and 2.

Given these four basic types of systems, a policy must be defined before t h'

,

evaluation of cooling system suitability can be undertaken. Frt s the descriptions

qiven, it is apparent that options 2 and 4 are the most likely cnes for Dtah

Furthermore, if little data are available on watel availability (quantity and water

riqbts) or if little water can actually 1e used, a policy that stipulates the use

of a wet-dry system will result in an analysis that adequately differentiates arong

alternative sites (using realistic scales of suitability). I' enough water 1r k: 3xn

; alic' wc uldto be wailable, an evaporative systen palicy can be celecteu. Such i

also provide adequate variety among sites. The actual costs resulting from the wet-

dry and evaporative policies, however, may be different in value and georaphic dis-

tributien.

Both types of cooling systems can be used to discrininate areng ; o t c ntial

clant sites; however, one policy must te selected to run the suitability anal; air

(Beth cculd be tested experirentally but one rust eventually be identifle: as t he

assumed policy.; Selection of the proper poli w for the Utah case was La wd n: th

assur:ticn of limited water, thereby dictating tne use of a wet-dry .stt -

Cnce the conceptual approach (policy) has been established, suitabilit; t

art as.1 ncr' to the attributes of the issue In the cooling syster exar;le, +b

attribute reasured to assess suitability was coolinc syster cost An a r. a l y s i :- t

.mtire s t u ~:) area shcwed that for the w e t - d r'/ policy, ccsts ranmd f rt n a! ,rr "tiel,4

f140 per kk to over $260 per k '.i . To assess suitabillt the least ccst was ssi -,

the highrst suitability ratina of 9 and the hlqhest ccat was a o ,1 g n.; ! the 1 t-

ra tin : of 1. This relaticnshi; of cost anJ sultaL111t, 1 :. , fic u 17 2.e

linear fanction (line bc). However, com: 3sito SaltaL;ilty could als: Le -

r,aa t ot ally en; cratiN , systen (line ac 'm F quic 17), * ' . d al+i*;atn <

tn evaluate all sites using the least ca t r_-alting f1 - t u.; of:uld +

iter. In the ;-resent exarulc, an eva; c ra t 1'/e u g h tt ~ (linc ,tc) t'r lc

<; cat ;* the Ic v cc,t of water. If the c c :> t of x a t .c r s are inflatt a # t .:,

qsten migh* reflect the least cost.

nr illustrative purn ae: t r. caporati t a c.a l p +
, a.

11 t t:r:: tive; tne crrposit su ta:_111t sa ;a a + *

a :: c .e r ; . ; sas establisnea.-

i 1 .s a s e artw +r t i2 < ' .t : -

*
i 1. .attu anu the r e c a l t i :- ranr in cre cc- art . t 1

'

T- , rankings of th. elected sitt evaluateu 2n t ha, of t It a -+ *

- ; ;l ir s" stem policy are different than t t r ink i .g s . t h o -. m - i.~. t< . ; :

<: th. tasio of the wet-dry systen policy. S;mc111cally, - +. 's, n, '7, , .1'

na r
(j 'j .-,j Uie
Ot :- 'h
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S10 ranked lower for least cost than for wet-dry. The change in the ran( ordering

of Sil and S13 was even more dramatic. However, given even significant changes in

rank o rdering, the 13 sites represent (with high probability) the most acceptable

sites available. The changes in rank ordering do serve to emphasize the importance
- of careful consideration of the definition and assignment of a suitability function

to any specific site selection issue.

.
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CII A PTE R II

COMPARISON OF ALTEiRNATIVE SITING EVALUATION METHODOLOGIES

.

Introduction

In the previous chapters of this report, alternative nethodologies for evalu-

ating site suitability for nuclear powerplants have been defined. Two of these

methodologies (exclusion screening and comparison screening) have been applied to

specific data setn to illustrate their characteristic features. The remaining

methodologies hate been discu := ed in terne of their utilization in siting studies

which have preceded the act developrent of nuclear powerplants. the purpose of

this chapter is to conpare these methodologics, wi th particular erphasis on thcir

applications *v the identification of the most suitable areas within a defined

regicn of interest (Phase I of the siting process). The corparison criteria wii .

generally be consistent with the basic cbjectives of siting studies. These objec-

tives are to identify the best site areas and te provide documentary support for

siting decisions as part of the regulatory approval process.

The exclusicn screenina and cornariscn screening rethodologies are the rost

quantitativa arena all thooe considered; they Tave thus far been given the rost

extensive discussion in this rerort. This cnapter is devoted to discuss 1r.a the

characteristics, advantages, and disadvantaaes of these two rethodologies and to

cerrarire then with the other rethodologies.

Characteristics of the Exclusion and Cur na r l =en Scre,nio MotM dol: :ics

Both tne exclusica and ccrparison screening rethodologies are 'nte ap; rc-

oriate for tho selecticn of suitahle site areas from an 2CI. Both are readily ady*-

ablo to rap systems for the stcraae, ranipulation, and display of data in a r a n r.e r

xhich is r.ecuraphically ccenrehensive. The two rethedalooies can te used for stutz-

ing a rc. specific qeoqra; hical area to any level of detail, limited only b: the

extc an.! resoluticn of the site-related data ava114 tie.*

~he exclusion screening rethodolony recurrer two Lasic ste, (1) tt tLemt:f -

c a t i r:n of the crucial issues to be screened ar d (2) the establishm r.t of tnr,<6 .!
.

values for the carareters characterizing these issues. The exclusion scret '- r.-

cic; mst naturally lits those situaticns in s icn tne s ltir 4 decisin ma.ti , it

for 'hich scrtcning thresholds have L ,. c r estaL11sh !ori~ar:1 concerned with insues w

regulatory rul< raking. This is already the case with the porulation 1ssv an1-

will snrn be the case with the selsnic issue. In areas where regul. r; criteria

have not heen strcraly applied (such as cooling or transmission systen ecsts), the

l&}i["[l@bU {WgheIQ
Ulidhk.ca 02m

~



responsible decisionmakers would need considerable analytic support before reason-
able thrashold criteria could be established. The threshold criteria applied to
the ' types of i s t, ae s in the examples of the previous chapter were somewhat arbi-
tri i chosen; a good deal morc justification would be required for their use in
any practical siting exercist.

comparison screening methodology generally requires more analytic andThe
decisionmaking effort than the exclusion screening methodology. The following four ,

steps are typical for comparison screening: (1) .antifying significant issues,

(2) developing the suitability function for each issue, (3) de te r'n in i ng the impor-
tance weight for each issue, and (4) selecting the threshold composite suitability
score (or percentile rank). Considerable technical analysis by the study tea:n ra;

he required to develop suitability functions, and the results may Le particularly
vaaue and unsatisfying in those areas involving heavy socioeconomic impacts. The

issue wights are deterr.ined by a voting majority or consensus process involving
t ', . e solicitatica of cpinions and judgnents frce individuals representing all the
maJer interests in the siting process. One type of decision process for deternining

Delphi neeting of experts and interest group representa-the irportance weights is a

tiver. A Delphi meeting was held to determine the importance weights used for the
study;15 these irportance weights also formed tha basis for the impcrtanceMIEB

o . ::n t s used for the Utah study area in the present report. The threshold corpositt

suitacility score serves to define the c;_ndidate areas identified for further i n '. e s -
tiaat1~r However, the boundaries of these candidate areas ray be subsequent!
r.odified in re s; onse to spccial political or economic considerations.

Advantages of the Exclusion an1 Comparisen Screenino Methodolortli

T!cth rethodol. les prc-duco raps with shading to re; resent the relativ< rankinc
of c1ch gecgraphic location Exaninaticr of the rap, and cornarisens drawn with t he

. dual issue raps shed the influence of individual 1Es *s in defining the hcund-
ind '

aric- af the cost h: ,hli sultahlc candidate areas Exar;lt of such anal; es for>

Cha;ter nc: ute i' ^*
;t> .xclusic ana ceparisci .> c r + . . n i n q im i 11 .

*r c :: r e e n i n o rai can alno t. u: mErc van which generate the issue raps and co v :

to cc nute statistics ahich surrarize the v rrall variation <:f each issue rap tr'!

th+ m atribution of that overall variation t t he crr:.; site nc rt < inq r. a : P

>i:n;ficance of the standard leviations and correlatic ccefficl+ t arl in: i re -
-

the s1rnlest types of statistical analyses h m ala b on dc writrd in u i s . I

Fron the previous discussions and frcr the . xa : les uteserted 1r ai'ir<
- ,

+

t h, fr liowin7 aJvantaaes of she exclunir cr> .in r~ t h< i > lom reco a; F irt :
.

r..t b ' .1 1 .. ,
1 It ae: 'rallt requirc; rucn 1( =. s d it t :he *her <"iluati r

and 1: therefor 4, chea +

Trt1cularly ccrnariscn scn enir , ,

. It alway requires ruch Ics au lysiz thar c' ~ a r i c c screen 1: and 1.=,

therefore, faster and allcws less c; y ortunit 'or error.

3. It provides clear d i s t in ct ic: Letw&n the n e l e c t e el areas and +h- rc t of
>

the Pol (in statistical lanouage, a s 1 <in i f i c a:.t d i s c r i m i r.a t : u n ) , O
CDI '~1/J

% , , .

t lhM% g ,~.
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It provides a result which is easy for the decisionmakers to understand,

be they regulators, industry officials, politicians, or the general

public; the layman is more easily convinced by absolute concepts, such

as safety, than by relative concepts (or a continuum of possibilities),

such as risk.
.

5. The sharp boundaries greatly facilitate the identification of issues

most responsible for defining the selected areas.

.

Similar analysis and consideration of the examples suggest the following advan-

tages for comparison screening:

1. It provides for complete flexibility when considering the relative irpor-

tance of the various possible values of each issue parameter (through

modifications of the suitability function) and the alternat.ve impor-

tance weights fcr the separate issues are considered.

2. The large number of different suitability values in the composite com;.ar-

ison screening map provides a great deal of detailed information to the

decisionmakers; in particular, even the selected highly suitable area

will have several hierarchies of rans within it.

3. The technical analysis required to develop the utility functions assu.es

an explicit consideration of the technical assumptions (which are not

explicitly expressed but are impJicitly contained in any decision in-

volving threshold criteria for exclusion screening).

4. It incorpcrates daverse opinions of experts and decisionnakers

determine the importance wei-its (througn the Delphi or another group

decision process).

5. While the identification of a selected area is not as decisive as it is

with exclusion screrning, the selected areas are always sensitive to

small variations in any of the parameters, suitability functions, er

irportance weights; as a corollary, this process also provides a "alid

ranking mechanism for all arcas of the map, not only the most suitable

ones. Thl; sensitivity prcperty also permits more flexibility whcn

moving the boundary of a selected area in response to subsequently

discovered nonquantifiable issues, such as political concern;

Disadvantages with Exclusion and Ccet arison Scroening Methodologies

The following paragraphs describe shortcominas and difficulties with the ex-

clusion and corpariscn screening methodologies. The shortccmi ;s Qtuld r m .:-

alzed when selecting the situations most appropriate for application of the rethod-

ology, a::d th( difficulties should be recogni?el < hen applying the rethodology to

c u as in which it is appropriate. The following discussion serves as a Las. +3r the

methodology application guidelines presented in Chapter III.

3)J U L 'j[A7 A9
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The illustrations and analysis of the exclusion screening methodology suggest

the following disadvantages:

1. All of the issues must he given equal weight; some features of a

system of unequal weights could be simulated by raising or lowering

the threshold screening criterion for a single issue, but that

would confuse the basis for analysis.

2. One poor issue paran ter can eliminate a site which rankr very high
.

on all the other issues: this problem could be somewhat .'leviated

by using only those issues which are absolutely essenti.

3. If the_e are too many issues, the area passing all of the issue

screens is likely to be quite small. For example, if there are

10 independent issues, if the exclusion thresholds are set so that

50 percent of the cells pass each individual issue exclusion criterion,

and if the cells which pass the screen are randomly distributed, then

statistically, less than 0.1 percent of the cells would be expected

to pass all 10 exclusion criteria.

4. The sharp definition of the selected area boundary may present severe

difficulties as future influences and political concerns develop.

Fcr exa ple, an individual cell might barely fail one particular

issue and he just heycnd the border of the selected highly suitable

area, but local co r.ce r n s might strorgly favor locating in that area.

If tho exclusicn screening results were announced, it would be ruch

rare difficult to convince the local peblic and decisionaakers that

tho su nosedly hard and fast exclusian screening criteria could te

aart. ally lolated-

5. It is im ossiblo to distinguish the better cells within the selet .ed

candidate area since all cells have assed all the screeninas.
c. ibin rethodolog does not provide significant rankings a.? c n g the n o r. -

se acted areas (which will Le quite large unless the Individual iss ae

screenina thresholds are set lcw enough to rass rost of tN cel1s en

each issue). There is no natural way to rank the issues for which

th. thresholds have fallel for exarple, there would Le no way to

chtermine whether a cell wh1 had failed a seismic screent: crl-

torion was Lettor than a coll which had failed Loth tho e co l t: and,

air corrtdor criteria.

T' forral anal. sis and creater flexibilit, nf + cc ris w r- t n,*:.-

11 ' i c4 onatle the user tc overccre rest of the difficu.tles inherent ir tb c xcl u-
,f on screening syster ~9 re aro no unsolvable p r c h l t. r s (cr 11 s a d va r: t a q c s ) assoc 1-
a t ml eith the ccrparison screening rethodolmiy, t: u t tr fcllowinc difficult 1r r rj

2 ncn:ase ccst cr decrease s c re!. t a b i l l t ~

1. It is difficult to develop universally acceptahle s u l t a t:111 t 'e ct1 : ns

for ncntechnical or ncneconcric issues; this is Iarticularly diffit 11t

when dealing with sociopolitical issm > Alterr.ative rethcdoloq1cs

for develepinq such suitability functions should Le ex;Icrcd as part

of a follcw-cn staly

[O7 Dq"
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2. It may be difficult to convince the local public and decisiontakers

that the importi.nce weights assigned by a particular Delphi panel

would have been obtained by any other group constituted by a similar

process. This 3ifficulty may be alleviated if the sensitivity anal-

- ysis shows the extent to which the determination of the selected areas

can tolerate changes in the importance weights.

.

Comparison of Alternate Site Evaluation Methodologies

Three factors have an effect on the final suitability ratings ' rankings)

for the si es under consideration: (1) "be choice of attributes for reasuring site

t 7g the suitability scales for the attri-issuer, (2) the assumptions used in devels

butes, and (3) the irportance ratios assigned to those attributes.

The qualitative comparison and favorability selection methodologies do not

clearly address these three factors during the site selection process or during the

documentation of it. Both rethodologies are, therefore, less able to withstand a

critical rev4ew of quantitative aspects of the siting choice.

.None of the procedures classified as site rating rcthodologies in Chanter I' of

Part I use issue im;;o r t ance ratios; therefore, these procede es do not eliminate t :.e

subjectivity associated with weighting structures. The 1:o po r t a n ce ratios for all the

attributos are equal; consequently, the laportance ratio for a particular sttir

issue (safety, envircnmental irpact, etc.) is determined by the relative number of

attributes used to reasure it. These assurptiens cannot be censidered less subjec-

tive than any others. Several of the scales used for site ratir.q trocedures did not

allcw for any trade-off analysis. For exarple, the site rating schere used in Pefer-

ence 5 ranked each of tre 3 candidate sites either 1, 2, or 3 en each c1 10 s . t i n r;

criteria. This scale provides little useful inforration. The difference betwu r >

1 and 2 ranking for one criterien could be minimal, whereas that difference for an-

other criterion could be very significan' The a;4 ro p r i a t e rethod for corbir ing

or corparing the scales for the two different criteria is not apparent.

The cost-effectiveness analysis is essentially emuivalent to t he ccr r a r i s c r

screening methodology if all of the attributes which cannot he express *>d in t . m -- of

dollar cost are equivalent at each of the candide.e sites. H r: w e r, it 1 :- u :.11 ' ( 1.e

that this would be the case. If such were tne case, dollar cr s t wm21 d b+ m pro-

priate a suitability scale as any other for the analysis. T'r trak -c.ff c.31 tis

is irplicit (S1 = S1) and ray be readily acceptabir
.

In order to perform a ccroarison screen 1rg, each attribut< includir its sul+.2-

bility scale and importance ratio must be d"fi d. This allcws fcr tr n -cff malc-

sis and sensitivity analysis and provides ir;ertant i n s i r:h t intn tri evaluatic-n of

the site selection procedure and, consrquertli, the selected rite Ccm a r l m . u c r.- n-

ing was the only nethodclogy evaluated which was able to provide ;!ccure: 'at : n nf t!

attributes, suitability functions (and the assurptiens used in generatim; th. ), an.1

importance ratios used fcr selecting the prcrosed site.

IC3 OO/ .
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CHAPTEd III
.

CUIDt. LINES FOR IMPLEMENTATION or SITING METIlODOLOGIES

Introduction

This chapter presents guidelines for selecting and implementing a sitinq reth-

odology. These gridelines are primarily concerned with the exclusion and comparisen

screening methodologies and are based upon analyses, examples, and discussions pro-

vided in the previous chapters of this report. Both methodologies can be applied

a:A will provide similar answers when a significant partion of the POI shows a high

favorability rating on all the siting issues. Unfortanately, this situation is not

likely to occur in future nuclear powerplant sitings; safety concerns are expected

to increasinoly dictate renote sitings, a situation wh , i undes.;'ble iro- a

transmissisn issue stanupoint. The ne ;a t i'/e correlatio. catween the trannIn31w

and the population issues ;iven in Table XI clearly illustratas this point.

Circumstances Favoring Selection of ExcluFion Screening

Exclusien screening is best applied during the earl'i portion of a Thase I

evaluation, when the cb ective is to reduce the dize of a very large ROI. In t hwl

circumstances, it should be possible to lirit the nurber of issues with strona

screening thresholds (passing a minority of the available cell areas); th<

remaining issues can either te neglected or treated with a wcak exclusion criteri

(passing a rajority of the cell areas), Under any circumstances, exclusic- acrc n-

ing would always be applied before ccmpariscn screenina

If a preliminary analysis of the rajor issues reveals significant :a; s in t

issue parareter values and if these gaps would be apprcrriatc le vls ior scree: in

thresholds, then exclusicn screening wculd be the best rethodology to a n 1;. H :n -

ever, such clear-cut gaps have not been found in the rost significant 1saw exri a

for the illustrations used in this report.

Circurstances Favoring Selection of Ccrnarison Screc: .r

~

Xhenever issue trade-offs are Irportant, corparison screening is fassrca !m-

causo in this rethodology the effects of changes in assurptions and relative issu
'

irr ortance weights can be readily seen. Sensita'its studies per f orrM wi t h i the

cornarison screeninq rethodology provide valuable inforration for decisionrakir

and for Justifying decisions before a reoulatory review.
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Comparisen screening is also strongly recomrended when issue correletions are

significant because the issues are negatively correlated and very little of the POI

is able to satisfy both issue threshold criteria simultaneously. Large issue corre-

lations also imply that a significant degree of geographical shifting can be toler-

ated (since the issues have similar geographical variations) without drastically
.

'ffecting the composite screening map.

.

Siceial Irplerentation Considerations for Exclusion Screening

As rentioned in the previous analyses and discussions, the rest irportant

maideline for trplementir.g excl"ston screening is that of limittnq the nuntet of

i s < ues having strong screcning thresholds. Unless there are natural gaps in the

mjor issue parameters, it is advisable to seek opinions from recognized experts

iefoi setting the threshold criteria. This external decisionraking process noed

. :, t bo as elabrate as the process used to determine issue importance weight which,

must !e done when implerenting comparison screeningr there certainly is no r ~;e d to

i n ,; a l ve nontechnical pecple.

':h + , the exclusica screeninq results are analyzed and reported, scro interpre-.-

t uinn shculd !.e rade of the boundaries of the selected areas. This interpretation

srmuld h niven in terra of the i nd i vid u a l. Issue raps which contribute most strongly

to t he .leterrinaticn 0+ such Laun33 ries especialiy if there are new consisrati ns

or r elitical influer.ces which right dictate a Ecundary shift. Althouoh scch shi'tir,

is oxtre ~ 17 difficult to accc7 1ish when applyinc exclusion screenina, the foatare

int er; re t it ion ay sup ols acro justi!1 cation for doin, so.

A ccial Irpl< ,.n+at;on Consideraticns for Cr.rrarison Screeninq.

~ itabilit furct' ens rust b uloped in a fa;rl rl:nrcus ~anner. * -
i

it f'irl; -traight:,rward for the t"chnical t r sue but *hore are mt.!.- 1:rv *
,

;1 del:nm for the socio; 011 t i ca l issue In +act, this area r. n > <;1ch- *

dr m the teat _ cr.ticisn of corore ensi e ro s tal screenin- ; rt d ur. .>

. 51h lt WItICut ar f.xi.11C1t C' ";i3-' **n * 'l i f f re t !ia t a tTDe .te f.'V i l u a t 1 C D 1 9Ct r

erati - -. tha socicro11tical issues involved, Iarticw ar1. +cr th. ;1 t in. <f1

nuclear powerrlants, an arca which gives rise to extrorel; eretional issues. +

M culd te possible to sclicit advice frcr speci.1 irtorest croup, Wh:ch exert t h.

st tntlance ir t area, wt t u l. are c:t re. _ tan t< a; : rove .t :-at + .
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A thorough examination 1hould be made of the issue correlation coefficients

and the resulting individual issue contributions to the overall variation of the

composite comparison screening map. In addition, sensitivity studies should de+.er-

mine the specific effects of changing importance ratios, particularly in relation

to the location of boundaries and surrounding highly suitable selected areas and-

the re la t ive ranking of candidate sites.

.

To identify specific contributions when determining suitable areas, tho -

eral features of the cceposite screening map should be analyzed and compared wl-

corresponding features on individual issue maps. Even within the selected candi-

date areas, subareas of highest suitability can be identified and interpreted in

this manner. Such interpretatians are similar to those which would be undertaken

in the exclusion screening methodolocy, but the more continuous nature of the suita-

bility parameter in thi comparison screening case permite the developrent of more

detailed .nformation; furthermore, this information provides a valuable gu.ce for

additional sensitivity studies.

There should be an overall assessment of data quality (accuracy) and resolu-

tien. Such an assessment can form the basis for a cost benefit analysis, which

should be performed prior to making any decisions regarding additional data col-

lection and subsequent refinement of the site evaluation process.

.

e

us.m
593 0??



Cli Al'TE R IV*

FECOMMENCATIONS FOR FURTHER STUDY

.

This chapter describes ;>ossible follow-on studies. There are twc fundamental

cbjectives fer these studies: (1) to refine the methodologies and develop their

ultirate potential for practical usefulness and (2) to communicate the advantages

of these nethodologies to all rotential users (regulatory bodies, political decision-

rakers, and utility decisienrakers).

A forral develorrent of suitability functions should be rade; these suitabillt'

functions will serve as standards, or guidelines, for future site evaluation studies.

The developrent of suitability functions for the technical issues will be fairly

straightforward; ruch of this develorrent has already been acccrplished in the h!EB

rerort. The suitability functions should be circulated among experts in each field

an that generally acceptable consensus rodifications can be developed. The ra]cr ccst

issues (seismic, cooling, and transmission) arc subject tc scre disagrcement arcnq ex-

[erts, but agreerent should be reached within scre reasonable confidence interval.

The socic;olitical issues, en the other hand, will be ruch harder to deterrine, there-

fore, 'fforts should Le beoun ;1ately. A survry of regicnal planning agenciesi

should L< conducted to deterrinr- their current arproaches to this probler and to-

solicit suggestians for the y arepriat' suitability furcticns t o be used. After pre-

lininary definit 1cns of these functions haw Leen rade, a group docision erocess

should be determined for seltctina the a;-p ror rl a te functicns and troposing the needed
rodifications. The develcrrent of standard suitability functions should also i t.c l ude

a forecast for chan ws exrectei to occur due to technological irproverents and char e

in sccial behavior and standards. For exarnle, new constructica techniques could

significantly reduce +he extra cost curr ntl) allocated to selsric hardo'.ina. In t'

s 21: clitical area, a futurt ucrease in ccrcorns witt the nuclear safety IFsuo ray

occur if the nuclear industry nntinues its ;erfect safety record.

In licht of current cancerr with sccaciolttical issues, a sarpl< stut area

should be selecteu in which a nurber c f thcse issues are clearly defined and luan+1-
fiable An exercise sirilar + hose p resent. ! in Cha; * er III should the+ b< con-r

ducted, priraril. er:;ha s i z i r the sccir4 olit ic il issues. Thi< .tud wculd utilim

the suitability functicns sug mste-i In the ; re cinus para 7rarh and would also I r: v i t ,
'

feedback for further refint r"* ci thme funct:nns.

An issue correlaticn and ccntribution analysis should be i.erferrm! for sta
.

areas a r [ rexira t el;. twice tt< size af the candidate areas idontified thir study

(and possibly also the UIER study). Guch an analysis would rcre sharply de*ine the

best candicate areas by i d( ntifyirc those with the best performance r( ccrds u issues

which rake the greatest contributirns to the screening rap variations
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Aa the exclusion and comparison screening methofolcgies are d eve l ot,ed , they
<?tould be properly orqanized and then described to appropriate regulatory a pency
Iersennel and decisiennakers (political and utility) to solicit their opinions on
the curreni usefulness of the rethodoloqies and suggested nn~lifications A ranual

explaining the use of the alternative methodologies (describing both quidelines aral -

uncertaintim.) should 1e developed for planners, regulators, and decisionnakers.

.'I n e 1>>ue correlaticn analysis should be extended to determine which corLina-

tions of 1 n ue , (I.rinci al c 3rl'ont nt or factor analysis) make the greate ut contribu-l

t i r., n to t h. - cortosite screening rap. For exarple, the strong correlation t etwt +n

~olemic x.! transninsion issueF in the t:tah study area inplies that neithor rake < a

ra)or cu :it ribut icr alone, a linear corbination is actually most restonsible Thit

"w,' b. a rather abstract concept, but it can be explained to nontechnical p o; le
l' a c t o r antl':;ir has been used to identify rajor influences in the behavioral s c i er c.

icr sr: tir., so a [.o r t i c n of the public in used to thinking about th(n.

.
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APPENDIX A
.

Utah Issue Analysis

.

The issues used for the Utah study area are described in this apr endix. Tht.

Included discussicns are condensations of the issue descriptions used in the W II Ti

s i t in , study for the 11 western states, with the exception of the ecology, land

use, anI foundation suitability issues which were not considered in that report. Th.

intt t of th+ se discussions is to be purely inforrative; they are not 'ntended to

c:mvince t he siting expert that they constitute a completely realistic and cor;rehen-

.aluation of the study area. The purpose of this study is to illustrat an<1sive e

cc ca re sitin ; "_thodologies. The purpose of the WIlm study was to systeratically
Iml n ru . rche n s i ve l; evaluate en a very broad scale. To the extent that the broadert

cr it o ria and larger cell size are applicable to this study, a fairly corplete 1ssae

us* 1 f icat ic: can be found in Iu' f e r e n ce 15.

The issic raps p r e r . ". t e d in this alrendix are expressed in the units rtst ; ult

abic to the inlividual issues according to a categorization schere r.a s t saltable to

the actmal data of the study area. Since rany of the scheres were too laroe to fit

et - 31tntl; c:; the ra; s themselves, each categorization schere is describtd by a

tahl- !:, miira each issuo rap Althcugh the various ra!s have differina nurLers

:f iccu- cat Turics, cr all rar: the rost suitable areas are the darkest, the 1( ast

. t A l. areas are the lichtest, and the rostricted (cr excluded) areas are com-

I leo 17 Lla ,

'. nurberm act; ally assi';ned to each c a t e a r. r y have no rhysical slaulfi an-

n. + r c t he: can L .: . ol in a.y screenir.1 prccess, the nurbers rust be transferr. '

tc 1 cor :n basis. For exclusien scre- eninn, cutoff levels which ccrr( s;cnd to

o+ .rc ! 3 an.!a r 1 < a:, c' e en for each issue for carparison s c r( o n i r. : s ui t a-:
,

b111+ fr tions aro x --! to transforr o1ch cate<ory nurber to a correr sui t ab . I t y

ic i: Ec r so - 1r the :-w i t a b i l i t y function is continuous so th- transferri-,

+' is actaall ra lo f re - the [ .a raro t e r values re} resented L'. the c3ttoor1

Ic 1: - < o l. .s . i c. N s 1--r-

ne f o:lcair t L rr .> a,or factors are enerall- considtre-d in t!< sols ic

'111 ; 1 * 1 c n of a nue car cwort lant site:e

.

1 'ault rt t ui, ha a rd--:.r ir s r il t a ltino p rt ul ,

? :aric s' i l tabillt ( 11 c i o f a ct i c n ) --U:t b a 11 tina an! _1

.
:!+ :Im i r' le , and

1. t rc: cround ration (vibratory)--Loth a sitina ard a d( s i ;n
71ssue T
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A detailed site qualification study would require the careful consideration

of all three factors. The siting requirerents are specified by the NPC, and the

evaluation of the site (for design purposes) is based upon the additional cost
irposed t y these site-related conditions. The evaluation of all these factors

oenerally requires effort far beycnd the setpe of this study. However, after
.

careful consideration, a methodology has been developed for a coarse screening pro-
which generally reflects the overall impact of these factors.ce r

.

The fault rupture siting criterien is generally manifested by a mininuti dis-
tance from the rearest capable fault (typically 5 miles). A detailed site evalua-
tion r h< >uld :y xc l ud e areas in the inrediate vicinity of such a fault. A review of

sarple data for the study area revealed that, in general, two r a jor fault r.ysters
+'xist that could easily be rapped and that would have a significant irpact cn th<--

area excluded from consideration. These two fault systerr include the Wasatch and

/ t e r / F i s i r.o r e fault systers.e

The dynanic sol. stability siting criterion is considered part of the founda-
tien suital lity (Issue 8),

The remaining factor in seisric design is strong ground rotion criteria ( etor-
r i ra -J U '' ;rstulated Safe Shutdown Earthquake (SSE), 'rhis is t he l a rrie s t I' ci-
b l e: the controllinq seisrocenic feature and could bc a caialle fault (ne+

+

r..' ce r s a r the closest ene) or a tec' nic pros m=

, ' ah tim 53C is specified Ly a deterrinistic crccess, it le mninallt
aarr< it, viewed as randor events, the tylical SSE and O!<E will .a ve associat.l
recur: intervals of 10,000 and 100 years, resrecti\cly The recurrence i nttrval
is t h. r. c r a r; > tire Letween occurrences of the si eci f t < d earthquake in t h. n a r c. .
r.n - of ntrcr at influenc. en the sit + The differences Lotu n t h( se tyilcal rt-

curr uce intercals a n ~! those that would Le calculattJ frur t h< <!e t e i i n i .; t i c i l l .
"irif d cartL u n : at each cell a r r' ,1 t r. : n t hi de :r .e of awrex1raticr of ths-i

n' 4 'r a l 1 Set 1SrIC risk [ r r' r,' ; ! u r , ' CnC*: theSO :R 31 rin elr*h{uak( ' ha\ b fra'n a 9 M GC 12 '
w1? h T ' 'a r r'' n ce I n tt'rvals , t he; can I+ a},[ rf:X 1ra te l y IP l ts t ''d to [.! Dha! 11 l a t i c . *1-
Fa! r* J l b r a t O r '.' 'ircun P O t i Jf; n fCr tIi wi 3 t '' r r. 'l t I t e 1 ." t nDra1.a

"'* 5"lC h i S t T r'/ ( \ II.T a t(T r y '! T O u n'. r U t 1(' P :} uf ? [11 S t G T I C 11 4 .~s r t !. [ U l Y t. si''
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the site.) The 100-year recurrence interval norna11y attributed to the CBE refers

to the occurrence of such events in the earthquake source regioi Since not all

such events will produce the naximum peak acceleration (which is what is calculated

by ATC), the ret.rn period of the naxirun peak acceleration co rr esi:ond i ng to the

OBE is assumed to be 3 to 10 times longer than the recurrence interval for the OBE

itself in the source region. Therefore, the maximum peak acceleration produced by

the OPE would have a return period of 300 to 1,000 years, which corresponds quite
*

closely to the ATC range.

The above analysis suggests the seienic categories glvon in Table A-I. The

application of these categories to the study at'a is shown in l'i q u r e A-1. Tho

Wasatch and Sevier/Elsinore fault systens ait shown as white in the figure, and the

remaining categories are shown in shades of grey to black.

Incue 2: Ecology

The irpacts of nuclear powerplants on local ecological systems ster frcr m:v-

eral sources. Depending on tha quratities of water used for cooling, tho aquatic

environment may be disturbed. The aquatic environment may also be disrupted Fy dis-
charges of cooling water or by erosion irpacts during construction. Terrestrial

plants and animals may be directly displaced from their natural habitats at t h( plant
site, or they may be environrentally stressed by innediate-neighborhood effects such

as the drift fron cooling-tower plumes. These impacts are predominantly localized.

In nost cases, any area-wide effect will also depend on the specific site location

that is selected.

To illustrate the citing methodology, the hcbitats of several ecologically

sirinificant species were rapped. One of the selected species was rare and endan-

gured, and the other species were selected to allow discrirination amcng potential
site areas over a large geographic area. The selected species are not necessarily
represeniative of all of the species that inhabit Utah. The resulting classifica-

tions are listed in Table A-II. The application of these categories to the study
area is shown in Figure A-2.

For the sake of sirplicity, it is assured that the plant will irpact onli t h+
ecolccy of the grid cell in which it is located; the re f ore , the peclet nar
(Figure A-2) will be used directly as an issue rap.

Issue 3: Population Density

The radiation hazard to the pcpulation frcn a postulated serious accia at can

, be mir.inized by locating nuclear reactors in areas where population densities are

Icwer. The NRC criteria treating pcrulation in relation to radiation hazard, which

are discussed in 10CFR100, describe the follcwing three general limitations:

(1) an exclusion zone surrounding the facility, (2) a Icw population zone surrc;nd-

ing the exclusion zone, and (3) a ninieur distance from the low population zone to

E O. 7 ) J ;$
the neari nopulation center. Specifically, 100FR100 requires the folicwinq.
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1. An " exclusion area" surroundinq the reactor in which the reactor

licer has the authority to determine all activati* including,

exclusion or removal of Iersonnel and property:

2. A " low population zone" (LPZ) which irrediately surrou: the*

exclusion area in whtch the population number and distribution are

crdered in such a way that "there is a reasonable probability that

appropriate :,easures could be taken in their behalf in the event of a

serious accident";

3. That at at. point on the exclusion area bcundary and on the rater

t our.da ry o f the LP2, the el:po s u r e of Individuals to a pot.alated
release cf fission products (as a consequence of an acci-lent) be

less than certain prescribed values; and

4. That the " popilla t ic n center distance," defined as the distance from

t he nuclear reactor to the nearest boundary of a densely po; ula t ed

center having nore than 25,000 residents, be at least 1.13 timer the

dict ince trct t h< reactor to he outer bounfiry of the LPZ.

TN thrt limitati<ns rentioned previously ..e typically ex; ressed in distance:e

that are ecific to site analysis. In order to treat the issue of raaiatic:. hazird

to ; o; ul it le r on a re'i t en a l neale, a rare qeneraltzed reasure, t hi Site Population
la tor (STT has b.r J e n _ e1. e d . SPF is ex;reswd as an index of equivalent p0; u-
latinr h i ty within a raJiun x. The ba s. of the index ncale is 1, which ir v[uate!
to a ;o lation density of 1,000 ;. c o p l e per ;quare mile Therefore, SPF = 0 . '' 1:

30
.";ual to an ' 'c e r a r y. [c:ulation density of 500 Ivrnor > p'r sluare rlle within a 30-r11e

a ". t u s

c J i d.y l i ne > st the follnwing linitations'

> .

1. SPF 0.5 cr le > at the t ire of initial oi" ration of the faciitty,3g
a|;t3

S i' F - 1.0 <'r li <r.r t h< 11 f t'' 1 'i r,f *h*- fac1 1 1 t '.:
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The specific ranges of SPF are shewn in Table A-III. These categories are applied

to the study area as shcwn in Floure A-3. The restricted areas (Category 6) are

primarily Salt Lake City and its environs. The remaining areas are represented by

shades varyinq fren Grey to black according to the SPF categorization schere indi-

cated in the figure.

Issue 4: Major Transportition Access

.

Cenitruction of a nucle: pcw c r; lant will involve the t rans; ortat ion of un-

u;alli laroe pieces of equipment. In addition, large quantities of materials,

such as structural steel, cencrete a :qreqa te rechanical synten corgnents, etc, ,

m .I t te transported to the site frrn dimrso locations. If the sit <- is not directl,

ad4acent to a rajor transrortation access systen such as a railroad or major h2qhway,

a connectlrn to such a systen j- the forr of a rail spur line or access hlghway runt

1e constructed. The cost of initial construction of such an access and its r:a i n t e-

nance durinq the constructier perici 15 directly related to the length of the acetss.

In order to consid,r ti c' W a r i o- arroc" as a siting issue at the regicnal

le'"1, tne acc:ss distance to the nearest raior hi' cr rail line was d e t e r-' I n edi<

fcr all Itiential sit ( arri, T h l :: distance, rNsure d in milt was asnur d 1r c rde>,

to p r ce/ l d o an Index of a e: ncific site area's su +abilit; based on the cost of : rn-
,, ,,

c f C orr , r c e ' * and U.S. fu,artrent of 1?fttsr''cidinq access. , Decart~' * < urce

uro um i to deterrine the locatlon of raicr hlahways and railrcads. cc -.! u t e r i.r o-,

:ra- was uned to deterrine t he dictance frcr all site areas (colls) to t h+ nrar+nt

hlq%ay cr railrcad? ne pirfI. r, c t in tb Of t ran si cr t at icn was a s s ur e <! - Tht-m '
i

d i s t a n n' Was rodi[10j whr acmtc throu; ~'orr ru; *errain (as showr Gn the l a n e} -4
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The index used for the landform nap is the percentage of each cell classified

as gently sloping. Although the gentle slope classification is defined here as

general inclination less than 8 percent, this value is not strictly a critical

threshold value for land utilization. Gentle alo;e does, however, fall within the

ranqe in which movement of vehicles becomes ir; eded and construction and operation
become more difficult. Categories of general ru ;gedness were defined by applying

the cencept of a percentaqe area that has an 8 percent slope or less. For example,

if less than 20 percent of an area is gently slo;ing, the terrain is considered to

be very rugged and is assigned the lowest suitability rzting. The remaining ruqqed-

ness categorieu were rated linearly, as shown in Table ,-V. The application of

these categorier to the study area is shown on Piqure A-5,

Issu" 0: Plectric Power Transmissien Pe.uirementr and Costs

Transmission line requirements are a rajor cost f actor when evaluati: alter-

a a t i". Ecwer Generation sites which are rerote from load conters A line carryinq

l W twically costs O'35,000 Fer rile and an additional cost of up to 20 percent

shruld be added for high altitude or ruved terrain. This cost increase ray ie

cessitated by bottlentckr in rountain > asses or en epolitical obstructionslie

considorable tire and effort ray Le expended necure tho riaht-of-way ( c". n

'cr relativel; rdcitrable terrain) because of craflictinq local novernrsnt j u r l :+ -

dictict- Aesthetic Iri.act is also a ralcr facter. I'ndergrounding ha s bev n an et-

fectit ' solutien to aesthetic irpact prcblers which are due to lower ialtan< trans-

ris ien and di s t r iLut io: lines in ur[an a rc u Unfortunately, underqroundini the
hiqhest volt e (509 ki at c're r ) transmissir n lir.m 1 :- < p2 l t i erstly and han not it

'

e

ici en Dractically de-em s t r a t ed l eoe2se' nf e w ennis. Insulation a r, i h< a t d i n s t ra t.1 c :
rrluiri vnts. A<bli t i"na l aro n nt< aTalnst h i oh '/o l t a :e t r ar: sri s Ir: linm are a m!1 -

ti. n < 1.2 . 1ronihle n7tn ; reducticn, a r. l bioloq1 cal off ctv,
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Fo- the c .eration of prote'ted 11n ! <: , the Fncroy Petrrianization Act (Ecc-

i.n . 37) of 10 states that r:a t i nal forestr, national parks, national historic'

onuments, a.ai national wilderness areas should be excluded frnr1 consideration as
otential nuclear powerplant sites. Ti de elo; ent of puweridants in thcn1 i"o-

t

,
Ic;1cally and culturally ir i-o r t a n t areas coald s i ef n i ' . ant ly de ;r ble their natural
3r cultural (lualities.

- There is a high I rc abili+ that tri coal rc"orves of thi3 -r:a n t r y will le-k

r e a s i m:l y utilize!! in the < ncritir: f .!<etricit ar ! a t: a mn cral eni rntr

:r i f i can t <,.r,-
:: r ce Ceal reserves also re!re=rnt a la"d .u r ce th tt cove: >

'ic a rr ' within the we'ttrn t'n i t 1 Jtati a r !, therafnre, r' u s t t< c' il a r*,!

''o evaluatit,n of s i t i r. ; areas-

r!lant, it l'Due to the foundatirm ;tabillt p!rt re at- of a nu"Ir 1r u

:11kel, that the dee: rinir of coal co uld 1:. cc ducted 1eneath, or in c ] ra r i rox-
1

.

otrip n1r dnuclear powerplant. Ca ll dt ;it l'.ca t ion s that have le imit ta, 1 ,

v . r: l a r, * site t r< 2 de l the t r li !)in ti excaVitirn has-
e *

,'t! ; c.a c il 1, be y r,J ja

Icon ten drep and that no valu11-lo ad_!1 tic al ce al wam lay Iencath.

In tccordance with nat; al en.r; lic- w . rc er conflict, h4 t w .- c- 4 x-
,
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The associated qeologic descriptions given in Table A-VIII provide a general

classification of soil data for the assessment of foundation capability. As with

the land use isste, a decision was made to map the issue suitability rather than

all 18 categories. The resulting suitability rap is given on Figure A-8. The

suitability values were determined frem the suitability function given on Figure 4h.
.

Issue 4: Air Traf fic Hazards

Air traffic hazards are becoming a significant issue for the siting of

nuclear powerplants. The safety analysis report rust contain a probability esti-

mate of aircraft penetration of any safety-related structure on the plant site.

If the probability is greater than one chance in 1 nillion per year for such an

event, then further analys1, or hardening is necessary to }; rove that the conse-

quences of such an accident could not result in an eperation in.pairment sc rious

enorgh to produce a significant radic1ctive crtssion from the plant. For this

reason nuclear p werplants < hould l'e located several miles fran any busy air

traffic corridor.

To determine air traffic hazard, all air traffic carridors designated as such

1:: thc Federal Aviation A 9ilistraticn were rapped. The distance to the nearest

corrider was then deterrinc, for each 70ttntial site location (qrid cell). Thtst

distarces were class i f i e:1 as shcwn in "abl( A-IX. The application of these cate-

' ries tc the stut- area is che en o: E m re A-91

f u _e In: Cool:n, Ws+4r a t t a b i l i t '.(

Cooliaq 'csten ces* h: la cc:r + a a ) o r cr/q e *nt of total pc/werplant cost.

Increa91 /ircnn rtal re s i s t a r:ce to tN tierral i r:.a c t of once-thrcugh cenllr7 '. a ut

a l rc: t olirinato:1 this r e l a t i 'c e li con 11n~ mcster. Eva; crat ive ecclings s < -r
se

(wet) scaters are pr m :.t li 1 I r.g un ! fcr ~7st rov * lants un ' _ r a'Etructier

I n c r t:a s e .! ccnfli t i r. ~: Ar n: in for vindllr, ,7+cr ci ; i lier in the Nest hm 1m tn
th< c". sic ration of wet-dry ar 1 all dry conlir su tcr i m a rvsult of thi,e con-

rre r n e , thi- rercrt cc:n r . li r s a <>t-iri cc oli n 4 s ys t 4 'r f' r all sites a ra ' cc r.cq t s .

% r4 -l a t i ve vrt Ent of wet (< a; : r -i t 1 ) ani < m 'l!' - ' tr( d4 ter-"

rined for each 'ite 1/ 1.1ririr *al cccl!" 5ts (caileal u <
*

eratina) *'In, , s

: -i w a t e r 5:1daet. The result 1r c -* &n *
*1 * of +5 f c i l , <.1 r - thr ' ~ ral,

e

cn tr onts:

1. The nst a- a ,. c * cfstr~ it. 1f, r c l ull r' tr4 c- watrr (fr -+

s u r f a c,, er <: ni scarceE), * *+ c -- 4 +1n: si itt . ,
*

at

t h' ccnt cf [> Er 'rr a; .111: :-"1r f- - __

2. Caic i t a l ind - 4ra*1: ctn cf *b w tt r trar :r*1*1n. 1 .! t r;r a :
,

systers (r 'c e r 3rd a t' *b nr~: :a l w st or < *
. t 11: r. d t it<~ 1);4

and

3. Orv sy ter c1; I t a l an ! n: 'ra'r: ce *~

't-dry syster is cpt1~12ed accordinn t' thc f c l lcw i rc : illey "arjng the hcttestA s

renths, a m3jor fortica of the neat reicci4 :.: n leal Is carri..d 1- t b- wet s7st( r. A

cry systen is sized to carri the itire heat re;actlen 1: 11 at coolrr * r m ra t u ri(" (; i
\ )' ~]1 O)
s

) .)~ ,



after the water has been depleted. Even if ample water is available for a wet cool-

ing system, total (onsurption will be limited so that the overall s'/ stem uses no

more than 48 percent of the total water that would be consumed by a conpletely evap-

orative coolirat systen; the overall systen is at least 50 percent dry. Within the

,
censtraints of limited water availability, the size (and cost) for both wet and dry

coolinq systens is deternined by the distribution of local peak wet bulk terperature

and dry bulk temperature. The resulting cost aad performance figures are based

u;'on a recent corrprehensive wet-dry cooling systen design s t ud ', perforned by United*

Engineers & Constructors.

The resulting costs range from S150 to c"er $250 per kW. The greater cost

fioure r'flects very Icw water availability ana high terperatures. For com lience

of display, this cost range is divided nto the nine cateocries shcwn in Ta b i r- A->

The m ,,lication of these catenories to the study area is shown cn riqure A-10.
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T/'.BLE A-I

Feismic Pisk rategorio.'
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T AB LI: A-II

Ec alo Ij
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TABLE A-III

Populaticn Density (SPF)

SPr'' a t . . c r '.' 10

g ' 'to
f 1.0 h

tu

5 0.71 - 0.99
tu

4 0.3] - n.70
tu

1 0.41 - n E0
tu

2 0.21 - ^ .40
tu

1 nn - n.2n
tu

i
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TABLE A - I '/

T T 0 n i' oO r t J1 t 10 T1 ACCOS,

Ca t t' Dr/ !> scr1:.ticn

1 O ta 10 milc

2 10 t( 2 0 m i l e.
3 20 to 30 n11(

4 3G t'> 40 -'It >

, 40+ ni le.
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TABLE A-t

Landforr. Suitability

C a t < a c r .' p e s c rp, t_1g n
_

1 8J ;ercent cg r. t l e

2 50 to br ; creert g e r. t l e
3 20 to 50 !.ercont contl.
4 21 rrc nt it,

. -tic

gry,CS.Oe. ,~$U~.% h"3nknGf
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TABLE A-VI

Electric Power Transmission Access

Catnonry Descrg tinn

1 0 to 15 units *

2 15 to 30 units

3 30 ts 45 units

4 45 to CO units

5 (, 0 to 75 unit:

0 75 to 9 ') units
~ 90 to 105 units

H 105 to 120 ' m i t e,

c4 120+ un1tE

*! it_ - ' 11*: 2 c c m '. , rt t; ;;;l * 11< :;t.

_115 x 1.5 1.t i tar.c. u n i t :: - s

rt Pia T '
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TABLE A 1 II

Land Use

Catefor; De s c r i o t _i o_nu

l ;a preserve /p.oter'.lon/ arable
l a n .1

2 coal developnent

3 'ational fcrests

4 ':aticnal ,,a r k s

5 :itiona] r'r,n ume n t <

6 ': a t i e r ' l s11.orness a r e a :;

7 Coa' de 'ic ic : ner.t/ f ore s t s
4 C al d. " I t : r. t f;,ar k :
1 Co il d,: . . l c .; ..~ e r t m ..n e u n t.

IS _ . .: v e l o r ruat. ,1Idtrne a r< a -

11 Tra!>lt lar,!

12 2 ' a r A l ..*

11 > 3 'a' i t ; 1. -

14 4 i: ',

15 , i: le*

ln , +, ' a r i ,1* i

17 , 2 7 'a rar 1s-

l ei , - i r ii '

19 ;3 J w a r i ! 1,

2) In , ' ir e>!.

I{ g) u usbucate -
) kt i ,jk

-

y' .\,
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TABLE A-VIII

Foundation Capability

Category Description

1 Ogm*--glaciated ground / moraines,
incit. des base rock moraines of
all types

2 Tgp/Tg p/Tc --Duchese formation,
Parachute Creek formation

3 Similar to group 2

4 The Fnight conglomerate

5 Oze--alluvial structures, mostly
sloping, well drained

6 tio t used

7 Not used

8 Ph--liilliard shale

9 F w--wet,c r formation

10 Not used

11 Pcf--Farmington Canyon complex

12 Ogo--Qgs glacial outwash

13 Not used

14 Ok--lakebed sediments

15 Oks--lakebed sediments, clay with
flat surfaces, permanently moist

16 fu, Tdr--Duchese formation (fluvial
sandstones), Uinta formation

17 Pcm--Mutual fcrmation (left section
playas right)

18 h'a te r

*A lithologic classification from geology maps of
Utah

.
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TABLE A-IX

Air Tra f fic IIazard

CateJorv Description

1 0.2 miles from corridor

2 2 to 5 niles from corridor

3 5 to 10 miles from corridor

4 11+ miles fron corridor
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TABLE A-X

Cooling System Cost

Cost
Category (dollars /kW)

1 0 to 155
2 155 to 170
3 170 to 185
4 185 to 200
5 200 to 215
6 215 to 230
7 230 to 245
8 245 to 260

9 260+

'
4 I

.
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. APPENDIX B

I l l i r.c i E Issue Analysis

This appendix com ii 3 briof descriptions of the individual issues used to

a 14:ar a n c! c i a r ,' t'- or'! c 'I ls within the I1linois study area.

Lee - l a .- iftrJ .n terms of utility on a 0 to 5 scale, asill of '', iatc '

EL e ir " .i b l - n-I.

T Ain.r. 15 - I (ating Legend (Original)

:i+ . . mbol Description

Very favorable*

/ Favcrable.

- Acceptable

Practical but difficult

1 Practical but very difficult

t;nacceptable s

- r. o ,c.il, - f: r .: ;w .- r e r ide 1,y a wei;Eted averaqing of the utility'

- r wn er - ' i +. a 1;. ;) w r. tared on the ,ysten shown in Table B-II.*

'n' .E 14 - I I Ratinq Le ";en d (Weighted)

ka+ir, Sv-! ol Description.

'

' e rv favorable4
*

3. Favarable
- ;ccortable

Practical but difficult

Practical but very difficult

Unacceptable

'. 34;2* -at - .. t ; f i d. , ut111t. "al2es and rap display ca t er c r 1 <. s
.

t' s 1- t , is acccr .lishe.i by settinc thresholds at cate-'

. ,.

.!a r as. s-: ir < ",, :q ir a c cc:~r> ll s h+ d by a sirple weichte-! a ve r a r: 1 n qt

1 ? .1 1 m

+* * 6
i r .m'-

h) f ) ( U - L.;J

4 - M p
.

4 , 9 f.l g r pr iqs.PQ
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a
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Issue 1: Power Networ ( siderations
The first issue map, Power Network Considerations, is shown on Figure B-l.

The suitability of each cell is developed as a weighted average (60 percent to
?O percent) of the suitability of the following two primary issues: (1) distance

tem the Commonwealth Fdison load centroid for northern Illinois (Figure D-2) and -

(2) distance to existing transmission lines (Figure B-3), Actually, site selection

would also be influenced by system reliability considerations and the proximity of
the site to load centers of neighboring states.

The strongest de te rmin ing feature is the load centroid south of Chicago.
The major portion of the load of this region is in Chicago; however, the trans-
mission distances from the western portion of the study area are not strongly
affected by this displacement. In the eastern portion of the study area the dis-

tance differences are significant, but they produce little effect on overall suita-

bility because the distances are small.

Issue 2: Ccoling Water Availability

The availability of cooling water is a major concern in powerplant siting.
Fiqure D-4 shows the suitability ratings for the proximity-to-rajor-waterways issue.
For an actual siting study, the cell suitability ratings might differ considerably
for the following rear ons:

1. Future acceptability of the ence-through cooling syster is uncertain.

Fmphasis, therefore, is shifting away from major waterways.
2. Smaller waterways and ground water can often be sufficient to reet

the rakeup water requirerents of cooling ponds and ceoling tcwers.
3. The ground water draw-down capabilities of any site in northern

Illinois should be able to support a withdrawal of 1.5 cubic feet

per second, an arount suitable for the use of dry coolina towers.

For the purposes of this analysis, however, proxinity to najor waterways will be
used as an issue rap.

Isnuo 3: Pcpulation rensity

The population distribution data for northern Illinois were cbtained from the

1960 census. All urban ;.cDula' ions other than the city of Chicago were increased

by 10 percent. For an actual siting study, rore recent population data would Le

required and additional information would be needed to investigate the Irplications
of future populatien distributions. Figure B-S shows the suitability ratings for

the averaoe perulation density (persons per 4 km which corresponds to the cell,

size) within a 79-kn radius. Since the border data only provide for a 30-km radius,

the population density values are calculated usino a smaller radius for those cells

near the study area boundary Any cell which had a population density greater than
770 persons per 4 km (averaged over any radial distance cut to 78 km) was considered

unacceptable, The conservatism of the large radius results in the exclusion of a

large reglen around Chicago.
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-Issue 4: Land Use
Existing land use is a very important factor in selecting a site for a power-

plant, in terms of both cost and environmental impact. Figure B-6 depicts the suita-

bility rating for the present land use in northern Illinois. Wasteland was rated as
' a very favorable location for a site. Small airpo-ts were rated as practical but

difficult to use for potential sites. Urban areas, public conservation and his-
terical areas, mine areas, and major airports were excluded. All other areas were

detailed assessment would need to be made
,

ratrd as acce; table. Obviously, a more

for tho candidate site analysis phase.

Issue ' Foundation Suitability

foundation suitabilicy of a particular cell was based on two factors.The

D a t a c: distance to bedrock (Figure B-7) and information on moraine geology (classi-
fication schere in Table d-II and applica ion to study area in Figure B-8) were
contined to determine the foundation suitability rating for the cell. These ratings

are shown on Figure B-9.

TABbE B-III

Moraine Geology, Northern Illinois

Suitability

Catecory Rating

Woodfordian, moraine

Illincian, moraine & ridged drift 5

front of moraine system f
Driftless, loess 4

Holocene & Wisconsonian, alluvium,
3dunes & gravel terraces

iWoodfordian, ground roraine

Altonian, till plain |

Illinoian, ground moraine

Kansan, till plain

Wisconsonian, lake deposits 1

Isn 6: Accessibility

The suitability of sites based on the availability of transportation routes
arl thoir proxinity to the sites is depicted on F1 cure B-10. Transportation routes

sere defined as railroad lines (Figure B-ll) , major highways (Figure B-12) and rajor
watorways (Fiqure B-4), A systeratic study to determine the navigability of the
wat'rwris on Figure B-4 was not perforred; therefore, sore indications of transporta-
t io: suitability !"ay not be realistic. For exarple, the two lakes in the southwest-

ern regten of the study area would not be useful for transportation purposes.

A

'cre 7- Tornado Frecuancy

F1 cure B-13 shows the tornado frequency in northern Illinois. Although all

,cwerplants in northern Illinois would probably have to meet the same tornado design

em %&&i213
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recuirements, the suitability ratings for the cells based on tornado frequency

were included for illustration purposes.

Further informaticn on the northern Illinois data base is contained in
References 14 and 24 .
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Figures for the Illinois Issue Analysis
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Figure B-1. Power Network Considerations: Corridors Approximately 40 Percent
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