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Abstract 

This study, authorized by the Washington Public Power 
Supply System, was made to identify suitable additional 
future sites for nuclear power generating facilities with 
a 3000 megawatt capacity in the state of Washington and 
parts of Oregon and Idaho. A series of screening models 
was used to identify nine specific sites for evaluation. 
A decision analysis was conducted to evaluate these candi- 
date sites. Six major objectives concerning human health 
and safety, environmental effects, socio-economic impacts, 
and financial considerations were formally utilized over 
the six attributes measuring the degree to which the objec- 
tives were met. Possible impacts at each site were assessed 
for each attribute by experts knowledgeable about the 
aspects in question. Evaluation and sensitivity analyses 
led to the recommendation that site specific studies should 
be conducted at three sites to select one for proceeding 
to the formal licensing process. 

The Washington Public Power Supply System (FJPPSS) is a 

joint operating agency consisting of 21 publicly owned utilities 

in the state of Uashington. In 1974, IdPPSS authorized a study 

to identify and recommend potential new sites in the Pacific 

Northwest suitable for thermal electric power generating sta- 

tions with a nominal capacity of 3000 megawatts electrical that 

may be required after 1984. The study was to be conducted on 

the basis of existing information and field reconnaissance; no 

detailed site specific studies were to be made. The objective 

of the study was to recommend potential sites that would have 

a high likelihood for successful licensing and therefore, that 
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would be n o s t  s u i t a b l e  f o r  t h e  d e t a i l e d  s i t e  s p e c i f i c  s t u d i e s  

necessary  t o  f i n a l l y  select a  s i n g l e  n u c l e a r  power p l a n t  s i te .  

The approach used t o  conduct  t h i s  s tudy  c o n s i s t e d  o f  two major 

s t e p s :  
- a sc reen ing  p rocess  t o  i d e n t i f y  t h e  cand ida te  sites; 

- a d e c i s i o n  a n a l y s i s  t o  e v a l u a t e  and rank t h e  cand ida te  

sites. 

D e t a i l s  o f  t h e  p rocess  a r e  desc r i bed  i n  Nai r  e t  a l .  [ 4 1 .  

Th is  paper  f o c u s s e s  on e v a l u a t i o n  of t h e  cand ida te  sites. 

To i n d i c a t e  how t h o s e  sites were i d e n t i f i e d ,  t h e  sc reen ing  p rocess  

i s  f i r s t  summarized i n  Sec t i on  1. Sec t i on  2 d e s c r i b e s  t h e  

o b j e c t i v e s  and t h e  a t t r i b u t e s  used t o  e v a l u a t e  t h e  cand ida te  

si tes.  The assessment  o f  t h e  u t i l i t y  f u n c t i o n  i s  p resen ted  i n  

S e c t i o n  3 ,  and p r o b a b i l i t y  assessments  d e s c r i b i n g  t h e  p o s s i b l e  

impacts a s s o c i a t e d  w i t h  each s i te  a r e  g iven i n  Sec t i on  4 .  

S e c t i o n  5 p r e s e n t s  t h e  e v a l u a t i o n  of s i tes us ing  t h e  in fo rmat ion  

developed and t h e  s e n s i t i v i t y  a n a l y s i s .  The f i n a l  s e c t i o n  con- 

t a i n s  our  conc lus ions  and recommendations. 

The s tudy  a r e a  c o n s i s t e d  o f  approximately 170,000 square  

m i l e s  i n c l ud ing  t h e  e n t i r e  s t a t e  of Washington, t h e  major r i v e r  

b a s i n s  i n  Oregon and Idaho which a r e  t r i b u t a r y  t o  r i v e r s  i n  

Washington, and t h e  major  r i v e r  b a s i n s  o f  t h e  Oregon c o a s t .  

The s tudy  w a s  d i r e c t e d  towards f i n d i n g  new s i t e s  and t h e r e f o r e  

a l l  a r e a s  w i t h i n  a t e n  m i l e  r a d i u s  of t h e  ERDA-Hanford rese rva -  

t i o n  and o t h e r  s i t e  a r e a s  f o r  which e lec t r ic  gene ra t i ng  f a c i l i -  

t i es  have been fo rma l l y  proposed o r  a r e  under development were 



excluded. It is clearly impractical to evaluate every possible 

site in such a large area. Financial and time constraints 

require that one concentrate on areas where the likelihood of 

finding candidate sites is high. The purpose of the screening 

process was to identify such candidate sites. 

The first step in the screening process involved establish- 

ing the basis for selecting sites. An extensive hierarchy of 

issues and considerations pertaining to thermal power plant 

siting was developed. The issues concerned safety, environmental, 

social, and economic considerations. Criteria defining a re- 

quired level of achievement on each consideration were established 

to identify areas for further evaluation. Examples of the specific 

screening criteria are given in Table 1. 

Note that some of the criteria for inclusion result from 

the rules of regulatory agencies, e.g. distance from a capable 

fault or location with respect to a protected ecological reserve. 

Other considerations are functional in nature, e.g. the accessi- 

bility to an adequate supply of cooling water. There are also 

considerations related to cost for which the project team in 

consultation with representatives of WPPSS established minimum 

levels of achievement, e.g. distance from railroads, waterways, 

and rugged terrain. In addition, considerations relating to 

public opinion and priorities were included. Examples of such 

considerations are exclusions of areas of scenic beauty or 

unusual ecological character which have not been designated as 

legally protected areas. 

Once screening criteria were specified, those parts of the 

study area where a criterion was satisfied were identified and 

plotted on an appropriate map. Overlay techniques were used 

to produce composite maps which specified areas meeting all the 



TABLE 1 .  EXAMPLES OF CRITERIA USED IN SCREENING PROCESS 

Issue Consideration Measure Criteria for Inclusion 

Health and Radiation Distance from Areas > 3 mi from 
Safety exposure populated areas populated places > 2500 

Areas > 1 mi from 
populated places < 2500 

Flooding 

Surf ace 
faulting 

Environmental Thermal 
Effects pollution 

Height above 
nearest water 
source 

Distance from 
fault 

Average low 
flood 

Area must be above 
primary floodplain 

Areas > 5 mi from capable 
or unclassified faults > 
12 miles in length 

Rivers or reservoirs 
yielding 7-day-average, 
10-year-frequency .low 
flow > 50 cfs 

- - - 

Sensitive or Location with Areas outside of designated 
protected respect to protected ecological areas 
environments ecological areas 

Socioeconomic Tourism and Location with Areas outside of designated , 

Effects recreation respect to des- scenic and recreational 
ignated scenic areas 
and recreational 
areas 

System Cost Routine and Cost of cooling Rivers or reservoirs yielding 
and Reli- emergency water water acquisition 7-day-average, ten-year- 
ability supply and source frequency low flow > 50 cfs 

characteristics 

Cost of pumping Areas < 10 mi from water 
water supply 

Areas < 800 ft above water 
supply 

Delivery of major Cost of providing Areas within 25 mi of 
plant components access for major navigable waterways 

plant components 



c r i t e r i a .  A f i e l d  reconnaissance team aomprised o f  exper ienced 

eng inee rs ,  g e o l o g i s t s ,  and envi ronmental  s c i e n t i s t s  v i s i t e d  

t hose  areas meet ing a l l  t h e  sc reen ing  c r i t e r i a .  Based on t h e i r  

o b s e r v a t i o n s  p l u s  pub l i shed  in fo rmat ion ,  t h e s e  e x p e r t s  i d e n t i f i e d  

n ine  cand ida te  sites f o r  f u r t h e r  cons ide ra t i on .  The subsequent  

e v a l u a t i o n  o f  t h e s e  sites us ing  d e c i s i o n  a n a l y s i s  i s  t h e  main 

t o p i c  'o f  t h i s  paper.  

Before  proceeding,  an  impor tant  remark concern ing t h e  

sc reen ing  p rocess  is  i n  o r d e r .  A b i g  assumption i s  i m p l i c i t l y  

made when w e  i n c l ude  o r  exc lude a r e a s  merely because they  f a l l  

j u s t  under o r  ove r  a  cut -o f f  l e v e l  on - one c r i t e r i o n .  I n  r e a l i t y ,  

t h e r e  i s  no s h a r p  d i s t i n c t i o n ,  and u t i l i z i n g  t h i s  approach may 

d i s r e g a r d  p o t e n t i a l  a r e a s  t h a t  a r e  f i n e  on s e v e r a l  cr i ter ia  b u t  

j u s t  b a r e l y  f a i l  one o r  two. However, such an approach p rov ides  

a mechanism of  r a p i d l y  f ocuss ing  a t t e n t i o n  on cand ida te  a r e a s  

which have h ighe r  p r o b a b i l i t i e s  of con ta in i ng  a c c e p t a b l e  p o t e n t i a l  

sites. W e  cons ide r  t h e  advantages ( p a r t i c u l a r l y  i n  t e r m s  of  t i m e )  

of app ly ing  sc reen ing  c r i t e r i a  t o  o v e r r i d e  t h e  d isadvan tage  o f  

p o s s i b l y  d i s r e g a r d i n g  some cand ida te  a r e a s .  

Another p o i n t  t o  keep i n  mind is  t h a t  sc reen ing  cr i ter ia  

may change w i th  t i m e ;  t hey  depend on s o c i a l ,  p o l i t i c a l ,  tech-  

n o l o g i c a l ,  and f i n a n c i a l  c o n d i t i o n s .  Fu tu re  s i t i n g  e f f o r t s  may 

need t o  u s e  d i f f e r e n t  and/or  a d d i t i o n a l  c r i t e r i a  as c o n d i t i o n s  

change. 

2. E s t a b l i s h i n g  t h e  Ob jec t i ves  and Measures o f  E f f e c t i v e n e s s  

To h e l p  i n  - i d e n t i f y i n g  t h o s e  c h a r a c t e r i s t i c s  t h a t  would 

d i f f e r e n t i a t e  t h e  app rop r i a teness  o f  l o c a t i n g  a  n u c l e a r  power 



facility at one site relative to another, detailed descriptions 

of the sites were developed. The information gathered included 

the area, location, present use, and ownership of the site; 

the quality and quantity of water available and location relative 

to this source; details of the natural factors including geology, 

topography, flooding potential, and volcanic considerations; 

population in the vicinity; vegetation and wildlife in the 

Aha;  fish in the streams; access to various transportation 

modes for construction and operation of the facility; existence 

of a local work force and catalog of potential socioeconomic 

effects of the construction phase, and so on. As a result of 

this plus information gathered during the screening process, 

approximately thirty potential objectives with associated 

attributes for evaluating these particular sites were identified. 

It was unlikely that each of these would be significant in 

the evaluation process. Hence, each one was qualitatively 

examined (and in some cases, preliminarily quantitatively exam- 

ined) to determine the reasonableness of keeping it in the 

evaluation process. Three general concepts were used for this: 

(1) The significance of the impact in terms of an attri- 

bute in relation to impacts as measured by other attributes. 

For example, the annualized capital cost of a nuclear power plant 

is in the range of 200 to 300 million dollars for the candidate 

sites and the annual revenue loss from adverse effects of 

plant operation on fish is in the range of 0 to 500 thousand 

dollars. Under these conditions, the contribution of the latter 

to the relative preferences of the sites could be neglected. 



(2) The site dependent variation of the impact in terms 

of an attribute. For instance, even though yearly manpower 

costs for plant operation may be significant, it might be omitted 

from consideration if these costs are nearly identical for all 

sites. 

(3) The likelihood of occurrence of significant impacts as 

measured by an attribute. If one combines the magnitude of 

impact with the likelihood of its occurrence, the resulting 

"weighted" impact can be relatively insignificant. Consider, 

for example, adverse effects on crops could amount to as much 

as 9 million dollars per year. However, considering the near 

zero probabilities of such extreme losses, the "weighted" impact 

is in thousand of dollars rather than in million of dollars. 

Such an impact is considered insignificant. 

The examination of possible objectives was evolutionary in 

nature. Preliminary estimates were made of possible impacts and 

their probabilities. Using this, some objectives were disregarded. 

Estimates of the remaining impacts were updated on the basis of 

field visits and a few more objectives discarded. Based on this 

process, the list of attributes in Table 2 were generated for 

evaluating candidate sites. 

For each of the attributes, a measurement index was 

established and ranges of possible impact determined. The 

attributes can be grouped into two classes: those which have 

an objective scale and those which have a subjective index. 

An 'objective' scale is one for which the basic measure is 

quantified. Each point on such a scale is clearly specified. 



T a b l e  2 .  ATTRIBUTES AND RANGES USED I N  EVALUATING THE CANDIDATE SITES 

A t t r i b u t e  
Rnnw 

IJors t Dcs t 

lmrasrl.] A N D  . 
SAFETY 

X1 i S i t c  I)op111:1ri on Fac tor  0.20 0 

E N V l  l ~ ~ ) N ~ l l ~ N ' l ' A I J  X 2 :  IJoss o f  Salnlonids 100% o f  0 
EFFEC'SS 100,000 f i s h  

x g  : Biologi.ca1 Inlp;~cts (Subjective s c a l c  
a t  S i t c  dcscr ibcd i n  'Tablc 3 )  

X g :  Lengtli o f  I n t i r t i c  50 mi les 
, ( t o  500 k\' systcnl) 
throug11 ~11\ri.r01ime1ltnlly 
s e n s i t  i v c  a r c a s  

SOCIOECONOMIC X 4 :  S o c i o e c o n o ~ ~ ~ i c  Impact (Sub jcc t ivc  s c a l e  . 
EFFEC'SS descr ibed i n  'Sable 4.3 

SYSTEM COST X6-: Annual D i f f e r e n t i a l  $40,000,000 0 
Cost Get\r.cci~ S i t c s  
(13S5 d o l l a r s ,  30 year  
p l a n t  l i f c )  



For example, attribute X6 has an objective scale since it is 

quantitatively defined as costs in terms of dollars. The 

attributes measured with objective scales were X l ,  site popula- 

tion factor, X2, impact on salmonids, X5, environmental impact 

of transmission intertie, and X6, annual differential site cost. 

The levels of X3, biological impact, and X4, socioeconomic 

impact, were represented on subjective scales for which a number 

of specific points were qualitatively defined. A level of impact 

could occur in the interval between points on the scale; however, 

only the specific points were clearly defined. The definition 

of points on the scales was made by describing levels of the 

various components of the attribute. This will become clearer 

with what follows. 

2.1 Clarifvina the Attributes 

Attribute XI, the site population factor, is an index 

developed by the U.S. Atomic Energy Commission to indicate the 

relative human radiational hazard associated with a nuclear 

facility. The site population factor at a location L, denoted 

SPF (L) , is defined by 

where r is miles from site L, P(r) is the population living 

between r-1 and r miles of L, and Q(r) is the population that 

would live between r-1 and r miles of L if there were a uniform 

density of 1000 people per square mile. The r-* is meant to 



account f o r  t h e  dec rease  i n  r a d i a t i o n  exposure hazard a s  a 

func t i on  o f  d i s t a n c e .  The purpose of  t h e  denominator i n  ( 1 )  

is  t o  a l low one t o  i n t e r p r e t  a SPF = 0.1,  f o r  example, a s  

e q u i v a l e n t  t o  a uniform d i s t r i b u t i o n  o f  100 ( i .e .  0.1 t i m e s  

1000) people pe r  square m i l e  w i t h in  50 m i l e s  of t h e  site. 

Two s e p a r a t e  i n d i c e s  were requ i red  t o  adequate ly  measure 

t h e  salmonid impact.  These a r e  t h e  pe rcen t  o f  f i s h  l o s t  i n  a 

s t ream and t h e  number of  f i s h  i n  t h e  stream. The reason f o r  

t h i s ,  r a t h e r  than  simply us ing  t h e  number of f i s h  l o s t  is  

t h a t  t h e  geneology of  t h e  salmonid i n  each s t ream i s  d i s t i n c t .  

Therefore t h e  l o s s  of 2000 f i s h  i n  a s t ream of 2000 is a b igger  

l o s s  than  2000 f i s h  i n  a s t ream of 50,000. For t h e  Columbia 

River (over  350,000 sa lmonid) ,  on ly  t h e  number l o s t  i s  i m -  

p o r t a n t  s i n c e  it i s  v i r t u a l l y  imposs ib le  t h a t  a l a r g e  percentage 

of  t h e s e  f i s h  a f f e c t e d  by a s p e c i f i c  nuc lea r  power p l a n t  and 

because t h e  f i s h  i n  t h e  Columbia a r e  endogenous t o  s e v e r a l  

d i f f e r e n t  s t reams which f low i n t o  t h e  Columbia. 

Because a t t r i b u t e s  X3 and X4 w e r e  meant t o  cap tu re  many 

d e t a i l e d  p o s s i b l e  impacts,  it was necessary  t o  develop s u b j e c t i v e  

i n d i c e s  f o r  each of  them. The s u b j e c t i v e  index f o r  b i o l o g i c a l  

impacts shown i n  Table 3 was developed by two exper ienced 

e c o l o g i s t s  on t h e  s tudy team. Three main f e a t u r e s  cap tu red  by 

t h i s  s c a l e  a r e  n a t i v e  t imber  o r  sagebrush communities, h a b i t a n t s  

of rare o r  endangered s p e c i e s ,  and p roduc t i ve  wetlands. 

The s u b j e c t i v e  index f o r  socioeconomic impact,  a t t r i b u t e  

X 4 ,  w a s  cons t ruc ted  by a soc io log i s t / p lanne r  a s s o c i a t e d  w i th  

t h e  s tudy  team. The s c a l e  i nc ludes  t h e  imp l i ca t i ons  on t h e  

p u b l i c  d e b t ,  s o c i a l  and c u l t u r a l  i n s t i t u t i o n s ,  munic ipal  
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8 Colaplrtc: l o s s  of  I .O r;cl ~ n i  of ~n:iturc, v j . r r , in  f o r e s t  :~nd/or  
l o c a l  \;ct 1;11ltl:; il~ld/ol. l o c a l  cndni>~:arcd s p e i j c s  113l)i.t:ll:. 

. Note: 'l'l~j s i s  n qiml j t : ~ t i  vc s c a l  c of ~ > o t c n t j  a]. zl lort  nnrl I onl:-1:crnr ji111~nct.s 
r~l l jc l l  c o ~ ~ l t l  ~'c.sult. froln 1:11c corlst~.ircl. joil :tnd cipcrnt:j.on of  ;I ])owcr 
]>I "111' OII  a s i.1 c .  'Illc j 111r1:ict I; r:lnl;c I'l-o~n "0" for 110 j  ~iqxlct t o  "G" 
, f o r  i n ; l x i i i ~ r l l i l  j alj>nct:. S i t c  v j  :;j t s i111d [:cncr:~l rcconn:~j  :;s;lncc sl1owctl 
tlr:it t l ~ c  Ili o l  o ~ : i c a l l  y iinl)cr~.t:;lr~t c l l n ~ . ; ~ c t c r i s t j  cs (asiclc fro111 ;1(111;11:ic 
rcsor l rccs)  of  t l ~ c  rc1;ions :ire: 

wet l;~irri ; I I .C ; I~  (t lroil~lr Itlost n rc  silial 1 ilnd ilrc r.olnl)rj ::ctl o f  :; ln:rl l 
sw~llll~1:~) , 

. . 
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s e r v i c e s ,  and l o c a l  a u t h o r i t y  due t o  t h e  c o n s t r u c t i o n  and 

o p e r a t i o n  o f  t h e  nuc lea r  f a c i l i t y .  The i d e a  o f  such a  s c a l e  

is t o  i d e n t i f y  a  number o f  impact l e v e l s  which a r e  c l e a r l y  

a r t i c u l a t e d .  I n  e v a l u a t i n g  any s p e c i f i c  s i te ,  one s t a t e s  t h e  

l i k e l i h o o d  t h e  t r u e  impact .  w i l l  be between any p a r t i c u l a r  ad ja -  

c e n t  p a i r  of  impact l e v e l s  de f i ned  i n  Table 4 .  

The l e n g t h  o f  t h e  t r ansm iss ion  i n t e r t i e  l i n e  runn ing 

through env i ronmenta l ly  s e n s i t i v e  a r e a s  i s  measured by a t t r i b u t e  

X5 i n  miles. A t t r i b u t e  X, i s  t h e  annual  d i f f e r e n t i a l  c o s t  
" 

between sites i n  t e r n s  o f  1985 d o l l a r s  assuming a  30 yea r  p l a n t  

l i f e .  The d i s c o u n t  r a t e  used was 3 . 4  pe rcen t .  Cos ts  such a s  

t h e  major  p l a n t  components a r e  n o t  inc luded  i n  a t t r i b u t e  Xs 

s i n c e  t h e s e  would be t h e  same f o r  a l l  sites. The d i f f e r e n t i a l  

is  c a l c u l a t e d  r e l a t i v e  t o  t h e  lowest  c o s t  s i t e  f o r  which t h e  

' d i f f e r e n t i a l  c o s t '  i s  set a t  ze ro .  

3 .  Determininu t h e  Pre fe rence  S t r u c t u r e  

The p o s i t i o n  taken  i n  determin ing t h e  p re fe rence  s t r u c t u r e  

was t h a t  Woodward-Clyde Consu l t an t s  would t a k e  t h e  r o l e  a s  t h e  

decision-maker f o r  WPPSS. Other p o i n t s  of view w e r e  cons idered  

by conduct ing s e n s i t i v i t y  ana l yses .  I t  was dec ided  t h a t  f o r  

each  a t t r i b u t e  t h e  u t i l i t y  f u n c t i o n  would be assessed  f o r  t h e  

most knowledgeable members o f  t h e  team ( i .e.  t h e  " e x p e r t s " ) .  

The t r a d e o f f  c o n s t a n t s  would be j o i n t l y  assessed  by key members 

of t h e  p r o j e c t  t e a m  on t h e  b a s i s  o f  t h e i r  pe rcep t i on  of t h e  

WPPSS p o i n t  of  view. 

The p rocess  of de te rmin ing  t h e  u t i l i t y  f unc t i on  can be 

broken i n t o  f o u r  s t e p s :  
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0 Metropol i tan rcg ion ,  l~ol~ul: i t j .on 100,000. No 
s i g n i f i c a n t  i lapact. 

Semire~notc town, popul at.i.on 250. Scli-conta:i .ncd 
company tola1 j.s b u i l t  a t  t h e  s i t e .  As many a s  
h a l f  o f  t h e  p l a n t  c o ~ ~ s t r u c t i o n  fo rce  cont inuc  t o  
colnmute from o t h e r  a r c a s .  Sonic pernlanent opc~.-a- 
t i n g  personnel contj.nue t o  conimutc. C u l t u r a l  i n -  
s t i t u t i o n s  a r c  over loaded,  very l i t t l e  change i n  
t h e  s o c i a l  o r d c r .  Pub l i c  debt  o u t s t r i p s  revcnues 
by l e s s  than s i x  months over p rev ious  l e v e l s .  

Remote town, 11opulati.on 250. Se l f -conta ined com- 
pany t o m  i s  b u i l t  a t  t h e  s i t e .  bilost o f  t h e  work 
f o r c e  nloves i n t o  co~iiyany t o m .  !b!ost pernlancnt 
ope ra t i ng  personnel  bcgin t o  ass in i i l a te  i n t o  the  
communj.ty. C u l t u r a l  i n s t i t u t i o n s  a r c  inipactecl, 
s j .gn i f i can t  changes t a k e  p l a c e  i n  t h e  s o c i a l  o r -  
d e r .  Growt:h o f  t h e  t a x  base due t o  pcrnianent 
operating personnel  i s  o r d e r l y ,  but p u b l i c  debt 
ou ts t l - i ps  rc\lcnucs by ~i lore than s i x  mo~lt l ls, l e s s  
than a year ,  over  p rev ious  l c v c l s .  

Sc~l l i~ci i lotc c i t y ,  . popul ; i t ion 25,000. About. h a l f  . 
of t h c  p l a n t  construct i .on f o r c c  im~n igra tcs  and 
sccks housing i n  t h c  c i t y .  blost of nc\+ gro\v t l~  
i s  i n  lnobilc Ilolncs. A l l  c i t y  systems (law cn- 
~ O ~ C C I I I C I I ~ ,  scklcr, \vatcr,  S C ~ I O O ~ S ,  code enforcenlent) 
a r c  taxcd t o  tl lc li~nit. Outs ide i i n r~nc j .n l  a s s i s -  
tnncc  i s  requ i red .  C u l t u r a l  i n s t i t u t i o n s  a r c  i ~ n -  
pac tcd ,  s o c i a l  o r d c r  i s  s l i g h t l y  alte1:cd. I'cr- 
Ilia~lclrt opcratj.nl; pcrsonncl  e a s i l y  ; ~ s s j . m i l a t c  i n t o  
coilununj t y ,  t a x  basc grows s j .gn j . f i can t ly ,  bu t  1;igs 
i n  a s s c s s n i c ~ ~ t ,  p l a n n i ~ ~ l : ,  end c a p i t a l  i 1lq)rovoncnts 
cons t ruc t  ion 1)1-oducc n boonl-tow11 ;rtinosphcrc. Pub- 
l i c  dcbt  out:;tl-jlls revcnuc gro\<t11 1,)' onc t o  two 
)'cars. 
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4 Remotc c i ty , ,  popu la t ion  25,000. Most \vorl;crs 1.0- 
c n t c  i n  t l lc c i t y .  A 1 1  c i t y  sys tc~ns  a r c  i~? ]pac tcd .  
Land-usc p a t t c r n s  a r e  pcrnlnncllt:ly d i s r u l ~ t c d .  
Growth o u t s t r i p s  p1;uuling a c t i v i t i e s  and rcy,ulator)l  
systems. Asscss~ncnt f a 1  1s behincl. licvcnuc -dcl)t 
l a g  i s  g r e a t e r  than two yea rs .  

I ~emirem&tc? town, popu la t ion  I ,500. Blany \\lorkcrs 
commutc fl-on1 ou ts idc  a rcas .  Permaneilt o p c r a t i n g  
personnel and some \\lorl;crs scck housing i n  t h e  
c i t y .  Nc\v gro\vth j s prcdomin31ltly mobilc homes, 
wi th  1n11c1l permnncnt construct. ion as \veil. New 
c o l ~ s t r u c t i o n  i n  s c r v i c e  establishments and expan- 
s i o n  o f  commcrcinl f a c i l i t i e s .  Town has  b a s i c  
p lanning and land-use regu la to ry  func t i ons  e s -  
t a b l i s h c d ,  bu t  t h c s e  a r e  over\~~hclmed by magnitude 
of  gror\ttl~. Asscssr~lcnt and enforccnlent lng  two 
yea rs  o r  more; coniniunity f a c i l i t i c s  a r c  impacted. 
Land-usc p a t t e r n s  a r e  yer~nancnt  l y  disrupted. Cul- 
t u r a l  i n s t i t u t i o n s  a r c  scve rc l y  impacted; s o c i a l  
o rde r  i s  pcrmanently a l t e r c d .  bluch growth o'ccurs 
i n  un i~ l co rpo ra ted  a r e a s ,  un taxab le  by town. 

Re111ote .town, popu la t ion  1,500. blast workers t r y  
t o  l o c a t e  i n  o r  ]]ear t h c  town, blost growth i n  
unincor1)oratcd a r c a s .  C i t y  systcnis a r c  impnctcd; 
lack  of rc l ;u la t ion i l l  unincorporated a r c a s  i.]nl?acts 
r u r a l  devclop~ncnt p a t t e r n s ,  \diicll i n  t u r n  scvc re l y  
impacts t h c  c u l t u r a l  i n s t i t u t i o n s  and s o c i a l  o r d e r  
o f  t l lc smal l  town. Tax basc cclnnot expand t o  111cct 
denalld f o r  c a p i t a l  itr~provclnents . 

Rcmote c i t y ,  popu la t ion  10,000. Scvcrc in111act duc 
t o  a t t r ; ~ c t i v c n c s s  t o  l a r g c  nulnbcrs o f  p l a n t  W O ~ ~ ~ C ~ S .  

Basic s c r v i c c s  and c s t a l ~ l i s h c d  p l a n n j . n ~ ,  nsscssnicnt, 
and cn fo rcen~er~ t  ~ ~ r u c c d u r c s  a r c  sufficient t o  pso- 
v idc  t11c Ernwcworl; f o r  rap id  ~:rowt)l,  bu t  int;uf f-i c i .cnt  
t o  l~n l~c l l c  tl lc u1agnitu.d~ o f  suc\l ~ ; r o w t l ~ .  b!:~ssivc j.111- 

b a l n ~ l c e s  i n  long-tcr111 c i t y  f in; inccs occur, l c ;~d ing  
t o  t ; c~c r ;~ I - ) r c ;~ r .  1;11;.'; i n  rcvcnltcs t o  d e b t s .  C i t y  
s i z c  and bondilll: cx]~cr j .cncc probably do no t  pcr111j.t 
rcvcnuc i i nanc ing ,  so  t l lc "lxlst" po r t i on  o f  t h c  
cyc l c  i s  v i r t u a l  l y  incscap; t l l c .  



(1)  determining t h e  genera l  p re fe rence s t r u c t u r e ,  

( 2 )  assess ing  t h e  s i n g l e - a t t r i b u t e  u t i l i t y  f unc t i ons ,  

(3)  eva lua t i ng  t h e  s c a l i n g  cons tan ts ,  

( 4 )  spec i fy ing  t h e  u t i l i t y  funct ion.  

Before i l l u s t r a t i n g  our procedure, l e t  us d e f i n e  xi t o  be a  

s p e c i f i c  amount of  a t t r i b u t e  Xi, i = 1 ,  6  s o  f o r  i ns tance  

x6 may be e i g h t  m i l l i o n  d o l l a r s ,  a  s p e c i f i c  amount of  t h e  d i f -  

f e r e n t i a l  c o s t  a t t r i b u t e  X6 .  W e  want t o  determine t h e  u t i l i t y  

func t ion  u ( x l , x 2 ,  ..., x  ) over t h e  s i x  a t t r i b u t e s  o f  Table 2. 6  

3.1 Determining t h e  General Preference S t r u c t u r e  

The f i r s t  important  s t e p  i n  s e l e c t i n g  t h e  form of t h e  

u t i l i t y  func t ion  invo lves i n v e s t i g a t i n g  t h e  reasonableness of 

p r e f e r e n t i a l  independence and u t i l i t y  independence cond i t ions .  

Provided c e r t a i n  of  t h e s e  cond i t i ons  a r e  app rop r ia te ,  t h e  s ix -  

a t t r i b u t e  u t i l i t y  func t ion  is  e x p r e s s i b l e  i n  a  s imple func t i ona l  

form of t h e  s i x  o n e - a t t r i b u t e  u t i l i t y  func t ions .  L e t  us  il- 

l u s t r a t e  wi th  examples how one checks f o r  such cond i t ions .  

Two a t t r i b u t e s  {xi,X.) a r e  p r e f e r e n t i a l l y  independent of 
3 

t h e  o t h e r  a t t r i b u t e s  of t h e  p re fe rence order  f o r  (x i , x . )  com- 
3 

b i n a t i o n s  does n o t  depend on f i xed  l e v e l s  of t h e  o t h e r  a t t r i b u t e s #  

Consider d i f f e r e n t i a l  c o s t  X6 and impact on salmonids X2. W e  

f i r s t  asked ou rse l ves  what l e v e l  of X6 would make (x6, 100% of 

100,000 salmon l o s t )  i n d i f f e r e n t  t o  ( 4 0  m i l l i o n ,  OX) given 

t h a t  t h e  o t h e r  f o u r  a t t r i b u t e s  w e r e  a t  t h e i r  b e s t  l e v e l s .  The 

answer obta ined was 2 0  mi l l i on .  W e  then examined t h e  same 

ques t i on  wi th  t h e  o t h e r  a t t r i b u t e s  a t  t h e i r  worst  l e v e l s .  W e  



cons ide r i ng  o t h e r  p a i r s  o f  i n d i f f e r e n t  p o i n t s ,  w e  e s t a b l i s h e d  

t h a t  t h e  t r a d e o f f s  between {x6,X2} would be independent  o f  t h e  l e v e l  

o f  t h e  o t h e r  a t t r i b u t e s .  S ince  t h e  p r o j e c t  team had been ex- 

posed t o  concep ts  o f  p r e f e r e n t i a l  and u t i l i t y  independence,  t h e y  

were i n  a p o s i t i o n  t o  state a f t e r  an i n i t i a l  series o f  q u e s t i o n s  

of t h e  above t y p e  over  t h e  a t t r i b u t e s  t h a t  i n  g e n e r a l  t h e  t r a d e -  

o f f s  between any two a t t r i b u t e s  d i d  n o t  depend on t h e  l e v e l s  o f  

t h e  o t h e r  a t t r i b u t e s .  Thus each p a i r  of a t t r i b u t e s  was cons idered  

p r e f e r e n t i a l l y  independent  o f  t h e  o t h e r s .  

A t t r i b u t e  Xi i s  d e f i n e d  t o  be u t i l i t y  independent  of  t h e  

o t h e r  a t t r i b u t e s  i f  t h e  p r e f e r e n c e  o r d e r  f o r  l o t t e r i e s  on Xi 

does  n o t  depend on f i x e d  l e v e l s  of  t h e  o t h e r  a t t r i b u t e s .  T h i s  

i m p l i e s  t h e  c o n d i t i o n a l  u t i l i t y  f u n c t i o n s  over  Xi a r e  t h e  same 

r e g a r d l e s s  of  t h e  l e v e l s  of  t h e  o t h e r  a t t r i b u t e s .  

To e s t a b l i s h  whether  X3 ( b i o l o g i c a l  impact)  was u t i l i t y  

independent  of t h e  o t h e r  a t t r i b u t e s ,  w e  a s s e s s e d  t h e  c o n d i t i o n a l  

u t i l i t y  f u n c t i o n  f o r  X3 assuming t h e  o t h e r  a t t r i b u t e s  a r e  a t  

f i x e d  l e v e l s .  We then  r e a s s e s s e d  t h e  c o n d i t i o n a l  u t i l i t y  func- 

t i o n  w i t h  t h e  o t h e r  a t t r i b u t e s  f i x e d  a t  d i f f e r e n t  l e v e l s .  The 

assessment  was conducted us ing  t h e  techn iques  desc r i bed  i n  t h e  

subsequent  s e c t i o n .  I t  was dec ided t h a t  t h e  r e l a t i v e  p re fe rence  

f o r  l o t t e r i e s  i nvo l v i ng  u n c e r t a i n t y  on l y  i n  t h e  consequences 

f o r  X3 d i d  n o t  depend on t h e  o t h e r  a t t r i b u t e s .  Thus, a t t r i b u t e  

X3 was u t i l i t y  independent  o f  t h e  o t h e r  a t t r i b u t e s .  

The above independence c o n d i t i o n s  which were deemed ap- 

p r o p r i a t e  a l lowed u s  t o  u s e  t h e  fo l l ow ing  i n  s t r u c t u r i n g  t h e  

u t i l i t y  f u n c t i o n .  



Theorem. Given attributes {x,,X ..,X6}, if for some X 2 1 -  j 

{xiIX.} is preferentially independent of the other attributes 
3 

for all i # j, and X is utility independent of the other 
j 

attributes, then either 

where u and the ui are utility functions scaled from zero 

to one, the k i ts  are scaling constants with 0 < ki < 1 ,  and 

k > -1  is a scaling constant. 

Equation (2) is the additive utility function and ( 3 )  is 

the multiplicative utility function. More details about these, 

including suggestions for assessment, are found in Keeney [ I ] .  

The result says that the multiattribute utility function can 

be completely defined knowing the individual attribute utility 

functions ui and the value of the scaling constants ki. For 

reference, the multiplicative utility function turned out to 

be the appropriate one for this study as we will later show. 

Although only one utility independence assumption is necessary 

to invoke the above theorem, this condition was verified for 

all the other attributes as a consistency check. 

3 . 2  Assessing the Single-Attribute Utility Functions 

The assessment of the utility functions with objective 

indices--that is u,, u2, us, and us--was done using the 



s tanda rd  50-50 l o t t e r y  t echn ique  d i s c u s s e d  i n  Keeney and R a i f f a  

[ 2 1 .  For  i n s t a n c e ,  by c o n s i d e r i n g  p r e f e r e n c e s  between a series 

o f  s p e c i f i e d  l e v e l s  o f  X6 and a 50-50 l o t t e r y  y i e l d i n g  e i t h e r  a 

0 o r  4 0  m i l l i o n  d o l l a r  d i f f e r e n t i a l  c o s t ,  each  w i t h  p r o b a b i l i t y  

0 .5 ,  it w a s  dec ided t h a t  WPPSS would be i n d i f f e r e n t  f o r  a s p e c i -  

f i e d  l e v e l  o f  22 m i l l i o n  d o l l a r s .  Thus, s i n c e  u t i l i t y  is a 

measure o f  p r e f e r e n c e ,  t h e  l o t t e r y  and 22 m i l l i o n  must have 

e q u a l  expec ted  u t i l i t i e s .  C o n s i s t e n t  w i t h  ( 3 ) ,  w e  set  t h e  

o r i g i n  and s c a l e  of u  by l e t t i n g  t h e  u t i l i t y  o f  t h e  wors t  p o i n t  6  

4 0  (see Table  2)  e q u a l  t o  z e r o  and t h e  u t i l i t y  o f  t h e  b e s t  p o i n t  

0 e q u a l  t o  I .  Equa t ing  expec ted  u t i l i t i e s  l e a d s  u s  t o  u6 (22)  = 

0 .5 ,  which g i v e s  u s  a n o t h e r  p o i n t  on t h e  u t i l i t y  cu rve .  From 

t h i s ,  t h e  e x p o n e n t i a l  u t i l i t y  f u n c t i o n  i n  F i g u r e  1H w a s  eva l -  

ua ted .  By examining t h e  i m p l i c a t i o n s  o f  t h i s  u t i l i t y  f u n c t i o n  

f o r  a d d i t i o n a l  c h o i c e  s i t u a t i o n s ,  it was dec ided  t h a t  i t  w a s  

a p p r o p r i a t e  f o r  e v a l u a t i n g  t h e  v a r i o u s  s i tes.  

For t h e  s u b j e c t i v e  s c a l e s ,  a  modi f ied  assessment  t echn ique  

w a s  r e q u i r e d .  I n  o r d e r  t o  ach ieve  meaningfu l  u t i l i t y  assess- 

ments f o r  t h e s e  a t t r i b u t e s ,  o n l y  t h e  d e f i n e d  p o i n t s  on t h e  scales 

were used.  For  i n s t a n c e ,  w i t h  b i o l o g i c a l  impact ,  t h e  b i o l o g i s t  

member o f  t h e  team was asked "For what p r o b a b i l i t y  p  i s  a  

b i o l o g i c a l  impact o f  magni tude 4 (see Tab le  3)  e q u i v a l e n t  t o  a 

l o t t e r y  y i e l d i n g  a p  chance a t  l e v e l  0 and a ( I -p )  chance a t  

l e v e l  8?" By t r y i n g  s e v e r a l  v a l u e s  o f  p ,  we found p  = 0.6 as 

t h e  i n d i f f e r e n c e  va lue .  C o n s i s t e n t  w i t h  ( 3 )  , w e  set u3 (0) = 1 

and u3 (8 )  = 0 from which i t  fo l lowed t h a t  u3 ( 4 )  = 0.6.  ~ u e s t i o n -  

i n g  con t i nued  i n  t h i s  manner u n t i l  t h e  u t i l i t y  of  each  o f  t h e  

d e f i n e d  p o i n t s  on t h e  s u b j e c t i v e  s c a l e  w a s  f i x e d .  A number of  



consistency checks were used which resulted in some changes to 

the original assessments. 

The adjusted utility functions assessed for each individual 

attribute are shown in Figure 1. Details of the assessment of 

the utility functions u2 and u3 are given in Keeney and 

Robilliard [3]. The assessment of u2 was particularly inter- 

esting because of the two separate measures -- the numbers and 

the percentage lost -- required to adequately describe the 

possible impact on salmonids. Let us define Y as the number of 

salmonid in a stream in thousands and Z as the percent lost 

Then attribute X2 is a composite of Y and Z so we will define 

x2 : (y,z). If a stream has less than 100,000 salmonids, a 

utility function u2 was found to be 

where uy and uZ are illustrated in Figures 1B and 1C. For 

streams with greater than 300,000 salmonids, an appropriate 

utility function was 

where Q, defined as the number of salmonid lost, is Y times 

2 ,  and u is shown in Figure ID. There are no streams with 
Q 

between 100,000 and 300,000 salmonids in the areas involved 

in our study so the discontinuity in u2 between y equal 100 

and 300 is not a difficulty. 

3.3 Evaluating the Scaling Constants 

The scaling constants were assessed by five members of 
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t h e  p r o j e c t  t ea?  i n  t.wo s t e p s .  The f i r s t  c o n s i s t s  of  rank ing  

t h e  ranges  of a t t r i b u t e s  i n  o r d e r  of importance and t h e  second 

i nvo l ves  q u a n t i f y i n g  t h e  magnitude of each ki. 

To e s t a b l i s h  t h e  rar,king of  t h e  k i t s ,  t h e  f i r s t  q u e s t i o n  

asked was: "Given t h a t  a l l  s i x  a t t r i b u t e s  are a t  t h e i r  wors t  

l e v e l  a s  de f i ned  i n  Tab le  2,  which a t t r i b u t e  would you most l i k e  

t o  have a t  i t s  b e s t  l e v e l  assuming t h a t  t h e  o t h e r  f i v e  a t t r i b u t e s  

remain a t  t h e i r  wo rs t  l e v e l s ? "  The answer t o  t h i s  q u e s t i o n  

i d e n t i f i e s  t h a t  a t t r i b a t e  whose ki va lue  shou ld  be t h e  l a r g e s t .  

A simi lar q u e s t i o n  w a s  r epea ted  cons ide r i ng  o n l y  t h e  remain ing 

f i v e  a t t r i b u t e s  and t h i s  p rocess  w a s  r e p e a t e d  u n t i l  t h e  complete 

rank ing  of t h e  k i ' s  w a s  determined.  

I t  w a s  t h e  consensus judgment t h a t  i f  a l l  a t t r i b u t e s  w e r e  

a t  t h e i r  wo rs t  l e v e l s  and on l y  one a t t r i b u t e  cou ld  be  moved t o  

i t s  b e s t  l e v e l ,  t h e  s i n g l e  a t t r i b u t e  which shou ld  be moved was 

a t t r i b u t e  X6, annua l  d i f f e r e n t i a l  s i t e  c o s t .  T h i s  r e p r e s e n t s  

changing annua l  d i f f e r e n t i a l  s i t e  c o s t s  from $40 m i l l i o n  p e r  

yea r  f o r  30 y e a r s  t o  $0 p e r  yea r .  I t  shou ld  be noted t h a t  i f  

t h e  wors t  v a l u e  o f  t h e  d i f f e r e n t i a l  s i te  c o s t  were smaller t h a n  

$40 m i l l i o n ,  some o t h e r  a t t r i b u t e  might  have been moved f i r s t .  

Of t h e  remain ing f i v e  a t t r i b u t e s ,  t h e  s i t e  popu la t i on  f a c t o r  X I  

w a s  most d e s i r e d  a t  i t s  best r a t h e r  t han  w o r s t  l e v e l .  

The remain ing o r d e r  i n  which t h e  a t t r i b u t e s  w e r e  moved 

from t h e i r  wors t  t o  t h e i r  best l e v e l s  w a s  X2 ,  X 4 ,  X5 ,  and X3. 

T h i s  o r d e r i n g  i m p l i e s  



The next step was t o  establish the actual values of scaling 

constants. This was accomplished by assessing specific trade- 

offs between attributes. The tradeoffs measure how much one is 

willing to give up on one attribute to gain a specific amount 

on another attribute. For example, the tradeoff between attri- 

butes X6 and XI was established from the following considerations: 

(1) Based on the relative rankings, k is greater than k2. 
6 

This implies that if site A has an annual differential 

site cost of $40 million and a site population factor 

of 0, and site B has an annual differential site cost 

of $0 and a site population factor of 0.20, site B 

should be preferred given that all other attributes 

are fixed at the same levels for both sites A and B. 

(2) Consider a site C with a SPF = 0.2 and unspecified 

annual differential site cost. At what value of 

annual differential site cost would you be indifferent 

in choosing between site C and site A, which has an 

annual differential site cost of $40 million and a 

SPF = 0, given again all other attributes are fixed 

at identical levels for both sites A and C? 

The project team's response was that if site C had an 

annual differential site cost of $5 million, it would be in- 

different to site A. This implies that the project team was 

willing to incur an increase in annual differential site c06t 

from $5 to $40 million in order to move a site from a sparsely 

populated area (SPF = 0.20) to an uninhabited area (SPF = 0). 



This assessed tradeoff is represented pictorially in Figure 2A. 

.The remaining tradeoffs assessed for other pairs of attri- 

butes are also shown in Figure 2. 

The implications of these tradeoffs are: 

One is willing to incur an increase in annual differential 

site cost from $20 to $40 million in order to save all the 

salmonids in a river of 100,000 salmonids. 

One is willing to incur an increase in annual differential 

site cost from $31 to $40 million in order to eliminate 

completely the severe socioeconomic impact of a full boom- 

bust cycle (i.e. change level 7 on the subjective scale 

of Table 4 to level 0). 

One is willing to incur an increase in annual differential 

site cost from $35 to $40 million in order to avoid laying 

the new transnission intertie lines through 50 miles of 

environmentally sensitive areas. 

One is willing to incur an increase in annual differential 

site cost from $39 to $40 million in order to eliminate 

completely an extreme biological impact over one square 

mile (i.e. change level 8 on the subjective scale of 

Table 3 to level 0) . 
In order to check the consistency of the tradeoffs, several 

other tradeoffs not involving cost were empirically established. 

These are shown in the insets of Figure 2. They proved to be 

very consistent with the original assessments. The implications 

of these tradeoffs are given below: 
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a One is willing to accept a loss of all salmonids in a 

river of 100,000 in order to move the site from sparsely 

populated area (SPF of 0.2) to a less populated area 

(SPF of 0.1). 
. . , .._ ..... . . .  . . 

a One is willing to accept an extreme socioeconomic impact 

(7 on the scale) instead of no impact (0 on the scale) 

in order to save 20% of the salmonids in a river of 

100,000 fish. 

One is willing to accept disturbance of 50 miles (instead 
.. 

of 0 miles) of environmentally sensitive area due to new 

transmission intertie lines in order to save 5% of the 

salmonids in a river of 300,000 fish. 

One is willing to accept an extreme biological impact 

over one square mile (8 on the scale) instead of no 

impact (0 on the scale) in order to reduce the environ- 

mentally sensitive area being disturbed due to new 

transmission intertie lines from 50 to 40 miles. 

The next step in the assessment of scaling constants involved 

determining a probability p such that option A, a consequence 

with zero differential cost and all other attributes at the worst 

levels of Table 2, and option B, a lottery yielding either all 

attributes at their best levels, with probability p, or all at 

their worst levels, with probability 1-p, are indifferent. After 

considering several levels of p, the group's response converged 

to p = 0.4. Such a response implies, for instance, 



( a )  i f  t h e r e  i s  a  cho i ce  between a  l o t t e r y  i n v o l v i n g  50% 

chance of  g e t t i n g  a l l  t h e  a t t r i b u t e s  a t  t h e i r  b e s t  l e v e l s  and ; 

50% chance o f  g e t t i n g  them a t  t h e  wors t  l e v e l s  ( p  = 0 . 5 ) ;  and a  

s u r e  outcome of g e t t i n g  b e s t  c o s t  l e v e l  ( 0  d i f f e r e n t i a l  c o s t )  

and wors t  l e v e l s  of  a l l  t h e  o t h e r  a t t r i b u t e s ,  t h e  group would 

choose t h e  l o t t e r y ;  

( b )  i f  t h e  chances g iven  above now change t o  30% o f  g e t t i n g  

a l l  a t t r i b u t e s  a t  b e s t  l e v e l s  and 70% o f  g e t t i n g  a l l  a t  t h e i r  

wo rs t  l e v e l s  ( p  = 0 . 3 0 ) ,  t h e  group would choose t h e  s u r e  outcome 

of  g e t t i n g  c o s t  b e s t  and a l l  o t h e r s  wors t .  

3.4 Spec i f y i ng  t h e  U t i l i t y  Funct ion  

By d e f i n i t i o n ,  when a l l  a t t r i b u t e s  a r e  a t  t h e i r  b e s t  l e v e l s ,  

u  = 1.0,  and when a l l  a t t r i b u t e s  a r e  a t  t h e i r  wors t  l e v e l s ,  

u  = 0.0.  The re fo re ,  t h e  expected u t i l i t y  o f  t h e  l o t t e r y  above 

i s  

S ince  i n d i f f e r e n c e  between t h e  two c h o i c e s  above occu r red  when 

p  = 0.40,  t h e  expec ted  u t i l i t i e s  must be equa l .  From ( 3 ) ,  t h e  

u t i l i t y  of t h e  s u r e  consequence i s  k6 ,  s o  

The assessed  t r a d e o f f s  between c o s t  and each o f  t h e  o t h e r  

a t t r i b u t e s  a r e  used t o  e x p r e s s  a l l  o t h e r  s c a l i n g  c o n s t a n t s  i n  

terms o f  kg .  S ince k  i s  known, t h e  o t h e r  ki v a l u e s  can  be 
6  

determined.  

Consider  t h e  c a l c u l a t i o n  o f  s c a l i n g  c o n s t a n t  k l ,  a s s o c i a t e d  



wi th  a t t r i b u t e  XI, t h e  s i t e  popu la t ion  f a c t o r .  By d e f i n i t i o n ,  

t h e  i n d i f f e r e n c e  p o i n t s  of t h e  t r a d e o f f  assessments  must have 

equa l  expected u t i l i t i e s .  Thus, from t h e  i n d i f f e r e n c e  p o i n t  o f  

t h e  assessed  t r a d e o f f  i n  F igu re  2A, w e  know t h a t  

where w e  have n o t  bo thered  t o  s p e c i f y  l e v e l s  o f  t h e  o t h e r  a t t r i -  

b u t e s .  However, because of  t h e  p r e f e r e n t i a l  independence con- 

d i t i o n s  p rev ious l y  v e r i f i e d ,  w e  know t h a t  ( 6 )  i s  v a l i d  f o r  a l l  

v a l u e s  o f  t h e  a t t r i b u t e s  X 2 ,  X3,  X 4 ,  and X5. I n  p a r t i c u l a r ,  

assume t h a t  t h e  o t h e r  a t t r i b u t e s  a r e  a t  t h e i r  wors t  l e v e l s  such 

t h a t  u (X  ) = u ( X  ) = u4 (x4) = u5 (x5)  = 0. Then us ing  ( 3 )  , t h e  2 2 3 3 

u t i l i t i e s  i n  (6 )  a r e  equa ted  by 

which s i m p l i f i e s  t o  

S ince  w e  know t h a t  k6 = 0 . 4 0 ,  

The remaining t r a d e o f f  c o n s t a n t s  can  be c a l c u l a t e d  i n  an 

ana logous manner y i e l d i n g  t h e  set 



The const~nt k is calculated from (3) given the ki values. 

I£ (3) is evalllated with all attributes at their best values 

(i-e., all utiiities are I.O.), then k is the solution to 

Using (8) , the unknown k is calculated to be 

The multiattribute utility function (3) is completely 

specified by the ki's in (8), the k in (9), and the single- 

attribute utility functions in Figure 1. 

4.  The Probabilitv Assessments 

The consequences associated with site development at each 

site can be characterized by the levels which the six attributes 

of Table 2 would assume should a power plant be constructed on 

that site. To account for the uncertainty associated with 

estimating the levels of the attributes, probabilistic estimates 

were made. 

4.3 Form of Probabilitv Assessments 

The estimation of the possible impacts at each site was 

accomplished in three forms. Attribute XI, site population 

factor, and attribute X5, length of power transmission intertie 

passing through environmentally sensitive areas, were assumed 

to be deterministic, as each was known with a high degree of 

certainty. For attributes X3 and X,,, measured by subjective 



indices, the probabilities that the impact would fall within 

ranges specified by two adjacent impact levels were assessed. 

The probabilistic estimates for attributes X2 and X6 were 

quantified by assessing the parameters--the mean and variance-- 

for a normal probability distribution. 

Assessing the probabilities over each attribute individ- 

ually implicitly assumes that probabilistic independence existed 

between the attributes. After our initial assessments, the 

project team discussed this assumption in detail. We concluded 

that it was reasonable to assume that conditional on any alter- 

native, the probabilities associated with the level of any 

attribute were independent of the level of any other attribute. 

Thus, for example, the probability of various levels of biolog- 

ical impact was independent of the level of impact on salmonids 

given a particular site. 

4.2 The Assessments for Each Attribute 

The probabilistic assessments for each site were based on 

existing information, site visits, and data developed during 

the study. Each attribute for each site was assessed by 

specialists in each of the relevant disciplines. Thus, the 

assessments represent the professional judgment of individuals 

based on their expertise and on all information currently 

available concerning the candidate sites. The resulting data 

is illustrated in Table 5, where we have labelled sites S1 

through S9. Let us briefly mention how this was done for 

each attribute. 
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The S i t e  Popu la t ion  Fac to r .  To c a l c u l a t e  t h e  SPF, t h e  number 

of peop le  r e s i d i n g  I n  c o n c e n t r i c  r i n g s  w i t h  c e n t e r s  a t  t h e  

cand ida te  sites w a s  needed. S ince  peop le  r e s i d i n g  c l o s e  t o  t h e  

c a n d i d a t e  sites r e c e i v e  more weight  i n  t h e  SPF c a l c u l a t i o n s ,  

it w a s  cons idered  necessa ry  t o  o b t a i n  more a c c u r a t e  coun ts  i n  

t h i s  r eg ion .  The re fo re ,  u s i n g  d e t a i l e d  maps, houses w i t h i n  f i v e  

m i l e s  of t h e  c a n d i d a t e  s i tes w e r e  counted and a n  average  o f  

t h r e e  peop le  p e r  house w a s  assumed. 

For  d i s t a n c e s  g r e a t e r  than  f i v e  m i l e s  from t h e  sites, maps 

were used t o  i d e n t i f y  c i t ies .  The popu la t i on  o f  each  w a s  ob- 

t a i n e d  from census  d a t a .  However, t h e  popu la t i ons  o f  towns and 

c i t ies are g e n e r a l l y  g i ven  f o r  t h e  c o r p o r a t e  a r e a  on ly .  The 

un incorpora ted  popu la t i on  i n  each coun ty  was assumed t o  r e s i d e  

n e a r  t h e  i n c o r p o r a t e d  areas r a t h e r  t han ,  f o r  i n s t a n c e ,  un i fo rmly  

ove r  t h e  county .  There fo re  t h e  town and c i t y  popu la t i ons  w e r e  

p r o p o r t i o n a l l y  s c a l e d  up t o  equa l  t h e  t o t a l  popu la t i on  f o r  each  

county .  These s c a l e d  up estimates f o r  each c i t y  w e r e  used when 

c a l c u l a t i n g  SPF. 

S p e c i a l  c o n s i d e r a t i o n  w a s  a l s o  necessary  when a c o r p o r a t e  

area f e l l  on a r i n g  boundary. I f  t h e  popu la t i on  w a s  l e s s  t h a n  

100,000, it w a s  assumed t h a t  a l l  t h e  popu la t i on  r e s i d e d  i n  t h e  

r i n g  c l o s e s t  t o  t h e  si te.  Th i s  assumpt ion w i l l  y i e l d  a h i g h e r  

SPF t h a n  a c t u a l l y  e x i s t s .  For  c i t ies  w i t h  a popu la t i on  g r e a t e r  

t h a n  100,000, it w a s  assumed t h a t  t h e  popu la t i on  w a s  even ly  

d i s t r i b u t e d  w i t h i n  t h e  c i t y .  I n  t h e s e  cases, t h e  p r o p o r t i o n  o f  

t h e  area w i t h i n  each r i n g  w a s  used t o  estimate t h e  popu la t i on  

w i t h i n  t h a t  r i n g .  



I m ~ a c t  on Salmonids. The assessment o f  t h e  reduc t i on  i n  t h e  

annual  spawning escapement of salmonids was based on l o s s e s  

a s s o c i a t e d  w i t h  c o n s t r u c t i o n  o f  t h e  coo l i ng  water  i n t a k e  s t r u c -  

t u r e ,  i n t a k e  and d i scha rge  of  coo l i ng  wa te r ,  and s t o r a g e  

impoundments f o r  coo l i ng  water .  The impact on sa lmonids  i s  

dependent  on t h e  p ropo r t i on  o f  t h e  r i v e r  f low used f o r  coo l i ng  

wa te r .  S ince  t h e  coo l i ng  water  requ i rements  remain approx imate ly  

c o n s t a n t  f o r  a l l  cand ida te  sites, t h e  impact i s  determined by 

t h e  s i z e  and c h a r a c t e r i s t i c s  of t h e  r i v e r  supp ly ing  coo l i ng  water. 

The salmonids which cou ld  be e n t r a i n e d  a r e  t h o s e  p a s s i n g  t h e  

i n t a k e  a long  t h e  edge o f  t h e  r i v e r .  To be c o n s e r v a t i v e ,  it was 

assumed t h a t  t h e  concen t ra t i on  o f  salmonids a long t h e  edges was 

h i g h e r  t h a n  i n  t h e  middle.  The e s t i m a t e s  o f  l o s s e s  due t o  

en t ra inment  i n  Tab le  5 were made assuming t h e  use o f  newly 

developed i n t a k e  s t r u c t u r e s  des igned t o  minimize o r  v i r t u a l l y  

e l i m i n a t e  en t ra inment  ( i .e . ,  Raney W e l l ) .  The e f f e c t  of  con- 

s t r u c t i o n  o f  t h e  i n t a k e  s t r u c t u r e  and s t o r a g e  impounds would 

p r i m a r i l y  r e s u l t  i n  l o s s  of spawning and j u v e n i l e  r e a r i n g  a r e a s .  

B i o l o g i c a l  Impact a t  S i t e .  The s c a l e  f o r  a s s e s s i n g  t h e  b io log-  

i c a l  impact a t  each cand ida te  s i te  was p resen ted  i n  Tab le  3 .  

The e c o l o g i s t s  were asked t o  a s s e s s  t h e  p r o b a b i l i t i e s  t h a t  t h e  

impact would f a l l  between a d j a c e n t  i n t e r v a l s  on t h e  scale. To 

h e l p  i n  t h i n k i n g  about  t h i s  q u e s t i o n ,  d e s c r i p t i o n s  were developed 

f o r  each s i te .  A summary d e s c r i p t i o n  o f  t h e  e x i s t i n g  b i o l o g i c a l  

c h a r a c t e r i s t i c s  o f  two sites i s  g iven below t o  i n d i c a t e  t h e  

i d e a .  



S6 The site region consists of varying proportions of mature - 
second-growth, logged areas, and some small agricultural areas. 

There are a few small swampy areas and nearby wetlands. There 

is a high likelihood that Columbia white-tailed deer may occupy 

the site or nearby environs. 

S9 This area is primarily agricultural, mostly wheat and - 
potatoes, with small pockets of sagebrush habitat. There are 

no wetlands or known endangered species habitats. 

Socioeconomic Impact. A subjective evaluation was made of the 

likely socioeconomic effects of a nuclear plant to communities 

near each site and of the expected magnitude of these effects. 

The effects included rapid population growth, overloading of 

municipal service systems, impaction of cultural institutions, 

alternation of the social order, increased demand for capital 

improvements, changes in the tax base, impaction of municipal 

administrative services, alteration of land use patterns, and 

revenue lags in public financing of capital projects. These 

considerations are the primary components of what is commonly 

termed a "boom-bust" cycle. To make subjective probability 

assessments shown in Table 5 required a series of considerations. 

First, for each candidate site, the percentage of the plant 

construction labor force likely to immigrate was estimated. 

This was superimposed over the existing characteristics of 

communities near each of the nine candidate sites. Existing 

characteristics of communities included: population size, travel 

time from site to labor supply, age of community, type of public 



f inanc ing f o r  which the  community i s  l i k e l y  t o  be e l i g i b l e  

(based pr imar i l y  on s i z e  and a g e ) ,  s i z e  of t h e  corpora te  a r e a ,  

r o l e  of t h e  community i n  t h e  reg ion ,  and genera l i zed  land use 

p a t t e r n s  (used a l s o  t o  sub jec t i ve l y  eva lua te  t h e  t a x  base.)  

The major p lan t - re la ted  cond i t ion  superimposed over t h e  

e x i s t i n g  community c h a r a c t e r i s t i c s  was t h e  presence o r  absence 

of a  company town b u i l t  a t  t h e  s i t e .  No candidate sites were 

loca ted  w i th in  corpora te  l i m i t s ,  and t h e  assumption was made 

t h a t  payments i n  l i e u  of t a x e s  would no t  be made t o  any 

municipal corpora t ion .  

Environmental Impact of Transmission I n t e r t i e .  The l eng th  of 

power t ransmiss ion i n t e r t i e  pass ing through environmental ly  

s e n s i t i v e  a r e a s  ( i .e . ,  land which was no t  c l e a r  c u t ,  c u l t i v a t e d ,  

o r  urbanized) was used a s  a proxy v a r i a b l e  t o  measure adverse 

environmental impacts. Th is  leng th  was assessed from f i e l d  

v i s i t s  t o  each of t h e  s i t e s .  Since t h e  va lues  f o r  t h i s  a t t r i -  

bu te  were known wi th  a  h igh degree of c e r t a i n t y ,  t h i s  a t t r i b u t e  

was was t r e a t e d  a s  a  d e t e r m i n i s t i c  v a r i a b l e .  

Annual D i f f e r e n t i a l  S i t e  Costs.  The economic comparison does 

n o t  inc lude a d e t a i l e d  es t ima te  of t h e  t o t a l  c o s t  of a  p l a n t  

a t  each of t h e  cand ida te  s i t e s ,  bu t  i s  considered t o  be a 

r e p r e s e n t a t i v e  eva lua t ion  of t h e  d i f f e r e n t i a l  c o s t s  of con- 

s t r u c t i o n  and p l a n t  opera t ion  assoc ia ted  w i th  each si te.  

D i f f e r e n t i a l  c o s t s  a r e  measured r e l a t i v e  t o  t h e  l e a s t  expensive 

s i te  S2. The comparison was based on c u r r e n t  (1975) b id  p r i c e s  

which were e s c a l a t e d  t o  a  proposed b id  d a t e  of 1980 (on- l ine 



date i l l  1985) using a n  8.4 percent average annual rate of 

escalation. Allowances for contingencies, interest during 

construction, and bonding cost were included in the differ- 

ential costs. The differential capital costs were converted 

to an annual cost expressed in 1985 dollars using an appro- 

priate factor for cost of bonds and an estimated plant life. 

This non-escalatable annual cost plus the annual differential 

costs of operation formed the basis for the economic comparison 

of the sites. The cost estimates were developed using 

"standard power plant arrangements" at each of the candidate 

sites. 

Site visits indicated that a potential for liquification 

of existing foundation materials under earthquake loading 

existed at sites S2, S3, and S4. Because the likelihood of 

liquifaction at these sites can not be ascertained without 

site-specific studies, two cost estimates were made for the 

sites; one if the elimination of liquefaction potential is 

n ~ t  necessary, and one if it is found to be necessary. The 

method to eliminate the potential for liquefaction used to 

arrive at cost estimates was to remove the liquefiable founda- 

tion materials and replace them with suitable compacted fill. 

These additional costs were incorporated in the capital costs 

associated with site grading and are reflected in the annual 

differential site costs. 

The primary cost estimates were average values. The 

uncertainty in these estimates was represented by a normal 

probability distribution, and it was assumed that the standard 



deviation was equal to one-fourth the mean values. Little 

data was available to justify this assumption so we were 

particularly careful to check the cost estimates in the sen- 

sitivity analysis of the next section. 

5. Evaluating Sites and Sensitivity Analysis 

Since the cost to eliminate liquefaction potential are 

significant and since site specific information could eliminate 

the uncertainty, it was considered appropriate to analyze the 

problem once including potential liquefaction costs and then 

excluding them. The results would provide guidance on whether 

it would be worth obtaining definitive information on lique- 

faction potential. For example, if the sites that are ranked 

high without considering liquefaction potential are ranked very 

low when considering liquefaction potential, then it may be 

appropriate to obtain site specific information. 

A small computer program was developed for evaluating the 

sites and conducting sensitivity analyses. Because of the 

utility independence assumptions verified before selecting 

the utility function (3) and the assumption of probabilistic 

independence conditional on each alternative, it was appropriate 

to calculate certainty equivalents attribute by attribute for 

each of the alternatives. This gave us a six-attribute vector 

representing the 'equivalent certainty impact' of each site. 

These were examined for dominance. No strict dominance existed, 

but there were several cases of 'almost' dominance (e.g. one 

alternative preferred to another on all but one attribute.) 



Thus, w i thou t  i n t roduc ing  t h e  f u l l  power of m u l t i a t t r i b u t e  

u t i l i t y ,  w e  w e r e  i n  p o s i t i o n  t o  s p e c i f y  a  reasonab le  rank ing 

of t h e  sites. I n  p a r t i c u l a r ,  t h e  l e a s t  p r e f e r r e d  si tes w e r e  

e a s i l y  i d e n t i f i a b l e .  W e  proceded t o  t h e  u t i l i t y  a n a l y s i s .  

5.1 Ranking Resu l t s  Based on B e s t  Est imates  

The expected u t i l i t y  of each s i te  was f i r s t  c a l c u l a t e d  

us ing  t h e  b e s t  e s t i m a t e s  of a l l  i n p u t s  f o r  bo th  t h e  l i que -  

f a c t i o n  and no l i q u e f a c t i o n  cases .  Th is  r e s u l t e d  i n  two p re f -  

e r e n t i a l  rank ings  of a l t e r n a t i v e s  depending on whether o r  n o t  

l i q u e f a c t i o n  p o t e n t i a l  e x i s t s .  Both t h e  rank ings  and expected 

u t i l i t i e s  i n d i c a t e  how much b e t t e r  one s i te  i s  t h a n  ano ther  

cons ide r i ng  a l l  s i x  a t t r i b u t e s .  The d i f f e r e n c e s  i n  expected 

u t i l i t i e s  f o r  each s i t e  r e s u l t  from changes i n  a l l  s i x  a t t r i b u t e s  

f o r  t h e  sites. However, it i s  e a s i e r  t o  cons ide r  t h e  s i g n i f -  

i cance  of t h e  d i f f e r e n c e  i n  expected u t i l i t y  i n  terms of  on ly  

one a t t r i b u t e .  For e a s e  i n  i n t e r p r e t i n g  t h i s  s i g n i f i c a n c e ,  

t h e  d i f f e r e n t i a l  c o s t  of an  ' e q u i v a l e n t '  s i te  wi th  a t t r i b u t e s  XI 

through X5 a t  t h e i r  b e s t  l e v e l s  i s  shown f o r  each s i te .  Th is  

e q u i v a l e n t  s i t e  i s  one w i th  t h e  same expected u t i l i t y  a s  t h e  

r e a l  s i te  t o  which it is  assoc ia ted .  Note, f o r  i n s t a n c e ,  t h a t  

t h e  d i f f e r e n c e s  between t h e  s i tes  ranked one and f i v e  f o r  both 

t h e  l i q u e f a c t i o n  and t h e  no l i q u e f a c t i o n  c a s e s  a r e  equ i va len t  

t o  approximately n i n e  m i l l i o n  1985 d o l l a r  p e r  year--a r a t h e r  

s u b s t a n t i a l  amount. 



TABLE 6. BEST ESTIMATE RANKILJG OF NINE CANDIDATE m R  PLAPJT SITES 

Without L i que fac t i on  P o t e n t i a l  With L ique fac t i on  P o t e n t i a l  

Order 

Differential 
Cost of 

site u t i l i t y  l l ~ v ~ e n t g g  

Differential 
m e d  Order Si te  utility Cost of 

E;quivaJent 

* 
Add i t iona l  s i te  grad ing  c o s t s  a s s o c i a t e d  w i t h  c o r r e c t i o n  of 
p o s s i b l e  l i q u e f a c t i o n  p o t e n t i a l  i nc luded  i n  a n a l y s i s .  

+ 
An e q u i v a l e n t  s i te  is one of equa l  u t i l i t y  w i t h  a l l  a t t r i b u t e s  
a t  t h e i r  b e s t  l e v e l s  excep t  f o r  c o s t s  ( i n  m i l l i o n s  of 1985 
d o l l a r s  p e r  y e a r ) .  



5.2 S e n s i t i v i t y  Ana lys is  

The purpose of  t h e  s e n s i t i v i t y  ana l yses  is t o  i n v e s t i g a t e  

how t h e  rank ing of t h e  a l t e r n a t i v e s  changes i f  t h e  i n p u t s  t o  

t h e  d e c i s i o n  a n a l y s i s  d i f f e r  from t h e  b e s t  e s t i m a t e  va lues .  

S e n s i t i v i t y  ana l yses  were conducted both  w i t h  and w i thou t  c o s t s  

a s s o c i a t e d  w i th  l i q u e f a c t i o n  p o t e n t i a l .  For  each of  t h e s e  

c o n d i t i o n s ,  t h e  s e n s i t i v i t y  of  t h e  s c a l i n g  cons tan ts  i n  t h e  

m u l t i a t t r i b u t e  u t i l i t y  f unc t i on  and of  c e r t a i n  changes i n  t h e  

p o s s i b l e  consequences were examined. 

Changes i n  t h e  Sca l i ng  Constants .  The b e s t  e s t i m a t e  v a l u e s  

of  t h e  s c a l i n g  c o n s t a n t s  k i ,  i = 1,2, ..., 6,  a r e  g iven  by ( 8 ) .  

I n  t h e  s e n s i t i v i t y  a n a l y s i s ,  t h e  va lue  of each ki was i nc reased  

and then  decreased  a s  much a s  p o s s i b l e  wi thout  changing t h e  

o r d e r  o f  t h e s e  k i t s .  For example, k, was t h e  second l a r g e s t  

ki va lue  based on t h e  b e s t  e s t i m a t e  va lues .  The a d j a c e n t  

va lues  were k6 = 0.400 and k3 = 0.218. There fo re ,  two sens i -  

t i v i t y  r u n s  were performed t o  i n v e s t i g a t e  t h e  i n f l u e n c e  of k l  

va lues  of 0.399 and 0.219, which r e p r e s e n t s  t h e  range t h a t  

ma in ta ins  t h e  same o r d e r  of t h e  k i t s .  The range f o r  k6 was 

v a r i e d  from .358 ( i .e .  t h e  va lue  of k l )  t o  .500. 

The a n a l y s i s  i n d i c a t e d  t h e  rank ings  o f  t h e  s i tes remained 

e s s e n t i a l l y  unchanged f o r  a l l  t h e  changes i n  t h e  ki f a c t o r s .  

S p e c i f i c a l l y ,  i n  t h e  c a s e  where no l i q u e f a c t i o n  p o t e n t i a l  w a s  

assumed, t h e r e  w e r e  no changes i n  t h e  o r d e r i n g  of t h e  b e s t  s i x  

sites. When l i q u e f a c t i o n  was assumed, t h e r e  were a  few changes 

between t h e  sites ranked f i v e  and s i x  depending on t h e  s p e c i f i c  



changes i n  t h e  k i l s  However, t h e  s i tes ranked one through 

f o u r  were i n v a r i a n t  i n  t h i s  case .  

Changes o f  S e l e c t e d  Consequences. The s e n s i t i v i t y  of  t h e  rank ings  

i n  Tab le  6 t o  t h e  e s t i m a t e s  o f  t h e  d i f f e r e n t i a l  c o s t s  and sa lmonid  

impacts  were i n v e s t i g a t e d .  S p e c i f i c a l l y ,  w e  s e p a r a t e l y  i n v e s t i -  

g a t e d  t h e  i m p l i c a t i o n s  o f  each o f  t h e  f o l l ow ing  f o u r  changes i n  

p o s s i b l e  i n p a c t s : i n c r e a s e s  i n  d i f f e r e n t i a l  s i te  c o s t s  o f  205 and 

50%,  a change i n  t h e  c o e f f i c i e n t  of  v a r i a t i o n *  o f  t h e  normal ly  

d i s t r i b u t e d  s i t e  c o s t s  f r o n 2 5 $  t o  5 0 f ,  t h e  i l n a v a i l a b i l i t y  .of a 

scheine to  prevent entrainment of s d n i d s  a t  the c o o l i n g  wa te r  i n l e t s .  

For  t h e  c a s e  i n c l u d i n g  l i q u e f a c t i o n  p o t e n t i a l ,  t h e r e  were 

no changes i n  t h e  rank ing  o f  t h e  s i x  b e s t  si tes f o r  any o f  

t h e  v a r i a t i o n s  ment ioned. Assuming no l i q u e f a c t i o n  p o t e n t i a l ,  

S2 rep laced  S3 a s  t h e  b e s t  s i t e  f o r  20% and 50% i n c r e a s e s  i n  

t h e  c o s t s .  These were t h e  on l y  changes i n  t h e  rank ing  of  t h e  

b e s t  s i x  sites of  Tab le  6 .  I n  bo th  c a s e s ,  t h e r e  were some 

changes i n  t h e  rank ings  of  t h e  wors t  t h r e e  sites. 

6.  Conc lus ions and Recommendations 

The r e s u l t s  of  t h e  rank ing  p r o c e s s  i n d i c a t e  t h a t  s i x  o f  

t h e  n i n e  c a n d i d a t e  sites can be i d e n t i f i e d  a s  be ing  s u p e r i o r  

t o  t h e  o t h e r  t h r e e  under a l l  reasonab le  v a r i a t i o n s  o f  t h e  

p r e f e r e n c e  s t r u c t u r e  and a s s e s s e d  consequences.  r he s i x  si tes 

a r e  S1, S2, S3, S4, S5, and S7. Cons ider ing  bo th  t h e  rank ings  

* 
An a l t e r n a t i v e  way t o  s t a t e  t h i s  assumpt ion is t h a t  t h e  
s t a n d a r d  d e v i a t i o n  of s i te  c o s t s  i n c r e a s e s  from 25% to  50% 
of  t h e  mean e s t i m a t e d  c o s t s .  



(i.e., with and without liquefaction)., the three sites re- 

commended for detailed site specific evaluation are S2, S1, 

and S7. If liquefaction potential is studied first and found 

not to exist at S3 and S4, then the three sites recommended 

for site specific studies are S2, S3, and S4. In interpreting 

these recommendations, it should be noted that sites S1, S2, 

and S3 are located close to each other. 

Site specific studies should concentrate on obtaining 

information to satisfy regulatory agency requirements. The 

most important of these are the geological, seismological, 

and geotechnical studies necessary to identify and classify 

lineaments and landslides. ~dditional studies to identify 

potential major environmental, socioeconomic, or cost impacts 

and to refine some of the cost data utilized in the ranking 

process should be conducted. Because of the site visits that 

have already been made, a lower order of efforts is required 

for these studies. 

The sites were identified and ranked on the basis of 

criteria described in this paper. There are several factors 

which were not considered in this study but could have a 

significant bearing on the selection of a specific site. 

These include political and legal considerations, the neces- 

sity for geographic distribution of plants, the future re- 

quirements of multiple plants at a site, and the reliability 

of the transmission grid. 

The ranking process was based on the judgments and pref- 

erences of the project team. It is recommended that further 



s t u d i e s  be conducted t o  i n c l u d e  t h e  p re fe rences  and judgments 

o f  members o f  WPPSS. I t  may a l s o  be d e s i r a b l e  t o  i n c l u d e  

e x p l i c i t l y  o r  i n d i r e c t l y  t h e  p re fe rences  and judgments o f  

t h e  g e n e r a l  p u b l i c .  

The p r e f e r e n t i a l  rank ing  o f  t h e  n i ne  c a n d i d a t e  s i tes i s  

p resen ted  i n  Table 6. However, i f  t h e  most p r e f e r r e d  s i te  i s  

s e l e c t e d  f o r  c o n s t r u c t i o n ,  t h e  nex t  b e s t  s i te  is n o t  neces- 

s a r i l y  t h e  second b e s t  s i t e  i n  t h e  o r i g i n a l  rank ing .  Th is  

r e s u l t s  because of  t h e  i n f l u e n c e  of  t h e  s e l e c t e d  s i te  on t h e  

d e s i r a b i l i t y  of t h e  remain ing sites. Procedures cou ld  be 

developed t o  rank t h e  n e x t  b e s t  s i te  a f t e r  s e l e c t i n g  one s i t e  

from t h e  n i n e  cons idered .  

Acknowleduements 

Severa l  members of t h e  p r o j e c t  team who c o n t r i b u t e d  t o  

t h e  s tudy  deserve  ment ion here .  Among them a r e  G a i l  Boyd, 

S teve  James, Gordon R o b i l l i a r d ,  Cha r l es  Hedges, Ashok 

Patwardhan, Dennis NcCrumb, Don West, Ram Kulkarn i ,  and 

Wayne Smith, a l l  of Woodward-Clyde Consu l t an t s '  s t a f f .  I n  

a d d i t i o n ,  t h e  f i r m  of  R.W. Beck and ~ s s o c i a t e s  p rov ides  

v a l u a b l e  in fo rmat ion  on c o s t  and t r ansm iss ion  l i n e  cons ider -  

a t i o n s .  

W e  were p a r t i c u l a r l y  f o r t u n a t e  t o  have a  c l i e n t  who was 

w i l l i n g  t o  suppor t  t h e  use  o f  d e c i s i o n  a n a l y s i s  t echn iques  

i n  t h e  rank ing p rocess .  Both t h e  Pub l i c  Power Counc i l  S i t i n g  

Comai t tee ,  Ilr. V i l l a  . ~ u i b e r t ,  Jr. ,  Chairman, and t h e  WPPSS 

management, M r .  J.J. S t e i n ,  Managing D i r e c t o r ,  were suppo r t i ve  

o f  o u r  e f f o r t s .  M r .   avid T i l l s o n ,  S i t i n g  s p e c i a l i s t ,  of 



WPPSS, who monitored the contract, was a source of constant 

encouragement. Without his support this study would not have 

been possible. 

References 

[ 1  1 Keeney , R. L. "Multiplicative Utility Functions, " 
Operations Research, - 22, pp. 22-34, 1 9 7 4 .  

[2] Keeney, R.L., and Raiffa, H. ~ecisions with Multiple 
Objectives, Wiley, New York, to appear 1 9 7 6 .  

131 Keeney, R.L., and Robilliard, G.A. "Assessing and 
Evaluating Environmental Impacts at Proposed 
Nuclear Power Sites," IIASA, Laxenburg, Austria, 
to appear 1 9 7 6 .  

[ 4 ]  Nair, K., Brogan, G.E., Cluff, L.S., Idriss, I.M., 
Ilao, K.T. "An Approach to Siting Nuclear Power 
Plants: The Relevance of Earthquakes, Faults, 
and Decision Analysis," in Siting of Nuclear 
Facilities, International Atomic Energy Agency, 
Vienna, Austria, 1 9 7 5 .  


