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1 ABSTRACT 
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! 
1 The p o t e n t i a l  r a d i o l o g i c a l  impact  o f  t h e  s i t i n g  o f  20 l i g h t - w a t e r  

r e a c t o r s  and assoc ia ted  nuc lea r  f u e l  c y c l e , f a c i l i t i e s  on t h e  Hanford rese r -  

v a t i o n  was eva lua ted  by c a l c u l a t i n g  t h e  p o t e n t i a l  r a d i a t i o n  doses rece i ved  
I 
i .by i n d i v i d u a l s  and popu la t i ons  i n  t h e  v i c i n i t y  o f  t h e  r e s e r v a t i o n .  The 

1 l a r g e s t  c o n t r i b u t o r  t o  t h e  p o t e n t i a l  r a d i a t i o n  doses-, t o  b o t h  t h e  i n d i v i d u a l  
I 
I and t h e  50-mi le  popu la t i on ,  were t h e  e f f l u e n t s  f r om t h e  conceptual  1500 MT/yr 
I 
I f u e l  r ep rocess ing  p l a n t .  The e f f l u e n t s  f r om the  20 r e a c t o r s  combined was 

t he  second l a r g e s t  c o n t r i b u t o r .  The r a d i a t i o n  dose c o n t r i b u t i o n s  f rom t h e  

300 MT/yr mixed o x i d e  f u e l  f a b r i c a t i o n  p l a n t  were i n s i g n i f i c a n t .  The h i g h e s t  

organ dose f rom a l l  f a c i l i t i e s  combined was 24 mremlyr t o  t h e  c h i l d  t h y r o i d ;  

f o l l o w e d  by 8  mremlyr t o  t h e  a d u l t  t h y r o i d .  The r a d i a t i o n  doses met proposed 

EPA g u i d e l i n e s .  The 50-year c o l l e c t i v e  dose commitment t o  t h e  p o p u l a t i o n  

w i t h i n  50 m i l e s  was about  50 man-rem f o r  most organs o f  r e fe rence ,  w h i l e  t h e  

' es t ima te  f o r  bone was 70 man-rem. 

W i th  t h e  excep t i on  o f  85Kr, t h e  r e l e a s e  r a t e s  o f  r a d i o n u c l i d e s  were a l s o  

w i t h i n  t h e  EPA g u i d e l i n e s .  Removal o f  about  9 0 % . o f  t h e  4  x  105 Cilyr pe r  

g i gawa t t - yea r  o f  e l e c t r i c i t y  o f  8 5 ~ r  f rom t h e  f u e l  r ep rocess ing  p l a n t  gaseous 

e f f l u e n t s  would be r e q u i r e d  f o r  compl iance w i t h . t h e  EPA g u i d e l i n e s ;  



POTENTIAL RADIOLOGICAL IMPACT OF A  
CONCEPTUAL HANFORD NUCLEAR ENE'RGY CENTER 

INTRODUCTION 

T h i s  r e p o r t  b r i e f l y  d iscusses t h e  p o t e n t i a l  r a d i o l o g i c a l  impact  o f .  

a  conceptual  Hanford Nuc lear  Energy Center  (HNEC) on t h e  environment.  

I t  was prepared as one p a r t  o f  a  d e t a i l e d  s tudy  sponsored by t h e  Depar t -  

ment o f  Energy. A d e s c r i p t i o n  o f  t h e  HMEC concept  and i t s  o v e r a l l  impact/  

b e n e f i t  cons ide ra t i ons  i s  con ta ined  i n  Repor t  PNL-2640 ( 9 )  

The d i s c u s s i o n  addresses, i n  a gene r i c  sense, t h e  r o u t i n e  r e l e a s e  

r a t e s  o f  r ad ionuc l  i des  f rom n u c l e a r  power p l a n t s  .and assoc ia ted  f u e l  c y c l e  

f a c i l i t i e s  a t  such an HNEC. The r a d i a t i o n  doses r e s u l t i n g  f rom such re l eases  

a r e  summar.ized b r i e f l y ,  b u t  d e t a i l s  o f  t h e  dose c a l c u l a t i o n s  a r e  n o t  presented.  

F u r t h e r  a n a l y s i s  o f  t h e  p o t e n t i a l  r a d i o l o g i c a l  impact would have t o  be under-  

taken  once s p e c i f i c  s i t e s  and p l a n t  des igns a r e  chosen. Depending upon t h e  

a c t u a l  p l a n t  c h a r a c t e r i s t i c s ,  t h e  r a d i o l o g i c a l  impact  c o u l d  be d i f f e r e n t  

than  d e r i v e d  here f o r  t h e  gene r i c  s i t e ,  b u t  i n  a l l  p r o b a b i l i t y  t h e  n e t  

impact would n o t  be s i g n i f i c a n t l y  g r e a t e r  because 'o f  t h e  conse rva t i ve  assump- 

t i ons empl oyed . 

A11 i n d u s t r i a l  p l a n t s  hand1 i n g  rad ionuc l  i des  have r a d i o a c t i v e  waste 

(radwaste) systems t h a t  t r e a t  t h e  waste streams c o n t a < n i  ng rad ionuc l  i des .  

These systems a r e  r e f e r r e d  t o  as t h e  1  i q u i d ,  gas, o r  so l  i d  radwaste systems 

i n  accordance w i t h  t h e  phys i ca l  fo rm o f  t h e  waste streams be ing  t r e a t e d .  

The purpose o f  t h e  radwaste systems i s  t o  m in im ize  r e l e a s e  o f  r a d i o n u c l i d e s  

t o  t h e  environment and t h e  consequent r a d i a t i o n  dose t o  t h e  general  p u b l i c .  

The radwaste systems can be designed f o r  a l l  degrees o f  t rea tment  from 

e s s e n t i a l l y  ze ro  up t o  ve ry  s o p h i s t i c a t e d  systems which r e s u l t  i t )  v i r t u a l l y  

no re l ease  o f  r a d i o n u c l i d e s  t o  t h e  environment.  The .cos t s  f o r  o p e r a t i n g  

these  systems a l s o  have a broad range f rom a  l ow  va lue  f o r  min lmal  t r e a t w e n t  

up t o  h i g h  va lues  f o r  s o p h i s t i c a t e d  t rea tment .  



STANDARDS AND G U I D E S  . . 

The NRC,has a  general  p o l i c y  t h a t  t h e  r a d i a t i o n  dose rece ived by t h e  

gen.era1 p u b l i c  s h a l l  be "as low as p r a c t i c a b l e "  ~ i h i . c h  i s  de f i ned  as "as low 

as i s  p r a c t i c a b l y  ach ievab le  t a k i n g  i n t o  account t h e  s t a t e  o f  technology 

and t h e  economics o f  improvement i n  r e l a t i o n s  t o  b e n e f i t s  t o  t h e  p u b l i c  

h e a l t h  .and s a f e t y  and i n  r e l a t i o n  t o  t he  u t 4 l  i z a t i o n .  o f  atomic energy i n  

t h e  pub1 i c  i n t e r e s t .  ' ( I  ) This  hag been t r a n s l a t e d  i n t o  design guides, i n  

Appendix I t o  10 CFR 5 0 , ' ~ )  which de f i nes  t h e  term "as low as p r a c t i c a b l e "  

i n  r e l a t i o n  to '  r a d i a t i o n  doses t h a t  ... t h e  .general  p u b l i c  [n igh t  rece i ve  as a 

r e s u l  t o f  rad ionuc l  i d e  re1  eases from nucl  ear  power p l  an ts .  Such design 

guides have n o t  been issued f o r  f u e l  c y c l e  f a c i l  i t i e s  by t h e  USNRC bu t  o n l ~  

f o r  L i g h t  Water Reactor (LWR) power p l a n t s .  New terminology,  "as low as 

reasonably achievable"  (ALARA) has s ince  been adopted by t h e  NRC. 

Recent ly  t he  EPA recorrunended r a d i a t i o n  p r o t e c t i o n  standards f o r  l i m i t i n g  
- .  

t h e  exposure o f  t he  publ i c  from uranium f u e l  c y c l e  opera t ions .  ( 3 )  These 

standards a re  summarized below, 

(a )  The annual dose equ i va len t  t o  any member o f  t h e  general  

p u b l i c  f rom e f f l u e n t s  o r  r a d i a t i o n  f rom uranium f u e l  c y c l e  

operat ions s h a l l  n o t  exceed 75 mf 11 i rem t o  t h e  t h y r o i d  and 

25 r n i l l i r e m  t o  any o t h e r  organ (exc lud ing  s k i n  and cornea) .  

(b )  The t o t a l  q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l  d ischarged t o  t he  

'environment per  g igawat t -year  o f  e l e c t r i c i t y  generated s h a l l  

c o n t a i n  l e s s  than 50,000 c u r i e s  o f  krypton-85,  5  m i l l i c u r i e s  

o f  iodine-129, and 0.5 m i l l i c u r i e c o m b i n e d  o f  plutonium-239 
' 

and o t h e r  a1 pha-emi t t i n g  t r a n s u r z n i c  rad ionuc l  i des  w i t h  ha1 f -  

l i v e s  g r e a t e r  than one year .  

The e f f e c t i v e  da te  f o r  these standards i s  December 1, 1979 f o r  a l l  

opera t ions  except m i l l i n g  o f  uranium ore, f o r  which the  e f f e c t i v e  da te  i s  

December, 1980. The EPA has examined the  p r e v i o u s l y  promulgated NRC Guide- 
. . 

l i n e s  f o r  ' nd i v i dua l  l i gh t -wa te r - coo led  power r e a c t o r s  as conta ined i n  

Appendix I t o  1DCFR50. They concl uded t h a t  e x i s t i n g  r e a c t o r s  l icensed 



under t h e  Appendix I Guides .by NRC would.  have no d i f f i c u l t y  comply ing w i t h  

t h e  new EPA s tandards even a t  s i t e s  w i t h  up t o  5 LLJRs, o r  a t  m u l t i p l e  s i t e s  

each w i t h  one o r  two LWRS p rov ided  t h e  s i t e s  were spaced a t  l e a s t  10 

m i l e s  apa r t .  



EXPOSURE PATHWAYS 

Each o f  t h e  severa l  t ypes  o f  n u c l e a r  f a c i l i t i e s  expected t o  be l o c a t e d  

w i t h i n  an HNEC w i l l  r o u t i n e l y '  r e l e a s e  r a d i o a c t i v e  gases, 1 i q u i d s ,  and/or  

s o l i d s  t o  t h e  environment and must meet t h e  ALARA g u i d e l i n e s  and t h e  EPA 

standards f o r  t o t a l  impact. I n  a  genera l .  way, t h e  t o t a l . i m p a c t  o f  .the f a c i l i -  

t i e s  i s  t h e  sum o f  t h e  impacts caused.by each f a c i l i t y .  However, t h e  i n d i v i -  

dual 's r e c e i v i n g  t h e  h i g h e s t  doses will n o t  n e c e s s a r i l y  be i d e n t i c a l  f o r  each 

geographica l  l y - sepa ra ted  f a c i l i t y  and . the doses t o  t h e  maximum i n d i v i d u a l  
. . 

w i l l  n o t  n e c e s s a r i l y  be comp le te l y  a d d i t i v e ,  e s p e c i a l l y  i n  t h e  i ns tance  o f  

gaseous e f f l u e n t s .  

. . 

The r a d i a t i o n  dose ' rece ived  by t h e  genera l  . p u b l j c ,  as a  r e s u l t  ' o f  

r a d i o n u c l i d e  r e l e a s e  f rom a  p l a n t ,  depends p r i m a r i l y  on t h e  des ign  o f  t h e  

radwaste systems, t h e  d i s t a n c e  between t h e  p l a n t  and t h e  nea res t  members o f  

t h e  gene.ra1 pub1 i c y  and t h e  pathways f o r  r ad ionuc l  i d e  t r a v e l  t o  t h e  pub1 i c .  

The compos i t ion  o f  t h e  r a d i o a c t i v e  e f f l u e n t s  a f f e c t s  t h e  organs which 

m i g h t  r e c e i v e  t h e  h i g h e s t  r a d i a t i o n  doses as w e l l  as t h e  pathways o f  exposure. 

A t  a  f u e l  f a b r i c a t i o n  p l a n t  where a c t i n i d e  elements a r e  re l eased  t o  t h e  

atmosphere, i n h a l a t i o n  i s  t he  p r i n c i p a l  pathway a n d ' t h e  l ung ,  bone and l i v e r  

a r e  t h e  organs r e c e i v i n g  t h e  h i g h e s t  exposure. 
. . 

A t  nuc lea r  poiarer r e a c t o r s  and f u e l  reprocess ing  p l a n t s  where t r i t i u m  

and mixed f i s s i o n  p roduc t  r a d i o n u c l  i d e s  a r e  re leased,  i n g e s t i o n  o f  m i l k  and 

produce a r e  t h e  pathways o f  i n t e r e s t  and t h e  t h y r o i d  ( p a r t i c u l a r l y  o f  

i n f a n t s )  i s  t h e  organ o f  i n t e r e s t .  . . 

Several  mathematical  models developed f o r  c a l c u l a t i n g  r a d i a t i o n  doses 

t o  man and o t h e r  b i o t a  f rom r a d i o a c t i v e  m a t e r i a l s  r e l eased  t o  t h e  env i r ons  

have been r e p o r t e d  i n  d e t a i l  i n  t h e  l i t e r a t u r e .  Some o f  these  models were 

spec i f  i c a l  l y  designed t o  t r e a t  a c c i d e n t a l  o r  acu te  r e 1  eases (4  ,5) a1 though 

t h e y  can be appl  i e d  w i  t h m o d i f i c a t i o n s  t o  ch ron i c  r e l eases .  (637) Other  

models \?rere designed t.o c a l c l ~ l a t e  r a d i a t i u n  doses i n  a  l a r g e  r e g i o n  o f  t h e  



U n i t e d  S ta tes  . . . f r om  c h r o n i c  . . .  r e1  eases. . (*") . App.1 i c a t i o n s  . . o f  these  model s  

t o  t h e  e s t i m a t f o n  o f  r a d i o l o g i c a l  impact  o f  nuc lea r  f a c i l  i t i e s  f o r  i n c l u s i o n  

i n  t h e  Environmental  R e p o r t s r e q u i r e d  by t h e  Na t i ona l  Environmental  P o l i c y  

A c t  (NEPA) have a i s o  been d iscussed i n  t h e  l i t e r a t u r e . ( l 0 , l 1 )  I n  a d d i t i o n , ' .  ' . ' 

t hey  have been a p p l i e d  t o  t h e  a n a l y s i s  o f  t h e  r a d i o l o g i c a l  impact o f  l a r g e  

nuc lea r  energy cen te rs  f o r  an NRC study.  (12,13s14)  Appl i c a t i o n  o f  t h e  r e s u l t s  

f rom these s t u d i e s  t o  t h e  HNEC can be mad,e '.by rep1acin.g' t h e  gene r i c  en'v i ron- 

mental  c o n d i t i o n s  assumed i n  them w i t h  t h e  s p e c i f i c  cond ' i t i ons  i n  ex i s tance  

a t  Hanford. The f o l l o w i n g  d i scuss ions  . o f '  t h e  r a d i o l o g i c a l  impact o f  t h e  
n 

va r i ous  types ' o f  n u c l e a r  f a c i l  i t i e s  a t  an HNEC . a r e  based upon such a$ appl  i -  

c a t i o n .  



FUEL FABRICATION PLANT 

i n  an NEC f u e l  f a b r i c a t i o n  f a c i l i t i e s  m i g h t  be r e q u i r e d  f o r  b o t h  

uranium and p lu ton ium LWR f u e l s .  

I n  t he  uranium p l a n t ,  uran ium i s  r ece i ved  as e i t h e r  t h e  h e x a f l u o r i d e  
. . o r  o x i d e  powder. It i s  conver ted  t o  t h e  oxide', formed i n t o  p e l l e t s ,  s i n t e r e d ,  

e tc . ,  and then  p laced  i n  z i r con ium tubes,. The tubes a re ,  sealed and then  

assembled i n t o  f i n i s h e d  assembl i es .  The p l a n t  v e n t i l a t i o n  system employs 

adequate safeguards t o . p r e v e n t  t h e  r e l c a s e  o f  s i g n i f i c a n t  amounts o f  

p a r t i c u l a t e  ma t te r .  The r a d i o l o g i c a l  impact o f  a  uranium f u e l  f a b r i c a t i o n  

p l a n t  would be much l e s s  than  t h a t  o f  t h e  mixed o x i d e  (p l u ton ium f u e l  

f a b r i c a t i o n )  p l a n t  d iscussed below. . 

A safeguarded p lu ton ium f a b r i c a t i o n  p l a n t  would have severa l  a d d i t i o n a l  

s teps  i n  t h e  process. T y p i c a l l y  p lu ton ium-bear ing  m a t e r i a l s  may have t o  

be conver ted  t o  an ox ide ,  blended w i t h  uranium o x i d e  and then  formed i n t o  

p e l l e t s .  The p e l l e t s ,  a f t e r  f u r t h e r  t rea tment ,  would be p laced  i n  tubes and 

welded c losed .  Up t o  t h i s  p o i n t  a l l  ope ra t i ons  have taken p l a c e  i n  sh ie l ded  

g love '  boxes because o f  t h e  p o t e n t i a l l y  h i g h l y  r a d i o a c t i v e  n a t u r e  o f  t h e  

safeguarded p lu ton ium.  The remainder o f  . t h e  pro'cess p a r a l l e l s  t he  uranium 
- assembly l i n e  equipment, so t h a t  b o t h  p l a n t s  do n o t  r e q u i r e  s i g n i f i c a n t  

c o n t r o l l e d  access o r  low p o p u l a t i o n  zones sur round ing  them. 

The p o t e n t i a l  env i ronmenta l  impact o f  a  300 MTly r  mixed ox ide  f u e l  

f a b r i c a t i o n  (MOX) p l a n t  was addressed i n  document NUREG-001.-ES. (14 )  Th i s  s i z e  

p l a r i t  cou ld  p r o v i d e  t h e  p l u t o n i u n ~  f u e l  f o r  about  40 LWR power react .ors .  

A safeguarded p l a n t  would p robab l y  n o t  be s i g n i f i c a n t l y  d i f f e r e n t .  The 

r e l e a s e  r a t e s  o f  t ransuranium n u c l i d e s  f rom t h e  p o s t u l a t e d  MOX p l a n t  g i v e n  

i n  ~ e f e r e n c e  (12)  a r e  reproduced 'ili Table 1 .  



Nucl i d e  

TOTAL 

TABLE- 1. Est imated Release Rates o f  Radionucl i des  ' t o  t h e  
Atmosphere f rom a  300-MT/yr MOX P l a n t  (12.) 

( a ) ~ s s u m i n g  a  1-year de lay  between reprocess ing  p l a n t  and f u e l  f a b r i c a t i o n  p l a n t .  

,( b ) ~ e l  eased from r o o f  Vent;. 



S i t i n g  such a  p l a n t  on t h e  200 Area p la teau  i n  an HNEC inc reases  t he  

1 s i t e  boundary ,d is tance  t o  n e a r l y  20 m i l e s .  The maximum i n d i v i d u a l  would 

/ p robab ly  be 1 o c a t e d . i ~  t h e  d i r e c t i o n  o f  t h e  p r e v a i l i n g  wind ( S E )  where t he  
! 3 ( I 5 )  The 
f 

annual average atmospher ic  d i  1  u t  i o n  f a c t o r  i s  2.1 XI o - ~  sec/m . 
5 . . 

I 
r a d i a t i o n  doses t o  t h e  maximum i n d i v i d u a l  were c a l c u l a t e d  u s i n g  t h i s  d i l u t i o n  

f a c t o r  and t h e  r e l e a s e  r a t e s  i n  Table 1. The r e s u l t s  a r e  summarized i n  

Table 2. A1 so i nc l uded  i n  Table 2  a r e  t h e  r a d i a t i o n  doses t o  t h e  p o p u l a t i o n  

I . . . .  

(290,000 persons)  w i t h i n  50 m i l e s  o f  t he  p l a n t  s i t e  u s i n g  a  p o p u l a t i o n  weighted 

average atmospher ic  d i l u t i o n  f a c t o r  o f .  8  .OX]  o - ~  sec/m3. 

I 
The p r i n c i p a l  pathway of  exposure i s  i n h a l a t i o n ,  w i t h  n e g l i g i b l e  

c o n t r i b u t i o n  f rom e x t e r n a l  exposure o r  food consumption. The doses i n  Table 

2 a r e  c e r t a i n l y  w e l l  below t h e  EPA s tandards o r  any p c t e n t i a l  ALARA c r i t e r i a  

f o r  f u e l  f a b r i c a t i o n  p l a n t s .  I n  a d d i t i o n ,  t h e  p r o j e c t e d  r e l e a s e  r a t e  o f  

l e s s  than  2 m i l l i c u r i e s  o f  l o n g  l i v e d  a lpha  e m i t t e r s  amounts t o  about  0.05 

m i l l i c u r i e s  pe r  g i g a w a t t  yea r  o f  e l e c t r i c i t y  generated o r  abou t  10% o f  t h e  

EPA s tandard f o r  such re l eases .  



TABLE 2. Est imated Rad ia t i on  Doses t o  a  Maximum I n d i v i d u a l  and t h e  Popu la t i on  
W i th i n  50 m i l e s  of  a  300 MT/yr MOX P l a n t  a t  an HNEC S i t e  

Organ F i r s t - Y e a r  Dose 
F i  f t y -Yea r  Dose 

Commitment 

Maximum I n d i v i d u a l  ( m i l l  i rem)  

To ta l  Body 4  E-6 1  E-3 

Bone 2  E-4 4  E-2 

GI -LL I  6 E-6 6 E-6 

L i v e r  2 E-5 4  E-3 

Lung 8 E-4 , ,  1  E-3 

~ h y r o i d  5  E-7 5.E-7 ' 

Popul a , t ion (man-rem) 

To ta l  Body 4  E-4 0.1 

Bone 

GI-LLI  

L i v e r  

Lung 

Thy ro id  



FUEL REPROCESSING PLANT 
. . . .. . . . . 

I f  fue l  reprocess ing  were under taken a t  a. HNEC, ' then a  p l a n t  o f  1500 

MT/yr c a p a c i t y  would be s u f f i c i e n t  f o r  r ep rocess ing  t h e  f u e l  d ischarged f r om 

about  40 o p e r a t i n g  l i g h t - w a t e r  r e a c t o r s .  The radwaste system p o s t u l a t e d  i n  

Reference 12 assumed D F ' S  o f  o n l y  20 and 40 f o r  l Z 9 1  and 131 1 r e s p e c t i v e l y .  

By t h e  t i m e  an FRP were cons t ruc ted  a:t t h e  HNEC, DF o f  500 and 1000 f o r  

I z 9 i  and 'I 31 I, r e s p e c t i v e l y ,  would be more r e a l  i s t i c .   heref fore t h e  re1  ease 

r a t e s  o f  these  2  n u c l i d e s  t o  t h e  a i r .  f rom t h e  FRP s tack  were assumed t o  be 

1/25 o f  those  g i ven  i n  r e fe rence  (12) .  The rad-waste system DF's f o r  t h e  

o t h e r  n u c l i d e s  were assumed t o  be t h e  same. The r e v i s e d  l i s t  o f  r e l e a s e  

r a t e s  i s  g i v e n  i n  Table 3. 

S i t i n g  t h i s  FRP a t  t h e  200 Area p la teau  o f  t h e  Hanford p r o j e c t  and 

u t i l  i z i n g  . a  60-meter (200 '  ) s tack  would p r o v i d e  an annual average atrnospheri c  

d i l u t i o n  f a c t o r  o f  4 ~ 1 0 - ~  sec/m3 a t  t h e  l o c a t i o n  o f  t h e  max.imum i n d i v i d u a l  

( 20 m i l e s  SE). ( I 5 )  The popu la t ion-we igh ted  average d i l u t i o n  f a c t o r  f o r  

t h e  50-mi le  p o p u l a t i o n  (290,000 persons)  would be 1 . 5 ~ 1 0 - ~  sec/m3. 

Combining these f a c t o r s ,  t h e  r e l e a s e  r a t e s  o f  Table 3  and t h e  r a d i a t i o n  

dose c a l c u l a t i o n  models and parameters n o r m a l l y  u t i l i z e d  f o r  t h e  Hanford 

~ r o j e c t ( l ~ )  y i e l d s  t he  r a d i a t i o n  doses summarized i n  Table 41 

? 
The r a d i a t i o n  doses i n  Table 4  a r e  about  20% o f  t h e  EPA standards 

- o f  75 mremlyr t o  t h e  t h y r o i d  and 25 mremlyr t o  any o t h e r  organ. They a l s o  

should be below any f u t u r e  ALARA g u i d e l i n e s  t h a t  m igh t  'be promulgated by  

t h e  NRC f o r  f u e l s  reprocess ing  p l a n t s .  

129 
T a b l e 5  l i s t s  t h e  r e l e a s e  r a t e s  o f  85~ r ,  I and l o n g - l i v e d  a lpha  

e m i t t e r s  i n  u n i t s  o f  C i  pe r  g i gawa t t - yea r  o f  e l e c t r i c i t y  generated. These 

va lues were ob ta ined  by d i v i d i n g  t h e  cor respond ing  va lues  i n  Table 3  by 

t h e  40 g i gawa t t  e q u i v a l e n t  represen ted  by t h e  FRP. A l s o  l i s t e d  i n  Table 

5 a r e  t h e  EPA s tandards f o r  r e l e a s e  o f  these r a d i o a c t i v e  m a t e r i a l s ,  



TABLE 3. 

Nucl ide .  

3~ 

Es t imated  Release Rates o f  Rad ionuc l ides  
f rom a 1500 MT yr LWR-PU Fuels  Reproces- 
s i n g  P l a n t  (12 $ 

Nucl i d e  

134cs 

1 3 7 ~ s  
14.1 Ce 

144ce 

147Pm 

1 5 4 ~ u  

1 5 5 ~ u  

238Pu 

239Pu 

2 4 0 ~ ~  

241Pu 
242pu 
241Am 

2 4 3 ~ ~  

242cm 

244cm 

( a )  'These a r e  1/25 of t h e  va lues g i v e n  i n  Reference 12; see t e x t .  



TABLE 4. Estimated Radiation Doses to a Maximum Individual 
and the Population Within 50 Miles of a 1500 MTlyr 
FRP at an HNEC Site 

Fifty-Year Dose 
Organ First-Year Dose Commitment 

Maximum Individual (millirem) 

Total Body 4.9 5.1 

Bone' 

GI-LLI 

Thyroid (adult) 

Thyroid (infant) 

Population (man-rem) -. 

Total Body 410 , 430 

13 Bone 32 

GI-LLI 41 0 430 . , 

Thyroid 430 450 
L .  

(a) 95% of this dose is from 3~ 



TABLE 5. . Comparison o f  Release Rates o f  85~ r ,  l Z 9 1  
and Long-Lived Alpha E m i t t e r s  f rom a  
1500 MT/yr FRP w i t t i  EPA Standard 

(Cur ies  p e r  Gigawatt-Year E l e c t r i c i t y )  

Rad ioac t i ve  Es t imated  . 

M a t e r i a l  Release Rate EPA 

8 5 ~ r  4E+5 ' , '  5Et4 
1291 3E-3 5E-3 

L ived-1 i ved*  6E-3 5E-4 
A1 pha Emi t t e r s  

* Inc ludes  a1 1  TRU n u c l i d e s  f rom Tab le  3  excep t  
Pu-241 and Cm-242.. 



. . 

I t  can b e  seen from Table 5  t h a t  re lease  r a t e s  o f  8 5 ~ r  and long-lived 

alpha emitters a r e  each about a  fac tor  of 10 above the EPA standard. Im- 

provement by a  fac tor  of 10-20 in the f i l t r a t i o n  e f f ic iency  of the pa r t i cu l a t e  

r a d - w a s t e s y s t e m o v e r t t i a t ~ e m p l o y e d i n d ~ r i v i n g t h e r e l e a s e s i n T a b l e 3  . . 

should be feas ib le .  The values . . t ha t  were used in the  NECSS-75 study fo r  

f i l t e r  ef f ic iency were conservatively low. ( I 4 )  Even i f  an extra bank of high-' 

ef f ic iency pa r t i c l e  f i l t e r s  were required,  they can be added a t . a  small 

incremental cos t .  

The 8 5 ~ r  r e l e a s e  r a t e  however cannot be s i gn i f i c an t l y  lowered without 

the  i n s t a l l a t i on  of a  system fo r  col.lection and storage of krypton. Such 
. . a system was proposed f o r  the  Nuclear Fuel .Recovery and Recycling Center 

planned by E X X O N  Nuclear Co., Inc. f o r  the  Oak Ridge, TN a rea (16) .  The 

projected overall  8 5 ~ r  recovery of t h a t  system wa; 95%, which would be 

su f f i c i en t  f o r  the postulated FRP.  



NUCLEAR POWER REACTORS 

Opera t ion  o f  a  nuc lea r  power r e a c t o r   create.^ r a d i o i s o t o p e s  i n  t h e  f u e l  

elements, t h e  f u e l  element c l a d d i n g  and end suppor ts ,  t h e  s t r u c t u r a l  ma- 

t e r i a l s ,  and t h e  coo lan t .  Most o f  these  r a d i o i s o t o p e s  a r e  immobi le because 

t hey  a r e  e i t h e r  encased i n  t h e  fue- l  e lements o r  a r e  p a r t  o f  t h e  permanent 

equipment. However, smal l  amounts a r e  c rea ted  i n  o r  e n t e r  t h e  c o o l a n t  and . . 

t r a v e l  th roughout  t h e  c o o l a n t  and t h e  assoc ia ted  p u r i f i c a t i o n  and waste 

systems. Small amounts a l s o  escape i n t o  o t h e r  p a r t s , o f  t h e  r e a c t o r  b u i l d -  

i n g  and e y e n t u a l l y  a r e  t r anspo r ted  t o  t h e  r a d i a t i o n  waste systems f o r  

a p p r o p r i a t e  t rea tment ,  s to rage  and/or r e l e a s e . t o  t h e  environment-.. . . 

Est imated r e l e a s e  r a t e s  o f  r a d i o n u c l i d e s  w i t h  l . i q u i d  and gaseous 

e f f l u e n t s  f rom 'BWR and PWR n u c l e a r  power r e a c t o r s  were g i v e n  i n  r e p o r t s  

o f  t h e  NECSS-75 Study. (13, 14)  Guidance on t h e  s p e c i f i c  r a d i o n u c l i d e  con- 

t e n t  o f  l i q u i d  and gaseous wastes versus radwaste system comp lex i t y  a t  

LWRs can be found i n  WASH-1 258. ) 

Table 6 l i s t s  t h e  es t imated  r e l e a s e  r a t e s  o f  r a d i o n u c l i d e s  w i t h  t h e  

l i q u i d  e f f l u e n t s  f rom a  20 - reac to r  HNEC. These va lues  i n c l u d e  t he  t o t a l  

c o n t r i b u t i o n  f rom 7 BURS and 1 3  PWKs. 

Assuming t h a t .  t h e  e n t i r e  annual r e l e a s e  o f  r a d i b n u c l  i des  g i v e n  i n  

Table 6 i s  mixed i n t o  t h e  average annua.1 f l o w  r a t e  o f  t h e  Columbia R i v e r  

(120,000 c f s )  t h e  r a d i a t i o n  doses t o  a  maximum i n d i v i d u a l  and t h e  50-mi le  

p o p u l a t i o n ( a )  were c a l c u l a t e d .  The r e s u l t s  a r e  summarized i n   able 7. 

The do'ses ' i n  Tabl-e 7 i n c l u d e  t h e  conse rva t i ve  assumption t h a t  a1 1  20 

r e a c t o r s  were on l i n e  s i ~ i i u l t a n e o u s l y  f o r  30 years ,  . d u r i n g  which t i m e  t h e  

re l eased  r a d i o n u c l i d e s  were accumulat ing i n  r i v e r  sediments .and i r r i g a t e d  

farmland, p r i o r  t o  i n i t i a t i o n  o f  t h e  r a d i a t i o n  exposure p e r i o d .  

Even though t h e  NRC ALARA g u i d e l i n e s  were n o t  designed f o r  l a r g e  

n u c l e a r  energy cen te rs ,  t he  doses i n  Table 7 a r e  below t h e  g u i d e l i n e s  

(a)  D i f f e r e n t  numbers o f  persons a r e  engaged i n  swimming, b o a t i n g  and f i s h -  
i n g  than  consume wate r  o r  e a t  i r r i g a t e d  produce (see Reference 15) .  
It was c o n s e r v a t i v e l y  es t imated  here t h a t  i n  t h e  f u t u r e  as many as 
20,000 persons cou ld  be i n g e s t i n g  i r r i g a t e d  farm produc ts  i n s t e a d  o f  
t h e  2,000 persons quuted i r ~  Referewe 15. 



TABLE.6. Estimated Release Rates of Radionuclides with 
Liquid Eff luents  from a 2 0 - ~ e b c t o r  H N E C ( ~ )  .. 

Nucl ide Ci/yr Nucl i de C i  /vr 

Mn-56 1 .lE-3 1-133 . 0.62 

Fe- 55 4.6E-2 Cs-1 34 5.9E-2 

Sr-91 2.5E-2 

Y-91 3.2 TOTAL, Less 3~ 7.8 

( a )  Total r e lease  t o  the  Columbia River from 7 BWRs and 13 P!-JRs 
based url L t ~ e  re lease  ra tes  given i n '  Rcference 13. 



TABLE 7. Est imated R a d i a t i o n  Doses t o  a  Maximum' I n d i v i d u a l  
and t h e  Popu la t i on  b l i t h i n  50 M i l e s  f rom t h e  'rdPUi E f f l u e n t s  f rom 20 Opera t ing  Reactors a t  HNEC 

F i f t y - Y e a r  
Organ F i r s t - Y e a r  Jose Dose .Cornmi tment 

Maximum I n d i v i d u a l  ( m i l  1  i r em)  

T o t a l  Body 0.02 0.03 

Bone 0.004 0.03 

GI -LL I  0.02 0.02 

Thy ro id  ( A d u l t )  0.06 

Thy ro id  ( i n f a n t )  0.3 

Popu la t i on  (man-rem) 

T o t a l  Body .O.  3  0.3 

Bone 

GI -LL I  

Thy ro id  1 .2 1 .3  

( a )  I n c l  udes c o n t r i  but ' ions f rom e x t e r n a l  exposure t o  contami nated 
wate r  and sediment a n d ' i n t e r n a l  doses f rom i n g e s t i o n  o f  water ,  
f i s h  and i r r i g a t e d  farm produc ts ,  c o n s e r v a t i v e l y  assuming 30 
years  o f  accumulat ion o f  r a d i o n u c l i d e s  i n  t h e  environment 
f rom simultaneous o p e r a t i o n  o f  a l l  20 r e a c t o r s  p r i o r  t o  t h e  
f i r s t  yea r  o f  t h e  dose pe r i od .  



f o r  l i q u i d  e f f l u e n t s  o f  3  mrem annual dose commitment t o  t h e  t o t a l  body and 
. . 

10 mrem annual dose cornmi tment t o  any organ f rom each LWR. They a r e  a1 so 

w e l l  below t h e  proposed €PA s tandards o f . 7 5  mrem t o  t h e  t h y r o i d  and 25 mrem 

t o  o t h e r  organs p e r  g i gawa t t - yea r -  o f  e l e c t r i c i t y  generated, s i n c e  t h e  20 

r e a c t o r s  would generate a  combined t o t a l  o f  about  25 GWe-yr pe r  yea r  o f  

ope ra t i on .  

Table 8 summarizes t h e  es t imated  re l eases  o f  r a d i o n u c l i d e s  w i t h  

gaseous e f f l u e n t s  f rom 7  BWRs and 13 PWRs a t  t h e  p o s t u l a t e d  HNEC. The 

r e l e a s e  r a t e s  a r e  based on da ta  f rom t h e  NECSS-75 Nuclear  Energy Study. ( l 3 )  

The r a d i a t i o n  doses f rom t h e  re leases  l i s t e d  i n  Table 8 were con- 

s e r v a t i v e l y  es t imated  by assuming one-ha l f  o f  t h e  r e l e a s e  occur red  a t  

t h e  s i t e . o f  WPPSS r e a c t o r s  1, 2  and 4, and t h e  3 t h e r  one -ha l f  occur red  a t  

t h e  s i t e  o f  t h e  100-N r e a c t o r .  Appropr ia te .meteoro logy  t o r  ven t  r e l eases  

and p o p u l a t i o n  d i s t r i b u t i o n s  were r e a d i l y  a v a i l a b l e  f o r  these  two l o c a -  

.' t i o n s . ( l 5 ,  17, It was a l s o  assumed t h a t  s u f f i c i e n t  food  was grown 

l o c a l l y  t o  p r o v i d e  f o r  a l l  o f  t h e  2  x 105 persons r e s i d i n g  w i t h i n  50 m i l e s  

, o f  e i t h e r  s i t e .  As was done f o r  t h e  l i q u i d  re l ease ,  i t  was assumed t h a t  

a l l  20 r e a c t o r s  had operated s imu l taneous ly  f o r  30 years  p r i o r  t o  t h e  

beg inn ing  o f  t h e  dose pe r i od .  The r e s u l t i n g  doses a r e  summarized i n  

Table 9. 

The p r i n c i p a l  pathway f o r  a l l  t h e  doses l i s t e d  i n  Tab le  9 i s  ' i n g e s t i o n  

o f  foods cnnt.aminated w i t h  3H, 14c, '1311 and 1331. The p r i n c i p a l  c o n t r i -  

b u t o r  t o  t o t a l - b o d y  dose was 3~ w i t h  a  smal l  c o n t r i b u t i o n  f rom 1%. As 

be fo re ,  t h e  doses a r e  w e l l  below t h e  EPA s tandard  o f  75 mremlyr t o  t h e  

t h y r o i d  and 25 mrem t o  o t h e r  organs. The t h y r o i d  dose t o  t h e  i n f a n t  

amounts t o  o n l y  about  0.5 mrem pe r  g i gawa t t - yea r  o f  e l e c t r i c i t y  generated. 

The 8 5 ~ r  re lease  i s  about 950 C i  pe r  Gwe-yr compared t o  t h e  EPA s tandard  

of 50,000 C i  pe r  GWe-yr. 

The doses l i s t e d  i n  Table 9 do n o t  exceed t h e  ALARA g u i d e l i n e s  spec i -  

f i e d  f o r  gaseous re l eases  from'each LWR a t  a  s i t e ;  v i z . ,  5 mrem/yr t o  t h e  

t o t a l  body and 15 mremlyr t o  any organ ( f r o m  r a d i o i o d i n e  and p a r t i c u l a t e s ) .  



TABLE 8. Es t imated  .Re1 ea'se .Rates .o f  .Radionucl  i d e s  w ' t h  
Gaseous E f f l u e n t s  f rom a 20-Reactor H N E C ( ~  1 

~ u c l  i d e  T o t a l  C i ly r  

H-3 1 5,000 

C-14 170 

Xe-.l33m 380 

Xe-133 63 ,'OOO 

Xe- 1 35m , ' 440 

Xe-135 4,000 

Xe-137 2,200 

TOTAL 
. . .  

110,000 
> 

( a )  T o t a l  r e l eased  f rom 7 BNRs and 13 PWRs w i t h  a 
combined c a p a c i t y  o f  25,000 GNe. 



TABLE 9. Estimated Radiation Doses to a Maximum Individual and the 
Population Within 50 Miles from the Gaseous Effluents from 

. . 
20 .Operating Reactors. at an 'HNEC(~) 

.Fi fty-Year 
Organ First-Year Dose Dose Commitment 

Maximum Individual (mi 1 1  irem) 
. . 

' .  Total Body 1.5 1.5 

Bone. 0.9 1 ..l . . 

. . GI-LLI 

Thyroid (adult) 

Thyroid (infant) 

Total Body 

Bone 

GI-LLI , 

Thyroid (adult) 

Population (man-rem) 

53. 

28. 

(a) Includes contributions from external exposure to airborne 
and deposited radionuclides and ir~ternal dose from inhalation 
and ingestion of produce, meat, milk, and eggs. Conservatively 
assuming 30 years of accumulation of radionuclides in the' 
environment from simultaneous operation of all 20 reactors, prior 
to the first year of the dose periodi 



. . 

. WASTE .MANAGEMENT FACILITIES . . .  . 

Waste Management i n c l u d e s  d i sposa l  o f  l ow - l eve l  s o l i d  wastes f rom a l l  

. .  t h e  n u c l e a r  f u e l  c y c l e  f a c i l i t i e s  and e i t h e r  s to rage  o f  s p e n t . r e a c t o r  f u e l  

elements o r ,  i f  reprocess ing  and MOX f u e l  f a b r i c a t i o n  i s  undertaken, 

s torage,  s o l i d i f i c a t i o n  and u l t i m a t e  d i sposa l  o f  h i g h - l e v e l  l i q u i d  waste. 

In a d d i t i o n ,  an i n c i n e r a t o r  f o r  a lpha  wastes generated a t  t h e  FRP. and/or 

MOX would be r e q u i r e d  i f  these  f a c i l i t i e s  were operated.  

- 
Low- leve l  wastes . f r om DOE f a c i  1  i t  i e s  have been b u r i e d  a t  t h e  Hanford 

s i t e  f o r  t h r e e  decades and commercial l o w - l e v e l  wastes f o r  one decade. No 

i n d i c a t i o n  o f  any o f f s i t e  r a d i a t i o n  exposure t o  man has been found f rom 

e i t h e r  o f  these  ope ra t i ons ;  and none j s  expected i n  t h e  f u t u r e  f rom any 

waste b u r i a l  ope ra t i ons  assoc ia ted  w i t h  the,HNEC. 

Also,  an a lpha  waste i n c i n e r a t o r  has been opera ted  on t h e  Hanford s i t e  

w i t h  no o f f - s i t e  r a d i o l o g i c a l  impact .  Based on t h i s  exper ience,  t h e  annual 

q u a n t i t y  o f  a c t i n i d e s  p o t e n t i a l l y  re1,eased f rom i n c i n e r a t i o n  o f  t h e  wastes 

f rom a  300 MT/yr MOX p l a n t  and f rom a  1500 MT/yr FRP would be about 0.053 

mg ly r  and 0.023 mg ly r ,  r e s p e c t i v e l y .  ( I 2 )  Thus a  t o t a l  o f  0.076 rnglyr o f  

r a d i o a c t i v e  m a t e r i a l  i s  expected t o  be. re leased ;  T h i s  i s  2% o f  t h e  re l ease  

r a t e  e s t i r n a t e d , f o r  t h e  MOX p l a n t  (Tab le  1 ) .  The compos i t ion  o f  t h i s  mate- 

r i a l  can be assunled t o  be s i m i l a r  t o  t h a t  g i ven  i n  Table 1, s i nce  most o f  

t h e  wastes' would coine f rom I;t.~e MOX p l a n t .  Thcre fo re ,  t h e  o f f s i  t e  r a d i a t i o n  

doses f rom o p e r a t i o n  o f  an a lpha waste i n c i n e r a t o r  would be about 2% o f  t h e  

doses f rom t h e  MOX p l a n t  ,g iven i n  Tab le  2. The r e s u l t a n t  .doses a r e  vanish-  

i n g l y  smal l  by any s tandard.  

Waste management f a c i l i t i e s  were d iscussed i n  ORNL-4451 and i t  

was concluded t h a t  w i t h  p roper  des ign  and s i t i n g  any env i ronmenta l  r a d i o -  

l o g i c a l  impact  o f  such f a c i l i t i e s  would be min ima l .  I n t e r i m  s to rage  o f  

h i g h - l e v e l  1  i q u i d  wastes' does ' n o t  no rma l l y  r e s u l t  i n  r e l e a s e  o f  r a d i o a c t i v e  



m a t e r i a l s  t o  t h e  su r f ace  waters .  Acceptably .smal1 re l eases  o f  r a d i o n u c l i d e s  

t o  t h e  atmosphere w i l l  occur  r o u t i n e l y ,  and a c c i d e n t a l  l eaks  cou ld  r e l e a s e  

l i q u i d  m a t e r i a l  t o  t h e  ground. For  these  reasons, c a r e f u l  des ign  and j u d i -  

c i ous  s i t i n g  o f  h i g h - l e v e l  l i q u i d  waste s to rage  f a c i l i t i e s  must be accom- 

p l i shed .  S i t i n g  o f  these f a c i l i t i e s  w i t h i n  a  n u c l e a r  c e n t e r  where t h e  d i s -  

tance  t o  t h e  nea res t  p o p u l a t i o n  i s  r e l a t i v e l y  l a r g e  would n o r m a l l y  r e s u l t  i n  

ex t reme ly  low r a d i a t i o n  doses t o  t h e  o f f s i t e  popu la t i on .  

S o l i d i f i c a t i o n  o f  l i q u i d  wastes f rom t h e  postulated.HNEC reprocess ing  

p l a n t  a f t e r  a  b r i e f  ( 3  t o  5 y r )  s t o rage  p e r i o d  would no rma l l y  be done a t  

t h e  s i t e  o f  t h e  FRP f o r  economic and s a f e t y  reasons. P r o p e r l y  encapsulated 

s o l i d i f i e d  wastes c o u l d  be s t o r e d  a t  an i n t e r i m  r e t r i e v a b l e  s to rage  f a c i l i t y  

i f  necessary p r i o r  t o  shipment t o  an u l t i m a t e  d i sposa l  s i t e .  It i s  a l s o  

p o s s i b l e  t h a t  t h e  u l t i m a t e  s to rage  s i t e  m i g h t  be on t h e  Hanford r e s e r v a t i o n ,  

e l i m i n a t i n g  t h e  need f o r  o f f s i t e  shipment. 

N e i t h e r  t h e  s to rage  n o r  t h e  s o l i d i f i c a t i o n  i t s e l f  should impose an 

unacceptable env i ronmenta l  impact.  Accord ing t o  t h e  da ta  p rov ided  i n  

Reference 12: t h e  re l ease  r a t e s  o f  r a d i o n u c l  i des  d u r i n g  t h e  HLW s o l  i d i f i -  

c a t i o n  process are,  w i t h  few excep t ions ,  l e s s  than  1% o f  t h e  r e l e a s e  r a t e s  
3  expected d u r i n g  reprocess ing  o f  spent  f u e l .  The excep t ions  i n c l u d e  H, 

14c, and 8 5 ~ r  f o r  which t h e  r e l e a s e  r a t e s  d u r i n g  s o l i d i f i c a t i o n  a r e  es- 

s e n t i a l l y  zero.  Hence, t h e  r a d i a t i o n  doses t o  t h e  maximum i n d i v i d u a l  and 

t h e  p o p u l a t i o n  o f f s i t e  r e s u l t i n g  f rom s o l i d i f i c a t i o n ,  would be a  smal l  

f r a c t i o n  o f  those  p r . ~ - ~ v i o u s l y  c a l c u l a t e d  f o r  t h e  re l eases  f rom t h e  FKP. 

T h i s  i s  e s p e c i a l l y  t r u e  s i n c e  3 ~ ,  which i s  one o f  t h e  p r i n c i p a l  c o n t r i b u t o r s  

t o  o f f s i t e , d o s e s  f rom t h e  FRP, was assumed t o  be a l l  r e l eased  d u r i n g  r e p r o -  

cess ing  ope ra t i ons .  

The r a d i o l o g i c a l  impact  of t h e  u l t i m a t e  d i sposa l  o f  e i t h e r  encapsc- 

l a t e d  HLW o r  spent  f u e l  elements i s  t h e  s u b j e c t  of a  gene r i c  env i ronmenta l  

. Impac t  s ta tement  be ing prepared by PNL f o r  DOE. Th i s  s ta tement  i s  now 



n e a r i n g  complet ion.  - The d e c i s i o n  on e x a c t l y  where 'and how s o l  i d i f i e d  HLW 

o r  spent  f u e l  would be d isposed has n o t  y e t  been made. Bu t  i t  appears t h a t  

b a r r i n g  improbable acc iden t s  o r  a ma jo r  n a t u r a l  ca tas t rophe ,  no s i g n i f i c a n t  

r a d i a t i o n  doses f rom waste management ope ra t i ons  o r  long- te rm s to rage  o f  

these  r a d i o a c t i v e  m a t e r i a l s  i s  foreseen.    here fore, i t  i s  n o t  expected 

t h a t  . any . o f , t h e  waste management a c t i v i t i e s  would l ead  t o  o f f - s i t e . r a d i a t i o n  

doses, which would be s i g n i f i c a n t  compared t o  e i t h e r  the. e x i s t i n g  NRC gu ides 

or  t h e  EPA .Standards. 



OVERALL RADIOLOGICAL IMPACT 

Pr imary r a d i o l o g i c a l  s a f e t y  advantages o f '  s i t i n g  a1 1  of  t h e  f u e l  c y c l e  

f a c i l i t i e s  a t  a  nuc lea r  power cen te r  i n c l u d e  e l i m i n a t i o n  o f  t r a n s p o r t a t i o n .  

over  p u b l i c  highways o f  h i g h l y - r a d i o a c t i v e  m a t e r i a l s  between t h e  severa l  

process stages, and t h e  increased d i s t a n c e  between t h e  f a c i l i t i e s  and t h e  

s i t e  boundary. 

The disadvantages i n c l u d e  t h e  l a r g e r  q u a n t i t i e s  o f  r a d i o n u c l i d e s  d i s -  

charged t o  a i r  and water  a t  one s i t e  compared t o  i s o l a t e d  f a c i l i t i e s .  There 

does n o t  seem t o  be any insurmountable problems w i t h  the 'combined re l eases  

o f  95,000 C i  o f  nob le  gases, 15,000 C i  o f  t r i t i u m ,  200 C i  o f  14c, and 2 C i  

o f  r a d i o i o d i n e  t o  t h e  atmosphere from 20 r e a c t o r s ,  s i nce  t h e  f a c i l  i t i e s  would 

be w e l l  separated f rom each o t h e r  and f rom t h e  genera l  pub1 i c .  N e i t h e r  does 

t h e  d ischarge  o f  some 6,000 Ci/yr o f  t r i t i u m  and l e s s  than  10 Ci/yr o f  o t h e r  

f i s s i o n  and a c t i v a t i o n  p roduc ts  t o  one body o f  wa te r  f rom 20 o p e r a t i n g  

r e a c t o r s  seem t o ' p r e s e n t  any env i ronmenta l  imp,act problems. The es t imated  

t o t a l  r a d i a t i o n  doses and re l ease  r a t e s  were a l l  below those s p e c i f i e d .  i n  

t h e  NRC guide1 i nes  f o r  LWRs, and i n  t h e  EPA f u e l  c y c i e  s tandards.  

R a d i a t i o n  doses f rom t h e  p o s t u l a t e d  1500 MTly r  f u e l s  r ep rocess ing  p l a n t  

a r e  a l s o  w e l l  below t h e  NRC and EPA standar'ds. However, t h e  r e l e a s e  r a t e s  

o f  8 5 ~ r  and long-1 i v e d  a lpha  e m i t t i n g  rad ionuc l  i d e s  f rom t h e  FRP a r e  about 

an o r d e r  o f  magnitude h i g h e r  than  t h e  EPA standards f o r  these  two sources. 

S t a t e - o f - t h e - a r t  r a d i o a c t i v e  waste systems can be i n s t a l l e d  . t o  l owe r  these  

r e 1  eases t o  accep tab le  v a l  ues. 

The c o n t r i b u t i o n  t o  t h e  t o t a l  o f f s i t e  doses f rom a  300 MT/yr MOX 

p l a n t ,  an a lpha waste i n c i n e r a t o r  and o t h e r  waste management f a c i l i t i e s  

which m igh t  be s i t e d  a t  t h e  HNEC a r e  n e g l i g i b l e  compared t o  those  f rom t h e  

r e a c t o r s  and t h e  FRP. 



. .  . .  . .  . 

The e s t i m a t e d t o t a l  combined radiation doses to  t h e  maximum individual 

and the population within.50 miles of a l l  postulated HNEC f a c i l i t i e s  a re  

summarized in Table 10. 

In view of the small o f f - s i t e  radiation doses l i s t ed  in Table 10, i t  

i s  apparent that  no s ignif icant  doses to .  construction workers or operating 

personnel should be present from routine releases of radionuclides from an 

HNEC.  This i s  especially t rue since the majority of the o f f - s i t e  doses 

a r i se  from locally grown foods, rather than external exposure or inhalation. 

r r d > o  l o  C C L ~  
I n  summary, i t  appears tha t  there a re  no insurmountable eRulrrulmeP$L. 

impacts expected from the s i t i ng  of 25 GWe of operating LWRs along the 

Columbia River plus associated fuel cycle f a c i l i t i e s  s i ted near the 200 

Areas plateau within the Hanford Project. Continued monitoring of the 

environment 'and radiation exposure pathways as the power reactors and fuel 

cycle f a c i l i t i e s  are  added would t e s t  t h i s  conclusion and provide data to  

modify the dose estimates prior to  completion of each new construction 

phase. 



TABLE 10. Estimated Total Radiation Doses and Dose Commitments to a Maximum Individual and 
the Population dithin 50 Miles from Operation of an HNEC 

First-Year Dose Fifty-Year Dose Commitment 

Organ - M ~ x ( ~ )  . FRPM ~bactors(~) ~otal MOX FRP Reactors Total 

Maximum Individual(mrem) 

Totzl Body 4E-6 4.9 1.5 6.4 1 E-3 5.1 1.5 6.6 
Bone 2E-4 0.2 0.9 1.1 4E-2 0.6 1 .I 1.7 
GI-LLI . 6E-6 4.9 1.. 5 6.4 6E-6 ' 5.1 . 1.5 6.6 

Lunq 8E-4 4.9 1.5 6.4 1 E-3 5.1 1.5 6.6 

Thyroid (adult) 5E-7 5.1 2.7 7.8 5E-7 5.3 2.8 8.1 
Thyroid (..infant) - - 13. 11. 24. - - - - - - a - 

I .Population(man-rem') 
N 
m I Tota.1 Body 4E-4 41 0 53 460 0.1 ,430 55 490 . . . 

Bone 2E-2 13 28 4 1 4.3 3 2 3 2 6 8 

GI-LLI 4E-4 41 0 5 3 460 4E-4 430 5 5 490 
.Lung 8E-2 41 0 5 3 460 0.2 430 5 5 490 

Thyroid 4E-5 430 8 5 520 4E-5 450 88 540 

(a) h 300 MTlyr MOX fuel fabrication plant 

( b )  h 1500 MT/yr fuel reprocessing plant. 

(c) 7 BWRs and 13 PWRj with total capacity of 25 GWe. . 

(d) Doses from other waste management facilities not 1 isted are negligible. 
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