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ABSTRACT 

The i n h a l a t i o n ,  .submersion, and food inges t ion  dose ' t o  t h e  

r eg iona l  and U.S. populat ion a r e  ca l cu la t ed  f o r  es t imated .  re l ' eases  

of  rad ionucl ides  from a hypothe t ica l  LWR nuc lea r  f u e l  reprocess ing  

p l a n t  loca ted  i n  southeas te rn  United S t a t e s .  A mathematical 

t r a n s p o r t ,  d i f fu s ion ,  and depos i t i on  'model was used t o  ob ta in  

t h e  a i r  concent ra t ions  and ground depos i t i on  of  t h e  va r ious  

rad ionucl ides  emit ted t o  t h e  atmosphere from t h e  reprocess ing  

f a c i l i t y .  

The. g loba l  popular ion dose fro111 atmosphe&.c submersion was 

a l s o  c a l c u l a t e d  f o r  %, l t 4 ~ ,  and 8 5 ~ r .  

The t o t a l  exposure t o  persons l i v i n g  i n  t h e  ?egion of t h e  

p l a n t  would be 0.2% o f  background. 

*The information c o n t a i n e d ' i n . t h i s  a r t i c l e  was developed dur ing  
t h e  course of work under Contract  No. DE-AC09-76SR00001 with 
t h e  U.S. Department o f  Energy. 



INTRODUCTION 

The r e fe rence  f a c i l i t y  i s  a  hypothe t ica l  reprocess ing  p l a n t  

f o r  spent  f u e l  from l i g h t  "ate; r e a c t o r s .  For t h i s  s tudy ,  it i s  

assumed t o  be loca ted  a t  t h e  Savannah River P l an t  i n  t h e  south- 

e a s t e r n  U.S., 40 km (25 mi les )  southeas t  o f  Augusta, GA (Figure I).. 

The r e fe rence  f a c i l i t y  i s  assumed t o  have an ope ra t ing  l i f e t i m e  

of  40 years  with annual d i scharges  t o  t h e  atmosphere a s  shown i n  

Table I .  

. .Dur ing  t h e  40-year opera t ing  per iod ,  t h e  dose r a t e  from 

a i rbo rne  r ad ionuc l ides ,  i s  assumed t o  be  conktant ,  bu t  t h e  dose 

r a t e  from ma te r i a l  depos i ted  on t h e  g r o u n d . i s  asswned. to  con7 

. t i n u o u s l y  increase .  Ma te r i a l  d e p 0 s i t e d . i ~  assumed t o  be  deple ted  

I .  only by . rad ioac t ' ive .decay .  Shie ld ing  by t e r r a i n  and bu i ld ings  

and the. e f f e c t s  o f .wea the r ing  is not  taken i n t o  account ,  t o  be 

conservat ive.  

To c a l c u l a t e  t h e  dose t o ' t h e  popula t ion ,  t h e  a i r  concentra-  

t i o n s  and t h e  amount depos i ted  on t h e  ground i s  ca l cu la t ed .  These 

da t a  are then  a l s o  used t o  c a l c u l a t e  t h e  populat ion dose from t h e  

a g r i c u l t u r a l  pathway. The e x p e r t i s e  of  s eve ra l  o t h e r  l a b o r a t o r i e s  . 

supported by t h e  U.S. Department of Energy was used f o r  t h e s e  

c a l c u l a t i o n s .  Lawrence Livermore Laboratory (LLL) [I], P a c i f i c  

Northwest Laboratory (PNL) [2], and t h e  A i r  Resources Laboratory 

( A R I . )  of NOAA [3] ca l cu la t ed  t h e  r eg iona l  a i r  t r a n s p o r t  d i f f u s i o n  

and depos i t ion .  PNL and ARL c a l c u l a t e d  t h e  U.S.-scale  t r a n s p o r t ,  

and ARL c a l c u l a t e d  t h e  g loba l  doses.  LLL a l s o  prepared t h e  d a t a  



f o r  t h e  dose from t h e  a g r i c u l t u r a l  pathway. Oak Ridge National  

Laboratory (ORNL) provided d a t a  on t h e  bu i ld ing  sh i e ld ing  e f f e c t s .  

Ca lcu la t ions  by t h e  Hanford Engineering Development Laboratory 

provided d a t a  on t h e  popula t ion  dose. from t h e  aqua t i c  pathway. 

Because t h e  dose from t h i s  pathway i s  smal l ,  t h e  more-conservative 

t r i t i u m  .equilibrj.um concept deve.loped by SRL i s  used t o  c a l c u l a t e  

t h e  popula t ion  dose from dr inking  water  (HTO i n  t h e  water  and a i r  

a r e  i n  equi l ibr ium) .  Doses a r e  c a l c u l a t e d  f o r  50 years ,  inc luding  

10 yea r s  a f t e r  shutdown. 

ATMOSPHERIC TRANSPORT AN3 DISPERSION MODELS 

Two models of  atmospheric t r a n s p o r t ,  d i f f u s i o n ,  and d i spe r -  

s ion  were used: one f o r  t h e  r eg iona l  and cont inenta l  s c a l e  a i r  

concent ra t ion  and s u r f a c e  depos i t ion  and one f o r  t h e  g loba l  

s c a l e .  

The r eg iona l - con t inen ta l  model used was developed by PNL and 

. i s  a  plume element ]nodel [2 ] .  This  model approximates a  continuous 

r e l e a s e  by d iv id ing  a  p l u ~ ~ e  int.0 a s u f f i c i e n t  number of plume 

elements t o  r ep re sen t  a  continuous plume. These elements a r e  

r e l ea sed  a t  s p e c i f i c  i n t e r v a l s  and t racked  over  t h e  reg ion  of  

i n t e r e s t .  Concentrat ion and ground. depos i t i on  averages a r e  c a l -  

cu l a t ed  by determining t h e  con t r ibu t ion  each element makes t o  

t h e  g r i d  of p o i n t s  over  which it passes  us ing  meteorological  d a t a  

and r e a l  t ime p r e c i p i t a t i o n  [ 4 ]  f o r  t h e  year  1975. 

The g loba l  computational model used i n  t h e  s tudy  was 

developed by ARL of NOAA [s]. The model i s  a  r e s e r v o i r  model 

t .ha t .  assumes uniforl~l  l r l i ~ i ~ i g  f a r  10' 1 s t j . t ud ina l  bands around t h e  

- 4 - 



globe. Each band is  s l i c e d  i n t o  2-km-thick v e r t i c a l  s e c t i o n s  

with t h e  except ion of t h e  lowest l a y e r  which i s  1 km t h i c k .  The 

v e r t i c a l  s e c t i o n s  extend up t o  40 km i n  a l t i t u d e .  The g loba l  

t r a n s p o r t  model does no t  cons ider  ground depos i t i on  o r  removal 

of " ~ r .  For HT0,there a r e  two mechanisms f o r  l o s s :  p r e c i p i t a t i o n  

scavenging and molecular exchange with bodies  of water .  For 

14c02,uptake and r e l e a s e  by t h e  b iosphere  and oceans a r e  t.aken 

i n t o  account. 

ATMOSPHERIC SUBMERSION CALCULATIONS 

The es t imated  man-rem exposure r a t e  p e r  year  t o  va r ious  

popula t ions  w i l l  change because of n a t u r a l  growth. Because t h e  . 

proposed f u e l  reprocess ing  f a c i l i t y  i s  expected t o  ope ra t e  f o r  

40 years  and t h e  s t a r t i n g  d a t e  i s  u n c e r t a i n ,  t h e  annual dose r a t e  

may be  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  beginning and end of opera- 

t i o n s .  '1'0 account f o r  t o t a l  man-rem exposure over  t h e  ope ra t ing  

per iod ,  popula t ion  p r o j e c t i o n s  were used t o  make adjustments a s  

a f u n c t i o r ~  of time. 

U.S. popula t ion  p r o j e c t i o n s  a r e  based on U.S. Department o f  

Commerce s t a t i s t i c a l  a b s t r a c t s  161 with t h e  S e r i e s  I1 f e r t i l i t y  

pi-oj e c t i o n ,  which assumes 2.1 b i r t h s '  per  wontan. T h i s  ntetl~od 

r e s u l t s  i n  a  near  l i n e a r  growth i n  popula t ion  through 2025. The 

l i n e a r  growth assumed i n  t h i s  s tudy i s  shown i n  Figure 2 .  The 

g loba l  populat ion was assumed t o  increa.se  exponenti.al.l.y a t  a  

r a t e  o f  2.0% per  year .  

Whole body dose e s t ima te s  f o r  t h i s  southeas te rn  region from 

I i nd iv idua l  i so topes  a r e  g i v e y T a b 1 . e ~  I1 and I11 f o r  condi t ions  
- 5 - 



with and without p r e c i p i t a t i o n .  Data a r e  given f o r  two assumed 

s t a r t u p  times i n  each t a b l e  so  t h a t  t h e  e f f e c t  of  delayed s t a r t u p  

may he es t imated .  These t a b l e s  show t h a t  3~ and " K r  account 

f o r  about 90% of  t h e  t o t a l  50-year cumulative dose.  A l l  o f  t h e  

3~ i s  assumed t o  t r i t i a t e d  water vapor.  Also, s u r f a c e  water  i s  

assumed t o  be i n  equi l ibr ium with t h e  atmospheric HTO. 

Because % and " ~ r  were excluded from ra inou t  e f f ec t s . ,  t h e  

t o t a l  doses i n  t h e s e  two t a b l e s  a r e  about t h e  same. Doses from 

some o t h e r  nuc l ides  a r e  d i f f e r e n t .  

The t o t a l  dose r a t e  i s  about 54 man-rem p e r  year  i n  t h e  

f i r s t  year  f o r  a 1980 s t a r t u p ,  and 64 man-rem p e r  year  i n  t h e  

f i rst  year  f o r  a 2000 s t a r t u p .  The inc rease  i n  f i r s t - y e a r  dose 

r e s u l t s  from popula t ion  growth. A t  t h e  end of a 40-year ope ra t -  

ing per iod  t h e s e  dose r a t e s  have increased  t o  72 man-rem and 86 

man-rem, r e s p e c t i v e l y .  The cumulative 40-year dose i s  about 

2600 man-rem f u r  s t a r t u p  i n  1980 and 3100 man-rem f o r  s t a r t u p  

i n  2000, a dose inc rease  of about. 189. 

Resu.lts f o r  t h e  t o t a l  U.S. dose es t imates  from atmospheric 

submersion a r e  s i m i l a r  (Tables I V  and V ) .  These da t a  show a 40- 

fo ld  inc rease  from t h e  reg ional  dose t o  t o t a l  U.S. dose,  with a 

maximum of  122.300 man-rem f o r  a year  2000 s t a r t u p .  

Tables I 1  through V show t h a t  i f  no p r e c i p i t a t i o n  i s  assumed, 

l a r g e r  doses a r e  est imated from atmospheric submersion because 

nuc l ides  o t h e r  than 14c, 3 ~ ,  and " K r  remain a i rbo rne  longer .  I t  

i s  normally conserva t ive  t o  ignore  p r e c i p i t a t i o n  e f f e c t s  f o r  whole 



body dose due t o  atmospheric submersion. However, p r e c i p i t a t i o n  

i s  a s i g n i f i c a n t  mechanism f o r  depos i t i ng  ma te r i a l  on t h e  ground; 

t h e  dose from d e p o s i t s  more than  o f f s e t  t h e  dose from a i rbo rne  

nuc l ide .  Resul t s  i n  t h i s  r e p o r t  inc lude  p r e c i p i t a t i o n .  

Global dose e s t i l l ~ a t e s  r e s u l t i n g  from r e c i r c u l a t i o n  i n  t h e  

atmosphere a r e  shown i n  Table V I  ( e f f e c t s  of r a inou t  a r e  ignored) .  

' The t o t a l  dose i s  assumed t o  r e s u l t  from 3 ~ ,  8 5 ~ r ,  and 14c. 8 5 ~ r  

i s  t h e  major c o n t r i b u t o r  (54.5) because it can be removed only 

through r a d i o a c t i v e  decay ( h a l f - l i f e :  10.7 y e a r s ) .  Whole body 

g loba l  dose e s t ima te s  over a per iod  of 50 years  ( i nc ludes  10 

yea r s  fol lowing p l a n t  shutdown) a r e  329,600 man-rem f o r  a 2000 

s t a r t u p .  A delay  from 1980 t o  2000 r e s u l t s  i n  an i n c r e a s e  i n  

g loba l  dose of about 50% over t h a t  f o r  a 1980 s t a r t u p .  Th i s  

percentage inc rease  f o r  t h e  g loba l  dose i s  g r e a t e r  than t h e  U .S. 

pe rcen tage . inc rease  because o f  t h e  assumed l a r g e r  growth r a t e  f o r  

t h e  g loba l  populat ion (1% per  annum U.S., 2% pe r  annum world 

populat ion growth).  

Whole body dose estimates from a tmospl~er ic  subwersicri~ t o  

t h e  southeas te rn  U.S., t h e  U.S., and t h e  r e s t  o f  t h e  world a r e  

summarized i n . T a b l e  VII f o r  50-year dose commitments from f a c i l i t y  

ope ra t ions .  The t o t a l  world 50-year dose from atmospheric sub- 

mersion i s  324,000 man-rem f o r  a 1980 s t a r t  and 452,000 man-rem 

for  a y.ear 2000 s t a r t .  I n  c o n t r a s t ,  a one-year dose t o  t h e  

world popula t ion  i n  t h e  year  2000 from n a t u r a l  o r  background 

r a d i a t i o n  i s  630,000,000 man-rem. 



TRITIUM MODELING 

In  t h e  p a s t ,  t h e  d o s e  from t r i t i u m  was c a l c u l a t e d  from 

i n h a l a t i o n  and s k i n  absorp t ion .  Tr i t ium (HTO) i n  t h e  a i r  ex- 

changes very  r a p i d l y  with t h e  f r e e  water i n  vege ta t ion  and s u r f a c e  

water .  A more-appropriate  dose c a l c u l a t i o n  method i s  t h e  e q u i l -  

ibrium hypothes is  i n  which t h e  whole body con ta ins  t h e  same average 

t r i t i u m  concent ra t ion  a s  t h e  moisture i n  t h e  a i r .  L i t e r a t u r e  

re ferences  support  t h i s  theory  [7 ] .  Tri t ium i n  t h e  body water  

of a  person inges t ing  food and water  w i l l  come i n t o  equi l ibr ium 

with t h e  water i n  t h e  inges ted  m a t e r i a l .  

TRITIUM EQUILIBRIUM DOSE 

The t r i t i u m  dose was ca l cu la t ed  by assuming t h a t  t h e  human 

body con ta ins  t h e  same concent ra t ion  of  tritium p e r  u n i t  volume 

of water a s  t h e  a i r  moisture.  This  i s  appropr i a t e  only f o r  

chronic  r e l e a s e s .  A l l  t r i t i u m  r e l e a s e d  i s  assumed t o  be t r i t i a t e d  

water' (HTO). Rapid exchange between a i r  moisture and su r f ace  

moisture and between a i r  moisture and f r e e  water i n  vege ta t ion  

has been demonstrated a s  an i n i t i a l  s t e p  i n  a t t a i n i n g  equi l ibr ium.  

When both food and water i n t akes  a r e  a t  a  p a r t i c u l a r  t r i t i u m  

concent ra t ion ,  t h e  t o t a l  body w i l l  a t t a i n  t h a t  concent ra t ion  

r a p i d l y  because of t h e  sho r t  10-day b i o l o g i c a l  h a l f - l i f e  of  

t r i t i u m  i n  body water .  

The dose calcula . ted when equi l ibr ium i s  assumed is coriserva- 

t i v e .  This  dose i s  appropr i a t e  f o r  c a l c u l a t i n g  t h e  maximum 

ind iv idua l  dose commitment, bu t  i s  conserva t ive  f o r  t h e  o v e r a l l  

populat ion.  Most of  t h e  dr inking  water  i s  ob ta ined  from wells  

- 8 -  



where tritium concent ra t ion  i s  lower than i n  s u r f a c e  water  which 

i s  i n  equi l ibr ium with atmospheric moisture.  The equi l ibr ium 

hypothes is  assumes . tha t  a l l  food consumed i s  l o c a l l y  grown. No 

reduct ion  i n  concent ra t ion  i s  considered f o r  exchange between 

food and domestic water  used during prepara t ion  and cooking. The 

. .  t r i t i u m  conce r~ t r a t ion  of p r e c i p i t a t i o n  is  l e s s  than  atmospheric 

moisture because a l l  r a i n  water  d0e.s no t  o r i g i n a t e  l o c a l l y .  The 

lower l e v e l  i n  p r e c i p i t a t i o n  may r e s u l t  i n  lower concent ra t ions  

i n  vege ta t ion  because of  d i l u t i o n  of s o i l  water by water  of  

lower .HTO concent ra t ion .  

A s i m i l a r  model was used f o r  c a l c u l a t i o n  of r a d i a t i o n  dose 

from 14c. Carbon a s  carbon d ioxide  i s  thoroughly mixed i n  man's 

ecosystem by n a t u r a l  p rocesses .  The mass of  carbon added by t h e  

f u e l  reprocess ing  p l a n t  i s  minute compared with t h e  mass of carbon 

a v a i l a b l e  n a t u r a l l y .  The model assumes al.1 14c i s  carbon d ioxide  

and t h e  r a t i o  of 14c t o  12c i s  i d e n t i c a l  i n  t h e  atmosphere, 

t e r r e s t r i a l  food, and man, 

GROUND DEPOSIT ION 

Dose from ma te r i a l  depos i ted  on t h e  ground r e s u l t s  from 

exposure t o  cumulative d e p o s i t s  bu i ld ing  up over t h e  t o t a l  0pera.t-  

ing per iod .  Dose con t r ibu t ion  from t h i s  depos i ted  ma te r i a l  

continues a f t e r  o p e r a t i u ~ ~ s  11ave ceased. Thus, a  SU-year ,dose  

commitment from f a c i l i t y  opei-ations is ca l cu la t ed :  40 years  of 

opera t ion  and 1.0 years  fol lowing shutdown. These e s t ima te s  a r e  

conserva t ive ,  because t h e  ma te r i a l  assumed t o  remain deposi ted 

i s  a c t u a l l y  deple ted  by weathering and resuspension.  



Table VIII shows t h a t  ' 0 6 ~ u  dominates t h e  dose e s t ima te  by 

accounting f o r  g r e a t e r  than  99% of t h e  t o t a l  from t h i s  pathway. 

(Table 8 does no t  i nc lude  e f f c c t s  of populat ion p o w t h . )  Although 

t h e  dose f o r  t h e  f i r s t  year  is. only  97 man-rem, t h e  cumulative 

e f f c c t  r e s u l t s  i n  a t o t a l  dose of 13,600 man-rem over a 40-year 

per iod ,  an inc rease  o f  a f a c t o r  of 140. When t h e  populat ion 

growth i s  taken i n t o  account ,  t h i s  r a t i o  i nc reases  t o  170 f o r  an 

assumed 1980 s t a r t u p .  

Figures  3 and 4 show cumulative whole body gamma dose e s t i -  

mates from depos i ted  ma te r i a l  f o r  50 years  f o r  t h e  Southeast  and 

U .  S. without  p r e c i p i t a t i o n  e f f e c t s .  Accounting f o r  p r e c i p i t a t i o n  

r e s u l t s  i n  a computed inc rease  of about 20% i n  t h e  50-year dose 

est ' imate over  r e s u l t s  which do no t  inc lude  p r e c i p i t a t i o n .  T h i s .  

c6mpares2'to .. . a decrease  of  1 .0% f o r  a i r  submersion dose (Tables 2 

and 3) when p r e c i p i t a t i o n  i s  taken i n t o  account.  The cumulative 

whole body gamma. dose e s t ima te  f o r  t h e  U. S. from depos i ted  

ma te r i a l  i s  seen t o  be 31,100 man-rem .for a 1980 s t a r t u p  and 

36,700 man-rem f o r  a year  2000 s t a r t u p  (Table 1x1. The reg ional  

dose is  74.% of t h e  U.S. t o t a l .  

S imi l a r  d a t a  f o r  b e t a  exposure (p r imar i ly  sk in  dose) from 

ground depos i t i on  i n  t h e  Southeast  a r e  shown i n  F igure  5. The 

b e t a  dose from depos i ted  ma te r i a l  i s  23,000 and 27,000 man-rem 

f o r  s t a r t u p  i n  1980 and 2000, r e s p e c t i v e l y .    his dose i s  b io -  

l o g i c a l l y  i n s i g n i f i c a n t  r e l a t i v e  t o  t h e  whole body dose d iscussed  

above. 



POTABLE WATER CONSUMPTION 

Separa te  popula t ion  dose e s t ima te s  from water  consumption 

were not  made because 3~ and 14c i n  water a r e  included i n  t h e  

equi l ibr ium c a l c u l a t i o n .  I t  was our  judgment t h a t  t h e  doses 

from t h e  o t h e r  rad ionucl ides  i n  Table 1 v i a  t h i s  pathway would 

be small  [8] .  

TERRESTRIAL FOOD PATHWAY 

The methods used f o r  es t imat ing  t h e  dose commitment t o  

individuals~and.populations a r e  t hose  recommended by t h e  U.S. 

Nuclear Regulatory Commission Regulatory Guide 1.109 f o r  e s t i -  

mating doses from r o u t i n e  r e l e a s e s  from r e a c t o r  e f f l u e n t s .  These 

evolved from t h e  computer code EERMES,which assessed  t h e  rad io-  

l o g i c a l  e f f e c t s  of nuc lea r  power f a c i l i t i e s  i n  t h e  upper 

Mis s i s s ipp i  Basin [9]. 

Radionuclides may reach man v i a  t h e  t e r r e s t r i a l  food chain 

i n  s eve ra l  ways: (1) depos i t ion  of atmospheric r e l ea sed  rad io-  

nuc l ides  on t h e  above ground p a r t s  of t h c  p l a n t ,  ( 2 )  d e p o s i t i o i ~  

of rartinn11c.l i.des on ground su r f aces  and subsequent uptake v i a  t h e  

p l a n t  roo t  system, (3)  i ~ s e  of water from aqueous waste s t reams 

f o r  i r r i g a t i o n ,  and (4)  consumption of rad ionucl ide  conta in ing  

vege ta t ion  o r  water a s  foods tu f f s  f o r  l i ves tock  and thence t o  

man. In t h e  southeas te rn  region,  i r r i g a t i o n  i s  minimal so  t h a t  

pathway was not  considered.  

The concent ra t ion  of rad ionucl ides  i n  bee f ,  pork ,  chicken,  

milk,  eggs, o r  lamb r e s u l t s  from t h e  animal consuming foods tu f f s  



conta in ing  t h e  rad ionucl ide .  The concent ra t ion  i n  t h e  animal 

product  i s  p ropor t iona l  t o  t h e  amount of  foods tu f f  consumed and 

concent ra t ion  of  rad ionucl ide  i n  foods tu f f .  The f r a c t i o n  con- 
f 

sumed which i s  t r a n s f e r r e d  t o  t h e  human food i s  both food and 

rad ionucl ide  s p e c i f i c .  

The dose assessment c o n s i s t s  of c a l c u l a t i n g  t h e  r ad ionuc l ide  

i n t a k e s  f o r  each year  of i n t e r e s t ,  c a l c u l a t i n g  t h e  dose commit- 

ments from each year ,and  summing. The dose commitments were 

ca l cu la t ed  over  a  pe r iod  of 50 yea r s ,  t h e  40 years  of  opera t ion  

p l u s  10 years  fol lowing shutdow~l. The inges t ion  dose i s  calcu-.  

l a t e d  f o r  t h e  whole body, bone, l i v e r ,  kidneys,  t h y r o i d ,  and t h e  

lower l a rge  i n t e s t i n e  ( L L I )  of t h e  g a s t r o i n t e s t i n a l  t r a c t .  The 

average dose' t o  an ind iv idua l  i n  each county i n  t h e  sou theas t e rn  

region i s  given. The maximum dose t o  an i n d i v i d u a l ,  t h e  r eg iona l  

populat ion dose, and t h e  t o t a l  popula t ion  dose a r e  a l s o  given.  

The maximum dose t o  an ind iv idua l  i s  t .he dose commitment t o  a 

hypo the t i ca l  i nd iv idua l  who r e s i d e s  a t  t.he s i t . e  houndary, where 

o f f s i t e  depos i t i on  r a t e s  a r e  t h e  h ighes t ,  who de r ives  h i s  e n t i r e  

t e r r e s t r i a l  d i e t  from t h e  immediate a r e a ,  and whose r a t e s  of food 

consumption a r e  maximal. The r eg iona l  populat ion dose i s  based 

on t h e  i n t a k e  of rad ionucl ides  by t h e  r eg iona l  popula t ion .  The 

t o t a l  popula t ion  dose inc ludes  t h e  regiurial  populat ion dose and 

a l s o  t akes  i n t o  accuur~l: Llle i i igest ion of foods exportcd i n  cxcess  

of r eg iona l  populat ion needs. 



The average and maximum doses t o  an ind iv idua l  a r e  computed 

a s  t h e  50-year dose commitment from t h e  beginning of p l a n t  opera-  

t i o n .  A 50-year dose commitment f o r  t h e  f i r s t  y e a r ' s  i n t a k e ,  a 

49-year dose commitment f o r  t h e  second y e a r ' s  i n t a k e ,  a (51-n)-yr 

dose commitment f o r  t h e  n t h  y e a r ' s  i n t ake ,  and an 11-year dose 

commitment f o r  t h e  40th y e a r ' s  i n t a k e  a r e  ca l cu la t ed ,  and then 

t h e  sum i s  computed. The average ind iv idua l  dose from each yea r  

i s  t h e  product  of rad ionucl ide  concent ra t ion  i n  food ,  amount of 

food consumed,and dose conversion f a c t o r  swnmed.over each food- 

r a d i o i ~ u c l i d e  combination. Thc food consumption r a t e s  were com- 

puted from t h e  USDA Household Food Consumption Survey and a r e  t h e  

average of a l l  urban a r e a s  of t h e  U.S. South. The dose t o  t h e  

maximum ind iv idua l  i s  computed i n  a s i m i l a r  manner except t h a t  

h igher  food consumption r a t e s  a r e  assumed. 

The average rad ionucl ide  concent ra t ions  i n  human food a r e  

ca l cu la t ed  f o r  eac.h county a s  a f i r s t  s t e p  i n  r eg iona l  popula t ion  

dose assessment.  These va lues  a r e  used t o  c a l c u l a t e  average con- 

c e n t r a t i o n s  f o r  t h e  reg ion .  The food product ion and populat ion 

consumption a r e  compared t o  ensure t h a t  r eg iona l  food product ion 

i s  adequate f o r  t h e  popula t ion .  The 50-year dose commitment i s  

c a l c u l a t e d  f o r  each year  of ope ra t ion  because, u n l i k e  an i n d i v i d u a l ,  

t h e  popula t ion  i s  a mixture of  d i f f e r e n t  age groups and w i l l  change 

during t h e  p l a n t  lifetime. 



DOSE ESTIMATE SUMMARY 

Table 9 presen t s  a summary of whole body populat ion dose by 

pathway and region.  Dose e s t ima te s  a r e  given f o r  annual r a t e s  

and 50-year t o t a l  dose commitments f o r  f a c i l i t y  ope ra t ions .  

Re la t ive  con t r ibu t ions  t o  t h e  dose commitment i n  var ious  c a t e -  

go r i e s  by i so tope  a r e  given i n  Tables X through X V T T .  'I'able X ,  

whic.h g ives  t h e  whole body dose commitment, shows t h a t  i s  

t h e  l a r g e s t  dose con t r ibu to r  with 30.8% of t h e  t o t a l  followed 

c l o s e l y  by 3~ with 28.3%. Four of  t h e  s i x  i so topes  considered 

a r e  prominent f o r  some pathway. A s  shown i n  Table X ?  3~ i s  

prominent f o r  r eg iona l  and U .  S . atmospheric submersion, 5 ~ r  f o r  

g loba l  atmospheric submersion, 14c f o r  g loba l  atmospheric sub- 

mersion and a g r i c u l t u r a l  product ion,  and l o 6 ~ u  f o r  dose f o r  

ground depusi  t i o n .  3 9 ~ ~  i s  t h e  major . con t r ibu to r  t o  bone dose . 

(Tablc X I )  . 
The 50-year t o t a l  whole body dose commitment from t h e  pro- 

pused f a c i l i t y ,  shown i n  Table IX, i s  397,730 man-rem f o r  a 1980 

s t a r t u p  and 538,210 man-rem f o r  a year  2000 s t a r t u p .  Natural  

r a d i a t i o n  processes ,  assuming an average of  100 man-rem pe r  

person p e r  year  over t h e  e n t i r e  globe,  c o n t r i b u t e  4 x 10' man-rem 

p e r  year ,  o r  2 x 101° man-rem f o r  t h e  50-year pe r iod .  The dose 

commitment over t h e  50-year per iod  of i n t e r e s t  f o r  t h i s  hypu- 

t h e t i c a l  f u e l  reprocess ing  p l a n t  is  thus  urily 2 x l o w 3 %  sf n a t u r a l  

background. 



FACTORS INFLUENCING DOSE ESTIMATES 

There a r e  s e v e r a l  f a c t o r s  which would reduce t h e  dose e s t i -  
\ 

mates from d i r e c t  r a d i a t i o n  from depos i ted  m a t e r i a l  given above, , 

p a r t i c u l a r l y '  t h e  doses t o  t h e  southeas te rn  U.S. reg ion  and t o  t h e  

t o t a l  U.S. The primary f a c t o r s  a r e  bu i ld ing  s h i e l d i n g ,  s h i e l d i n g  

of  ground depos i t i ons  due t o  ground roughness and t e r r a i n  i r r e g u -  

l a r i t i e s ,  and t h e  weathering o f  a c t i v i t y  depos i ted  on t h e  ground. 

( Inha la t ion  and equi l ibr ium dose from 3 ~ ,  "KT, and 14c w i l l  no t  

be a f f e c t e d . )  The above dose reduct ion  f a c t o r s  a r e  d iscussed  i n  

t h e  Rasmussen Reactor Sa fe ty  Study [ l o ] .  

A s  shown i n  Table X ,  d i r e c t  r a d i a t i o n  from depos i ted  

ma te r i a l  con t r ibu te s  only 14% of  t h e  t o t a l  dose commitment. 

Thus, it i s  reasonable  t o  ignore  s h i e l d i n g  and weathering 

e f f e c t s ,  
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Atmospheric Re1 eases 

Radionuc Zide Form 

3~ HTO 

"c co2 

' 5 ~ r  

1 2 g I  

O S ~  

3'cs 

Re leases, Ci/yr 

2 . 4 2  x lo4 

1.33 x lo-' ' 

3.94 lo4 

1.39 x 

2.83 x 

3.84 x 

TABLE I 1  

Southeast Whole Body Dose from Atmospheric Submersion, Wi th P r e c i p i t a t i o n  

Dose - 1980, 50 Year Dose Currnrri L~lent, marz-rem Dose, 
Nuclide man-rem 2 980 Startup 2000 Sturt L.up % of  t o t a l  

- - 

Total 5 3 . 2 3  2599 3063 



TABLE I I1 

Southeast Whole Body Dose from Atmospheric Submersion, Without ~ r e c i p i  t a t i o n  

Annua 2 
Dose - 1980, 50-Year Dose Comitment, man-rem Dose, 

Nuc l ide  man-rem 1980 Startup 2000 Startup % of Total 

T o t a l  53.7  

TABLE I V  

U.S. Whole Body Dose f rom Atmospheric Submersion, Wi thout  P r e c i p i t a t i o n  

Annual 
Dose - 2980, 50 Year. Dose Corm~.ihnent, man-rcm Dose, 

Nuclide man-ran 1980 Startz4p 2000 Startup % of  t o t a l  

'H ' 1880 Y U , ~ U O  10G,G00 8 7 . 1  

1 ' 1 ~  22s 1 0 , 9 z o  1 2 , 8 5 0  1 n . s  

05Kr 4 4 . 5  2 ,170  2 , 5 5 0  2 .08  

1 2 g I  <o. 25 < l o  <12 < 0 . 0 1  

I 0 6 ~ ~  0 . 9 2  4 4 . 5  5 2 . 2  0 .04  

3 9 ~ ~ ~  5 . 1 2  ?48 I 292 n .24  

T o t a l  2156 . 104 ,192  122 ,340  1 0 0 . 0 0  



TABLE V 

U. S. Whole Body Dose from Atmospheric Submersion, Wi th  P r e c i p i t a t i o n  

AnnwzZ 
Dose - 1980, 50-Year Dose C o d t m e n t ,  man-rem Dose, 

Nut Zide rrlan-rem 2980 startup 2000 Startup S. of totaZ 

1 4 c  225 10,900 

" ~ r  44.5 2,170 

1291 <o. 25 <lo 

'''RU 0.61 3 0 

2 3 9 ~ u  3.61 175 

Total 2154 104,075 

TABLE V I  

Whole Body Dose from Global Recirculation 

Nuc Zide 
50-Year Dose Commitment, man-rem 
Z980AP ,2008- Startup 

14c 

To ta l  



TABLE VI I 

Whole Body Dose f rom Atmospheric Subtliersion 

Region 
50-Year Dose Connnitment, man-rem 
1980 S t m t u p  2000 Startup 

Southeas te rn  U.S. 2,600 

T o t a l  U.S. 104,100 

Global 220,300 

a.  Does n o t  i nc lude  doses  f o r  Southeas te rn  U.S. which 
a r e  included i n  t h e  t o t a l  U.S. doses .  

TABLE VIII 

Whole Body Doses from Ground Deposi t ions t o  Southeastern 
U. S. Populat.ion, man-rem 

Time from Startup, 
years 1 2 g 1  

1 0.0546 

5 1.37 

10 5.46 

20 21.8 

3 1) 49,2 

4 0 87.2 



TABLE I X  

,Whole Body Population Doses, man-rem 

Annua l .50-year To ta l  Dose Conunitment 
Dose 1980 S t a r t u p  2000 Stcuitup 

Atmospheric Submersion 
SE Regional 

Atmospheric Submersion. 2150 104,100 122,300 
U.S. To t a l  

~ t m o s ~ h e r i c  Submersion 4 4 1 0 ~  220,300 329,600 
Global Recircul-at ion 

Ground Deposi t ion 460a 23,160 27,300 
SE Regional 

Ground Deposi t ion 630' 31,300 36,700 
U.S. To t a l  

Water Consumption 1 2oa 6,050 7,150 
SE Regional 

Agr i cu l t u r a l  Production 200a 10,220 12,100 
SE Regional 

- 

Tota l  Dose 8020 397,730 538,210 

a.  Annual average over t o t a l  50-year pc r lod .  



TABLE X 

50-Year whole Body Doses by Isotope and Pathway, 1980 Startup 

Dose, Fercent of TotaZ Dosc 
man-rem ?H 1 4 ~  85& . 1 2 9 ~  1 0 6 ~  2 3 g h  

Atmospheric Submersion 2,600 69.8 1.2 22.6 0.19 0.97 5.3 
SE Regional 

Atmospheri.~. Submersion 104,100 87.2 10.5'. . 2.08 <0.01 0.03 0.17 
U.S. Total 

Atmospheric Submersion 220,300 3.1 42.4 54.5 <0.01 <0.01 <0.01 
Global Recirculation 

Ground Deposition 23,160 <0.01 <0.01 <0.01 0.7 99.3 <0.01 
SE Regional 

Ground Deposition 31,300 <0.01 <0.01 <0.01 .0.7 99.3 <0.01 
U.S. Total 

Water Consumption 6,050 ~100.0 <0.01 <0.01 <0.01 <0.01 <0.01 
SE Regional 

Agricultural Production 10,200 70.8 28.8 <0.01 <0.01 0;36 <0.01 
SE Regional - , . . ._ . - - - - - 
Total Dosc 395,130 28.1 27.2 30.9 0.10 13,7 0.04 



TABLE X I  ' . 

50-Year Bone Doses by I so tope  and Pathway 

Percent o f  Total Dose Dose, mrmJrem 3 f f  l b C a  12g1 .  106RU 2 3 9 h  

Atmospheric Submersion 8,300 21.9 0.16 7.1b 0.061b 2.1. 68.6 
SE Regional 

AtmosphericSubmersion 100,550 90.3 0.02 
b c 2.2 - 0.23 7.3 

U.S. Total 

Atmospheric Submersion 128,010 
b 5.3 0.92 93.7 - - 

Global Recirculation 

23,160 - Ground Deposition - 0.70 99.3 0.01 
SE Regional 

Ground Deposi.tion 31,000 - - - 0.70 99.3 0.01 

U.S. Total 

Water Consumption 9,170 66.0 5.4 - 23.3 5.4 
SE Regional 

Agricultural Products 56,400 12.8 86.6 - 0.01 0.58 . - 
SE Regional 

~otil Dose 348,390 31.7 14.5 35.1 0.11 16.3 2.3 

a.  3~'and "C dose estimates assume equilibrium model applies. 

b.  Assumed to bc tho same as whale hady dose. 

c. <0.01%. 



TABLE X I  I 

50-Year Lung Doses by Iso tope  and Pathway 

Dose, Percent of Total Dose 
,lmrz-j*em 3ff 1 4 ~  1 2 9 1  1 b G R 4  2 3 9 h  

Atmospheric Submersion 12,940 14.0 2.6 4.sb 0.01 77.7 1.2 
SE Regional 

Atmospheric Submersion 106,620 85.1 b c 
0.41 2.0 - 12.2 0.19 

U.S. Total 

Atmospheric Submersion 157,630 4.4b 19.5 76.1 - 
Global Recirculation 

Ground Deposition 23,160 - - 0.70 99.3 0.01 
SE Regional 

Ground Deposition 31,100 - 0.70 99.3 0.01 
U.S. Total 

b 
Water Consumption 6,440 94.0 1.6 - 4.3b 0.19 b 

SE Regional 

Agricultural Products 17,000 42.6 57.4 - - 
SE Regional 

Total Dose 341,950 32.5 12.0 35.7 0.11 19.6 0.06 

/ 

a. 'H and 14c dase estimates assume equilibrium model applies. 

b. Assumed to be the same as whole body dose. 

c .  <0.01%. 



TABLE X I 1 1  

- 5 0 - Y e a r  T h y r o i d  Doses by I so tope  and Pathway 

Atmospheric Submersion 
SE Regional 

Atmospheric Submersion 
U.S. Total 

Atmospheric Submersion 
Global ~ecirculation 

Ground Deposition 
. SE Regional 

' . Ground Deposition 
U.S. Total. 

Water Consumption 
SE Regj.onal 

Agricultural Products 

Dose, 
man-rem 

Percent of TotaZ DOEC 
3ff 1 8 S K r  1 2 9 1  1 0 6 ~ ~  2 3 9 h  

'I'otal Dose 306,160 36.3 3.2 40.0 2.7 17.7 0.06 

u.  "i and 14c dosc estimates assume equilibrium model applies. 

b. As6umed to be the same a s  whnle hndy dose. 

c. <0.01%. 



TABLE X I V  

50-year' Kidney Doses by Iso tope  and 'pathway 

Percent of Yotal Dose Dose, 
man-rem ' . 'ff , . . C fi* I Ru Pu 

Atmospheric Submersion 3,330 54.sb 0.07~ 17.6~ -C 10.3 17.6 
SE Regional 

Atmospheric Submersion 94,150 96.4b' - 2.3 - 0.47 0.81 
b 

U.S. Total . . 

Atmospheric Submersion 127,050 5.4 0.i7~ 94.sb - - 
Global Recirculation 

Ground Deposition 23,160 . . - - 0.70 99.3. 0.01 
SE Regional 

Ground Deposition .. 3i, 100 . -  - - 0.70 . 99.3 0.01 
U.S. Total 

Water Consumption 
b 10,320 58.7 0.97 - - 39.9 0.45 

SE Regional 

Agricultural Products 17,650 41.0 55.4 - 0.04 3.5 - 
SE Regional 

Total Dose 303,430 36.5 3.3 40.5 0.13 19.5 0.27 

u. ' 11  and 14c do'3c cstimatoc assume equil i b r i l ~ m  mnrlel applies. 

b. Assumed to bc the same as whole body dose. 

c. <0.01%. 



TABLE XV 

50-Year L iver  Dose by 1sotope and Pathway 

Dose, Percent of Total Dose 
man-rm 3,ya lbC 12g1 106RU 2 3 9 &  

Atmospheric Submersion 3,200 56.7b 0.07~ 18.3~ ' -' .0.77b 24.3 
SE Regional 

b Atmospheric Submersi.on . 94,000 .96.6 - 2.3 b 0.03~ 1.1 
U.S. Total . 

Atmospheric Submersion 127,050 5.4 b 0.17~ 94.5 - - 
Global Recirculation 

Ground Deposition 23,160 - - - 0.70 99.3 0.01 
SE Regional 

Ground Deposition 31,100 - - - 0.70 99.3 0.01 
U.S. Total 

Water Consynption 6,500 93.3 1.5 b - 4.3 0.94 
SE Regional 

I 

Agricultural Products 17,000 42.6 57.4 - 0.02 - 
SE Regional 

a. 3~ and 14c dose estimates assume equilibrium model applies. 

b. Assumed to be the same as whole body dose. 

c. ~:o.oiqd. 



TABLE X V I  

50-Year G I  Tract Doses by Isotope and Pathway 

Percent of  Total  Dose Doso, 
,,,ct,r-rm 3 f f  14c 8 5 ~  lZ91 l o 6 m L  2 3 y ~  

Atmospheric Submersion 
SE Regional 

Atmospheric Submersion 
U.S. Total 

Atmospheric Submersion 
.Global Recirculation 

Ground Deposition 
SE Regional 

Ground Deposition 
U.S. Total 

Water Consumption 176,800 3.4 0.96 - - 95.6 0.02 
SE Regional 

~~ricultural products 195,440 3.7 85.8 - 10.5 - 
SE Regional 

Total Dosc 692,490 1 6 . 2  29.0 . 17,6 0.05 37.1 0.01 

a. ' 3~ and 14c dose estimates assume equilibrium model applies. 

h. Assumed to be the same as whole body dose. 



FIGURE 1. Populat ion centers surrounding t h e  Savannah R iver  P lan t  
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FIGURE 2. U.S.  population growth 
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FIGURE 3. Cumulative whole body gamma dose f r o m  ground depos i t i on  
t o  t he  popu la t ion  i n  t h e  southeastern U.S. 
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FIGURE 11, Cumulative who1 e  body i~arnr~la dose f rom ground depos i t i on  
t o  t he  U.S. popu la t ion  
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F I G U R E  5. Cumulative beta skin dose from ground deposition to the 
population in the southeastern U.S. 




