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ABSTRACT 

The applicability of decision analysis for assessing, evaluating, 

and reporting possible environmental impacts of proposed large-scale 

projects is illustrated. A study concerning the ecological impacts of 

constructing and operating nuclear power facilities in the Pacific 

Northwest is used as an example. Possible impacts are quantified for 

two objectives: minimizing adverse impacts on salmonids and minimizing 

biological disturbancc. The results provide information about both 

the direct and indirect consequences of the impact. This approach 

explicitly addresses the multiple objective and uncertainty issues 

inherent in environmental problems. It also provides a mechanism for 

illuminating conflicts among interested parties and promoting construc- 

tive compromise. 



1. INTRODUCTION 

The Nat iona l  Environmental Po l icy  Act (NEPA) o f  1969 [ IS ]  es tab -  

l i s h e d ,  among o t h e r  t h i n g s ,  t h e  requirement f o r  an environmental impact 

s ta tement  (EIS) t h a t  would i d e n t i f y ,  desc r i be ,  and eva lua te  t h e  s i g n i f i -  

cance o f  t h e  p o s s i b l e  environmental consequences o f  p r o j e c t s  r e q u i r i n g  

f ede ra l  approva l .  Thus an EIS must be f i l e d  f o r  most power gene ra t i ng  

f a c i l i t i e s ,  dams, p i p e l i n e s ,  and t h e  l i k e  p r i o r  t o  beginning cons t ruc -  

t i o n .  The i n t e n t  o f  NEPA is  t o  desc r i be  and a s s e s s  t h e  environmental  

impact o f  t h e  proposed p r o j e c t  and i ts a l t e r n a t i v e s .  Based on t h i s  

assessment ,  t h e  a p p r o p r i a t e  dec i s i on  makers can eva lua te  t h e  env i ron-  

mental impact t o  s e e  whether i t  i s  accep tab le  o r  no t .  I f  i t  i s  not  

accep tab le ,  t hen  approval  f o r  t h e  proposed p r o j e c t  may no t  be given.  

The proposed p r o j e c t  may be a l t e r e d  t o  have l e s s  de t r imen ta l  impact and 

resubmi t ted  f o r  cons ide ra t i on ,  o r  i t  may simply be dropped. 

NEPA prov ides few s p e c i f i c  gu ide l i nes  a s  t o  how one should p repare  

an EIS. I t  r e q u i r e s  on ly  t h a t  t h e  EIS i n d i c a t e  t h e  p o t e n t i a l  and ex- 

pected environmental impacts due t o  t h e  cons t ruc t i on ,  ope ra t i on ,  and ex- 

i s t e n c e  o f  t h e  f a c i l i t y .  However, pursuant t o  Execut ive Order 11514 [ 4 ] ,  

gu ide l i nes  f o r  t h e  p repa ra t i on  o f  d e t a i l e d  EIS1s,  inc lud ing  format 

and informat ion con ten t ,  have been prepared by t h e  va r ious  f e d e r a l  

agenc ies .  The informat ion requ i red  by t h e s e  gu jde l i nes  is  o f t e n  very  

e x p l i c i t  and ex tens i ve ,  e s p e c i a l l y  f o r  t he  s e c t i o n s  on "Environ~nental 

Se t t i ng "  and f o r  l i s t i n g  t h e  environmental impacts.  



The decision of how to assess and evaluate the environmental 

impacts in the EIS and in what form to report these assessments and 

evaluations is left largely to the discretion of those filing the 

report. This lack of guidelines for reporting, together with the fact 

that the problem of assessing environmental impact is inherently diffi- 

cult, has resulted in many EIS1s falling short of providing the infor- 

mation for decision makers that NEPA intended. Many EIS's state only 

that an impact may occur, without giving any indication of the magnitude 

or significance of the possible direct or indirect consequences of the 

impact. The latter information should be important to the decision 

maker in deciding whether or not to approve a project. 

In this paper, we illustrate an approach for assessing and report- 

ing possible environmental impacts. Our vehicle is a siting study for a 

nuclear power facility that may be located in the Pacific Northwest of 

the United States. Specifically, we concentrate on the ecological com- 

2 
ponent of the environmental impacts . 

In Section 2, we discuss general characteristics of the problem of 

assessing, evaluating, and reporting environmental impact. Section 3 

briefly describes decision analysis, the methodology used to quantify 

and assess the possible ecological impacts at each of the sites as a 

result of the proposed nuclear power facility. Sections 4 through 6 

concern the case study. First, the ecological component is related to 

the overall decision to be examined in Section 4. Then we discuss the 

ecological impact on salmon in Section 5 and on other species of fauna 

and flora in Section 6. Conclusions are given in Section 7. 

2 ~ n  t h i s  paper ,  we d e f i n e  "envi ronmental"  i n  te rms o f  t h e  t o t a l  env i ron-  
ment, i n c l u d i n g  economic, s o c i a l ,  a e s t h e t i c ,  t e c h n o l o g i c a l ,  and ecol .ogica1 
c h a r a c t e r i s t i c s .  "Eco log ica l "  i s  l o o s e l y  de f ined  as t h e  sum o f  n a t u r a l  
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  (more o r  l e s s  e x c l u s i v e  of humac i n f l u e n c e s )  of 
t h e  a r e a  be ing  considercad and is  a  s u b s e t  cf "t~nv.ironinenl;al.. I '  



2. GENERAL CHARACTERISTICS OF ENVIRONMENTAL ISSUES 

The assessment of the magnitude and significance of environmental 

impacts typically occurs at three stages, even if only informally, prior 

to the approval of major projects such as power plants. The first stage 

is the preliminary assessment during the process of selecting several 

desirable sites from a much larger number of potential sites or from 

previously determined candidate areas [9 ] .  These preliminary assess- 

ments are then evaluated, and several, typically three to ten, candidate 

sites are selected. 

In the second stage, a more detailed and comprehensive assessment 

of these candidate sites is required in order to evaluate the relative 

significance of the environmental impacts. On the basis of this evalu- 

ation plus similar assessments and evaluations for other economic, 

social, and technical characteristics, a prime site is selected for 

further study. In gcneral, the analyses utilized in this second stage 

of assessment and evaluation comprise the methodology and discussion 

which should be presented in the "Alternati~cs~~ section of the EIS. 

The third stage in the analysis is a very detailed assessment of 

the magnitude and significance of the impacts of the project at the 

prime site, based on the large volume of data collected by the applicant 

pursuant to the NEPA guidelines. This assessment should be evaluated as 

such by decision makers, using a formalized decision analysis approach 



to ascertain whether or not the proposed project has an acceptable or 

unacceptable level of impact. 

There are many factors that account for the complexities of identi- 

fying and reporting environmental impact. Most of these can be cate- 

gorized under three characteristics common to most environmental prob- 

lems. These are: (1) multiple objectives; (2) uncertainties concerning 

the possible impacts; and (3) disagreements among the many interested 

parties, often with conflicting value structures, about the desirability 

(or undesirability) of any particular impact. 

The multiple objective problem comes into play on at least two 

levels. First, essentially all those projects in our concern involve 

facilities thought to provide some public benefit (e.g., power, airport 

services, etc.). Thus one objective is to provide this service or 

consumer good to the highest degree possible and to do so in such a 

manner as to minimize costs, adverse health effects, and ecological 

impact. One is forced to make trade-offs affecting costs and material 

well-being, on the one hand, and environmental impact, on the other. 

At another level, there are several objectives concerning the 

environment itself. One approach would be simply "to minimize adverse 

effects to air, water, and land." This implies that minimizing possible 

damage to biological species can be associated with one or more of 

these categories. An alternative approach might list the objective, Itto 

mimimize harmful impact to the fauna." 'This might then be divided into 

several objectives concerning various identifiable species. 



That there are major uncertainties concerning the possible ecologi- 

cal impacts should be clear. lt is often difficult after the fact to 

identify exactly what impacts resulted from the construction and opera- 

tion of a particular facility. Moreover, before the construction, it is 

unreasonable, especially given the long time periods involved, to 

expect to know precisely what the impacts will be. It is reasonable, 

though not at all easy, to articulate several possible impacts and their 

respective probabilities of occurring. To help in the articulation, 

there are variolls sources of information, including existing data, models 

relating the several ecological variables involved, experiments that can 

be performed, on-site visits, and professional judgment. All of these 

should be used where appropriate. 

Many interested parties participate both formally and informally 

(for example, through lobbying) in the decision processes concerning 

approval of federally supported facilities. These several parties often 

have major disagreements concerning their value structures and priorities. 

That the "typical" environmentalist and the "typical1' industrialist often 

disagree about value is clear. The industrialist may nrguP that to 

clear one square mile of virgin forest to make wily for an isolated 

1,000 MW(e) nuclear power plant is eminently reasonable, whereas the 

environmentalist would not sacrifice the state of the land for the 

power from five 1,000 MW(e) facilities. 

bloreover, there often are major disagreements about different 

types of environmental impacts. A sportsman may be willing to accept 



more air pollution for more electrical power, but if the environmental 

impacts include the destruction of a prime hunting area, he may be very 

much opposed to the additional power generation. On the other hand, 

a city conservationist may be willing to destroy that hunting area, 

since he is against hunting anyway, to get the additional power, whereas 

he may not be willing to cut power use to reduce air pollution in the 

city. The point is that even if all concerned agreed on exactly what 

the magnitude of the environmental impact would be in each of the areas 

of concern, there would still be a large controversy about which of 

several options to pursue because of differences in value structures. 

We should make one point clear: there is no such thing as a 

value-free analysis. This is true whether the analysis is aided by 

the formal use of models or simply conducted informally in one's head 

by balancing the pros and cons. If any decision is taken, a value 

structure is implied. The choice of which variables or which objectives 

to include in a model involves value judgments on the part of those 

building the model. Balancing the advantages against the disadvantages 

of each option also involves value judgments. One cannot simply ignore 

values; they are a part of the problem. Thus, when using any form of 

analysis, if one clearly articulates the value structure being used, 

others can better understand the reasoning being employed and appraise 

the implications. 

Multiple objectives, uncertainties, and different value structures 

are important characteristics in most problems involving the environment. 



They should be addressed in attempting to evaluate which of several 

alternatives is best and, hence, worthy of carrying forward to the 

licensing stage. They should also be addressed in EIS's explaining what 

the possible environmental impact may be, and assessing the magnitude of 

these impacts. Decision analysis, introduced in the next section, does 

address these three critical characteristics. 

3. THE METHODOLOGY OF DECISION ANALYSIS 

5 Decision analysis provides a logical framework for addressing the 

two main problems raised in Section 2, namely (1) evaluating each alter- 

native and making choices among these alternatives; and (2) assessing 

and reporting environmental impacts. For discussion purposes, it is 

convenient to categorize decision analysis into four steps: 

(i) structuring the problem, 

(ii) quantifying preferences for achieving the 

objectives to various degrees, 

(iii) quantifying probabilities for achieving 

the objectives to various degrees, and 

(iv) aggregating the above information to indicate 

the overall impact on each alternative and to 

make a choice among alternatives. 

That the multiple objective, uncertainty, and value structure char- 

acteristics are indeed incorporated in decision analysis will become 

3 ~ n  easy-to-read introduction to decision analysis is Raiffa [lo] . 



clear in Sections 4 through 6 when the case study is presented. But 

first, we wish to clarify the meaning of the four steps above. 

Structuring the problem involves identifying a set of objectives, 

specifying attributes (i-e., measures of effectiveness) to indicate the 

degree to which each objective is achieved, and articulating the various 

alternatives. 

It is important to quantify preferences in a manner convenient for 

further analysis. We want to know and communicate when one environmental 

impact is more detrimental than another and how much more so. Since un- 

certainties are involved in the problem, it would be particularly conven- 

ient if the average "intensity" of the possible impact could somehow be 

used as an overall indicator of possible impact. A sound, logical, and 

operational base for this is utility theory as developed by Von Neumann 

and Morgenstern [12]. The second step requires assessing utility 

functions over the multiple attributes in the problem and integrating 

these into one overall multiattribute utility function. 

The third step involves quantifying the possible impacts of each 

alternative as measured in terms of the attributes. This often includes 

the integration of existing knowledge with experiments and on-site 

visits. Those who are in a position to do this best are experts in 

the area of concern. For instance, in assessing impact on the biota, 

a biologist would be best suited, whereas a meteorologist would be best 

able to predict impacts on air quality due to emission of pollutants 

at particular locations. 



Once the first three steps of decision analysis are completed, the 

fourth one follows from computations. Given the utility function and 

the probabilities describing the possible impacts of each alternative, 

one can calculate the ovcrall expected utility of each alternative. 

The alternative with the highest expected utility is the one that 

should then be chosen. By varying parameters in the utility function 

and in the probability distributions, it is conceptually easy to 

conduct sensitivity analyses at this stage. The result may help in 

selecting an alternative. 

Using a single-attribute utility function and the probabilities 

describing the possible impacts on that attribute, a conditional 

expected utility can be calculated for that attribute for each altcr- 

native. These numbers indicate the relative magnitude of the impact 

of each alternative as captured by that attribute. Thus, for example, 

an indicator of the overall perceived ecological impact of each alter- 

native is the conditional expected utility averaged over its ecological 

attributes. 

4. A CASE STUDY 

The Washington Public Powcr Supply System (WPPSS) is a joint oper- 

ating agency of 21 publicly-owned utilities with a major responsibility 

to locate and oversee the construction of electrical power generating 



f a c i l i t i e s .  WPPSS, a t  t h e  reques t  o f  t h e  Pub l i c  Power Counci l ,  au thor i zed  

Woodward-Clyde Consu l tan ts  t o  conduct a  s tudy  t o  i d e n t i f y  and recommend 

p o t e n t i a l  new s i t e s  i n  t h e  P a c i f i c  Northwest s u i t a b l e  f o r  thermal  (nuc lear  

o r  f o s s i l  f u e l )  e l e c t r i c  power genera t ing  s t a t i o n s  having a nominal 

c a p c i t y  o f  a t  l e a s t  3000 megawatts e l e c t r i c a l  [MW(e)]. 1t i s  in tended 

t h a t  at  l e a s t  one o f  t h e  recommended s i t e s  cou ld  be used by p u b l i c  

u t i l i t i e s  f o r  a d d i t i o n a l  thermal genera t ing  capac i t y  t h a t  may be requ i red  

a f t e r  1984, and t h a t  t h e  remainder could be kept  f o r  f u t u r e  cons ide ra t i on  

if increased demand r e q u i r e s  a d d i t i o n a l  s i t e s .  The work descr ibed  he re  

is  p a r t  o f  t h e  Woodward-Ciyde i n v e s t i g a t i o n .  

The o v e r a l l  p rocedure f o r  s i t e  s e l e c t i o n  is  descr ibed  e lsewhere 

[ 9 ] .  I t  involved a s e r i e s  o f  sc reen ing  models' becoming more and more 

d e t a i l e d  t o  i d e n t i f y  a r e a s  where s u i t a b l e  s i t e s  were most l i k e l y  t o  be 

found. Cons idera t ions  such a s  f a u l t s ,  a v a i l a b i l i t y  o f  water ,  popula t ion 

c e n t e r s ,  f l ood  p o t e n t i a l ,  and s o  on were used i n  t h e s e  models. From 

s i t e  v i s i t s  p l us  a knowledge o f  t h e  des ignated a r e a s ,  s p e c i f i c  cand ida te  

s i t e s  were i d e n t i f i e d .  These s i t e s  were then eva luated us ing  dec i s i on  

a n a l y s i s  as ou t l i ned  i n  Keeney and Nair  [ 7 ] .  There were n i ne  a l t e r n a -  

t i v e  s i t e s  i n  t h i s  f i n a l  eva lua t ion .  

The f i n a l  model inc luded seve ra l  major o b j e c t i v e s .  These were: 

(1) maximize pub l i c  h e a l t h  and s a f e t y ;  (2)  minimize adverse socioeconomic 

e f f e c t s ;  (3)  maximize t h e  q u a l i t y  o f  s e r v i c e ;  (43 minimize system c o s t ;  

and (5) minimize adverse  eco log ica l  e f f e c t s .  The o v e r a l l  eva lua t ion  o f  

t h e  s i t e s  is descr ibed  i n  o the r  r e p o r t s  [13] .  Here we wish t o  concen- 

t r a t e  on t h e  manner i n  which t h e  poss ib l e  eco log ica l  e f f e c t s  were 



d i s t i n g u i s h e d  a s  t o  whether they  p e r t a i n e d  t o  "salmon" o r   biologically 

impor tan t  a r e a s . ' '  These two were handled somewhat d i f f e r e n t l y .  Salmon 

impacts  a r e  d i scussed  i n  S e c t i o n  5 and impacts on o t h e r  b i o l o g i c a l l y  

impor tan t  a r e a s  i n  S e c t i o n  6. 

5. THE POSSIBLE IMPACT ON SALMON 

One o f  t h e  two main e c o l o g i c a l  o b j e c t i v e s  was t o  minimize t h e  a d v e r s e  

impacts on salmonids.  Let u s  f i .rst d e f i n e  what we mean by t h e  o b j e c t i v e  

and then  d i s c u s s  i t s  r e l e v a n c e  t o  t h e  problem. 

Salmonids a r e  de f ined  as t h e  f i v e  s p e c i e s  o f  salmon ( s i l v e r ,  ch inook,  

chum, humpback, sockeye) and t h e  s t e e l h e a d  t r o u t  which occur  i n  Washington/ 

Oregon w a t e r s .  These salmonids a r e  a l l  anadromous f i sh - tha t  i s ,  t h e y  

spawn i n  g r a v e l  beds i n  f r e s h  water  s t reams and l a k e s ,  and t h e  eggs 

i n c u b a t e  f o r  s e v e r a l  months. The f r y  emerge t o  spend some t ime (from 

a month t o  two y e a r s  depending upon t h e  s p e c i e s )  i n  f r e s h  wa te r  b e f o r e  

head ing downstream t o  t h e  ocean a s  j u v e n i l e s .  They mature f o r  two o r  

more y e a r s  i n  t h e  ocean b e f o r e  r e t u r n i n g  t o  t h e  f r e s h  wa te r  t o  spawn, 

t h u s  comple t ing  t h e i r  l i f e  c y c l e .  

Adverse impacts a r e  de f ined  a s  t h o s e  which r e s u l t  i n  an immediate 

and /o r  long-term d e c r e a s e  i n  popu la t ion  s i z e  i n  t h e  a f f e c t e d  wa te r  

bod ies .  The d e c r e a s e  could r e s u l t  from inc reased  a d u l t  m o r t a l i t y  d u r i n g  

upstream m i g r a t i o n ,  though t h i s  would probab ly  n o t  be a s i g n i f i c a n t  

f a c t o r .  I nc reased  j u v e n i l e  m o r t a l i t y  du r ing  downstream m i g r a t i o n  a s  a 



result of being entrained in the power plant cooling system is probably 

the most significant source of mortality. Entrapment of juveniles or 

adults in the discharge plume, impingement at the intake structure, or 

sublethal effects on either adults or juveniles which result in lower 

reproductive success and destruction or alteration of spawning beds or 

juvenile maturation areas, etc., are also potentially significant 

adverse impacts. 

Minimizing impacts involves several factors related to construction 

and operation of the power plant. The more important of these are: 

(1) control of sedimentation in streams, especially in spawning beds; 

(2) avoidance of physical disturbance of, and discharge of wastes or 

heat into, spawning beds; (3) reduction or elimination of physical or 

other barriers to upstream or downstream migration of juveniles or 

adults; (4) minimizing entrainment and impingement of fry and juvenile 

fish at the intake through design and construction of intake structure; 

(5) reduction or eliminati.on of discharge of heat, chemical wastes, 

heavy metals, brine, and blowdown into water; and (6) minimizing temporal 

and spatial distribution and duration of any thermal plume. In other 

words, minimizing adverse impact means not disturbing the habitat of 

the fish. 

Appropriateness of the Salmonid Objective. Salmonids, because of their 

commercial, recreational, and aesthetic value, are an extremely important 

economic resource to the people of the Pacific Northwest. The public, 



government a g e n c i e s ,  envi ronmental  g roups,  commercial f i s h i n g  i n t e r e s t s ,  

s p o r t s  c l u b s ,  n a t i v e  J n d i a n s ,  and academia w i l l  a l l  r i s e  t o  t h e  de fense  

o f  t h e  f i s h .  

The egg,  f r y ,  and j u v e n i l e  s t a g e s  o f  salmon a r e  g e n e r a l l y  cons id -  

e r e d  more s e n s i t i v e  t o  envi ronmental  p e r t u r b a t i o n s  than a r e  many o t h e r  

common o r  impor tant  a q u a t i c  s p e c i e s ,  and probab ly  s e r v e  a s  a f a i r  

i n d i c a t o r  o f  water  q u a l i t y  and changes t h e r e i n  [ I . ] ,  [ 3 ] .  Salmonids 

a r e  g e n e r a l l y  widespread throughout  t h e  western  s t a t e s .  Where t h e r e  a r e  

no salmonids ( a s  d e f i n e d  p r e v i o u s l y ) ,  t h e r e  a r e  dams o r  o t h e r  impediments 

t o  t h e i r  passage,  s u i t a b l e  h a b i t a t  is  l a c k i n g ,  o r  t h e  wa te r  i s  no t  

a c c e s s i b l e  from t h e  ocean [51. 

I f  t h e  impacts on salmonids a r e  minimized, t h e n  most o f  t h e  o t h e r  

a q u a t i c  r e s o u r c e s  such a s  t r o u t ,  shad,  s tu rgeon ,  p lank ton ,  and s o  on w i l l  

exper ience  a t  l e a s t  a degree  o f  p r o t e c t i o n .  Tn a d d i t i o n ,  by minimizing 

t h e  adverse  impacts on t h e  salmonids,  t h e  c o s t  o f  r e p l a c i n g  them through 

c o n s t r u c t i o n  o f  h a t c h e r i e s  and r e l a t e d  measures would be roduced.  

Measurement o f  t h e  Salmonid O b j e c t i v e .  The major p o r t i o n  o f  a c t u a l  

m o r t a l i t y  of  salmonids w i l l  be t h e  l o s s  o f  j u v e n i l e s  and f r y  a t  t h e  power 

p l a n t  i t s e l f .  U n f o r t u n a t e l y ,  i t  is  d i f f i c u l t  t o  e s t i m a t e  such l o s s e s ,  

and r e l a t i v e l y  l i t t l e  h i s t o r i c a l  i n fo rmat ion  i s  r e a d i l y  a v a i l a b l e  from 

t h e  u t i l i t y  i n d u s t r y  t o  u s e  f o r  comparat ive and i n t e r p r e t i v e  purposes.  

I t  i s  d e s i r a b l e  t o  i d e n t i f y  a p r a c t i c a l  measure o f  advc rsc  impact which 

h a s  a h i s t o r i c a l  r e c o r d ,  is  widely used and i n t e r p r e t e d ,  and can be 



app l ied  i n  almost a l l  s i t u a t i o n s .  Two measurements seemed t o  s a t i s f y  

t h e s e  cond i t ions :  average annual number o f  spawning escapement l o s t  and 

average annual percentage of spawning escapement l o s t .  Spawning escape- 

ment i s  t h e  number o f  a d u l t  f i s h  t h a t  r e t u r n  t o  a p a r t i c u l a r  s t ream t o  

spawn. There a r e  good h i s t o r i c a l  records o f  t h e  escapement o f  a d u l t  

f i s h  f o r  most major salmon strea.ms [2 ] ,  [14] .  

Numbers a lone a r e  misleading. A l o s s  o f  10,000 f i s h  i n  t h e  

Columbia River would rep resen t  1 t o  5 percent  o f  t h e  annual escapement, 

depending when and where t h e  l o s s  occurred. Such l osses ,  aJthough 

impor tant ,  would probably no t  s e r i o u s l y  d i s r u p t  t h e  populat ion dynamics 

of f i s h  i n  any p a r t i c u l a r  t r i b u t a r y  r i v e r .  On t h e  o the r  hand, a l o s s  

o f  1,000 f i s h  i n  t h e  South Santiam River might represent  25-50 percen t  

o f  t h e  t o t a l  escapement. Furthermore, t h e r e  is considerable v a r i a t i o n  

i n  escapement from year  t o  year .  In smal le r  streams, it is conceivable 

t h a t  t h e  l o s s  o f  1,000 f i s h  might represent  t h e  t o t a l  populat ion,  

e s p e c i a l l y  i n  a low year ,  thus  e f f e c t i v e l y  e l im ina t ing  t h e  run i n  t h e  

ensuing cyc le-year .  

The po in t  is  t h a t  two important f a c t o r s  a r e  in f luenced by salmonid 

l o s s e s .  F i r s t ,  commercial, r e c r e a t i o n a l ,  and a e s t h e t i c  l osses  occur 

because o f  t h e  number o f  f i s h  l o s t .  The second f a c t o r  r e l a t e s  mainly 

t o  t h e  percentage o f  f i s h  l o s t  i n  a given stream. The genet ic  h i s t o r y  

and composition o f  t h e  salmonid populat ion from each stream is  somewhat 

d i s t i n c t  from t h a t  i n  o the r  streams, and t h i s  cannot be replaced by 

res tock ing  with f i s h  from o the r  streams o r  ha tche r i es .  This l a t t e r  



f a c t o r  is  not  considered s i g n i f i c a n t  i n  the  Columbia River because most 

of t h e  salmonids here  a r e  a co l l ec t i on  of those from a l l  t h e  t r i b u t a r y  

streams; i . e . ,  few salmonids spawn d i r e c t l y  i n  t h e  Columbia River, 

espec ia l l y  i n  t h e  lower reaches.  Also, salmon escapement i n  t h e  

Columbia River usua l l y  exceeds 300,000, whereas t h e  next l a r g e s t  

escapement is  under 100,000. 

For streams under 100,000 escapement, two measures ( a t t r i b u t e s )  o f  

adverse impact on salmonids a r e  used: 

x = percentage o f  a d u l t  salmonid escapement l o s t  

i n  a year ,  

Y = number o f  salmonids i n  t he  stream. 

A t t r i b u t e  Y was chosen a s  number o f  f i s h  i n  t h e  stream r a t h e r  than 

number o f  f i s h  l o s t ,  because one impl ies t h e  o the r  when i n te rp re ted  i n  

conjunct ion with a t t r i b u t e  x, and t h e  preference assessments were e a s i e r  

us ing number of  f i s h  i n  t h e  stream. For t h e  Columbia River,  t h e  only 

a t t r i b u t e  used was 

z = number of  f i s h  l o s t .  

Obviously, t h e  l eve l s  of a t t r i b u t e  z could always be ca lcu la ted  

from l e v e l s  of x and Y, but t h e  reverse  is  not t r u e .  There is more 

information i n  knowing both x and Y. 

5.1  Assessing Preferences f o r  Salmonid Tmpact 

I s  i t  worse t o  lose  20 percent of t he  salmonids i n  a stream with 

5,000 f i s h  - t h a t  i s ,  1,000 f i s h  - o r  5 percent of t he  salmonids i n  a 



s t ream w i t h  80,000 f i s h  - t h a t  i s ,  4,000 f i s h ?  Such q u e s t i o n s  a r e  n o t  

e a s y  t o  answer,  b u t  t h o s e  who a r e  charged wi th  a s s e s s i n g  e c o l o g i c a l  

impact  i n  s i t u a t i o n s  o f  t h i s  s o r t  must make such d e c i s i o n s  ( e x p l i c i t l y  

o r  i m p l i c i t l y )  i f  t h e y  i n t e n d  t o  rank t h e  degree  o f  e c o l o g i c a l  d i s t u r b a n c e  

t o  t h e  salmon. The assessments  below d e s c r i b e  a formal  manner o f  

making t h e s e  d e c i s i o n s .  Comments on i t s  u s e f u l n e s s  a r e  r e s e r v e d  f o r  

S e c t i o n  7. 

We want a  measure o f  t h e  magnitude o f  v a r i o u s  impacts a s  d e s c r i b e d  

i n  te rms o f  e i t h e r  a t t r i b u t e s  x and Y o r  a t t r i b u t e  2 .  I t  i s  n e c e s s a r y  

f o r  t h e  measure t o  b e  u s e f u l  i n  s i t u a t i o n s  invo lv ing  u n c e r t a i n t y .  The 

u t i l i t y  f u n c t i o n  i s  such a  measure [ l o ] .  I n  what f o l l o w s ,  we a s s e s s  

two u t i l i t y  f u n c t i o n s ,  u (x,y) and u 2 ( z ) ,  where x ,  y, and z  r e p r e s e n t  
1 

s p e c i f i c  l e v e l s  o f  X, Y, and 2 r e s p e c t i v e l y .  These two u t i l i t y  f u n c t i o n s  

a r e  then  c o n s i s t e n t l y  s c a l e d .  The r e q u i s i t e  t h e o r y  and d e t a i l s  of 

s e v e r a l  u t i l i t y  assessments  a r e  g iven i n  Keeney and R a i f f a  [8 ] .  

Assess ing  u (x,y) and u2(z) .  F i r s t  we wanted t o  s p e c i f y  t h e  g e n e r a l  
1 

s t r u c t u r e  o f  u I t  was c l e a r  t h a t  i f  x, t h e  pe rcen tage  o f  escapement 
1' 

l o s t ,  was h e l d  f i x e d ,  t h e n  t h e  g r e a t e r  t h e  number o f  f i s h  Y,  t h e  l e s s  

d e s i r a b l e  t h e  (x,y) consequence. Also,  w i th  Y f i x e d ,  consequences 

became worse a s  x i nc reased .  These two c o n d i t i o n s  s imply imply u is  
1 

d e c r e a s i n g  i n  both  x  and y .  I t  a l s o  seemed r e a s o n a b l e  t o  assume x and Y 

were u t i l i t y  independent  o f  each o t h e r .  Th is  meant, f o r  i n s t a n c e ,  i f  

Y were h e l d  f i x e d ,  t h e  p r e f e r e n c e s  among p r o b a b i l i t y  d i s t r i b u t i o n s  o f  



p o s s i b l e  consequences i n  terms o f  x would n o t  depend on t h e  l e v e l  where 

Y was f i x e d .  A s  shown i n  Keeney [ 6 ] ,  t h e  u t i l i t y  independence assumpt ions 

imply t h a t  u can be w r i t t e n  a s  
1 

ul ( x , ~ )  = kXuX(x) + ky l~y (y )  + (1-k X Y X  -k ) u  ( x ) u y ( y ) ,  (1) 

where 0 - < x - < 100,  0 - < y .- 100, and uX and u a r e  s i n g l e - a t t r i b u t e  Y 

u t i l i t y  f u n c t i o n s  s c a l e d  from ze ro  t o  one,  x i s  measured i n  pe rcen tages ,  

and Y i n  thousands o f  f i s h .  Over t h e  de f ined  range ,  c l e a r l y  (100,100) 

i s  t h e  wors t  consequence;  ( 0 , ~ )  f o r  a l l  Y and (x,O) f o r  a l l  X a r e  a l l  

e q u i v a l e n t l y  t h c  b e s t  consequence. Hence we can s c a l e  (1)  by 

u1 (100,100)  = 0 ( 2 )  

and 

u ( 0 , y )  = u,(x,O) = 1 .  
1 .L 

( 3  

S i m i l a r l y ,  u and u a r e  s c a l e d  r e s p e c t i v e l y  by 
X Y 

u (100) = 0 ,  ux(0)  = 1 
X 

and 

Uy(loo) = 0 ,  7Iy(0) 1. (5 )  

Eva lua t ing  (1) a t  (0 ,  l o o ) ,  we f i n d  by s u b s t i t u t i n g  ( 3 )  and (4) 

i n t o  (1)  t h a t  kx = 1. S i m i l a r l y ,  e v a l u a t i n g  (1)  a t  (100,O) and us ing  

(3 )  and ( S ) ,  we conc lude k = I .  'T'hus 
Y 

Ul (x,Y) = LI -Y (XI + uy(y)  - ux(x)uy(y) .  (6) 



Techniques t o  a s s e s s  s i n g l e - a t t r i b u t e  u t i l i t y  f u n c t i o n s  a r e  f a i r l y  

s t r a i g h t f o r w a r d  I l l ] .  To i l l u s t r a t e ,  c o n s i d e r  a t t r i b u t e  X.  We d e t e r -  

mined t h a t  an 80 p e r c e n t  l o s s  f o r  s u r e  would b e  i n d i f f e r e n t  t o  a f i f t y -  

f i f t y  chance of a 100 p e r c e n t  l o s s  o r  a 0 p e r c e n t  l o s s .  Thus, t h e  

u t i l i t y  u (80) f o r  x  = 80 must b e  
X 

u (80) = 0.5  ux[lOO) + 0.5 u (0)  = 0.5.  
X X (7) 

Also,  55 p e r c e n t  was i n d i f f e r e n t  t o  a f i f t y - f i f t y  chance a t  

80  o r  0 ,  and 92 p e r c e n t  was i n d i f f e r e n t .  t o  a f i f t y - f i f t y  chance a t  

80 o r  100. Thus 

u [55) = 0.5  u (0)  + 0.5 u (80) = 0 . 7 5  
X x X (8)  

and 

ux(92) = 0.5  ux(80) + 0 . 5  ~ ~ ( 1 0 0 )  = 0.25.  (9) 

From (4) ,  ( 7 ) ,  (81, and (91, we have f i v e  p o i n t s  o f  u These x ' 
a r e  p l o t t e d  i n  F i g u r e  1 and a curve f i t t e d  through them t o  g i v e  u s  u x' 

The u t i l i t y  func. t ions f o r  Y and z were a s s e s s e d  i n  t h e  same manner 

a s  u They a r e  i l l u s t r a t e d  i n  F igu res  2 and 3 r e s p e c t i v e l y .  x- 

S c a l i n g  ul and u Next we needed t o  c o n s i s t e n t l y  s c a l e  ul and u 
2 ' 2 ' 

T h i s  r e q u i r e d  t h e  e m p i r i c a l  assessment  o f  two p a i r s  o f  consequences - 

one  (x,y)  and one z i n  each p a i r  - f e l t  t o  be i n d i f f e r e n t  and t h e n  

s c a l i n g  a c c o r d i n g l y .  C l e a r l y  (x  = 0, y = 0)  i s  e q u i v a l e n t  t o  z = 0. 

Thus, because u t i l i t y  f u n c t i o n s  a r e  un ique up t o  p o s i t i v e  l i n e a r  t r a n s -  

fo rmat ions ,  we want t o  f i n d  an  a and b such t h a t  



ul (0,O) = a + bu2 (0). (10) 

Also, (x = 50, y = 50) was assessed to be indifferent to z = 50. 

Hence, 

Using (6) and u2(z) from Figure 3, we solved (10) and (11) to give 

a = 0.568, b = 0.432. To measure the salmonid impact, one uses u (x,y) 1 

if the spawning escapement is less than 100,000 fish, and a + bu2(z) if 

the escapement is more than 300,000 fish. 

5.2 Assessing Probabilities for Salmonid Impact 

Even though the water intake structure for the power plant is 

designed to minimize the entrainment and impingement of aquatic organ- 

isms, the main hazard to salmonids will probably be impingement and/or 

entrainment. However, there could also be loss of adult and juvenile 

salmon due to construction and operation of the intake and due to the 

thermal plume. Construction on the Columbia River will cause essentially 

no disturbance t.o spawning and rearing areas, since few exist. But on 

other, smaller rivers, spawning and rearing areas immediately downstream 

from the site will likely be eliminated. Adult fish may be blocked from 

reaching upstream spawning areas by construction activities or by the 

thermal plume. The possible impacts could be qualitatively described as 

follows. There is a small chance of very little loss of salmon; this 

chance increases up to a most likely level of between 1 and 15 percent 

loss, depending on the size and salmon-spawning potential of the river, 



and then decreases.  There is  a very small l i ke l ihood of  a l a r g e  - 

g r e a t e r  than 50 percen t ,  o r  100,000, f i s h  - l oss .  Hence, t he  p robab i l -  

i t y  d i s t r i b u t i o n  is  skewed, a s  i l l u s t r a t e d  i n  F igure 4. One could 

a s s e s s  be ta  p r o b a b i l i t y  d i s t r i b u t i o n s  t o  desc r i be  such impacts, bu t ,  

a f t e r  checking, it appeared t h a t  a normal d i s t r i b u t i o n  could adequate ly  

approximate t h e  l i k e l y  impacts. We used t h e  normal d i s t r i b u t i o n  f o r  

convenience. The assessed parameters o f  t h e  d i s t r i b u t i o n s  a r e  given f o r  

t h e  n ine  prime s i t e s  i n  Table I .  

Impacts were assessed by cons ider ing the  t o t a l  r i v e r  f low, t h e  

annual average spawning escapement, t h e  d i s t r i b u t i o n  o f  f i s h  i n  t he  

c ross  sec t i on  o f  t h e  stream ( i . e . ,  juven i le  f i s h  a r e  o f t en  concentrated 

on t h e  edges r a t h e r  than i n  t he  middle),  t h e  l i ke l i hood  o f  d i s tu rb ing  

spawning grounds, and o t h e r  r e l a t e d  f a c t o r s .  

5.3 Evaluat ing Salmonid Impact 

Using t h e  p robab i l i t y  d i s t r i b u t i o n s  from Table I and t h e  u t i l i t y  

func t ion  a + b u  (2 )  t o  eva lua te  the  Columbia River s i t e s  and u (x,y) 
2 1 

from (6)  t o  eva lua te  t h e  o t h e r  s i t e s ,  we ca l cu la ted  t h e  expected u t i l -  

i t i e s  i n  Table 1 a s  an i n d i c a t o r  of t he  salmonid impact a t  each o f  t h e  

n ine  s i t e s .  Higher u t i l i t i e s  a r e  p re fe r red ,  so t h e  l e a s t  de t r imenta l  

impact i s  a t  Linn 1 s i t e  ( u t i l i t y  = 0.9988). The next  bes t  s i t e  (from 

t h e  viewpoint of  salmonid impact) i s  Clatsop 1 ( u t i l i t y  = 0.9980), and 

so  on. The expected u t i l i t i e s  a l s o  have a card ina l  i n t e r p r e t a t i o n .  

Loosely speaking, t h e  impacts a t  e i t h e r  Linn 1 o r  Grays Harbor 1 a r e  



more s i m i l a r  i n  o v e r a l l  e f f e c t  than  t h o s e  a t  Benton 1 and l l m a t i l l a  1. 

Less l o o s e l y ,  i f  one had a cho ice  between t h e  expected impact a t  

Umat i l l a  1 f o r  s u r e  and a f i f t y - f i f t y  chance of t h e  impact a t  e i t h e r  

Linn 1 o r  Lewis 1, he shou ld  p r e f e r  t o  t a k e  t h e  chance,  s i n c e  t h e  ex-  

pec ted  u t i l i t y  i n  t h e  l a t t e r  c a s e  - O.S(O.9985) + O.S(O.9895) = 

0.9941 - i s  g r e a t e r  t.han t h e  expected u t i l i t y  o f  0.9913 a t  IJmat i l la  1. 

6. THE POSSIBLE IMPACT ON BIOLOGICALLY IMPORTANT AREAS 

During 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  power p l a n t ,  it i s  

impor tan t  t o  minimize t h e  b i o l o g i c a l  d i s t u r b a n c e .  Many f e a t u r e s  a r e  

inc luded  under t h i s  head ing.  For t h e  s i t e s  under  c o n s i d e r a t i o n ,  t h e  

main b i o l o g i c a l  concerns a r e  p r e s e r v a t i o n  o f  t h r e a t e n e d  and endangered 

s p e c i e s ;  p r o t e c t i o n  o f  h a b i t a t  o f  m ig ra to ry  s p e c i e s  ( e s p e c i a l l y  water -  

fowl and game b i r d s ) ;  maintenance o f  p r o d u c t i v e  wet lands;  and p r e s e r v a -  

t i o n  o f  v i r g i n  o r  mature second-growth s t a n d s  o f  t imber  o r  "undisturbed" 

sagebrush communities. 

There  d i d  n o t  seem t o  be any conven ient  measures t o  i n d i c a t e  t h e  

d e g r e e  t o  which a power p l a n t  would c a u s e  b i o l o g i c a l  d i s t u r b a n c e  as 

d e f i n e d  above. One p o s s i b i l i t y  was t o  e s t i m a t e  t h e  land a r e a  invo lved 

i n  each o f  t h e  c a t e g o r i e s  ment ioned,  bu t  we f e l t  i t was t o o  d i f f i c u l t  

t o  r e l a t e  a r e a s  p e r  s e  t o  impact .  A s  an a l t e r n a t i v e ,  we chose  t o  e s t a b -  

l i s h  a s u b j e c t i v e  index o f  p o t e n t i a l  sho r t - te rm and long-term impacts .  

T h i s  s c a l e ,  i l l u s t r a t e d  i n  Tab le  11, was d e f i n e d  a f t e r  s i t e  v i s i t s  by 



t h e  c l i e n t  and the  p ro jec t  team niembcrs, inc lud ing two b i o l o g i s t s .  The 

s c a l e  goes from 0  t o  8 ;  l a rge r  numbers a r e  assoc ia ted  with g r e a t e r  bio- 

l og i ca l  impact. The s c a l e  is  def ined t o  inc lude t h e  important f ea tu res  

which d i s t i ngu i sh  t h e  s i t e s ,  a s  wel l  a s  t o  i l l u s t r a t e  and communicate 

i n  r e a l i s t i c  terms the  degree of  b io log ica l  impact. 

6.1 Assessing Preferences f o r  Biological  Impact 

The u t i l i t i e s  f o r  t h e  n ine po in ts  on t h e  impact s c a l e  were d i r e c t l y  

assessed.  F i r s t  we a r b i t r a r i l y  s e t  

u (0) = 1  and u(8) = 0  (12) 

t o  e s t a b l i s h  t h e  o r i g i n  and u n i t  f o r  t h e  u t i l i t y  s c a l e .  The t a s k  was 

t o  assess  u(x) f o r  x  = 1 ,  2 ,  3 ,  . . ., 7  r e l a t i v e  t o  u(O) and u(8) .  

We asked f o r  a  p r o b a b i l i t y  p such t h a t  the  consequences o f  impact 

l eve l  4 were i n d i f f e r e n t  t o  a  p chance a t  impact leve l  U and a  (1-p) 

chance a t  impact l eve l  8.  The ind i f fe rence p robab i l i t y  was p = 0.6, 

implying 

u(4) = 0.6 u(0) + 0.4u(8) = 0.6. (13) 

Next, impact leve l  6  was found t o  be i n d i f f e r e n t  t o  a  0.25 chance 

a t  l eve l  0  and a  0.75 chance a t  leve l  8 ,  and impact leve l  2 was found 

i n d i f f e r e n t  t o  a  0.65 chance a t  leve l  0  and a 0.35 chance a t  l eve l  8. 

Respect ive ly ,  these  imply 

u(6) = 0.25u(O) + 0.75uC8) = 0.25 (14) 

and 

u(2) = 0.65u(O) + 0.35u(8) = 0.65, (1 5  



I t  is  p a r t i c u l a r l y  impor tant  he re  t o  inc lude  cons i s t ency  checks.  

I n  one such check,  we found l eve l  4  i n d i f f e r e n t  t o  a  0.6 chance a t  

l e v e l  2  and a  0.4 chance a t  l e ve l  6 ,  implying 

u (4 )  = 0.6u(2)  + 0 .4u(6 )  = 0.49.  (16) 

Th is  r e s u l t  d i d  not  match (13) ve ry  we l l .  By reexamining t h e  r e -  

sponses lead ing  t o  (13) through (16) and t h e i r  imp l i ca t i ons ,  it should 

be p o s s i b l e  t o  i d e n t i f y  t h e  source  o f  t h e  d i sc repanc ies  and make a d j u s t -  

ments t o  gene ra te  c o n s i s t e n t  p re fe rences .  Th is  i s ,  i n  f a c t ,  one major 

purpose o f  t h e  e n t i r e  procedure:  t o  f o r c e  an i n t e r n a l  cons i s t ency  on 

t h e  assessments  and, hope fu l l y ,  t o  improve t h e  q u a l i t y  o f  t h e  in format ion 

t r a n s f e r r e d .  A f t e r  r econs ide ra t i on  o f  a l l  t h e  imp l i ca t i ons ,  t h e  i n d i f -  

f e r e n c e  p r o b a b i l i t i e s  l ead ing  t o  (13) - (16)  were changed t o  0.55, 0.25, 

0.75,  and 0 .6 ,  r e s p e c t i v e l y .  These assessments  a r e  c o n s i s t e n t  and imply 

u(2)  = 0.75,  u (4 )  = 0.55, and u(6)  = 0.25.  (17) 

Using t h e  same procedures wi th s e v e r a l  cons is tency  checks,  t h e  

u t i l i t i e s  exh ib i t ed  i n  F igu re  5  were f i n a l l y  chosen.  

6 .2  Assess ing P r o b a b i l i t i e s  f o r  B io log ica l  Impact 

The l i k e l y  b i o l o g i c a l  impact a t  each s i t e  was assessed  d i r e c t l y  by 

a  b i o l o g i s t  a f t e r  making s i t e  v i s i t s  and reviewing a v a i l a b l e  pub l i -  

c a t i o n s  concern ing b i o l o g i c a l  a c t i v i t y  i n  t h e  v i c i n i t y  o f  t h e  si tes.  

For  each s i t e ,  t h e  p r o b a b i l i t y  t h a t  an impact f e l l  i n  t h e  range of  

0 t o  1, 1 t o  2, . . . ,  7 t o  8 was asked.  Scvera l  i n t e r n a l  cons i s t ency  

checks were used i n  t h i s  a c t i v i t y  a l s o .  For i ns tance ,  r e f e r  t o  t h e  



Lewis 2 and Lewis 3  d a t a  i n  Table TIT. One can ask :  is  t h e  l i ke l ihood 

o f  a  2-3 impact tw ice a s  g rea t  a t  t h e  former s i t e  a s  a t  t h e  l a t t e r ?  

The da ta  i n  Table I11 represent  t he  f i n a l  ad jus ted  numbers. The da ta  

a r e  meant t o  quant i f y  and thus  complement b r j e f  q u a l i t a t i v e  d e s c r i p t i o n s  

such a s  t h e  two which fol low: 

Benton 1 This a rea  i s  used mostly f o r  wheat farming and some 

graz ing.  There i s  r e l a t i v e l y  l i t t l e  undis turbed sagebrush h a b i t a t ,  

and t h e r e  a r e  no wetlands o r  known endangered spec ies  h a b i t a t .  The 

propor t ion o f  a g r i c u l t g r a l  a r e a  t o  undisturbed h a b i t a t  w i l l  vary 

depending upon e x a c t l y  where t h e  s i t e  is  l oca ted ;  hence, t h e  

d i s t r i b u t i o n  i s  from 0-3. 

Clatsop 1 The s i t e  reg ion  i s  made up o f  vary ing propor t ions of  

mature second-growth f o r e s t ,  logged a reas ,  and some smal l  a g r i -  

c u l t u r a l  a reas .  There a r e  some smal l  swampy a reas  and nearby 

wet lands. There i s  a s t rong  p o s s i b i l i t y  t h a t  Columbia whi te-  

t a i l e d  deer ,  an endangered spec ies ,  may occupy t h e  s i t e  o r  

nearby env i rons.  The d i s t r i b u t i o n  ranges from 3-6. 

6 . 3  Evaluat ing Bio log ica l  Impact 

The ove ra l l  b io log ica l  impact i s  i nd ica ted  by t h e  expected u t i l i t y  

ca l cu la ted  f o r  each s i te .  To do t h i s ,  we assumed t h a t  t h e  u t i l i t y  o f  

t h e  impact range from 2-3 a t  t he  Benton 1 s i t e ,  f o r  ins tance ,  was t h e  

average o f  t h e  u t i l i t i e s  o f  impact l e v e l s  2  ( i . e . ,  u ( 2 )  = 0.75) and 

3 ( i . e . ,  u ( 3 )  = 0.67),  o r  0.71 i n  t h i s  case .  Then f o r  each s i te ,  we 



mul t ip l ied  t h e  p robab i l i t y  o f  being i n  a  range t imes t h e  u t i l i t y  f o r  

t h a t  range and summed over t h e  poss ib le  ranges. For Rcnton 1 ,  t h e  

expected u t i l i t y  is 

O.l(O.95) + O.S(O.825) + 0.4(0.71) = 0.7915. 

The expected u t i l i t i e s  f o r  each s i t e  a r e  given i n  Table 111. 

7 .  CONCLUSIONS 

The app l i ca t i on  descr ibed above was only a  p a r t  o f  t h e  l a rge r  study 

b r i e f l y  ou t l i ned  i n  Sect ion 4. One o f  t he  important components of  t h a t  

problem was eco log ica l  impact. T rea t ing  t h e  impacts a s  descr ibed i n  

Sect ions 5  and 6 aided t h e  p ro jec t  team in  balancing eco log ica l  impact 

aga ins t  o the r  f a c t o r s .  I t  a l s o  was important i n  descr ib ing  and communi- 

c a t i n g  what t h e  eco log ica l  impact might be. 

There a r e  two caveats  which a r e  re levan t .  We were working w i th in  

r a t h e r  t i g h t  t ime c o n s t r a i n t s ,  and t h e  ove ra l l  approach was new i n  t h e  

problem s e t t i n g  which faced us .  In assess ing  t h e  u t i l i t i e s ,  we r e l i e d  

on t h e  knowledgeable judgment of two b i o l o g i s t s ,  each of  whom had s i g -  

n i f i c a n t  exper ience i n  t h e  f i e l d .  To have the  t ime and oppor tun i ty  t o  

improve t h e  preference model based on o the r  expe r t s '  judgments would be 

worthwhile. The es t imates  o f  t h e  p r o b a b i l i t i e s  o f  var ious impacts could 

a l s o  l i k e l y  be improved wi th  more t ime t o  ga ther  d a t a  and cons t ruc t  a  

formal p r o b a b i l i s t i c  model. In t h i s  case,  t h e  informat ion a t  hand does 

seem s u f f i c i e n t  t o  s e l e c t  two o r  t h r e e  prime s i t e s .  Then i t  may prove 



to be worth the effort to conduct more detailed environmental studies of 

these sites. We feel the nlethodology described is appropriate for the 

task. 

Decision analysis does address several important issues inherent in 

ecological and other environmental problems: multiple objectives, 

uncertainty, and conflicting value structures. The manner in which it 

addresses the first two issues is illustrated in this paper. By con- 

ducting similar analyses for interested i-ndividuals and groups, it is 

possible to address the third issue. The various value structures 

(utility functions) and professional judgments (probabilities) and their 

implications can be examined to illuminate the conflicts, focus the 

discussion, generate creative alternatives, and promote constructive 

compromises. 

In conclusion, let us quote one of the biologists who worked on the 

WPPSS project : 

Most EIS's only list the "adverse or beneficial" impacts 

which may occur without giving much indication of the real- 

istic magnitude or ecological significance of the possible 

direct or indirect consequences of the impact. Using decision 

analysis to assess and evaluate ecological impact forces the 

project team, particularly the project biologists, to more 

or less rigorously define the characteristics of the environ- 

ment and define a magnitude scale of impacts (even if subjec- 

tive). To answer the specific questions that need to be 



asked in thc decision analysis process, the project. team 

must focus their thinking on specific problems and infor- 

mation needs. 

It was my experience from the WPPSS project that, in 

trying to determine the measures of effectiveness, etc., 

and to obtain data for them, I discovered where many of 

the major data gaps or inadequacies are. In designing 

field monitoring or baseline programs at the sites, I 

would now recommend that the first priority be given to 

filling these gaps. However, had we not used the decision 

analysis approach, 1 would not have been aware of those 

gaps as early in the environmental impact analysis process 

and would probably have suggested that the client do a 

full-scale baseline/monitoring program. Ultimately it 

boils down to the oft-repeated, but seemingly little-used, 

principle of scientific investigation : formulate a specific 

testable hypothesis to answer a specific question. Unfor- 

tunately, much environmental impact work instead takes a 

Baconian approach and attempts to obtain all the data on 

everything and hope that the answer falls out somewhere. 
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TABLE 11. Scale t o  Measure Bio log ica l  lmpact 

0. Loss o f  1 .0  m i 2  o f  e n t i r e l y  a g r i c u l t u r a l  o r  urban "habi ta t "  wi th no l o s s  o f  any 

"nat ive" communities. 

1. Loss o f  1 .0  m i 2  of  p r imar i l y  (75 percent )  a g r i c u l t u r a l  h a b i t a t  wi th  l o s s  o f  

25 percent  o f  second-growth; no measurable l oss  o f  ze t l ands  o~ en2angered spec ies  

h a b i t a t .  

2. Loss of 1 .0  m i 2  of farmed (50 percent )  and d is tu rbed  ( i . e . ,  logged o r  new second- 

growth) (50 percent )  h a b i t a t ;  no measurable l o s s  o f  wetlands o r  endangered spec ies  

h a b i t a t .  

3.  Loss of 1 .0  m i 2  o f  recen t l y  d is tu rbed  ( logged, plowed) h a b i t a t  wi th d is tu rbance 

t o  surrounding (wi th in  1 .0  m i  of  s i t e  border)  prev ious ly  d i s tu rbed  h a b i t a t ;  

15 percen t  l o s s  o f  wetlands and/or endangered spec ies  h a b i t a t .  

4 .  Loss o f  1 .0  m i 2  of  farmed o r  d is tu rbed  a r e a  (50 percent )  and mature second-growth 

o r  o t h e r  undisturbed community (50 percen t ) ;  15 percent  l o s s  o f  wetlands and/or 

endangered spec ies .  

5. Loss of 1 .0  m i 2  o f  p r imar i l y  (75 percent )  undis turbed mature d e s e r t  community 

( i . e . ,  sagebrush);  15 percent  l o s s  o f  wetlands and/or endangered spec ies  h a b i t a t .  

6 .  Loss o f  1.0 m i 2  of  mature second-growth (but not  v i r g i n )  f o r e s t  community; 

50 percen t  l o s s  o f  b i g  game and upland game b i rds ;  50 percent  l o s s  o f  l oca l  

wet lands and l o c a l  endangered spec ies  h a b i t a t .  

7. Loss of 1.0 m i 2  of  mature second-growth f o r e s t  community; 90 percen t  l oss  

o f  l o c a l  product ive wetlands and l oca l  endangered spec ies  h a b i t a t .  

8. Complete l o s s  of 1.0 m i 2  of  mature v i r g i n  f o r e s t ;  100 percent  l o s s  of  l oca l  

wet lands and l oca l  endangered spec ies  h a b i t a t .  



TABLE 111. Possible Biological 1mpacta and Expected Utility 

Range of Impact 
b Expected 

Site 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 Utility 

Benton 1 0.1 0.5 0.4 

Umatilla 1 0.7 0.3 

Clatsop 1 0.2 0.5 0.3 

Grays Harbor 1 0.2 0.8 

Wahkia,kum 1 0.2 0.5 0.3 

Lewis 1 0.9 0.1 

Lewis 2 0.9 0.1 

Lewis 3 0.8 0.2 

Linn 1 0.3 0.6 0.1 

a 
Data represent the probability that the impact at each site will be 

in the range indicated. 

b~ased on Table 11. 
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