
Use of Benefit-Cost Analysb 
in Establishing Federal J 

Radiation Protection 



This report was b,,,,,,, ,, ,,, States Government, Neither the 
United States nor the 
subcontncton, or their 
or responsibility for the 
disclosed, or represents that i 

The view., vrllllons 
necessarily represent those o 



USE OF BENEFIT-COST ANALYSIS IN ESTABLISHING 
FEDERAL RADIATION PROTECTION STANDARDS: A REVIEW 

Prepared by L .  E .  Erickson 

October 1979 

Prepared f o r  t he  
U.S. Department of Energy 
Ass i s t an t  Secre ta ry  f o r  Environment 
Off i c e  of Technology Impacts 
under Contract  No. EY-76-C-06-1830 

W. N. Thomasson, P ro j ec t  Monitor 

Pac i f i c  Northwest Laboratory 
Richland, WA 99352 



ACKNOWLEDGMENTS 

Th is  paper was prepared as p a r t  of a p r o j e c t  sponsored by t he  O f f i c e  o f  

Technology Impacts (OTI), Of f ice of t he  Ass i s tan t  Secretary  f o r  Environment, 

U.S. Department o f  Energy. N e i l 1  Thomasson, the p r o j e c t  mon i to r  f o r  OTI, 

prov ided he1 p f u l  comments. * 

P He lp fu l  comments on var ious  p a r t s  of a d r a f t  o f  t h i s  r e p o r t  were a l so  

prov ided by Bruce Wachholz of t h e  O f f i ce  of Technology Impacts, U.S. 
a 
lB .. Department of Energy, and by D. L. Hessel, C. L. McDonald, R. F. Foster,  and 

P. L. Hendrickson o f  B a t t e l l e ' s  P a c i f i c  Northwest Laboratory.  

Suresh Malhot ra  and Michael Mor r i sey  o f  B a t t e l l e ' s  Human A f f a i r s  Research 

Centers prepared a d r a f t  o f  t he  rev iew o f  approaches t o  va lu i ng  l i v e s  saved, 

which forms the  bu lk  o f  the  chapter on "Valu ing Hea l th  and Safety  Benef i ts ."  

The i r  work was sponsored by the  O f f i ce  of Standards Development o f  the U.S. . 

Nuclear Regulatory  Commission. The Commission requ i red  t h a t  the f o l l o w i n g  

d i sc l a ime r  be inc luded w i t h  acknowledgment o f  t h i s  support :  

Th is  r e p o r t  was prepared as an account o f  work sponsored by t he  
Un i ted  States Government. Ne i ther  t he  Uni ted States nor the  Un i ted  
States Nuclear Regulatory  Commission, nor any of t h e i r  employees, 
nor any o f  t h e i r  con t rac to rs ,  subcontractors,  o r  t h e i r  employees, 
makes any warranty,  expressed o r  impl ied,  nor assumes any l e g a l  
l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  accuracy, completeness o r  
usefu lness o f  any in fo rmat ion ,  apparatus, product  o r  process 
d isc losed,  nor represents  t h a t  i t s  use would n o t  i n f r i n g e  p r i v a t e l y  
owned r i g h t s .  



SUMMARY 

This  paper complements o ther  work which has evaluated t he  cos t  impacts o f  

r a d i a t i o n  standards on the  nuc lear  indus t ry .  It focuses on the  approaches t o  

va lua t i on  o f  t he  hea l t h  and s a f e t y  b e n e f i t s  o f  r a d i a t i o n  standards and t h e  

ac tua l  and appropr i  a te  processes o f  benef i t - c o s t  comparison. 
, F 

A b r i e f  h i s t o r i c a l  rev iew o f  t h e  r a t i o n a l e ( s )  f o r  t he  l e v e l s  o f  r a d i a t i o n  

4 standards p r i o r  t o  1970 i s  given. The to le rance  dose concept was p reva len t  i n  
- .  

t h e  e a r l y  recommendations o f  t h e  Nat iona l  Counci l  on Rad ia t ion  P r o t e c t i o n  and 

Measurement (NCRP) and the  I n t e r n a t i o n a l  Commission on Rad io l og i ca l  P r o t e c t i o n  

(ICRP). The nonthreshold assumption and t he  ph i losophy t h a t  ac tua l  r a d i a t i o n  

exposures should be "as low as p r a c t i c a b l e "  (ALAP) have governed t he  r a d i a t i o n  

s tandards- se t t ing  process s ince World War 11. 

Using t h i s  ALAP phi losophy, t h e  Nuclear Regulatory  Commission (NRC) ( f o r -  

mer l y  AEC) es tab l i shed  numerical design ob jec t i ves  f o r  1 i g h t  water r eac to r s  

(LWRs) i n  Appendix I t o  T i t l e  10 o f  t h e  Code o f  Federal  Regulat ions, Pa r t  50 

(10 CFR 50). The process o f  e s t a b l i s h i n g  these numerical  design c r i t e r i a  f o r  

ALAP below the  r a d i a t i o n  p r o t e c t i o n  standards se t  i n  10 CFR 20 i s  reviewed. 

Before Appendix I t o  10 CFR 50 was f i n a l i z e d  i n  1975, t h e  Environmental 

P r o t e c t i o n  Agency tEPA) was w e l l  along on t h e  p repa ra t i on  o f  i t s  40 CFR 190 

environmental  r a d i a t i o n  p r o t e c t i o n  standards f o r  t he  uranium f u e l  cyc le .  The 

dec i s i on  process used by EPA t o  s e t  these standards i s  reviewed and compared 

t o  NRC1s approach. 

EPA's standards may o r  may no t  be more s t r i n g e n t  than NRC's. EPA's 40 

CFR 190 environmental  standards f o r  t h e  uran;um f u e l  c y c l e  have lower values 

than NRC's r a d i a t i o n  p r o t e c t i o n  standards i n  10 CFR 20. However, NRC's design 

ob jec t i ves  f o r  LWRs g iven i n  Appendix I t o  10 CFR 50 pro;ide numerical  design 

c r i t e r i a  f o r  ALAP below the  10 CFR 20 standards. EPA1s environmental stan-  

dards i n  40 CFR 190 f o r  t h e  uranium f u e l  c y c l e  are s l i g h t l y  above NRC1s Appen- 

d i x  I t o  10 CFR 50 design ob jec t i ves  f o r  LWRs. The task o f  a l l o c a t i n g  EPA's 

40 CFR 190 standards t o  t he  var ious  p o r t i o n s  of t h e  f u e l  c y c l e  was l e f t  t o  t h e  

implementing agency, NRC. So whether o r  no t  EPA's standards f o r  the  uranium 



fuel cycle are more stringent for LWRs than NRC's numerical design objectives 
depends on how EPA's standards are implemented by NRC. Radiation standards 

are implemented by NRC through the technical specifications agreed upon by NRC 

and nuclear facilities licensees. 

In setting the numerical levels in Appendix I to 10 CFR 50 and 40 CFR 190 
NRC and EPA, respectively, focused on the costs of compliance with various 

I 

levels of radiation control. Both agencies compared these costs to the a Tb 

expected dollar value of benefits associated with the respective health risk 1 

reductions. Neither agency devoted much effort to valuing these benefits, and ci 
- -. 

neither agency discounted future values of health effects benefits before com- 
paring them to the discounted future compliance costs. Steps to improve both 

of these aspects of the analysis are suggested. 

A major portion of the paper is devoted to a review and critique of the 

avail able methods for valuing health and safety benefits. A1 1 current 
approaches try to estimate a constant value of life and use this to value the 

expected number of lives saved. This paper argues that it is more appropriate 

to seek a value of a reduction in risks to health and life that varies with 

the extent of these risks. Additional research to do this is recommended. 
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INTRODUCTION 

This  paper was prepared as p a r t  o f  a p ro j ec t ,  sponsored by t he  Technology 

Assessment D i v i s i o n  o f  t h e  O f f i c e  o f  Technology Impacts o f  t h e  U.S. Department 

of Energy (DOE), t o  eva luate t he  impacts o f  r a d i a t i o n  standards on t he  nuc lear  

power i ndus t r y .  Other p a r t s  o f  t h i s  p r o j e c t  have: 1) explored ways o f  e s t i -  

mating t he  cos ts  t o  the  i n d u s t r y  o f  complying w i t h  r a d i a t i o n  standards 

(Schul t e  e t  a l .  1978) and 2 )  surveyed t h e  cos ts -  and impacts o f  r a d i a t i o n  stan- 

b dards on t he  nuc lear  r e a c t o r s  (McDonald 1979). It was concluded f rom these 
* - 

o ther  p a r t s  o f  t h i s  p r o j e c t  t h a t  t h e  d i f f e rences  among t h e  NRC, EPA, and 

i n d u s t r y  est imates o f  compliance cos ts  were small enough t h a t  these d i f f e r -  

ences would no t  s i g n i f i c a n t l y  a l t e r  r a d i a t i o n  standards se lec ted  us ing  bene- 

f i t - c o s t  analys is .  Because o f  t h i s ,  t he  e f f o r t  repor ted  i n  t h i s  paper t o  

examine t he  methods o f  v a l u i n g  t h e  b e n e f i t s  o f  r a d i a t i o n  standards and o f  per-  

fo rming  the  benef i  t - cos t  t r a d e o f f s  was i n i t i a t e d .  

The purposes o f  t h i s  paper are 1 )  t o  develop an understanding o f  how ben- 

e f i t - c o s t  ana lys is  has been used i n  e s t a b l i s h i n g  r a d i a t i o n  standards, 2 )  t o  

i d e n t i f y  areas where improvements i n  t h i s  use o f  bene f i t - cos t  ana l ys i s  can and 

should be made, and 3 )  t o  develop a b e t t e r  understanding o f  t h e  r a t i o n a l e ( s )  

behi  nd t h e  cu r ren t  r a d i a t i o n  standards e s t a b l  ished by t h e  Nuclear Regulatory  

Commission (NRC) and the Environmental P ro tec t i on  Agency (EPA). Th is  work may 

be u s e f u l  t o  DOE i n  i n t e r a c t i n g  w i t h  NRC and EPA i n  t h e  process o f  develop ing 

f u t u r e  r a d i a t i o n  standards. 

Many environmental, heal th ,  and s a f e t y  r e g u l a t i o n s  have been developed i n  

t he  l a s t  decade. Th is  has a1 so been an a c t i v e  p e r i o d  i n  t h e  development o f  

Federal  r a d i a t i o n  p r o t e c t i o n  standards, and much o f  t h i s  paper focuses on t h i s  

recent  per iod .  However, t h e  bas ic  ph i losophy  f o r  t h e  estab l ishment  o f  r ad ia-  

t i o n  standards dates back a few decades. Therefore, a sho r t  chap te r  sumnari- 

z i n g  t h i s  h i s t o r i c a l  background i s  i nc l uded  be fo re  t u r n i n g  t o  t h e  development 

o f  t h e  c u r r e n t  Federal  r a d i a t i o n  standards by NRC and EPA. 

Whi le i t  i s  w ide l y  accepted t h a t  r a d i a t i o n  standards should be "as low as 

p rac t i cab le ,"  i t  i s  a l so  w ide l y  recognized t h a t  i n  o rder  t o  determine what 



level of radiation standards meets this  rule, the costs of controlling radia- 
tion must be balanced against the health and safety benefits of doing so. 
However, imp1 ementation of this  phi 1 osophy has been hindered by the diff  icul- 
t i e s  in measuring these benefits. Therefore, a major chapter of th i s  paper i s  
devoted to reviewing issues and l i te ra ture  related t o  valuing health and safey 
benefits. This provides the basis for the recommendations given for improve- 
ments in the process of establishing Federal radiation protection standards. 



CONCLUSIONS AND RECOMMENDATIONS 

Occupat ional  r a d i a t i o n  p r o t e c t i o n  standards were es tab l  i shed long  be fo re  

publ  i c  r a d i a t i o n  p r o t e c t i o n  standards. When publ  i c  1  i m i t s  on r a d i a t i o n  expo- 

sures were set ,  a  percentage o f  t h e  p r e v i o u s l y  es tab l i shed  occupat iona l  l i m i t s  
I was o f t e n  used. The occupat iona l  l i m i t s  were f i r s t  es tab l i shed  a t  a  r a d i a t i o n  

l e v e l  be l i eved  t o  be t o o  low t o  cause any immediately observable b i o l o g i c a l  

r e a c t i o n s  i n  i n d i v i d u a l s  work ing w i t h  r a d i a t i o n .  
i . I n  t h e  1940s, when t h e  ser iousness o f  t h e  delayed b i o l o g i c a l  e f f e c t s  o f  

l a r g e  doses o f  r a d i a t i o n  were recognized, t h e  conserva t i ve  assumption t h a t  no 

t h r e s h o l d  f o r  b i o l o g i c a l  e f f e c t s  e x i s t e d  was adopted. Once t he  nonthreshold  

assumption was es tab l i shed ,  i t  was recognized t h a t  r a d i a t i o n  standards t h a t  

would e l i m i n a t e  a l l  h e a l t h  r i s k s  cou ld  no t  be es tab l i shed  unless a l l  opera- 

t i o n s  t h a t  might  cause some exposure were terminated.  A t  t h i s  time, recom- 

mendations of t h e  Na t i ona l  Counci 1  on Rad ia t i on  P r o t e c t i o n  and Measurement 

(NCRP) and the I n t e r n a t i o n a l  Commission on Rad io l og i ca l  P r o t e c t i o n  (ICRP) 

began t o  be based on t h e  pholosophy t h a t  ac tua l  r a d i a t i o n  exposures should be 

l i m i t e d  t o  l e v e l s  which were "as low as p r a c t i c a b l e "  (ALAP). 

Comparing b e n e f i t s  and cos t s  o f  a d d i t i o n a l  c o n t r o l s  thus  became a  neces- 

s a r y  p a r t  o f  e s t a b l i s h i n g  r a d i a t i o n  standards cons i s t en t  w i t h  t he  ALAP p h i l o s -  

ophy. However, t h e  process o f  do ing t h i s  has remained l a r g e l y  a  q u a l i t a t i v e  

comparison. NRC, EPA, and o thers  have conducted d e t a i l e d  analyses o f  1) t h e  

cos ts  o f  ach iev ing  a d d i t i o n a l  reduc t ions  i n  r a d i a t i o n  doses through t h e  use o f  

va r ious  r a d i a t i o n  c o n t r o l  devices and 2 )  t h e  r a d i a t i o n  dose reduc t ions  

expected t o  occur.  Whi le t h e  h e a l t h  and s a f e t y  b e n e f i t s  o f  reduced r a d i a t i o n  

r i s k s  have been est imated, l i t t l e  a t t e n t i o n  has been devoted t o  the  assessment 

o f  t h e  va lue o f  t h e  b e n e f i t s  assoc ia ted w i t h  t h e  r educ t i ons  i n  r i s k s  o f  r a d i a -  

t ion- induced  disease. Both EPA and NRC have se lec ted  constant  monetary vz lues 

f o r  these b e n e f i t s ,  bu t  t h e i r  numer ica l  values d i f f e r ,  and n e i t h e r  i s  based on 

as thorough a  s c i e n t i f i c  founda t ion  as the  cos t  est imates.  

A d m i n i s t r a t i v e l y ,  NRC ( f o r m e r l y  AEC) f o l  lowed t h e  recommendations o f  t h e  

NCRP and ICRP i n  e s t a b l i s h i n g  r a d i a t i o n  p r o t e c t i o n  standards f o r  t he  p u b l i c  



(10 CFR 20) a long w i t h  t h e  admonit ion t h a t  ac tua l  exposures be c o n t r o l l e d  t o  

t h e  ALAP l e v e l  below these standards; numerical  gu ide l ines  f o r  design ob jec-  

t i v e s  f o r  L i g h t  Water Reactors (LWRs) t o  achieve t h i s  ALAP l e v e l  were l a t e r  

s p e c i f i e d  i n  Appendix I t o  10 CFR 50. EPA, on t he  o ther  hand, apparen t l y  

es tab l i shed  i t s  standards f40 CFR 190) a t  t he  l e v e l  t h a t  the.v thought  were 

ALAP . . 
While NRC repo r ted  e s t a b l i s h i n g  t h e i r  numerical  design o b j e c t i v e s  f o r  

LWRs us ing  b e n e f i t - c o s t  analys is ,  and EPA repor ted  e s t a b l i s h i n g  t h e i r  env i ron-  e 

op 
mental standards f o r  t he  uranium f u e l  c y c l e  (UFC) us ing  cos t  e f f ec t i veness  . .  
analys is ,  t h e r e  i s  l i t t l e  d i f f e r e n c e  between t h e i r  approaches. The ph i losophy  

t h a t  r a d i a t i o n  doses t o  the  p u b l i c  should be maintained a t  a  l e v e l  which i s  

"as low as p r a c t i c a b l e "  seems t o  govern t h e  dec is ion  process f o r  a l l  t h e  regu-  

l a t o r y  agencies and adv isory  bodies invo lved.  

The key d i f f i c u l t y  i n  implementing t h e  ph i losophy  t h a t  r a d i a t i o n  re leases  

should be "as low as p r a c t i c a b l e "  has been t he  q u a n t i f i c a t i o n  and va lua t i on  o f  

t h e  b e n e f i t s  o f  reduced r i s k s  t o  h e a l t h  and l i f e .  Current  approaches t o  v a l -  

u i n g  h e a l t h  and s a f e t y  b e n e f i t s  a l l  t r y  t o  es t imate  a  s i n g l e  " va lue  o f  l i f e . "  

These approaches use 1) observed behavior on r i s k / d o l l a r  t r a d e o f f s  t o  ge t  

i m p l i c i t  values, 2)  e x p l i c i t  value statements, and 3)  est imates o f  f u t u r e  

earnings foregone t o  ge t  p r o d u c t i v i t y  measures o f  t he  value o f  l i f e .  Th i s  

paper argues t h a t  i t  i s  more appropr ia te  t o  speak o f  the  " va lue o f  changes i n  

r i s k s  t o  h e a l t h  and l i f e "  and t h a t  both t h e  " va lue o f  l i f e "  and t he  va lue o f  

changes i n  r i s k s  t o  h e a l t h  and l i f e  va ry  w i t h  the ex ten t  o f  these r i s k s .  [See 

pp. 55-56, and 37-38) Therefore,  research i s  recommended t o  es t imate  t h e  

value o f  changes i n  r i s k s  t o  h e a l t h  and l i f e  as a  f u n c t i o n  o f  severa l  

va r i ab les  r a t h e r  than t o  est imate t he  value o f  l i f e  as a constant.  

Ne i t he r  NRC nor  EPA d iscount  t h e i r  est imated value o f  t he  b e n e f i t s .  NRC 

annual izes costs  and compares these cos ts  t o  the  undiscounted bene f i t s .  EPA 

ca l cu la tes  a  t o t a l  present  va lue o f  cos ts  and compares t h i s  t o  undiscounted 

b e n e f i t s  sumned over a  100-year per iod.  Th is  paper argues t h a t  t h e  value o f  

both b e n e f i t s  and cos ts  should be discounted t o  ge t  a  v a l i d  bene f i t - cos t  com- 

par ison.  (See pp. 32-34.) 



The process o f  s e t t i n g  r a d i a t i o n  standards could be improved i n  t h e  sho r t  

r u n  by making b e t t e r  use o f  b e n e f i t - c o s t  ana lys is  o r  some o ther  formal  dec i -  

s ion ana lys is  procedure (Er ickson e t  a l .  1978). Th is  should i nc l ude  us ing  

va lue o f  l i f e  est imates der i ved  f r om e x p l i c i t  statements or i m p l i c i t  i n  

observed r i s k / d o l l a r  choices f o r  as s i m i l a r  r i s k  l e v e l s  and changes i n  r i s k  as 

t poss ib l e  and d iscoun t ing  bo th  b e n e f i t  and c o s t  values i n  t he  same way. Data 
+ s i m i l a r  t o  t he  low p r o b a b i l i t y - h i g h  consequence events c u r r e n t l y  r e l e v a n t  i n  

pub1 i c  r a d i a t i o n  s tandards- se t t ing  are l i k e l y  t o  be scarce, however. 

I . - To f u r t h e r  improve t h e  r a d i a t i o n  s tandards- set t ing process i n  t h e  f u tu re ,  

the  f o l l o w i n g  types o f  research are recommended: 

1. Focus on determin ing t h e  " va lue o f  changes i n  r i s k  t o  h e a l t h  and l i f e "  as 

a  f u n c t i o n a l  r e l a t i o n s h i p  o f  severa l  va r i ab les  r a t h e r  than t h e  c u r r e n t  

approach o f  a t tempt ing  t o  determine t he  " va lue o f  l i f e "  as a  constant.  

2. Use surveys t o  ob ta i n  d i r e c t  responses on how much people would be 

w i l l i n g  t o  pay f o r  a d d i t i o n a l  reduc t ions  i n  r i s k  t o  t h e i r  h e a l t h  and 

sa fe ty .  

3. Explore the issues o f  in te r tempora l  comparisons o f  b e n e f i t s  and costs,  

i n c l u d i n g  such quest ions as t h e  d iscoun t ing  o f  gene t i c  e f f e c t s  and t h e  

i n f l uence  o f  i r r e v e r s i b i l i t y  on t he  present  va lue o f  f u t u r e  b e n e f i t s  and 

costs  . 
Such issues must always be addressed, a t  l e a s t  i m p l i c i t l y ,  i n  s e t t i n g  h e a l t h  

and s a f e t y  standards; t h e  recomnended research would a l l ow  more e x p l i c i t  

t reatment  o f  them. 



HISTORICAL BACKGROUND 

OCCUPATIONAL EXPOSURE STANDARDS 

Over most o f  i t s  h i s t o r y ,  r a d i a t i o n  p r o t e c t i o n  has been concerned p r imar-  

i l y  w i t h  occupat ional  r a t h e r  than p u b l i c  exposures (Tay lo r  1973, p. 1 ) .  Radi- 
8 a t i o n  p r o t e c t i o n  standards f o r  t he  p u b l i c  have been f r e q u e n t l y  der i ved  as 
+ 

f r a c t i o n s  o f  t h e  p rev ious l y  e s t a b l  ished occupat ional  1 im i  t s .  Therefore, t h i s  

sec t ion  rev iews t he  h i s t o r i c a l  development o f  occupat ional  exposure standards. 
4b 
b - The imnediate b i o l o g i c a l  e f f e c t s  o f  r a d i a t i o n  were no t i ced  almost as soon 

as x- rays were discovered by Roentgen i n  1896 (Parker 1977). Attempts t o  

avoid exposures 1 arge enough t o  produce t h e  imned ia te ly  observable e f f e c t s  

began soon a f t e r  t h i s .  Sk in  erythema (reddening o f  t h e  s k i n  s i m i l a r  t o  sun- 

burn)  was t h e  most imned ia te ly  observed b i o l o g i c a l  e f f e c t .  I n  t h e  1920s, i t  

was repor ted  t h a t  t h e  amount o f  r a d i a t i o n  necessary t o  cause t h i s  e f f e c t  was 

about 400-650 roentgens ( R )  pe r  year; t h i s  was c a l l e d  t h e  t h resho ld  erythema 

dose !TED) (Kustner 1927). 

Th is  k i n d  o f  t h resho ld  evidence formed the  bas i s  f o r  the  1934 " to l e rance  

dose" recornendat ions f o r  r a d i a t i o n  workers issued by  t h e  Nat iona l  Counci l  on 

Rad ia t ion  P ro tec t i on  and Measurement (NCRP) and t he  I n t e r n a t i o n a l  Commission 

on Rad io l og i ca l  P r o t e c t i o n  f ICRP) . The i r  recomnendat ions were about 5% 

(O.lR/day) and 10% f0.2R/day) o f  t h e  repor ted  TED l eve l s ,  r e s p e c t i v e l y  (Tay lo r  

1973, p. 7 ) .  These l e v e l s  were apparen t l y  intended t o  p r o t e c t  r a d i a t i o n  

workers f rom any b i o l o g i c a l  e f f e c t s  o f  occupat ional  exposure t o  r a d i a t i o n ,  

al though some (e.g., Wintz and Rump 1931) caut ioned t h a t  " t he  to le rance  dose 

i s  never a harmless one." Parker (1977, p. 22) c la ims t h a t  " t he  issue i s  a 

semantic one, because i n  comnon Engl i s h  par lance, to le rance  imp1 i e s  a capac i t y  

t o  accept a p a i n  detr iment,  whereas t he  medical  usage s p e c i f i c a l l y  r e f e r s  t o  

a b i l i t y  t o  endure e f f e c t s  w i t hou t  showing unfavorable e f f e c t s . "  

I n  t h e  1940s, t h e  se r i ous  delayed b i o l o g i c a l  e f f e c t s  o f  l a r g e  doses o f  

r a d i a t i o n  were recognized (e.g., March 1944). The p o s s i b i l i t y  o f  delayed 

somatic carcinomas (cancers)  and gene t i c  e f f e c t s  l e d  t o  t h e  cu r ren t  view t h a t  



the  p o t e n t i a l  delayed consequences were t oo  g rea t  t o  con t inue  t o  assume t h a t  a  

t h resho ld  o r  to le rance  dose ex is ted .  

I n  1949, t h e  NCRP c i r c u l a t e d  a  d r a f t  r e p o r t  recommending a  Maximum Per- 

m i s s i b l e  Dose (MPD) of 0.3 rem/week, below which t h e y  f u r t h e r  recornended t h a t  

r a d i a t i o n  exposures be k e p t  "as low as p r a c t i c a b l e "  (ALAP). The f i n a l  ve rs i on  * 
o f  t h i s  r e p o r t  was issued as NCRP Report  Number 17 i n  1954. Th is  r e p o r t  - .  
claimed t o  be t he  f i r s t  r a d i a t i o n  p r o t e c t i o n  guidance t o  assume t h a t  any l e v e l  

o f  r a d i a t i o n  exposure may have some r i s k  o f  b i o l o g i c a l  e f f e c t s  assoc ia ted w i t h  . 
.*a 

it. Whi le t he  terminology and the numerical  r a d i a t i o n  standards have been - • 

modi f ied  s ince t h a t  t ime, t h i s  r e p o r t  was t h e  f i r s t  statement o f  t h e  modern 

ph i losophy o f  r a d i a t i o n  p ro tec t i on .  

Once it was recognized t h a t  t h e  o n l y  way t o  insure  t h a t  no r i s k  r e s u l t e d  

f rom r a d i a t i o n  was t o  ban a l l  a c t i v i t i e s  t h a t  might r e s u l t  i n  some exposure, 

it was seen t h a t  r a d i a t i o n  p r o t e c t i o n  c r i t e r i a  could n o t  depend o n l y  on phys i-  

ca l  and b iomedica l  cons iderat ions.  Thus, va lue judgments ba lanc ing  t h e  r i s k s  

associated w i t h  any degree o f  r a d i a t i o n  exposure and the  b e n e f i t s  assoc ia ted 

w i t h  t h e  a c t i v i t y  t h a t  would e n t a i l  t h i s  l e v e l  o f  exposure were f i r s t  recog- 

n ized as an ind ispensable p a r t  o f  t he  process o f  e s t a b l i s h i n g  r a d i a t i o n  p ro-  

t e c t i o n  c r i t e r i a .  

I n  1956, two r e p o r t s  were issued t h a t  prov ided a  b e t t e r  understanding o f  

t h e  genet i c  e f f e c t s  o f  r a d i a t i o n .  These repo r t s  by t h e  B r i t i s h  Medical  

Research Counci l  (MRC) and the Nat iona l  Academy o f  Sciences (NAS) prompted t he  

NCRP t o  lower t h e i r  recornended numerical  values f o r  MPD i n  1957 f rom 0.3 

rem/week t o  5 rem/year f o r  i n d i v i d u a l  r a d i a t i o n  workers and 10% o f  t h i s  (0.5 

rem/year) f o r  i n d i v i d u a l s  i n  t h e  genera? popu la t ion  (NCRP Report Number 39, 

1971). 

PUBLIC EXPOSURE STANDARDS 

Dur ing t he  1950s and e a r l y  1960s p u b l i c  concern about f a l l o u t  f rom 

nuc lear  weapons t e s t i n g  caused a  s h i f t  i n  emphasis f rom occupat iona l  t o  p u b l i c  

r a d i a t i o n  standards. Dur ing t h i s  pe r i od  also, t h e  Federal  Rad ia t ion  Counci l  

(FRC) was formed ( i n  1959; Pub l i c  Law 86-373) t o  p rov ide  a  c o n s i s t e n t  Federal  



p o l i c y  on human r a d i a t i o n  exposure l i m i t s .  Beginning i n  1960 t he  FRC adopted 

Rad ia t i on  P ro tec t i on  Guides (RPGs) which were based on a q u a l i t a t i v e  balance 

between the  ne t  b e n e f i t s  f rom commercial a c t i v i t i e s  i n v o l v i n g  r a d i a t i o n  and 

t h e  r i s k s  assoc ia ted w i t h  r a d i a t i o n  exposure (FRC 1960). These RPGs were 

gene ra l l y  cons i s ten t  w i t h  the recommendations o f  the  NCRP (1954 and 1957) and 
a ICR? (1959) bu t  were approved by t h e  Pres iden t  f o r  t h e  guidance o f  Federa l  
w agencies and, thus, had g rea te r  l e g a l  f o r c e  than the NCRP and ICRP recomrnen- 

dat ions. 
b 
b -  While these RPGs were cons i s ten t  w i t h  t he  NCRP (1957) recommendation t h a t  

exposures t o  i n d i v i d u a l  members o f  t he  p u b l i c  be l i m i t e d  t o  0.5 rem per year  

(10% o f  the  occupat ional  l i m i t ) ,  t hey  went on t o  recommend t h a t  t h i s  be 

achieved by  1 i m i  t i n g  whole-body exposure o f  average popu la t ion  groups t o  

0.17 rem per  year. Th is  assumed t h a t  " the  m a j o r i t y  o f  i n d i v i d u a l s  do no t  va ry  

f rom t h e  average by a f a c t o r  g rea te r  than th ree"  (FRC Report  No. 1, 1960). 

These RPGs were a lso cons i s ten t  w i t h  the I C R P  (1959) recommendation t h a t  the  

average exposure o f  t h e  gonads o f  t he  popu la t ion  should n o t  exceed 0.17 rem 

per year f rom concept ion t o  age 30. The FRC f u r t h e r  recommended t h z t  every  

e f f o r t  be made t o  encourage t he  maintenance o f  r a d i a t i o n  doses "as f a r  below 

t h i s  l e v e l  as p r a c t i c a b l e n  fFRC 1960). 

The FRC (1964) a l so  in t roduced the term P r o t e c t i v e  Ac t ion  Guides (PAGs). 

The numerical  values f o r  t h e  PAGs were h igher  than f o r  t h e  RPGs because t h e  

PAGs were aimed a t  acute, unplanned re leases o f  nuc lear  m a t e r i a l  such as 

nuc lear  f a l l o u t  f rom bomb t e s t i n g  o r  power-plant acc idents  r a t h e r  than 

chronic ,  r o u t i n e  re leases such as from normal opera t ion  o f  nuc lear  f a c i l i -  

t i e s .  The PAGs assumed t h a t  i n t r o d u c t i o n  o f  nuc lear  m a t e r i a l  i n t o  t h e  env i -  

ronment had a l ready  occurred and were intended t o  p rov ide  guidance as t o  when 

t o  i n s t i t u t e  countermeasures t o  reduce t h e  exposure o f  t h e  popu la t ion  t o  these 

r a d i o a c t i v e  mater ia ls ,  e i t h e r  d i r e c t l y  o r  through the  food chain (FRC Report  

No. 5, 1964). 

The ph i losophy t h a t  r a d i a t i o n  r i s k s  should be balanced against  the  

reasons f o r  accept ing exposure l e d  t o  "acceptable r i s k "  values, which v a r i e d  

according t o  the ex ten t  o f  the  reasons f o r  accept ing these r i s k s  and the  costs  



o f  c o n t r o l l i n g  them; again, t he  PAGs were h igher  than t he  RPGs. Dur ing  

Congressional hear ings on t h e  PAGs, Dr. Paul C. Thompkins, Execut ive D i r e c t o r  

o f  the  Federal  Rad ia t ion  Council,  s t a t e d  t h a t  these recommendations p rov ided  

t h e  American p u b l i c  w i t h  "ample, n o t  j u s t  adequate p r o t e c t i o n "  (p. 91); e v i -  

d e n t l y  he f e l t  t h a t  the b e n e f i t s  o f  t he  standards exceeded t he  costs.  Whi le 

i t  i s  c l e a r  t h a t  a  q u a l i t a t i v e  ba lanc ing  o f  b e n e f i t s  and r i s k s  was considered 
8 

* .  
impor tant  i n  the  estab l ishment  o f  PAGs and RPGs, no formal  b e n e f i t  cos t  anal-  

y s i s  o r  o ther  formal  dec is ion  ana lys is  techniques were attempted. 
& 

The f i r s t  nuc lear  power p l a n t s  began t o  operate du r i ng  t h i s  p e r i o d  o f  - t 

concern about p r o t e c t i o n  o f  the  p u b l i c  f rom r a d i a t i o n  exposure due t o  f a l l o u t  

f rom nuc lear  weapons t e s t i n g .  Also du r i ng  t h i s  pe r i od  t h e  Atomic Energy Com- 

miss ion (AEC) es tab l i shed  " permiss ib le  l e v e l s  o f  r a d i a t i o n  i n  u n r e s t r i c t e d  

areas" i n  10 CFR 20.105 and " l i m i t s  on r a d i o a c t i v i t y  i n  e f f l u e n t s  t o  unre- 

s t r i c t e d  areas" i n  10 CFR 20.106 and Appendix B t o  Pa r t  20. The AEC i n  1960 

a f f i rmed  t h e  1957 recommendation o f  t h e  NCRP t h a t  t he  maximum dose t o  i n d i v i d -  

ua l s  i n  the  genera1 popu la t ion ,  t h a t  i s  i n  the u n r e s t r i c t e d  areas, should be 

l i m i t e d  t o  0.5 rem per  year  (10 CFR 20.105). The NCRP had chosen t h i s  f i g u r e  

because i t was 1/10 o f  the "annual permiss ib le  occupat ional  dose (5  rems) f o r  

t he  whole body, head, t runk,  a c t i v e  blood- forming organs, o r  gonads" (NCRP Re- 

p o r t  No. 43, p. 117, emphasis added). Th is  i s  t he  same l e v e l  adopted by t h e  

Federal  Rad ia t ion  Counci l  i n  1960. 

De ta i l ed  t a b l e s  o f  maximum pe rm iss ib l e  concentrat ions (MPCs) o f  r a d i o -  

a c t i v e  isotopes i n  a i r  and water e f f l u e n t s  f rom LWRs are  conta ined i n  Appen- 

d ices  B and C t o  10 CFR 20. These t ab les  were abst racted f rom recommendations 

o f  t h e  NCRP (1959) and I C R P  (1959). These recommendations were i n  t u r n  r e l a -  

t e d  t o  the  o v e r a l l  maximum permiss ib le  dose recommendations through a  s e r i e s  

o f  complex dose c a l c u l a t i o n s .  These c a l c u l a t i o n s  est imated t h e  t o t a l  doses 

r e s u l t i n g  f rom va r i ous  isotopes i n  a i r  breathed and water ingested ( i n t e r n a l  

e m i t t e r s )  based on b i o l o g i c a l  i n f o rma t i on  on how long each i so tope  would s t a y  

i n  the  body and i n  what organs i t  might be deposi ted. I n  adopt ing these NCRP 

and ICRP recommendations, t h e  AEC made t h e  conserva t i ve  assumption t h a t  

e f f l u e n t s  f rom power p l a n t s  might be d i r e c t l y  breathed o r  ingested by t he  

pub1 i c .  



In summary, while the radiation standards existing at  the beginning of 
the nuclear power age were not developed using benefit cost or other formal 
decision analysis approaches, some qualitative comparison of benefits and 
risks was involved. Further, there was general agreement on the numerical 
sta.ndards. Both the AEC and FRC standards generally agreed w i t h  the NCRP and 

a ICRP recomnendations. 
Z 



NRC'S APPROACH TO NUMERICAL GUIDELINES 
FOR ALAP FOR LWRs (APPENDIX I TO 10 CFR 50) 

As discussed in the previous chapter, in the 1960s the AEC had adopted 

many of the same numerical standards recommended by the NCRP and adopted by 
* the FRC. However, it was not until December of 1970 that the AEC firmly 
I established the ALAP philosophy that actual radiation exposure of individuals 

in unrestricted areas should be as far below the numerical limits established 
b 
s - in 10 CFR 20.105 and 10 CFR 20.106 as practicable. This means "as low as is 

practicably achievable taking into account the state of technology, and the 

economics of improvement in relation to benefits to the public health and 

safety and in relation to the utilization of atomic energy in the public 

interest" (10 CFR 20.1 and 10 CFR 50.34a). At this time the AEC began to 
focus on design objectives for nuclear power reactors as an approach to 

insuring that exposures of individuals in unrestricted areas be kept as low as 

practicable (10 CFR 50.34a and 10 CFR 50.36a). 

While these new paragraphs to 10 CFR 50 provided qualitative guidance for 
those applying for licenses to build and operate nuclear power plants, they 
did not provide numerical criteria for determining when design objectives and 

operations met the ALAP requirement, In fact, prior to this time no one had 

thought that numerical criteria corresponding to ALAP were necessary; rather, 
numerical limits were established, along with the admonition that below these 

limits radioactive effluents and exposure of individuals to radioactivity be 

kept "as low as practicable" (ALAP). In 1971 the AEC announced its intentions 
to establish such numerical criteria for ALAP to provide more concrete design 
objectives for LWRs. Hearings began in 1972 and the decision was released in 
1975 after the establishment of the Nuclear Regulatory Comnission (40 FR 

19439). While the NRC announced the decision, all of the hearings were con- 

ducted and testimonies received by its predecessor, the AEC. This chapter 

focuses on the development of the NRC's numerical criteria for ALAP as given 
in Appendix I to 10 CFR 50. 



ENVIRONMENTAL STATEMENT (WASH-1258) 

On June 9, 1971, t he  AEC publ ished i t s  proposed numerical  guidance f o r  

ALAP f o r  LWRs i n  t h e  Federal  Reg is te r .  These proposed gu ide l i nes  were about 

1% o f  t h e  p r e v i o u s l y  es tab l i shed  FRC Rad ia t ion  P ro tec t i on  Guides f o r  t he  

general  pub l i c .  These gu ide l ines  were design ob jec t i ves  which were in tended 

t o  p rov ide  " reasonable assurance" t h a t  exposures o f  persons i n  u n r e s t r i c t e d  * 

areas would be l e s s  than  o r  equal t o  5  m i l l i r e m  per  year per  person f o r  any t 

organ o r  t he  whole body as a  r e s u l t  o f  l i q u i d ,  gaseous, and p a r t i c u l a t e  emis- 

sions. Beyond these design o b j e c t i v e  gu ide l ines ,  t h e  AEC l e f t  app l i can t s  t h e  
4 
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op t i on  o f  demonstrat ing t h a t  o the r  techniques o r  technology cou ld  be used t o  

i nsu re  t h i s  (Sec t ion  11-C o f  t h e  d r a f t  Appendix I t o  10 CFR 50). The AEC 

produced an Environmental Statement on t h i s  proposed r u l  e-maki ng ac t  i o n  which 

i s  a  key source o f  i n f o rma t i on  on t h e  t h i n k i n g  behind these proposed standards 

f o r  ALAP f o r  LWRs (WASH-1258, Ju1.y 1973). 

These proposed gu ide l i nes  f o r  ALAP f o r  LWRs prov ided f o r  ac t i on  by  t h e  

Atomic Energy Commissioners i n  the  event t h a t  the "est imated annual q u a n t i t i e s  

o r  concen t ra t ions  o f  r a d i o a c t i v e  m a t e r i a l  i n  e f f l u e n t s  are l i k e l y  t o  exceed a  

range o f  4 t o  8  t imes the design o b j e c t i v e  q u a n t i t i e s "  p r e v i o u s l y  noted (Sec- 

t i o n  111-B o f  t h e  d r a f t  Appendix I t o  10 CFR 50). Should t h i s  occur t h e  

Commission would take  " appropr ia te  ac t i on  t o  assure t h a t  such re leased r a t e s  

are reduced." Thus, Appendix I does no t  e s t a b l i s h  r i g i d  standards f o r  r ad ia-  

t i o n  exposure t o  t h e  pub1 i c ;  r a the r ,  i t  prov ides numerical  design guide1 ines 

f o r  ALAP f o r  LWRs below t h e  p rev ious l y  es tab l i shed  pe rm iss ib l e  l e v e l s  o f  r a d i -  

a t i o n  i n  u n r e s t r i c t e d  areas (10 CFR 20.105). 

The AEC recognized t h a t  t h e  l e v e l  o f  r a d i a t i o n  dose which i s  "as low as 

p r a c t i c a b l e "  depends on the  ba lanc ing o f  cos ts  o f  t he  incremental  reduc t  ions  

i n  r a d i a t i o n  dose aga ins t  t h e  b e n e f i t s  o f  reduced r i s k s  t o  human l i f e  and 

h e a l t h  and t h a t  both cos ts  and b e n e f i t s  "should be expressed i n  commensurable 

u n i t s  such as do l l a r s . "  However, a  formal  bene f i t - cos t  ana l ys i s  was n o t  con- 

ducted because they f e l t  t h a t  i t  was no t  poss ib l e  t o  va lue t he  b e n e f i t s  o f  

reduc t ions  i n  r i s k s  t o  human l i f e  and h e a l t h  (WASH-1258, p. 1-27). 



The AEC staff reviewed the technical a1 ternati ves for rad-waste control 

and determined both the costs and the resulting radiation exposure levels 

associated with these technical alternatives. As one might expect, they found 

that successive increments of reduction in radiation exposure could be 

achieved at increasing increments of cost (Table 1-3 and Table 1-4 on pp. 1-34 
and 1-32, respectively, and Section 8 of WASH-1258). 

While a formal comparison of the costs of reducing radiation risks with 

the benefits of reducing such risks was not performed, it does appear that the 

benefit values ranging from $10 to $980 per man-rem reported in the hearings 

(WASH-1258, Vol. 1, pp. 1-28) did influence the AEC staff's recommended numer- 

ical ALAP guidelines. Consider, for example, the guidelines for liquid 

effluents (WASH-1258, Vol. 1, pp. 8-4 to 8-8). According to the dose calcula- 
tions of the AEC staff for the technical alternatives considered, both boiling 

water reactors (8WRs) and pressurized water reactors (PWRs) were found to be 

capable of meeting the ALAP guidelines at a cost of less than $800 per man-rem 

for all but one of the combinations of alternative sites and cooling options. 

(The one exception to this genera1 statement is a PWR at a seashore loca- 

tion.) When these same numerical guidelines for liquid effluents are applied 

to gaseous effluents (WASH-1258, Vol. 1, pp. 8-9 to 8-13), the staff found 

that BWRs could essentially meet these guidelines at a cost of less than $700 

per man-rem. PWRs could not meet this same gaseous effluent ALAP guideline at 

a cost anywhere near this range for any of the alternative sites considered. 

However, the AEC staff reported that preliminary data showed that a signifi- 

cant fraction of the radioactive iodine from LWRs was in organic forms that 
would permit the thyroid doses estimated to result from ingestion of locally- 

produced fresh milk to be significantly reduced. If these estimated thyroid 
doses could be reduced enough, it appears from the AEC staff calculations that 
there would be PWR alternatives that could meet the ALAP guidelines within the 

range of costs noted earlier (WASH-1258, Vol. 1, pp. 1-53 to 1-54). 

In addition to this rough benefit-cost comparison that seems to have 

influenced the AEC's guidelines, a design objective guide value of 1% of the 



Radia t ion  P ro tec t i on  Guides app l i cab le  t o  i n d i v i d u a l  members o f  t h e  p u b l i c  may 

have sounded conservat ive, and was a lso cons is ten t  w i t h  the  precedent o f  

e s t a b l i s h i n g  new r a d i a t i o n  standards by reference t o  p rev ious l y  es tab l i shed 

r a d i a t i o n  standards. Both, t he  FRC and the  AEC had o r i g i n a l l y  based t h e i r  

standards f o r  i n d i v i d u a l  members of t he  pub l i c  on t h e  NCRP and ICRP recomrnen- . 
dations. (FRC's Radiat ion P ro tec t i on  Guides appear as Federal Rad ia t ion  Coun- 5 

c i l  Reports Numbers 1 and 2, and t h e  AEC standards f o r  i n d i v i d u a l  members o f  

the  p u b l i c  appear as 10 CFR 20.105.) 4 

- * 
EPA prov ided comments t o  t he  d r a f t  Environmental Statement on the  pro- 

posed Appendix I t o  10 CFR 50. I n  these comments, EPA made two general 

claims: 1)  t he  cost  o f  rad-waste treatment had been i n  some cases overest-  

imated by t h e  AEC, and 2) t h e  r i s k s  o f  r a d i a t i o n  exposure and hea l th  e f f ec t s  

r e s u l t i n g  from such exposure had been i n  some cases underestimated by the 

AEC. However, t h e  EPA d i d  no t  chal lenge the  r a t i o n a l e  behind the  es tab l i sh-  

ment o f  the gu ide l ines  f o r  ALAP i n  Appendix I t o  10 CFR 50 (WASH-1258, Vol. 3, 

pp. 254-3091, Also, comments by t h e  Atomic I n d u s t r i a l  Forum d i d  no t  d ispu te  

the  general r a t i o n a l e  o r  approach t o  the  problem o f  e s t a b l i s h i n g  ALAP guide- 

l i n e s  but  d i d  d i f f e r  w i t h  some of t he  p a r t i c u l a r s  of the  c a l c u l a t i o n s  

(WASH-1258, Vol. 3, pp. 96-110). 

NRC OPINION (DOCKET NO. RM-50-2) 

While it i s  based l a r g e l y  on the recommendations o f  the NRC ! fo rmer ly  

AEC) s t a f f ,  t h e  NRC Opinion t h a t  was issued a t  the  t ime o f  t he  announcement o f  

the  Commission's decis ion on Appendix I o f  10 CFR 50 provides a  c l e a r  s ta te-  

ment o f  t h e  phi losophy o f  r a d i a t i o n  p r o t e c t i o n  under ly ing  t h i s  sec t i on  o f  t h e  

code. (Commission Opinion, Docket No. RM-50-2, May 5, 1975; a  summary appears 

i n  40 FR 19439-19443.) Here t h e  Comnission makes c l e a r  t h a t  the.s tandards i n  

10 CF4 20 fbr p r o t e c t i o n  against r a d i a t i o n  remain unchanged by t h i s  decision. 

These r a d i a t i o n  p r o t e c t i o n  standards of t h e  Commission are based on t h e  Radia- 

t i o n  P ro tec t i on  Guides o f  the Federal Radiat ion Council, which are i n  t u r n  

based on the  p a r a l l e l  recommendations o f  t h e  NCRP and ICRP. The Commission 

expressed the  b e l i e f  (p. 6)  t h a t  "any b i o l o g i c a l  e f f e c t s  t h a t  might occur a t  

t h e  low l e v e l s  o f  these standards have such low p r o b a b i l i t y  o f  occurrence t h a t  



they would escape detection by present day methods of observation and 
measurement." Thus, rather than lowering the standards given in 10 CFR 

20.105, the Commission was subscribing to the general principle previously 

recomnended by the NCRP and ICRP that, within the established radiation pro- 

tection standards, radiation exposures to the pub1 ic should be kept "as low as 

practicable," where the meaning of this term is defined in 10 CFR 50.34a as 
M 

previously noted. Appendix I to 10 CFR 50 is intended to provide the guidance 

I 
of the Comnission regarding compliance with this ALAP philosophy in the design 

s - of LWRS. 

The key provisions of Appendix I to 10 CFR 50 may be summarized as 
follows: 

The estimated annual dose from radioactive materials in liquid effluents 

to any individual in an unrestricted area should not be more than 3 

mil 1 irem to the total body or 10 mil 1 irem to any organ. 

The annual dose of radioactive materials from gaseous effluents to any 

individual in an unrestricted area should not be more than 5 millirem to 

the total body or 15 millirem to the skin. 

The annual total dose from radioactive iodine and radioactive material in 

particulate effluents should be not more than 15 millirem to any organ. 

If any additional rad-waste equipment can be added to reduce the expo- 

sures to the general population within 50 miles of the reactor at a cost 

less than or equal to $1,000 per total body man-rem and $1,000 per man- 
thyroid rem, then these devices should be added. (Section 11, Appendix I 
to 10 CFR 50, 40 FR 19442.) It was not specified what year's dollars 

were to be used or how these costs were to be calculated. These dollar 

values were originally intended to be interim values, but currently there 
are no plans to change them. 

The primary focus of the ALAP numerical guidelines for LWRs was the 

protection of near neighbors of the reactor. However, the Comnission felt 

that the provision for the addition of more rad-waste equipment when this 

could be done at a cost of less than $1,000 per man-rem protected the general 

public more effectively than these exposure guidelines fCommission Opinion, 



pp. 52 and 53). The Commission a l so  expressed the  op in i on  t h a t  the  exposures 

r e s u l t i n g  t o  an i n d i v i d u a l  i n  u n r e s t r i c t e d  areas near a  c l u s t e r  o f  nuc lea r  

power p l an t s  cou ld  not  under these ALAP gu ide l  ines rece i ve  more than 5% o f  the  

r a d i a t i o n  standards s p e c i f i e d  i n  10 CFR 20, and t h a t  ac tua l  doses would nor-  

m a l l y  be apprec iab ly  less  than t h i s  (Commission Opinion, p. 63). 

Whi le t h e  NRC r e g u l a t o r y  s t a f f  suggested t h a t  a  c o s t - b e n e f i t  balance i n  
v 

terms o f  d o l l a r s  was a use fu l  way o f  determin ing when r a d i a t i o n  doses t o  t he  

general  p u b l i c  met t h e  ALAP c r i t e r i a ,  t h e y  were r e l u c t a n t  t o  s e l e c t  a  d o l l a r  \ 

value f o r  man-rem reduc t ions  i n  popu la t ion  dose (WASH-1258). The NRC s t a f f  - *  

d i d  c a l c u l a t e  t h e  cos t  o f  reduc t ions  i n  popu la t ion  dose on a d o l l a r  per  man- 

rem basis,  bu t  t h e y  l e f t  t o  the  Commission the  dec is ion  o f  a  d o l l a r  va lue o f  a  

man-rem reduc t i on  on popu la t ion  dose and t h e  ex ten t  t o  which t h i s  should be 

g iven weight a long  w i t h  o ther  cons idera t ions  i n  t he  ALAP r u l i n g  (Hear ing t r a n-  

. s c r i p t s ,  pp. 3472-73 and Comnission Opinion, p. 86). The Commission's se lec-  

t i o n  o f  $1,000 per  man-rem f o l l o w s  the  lead o f  the Consol idated U t i l i t y  Group 

(Commission Opinion, pp. 86-88). Th is  f i g u r e  was se lec ted  t o  be s l i g h t l y  

l a r g e r  than the  range o f  values c i t e d  i n  t he  F i n a l  Environmental Statement 

(WASH-1258) and i n  the  hear ing  t r a n s c r i p t s  (Commission Opinion, p. 87). 

I n  t h e  s e c t i o n  d iscuss ing  t h e  s e l e c t i o n  o f  t h e  numerical  values them- 

selves, the  Commission was apparen t l y  in f luenced  by the  tes t imony  o f  D r .  

Wal t on  A. Roger on beha l f  o f  t h e  Consol idate U t i l i t y  Group (Commission 

Opinion, pp. 64-76). Dr. Roger used $1,000 per man-rem f o r  t he  value o f  t h e  

b e n e f i t s  o f  reduc ing  r a d i a t i o n  r i s k s .  The Commission appears t o  have used 

t h i s  b e n e f i t  value a long w i t h  the  cos t  per man-rem c a l c u l a t i o n s  o f  the  NRC 

s t a f f  t o  reach t h e i r  numerical  values f o r  Appendix I and a1 so t o  e s t a b l i s h  a 

bas is  f o r  e v a l u a t i n g  a d d i t i o n a l  rad-waste equipment beyond these values. 

Another f a c t o r  which p robab ly  i n f l uenced  t h e  Commission's dec i s i on  on 

these numerical  values was the  b e l i e f  t h a t  most ope ra t i ng  LWRs a l r eady  met t he  

ALAP numerical  gu ide l i nes  (Commission Opinion, p. 114). Fur ther ,  these are 

design o b j e c t i v e  gu ide l  ines, and ope ra t i ng  f l e x i  b i l  i t y  i s  p rov ided  i n  a d d i t i o n  



t o  them (Commission Opinion, p. 105). The Commission would not  take ac t ion  

against l icensees v i o l a t i n g  these guidel ines unless they were v i o l a t e d  by a 

ra the r  l a rge  amount, as discussed e a r l i e r .  Thus, these guidel ines are no t  

absolute operat ing l i m i t s .  The combination o f  the  operat ing f l e x i b i l i t y  w r i t -  

ten i n t o  Appendix I and the Commission's b e l i e f  t h a t  most operat ing LWRs 
C 

already met t he  ALAP guidel ines suggests t h a t  t he  Commission must have thought 
C 

' .  t h a t  compliance w i t h  the promulgated ALAP guidel ines would not  mean much 

r change i n  design or  operat ing prac t ices  on the p a r t  o f  the nuclear industry .  

s The Commission stressed t h a t  wh i l e  compliance w i t h  the  prov is ions  o f  

Appendix I automat ica l l y  means t h a t  the behavior o f  the l icensee would be 

judged acceptable, t he  converse i s  not t rue .  That i s ,  i f  the  l icensees d i d  

not comply w i t h  the prov is ions  o f  Appendix I t h e i r  behavior would not  neces- 

s a r i l y  be unacceptable (Commission Opinion, p. 124). These i nd i v idua ls  would 

be f r e e  t o  demonstrate compliance w i t h  the phi losophy o f  ALAP by the use o f  

b e n e f i t  cost  analys is  i n  t h e i r  own app l ica t ions  f o r  l i cense  (Comnission 

Opinion, p. 142). 

Although the ALAP terminology has been replaced by ALARA (as low as 

reasonably achievable), t h i s  change i n  terminology does not  a f f e c t  the  

substance o f  the foregoing discussion. 



EPA'S APPROACH TO ENVIRONMENTAL RADIATION 

PROTECTION STANDARDS FOR NUCLEAR POWER OPERATIONS (40 CFR 190) 

The Environmental P ro tec t i on  Agency (EPA) was es tab l i shed  i n  December o f  

1970 and assumed many r e s p o n s i b i l i t i e s  f o r  p r o t e c t i o n  o f  t h e  environment f rom 

li other  Federa l  agencies. I n  the r a d i a t i o n  p r o t e c t i o n  area the  EPA assumed the  

C broad guidance r e s p o n s i b i l i t i e s  o f  t h e  former Federa l  Rad ia t i on  Counci l  and 

the  more e x p l i c i t  responsi  b i l  i t y  o f  e s t a b l i s h i n g  g e n e r a l l y  app l i cab le  rad ia-  
? t i o n  standards f o r  t h e  environment f rom t h e  Atomic Energy Commission. Reorga- 
a - 

n i z a t i o n  Plan No. 3, which es tab l i shed  the  EPA and t r a n s f e r r e d  these respon- 

s i  b i  li t i e s ,  def ined these g e n e r a l l y  app l i cab le  environmental  standards as 

" l i m i t s  on r a d i a t i o n  exposures o r  leve ls ,  o r  concentrat ions o r  q u a n t i t i e s  o f  

r a d i o a c t i v e  m a t e r i a l  o u t s i d e  t h e  boundaries o f  l o c a t i o n s  under t h e  c o n t r o l  o f  

persons possessing o r  us i ng  r a d i o a c t i v e  mater ia l . "  

Under t h i s  a u t h o r i t y  t h e  EPA, on May 10, 1974, announced i t s  i n t e n t  t o  

propose standards f o r  the uranium f u e l  cyc le .  On May 29, 1975 the  EPA pub- 

l i s h e d  i n  t h e  Federal  Reg i s te r  these proposed standards along w i t h  some 

d iscuss ion o f  the  r a t i o n a l e  f o r  them; t he  D r a f t  Environmental Statement on the  

proposed ac t i on  was a lso  issued a t  t h i s  t ime. Pub l i c  hear ings were h e l d  March 

8-10, 1976, and the  F i n a l  Environmental Statement was re leased on November 1, 

1976. The f i n a l  ve rs ion  o f  t h e  standards was publ ished i n  t h e  Federa l  Reg is te r  

on January 15, 1977. 

EPA'S PROPOSED STANDARDS 

The EPA's proposed environmental  r a d i a t i o n  p r o t e c t i o n  standards f o r  

nuc lear  power opera t ions  are shown i n  Table 1. These standards were intended 

t o  supplement the  e x i s t i n g  Federa l  Rad ia t ion  P ro tec t i on  Guide l ines l i m i t i n g  

maximum exposure o f  t h e  general  p u b l i c  by  p r o v i d i n g  "more e x p l i c i t  p u b l i c  

h e a l t h  and environmental  p r o t e c t i o n  from p o t e n t i a l  e f f e c t s  o f  r a d i o a c t i v e  

e f f l u e n t s  f rom t h e  uranium f u e l  cyc le  dur ing  normal opera t ion"  (40  FR 23420). 

Revis ions o f  the  Federal  Rad ia t ion  P ro tec t i on  Guide1 ines themselves were 

postponed because EPA be l ieved  t h a t  a  d e t a i l e d  examinat ion o f  each major 

a c t i v i t y  c o n t r i b u t i n g  t o  p u b l i c  r a d i a t i o n  exposure was requ i red  p r i o r  t o  such 



TABLE 1. EPA1s Proposed Standards for  Normal Operations 
of the  Uranium Fuel Cycle 

A. Individual Dose Limits 

1. Whole body 
2. Thyroid 
3. Other organs(a) 

B. Limits f o r  Long-Lived Radionuclides 

C. Variances 

A t  the discretion of the regulatory agency ( l icensor)  f o r  
temporary and unusual operating circumstances t o  insure orderly 
delivery of e lec t r i ca l  power. 

D.  Effective Dates 

Two years, except 1983 fo r  krypton-85 and iodine-129 

( a )  Any human organ except the dermis, epidermis, or cornea. 
(b )  Limited to  alpha-emitters w i t h  half- l ives greater than one year. 

Source: EPA, 1976, Vol. I ,  Table 8, p. 70 and 40 FR 23421. 

revisions. The numerical values of these EPA standards are about a fac tor  of 
20 lower than the exist ing Federal Radiation Protection Guidelines and NRC1s 
10 CFR 20 standards. 

These proposed EPA standards were the f i r s t  to  include 1 imitations on 
long-lived f i s s ion  and activation products defined as those whose half- l ives  

are greater than one year (40 FR 23421). The standards fo r  long-lived radio- 

nuclides focus on limiting the quanti ty discharged, while the standards fo r  
short- lived eff luents  concentrate on the maximum individual annual dose r a t e  

( E P A ,  1976, Vol. I ,  p. 69). The standard of 75 mremlyr t o  the  thyroid was 

chosen "to r e f l e c t  a level of biological r isk comparable, t o  the extent that  

current capabi l i ty  fo r  r isk  estimation permits, t o  t ha t  represented by the 
standard fo r  dose to  the whole body" (40 FR 23422). 



R e s p o n s i b i l i t y  f o r  the establ ishment o f  r a d i a t i o n  p r o t e c t i o n  standards 

f o r  nuc lear  power opera t ions  r e s t s  w i t h  EPA, b u t  r e s p o n s i b i l i t y  f o r  t h e i r  

implementation and enforcement r e s t s  w i t h  NRC. Th is  d i v i s i o n  o f  responsi-  

b i l i t i e s  between EPA and NRC posed a p o t e n t i a l  source o f  tens ion  between t h e  

two agencies. However, EPA expressed the  op in ion  t h a t  the  guidance f o r  design 
a ob jec t i ves  prov ided by  FRC i n  Appendix I t o  10 CFR 50 would p rov ide  "an appro- 
C p r i  a te  and s a t i s f a c t o r y  imp1 ementat i o n  o f  these proposed environmental  r ad ia-  

t i o n  standards f o r  t h e  uranium f u e l  c y c l e  w i t h  respect  t o  l i g h t  water coo led  
u 
b - nuc lear  r eac to r s  u t i l  i z i n g  uranium f u e l "  (40 FR 23423). 

The EPA fo l l owed  t h e  NCRP, ICRP,  FRC and NRC i n  assuming a l i n e a r  non- 

th resho ld  dose-eff  ec t  r e 1  a t ionsh ip .  They a1 so agreed t h a t  acceptance o f  such 

an assumption imp l i ed  t h a t  r a d i a t i o n  p r o t e c t i o n  standards cannot be estab-  

l i s h e d  by mere ly  a t tempt ing  t o  min imize the  h e a l t h  e f f e c t s  o f  r a d i a t i o n .  

Thus, t h e  EPA s ta tes  t h a t  t h e i r  proposed standards " gene ra l l y  represent  t h e  

lowest r a d i a t i o n  l e v e l s  a t  which the  agency has determined t h a t  t he  costs  o f  

c o n t r o l  are j u s t i f i e d  by  t h e  reduc t i on  i n  h e a l t h  r i s k "  (40 FR 23421). Such a 

ba lanc ing approach was seen as necessary because " the re  i s  no sure way t o  

guarantee absolute p r o t e c t i o n  o f  p u b l i c  h e a l t h  f rom t h e  ef fects o f  a non- 

t h resho ld  p o l l u t a n t ,  such as r a d i a t i o n ,  o the r  than by p r o h i b i t i n g  o u t r i g h t  any 

emissions" (40 FR 23421). EPA termed t h i s  ba lanc ing approach " cos t  e f f e c t i v e -  

ness" analys is .  

FINAL ENVIRONMENTAL STATEMENT ON 40 CFR 190 

I n  EPA' s F i n a l  Environmental Statement (FES) on t h e i r  "environmental  

r a d i a t i o n  p r o t e c t i o n  requirements f o r  normal opera t ions  o f  a c t i v i t i e s  i n  the  

uranium f u e l  cycle," EPA charac te r i zed  t h e i r  s tandard- se t t ing  method as "a 

process o f  cos t  e f f e c t i v e  h e a l t h  r i s k  m in im iza t i on M (EPA, 1976, Vol. I ,  p. 

28). However, EPA's ac tua l  process of s e l e c t i n g  t h e i r  standards can best  be' 

understood by l o o k i n g  a t  Sect ion V- A o f  t he  FES: "Model P ro jec t i ons  o f  Fuel  

Cyc le  Environmental Impacts" (EPA, 1976, Vol. I, pp. 37-52). Th is  s e c t i o n  

sumnarizes the e a r l i e r  work done by EPA on "Environmental Ana lys is  o f  t he  

Uranium Fuel Cycle," which prov ides i n fo rma t i on  both on t h e  hea l t h  e f f e c t s  



expected t o  r e s u l t  a f t e r  the imp1 ementation o f  va r ious  c o n t r o l  technolog ies 

and on the  cos t  o f  these technologies.  

The expected f u t u r e  h e a l t h  e f f e c t s  are summed w i t hou t  be ing  d iscounted 

over a  100-yr per iod,  w h i l e  t h e  c o n t r o l  cos ts  are presented i n  present  wor th  

terms. EPA's F igures  3  and 4  i n d i c a t e  t h a t  as a d d i t i o n a l  r a d i a t i o n  c o n t r o l  
a 

devices are added, t h e  cos t  o f  o b t a i n i n g  successive increments o f  r a d i a t i o n  

c o n t r o l  increases, as one would expect (EPA, 1976, Vol. I, p. 39 and p. 49). 9 .  

EPA notes t h a t  these cos t s  increase more r a p i d l y  a t  a  present  va lue o f  about 
I 

$3 m i l l i o n  per GW o f  power c a p a c i t y  f o r  the  e n t i r e  f u e l  c y c l e  f o r  PWRs and - 4 

about $8 m i l  l i o n  f o r  BWRs. A t  these cos t  l e v e l s  t h e  cos t  o f  reduc ing  addi-  

t i o n a l  expected f u tu re  h e a l t h  e f f ec t s  i s  r ough l y  $500,000 per  h e a l t h  e f f e c t  

avoided f EPA, 1976, Vol. I, p. 48). 

Th is  extens ive ana l ys i s  o f  the  cos t  o f  c o n t r o l  1  i n g  a d d i t i o n a l  h e a l t h  

e f f e c t s  o f  r a d i a t i o n  i s  impor tant  t o  determin ing acceptable r a d i a t i o n  exposure 

l e v e l s .  However, an equ iva len t  amount o f  e f f o r t  has n o t  been devoted t o  

determinat ion o f  a  s i m i l a r  r e l a t i o n s h i p  between t h e  h e a l t h  e f f e c t s  o f  r ad ia-  

t i o n  and t he  b e n e f i t s  o f  c o n t r o l l i n g  these e f f e c t s .  EPA does s t a t e  t h a t  "most 

cu r ren t  est imates o f  t h e  acceptable l i m i t i n g  r a t e  o f  investment f o r  t h e  pre-  

ven t ion  o f  f u t u r e  l oss  o f  l i f e  appear t o  f a l l  a t  o r  below an upper l i m i t  o f  

one-quarter t o  one- hal f  m i l l i o n  d o l l a r s "  (EPA, 1976, Vol. I, p. 51). However, 

the  sources o f  t he  b e n e f i t  est imates quoted apparen t l y  a l r eady  incorpora ted  

o ther  i n d i v i d u a l s '  judgnents as t o  t h e  ba lanc ing  o f  cos t s  o f  c o n t r o l  o f  

rad ia t ion- induced h e a l t h  e f f e c t s  and t he  value t o  s o c i e t y  o f  these e f f e c t s .  

Thus, these est imates do no t  r e f l e c t  s o l e l y  t h e  b e n e f i t s  o f  reduced r i s k s  t o  

h e a l t h  and l i f e .  

Nevertheless, EPA1s measure o f  the  va lue o f  these b e n e f i t s  appears t o  be 

between $100,000 and $500,000 per  h e a l t h  e f f e c t  averted. A1 1  po ten t  i a1 h e a l t h  

e f f e c t s ,  i n c l u d i n g  cancer, leukemia, and ser ious  genet i c  e f f e c t s ,  a re  e q u a l l y  

valued. EPA c la ims t h a t  i t s  $100,000 est imated cos t  per  hea l t h  e f f e c t  of t h e  

proposed c o n t r o l s  on l ong- l i ved  rad ionuc l i des  i s  equ iva len t  t o  $75 per  man- 

rem. The EPA was c r i t i c i z e d  f o r  no t  making more e x p l i c i t  t h e  source o f  

whatever b e n e f i t  measure was used i n  t he  d e r i v a t i o n  o f  these standards. 



Indeed, the Energy Research and Development Administration [ERDA, now The 

Department of Energy ( D O E ) ]  claimed that  these standards were actually se t  on 

the basis of what technology was expected to be commercially available rather 

than by some comparison of health effects averted to  the control costs ( E P A ,  
1976, Vo1. 11, p. A234). Another c r i t i c  pointed out that if benefit cost - 
analysis had been used t o  se t  the standards, lower standards would exis t  where 

.I 

the costs of reducing health effects of radiation were lower. 

I EPA emphasized that  "most of the reduction in potential health effects 
L - required by these standards comes as a resul t  of the reduction of environ- 

mental releases of long-lived materials" (EPA,  1976, Val. I ,  p. 93). (This i s  

partly because the world population is  used to calculate these health effects 

since the long-lived radionuclides are dispersed throughout the ear th ' s  atmo- 

sphere. ) Thus, the EPA standards "impose increased control requirements 

principally on effluents t h a t  cm deliver doses t o  very large populations over 

long periods of time, instead of in areas where short-term doses to only a 

relatively few individuals near f a c i l i t i e s  can occur" (EPA, 1976, Vol. I ,  
p. 93). The principal cost impacts of EPA1s standards on the nuclear industry 

were expected to be about 10% increase in capital costs for fuel reprocessing 

plants. These costs are principally to remove krypton-85 from fuel repro- 

cessing effluents. The present value of these controls a t  reprocessing f ac i l -  

i t i e s  was estimated to be "approximately $30 million, or $0.7 million per 

gigawatt (e lec t r ic )  of fuel cycle capacity served" ( E P A ,  1976, Vol. I ,  p. 9 5 ) .  



COMPARISON OF NRC AND EPA APPROACHES 

The previous two chapters described t h e  NRC and EPA approaches t o  

con t ro l1  i n g  r a d i a t i o n  r i s k s .  The present chapter compares these approaches 

and i d e n t i f i e s  areas where they d i f f e r .  This emphasis on the  d i f fe rences 
* between them should no t  obscure the f a c t  t h a t  they are b a s i c a l l y  s i m i l a r :  
.I 

Both apparent ly concur w i t h  the r a d i a t i o n  p ro tec t i on  phi losophy t h a t  has been 

P 
genera l l y  accepted f o r  the l a s t  three decades, namely, t h a t  actual  r a d i a t i o n  

L - r i s k s  should be kept  "as low as p rac t i cab le u  (ALAP) o r  "as low as reasonably 

achievable" (ALARA). Both a lso apparent ly accept the concept t h a t  t o  f i n d  the  

ALAP o r  ALARA l e v e l  requ i res  some balancing o f  the costs o f  con t ro l s  and t h e  

bene f i t s  o f  reduced r a d i a t i o n  r i s k s .  Both have concentrated on es t imat ing  the 

costs o f  c o n t r o l l i n g  r a d i a t i o n  t o  various poss ib le  l eve l s  and the  hea l th  

e f fec ts  expected t o  r e s u l t  from these various poss ib le  l eve l s  o f  r a d i a t i o n  

doses. Both have devoted comparat ively l i t t l e  a t t e n t i o n  t o  the  quest ion o f  

what the benef i ts  o f  reduced r a d i a t i o n  r i s k s  t o  hea l th  and l i f e  are worth. 

Both assume t h a t  these bene f i t s  can be adequately described by a  constant 

average d o l l a r  b e n e f i t  value t h a t  does not  depend on the l eve l  o f  r a d i a t i o n  

r i sks ,  and t h a t  i s  no t  expressed i n  any s p e c i f i c  yea r ' s  do l l a rs .  Beyond these 

basic  simi 1 a r i t i e s ,  there  are some important d i f fe rences which are discussed 

i n  the  remainder o f  t h i s  chapter. 

APPLYING THE ALAP PHILOSOPHY 

NRC establ ished r a d i a t i o n  p ro tec t i on  standards i n  10 CFR 20 and recom- 

mended t h a t  actual  r a d i a t i o n  releases be kept  ALAP below these standards. I n  

doing t h i s  they were consis tent  w i t h  the i n t e n t  o f  the prev ious ly  establ ished 

p o l i c i e s  of t he  NCRP, I C R P  and FRC of c a l l i n g  f o r  ALAP actual  releases below 

the standards given or  recommended. Later  NRC took t h e  new step o f  p rov id ing  

numerical c r i t e r i a  f o r  ALAP f o r  LWRs, but they  d i d  t h i s  wi thout  changing t h e i r  

basic  standards. So NRC has 10 CFR 20 r a d i a t i o n  p ro tec t i on  standards p lus  

Appendix I t o  10 CFR 50 numerical design guidel ines f o r  ALAP f o r  LWRs below 

these. 



Although agency of f ic ia l s  have not said so, EPA apparently agreed that 
actual releases of radiation from nuclear power operations should be kept 

ALAP, and they also apparently chose to set  their  40 CFR 190 environmental 
standards a t  t h i s  level. Thus the EPA standards are not direct ly  comparable 

to either NRC1s 10 CFR 20 standards or NRC1s Appendix I to  10 CFR 50 numerical 

guidelines for  ALAP for  LWRs. They are set  a t  what EPA apparently thought was 

consistent with ALAP. While the E P A  language requires only "reasonable assur- 

ance" of compliance, i t  also specifies those circumstances under which the 
"standards ..may be exceeded," implying that the standards are to be inter-  

preted as firm limits, not numerical guidelines with operating f l ex ib i l i t y  

l ike the NRC regulations. 

These differences are at  the base of a criticism levied a t  EPA during the 
hearings on their  standards ( E P A ,  1976, Vol. 11, pp. A-255 and A-233). In 

estimating the health effects benefits of their  standards, E P A  assumed that 

without the i r  proposed standards nuclear fuel cycle f a c i l i t i e s  would operate 

a t  the existing Federal Radiation Protection Guidelines and the standards con- - 
tained in 10 CFR 20. This runs counter to the philosophy established along 

with these previously existing standards, namely, that these nuclear faci 1 - 
i t i e s  should operate in ways that  would limit actual radiation releases t o  

ALAP levels below these standards. However, only for LWRs, where NRC's numer- 

ical design guidelines for  ALAP existed, did EPA assume achievement of th i s  
ALAP level for actual operations prior t o  the adoption of the EPA standards. 
Therefore, EPA was cr i t ic ized for overestimating the reductions in actual 

radiation doses and health effects that would be realized by the adoption of 
their  proposed standards. 

DIFFERENCES IN SCOPE 

The EPA and NRC regulations are d i f f icu l t  to compare because of dif-  

ferences in the i r  scope. EPA1s 40 CFR 190 environmental standards apply to  
the uranium fuel cycle as a whole, defined to exclude uranium mining, waste 
disposal, transportation aspects, and reuse of recovered non-uranium materials. 

NRC's standards in 10 C F R  20 apply t o  a l l  of the nuclear devices that NRC l icenses,  
and their  design and their  design objectives in Appendix I to 10 CFR 50 apply 

only to LWRs. 



These d i f fe rences i n  scope make it d i f f i c u l t  t o  say whether EPA o r  NRC 

has more s t r i n g e n t  "standards"; the  standards are not  d i r e c t l y  comparable. 

Numerical ly EPA's 40 CFR 190 environmental standards f o r  the uranium f u e l  

cyc le  are much below NRC's 10 CFR 20 r a d i a t i o n  p ro tec t i on  standards, bu t  are 

s l i g h t l y  above NRC's numerical design ob jec t ives  f o r  LWRs i n  Appendix I t o  10 
* CFR 50. 
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I n  s p i t e  o f  the d i f f i c u l t i e s  i n  comparing EPAts standards w i t h  NRC's com- 

b 
b ina t i on  o f  standards and gu ide l  ines, EPA asserted t h a t  s a t i s f y i n g  NRC' s 

L .  Appendix I design guidel ines would be s u f f i c i e n t  implementation o f  the 40 CFR 

190 r a d i a t i o n  standards f o r  LWRs. During the  hearings on EPA's proposed stan- 

dards several groups, i nc lud ing  the NRC, questioned t h i s ,  e s p e c i a l l y  f o r  mul- 

t i p l e  reac tor  s i t e s  (EPA, 1976, Vol. 11). While NRC's Appendix I ,  l i k e  the  

EPA standards, had been o r i g i n a l l y  proposed on a per s i t e  basis, t he  f i n a l  

vers ion of Appendix I was promulgated on a per reac to r  basis. Thus i t  i s  pos- 

s i b l e  t h a t  the EPA standards may, i n  fac t ,  be nore r e s t r i c t i v e  than the 

Appendix I guidel ines when m u l t i p l e  reac tor  s i t e s  are considered. This i s  

t r u e  per f o r c e  if nuclear f a c i l i t i e s  i n  add i t ion  t o  reac tors  are c lus tered a t  

a given s i t e .  The EPA standards c a l l  f o r  a l i m i t  o f  25 mremlyr from the  

e n t i r e  f u e l  cyc le  v i a  a l l  pathways and from a l l  s i t e s  t o  the whole body o r  any 

organ except the t h y r o i d  o f  any i n d i v i d u a l  i n  the populat ion. The NRC Appen- 

d i x  I ALAP design guidel ines, on the other  hand, c a l l  f o r  5 mrem/yr from 

gaseous e f f l u e n t s  and 3 mrem/yr from l i q u i d  e f f l u e n t s  on a per reac tor  basis  

f o r  the whole body o f  any i nd i v idua l .  Thus i f  several reactors o r  other  f u e l  

cyc le  f a c i l i t i e s  are c lus tered a t  a given s i t e ,  t h e  EPA standards could be 

more r e s t r i c t i v e  than the NRC design guidel ines. 

Because a l l o c a t i o n  o f  EPA's 40 CFR 190 environmental standards t o  the  

var ious po r t i ons  o f  the f u e l  cyc le  was l e f t  t o  the implementing agency, NRC, 

whether or  no t  EPA's standards are more s t r i ngen t  f o r  LWRs than NRC's com- 

b ina t i on  o f  standards and design gu ide l  ines, depends l a r g e l y  on how EPA's 

standards are implemented by NRC. EPA d i d  spec i f y  t h a t  the a l l o c a t i o n  of 

these l i m i t s  t o  s p e c i f i c  f u e l  cyc le  a c t i v i t i e s  should be based on the c o n t r i -  

but ion  o f  each f u e l  cyc le  f a c i l i t y  t o  the  generation o f  e l e c t r i c i t y .  



A problem with doing this arises if the capacity of the nuclear industry 
to produce electricity changes from year to year: When the nuclear industry 
is growing, each fuel cycle facility may not have a constant relationship to 
the amount of electricity generated in each year. This leads to 

implement ation problems because a1 1 of the different fuel cycle activities 

related to the generation of a given quantity of electricity do not occur in rn 

constant proportions in each year. This results in uncertainty for the 7 .  

industry. The greatest uncertainty does not exist for nuclear power reactors, 
however, because EPA claimed that Appendix I is adequate implementation for Iri 

4 

the EPA standards with respect to LWRs. The greatest uncertainty seems to be 

with respect to reprocessing facilities, although such facilities are ruled 

out under current administation policy. EPA's standards for Kr-85 and 1-129, 

for instance, were specified to be implemented by 1983, although the 
technology for controlling these radionuclides and others that would result 

primarily from reprocessing facilities had not been operationally demonstrated 

at the time the standards were proposed. 

NRC actually implements radiation protection standards through their 

process of licensing nuclear facilities. Technical specifications for each 

facility are agreed upon by NRC and the licensee at the time that NRC grants a 

license. For LWRs these technical specifications are based upon the currently 

existing public and occupational radiation protection standards in 10 CFR 20 

as well as the design objectives for LWRs in Appendix I to 10 CFR 50. For 

other nuclear facilities these technical specifications must be based directly 
on EPA's 40 CFR 190 environmental standards and the 10 CFR 20 radiation pro- 
tection standards; only in the case of LWRs has NRC specified numerical design 
criteria for ALAP. 

DIFFERENCES IN TERMINOLOGY 

Both NRC and EPA selected constant average benefit values. However, NRC 
expressed this in units of dollars per man-rem, while EPA expressed it in 

units of dollars per health effect. NRC chose a value of $1000 per man-rem in 

1975, and EPA used a range of $100,000 to $500,000 per health effect in 1976. 



The EPA claimed t h a t  t h e i r  $100,000 per h e a l t h  e f f e c t  was equ iva len t  t o  $75 

per  man-rem. Ne i ther  s p e c i f i e d  i n  what y e a r ' s  d o l l a r s  these values were 

expressed. The NRC value was o r i g i n a l l y  in tended t o  be a  t e n t a t i v e  value t h a t  

was expected t o  be above t h e  t r u e  value, b u t  t h e r e  are no c u r r e n t  p lans t o  

r e v i s e  it. 

The f a c t  t h a t  bo th  agencies used constant average b e n e f i t  values may mean 

t h a t  another apparent d i f f e r e n c e  between t h e i r  approaches cou ld  be o n l y  one o f  

t te rmi  nology. EPA repo r ted  us ing  cos t  e f f ec t i veness  ana lys is  i n  es tab l  i s h i n g  
L - t h e i r  40 CFR 190 environmental standards, w h i l e  NRC repo r ted  us ing  c o s t  

b e n e f i t  ana lys is  i n  e s t a b l i s h i n g  t h e i r  Appendix I t o  10 CFR 50 numerical  

design gu ide l ines  f o r  ALAP. However, l ook ing  a t  t h e  more d e t a i l e d  d iscuss ions 

o f  what both agencies did, t hey  may a c t u a l l y  have f o l l owed  the same general  

approach. 

I n  both cases i t  i s  unc lear  whether the  average b e n e f i t  va lue was 

se lec ted  be fo re  o r  a f t e r  t he  r a d i a t i o n  standard o r  gu ide l ine ;  both agencies 

speak o f  the  average c o n t r o l  cos t  a t  the  standard o r  gu ide l i ne  l e v e l  o f  r ad ia-  

t i o n  c o n t r o l  as be ing cons i s ten t  w i t h  t h e  a v a i l a b l e  average b e n e f i t  e s t i -  

mates. Whether the approach i s  more p rope r l y  c a l l e d  " cos t  e f f ec t i veness"  o r  

" cos t  b e n e f i t "  analys is ,  however, depends on whether t h e  r a d i a t i o n  standard o r  

gu ide l i ne  i s  se lected before o r  a f t e r  the  constant  average b e n e f i t  measure i s  

chosen. F igure  1 shows the  general  shape of t h e  r a d i a t i o n  c o n t r o l  cos ts  curve 

observed by both NRC and EPA. A d o l l a r  b e n e f i t  curve t h a t  has constznt  aver- 

age b e n e f i t s  a t  a l l  r a d i a t i o n  c o n t r o l  l e v e l s  i s  represented by a  s t r a i g h t  f i n e  

through the  o r i g i n ;  t he  slope o f  t h i s  l i n e  i s  the  average bene f i t ,  i.e., t h e  

d o l l a r  per  man-rem o r  d o l l a r  per  h e a l t h  e f f e c t  value. Now, i f  t he  s lope o f  

t h i s  l i n e  i s  se lected f i r s t ,  then the  r a d i a t i o n  standard o r  gu ide l i ne  can be 

found by ba lanc ing t h e  cos t s  and b e n e f i t s  ( cos t  b e n e f i t  ana lys is ) .  (Actua l  ly, 

i t  i s  where the marg ina l  b e n e f i t s  are equal t o  the  marginal  cos ts  and t h i s  may 

no t  be where t o t a l  and average b e n e f i t s  and cos ts  a re  equal, bu t  t h e  c u r r e n t  

d iscuss ion assumes t h i s  spec ia l  case.) I f  (somehow) t h e  same standard o r  

gu ide l i ne  i s  se lec ted  f i r s t ,  t h e  p o i n t  on t he  c o n t r o l  costs  curve cou ld  be 

found by l o o k i n g  f o r  the lowest c o n t r o l  cos ts  t h a t  prov ided the  se lected 

c o n t r o l  l e v e l  ( c o s t  e f f ec t i veness  ana l ys i s ) .  Th i s  p o i n t  on t h e  
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FIGURE 1. Cost-Benefi t vs. Cost E f fec t i veness  Ana lys is  When a  Constant 
Average B e n e f i t  Approximation i s  Assumed 
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c o n t r o l  cos ts  curve could then be used t o  i n f e r  an average b e n e f i t  va lue by 

assuming t h a t  i t  i s  equal t o  average costs  a t  t h i s  po in t .  

PROBABLE SHAFE OF ACTUAL 
VALUE OF BENEFITS CURVE 

It should be recognized t h a t  any constant  average b e n e f i t  va lue i s  l i k e l y  

t o  be a t  bes t  an approximat ion w i t h i n  a  l i m i t e d  range o f  r a d i a t i o n  r i s k s .  A 

s t r a i g h t - l i n e  t o t a l - b e n e f i t  curve i s  probably  no more r e a l i s t i c  than a  

s t r a i g h t - l i n e  con t ro l - cos t s  curve. The nature and va lua t i on  o f  these b e n e f i t s  

are discussed more i n  t h e  next  chapter.  

a" CONTROL COSTS 
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(SLOPE I S  AVERAGE 

(ASSUMING MARGINAL BENEFITS EQUAL MARGINAL COSTS 
AT TH I S  POINT WHERE TOTAL BENEFITS EQUAL TOTAL COSTS - 

INTERTEMPORAL COMPARISONS 

When a l l  o f  the b e n e f i t s  and costs  of a  proposed ac t i on  do no t  occur i n  

t h e  same t ime  per iod ,  t h e  issue o f  in te r tempora l  comparisons a r i ses .  I n  

bene f i t - cos t  analys is ,  the  b e n e f i t s  and costs  are expressed i n  d o l l a r  terms i n  



each t ime  per iod;  then a l l  b e n e f i t s  and cos ts  are discounted t o  t h e i r  present  
value be fo re  t hey  are compared. I f  the values o f  a l l  b e n e f i t s  and costs  are 

c o r r e c t l y  s p e c i f i e d  i n  each t ime  per iod,  then t h e  same d iscount  r a t e  can be 

used t o  conver t  a l l  these values t o  t h e i r  present  values. 

Ne i t he r  NRC nor  EPA has app l i ed  t h i s  d iscoun t ing  procedure t o  t h e  bene- 
-a 

f i t s  o f  t h e i r  standards, perhaps because o f  a  lack  o f  conf idence i n  t he  
li 

b e n e f i t  va l ua t i on  measures used. The r e s u l t  o f  no t  d i scoun t i ng  t h e  va lue  o f  

c prevented h e a l t h  e f f e c t s  i s  a  l a r g e r  d o l l a r  b e n e f i t  f i gu re ;  t h i s  weighs 
A .  aga ins t  any underest imate o f  t h e  va lue o f  poss ib le  h e a l t h  and l i f e  bene f i t s .  

Therefore, t h i s  approach leads t o  h igher  h e a l t h  and s a f e t y  standards than i f  

both b e n e f i t s  and cos ts  were discounted t o  t h e i r  present  values. 

These undiscounted b e n e f i t s  are compared t o  cos ts  d i f f e r e n t l y  by NRC and 

EPA. NRC conver ts  cos ts  o f  r a d i a t i o n  c o n t r o l s  t o  an equ iva len t  constant  

annu i ty  us ing  a d iscoun t ing  procedure. They then compare t h e  undiscounted 

b e n e f i t s  i n  each year t o  these annual ized costs  (NRC Reg. Guide 1.110). I f  

both t h e  b e n e f i t s  and cos ts  are i n  constant  do l l a r s ,  t h e  NRC procedure amounts 

t o  us ing  a lower ( ze ro )  d iscount  r a t e  t o  annual ize b e n e f i t s  than t h a t  used t o  

annual ize costs.  I f  t h e  b e n e f i t s  are i n  nominal d o l l a r s ,  comparing them t o  

the  annualized constant  do1 l a r s  i s  s t i l l  i nappropr ia te .  

EPA used a t o t a l  present va lue r a t h e r  than an annual ized per  h e a l t h  

e f f ec t  bas is  f o r  comparing b e n e f i t s  and costs.  They discounted r a d i a t i o n  

c o n t r o l  cos ts  t o  a  present va lue us ing  a d iscount  r a t e  o f  7-1/2% (AIF, 1976, 

p. 175). Th is  present value o f  costs  was then compared t o  the  undiscounted 

sum o f  b e n e f i t s  o f  prevented hea l t h  and l i f e  e f f e c t s  over a  100-year per iod.  

Whi le both the  NRC and EPA in te r tempora l  comparison procedures weigh t he  

b e n e f i t s  more h i g h l y  than i f  both b e n e f i t s  and cos ts  were discounted, t h e  EPA 

approach makes t h i s  c l e a r e r  . 
Many people would agree w i t h  t he  dec is ion  o f  both NRC and EPA t o  avoid 

d i scoun t i ng  these f u t u r e  bene f i t s .  There seems t o  be a mora l  avers ion f e l t  by  

many t o  " d i scoun t i ng  l i v e s  o r  h e a l t h  e f f e c t s . "  It i s  m o r a l l y  repugnant t o  

many people t o  t h i n k  o f  t h e  diseases o r  deaths su f f e red  by people i n  one t ime 

pe r i od  be ing  worth more o r  less  than those i n  any o the r  t ime per iod.  An 



impor tant  p o i n t  t o  be made i n  t h i s  paper i s  t h a t  w h i l e  such views may be 

s t r o n g l y  he ld  by many, t h e y  may no t  be r e l e v a n t  t o  the  problem a t  hand. 

The r e a l  o b j e c t i o n  t h a t  many people may have when they  ob jec t  t o  " d i s -  

count ing  h e a l t h  e f f e c t s "  i s  t h a t  they  may no t  r e a l l y  b e l i e v e  t h a t  the  b e n e f i t s  

o f  reduced r a d i a t i o n  r i s k s  t o  h e a l t h  and l i f e  have been adequately valued. 
4 

Valu ing such b e n e f i t s  i s  c e r t a i n l y  no t r i v i a l  task,  and the  nex t  chapter  i s  
t . 

devoted t o  t h i s  issue. Un fo r t una te l y  t h e  l i t e r a t u r e  reviewed t h e r e  has 

focused on va lu i ng  " l i v e s  savedu by reduc ing  r i s k s  r a t h e r  than v a l u i n g  reduced T 

r i s k s  t o  hea l t h  and l i f e .  I t may be t h e  use o f  t h i s  " va lue o f  l i f e "  concept A 

r a t h e r  than t he  d i scoun t i ng  t h a t  i s  r e a l l y  o f f e n s i v e  t o  people. (See pp. 

55-58. ) However, once these b e n e f i t  values have been a p p r o p r i a t e l y  

determined, then one i s  no t  faced w i t h  " d iscoun t ing  h e a l t h  o r  l i f e  e f f ec t s , "  

bu t  r a t h e r  w i t h  d i scoun t i ng  t h e  d o l l a r  va lue o f  b e n e f i t s  o f  reduced r a d i a t i o n  

r i s k s  t o  h e a l t h  and l i f e .  The arguments f o r  d iscoun t ing  such d o l l a r  b e n e f i t s  

are t h e  same as those f o r  d i scoun t i ng  t h e  r a d i a t i o n  c o n t r o l  cos t s  o r  any o the r  

cos ts  o r  bene f i t s ,  p r i m a r i l y  so t h a t  the  in te r tempora l  cos t  and b e n e f i t  

streams can be compared. I f  t h e  b e n e f i t s  are no t  discounted i n  t h e  same way 

as the cos ts  once bo th  have been a p p r o p r i a t e l y  valued, then t he  bas i s  f o r  

d iscoun t ing  t h e  cos t s  cou ld  be s e r i o u s l y  questioned. I f  a  zero r a t e  o f  

d iscount  i s  appropr ia te  f o r  the  b e n e f i t s  stream, then i t  would be appropr ia te  

f o r  t h e  cos ts  stream also. 



VALUING HEALTH AND SAFETY BENEFITS 

Many comnon a c t i v i t i e s  i nvo l ve  some r i s k s  t o  hea l t h  and l i f e .  For 

example, d r i v i n g  t o  work o r  t o  s to res  f o r  shopping invo lves  such r i s k s ;  y e t  

many people chose t o  l i v e  so f a r  f rom employment and/or shopping l oca t i ons  

-3 t h a t  such t r a v e l  i s  a  d a i l y  occurrence. These r i s k s  cou ld  be reduced by 
, l i v i n g  c l ose r  t o  jobs and stores, b u t  t h i s  would mean h igher  housing cos t s  

( f o r  s i m i l a r  housing and neighborhood c h a r a c t e r i s t i c s ) .  So h e a l t h  and l i f e  
? 

r i s k s  a re  an i n t e g r a l  p a r t  o f  l i v i n g  t h a t  can be reduced o n l y  a t  some cost .  
A -  

S i m i l a r l y ,  t h e  s e t t i n g  o f  p u b l i c  hea l t h  and s a f e t y  standards c a l l s  f o r  

weighing t he  costs  o f  h igher  standards against  the  va lue o f  the  b e n e f i t s  o f  

reduced r i s k s  t o  h e a l t h  and l i f e .  The p r i n c i p a l  obs tac le  t o  more e f f e c t i v e  

use o f  bene f i t - cos t  ana lys is  as an a i d  i n  do ing t h i s  has been t he  d i f f i c u l t y  

o f  va lu i ng  these h e a l t h  and s a f e t y  bene f i t s .  The at tempts t o  e m p i r i c a l l y  

est imate the  value o f  h e a l t h  and s a f e t y  have focused on va lua t i on  o f  t he  

change i n  expected l oss  o f  l i f e .  The f i r s t  major sec t i on  o f  t h i s  chapter  i s  

devoted t o  a  rev iew o f  t he  a v a i l a b l e  methods f o r  v a l u i n g  the  l i v e s  expected t o  

be saved by hea l t h  and s a f e t y  regu la t ions .  Much o f  t h i s  l i t e r a t u r e  uses da ta  

on s ta ted  o r  observed t r a d e o f f s  between changes i n  t he  p r o b a b i l i t y  o f  dy ing  

and d o l l a r s  pa id  or accepted. Th is  t r a d e o f f  i s  ex t rapo la ted  l i n e a r l y  t o  t h e  

case o f  a  c e r t a i n t y  o f  dy i ng  t o  o b t a i n  a  "value o f  l i f e . "  This value i s  used 

t o  eva luate a  d i f f e r e n t  change i n  t h e  p r o b a b i l i t y  o f  dy ing  i n  a  d i f f e r e n t  

case. 

Fo l low ing  a  d iscuss ion o f  the  value o f  l i f e  est imates obta ined and t he  

f a c t o r s  t h a t  may i n f l u e n c e  t h e  magnitude o f  h e a l t h  and s a f e t y  bene f i t s ,  i t  i s  

noted t h a t  none o f  the  methods used thus f a r  r e a l l y  measure the r i g h t  t h i ng .  

The va lue o f  l i f e  t imes t h e  expected number o f  l i v e s  saved i s  no t  t h e  c o r r e c t  

measure. The chapter concludes w i t h  a  d iscuss ion o f  the  change i n  t h e  r i s k s  

t o  hea l t h  and l i f e  as t h e  re l evan t  concept o f  hea l t h  and s a f e t y  bene f i t s .  

Because t h i s  value i s  probably  a  non l inear  f u n c t i o n  o f  the  l e v e l  o f  r i s k s ,  

among other  th ings ,  i t  may cause s i g n i f i c a n t  e r r o r  t o  use " the  va lue o f  l i f e "  

as an in te rmed ia te  step. Research t o  c o r r e c t  these d e f i c i e n c i e s  i n  c u r r e n t  

approaches i s  recomended. 



VALUING "LIVES SAVED" 

There are many instances where the  p r o b a b i l i t y  t h a t  someone w i l l  d i e  can 

be reduced a t  some costs.  The b e n e f i t s  o f  such ac t ions  are almost always 

s ta ted  as the d i f f e r e n c e  between the s t a t i s t i c a l l y  expected number o f  deaths 

be fo re  and a f t e r  some expendi ture o f  funds. Th is  r educ t i on  i n  t h e  expected f 

number o f  deaths i s  c a l l e d  t he  number o f  "1 i v e s  saved ." The problem o f  va lu-  + . 

i n g  h e a l t h  and s a f e t y  b e n e f i t s  i s  thus  ( i n c o r r e c t l y ,  as noted a t  t h e  end o f  

t h i s  chapter)  reduced t o  v a l u i n g  t h i s  number o f  l i v e s  saved. The var ious  Y 

methods o f  va lu i ng  l i v e s  saved can be grouped under t h r e e  major approaches as - 4  

f o l l ows :  

I m p l i c i t  Value Approaches: based on i n d i v i d u a l  o r  p u b l i c  ac t ions .  

E x p l i c i t  Value Approaches: based on statements by  i n d i v i d u a l s  o r  p u b l i c  

represen ta t i ves .  

P r o d u c t i v i t y  Approaches: based on a  person 's  gross o r  n e t  earnings. 

The i m p l i c i t  va lue approaches use i n fo rma t i on  f rom i n d i v i d u a l  and p u b l i c  

dec is ions i n v o l v i n g  t r a d e o f f s  between r i s k  l e v e l s  and expendi tures necessary 

t o  reduce these r i s k s .  These approaches assume t h a t  t h e  r a t e  a t  which people 

t r ade  d o l l a r s  f o r  changes i n  r i s k  l e v e l s  i s  constant f o r  a l l  r i s k  l e v e l s .  

The e x p l i c i t  value approaches use d i r e c t  statements by i n d i v i d u a l s  and 

p u b l i c  represen ta t i ves .  These approaches have t he  p o t e n t i a l  f o r  be ing  theor-  

e t i c a l l y  supe r i o r  measures o f  value compared t o  t he  i m p l i c i t  va lue and produc- 

t i v i t y  approaches. However, when data i s  c o l l e c t e d  by d i r e c t  i n q u i r i e s ,  

spec ia l  care must be taken t o  avoid p o t e n t i a l  data c o l l e c t i o n  biases, and t h i s  

approach has been the  l e a s t  f r e q u e n t l y  used. 

P r o d u c t i v i t y  approaches measure t h e  value o f  l i v e s  saved i n  terms o f  t h e  

present  value o f  t he  peop le 's  foregone earnings. Whi 1  e  these approaches a re  

t h e  l e a s t  t h e o r e t i c a l l y  de fens ib le  measures o f  value, t h e y  are t h e  most w i d e l y  

used. The reason f o r  t h e i r  p o p u l a r i t y  i s  apparen t l y  t he  comparative ease o f  

o b t a i n i n g  a  number. 



I m ~ l i c i t  Value A ~ ~ r o a c h e s  

Both i n d i v i d u a l s  and s o c i e t y  f r e q u e n t l y  make dec is ions  t h a t  i n v o l v e  

changes i n  the  r i s k  t h a t  someone w i l l  d i e  premature ly .  These i m p l i c i t  va lue  

approaches assume t h a t  t h e  l e v e l s  o f  r i s k  t h a t  people a re  observed t o  accept 

a re  chosen by ba lanc ing  t h e  cos ts  o f  reduc ing  ( i nc reas ing )  these r i s k s  aga ins t  

t h e  b e n e f i t s  o f  reduc ing  ( i nc reas ing )  them. These approaches f u r t h e r  assume 

t h a t  t h e  observed d o l l a r  c o s t l r i s k  change t r a d e o f f s  a re  constant  f o r  a l l  r i s k  
1L 

l eve ls ,  i n c l u d i n g  c e r t a i n  death. The l i n e a r l y  ex t r apo la ted  d o l l a r  c o s t l r i s k  

Y change t r a d e o f f  f o r  a  p r o b a b i l i l t y  o f  1.0 o f  dy ing  i s  c a l l e d  t h e  "va lue o f  
h l i f e . "  

Th is  can be i l l u s t r a t e d  us i ng  F igu re  2. Suppose t h a t  two occupat ions 

d i f f e r  o n l y  i n  t h e  l e v e l  o f  wages and t h e  r i s k  t o  l i f e .  S i t u a t i o n  A on F i g -  

u re  2 i nvo l ves  lower r i s k  and lower pay, w h i l e  s i t u a t i o n  B i nvo l ves  h igher  r i s k  

(CERTAIN 
DEATH1 

X, R I S K  TO LIFE.(PROBABILITY OF DYING THIS M A R )  

FIGURE 2. Common Approach t o  Es t ima t i ng  a  "Value o f  L i f e "  



and h igher  pay. A person who accepts s i t u a t i o n  B r a t h e r  than s i t u a t i o n  A i s  

s a i d  t o  i m p l i c i t l y  va lue h i s  l i f e  a t  t h e  d i f f e r e n c e  i n  pay (y) d i v i d e d  by  t h e  

d i f f e r e n c e  i n  r i s k  ( x ) .  The shape f o r  t he  curve i n  F i gu re  2 assumes t h a t  

people are r i s k  averse. 

Var ious i n d i v i d u a l  and s o c i e t a l  dec is ions  have been used t o  o b t a i n  va lues 

f o r  t h e  change i n  x  and t h e  change i n  y. These i m p l i c i t  va lue approaches a re  

descr ibed next .  ' . 

I n d i v i d u a l  Ac t ions  Y 

4 
Three c lasses  o f  i n d i v i d u a l  ac t i ons  t h a t  r evea l  pre ferences toward r i s k s  

t o  l i f e  have rece i ved  cons iderab le  a t t e n t i o n  i n  t h e  l i t e r a t u r e .  These 

approaches use i n f o rma t i on  concerning hazardous occupations, hazardous con- 

sumption and personal  insurance choices t o  i n f e r  an i m p l i c i t  va lue people 

p lace on t h e i r  l i v e s .  A l l  o f  these approaches produce est imates t h a t  a re  more 

r e l e v a n t  t o  occupa t iona l  than t o  p u b l i c  r a d i a t i o n  standards. 

Hazardous Occupations. Wages i n  hazardous occupat ions u s u a l l y  i n c l u d e  a 

premium f o r  accep t ing  h i ghe r  r i s k s .  Government se r v i ce  hazardous du t y  pay 

d i f f e r e n t i a l s ,  pay d i f f e r e n t i a l s  i n  underground coa l  m in i ng  compared t o  s t r i p  

mining, and h i g h - r i s e  compared t o  o ther  cons t ruc t i on  are some examples o f  

occupat ions where h igher  wages a re  pa id  t o  workers t o  compensate f o r  t h e  r i s k  

inheren t  i n  these occupat ions.  

Suppose an i n d i v i d u a l  were cons ider ing  employment o p p o r t u n i t i e s  i n  

h i g h r i s e  and o ther  cons t ruc t i on .  I n  dec id i ng  between t h e  jobs,  t h e  worker a t  

l e a s t  i m p l i c i t l y  would cons ider  t he  wage ra te ,  t h e  hours o f  work, t h e  f r i n g e  

b e n e f i t  package, j o b  s e c u r i t y ,  m o b i l i t y  requirements,  and a hos t  o f  o t he r  

cons idera t ions ,  i n c l u d i n g  r i s k .  When workers accept r i s k y  jobs i t  i s  assumed 

t h a t  t hey  p r e f e r  them t o  t h e  a l t e r n a t i v e s  once a l l  f a c t o r s  a re  considered. To 

t h e  ex ten t  t h a t  the  monetary premiums assoc ia ted w i t h  a  j o b  and occupa t iona l  

r i s k  t o  l i f e  d i f f e r e n c e s  cou ld  be i d e n t i f i e d ,  they  have been used t o  i n f e r  

i m p l i c i t  va lues o f  l i v e s  saved. 

Th is  has u s u a l l y  been done by o b t a i n i n g  measures o f  a t t r i b u t e s  f o r  a  

v a r i e t y  o f  occupat ions and es t ima t i ng  a  "hedonic p r i c e "  equa t ion  ( G r i  1  iches 

1961) t h a t  expresses t he  wage r a t e  as a  f u n c t i o n  of t h e  j o b  c h a r a c t e r i s t i c s .  



Thaler and Rosen (1975) have developed the most comprehensive model of th i s  
type available t o  estimate the value of saving a l i f e .  In their  model, for a 
given wage-risk structure, each worker is  assumed t o  choose a combination of 
wage rate and risk that maximizes his expected u t i l i t y .  They use a hedonic 
pricing model, where the wage rate is defined as a function of occupational 

I risk and other employee and employment characteristics,  t o  empirically e s t i -  
I mate the value of saving a l i f e  based on evidence from 37 different occupa- 

tions. The expected positive coefficient on the risk measure reveals the 
I 

fraction of the wage dollar that was necessary t o  compensate the employees for 
& - 

the risk they incurred. 

For pub1 i c  radiation standards sett ing purposes, the values obtained from 
data on hazardous occupations are deficient in several ways. The j o b  r isks 
are voluntarily assumed and for most occupations the risk consequences are 
imnediate, while radiation risks t o  the public have l o n g  latent periods and 
are externally imposed. These studies concentrate on the riskier occupations 
where actual risk measures are available, and because tastes  for risk bearing 
are t h o u g h t  t o  vary among individuals, there is probably a self-selection bias 
in the samples used. Also, the actual j o b  choices involve perceived risk,  b u t  

Thaler and Rosen's analysis employed the proxy of actual risk from insurance 
estimates. For these reasons pay different i a1 s between hazardous and safe 
jobs probably provide underestimates of the valu2 of similar risk differsn- 
t i a l s  t o  the uublic. 

Hazardous Consumption. Certain consumption choices involve similar 
resource and risk to 1 i fe  tradeoffs. While expenditures on preventive health 
items, and purchase of smoke detectors for f i r e  warning in homes reduce the 
probability of premature loss of l i f e ,  they also entail  costs. Implicit in 
individuals' actions is  the rate  at which thsy  are willing t o  make trad2offs 
between expenditure of the i r  own resources and reduced risk to l i fe .  When a 
person accepts a risk that he could have avoided at some cost, i t  has been 
concluded that  the value of reducing the risk is  less than the cost t o  him. 
Melinek (1972) estimated the value of l i f e  from driving speed, use of pedes- 

trian subways, and smoking. Joksch f 1 9 7 5 )  inferred values from seat belts,  
padded dash, and other safety features in autos. 



A v a r i a n t  of t h i s  i s  t h e  case of two s i m i l a r  goods which d i f f e r  ( i d e a l l y  

o n l y )  w i t h  r espec t  t o  the  r i s k  assoc ia ted w i t h  them and t h e i r  cos t .  For  

example, t h e  p r i c e  and r i s k  d i f f e r e n t i a l s  between d i f f e r e n t  modes o f  t r ans-  

p o r t a t i o n  can be used t o  i n f e r  a va lue i n d i v i d u a l s  a t t ach  t o  t h e i r  l i v e s .  The 

d e t a i l s  o f  t h i s  method o f  v a l u a t i o n  are analogous t o  t h e  occupa t iona l  cho ice  

model. t 

* 
The v a l i d i t y  o f  these occupat iona l  and consumption choice methods i s  

c la imed on t h e  grounds t h a t  i n d i v i d u a l s '  t r u e  preferences a re  captured, s ince  T 

preferences a re  backed by  t h e i r  ac t ions .  The q u a l i t y  o f  values ob ta ined  us i ng  - 

t h i s  approach i s  dependent on t h e  d e t a i l s  o f  t h e  e m p i r i c a l  s p e c i f i c a t i o n  used 

t o  i s o l a t e  t he  expendi tures assoc ia ted w i t h  t he  r educ t i on  o f  r i s k .  Because 

they  are i n f e r r e d  f rom pas t  act ions,  t h e  values assume t h a t  preferences are 

s t a b l e  and t h a t  dec is ions  were based on t he  same amount o f  i n f o rma t i on  as i s  

used i n  t h e  a p p l i c a t i o n  o f  t he  va lues obtained. Whi le  t h i s  i s  c la imed t o  be a 

n a t u r a l  way o f  approaching t he  problem, t h e  sca t t e red  evidence has n o t  y i e l d e d  

conv inc ing  r e s u l t s .  Furthermore, people who engage i n  r e l a t i v e l y  h i ghe r  r i s k  

a c t i v i t i e s  a re  p robab ly  no t  r ep resen ta t i ve  o f  s o c i e t y  i n  genera l  (Zeckhauser 

1975). Las t l y ,  these  methods, l i k e  most o thers ,  imp ly  a lower va lue  o f  l i f e  

f o r  lower- income people. 

Personal  Insurance. The va lue o f  l i f e  sav ing  may a l s o  be est imated by 

us ing values i m p l i c i t  i n  p r i v a t e  insurance dec is ions .  Th i s  method va lues l i f e  

on t he  bas i s  o f  t he  insurance premium an i n d i v i d u a l  pays and t he  p r o b a b i l i t y  

o f  h i s  l o s i n g  h i s  l i f e  as a r e s u l t  o f  engaging i n  a p a r t i c u l a r  a c t i v i t y .  

Fromm (1965) suggests t h i s  approach t o  o b t a i n  a value o f  l o ss  o f  l i f e  based on 

t h e  r e l a t i o n s h i p  between t h e  p r o b a b i l i t y  o f  a person be ing  k i l l e d  and t h e  sum 

t h a t  he would pay t o  o b t a i n  compensation f o r  h i s  h e i r s  i n  such an event; t h i s  

r e l a t i o n s h i p  i s  then l i n e a r l y  ex t r apo la ted  t o  o b t a i n  a va lue o f  l i f e .  

The probable  inaccuracy r e s u l t i n g  f rom t h i s  comnon l i n e a r  e x t r a p o l a t i o n  

was l a t e r  addressed by  Fromm (1968) h imse l f .  A problem which i s  more s p e c i f i c  

t o  t h i s  personal  insurance method i s  t h a t  t h e  r e l a t i o n s h i p  between p r o b a b i l i t y  

o f  l o ss  o f  l i f e  and insurance premium i s  more l i k e l y  t o  r e f l e c t  an i n d i v i d -  

u a l ' s  d e s i r e  t o  p rov ide  compensation t o  h i s  b e n e f i c i a r i e s ;  t hus  i t  may 



no t  measure the value o f  l i f e  t o  the  v i c t i m  o r  h i s  su rv ivo rs .  Th is  r e l a t i o n -  

s h i p  i s  f u r t h e r  compl icated by cons idera t ions  o f  t h e  investment f ea tu res  o f  

many p o l i c i e s .  F i n a l l y ,  insurance, l i k e  most o the r  goods, i s  l i k e l y  t o  be 

purchased i n  l a r g e r  amounts as t h e  i n d i v i d u a l ' s  income increases; thus,  t h e  

value o f  l i f e  ob ta ined  w i t h  t h i s  method a lso  va r i es  w i t h  income. 
* 

Pub l i c  Ac t ions  
J . - 

Th is  method i n f e r s  values o f  l i f e  sav ing i m p l i c i t  i n  p rev ious  p u b l i c  
I ac t ions  such as p u b l i c  h e a l t h  programs, c o n s t r u c t i o n  o f  p u b l i c  highways, 
h -  br idges,  dams, and o the r  p u b l i c  p r o j e c t s  which had a  goal  o f  improv ing p u b l i c  

sa fe t y .  Th i s  method o f  v a l u i n g  l i v e s  has been used e x t e n s i v e l y  i n  conduct ing 

the bene f i  t - c o s t  analyses o f  new publ  i c  programs. I t s  a t t r a c t i v e n e s s  stems 

f rom t h e  assumption t h a t  r esou rce- a l l oca t i on  and r i s k  t r a d e o f f s  t h a t  have been 

accepted by the  publ  i c  i n  an e x i s t i n g  program r e f l e c t  s o c i e t y ' s  preferences, 

and t h a t  t h e  same t r a d e o f f s  are no t  o n l y  app rop r i a t e  f o r  a  new p r o j e c t  bu t  

w i l l  be acceptab le  t o  t he  pub l i c .  It i s  a lso  argued t h a t  p u b l i c  dec is ion -  

makers are r ep resen ta t i ves  o f  t h e  soc ie ty ,  and, t he re fo re ,  t h e  i m p l i c i t  va lue  

of l i f e  judgments e x h i b i t e d  i n  t h e i r  pas t  p o l i c y  choices can be viewed as a  

r e f l e c t i o n  o f  t h e  views o f  s o c i e t y  on t h e  va lue o f  l i f e .  For example, f a t a l -  

i t i e s  might  be prevented a t  a  four-way c ross i ng  by c o n s t r u c t i o n  o f  t r a f f i c  

l i g h t s ,  bu t  i f  t h e  t r a f f i c  department decides aga ins t  such c o n s t r u c t i o n  on 

budgetary grounds, t h i s  approach i n t e r p r e t s  t h e i r  a c t i o n  as imp l y i ng  t h a t  t he  

l i v e s  expected t o  be saved are no t  wor th  t h e  costs .  Such ac t ions  have been 

used t o  imp ly  a  comnunity judgment on t he  wor th  o f  human l i f e .  

The use o f  prev ious p u b l i c  program dec is ions  t o  i n f e r  an i m p l i c i t  va lue 

o f  l i f e  has two bas i c  v a r i a t i o n s :  1) t h e  i t em  expend i tu re  method, and 2)  t h e  

r e s i d u a l  method. The f i r s t  uses expendi tures f o r  s a f e t y  components o r  pro-  

grams t o  r e f l e c t  d i r e c t l y  t he  present  va lue o f  a l l  the  l i v e s  expected t o  be 

saved as a  r e s u l t  o f  t h e  expendi ture.  The res idua1  method employs da ta  on 

expendi tures i n c u r r e d  i n  a  p r o j e c t ,  measurable b e n e f i t s  obtained, and t h e  num- 

ber o f  l i v e s  t h a t  are be l i eved  t o  have been saved t o  i n f e r  t h e  va lue  o f  t h e  

l i v e s  saved as t he  excess o f  cos ts  over b e n e f i t s  o the r  than l i v e s  saved. An 

ex tens ive  d iscuss ion  o f  t h i s  methodology can be found i n  Weisbrod (1968). 



Th i s  r e s i d u a l  method takes an implemented p r o j e c t  f o r  which t h e  cos ts  are 

g rea te r  t han  t h e  measurable b e n e f i t s  bu t  f o r  which a  known number o f  l i v e s  

have been "saved." The excess o f  cos ts  d i v i ded  by t he  number o f  l i v e s  saved 

i s  t h e  i m p l i c i t  measure o f  t h e  va lue o f  l i f e .  Thus, i f  a  r e n a l  d i a l y s i s  p ro-  

gram had ne t  cos ts  o f  $10 m i l l  i o n  bu t  one hundred deaths were delayed, t h e  

imp1 i c i t  va lue o f  l i f e  would be $100,000. The method can be made more sophis-  0 

t i c a t e d  by us i ng  t he  number o f  years  by which l i f e  i s  extended and d i scoun t i ng  * .  

t h e  years  o f  l i f e  saved l a t e r  i n  t ime.  Thus, t h e  imp l i ed  p resen t  va lue  o f  a  
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l i f e  ( Z )  would be t h e  d i f f e r e n c e  i n  t he  present  va lue o f  t h e  measurable cos ts  
- &  

(Co) and b e n e f i t s  (Bo) d i v i d e d  by t he  sum o f  t he  l i v e s  extended each year 

fL t ) ,  where each year  o f  l i f e  extended i s  weighted by a  d i scoun t i ng  f u n c t i o n  

o f  t h e  number o f  years  s ince  t h e  p ro< iec t  was undertaken. That i s :  

Such techniques cou ld  be employed us ing  t he  work o f  F r o m  (1968) on a v i a t i o n  

sa fe ty ,  Lave and Weber (1970) and Joksch (1975) on auto sa fe t y ,  and a  h o s t  o f  

areas i n  t he  f i e l d  o f  hea l th :  mental h e a l t h  (Fe in  1958), ca rd i ovascu la r  

diseases and cancer (U.S. Pub1 i c  Hea l th  Serv ice  1962), s y p h i l i s  (Klarman 

1965), p o 1 i o m y e l i t i s  (Weisbrod 1971), and hea r t  and c i r c u l a t o r y  disease (Acton 

1975). 

There are severa l  c r i t i c i s m s  which can be l e v i e d  aga ins t  t he  use o f  pas t  

p u b l i c  dec is ions  t o  va lue l i v e s  saved by c u r r e n t  dec is ions .  F i r s t ,  t h e  method 

assumes t h a t  t he  preference s t r u c t u r e  o f  the  s o c i e t y  i s  s t a t i c ;  i t  i s ,  t h e r e-  

fo re ,  n o t  amenable t o  i n c o r p o r a t i n g  changes i n  s o c i a l  p r i o r i t i e s .  I n  a  

s i m i l a r  vein,  t h e r e  i s  t he  quest ion o f  d u p l i c a t i n g  t he  cond i t i ons  sur rounding 

pas t  ac t i ons  s u f f i c i e n t l y  t o  guide c u r r e n t  dec i s i on  making. Such a n a l y s i s  

a l s o  assumes t h a t  pas t  p u b l i c  p o l i c i e s  accu ra te l y  r e f l e c t e d  s o c i e t y ' s  wishes; 

i f  not ,  then  p a s t  mis takes w i l l  be repeated. I n  defense o f  t h i s  approach, i t  

i s  argued t h a t  i t  does no t  mat te r  what c r i t e r i a  were app l i ed  i n  t h e  past ;  as 

l o n g  as these p u b l i c  programs a re  g e n e r a l l y  accepted by t h e  soc ie t y ,  i t  i s  

argued t h a t  t h e y  r e f l e c t  t he  value o f  l i f e  t o  soc i e t y .  



Expl i c i t  Value Approaches 

The e x p l i c i t  value approaches use d i r e c t  statements by i n d i v i d u a l s  o r  

represen ta t i ves  o f  s o c i e t y  t o  va lue hea l t h  and s a f e t y  b e n e f i t s  o f  r i s k  reduc-  

t i ons .  Obta in ing  these statements as responses t o  c a r e f u l l y  worded quest ion-  

* na i res  can r e s u l t  i n  t h e o r e t i c a l l y  c o r r e c t  measures o f  value; t h i s  a lso  has 

the  most f l e x i b i l i t y  f o r  m o d i f i c a t i o n  t o  meet t he  s p e c i f i c  requirements o f  
C 

each a p p l i c a t i o n  o f  any o f  t he  a v a i l a b l e  methods o f  v a l u i n g  h e a l t h  and s a f e t y  
1 bene f i t s .  Use o f  surveys a l so  has d i f f e r e n t  p o t e n t i a l  sources o f  b i as  f rom 
J - those encountered when secondary data are used. 

Statements by  I n d i v i d u a l s  

This  method uses responses o f  i n d i v i d u a l s  t o  d i r e c t  i n q u i r i e s  t o  de te r-  

mine t he  value o f  hea l t h  and s a f e t y  benef i ts .  !dishan (1971) has argued t h a t  

none o f  the i m p l i c i t  value approaches t o  determin ing t he  value o f  l i v e s  saved 

are t h e o r e t i c a l l y  co r rec t .  According t o  economic t heo ry  t h e  c o r r e c t  measure 

o f  the value o f  reduc ing  the r i s k s  o f  premature l oss  o f  l i f e  should be an 

est imate ( e i t h e r  i m p l i c i t  o r  e x p l i c i t )  o f  an i n d i v i d u a l ' s  responses t o  one o f  

the  f o l l o w i n g  f o u r  types o f  quest ions ( a f t e r  Er ickson e t  a l .  1978): 

s "Assuming you are e n t i t l e d  t o  your cu r ren t  s i t u a t i o n ,  how much would you 

be w i l l i n g  t o  pay t o  have a  lower r i s k  o f  dy ing?"  

s Assuming you are e n t i t l e d  t o  your cu r ren t  s i t u a t i o n ,  how much would you 

be w i l l i n g  t o  accept i n  compensation t o  a l l ow  a  h igher  r i s k  o f  dy ing?"  

s "Assuming you are e n t i t l e d  t o  a  h igher  r i s k  o f  dying, how much would you 

be w i l l i n g  t o  pay t o  avo id t h i s  s i t u a t i o n ? "  

Assuming you are e n t i t l e d  t o  a  lower r i s k  o f  dying, how much would you be 

w i l l i n g  t o  accept i n  compensation t o  forego t h i s  s i t u a t i o n ? "  

These f o u r  quest ions y i e l d  the  f o l l o w i n g  measures o f  value, r espec t i ve l y :  

I. compensating measure o f  w i  11 ingness t o  pay, 

2. compensating measure o f  w i l l  ingness t o  accept compensation, 

3. equ i va len t  measure o f  w i l l i n g n e s s  t o  pay, and 

4. equ iva len t  measure o f  w i l l i n g n e s s  t o  accept compensation. 



Which o f  these f o u r  measures o f  va lue  i s  r e l e v a n t  i n  a  p a r t i c u l a r  

ins tance  depends on 1 )  whether t h e  i n d i v i d u a l  i s  e n t i t l e d  t o  h i s  i n i t i a l  

we l f a re  p o s i t i o n ,  and 2 )  whether a  lower o r  h igher  r i s k  o f  dy i ng  i s  be ing  

cons idered (Randal l  1977). I f  t h e  i n d i v i d u a l  has a  r i g h t  t o  h i s  i n i t i a l  

we l f a re  p o s i t i o n ,  t h e  compensat i n g  measures are the  c o r r e c t  measures o f  
P 

value. I f  he has no r i g h t  t o  h i s  i n i t i a l  w e l f a r e  p o s i t i o n  b u t  r a t h e r  has a  * .  
r i g h t  t o  a h i ghe r  o r  lower p o s i t i o n ,  then the  equ i va l en t  measures a re  t h e  

c o r r e c t  measures o f  value. The equ i va l en t  measure o f  w i l l i n g n e s s  t o  pay and 4 

t he  compensating measure o f  w i l l i n g n e s s  t o  accept compensation a re  t h e  c o r r e c t  - I )  

measures o f  t h e  va lue  o f  a  h igher  r i s k  o f  dying. S i m i l a r l y ,  t h e  compensating 

measure o f  w i l l i n g n e s s  t o  pay and the  equ iva len t  measure o f  w i l l i n g n e s s  t o  

accept compensation a re  t h e  c o r r e c t  measures o f  t he  va lue o f  a  lower  r i s k  o f  

dying. 

When cons ide r i ng  a r a d i a t i o n  standard t h a t  would lower t he  r i s k  o f  dying, 

t h e  c o r r e c t  measures t o  cons ider  would thus  be t h e  compensating measure of 

w i l l i n g n e s s  t o  pay and the  equ iva len t  measure o f  w i l l  ingness t o  accept compen- 

sa t i on .  (Ouest ions 1 and 4 above.) Which o f  these i s  t h e  t h e o r e t i c a l l y  c o r -  

r e c t  measure depends on whether people are assumed t o  be e n t i t l e d  t o  t he  

c u r r e n t  l e v e l  o f  r i s k s  f rom r a d i a t i o n  o r  t h e  proposed l e v e l  o f  these r i s k s .  

Whi le  most people may f avo r  the former assumption, complete agreement i s  

u n l i k e l y .  Therefore,  bc th  measures should  be est imated and a  range o f  va lues 

given. 

App l i ca t i ons  o f  t h i s  method t o  va l u i ng  h e a l t h  and s a f e t y  b e n e f i t s  have 

been a l l  t oo  r a re .  Acton (1973) used t h i s  approach i n  a  s tudy e v a l u a t i n g  

p u b l i c  programs designed t o  save l i v e s  i n  cases o f  h e a r t  a t tacks .  He found 

t h a t  i n d i v i d u a l s '  w i l l i n g n e s s  t o  pay increased i n  a  non l i nea r  f a s h i o n  w i t h  

i nc reas ing  p r o b a b i l i t i e s  o f  death and i nc reas ing  income and wealth.  The 

importance o f  income had been i n d i c a t e d  e a r l  i e r  (Pat i n k i n  1963), b u t  t h e  

s i g n i f i c a n c e  o f  t he  non l i nea r  r e l a t i o n s h i p  between t h e  va lue o f  a  change i n  

t h e  r i s k  t o  l i f e  and t h e  p r o b ~ b i l i t y  o f  death i s  s t i l l  no t  s u f f i c i e n t l y  

apprec i ated . 



This approach has the same potential sources of error inherent in any 
survey technique including: 

A survey has a certain degree of artificiality about it. Will the person 
take the endeavor seriously enough to actually sort out his true feelings 

and preferences? 

r. 
. . Even if individuals do take the procedure seriously, they have incentives 

to bias answers to questions which are intended to elicit individual 
L 

bids. By intentionally over or understating their bids, individuals 
a .  

could affect the social valuation of the impact. 

A respondent's final bid may depend upon the starting point. For exam- 

ple, if the first question were "Would you be willing to accept $lo?" a 
different final outcome could result than if the first question were 

"Would you be will ing to accept $1,000?" 

The respondent may feel somewhat overwhelmed in the interview because of 

the context surrounding the process. This may lead the respondent to 

attempt to please the interviewer and ignore his true preferences during 

the interview process. 

Most of these problems can be alleviated with careful experimental design and 

sampling procedures. The empirical significance of these potential sources of 
error has not been established in the literature. 

In spite of these potential problems Mishan (1971) urged more use of this 

approach on the grounds that "there is more to be said for rough estimates of 
the precise concept than precise estimates of economically irrelevant con- 

cepts." This method has many advantages in addition to its theoretical allo- 
cative efficiency: It offers an opportunity to consider a wide range of 

probabilities of loss of-life, thus providing a significant improvement over 
extrapolations from two-point tradeoffs. At low marginal cost, it can provide 

b 
information on things like the value of an individual's life to others and 
issues of voluntary and involuntary risk. It is the most flexible and 

potentially comprehensive technique. It allows valuation of the specific 
combination of consequences in question rather than requiring one to search 

for as similar a case as possible in secondary data available. Finally, it 

a1 1 ows valuation of situations which people have never experienced. 



Statements by  P u b l i c  Representat ives 

This  approach uses ma in l y  secondary data, such as c o u r t  awards f o r  

damages i n  workmen's compensation (Hel lmuth e t  a l .  1966) and wrongfu l  death 

s u i t s  (K idner  and Richards 1974) t o  o b t a i n  s o c i e t y ' s  va lue o f  l i f e .  The c o u r t  

dec is ions  regard ing  damage awards e x p l i c i t l y  p rov ide  f o r  both "economic l o s s "  

and "psychic  loss."  The "economic" component o f  t h e  compensation i s  o f t e n  

based on t he  human c a p i t a l  approach ne t  o f  consumption f o r  t he  t r unca ted  years 

o f  l i f e .  The "psychic"  component o f  t h e  compensation i s  based on t h e  

sub jec t i ve  va lua t i on  o f  judges and j u r i e s  regard ing  pa in  and s u f f e r i n g  o f  

v i c t ims  and su rv i vo rs .  The va lua t i on  o f  pa in  and s u f f e r i n g  o f  su rv i vo rs  has 

rece ived  l i t t l e  a t t e n t i o n  elsewhere i n  t he  l i t e r a t u r e .  

Those s tud ies  t h a t  have der ived  values o f  l i f e  f rom c o u r t  awards have 

found a  wide range o f  values fHel lmuth e t  a1. 1966). Medical ma lp rac t i ce  

damages are well-known f o r  t h e  ex tens ive  v a r i a t i o n  i n  t h e  awards made. Th is  

l a r g e  var iance i n  t he  r e s u l t s  does no t  lend conf idence t o  the  r e l i a b i l i t y  o f  

t h i s  method o f  va lua t i on .  I n  recen t  years economists have begun t o  p l a y  t h e  

r o l e  o f  exper t  wi tness i n  the cour ts .  Th is  may lead t o  more cons i s ten t  awards 

f o r  "economic l o s s "  bu t  i s  no t  l i k e l y  t o  a f f e c t  e i t h e r  t he  s u b j e c t i v e  v a r i a -  

t i o n  i n  the percep t ion  o f  v i c t i m ' s  and s u r v i v o r ' s  "psychic  loss ' '  by  judges and 

j u r i e s  o r  the  va lua t i on  methods used i n  these cases. 

Acton (1975) has proposed another p o s s i b i l i t y  o f  o b t a i n i n g  a  value o f  

l i f e ,  through an e x p l i c i t  statement f rom the  p o l i t i c a l  sphere. It i s  based on 

va lua t i ons  o f  decision-makers themselves o r  o f  p o l i c y ,  advisory,  o r  consu l t an t  

panels.  A  semblance o f  systemat i c  va lua t i on  and p o t e n t i  a1 consensus cou ld  be 

in t roduced by methods such as t h e  De lph i  quest ionnai re ,  f i r s t  developed by 

Dalkey (1969). Th is  method has thus f a r  rece ived  l i t t l e  a t t e n t i o n  and, l i k e  

a l l  statements by s o c i e t y ' s  represen ta t i ves ,  i t  neg lec ts  t h e  preferences o f  

the  i n d i v i d u a l s  a t  r i s k .  

P r o d u c t i v i t y  Approaches 

These approaches f o r  assessing the  va lue o f  l i f e  are based on t he  i n d i -  

v i d u a l ' s  p o t e n t i a l  f o r  product ion.  The n o t i o n  o f  an i n d i v i d u a l ' s  p roduc t i ve  

capaci ty ,  known as human c a p i t a l ,  was f i r s t  fo rma l i zed  by Becker (1962), bu t  



t he  use o f  t h i s  approach t o  v a l u i n g  l i v e s  predates Becker 's work. The produc- 

t i v i t y  approaches, based on t he  discounted present  value of a person 's  poten- 

t i a l  earn ing stream, are t h e  most commonly employed approaches f o r  d e r i v i n g  a 

value o f  l i f e .  P r o d u c t i v i t y  approaches can be d i v i d e d  i n t o  two categor ies:  

gross ou tpu t  methods and ne t  ou tpu t  methods. 
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# 
Gross Output Methods 

. 
These methods are based on d i scoun t i ng  gross values o f  a person 's  poten- 

u t i a l  f u t u r e  earnings t o  t h e i r  present  values. These values are sometimes 
4 - 

supplemented by i n c l u d i n g  auxi  1 i a r y  values, obta ined elsewhere, t o  account f o r  

f ea tu res  such as s u f f e r i n g  o f  v i c t ims ,  i n d i v i d u a l s '  l oss  o f  u t i l i t y  a f t e r  

death, and loss  o f  u t i l i t y  o f  r e l a t e d  persons (Mishan 1976). Th is  method 

measures t h e  p roduc t i ve  capac i t y  t h a t  t h e  s o c i e t y  as a whole would l ose  i f  t h e  

person were t o  d i e  prematurely.  Th is  loss  (L1) cou ld  be c a l c u l a t e d  as 

f o l l ows :  

where "Yt  i s  the expected gross earnings o f .  . . the person du r i ng  t he  t t h  

year, exc lus ive  o f  any y i e l d s  f rom h i s  ownership o f  nonhuman c a p i t a l .  The 

p t  i s  the p r o b a b i l i t y  i n  the  cur ren t ,  o r  rth year, o f  t he  person be ing 
a l i v e  du r i ng  the  tth year, and rt i s  the  s o c i a l  r a t e  o f  d iscoun t  expected 

t o  r u l e  i n  the tth year"  lMishan 1971). Use o f  t h i s  method i s  o f t e n  i n d i -  

v i d u a l - s p e c i f i c  as i n  t h e  case o f  c o u r t  awards i n  wrongfu l  death s u i t s  

discussed above. However, t h e  method i s  e a s i l y  genera l ized over any group by 

us ing  the  mean expected income f o r  t h a t  group. 

The most no tab le  emp i r i ca l  use o f  t h i s  method t o  es t imate  a va lue o f  l i f e  

i s  by Rice and Cooper (1967). They employ 1964 da ta  t o  c a l c u l a t e  t he  present  

va lue o f  earnings f o r  severa l  se t s  o f  ueople de f ined  by  s o c i a l  and demographic 

c h a r a c t e r i s t i c s .  One problem i n  t he  p r a c t i c a l  a p p l i c a t i o n  o f  t h i s  approach i s  

t he  d i f f i c u l t y  i n  es t ima t i ng  any growth i n  t h e  i n d i v i d u a l s '  p r o d u c t i v i t y  dur-  

i n g  t h e i r  l i v e s  s ince  the  earn ings p r o f i l e  commonly used as a proxy f o r  t he  



Yt values is estimated from cross-sectional data (Mincer 1974). In view of 
the exclusion of productivity growth the values obtained should be treated as 
lower bounds of the actual value of gross productivity lost by premature 

death. 

Net Output Methods 
& 

These methods differ from the gross output methods in recognizing that .I. . ' 

the net worth of an individual to the society is the discounted value of his 
4 

earnings net of his personal consumption expenditures. Again following Mishan - 4 '  
(1971), the loss (LZ) due to premature death could be calculated as follows: 

where Ct is the personal consumption expenditure of the individual during 
the tth period that is expected at time r .  

Certain variants of these productivity approaches have been proposed. 

Zeckhauser (1975) suggests the present value of an individual Is consumption 

stream over his remaining 1 ife as a possible measure of the value of 1 ife. 
This is based on the assumption that discounted consumption is the total gain 
that an individual receives for remaining alive. Another variant is to 
replace the earnings function by a "livelihood function," which would include 

unearned wealth in addition to labor earnings in deriving the value of life 
fschelling 1968). 

The major problem with the productivity approaches is that they are not 
attempting to measure the theoretically correct concept. They ignore the 

preferences of those whose risk of dying prematurely is affected as well as 

any value which concerned friends and relations may add. These methods thus 
conclude that postponing deaths of unemployed or retired persons or persons 

who perform work for nonmonetary rewards, such as housewives, have either no 
value (according to the gross productivity approaches) or negative value 

(according to the net productivity approaches). 

There have been a few recent attempts at the conceptual level to remedy 

this by developing models which combine the concepts of willingness to pay and 



human c a p i t a l .  Notably, Usher f 1973) and Conley (1976) employ u t i l i t y  maxi-  

miz ing  l i f e - c y c l e  models t o  de r i ve  op t ima l  marg ina l  t r a d e o f f s  between an 

increase i n  t h e  p r o b a b i l i t y  o f  premature death and t h e  amount an i n d i v i d u a l  i s  

w i l l  i n g  t o  pay. The models are mathemat ica l ly  soph i s t i ca ted  bu t  a re  l e s s  

amenable t o  emp i r i ca l  es t imat ion .  Whi le these models incorpora te  t h e  a f f e c t e d  - i n d i v i d u a l s '  t a s t e s  and preferences w i t h  the  human c a p i t a l  approach, t h e y  

N r e t a i n  many o f  t he  o the r  d e f i c i e n c i e s  o f  t he  p r o d u c t i v i t y  approaches. 

* The p o p u l a r i t y  o f  t h e  p r o d u c t i v i t y  approaches i n  t h e  face  o f  t h e i r  many 

a - se r ious  d e f i c i e n c i e s  stems from t h e i r  r e l a t i v e  ease o f  app l i ca t i on .  It i s  

comparat ive ly  easy t o  get  a  decep t i ve l y  p rec i se  numerical  r e s u l t ,  and many 

people must b e l i e v e  t h a t  i t  i s  b e t t e r  t o  be p r e c i s e l y  wrong r a t h e r  than 

vaguely r i g h t  i n  s p i t e  o f  Mishan's (1971) recommendations t o  t he  con t ra ry .  

"Value o f  L i f e "  Est imates 

The value o f  l i f e  est imates g iven i n  the l i t e r a t u r e  and der ived  us ing  t h e  

methods descr ibed above, range f rom a few thousand t o  severa l  hundreds of 

thousands o f  d o l l a r s .  Table 2 presents  some o f  these value o f  l i f e  est imates; 

bo th  t he  va lue repo r ted  i n  each o r i g i n a l  s tudy and t he  vz lue i n  1976 d o l l a r s  

are shown. Whi le one source o f  v a r i a t i o n  i s  t h a t  the  same concept i s  no t  

be ing  measured by each method, note t h a t  even when s i m i l a r  concepts and 

dec is ions are used f o r  va lua t ion ,  t he  der i ved  values are n ~ t  found t o  be 

comparable. Even us ing  t h e  t i g h t l y  de f ined  gross ou tpu t  measure, t he  values 

range f rom about $30,000 t o  $783,000 i n  1976 d o l l a r s .  The o ther  methods a l so  

y i e l d  a  wide v a r i a t i o n  i n  values. I n  some cases t he  d i f f e r e n t i a l s  may be due 

t o  i d e n t i f i a b l e  inc lus ions ,  exc lus ions,  o r  embel l ishments i n  the  analys is ,  bu t  

t h e  l a r g e  v a r i a t i o n s  i n  t he  der i ved  values probably  cannot a l l  be expla ined by 

such d i f fe rences .  

INFLUENCING FACTORS 

Lawrance (1976) has noted some o f  t he  cons idera t ions  t h a t  i n f l uence  t he  

l e v e l  o f  r i s k  which people f i n d  "acceptable"  based upon t h e i r  i m p l i c i t  o r  

e x p l i c i t  ba lanc ing  o f  b a n e f i t s  and costs.  These f ac to r s ,  shown i n  Table 3 

below, are r e a l l y  among t h e  f a c t o r s  i n f l u e n c i n g  t h e  magnitude o f  t h e  b e n e f i t s  



TABLE 2. Empirical "Values of  Life" 

Author Notes 
Value a t  
Oata Oate 

Value i n  
1976 Method 

I m p l i c i t :  
I n d i v i d u a l  
Consumption 
Choice 

Ghosh e t  a l .  
(1975) 

Using 1972-74 data on auto accidents the  
authors der i ve  the imputed values of l i f e  
from average speeds. lC94.000). 

Melinek 11972) Uses 1963 data on f a t a l  accidents and 
d r i v i n g  speed. (t93.500) 

Uses 1963 data on f a t a l  accidents and 
pedestr fan subways. (t86.500) 

Uses 1960 data on smoking. tk31.000) 

I m p l i c i t :  
I n d i v i d u a l  
Occupational 
Choice 

Melinek (1972) Uses 1966 data on i n d u s t r i a l  accidents. 
(t65.000) 

Thaler & 
Rosen (1975) 1967 data on labor market choices and 

actual  r i s k  l e v e l s  are used. 

E x p l i c i t :  
I n d i v i d u a l  
Estimates 

Acton (1973) 1?70 auest ionnaire,  11500 chance of dy ing 
y ie lded mean w i l l i ngness  of $56. 1/1000 
chance y ie lded mean value of $43. lJse of 
l i n e a r  assumption y i e l d s  the reported 
values respect ivelv.  

E x p l i c i t :  
Publ ic  (Court )  
Estimates 

Abraham b 
Thedie 1 1960) 

The authors use 1957 data on road accidents 
gross output  p lus " sub jec t i ve  values" de- 
termined from cour t  decisions. (150,000 N F ) .  

Kidner & 
Richards (1974) Authors c i t e  En l i c h  cour t  sett lement o f  

1970. (t!6,848? ?hey made adjustments and 
rev ised  value. ft27.144) 

P r o d u r t i v i t y :  
Gross Outout 

Acton (1973) 

B a l l  (1977) 

1970,data on deaths r e l a t e d  t o  ambulance 
service. 

Author n u l t i o l i e s  1974 per cap i ta  income 
by 71.3, the average l i f e  expectancy. 

Cooper & 
Rice (1976) 

The authors present a se r ies  o f  age, sex, 
and race s p e c i f i c  values for  1972. The 
range i s  reported here. 

Fromn 11965) Uses 1960 a i r  t r a f f i c  data bu t  adds some 
sub jec t i ve  values of unspeci f ied source. 

Fromn f 1968 ) Uses 1966 data on a i r  c a r r i e r  f a t a l i t i e s ,  
along w i t h  " ra lues"  f o r  family. comrunity 
and others. 

P roduc t i v i t y :  
Net Output 

Oawson f 1967) Uses 1963 B r i t i s h  road accident 4ata p lus 
other " sub jec t i ve  losses" l t8920)  

Dubl in & 
Lotka 11930) Ear l y  attempt t o  est imate value t o  deDen- 

dents using aae-specif ic m o r t a l i t y  rates.  

Joksch 119751 1972 data Dresents economic loss due t o  
an average t r a f f i c  death. Adjustments f o r  
add i t i ona l  losses are made. 

Reynolds f 1956) 1949 data on road accidents are used. 
Medical, p roper ty  and admin is t ra t i ve  costs 
are added in.  !t2000) 

Weisbrod 11968) Using :954 data on earnings, the average 
value of premature death due t o  tubercu- 
los is .  

The average value of  premature death h e  tb . 
p o l i o m y e l i t i s .  

i h e  average value of premature death due 
t o  cancer. 

Lave & 
Weber (1970) 

Using 1964 data on reported auto accidents, 
the authors compute the minimum value o f  
sa fe ty  ( i n j u r y  and death) necessarv before 
buying safety devices i s  r a t i o n a l .  

Other 

Padded instrument   an el 
Co l laos ib le  s teer ing  column 
Seat b e l t s  
Dual braking system 



o f  reduced r i s k s  t o  h e a l t h  and l i f e  r a t h e r  than t h e  c o n t r o l  costs .  Some of 

these f a c t o r s  are discussed i n  t h i s  sec t i on  o f  t he  paper. 

Voluntary  vs. I n v o l u n t a r y  Risks 

The f i r s t  f a c t o r  l i s t e d  i n  Table 3 i s  whether t he  r i s k s  are assumed 

" v o l u n t a r i l y "  o r  borne " i n v o l u n t a r i l y . "  S t a r r  (1972) f i r s t  recognized t h i s  

f a c t o r .  He de f ined  vo lun ta r y  a c t i v i t i e s  as those i n  which the  i n d i v i d u a l  

engages o f  h i s  own f r e e  w i l l  and i n v o l u n t a r y  a c t i v i t i e s  as those i n v o l v i n g  

forced p a r t i c i p a t i o n .  Examples o f  v o l u n t a r y  a c t i v i t i e s  would i nc l ude  sk i i ng ,  

f l y i n g ,  smoking, o r  d r i v i n g .  I n v o l u n t a r y  a c t i v i t i e s  might  i nc l ude  exposure t o  

p o l l u t e d  a i r  o r  water, t o  l i g h t n i n g ,  o r  t o  r i s k s  o f  cancer f rom nonoccupa- 

t i o n a l  l y  encountered r a d i a t i o n .  S t a r r  (1972) observed t h a t  t h e  l e v e l  o f  

" i nvo lun ta r y"  r i s k s  which people f i n d  acceptable i s  about 1,000 t imes l ess  

than  f o r  " vo lun ta ry"  ones. 

TABLE 3. Considerat ions I n f l u e n c i n g  Level  o f  Acceptable RSsk 

Fac to rs  I nc reas ing  Level  Fac to rs  Decreasing Level  
o f  Acceptable Risk Continuum o f  Acceptable Risk 

Risk assumed v o l u n t a r i l y  . 
E f f e c t  immediate . . . . .  
No a1 t e r n a t i v e s  a v a i l a b l e  

Risk known w i t h  c e r t a i n t y  

Exposure i s  an e s s e n t i a l  . 
Encountered occupa t i ona l l y  

. . . . . .  Common hazard 

A f fec ts  average people . . 
W i l l  be used as in tended . 
Consequences r e v e r s i b l e  . 

Risk borne i n v o i u n t a r i l y  

E f f e c t  delayed 

Many a7 te rna t i ves  avai  1  ab le  

Risk no t  known 

Exposure i s  a  l u x u r y  

Encountered nonoccupat i o n a l l  y 

"Dread" hazard 

A f f e c t s  e s p e c i a l l y  s e n s i t i v e  people 

L i k e l y  t o  be misused 

Consequences i r r e v e r s i b l e  

W i l l i a m  W. Lawrance, )f 
Safety,  W i l l i a m  Kaufmann, Inc., Los A l tos ,  CA, 1976. 



When risks are assumed voluntarily, these risks are always 'a~ceptable.~~ 

If the risks were higher, people might not voluntarily choose to bear these 

risks, but at the level that people do voluntarily choose to bear them they 

are acceptable. Thus occupationally related risks are always acceptable as 

long as people voluntarily take the job; considering their job alternatives, 

people accept a particular one including whatever risks may be involved in 

it. Because people do make these choices involving occupational and other 

voluntarily accepted risks on a daily basis, there is better data on such 
choices and the benefits of reducing such risks are easier to estimate than 

the benefit of reducing involuntarily borne risks. 

Environmental pollution resulting from industrial production may cause 

some people to involuntarily bear risks to health and life. The possibility 
of public radiation exposures would be included here. The benefits of 

reducing these involuntarily borne risks are much harder to estimate than for 

voluntarily assumed risks. In the jargon of economics the involuntarily borne 

risks are a public good type of externality; there are no market prices that 

can be used to directly value such goods. From the economic theory about 

public goods one would expect the kind of result that Starr (1972) found: for 
involuntarily borne risks (like public radiation risks! a lower level of risks 

is "acceptable" to people than for voluntarily assumed risks (like occupa- 
tionally related radiation risks). 

Subjective vs. Objective Risk Estimates 

A factor affecting the total benefits from reducing risks is how much 

people expect that these risks will decline as a result of some action. flow 
much these risks will decline (or indeed how much they are) may not be the 

same as people's subjective estimates of them. Yet people always make 
decisions based on what they perceive to be the case, whether this is the 

truth or not. 

One explanation advanced for pub1 ic opposition to nuclear plower plants, 
although they have low objective probabilities of causing health and life 

effects, is that the public perceives these risks to be greater than those 

reported. Such perception may result from a lack of information or from 



misinformation, but, for whatever reasons, the public's "subjective probabil- 
ities" may be much higher than these ''objective probabilities.'' In contrast, 
many "experts" may have subjective probabilities approaching the objective 
values such as those in Table 4. 

a 
Kneese and Schulze (1977) suggest that increased perceived levels of risk 

may be the result of biased information in the form of publicity regarding the 
. possible severity of particular forms of cancer, for example. Furthermore, it 

i may be that individuals recognize objective probabilities as society's "best 
a .  guesses" and consequently attach high degrees of uncertainty to these num- 

bers. It may be that people are so averse to the large degree of uncertainty 
in the estimates that they oppose nuclear plants on safety grounds regardless 

TABLE 4. Objective Risks of Fatality by Various Causes 

Motor Vehicle 
Falls 
Fires and Hot Substances 
Drowning 
Firearms 
Air Travel 
Fa1 1 ing Objects 
Electrocution 
Lightning 
Tornadoes 
Hurricanes 
A1 1 Accidents 
Nuclear Reactor Accidents 
(100 plants) 

Total Number 
55,791 
17,827 

Individual Chance/Yr 
1 in 4,000 
1 in 10,000 

Reactor Safety Study, An Assessment of Accident Risks in U.S. Commercial 
Nuclear Power Plants. Executive Surnmarv. WASH-1400 U. S. Nuclear Reaul atorv w .  

Commission, October i975. 
e u 



o f  the  low degree o f  est imated - r i s k .  R e l i a b l e  measurements o f  r i s k s  assoc i -  

a ted w i t h  hazards t h a t  evo lve over a  l ong  pe r i od  o f  t ime  ( o r  i n  subsequent 

generat ions)  are always d i f f i c u l t  t o  make. Th i s  i s  s t i l l  t h e  case f o r  nuc lear  

power p l a n t  e f f e c t s  even a f t e r  g rea t  e f f o r t  has been devoted t o  t h e  r i s k  e s t i -  

mation. F e l l n e r  (1961) argues t h a t  t h i s  u n c e r t a i n t y  may i t s e l f  l ead  t o  d i f -  
a 

ferences between s u b j e c t i v e  and o b j e c t i v e  p r o b a b i l i t i e s .  Th is  i s  impor tan t  * 
because each i n d i v i d u a l  uses h i s  sub jec t i ve  p r o b a b i l i t i e s  and h i s  s u b j e c t i v e  

va lua t i ons  o f  b e n e f i t s  and cos ts  i n  making h i s  d a i l y  dec is ions  about accep- -I 

t a b l e  r i s k s .  If p u b l i c  h e a l t h  and s a f e t y  standards are t o  r e s u l t  i n  dec is ions  - a 

comparable t o  these d a i l y  p r i v a t e  r i s k  choices, o b j e c t i v e  p r o b a b i l i t i e s  should 

be s u b s t i t u t e d  f o r  sub jec t i ve  probabi 1  i t i e s  o n l y  when no b e t t e r  p rox ies  are 

a v a i l  able. 

S t a t i s t i c a l  vs. I d e n t i f i e d  Persons 

It i s  the va lue o f  reduced r i s k s  t o  s t a t i s t i c a l  r a t h e r  than i d e n t i f i e d  

i n d i v i d u a l s  t h a t  i s  r e l e v a n t  f o r  p u b l i c  h e a l t h  and s a f e t y  standards s e t t i n g  

dec is ions.  Th is  i s  impor tant  because the  va lue o f  t he  r i s k  t o  h e a l t h  and l i f e  

f o r  an i d e n t i f i e d  i n d i v i d u a l  i s  h igher  than f o r  a  s t a t i s t i c a l  i n d i v i d u a l .  

Th is  i s  why c h a r i t a b l e  r e l i e f  agencies persona l i ze  t h e i r  appeals f o r  donat ions 

t o  one i d e n t i f i e d ,  bat tered,  s t a r v i n g  c h i l d .  It should t h e r e f o r e  be recog-  

n ized  t h a t  t he  value o f  r i s k  t o  h e a l t h  and l i f e ,  appropr ia te  f o r  s e t t i n g  

p u b l i c  s a f e t y  standards, ought t o  be de r i ved  from sources r e f l e c t i n g  values 

based on s t a t i s t i c a l  r a t h e r  than i d e n t i f i e d  i n d i v i d u a l s .  

Anx ie ty  About Risk 

F i n a l l y ,  i t  should be recognized t h a t  what i s  be ing valued i s  t he  impact 

o f  a  poss ib l e  f u t u r e  event and no t  t he  event i t s e l f .  Th is  suggests t h a t  t h e  

r e l e v a n t  b e n e f i t s  o f  a  more s t r i n g e n t  h e a l t h  and s a f e t y  s tandard a re  t h e  

reduced r i s k s  t o  everyone exposed t o  them and n o t  t he  number o f  people no 

longer  expected t o  d i e  prematurely.  Th is  f u r t h e r  imp l i es  t h a t  t he  r e l e v a n t  

measure o f  these b e n e f i t s  i s  no t  t he  value o f  l i f e  o r  h e a l t h  b u t  t h e  va lue o f  

changes i n  r i s k s  t o  h e a l t h  and l i f e  f o r  everyone exposed t o  t h e  r i s k .  These 

impacts o f  a  r educ t i on  i n  r i s k s  are o f  t h r e e  bas ic  types: 1 )  increase i n  

everyone's expected l eng th  o f  1  i f e ,  2)  improvement i n  everyone's expected 



health,  and 3 )  reduced a n x i e t y  about t h e  p o s s i b i l i t y  o f  i n j u r y  and/or death i n  

each t ime pe r i od  f o r  which these r i s k s  are reduced. The l a t t e r  two components 

have been t r a d i t i o n a l l y  ignored p a r t l y  because t h e  r i g h t  concept o f  h e a l t h  and 

s a f e t y  b e n e f i t s  has n o t  been used as the  s t a r t i n g  p o i n t  o f  t he  analys is .  

VALUE OF RISKS TO HEALTH AND SAFETY 

The key f a c t o r  i n  e x p l a i n i n g  t h e  v a r i a t i o n s  i n  emp i r i ca l  va lue  o f  l i f e  

est imates i n  Table 2 above may be t h e  inappropr ia teness of t he  va lue of l i f e  
a - concept t o  the va lua t i on  o f  h e a l t h  and s a f e t y  b e n e f i t s  f rom s t r i c t e r  stan- 

dards. Adoption o f  a  more r e l e v a n t  concept o f  h e a l t h  and s a f e t y  bene f i t s  

cou ld  g r e a t l y  enhance the  usefulness o f  b e n e f i t  cos t  ana lys is  as an a i d  t o  

h e a l t h  and s a f e t y  standards s e t t i n g .  

Reca l l  t h a t  t he  va lue o f  l i f e  has been der ived  by observ ing some change 

i n  r i s k  (XI, generat ing a measure o f  w i l l i n g n e s s  t o  pay ( y ) ,  then p o s t u l a t i n g  

t h a t  the change i n  y d i v i ded  by the  change i n  x  i s  va lue o f  l i f e .  (See 

F igu re  2 and pp. 37-38 above.) Th is  technique r e s t s  on t he  assumption t h a t  

each u n i t  o f  r i s k  t o  l i f e  i s  e q u a l l y  valuable.  There i s  l i t t l e  - a p r i o r i  

reason t o  b e l i e v e  t h a t  t h i s  i s  how i n d i v i d u a l s  respond t o  r i s k- resou rce  t rade-  

off dec is ions;  i t  v i o l a t e s  the  standard t h e o r e t i c a l  assumption o f  a  dimin-  

i s h i n g  marg ina l  r a t e  of s u b s t i t u t i o n  between goods; and Acton (1973) suggests 

t h a t  it i s  e m p i r i c a l l y  quest ionable as w e l l .  

Because t h e  r a t e  a t  which people are w i l l i n g  t o  exchange money f o r  a  

change i n  the  r i s k  o f  dy i ng  i s  p robab ly  not  a  constant  f u n c t i o n  o f  t he  l e v e l  

o f  t h i s  r i s k ,  t he  va lue o f  l i f e  der i ved  as i t  has been i n  t h e  1 i teratu1-e 

should va ry  accord ing t o  t he  l e v e l  o f  t h i s  r i s k  i n  t he  p a r t i c u l a r  case. Th is  

v a r i a t i o n  i s  hypothesized t o  t ake  t h e  form shown i n  F igu re  2 above. Using 

t h i s  f i gu re ,  the  t r a d i t i o n a l  procedure f o r  es t ima t i ng  t he  value o f  l i f e  should 

be expezted t o  y i e l d  a  h i ghe r  es t imate  f o r  data drawn from h ighe r  r i s k  a c t i v -  

i t i e s .  Thus, t h e  t r u e  va lue o f  a  l i f e  which i s  c e r t a i n  t o  be l o s t  i s  probably  

much g rea te r  than any o f  t h e  values found i n  t h e  l i t e r a t u r e ,  because t hey  a re  

l i n e a r l y  ex t rapo la ted  f rom lower r i s k  data. I f  the  curve i n  F igu re  2 i s  

a c t u a l l y  v e r t i c a l  near a  1.0 p r o b a b i l i t y  o f  death, then a s i n g l e  human l i f e  



t h a t  i s  sure t o  be l o s t  would have an i n f i n i t e  value. Whether o r  n o t  t h i s  i s  

t r u e  i s  an unanswered emp i r i ca l  quest ion, bu t  i t  may he lp  e x p l a i n  why any 

h e a l t h  and s a f e t y  b e n e f i t  va l ua t i on  process t h a t  inc ludes " v a l u i n g  l i v e s "  i s  

o f f e n s i v e  t o  many people. 

However, t he  va lue o f  l i f e  est imates are never used t o  va lue  t he  b e n e f i t s  I 

o f  p reven t ing  c e r t a i n  l o s s  o f  l i f e .  They are used t o  va lue  t h e  bene f i t s  o f  * 
reduced r i s k s  t o  h e a l t h  and l i f e  r e s u l t i n g  f rom proposed ac t ion .  The va lue o f  * 
these b e n e f i t s  depends on t h e  r i s k  l e v e l s  r e l e v a n t  t o  t h e  dec i s i on  a t  hand. - a  

Only i f  these r i s k  l e v e l s  are the  same ones used t o  de r i ve  t he  va lue o f  l i f e  

es t imate  used w i l l  no e r r o r  be introduced, and i n  t h i s  case d e r i v i n g  a  va lue  

of l i f e  i s  an unnecessary as w e l l  as a  p o t e n t i a l l y  o f f e n s i v e  step. It i s  n o t  

t h e  va lue o f  l i f e  b u t  t h e  va lue o f  reduced r i s k s  t o  h e a l t h  and l i f e  which i s  

t h e  r e l e v a n t  b e n e f i t  o f  a  more s t r i n g e n t  s a f e t y  standard. 

A l l  o f  t h e  approaches t o  v a l u i n g  h e a l t h  and s a f e t y  b e n e f i t s  a t tempt  t o  

measure the va lue o f  the l i v e s  and i n j u r i e s  expected t o  be saved r a t h e r  than 

t h e  va lue o f  t h e  reduced r i s k s  o f  these events. Beyond t h i s  common e r r o r ,  t h e  

t h ree  major approaches reviewed i n  t h i s  chapter do no t  measure t he  same 

th i ng .  Both t h e  i m p l i c i t  and t h e  e x p l i c i t  value approaches use da ta  on t h e  

t r a d e o f f  between an i n d i v i d u a l ' s  o r  s o c i e t y ' s  w i l l i n g n e s s  t o  pay o r  r e c e i v e  

money and changes i n  r i s k  t o  l i f e  t o  l i n e a r l y  ex t rapo la te  a  va lue o f  l i f e .  

The d i f f e r e n c e  between these approaches i s  t h a t  the  i m p l i c i t  value approach 

der ives t h e  value o f  l i f e  f rom the  pas t  ac t i ons  o f  t h e  i n d i v i d u a l  o r  s o c i e t y  

w h i l e  the  e x p l i c i t  value approach der ives  the  value from h y p o t h e t i c a l  ques- 

t i o n s  regard ing  t he  proposed ac t ion .  

The p r o d u c t i v i t y  approaches equate the  value of l i f e  t o  t he  va lue o f  a  

person 's  expected f u t u r e  earnings. While t h i s  may measure t h e  va lue o f  h i s  

p r o d u c t i v i t y  t o  soc ie ty ,  i t  ignores t he  i n d i v i d u a l ' s ,  h i s  f a m i l y ' s ,  and 

f r i e n d s '  p o i n t  o f  view. Hence, p r o d u c t i v i t y  est imates tend t o  undervalue t h e  

b e n e f i t s  o f  more s t r i n g e n t  h e a l t h  and s a f e t y  standards. 

O f  a11 t h e  approaches which have been used t o  es t imate  t h e  va lue o f  l i f e  

o n l y  t he  e x p l i c i t  value approach, which r e l i e s  on surveys o f  i n d i v i d u a l s ,  

cou ld  be mod i f i ed  t o  measure t h e  r e l e v a n t  concept o f  h e a l t h  and s a f e t y  bene- 



f i t s  o f  more s t r i n g e n t  r a d i a t i o n  standards. Th is  i s  p a r t l y  because appro- 

p r i a t e  data f o r  a p p l i c a t i o n  o f  o ther  techniques i s  unava i l ab le  f o r  such low 

probabi 1  i t y ,  h i gh  consequence i n v o l u n t a r i l y  borne r i s k s  as those a1 1  owable by 

present  p u b l i c  r a d i a t i o n  standards. Valuat ion o f  t h e  b e n e f i t s  o f  lower ing  

these standards should focus on the  value o f  a  r educ t i on  i n  r i s k s  t o  l i f e  and 
4 hea l t h  t o  a l l  those sub jec t  t o  these r i s k s .  The va lue o f  changes i n  r i s k s  t o  
r h e a l t h  and l i f e  should be est imated as a  f u n c t i o n  o f  severa l  va r i ab les  r a t h e r  

than con t i nu ing  t h e  search f o r  a  s i n g l e  va lue  o f  l i f e .  
I 

L .  The use o f  t h e  va lue o f  reduced r i s k s  t o  h e a l t h  and l i f e  r a t h e r  than t h e  

value o f  l i v e s  expected t o  be saved i s  no t  o n l y  more appropr ia te  f o r  s e t t i n g  

s a f e t y  standards, bu t  standards thus s e t  are l i k e l y  t o  r e c e i v e  g rea te r  p u b l i c  

acceptance. Th is  approach should avoid even the  appearance o f  the  " d i s -  

coun t ing  l i v e s  o r  h e a l t h  e f f e c t s "  t h a t  so many people f i n d  m o r a l l y  ob jec t i on-  

able. 

F i n a l l y ,  i n t e r t empora l  e f f e c t s  are e s p e c i a l l y  impor tan t  i n  va lu i ng  the  

b e n e f i t s  o f  reduced r i s k s  o f  rad ia t ion- induced h e a l t h  e f f e c t s .  I n  deal  i n g  

w i t h  these e f f e c t s ,  one must be c a r e f u l  t o  separate t he  t h ree  f o l l o w i n g  

f ac to r s :  

1. The in te r tempora l  e f f e c t s  captured by the  d iscoun t  r a te ,  i n c l u d i n g  (a )  

t he  r a t e  a t  which people are w i l l i n g  t o  t r ade  c u r r e n t  i tems f o r  the  same 

f u t u r e  ones, and (b )  t he  r a t e  a t  which people are - able t o  make such 

t rades.  

2. The r e l a t i v e  changes i n  va lue which may occur over time. For example, as 

incomes increase over t ime  people may va lue environmental  q u a l i t y  more 

h i g h l y  i n  the  f u t u r e  compared t o  an a d d i t i o n a l  d o l l a r  o f  income than they  

do i n  t h e  present .  Such f u t u r e  changes i n  r e l a t i v e  p r i c e s  may have 

s i g n i f i c a n t  e f f e c t s  on present  values, e s p e c i a l l y  i f  c u r r e n t  dec is ions  

regard ing  the  f u t u r e  prove t o  be i r r e v e r s i b l e .  

3. The e f f e c t s  o f  anx ie t y  i n  t he  present  about events which may occur i n  t h e  

f u tu re .  Such anx ie t y  e f f e c t s  may exp la i n  the s i g n i f i c a n t  present  value 

which p o s s i b l e  gene t i c  and f u t u r e  hea l t h  and l i f e  e f f e c t s  o f  r a d i a t i o n  

have f o r  people i n  s p i t e  o f  t he  d i s t a n t  f u t u r e  t ime per iods i n  which 



these e f f e c t s  occur. (When the value o f  d i s t a n t  f u t u r e  e f f e c t s  i s  discounted 

by any p o s i t i v e  rate,  t h e i r  present value i s  small.) F a i l u r e  t o  inc lude these 

anxiety  e f f e c t s  i n  the  value o f  the bene f i t s  o f  reduced r i s k s  may he lp  exp la in  

people's ob jec t ions  t o  "d iscount ing l i v e s "  o r  "d iscount ing hea l th  e f f e c t s "  

noted a t  the  end o f  t he  previous chapter. Long delayed e f f e c t s  may reduce t h e  ~r 

l e v e l  of r i s k  people consider t o  be acceptable (as suggested by Lawrance 3 .  

(1976); see Table 3 above), because the length o f  t ime t h a t  the  anx ie t y  must 

be borne i s  increased. 
d 

. Y 
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