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PREFACE 

Fusion r e a c t o r  technology has developed f a r  enough t o  expect  l a b o r a t o r y  demonstrat ion o f  p r a c t i c a l  

l e v e l s  o f  f u s i o n  employing t h e  D-T r e a c t i o n  t o  occur i n  t h e  e a r l y  1980s. Fo l low ing  t h a t  

demonstrat ion,  and depending upon t h e  n a t i o n a l  p r i o r i t i e s  f o r  energy f rom D-T f u s i o n ,  c o n s t r u c t i o n  

and o p e r a t i o n  o f  exper imenta l  r e a c t o r s  and demonstrat ion power r e a c t o r s  cou ld  occur b e f o r e  t h e  

end o f  t h i s  c e n t u r y .  Opera t ion  o f  t h e  f i r s t  comnerc ia l  power p l a n t s  cou ld  then f o l l o w ,  s t a r t i n g  

about 2010. 

Development and adop t ion  o f  a  new power system e v e n t u a l l y  w i l l  r e q u i r e  a d e s c r i p t i o n  o f  t h e  

env i ronmenta l  e f f e c t s  i n  an envi ronmenta l  s ta tement  p r o v i d i n g  a comparison t o  t h e  e f f e c t s  

o f  c o m p e t i t i v e  systems. I n  a n t i c i p a t i o n  o f  t h a t  s tatement ,  an env i ronmenta l  a n a l y s i s  (BNWL-2010) 

has been prepared f o r  t h e  ERDA D i v i s i o n  o f  Magnetic Fusion Energy. That a n a l y s i s  est imates t h e  

env i ronmenta l  e f f e c t s  o f  c o n s t r u c t i n g  and o p e r a t i n g  D-T f u s i o n  r e a c t o r s  as an economical ly  

c o m p e t i t i v e  source o f  e l e c t r i c i t y  i n  t h e  21s t  c e n t u r y .  

The a n a l y s i s  has f o u r  p r imary  purposes : 

1. To d e s c r i b e  t h e  genera l  n a t u r e  o f  t h e  env i ronmenta l  e f f e c t s ,  
2. To determine c u r r e n t  a b i l i t y  t o  es t imate  t h e  e f f e c t s ,  
3. To determine methods f o r  reduc ing  t h e  e f f e c t s ,  and 
4. To determine research  necessary f o r  i n c r e a s i n g  c a p a b i l i t y  t o  d e f i n e  and reduce t h e  

e f f e c t s .  

T imely  i d e n t i f i c a t i o n  o f  needed research and methods f o r  reduc ing  e f f e c t s  w i l l  p e r m i t  the  

performance o f  t h a t  research  and t h e  r e v i s i o n  o f  conceptual  f u s i o n  power p l a n t  designs b e f o r e  

p r e p a r a t i o n  o f  t h e  program envi ronmenta l  s ta tement .  T h i s  would improve t h e  q u a l i t y  o f  t h e  

env i ronmenta l  s ta tements and cou ld  reduce t h e  es t imated  adverse envi ronmenta l  e f f e c t s  due t o  

f u s i o n  power p l a n t s .  

The envi ronmenta l  a n a l y s i s  (BNWL-2010) concludes t h a t  t h e  f o l  l o w i n g  assumed c h a r a c t e r i s t i c s  a r e  

t h e  b e s t  s e t  f o r  t h e  f i r s t  o p e r a t i n g  f u s i o n  power p l a n t s :  

The D-T f u s i o n  r e a c t i o n  Standard e l e c t r i c i t y  genera t ion  
Large q u a n t i t i e s  o f  a c t i v a t i o n  products  Standard r a d i o a c t i v e  waste systems 
K i log ram q u a n t i t i e s  o f  t r i t i u m  Large magnetic f i e l d s  
i n  t h e  p l a n t  systems A s e l f - c o n t a i n e d  f u e l  c y c l e  
Massive r e a c t o r  s t r u c t u r e s  Rural s i t i n g  
Large l i t h i u m  i n v e n t o r i e s  
Large i n v e n t o r i e s  o f  l i q u i d  meta ls  
and s a l t s  

Using these c h a r a c t e r i s t i c s  a r e f e r e n c e  r e a c t o r  was analyzed t o  determine the  environmental 

e f f e c t s  by u s i n g  a v a i l a b l e  concepts o f  p l a n t  subsystems designs t h a t  c o n t r o l  i n t e r a c t i o n s  w i t h  

t h e  environment o r  by assumption t h a t  b e s t  c u r r e n t  technology would be used i n  subsystems design.  

Because t h i s  a n a l y s i s  does n o t  take  i n t o  account advances i n  b o t h  f u s i o n  and waste c o n t r o l  

technology d u r i n g  t h e  n e x t  t h i r t y  years,  t h e  es t imated  e f f e c t s  p robab ly  a r e  s i g n i f i c a n t l y  h i g h e r  

than  t h e  a c t u a l  e f f e c t s  w i l l  be f o r  t h e  f i r s t  f u s i o n  power p l a n t s .  The es t imated  envi ronmenta l  

e f f e c t s  should be i n t e r p r e t e d  o n l y  as being t h e  probable upper l i m i t  f o r  t h e  a c t u a l  e f f e c t s .  



P r e p a r a t i o n  o f  t h e  f u s i o n  power p l a n t  env i ronmenta l  a n a l y s i s  r e q u i r e d  development and use o f  

s p e c i a l l y  developed d a t a  and a n a l y s i s  methods n o t  used i n  t h e  p r e p a r a t i o n  o f  c u r r e n t  env i ronmenta l  

s ta tements f o r  f o s s i l  and f i s s i o n  power p l a n t s .  These da ta  and a n a l y s i s  requi rements a r e  

documented i n  a  s e r i e s  o f  r e f e r e n c e  t o p i c a l  r e p o r t s  t o  make t h i s  i n f o r m a t i o n  p u b l i c l y  a v a i l a b l e  

and t o  assure unders tand ing  o f  t h e  b a s i s  f o r  t h e  conc lus ions  made i n  t h e  env i ronmenta l  a n a l y s i s .  

These r e f e r e n c e  t o p i c a l  r e p o r t s  sumnarize t h e  s t a t e - o f - t h e - a r t  as a p p l i c a b l e  t o  p r e p a r a t i o n  o f  

env i ronmenta l  s ta tements f o r  f u s i o n  power p l a n t s .  They p r e s e n t  t h e  da ta  and a n a l y t i c a l  

techniques used i n  t h e  env i ronmenta l  a n a l y s i s  t o  e s t i m a t e  t h e  i n t e r a c t i o n s  w i t h  t h e  environment 

and t h e  r e s u l t a n t  env i ronmenta l  e f f e c t s .  T h i s  i n f o r m a t i o n  then  was analyzed f o r  adequacy and 

t h e  need was determined f o r  a d d i t i o n a l  research  t o  assure s a t i s f a c t o r y  a b i l i t y  t o  prepare 

env i ronmenta l  s ta tements f o r  t h e  f u s i o n  development program and exper imenta l  f a c i l i t i e s  i n  t h e  

e a r l y  1980s. Est imated envi ronmenta l  e f f e c t s  a r e  presented i n  these r e f e r e n c e  documents o n l y  

as necessary t o  i l l u s t r a t e  use o f  t h e  d a t a  and a n a l y t i c a l  techniques.  

T h i s  r e p o r t  i s  one o f  those  r e f e r e n c e  documents f o r  t h e  env i ronmenta l  a n a l y s i s .  The o t h e r  

documents i n  t h i s  s e r i e s  c o n t a i n  more d e t a i l s  o f  t h e  power p l a n t  concepts and t h e  p robab le  

env i ronmenta l  e f f e c t s  o f  f u s i o n  power p l a n t s  w i t h  t h e  assumed c h a r a c t e r i s t i c s  l i s t e d  above. 

These documents a r e  a v a i l a b l e  through t h e  Nat iona l  Technica l  I n f o r m a t i o n  S e r v i c e :  

An Env i ronmenta l  A n a l y s i s  of F u s i o n  Power t o  Determine R e l a t e d  RE0 Needs, BNWL-2010 

Review o f  F u s i o n  Research Program: H i s t o r i c a l  Summary and Program P r o j e c t i o n s ,  BNWL-2011 

Fue l  Procurement f o r  F i r s t  Genera t ion  Fus ion  Power P l a n t s ,  BNWL-2012 

C u r r e n t  F u s i o n  Power P l a n t  Design Concepts, BNWL-2013 

Reference Corrmerical F u s i o n  Power P l a n t s ,  BNWL-2014 

S i t i n g  Commercial F u s i o n  Power P l a n t s ,  BNWL-2015 

M a t e r i a l s  A v a i l a b i l i t y  f o r  F u s i o n  Power P l a n t  C o n s t r u c t i o n ,  BNWL-2016 

P r o j e c t e d  Thermodynamic E f f i c i e n c i e s  o f  Fus ion  Power P l a n t s ,  BNWL-2017 

T r i t i u m  Source Terms f o r  Fus ion  Power P l a n t s ,  BNWL-2018 
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SUMMARY 

3 A1 though the  exact re lease  r a t e s  of t r i t ium ( H )  and carbon-14 t o  the  

environment from a fusion power plant  a r e  not known, un i t  dose r a t e s  from 
postulated re leases  t o  a i r  o r  t o  surface  water can be calcula ted f o r  a 

hypothetical individual and f o r  population groups. Assuming a t r i t ium 

re lease  of 1 cu r i e  per year (Ci ly r )  as  HTO t o  the  atmosphere, a hypotheti- 

cal maximum individual res iding near a fusion power plant  might receive a 

dose r a t e  of 2 x 1 o - ~  m i  11 irem per year (mremlyr) . Assuming a 1 Ci lyr  
re lease  t o  surface  waters, t h i s  individual might receive a dose r a t e  of 
1.5 x mremlyr. The dose r a t e  t o  the  population of the  world including 
the  United S t a t e s  and the  regional population was estimated t o  be 1 x lo-' 

man-remlyr from the  re lease  t o  the  atmosphere and 6 x 10" man-rem/yr from 

the  re lease  t o  surface waters. 

Dose r a t e s  from releases  of 1 Ci lyr  of carbon-14 t o  t he  atmosphere were 

estimated t o  be 0.4 mremlyr t o  the  bone of the  hypothetical maximum i n d i -  

vidual and 2 man-remlyr t o  the  to ta l  body of the  world population. Because 
of the pers is tence of carbon-14 i n  the  environment and the  f a c t  t h a t  carbon 

i s  a major const i tuent  of any l i v ing  th ing,  e f f o r t s  should be made t o  e l iminate  

those re leases  with ava i lab le  techno1 ogy such a s  double containment of the 

reactors  t o  prevent a i r  1 eakage. 

RESEARCH REQUIREMENTS 

The r a t e  a t  which tritium oxidizes a f t e r  re lease  i s  not known. Research 
should be performed t o  assess  the  current  state-of-knowledge of oxidation 
r a t e s ,  t o  determine t he  addit ional  research requirements, and t o  supply t he  
missing information. A substant ia l  reduction i n  estimated doses t o  nearby 
persons due t o  t r i t i um re leases  would r e s u l t  i f  i t  can be shown t h a t  t r i t i um 
does .not oxidize rapidly.  

Well-developed methods a r e  ava i lab le  fo r  estimating the  radia t ion doses 

from t r i t i um oxide and radiocarbon re leases  t o  persons res iding within 

50 miles of a radionuclide re lease  point. However, t he  a b i l i t y  t o  est imate 





doses a t  greater distances i s  not as well developed and need improvement 
i n  the following areas: 

E s t i m a t i o n  of  Worldwide Concent ra t ions Due t o  a  Release. B e t t e r  

methods a r e  needed f o r  e s t i m a t i n g  average r e g i o n a l  t r i t i u m  and 

rad ioca rbon  concen t ra t i ons  i n  s u r f a c e  waters  and t h e  atmosphere. 

Cur ren t  methods use approximate t r a n s p o r t  and m i x i n g  assumptions 

r a t h e r  than c a l c u l a t i o n s  r e p r e s e n t a t i v e  o f  a c t u a l  c o n d i t i o n s .  

E s t i m a t i o n  o f  U.S.  Concent ra t ions Due t o  a  Release. Cur ren t  

methods a r e  r e g i o n a l  averag ing methods f o r  e s t i m a t i n g  t r i t i u m  and 

rad ioca rbon  concen t ra t i ons .  Methods a r e  needed f o r  e s t i m a t i n g  t h e  

a c t u a l  plume l o c a t i o n s  and subsequent d i s p e r s i o n  throughout  t h e  

atmosphere and i n t o  t h e  hydrosphere. 

Comp i la t i on  o f  World Popu la t i on  D i s t r i b u t i o n .  The c u r r e n t  w o r l d  

p o p u l a t i o n  da ta  shou ld  be conver ted f rom a  p o l i t i c a l  r e g i o n  bas i s  

t o  a  geograph ica l  bas i s  cor responding t o  t h e  geograph ica l  reg ions  

t h a t  would be used i n  dose c a l c u l a t i o n s .  

INTRODUCTION 

Radiation doses to  an individual and to  selected populations from tr i t ium 

and radiocarbon released to  the environment from a fusion power plant were 

estimated because detailed analysis has shown tha t  these radioisotopes have 
the highest probability of being released routinely from fusion power plants.  

The doses from a release of t r i t ium and radiocarbon a t  the ra te  of 1 Ci/yr 
into the plant gaseous waste stream (stack or vent) and into the l iquid 

waste stream (blowdown pipe) were estimated for  a hypothetical maximum 

individual* who resides near an assumed plant a t  Morris, I l l i no i s .  The 

doses to  the regional population residing within 50 miles of the plant,  the 
population of the eastern U.S., and the world population were also estimated. 

TRITIUM DOSES 

For the calculation of annual doses to individuals and populations from 

tr i t ium, dose factors  were derived using the method of the ICRP (ICRP, 1959; 

Soldat, 1971 ) .  An average energy fo r  tr i t ium beta par t ic les  was taken 

*An i n d i v i d u a l  whose p lace  o f  residence, l i v i n g ,  and r e c r e a t i o n a l  h a b i t s ,  
o r  d i e t a r y  h a b i t s  m igh t  r e s u l t  i n  a  h ighe r  exposure o f  r a d i o a c t i v e  emis- 
s ions  f rom t h e  p l a n t  than a  more t y p i c a l  member o f  t h e  pub1 i c .  





t o  be 5.7 k e V / d i s i n t e g r a t i o n  (Jacobs, 1968). The e f f e c t i v e  h a l f - l i f e  i n  

t h e  body was assumed t o  be 10 days (ICRP, 1968) f o r  an a d u l t  weighing 
3  70 k i log rams ( re fe rence  man) w i t h  a  b rea th i ng  r a t e  o f  7300 m  /yr (ICRP, 

1959). The qua1 i ty  f a c t o r  o f  1.7 recommended by t h e  ICRP was used f o r  t h e  

dose es t imates  (ICRP, 1959 and I C R P ,  1968). 

A d u l t  dose f ac to r s  (D.F.) f o r  t h e  i n g e s t i o n  and i n h a l a t i o n  pathways were 

d e r i v e d  as t h e  f o l l o w i n g :  

I n g e s t i o n  D.F. = 1.02 x  mremlyr pe r  p C i l y r  i n t a k e  

3  1nha la t i onD .F .  = 7 . 4 6 ~ 1 0 - ~ m r e m l y r p e r p C i / m  a i r  

To account f o r  t h e  t o t a l  body dose f rom t h e  m i g r a t i o n  o f  gaseous HTO through 

t h e  s k i n  ( t r a n s p i r a t i o n )  t h e  above i n h a l a t i o n  dose f a c t o r  was increased by 

50 percen t  d u r i n g  t h e  dose c a l c u l a t i o n s  (Osborne, 1966). 

Maximum I n d i v i d u a l  Dose 

For  t h e  purpose o f  e s t i m a t i n g  t h e  impact o f  t h e  re l ease  o f  t r i t i a t e d  water  

(HTO) f rom t h e  r e a c t o r  on an i n d i v i d u a l  who may l i v e  near t h e  p l an t ,  a  

so -ca l l ed  Maximum I n d i v i d u a l  was pos tu la ted .  Th is  person was assumed t o :  

Reside 500 meters f rom t h e  re l ease  p o i n t  a t  t h e  s i t e  boundary on 

t h e  bank o f  a  r i v e r  w i t h  an average f l o w  o f  50,000 c f s  where t h e  

d i  1  u t i o n  f a c t o r  i s  0.005 (WASH-1 258). 

D r i nk  water  drawn f rom t h e  r i v e r  near h i s  res idence.  

Eat f i s h  and i n v e r t e b r a t e s  ( c r a y f i s h )  caught i n  t h e  r i v e r  

100 meters downstream f rom t h e  p l a n t  o u t f a l l  where t h e  d i l u t i o n  

f a c t o r  i s  0.03 (WASH-1 258) . 
Eat  p a r t  o f  h i s  food  which was r a i s e d  under supplemental i r r i g a -  

t i o n  through s p r i n k l e r  systems. 

Table 1  summarizes t h e  annual consumption o f  foods and water  i n t a k e  o f  t h i s  

i n d i v i d u a l  a long  w i t h  those f o r  a  more average person. The Maximum I n d i v i d -  

u a l  was assumed t o  have acqu i red  50 percen t  o f  h i s  m i l k ,  vegetables and 

f r u i t s  f rom o u t s i d e  h i s  farm (noncontaminated) ; however, 100 percen t  o f  





h i s  meat and eggs was assumed produced f rom l o c a l l y  grown fodder  and g r a i n .  

A l l  o f  t h i s  i n d i v i d u a l ' s  wheat was assumed grown w i t h o u t  i r r i g a t i o n .  

Annual doses est imated f o r  t h i s  Maximum I n d i v i d u a l  f rom 1  Ci/yr o f  t r i t i u m  

re leased  i n t o  t h e  l i q u i d  e f f l u e n t *  o f  a  f u s i o n  r e a c t o r  a r e  summarized i n  

Table 2. 

TABLE 1  Exposure Assumptions Used i n  C a l c u l a t i n g  I n t e r n a l  
Rad ia t i on  Doses f rom a  Fusion Reactor 

I n g e s t i o n  

L e a f y  Vegetabl  es 

Other  Above 
Ground Vegetables 

Po ta toes  

Root Vegetables 

B e r r i e s  

Me1 ons 

Orchard F r u i t  

Wheat 

Other  G r a i n  

Eggs 
M i l k  

Beef  

Pork 

P o u l t r y  

D r i n k i n g  Water 

F i s h  

I n v e r t e b r a t e s  

I n h a l a t i o n  20 m3/day 1  . O  20 m3/day 1  .O 1.0 

l a )  F o r  c o n t a m i n a t i o n  v i a  e i t h e r  i r r i g a t i o n  w a t e r  o r  a tmospher ic  d e p o s i t i o n .  
( b )  S ince  wheat i s  n o t  i r r i g a t e d ,  t h i s  f a c t o r  i s  0  f o r  s u r f a c e  w a t e r  r e l e a s e .  

*An o u t f a l l  f l o w  o f  50 c f s  was assumed. 
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TABLE 2 Annual Doses t o  Maximum I n d i v i d u a l  f rom Releases o f  
1  Ci/yr o f  T r i t i u m  t o  t h e  Atmosphere and t o  Sur face 
Water (mrem) 

Atmospheric ( a )  su r f ace  water  

I n h a l a t i o n  and 3.5 - - - 
Trans p i  r a t i o n  

D r i n k i n g  Water ( b )  --- 8.5 x  

Aquat i c  Foods ( C  

F i s h  - - - 1.5 x  l o m 6  

I n v e r t e b r a t e s  - - - 
Food Products ( b )  

Produce 1  3 x  l o - 6  

M i l k  2.5 1.5 x  l o m 6  

Meat 1  1  x  l o - 6  

TOTAL 2 1.5 

(a )  x!Q' = 1  x  s/m3. 
( b )  D i l u t i o n  f a c t o r  = 0.005 a t  s i t e  boundary 500 meters f rom t h e  

o u t f a l l .  
( c )  D i l u t i o n  f a c t o r  = 0.03 a t  100 meters f rom t h e  o u t f a l l .  





The dose to  t h i s  individual from the gaseous pathways was estimated by 

assuming he resided a l l  year a t  the 500-meter location where he consumed 

food products subject t o  aer ial  deposition. The average annual atmospheric 
3 di lut ion factor  (R/Q1) a t  t h i s  location was assumed to  be 1 x s/m for  

a 10 meter release height, the value given in WASH-1258 for  a typical r iver  

s i t e .  

The dose from the consumption of food products was estimated by assuming 

tha t  the foods contained HTO a t  the same specif ic  ac t iv i ty  (T/H r a t i o )  as 

the water vapor in the a i r  (Baker, e t  a l . ,  1976) with an absolute humidity 
3 of 8 ml/m . The food consumption and fract ion locally grown are given in 

Table 1 .  Dose rates  estimated for  the individual from a 1 Ci/yr release of 

HTO into the atmosphere from the fusion reactor (Table 2)  also include those 

from inhalation and transpiration of HTO a l l  year a t  the 500-meter location. 

Popul ation Dose 

The radiation doses from HTO released by the fusion reactor were estimated 

for  the population residing a t  various distances from the f a c i l i t y .  As was 

done for  the Maximum Individual, one curie  per year was assumed to be 

released into the a i r  through the plant vent and one curie per year to the 

r iver  via the blowdown water. The dose to  three population groups was 

estimated: 

Regional population (those persons l iving within 50 miles of the 

plant)  

Eastern U.S. population 

World population. 

Doses to the above population groups from atmospheric releases of t r i t ium 

were estimated from environmental concentrations derived from the l a t i t ud -  

inal band model of Renne e t  a1 . (1975). 

Uoses to  the populations of the eastern U.S. and the world from a release 

to  the surface water were estimated using the model of Easterly, e t  a l .  

(1974) for  world t r i t ium transport .  This model divides the world into 





hydrological compartments and each reservoir i s  assumed to be homogenous 

and any influx of t r i t ium will be instantaneously and completely mixed 
(within the time s tep used). The model considers seven compartments or 

reservoirs: deep ocean, ocean surface, atmosphere, vadose water, ground 
water, surface water, and man, and the transport  ra tes  of t r i t ium in the 

form of HTO between them. Using Easter ly 's  model and assuming a 1 Ci/yr 
release to  e i ther  the atmosphere or surface water compartments for  

50 years,  the ac t iv i ty  in the compartment labeled man, reached equilibrium 
a t  4.5 x curies from an atmospheric release and 2.8 x curies 

for  the release to surface water.* Thus the release t o  surface water 
yielded quant i t ies  i n  man higher by a factor  of 6 than the release to  

the atmosphere. 

Annual Dose to  Regional Population 

The annual dose to those persons l iving within 50 miles (80 km)  of the 

plant was assumed to be derived from the HTO released into the atmosphere 
through inhalation and skin absorption, and from the HTO released into 

the r iver  via drinking water and food products raised with supplementary 
i r r iga t ion .  Drinking water and food products were conservatively assumed 

to contain the same specif ic  ac t iv i ty  of t r i t ium as the r iver  water fo r  

the l iquid release; drinking water and aquatic foods were assumed f r ee  

of tr i t ium released into the a i r  from the plant. 
6 The dis t r ibut ion of the population (6.4 x 10 persons) was taken from 

1970 census data fo r  a plant s i ted a t  Morris, I l l i n o i s .  The contamination 
fractions used were those given in Table 1 .  Table 3 summarizes annual 
doses to  the regional population. 

Annual Dose t o  the Eastern U .S. Population 

The dose to  the population of the eastern U.S. was assumed to be derived 
from the HTO released into the atmosphere and l a t e r  washed out into the 

surface waters by rain.  The pathways evaluated were the drinking water 

and food products i n  which the specif ic  ac t iv i ty  of the t r i t ium was equal 

*Unpublished computer program. 





t o  t h a t  of t he  su r f ace  waters.  The consumption r a t e s  used were those o f  t h e  

popu la t i on  average and assuming a  contaminat ion f r a c t i o n  o f  one f o r  a l l  food  

pathways, 0.5 f o r  d r i n k i n g  water .  The i n h a l a t i o n  ( p l u s  t r a n s p i r a t i o n )  dose 

was est imated f o r  t h e  popu la t i on  o f  t he  U.S. l i v i n g  eas t  o f  t he  Rocky 

Mountains us ing  normal i z e d  HTO a i r  concen t ra t i on  values de r i ved  i n  Renn6, 

e t  a l .  (1975). The dose from a  re l ease  t o  su r f ace  water  was est imated t o  be 

be 6 t imes t h i s  on t he  bas i s  o f  E a s t e r l y ' s  model (Eas te r l y ,  e t  a1 ., 1974). 

Table 4  summarizes t h e  r e s u l t s  o f  t h e  dose c a l c u l a t i o n s .  The dose t o  people 

l i v i n g  w i t h i n  50 m i l e s  o f  t he  p l a n t  a r e  - n o t  i nc l uded  i n  t h e  values i n  t h i s  

t ab le .  

TABLE 3  Annual Doses t o  Regional ~ o p u l a t i o n ( ~ )  f rom Releases o f  
1  Ci/yr o f  T r i t i u m  t o  t he  Atmosphere and t o  Sur face Waters 
(man-rem/yr ) 

Atmosphere Sur face Water 

I n h a l a t i o n  and 3.5 --- 
Transpi  r a t i o n  

D r i n k i n g  Water --- 6.5 x  

Aquat i c  Foods 

F i s h  - - - 9  x  l o - 6  

I n v e r t e b r a t e s  --- 7.5 

Food Products 

Produce 4  x l ~ - 4  Z . ~ X I O - ~  

M i l k  8.5 1.5 

Meat 5.5 1.5 

TOTAL 8 . 5 x 1 0 - ~  1  x 1 0 - 3  

( a )  Those persons l i v i n g  w i t h i n  50 m i l e s  o f  t h e  p l a n t .  





TABLE 4 Annual Doses t o  Eastern U.S. Population (a 1 
from Releases of 1 Cilyr  of Tritium t o  the  
Atmosphere and t o  Surface Water (man-rem/yr) 

Atmosphere Surface Water 

Inhalation and 6 x ---- 
Transpiration 

Drinking Water 1.5 x 

Aquatic Foods 

Fi s l i  4 

Invertebrates 3.5 x lo-6 

Food Products 

Produce 1.5 x lo-' 

Milk 6.5 

Meat 6.5 

TOTAL 5 3 1 0 - ~ ( ~ )  

( a )  Not including regional population. 
( b )  Estimated from Easter ly ' s  f ac to r  of 6 f o r  the  surface 

water/atmosphere dose r a t i o  (Easterly,  e t  a1 . , 1974). 

Annual Dose t o  World Population 

The annual dose t o  the world population from a 1 Ci/yr re lease  t o  the  atmo- 

sphere was estimated using the normalized equilibrium surface water concen- 

t r a t i ons  taken from Renne, e t  a l .  (1975) and populations ( t o t a l  of 
9 3.8 x 10 people) taken from Machta, e t  a l .  (1973). The t r i t ium cancentra- 

t ion of the  food and water consumed by the people in a l a t i t ud ina l  band was 

assumed t o  be the  same as  t h a t  of the  surface waters over the land areas of 

t h a t  band. Values of 440 l / y r  and 450 kg/yr were taken as the average 

water and food consumption of the  world population, respectively.  A 





contamination fac to r  of 50 percent was used fo r  the drinking water, s ince 

water drawn from deep wells would probably not be contaminated with HTO 

released from the fusion reactor.  Table 5 summarizes the  annual doses t o  

the world population derived from the  atmospheric re lease  of HTO, and the 

t o t a l  estimated dose from a surface water re lease  by the use of the fac to r  

of 6 suggested by Easterly,  e t  a l .  (1974). 

TABLE 5 Annual Doses t o  World Population from Releases of 
Tri t i  um t o  Atmosphere and Surface Water (man-remlyr) 

Atmosphere Surface Water 

Inhalation and 
Transpiration 7 

Drinking Water 1 . 5  

All Foods 2.5 

TOTAL 5 3 x 10- 2 ( a )  

( a )  The dose from re leases  of HTO t o  surface water has been 
estimated a t  about 6 times t ha t  from re lease  t o  the atmo- 
sphere using the model suggested by Easterly. 

Summary of Dose t o  the Population Group from Tritium 

The annual doses t o  the  population from re leases  of t r i t ium to  the atmo- 

sphere and surface water a r e  summarized in Table 6. 

TABLE 6 Summary of Annual Doses t o  Populations from Releases 
of 1 Ci/yr Tritium (HTO)  to  the Atmosphere and Surface 
Water (man-rem) 

Atmosphere Re1 ease Surface Water Re1 ease 

Reg i ona 1 8.5 1 

United S ta tes  5 3 x lo-2 

TOTAL (Earth) 1 x lo-' 6 x lo-' 

( a )  The world dose includes t ha t  dose t o  the  U.S. population 
u s i n g  the l a t i t ud ina l  band model. 





Comparison of HTO World Population Dose w i t h  EPA Model 

The EPA model given in reference ( E P A ,  1974) assumes t ha t  the tritium 

released from a plant  i n  the continental U.S. i s  transported eventually t o  

the  world's oceans t o  be mixed uniformly in only t h a t  portion i n  the north- 

ern hemisphere. Only the  population of the northern hemisphere (80% of the 

world population) i s  assumed effected such t h a t  t h e i r  body water would be a t  

the same spec i f i c  a c t i v i t y  as the northern hemisphere oceans a t  equilibrium 

a f t e r  a constant re lease  r a t e  of t r i t ium into  these waters. If  the volume 

of water i s  taken t o  be 7 x 10 l 5  m3 ( E P A ,  1974); the world population i s  
9 4 x 10 people; and the  total-body dose fac to r  f o r  sustained concentration 

3 i s  100 rad/yr per Ci/m ( E P A ,  1974) of tritium in the body, then the annual 

world dose from a n  annual re lease  of 1 Ci of t r i t ium in the form of HTO 

a f t e r  equilibrium i s  j u s t  

9 Ci/yr  x 0.8 x 4 x 10 people x 100 radlyr x 12.3 = 8 x man-rad/yr 
7 x 10l5 ni3 ci/m3 i n 2  

o r  a dose equivalent of 

From Table 6 ,  an atmospheric re lease  of 1 Ci/yr of HTO was estiniated t o  give 

a dose 5 x man-rem/yr t o  the world population. This estimate i s  about 

3 112 times t h a t  of the  EPA. 

CARBON- 1 4 DOSES 

Fusion power plants  may re lease  carbon-14 to  the atmosphere from t h e i r  gas 

separation systems (Kaser, 1976). Since t h i s  radiocarbon may reach nian by 

various pathways and s ince  carbon i s  a major const i tuent  of the body, doses 

from t h i s  radionuclide were estiniated using the spec i f i c  a c t i v i t y  method. 





Maximuni Individual Dose 

F i r s t  year doses were estimated from inhalat ion and a i r  submersion t o  the  

maximum individual residing 500 meters from the plant and from eating foods 

grown a t  this location.  For t h i s  dose estimate i t  was assumed t ha t  the 

spec i f i c  a c t i v i t y  of the  carbon-14 in the contaminated foods was the same 

as t h a t  of the  a i r ;  i . e . ,  the  r a t i o  of carbon-14 t o  t o t a l  carbon i n  the 

foods i s  equal t o  the r a t i o  i n  the atmosphere (Baker, e t  a l . ,  1976). The 

natural concentration value of C02 i n  the atmosphere was taken t o  be 

320 par ts  per mil 1 ion (Machta, 1973). The value of 0.23 was taken f o r  the  

f rac t ion  of carbon in  the body of the Reference Man (ICRF-23, 7974). The 

average energy of the  carbon-14 beta pa r t i c l e  was taken t o  be 0.054 MeV f o r  

t o t a l  body and 0.27 MeV f o r  bone (ICRP-10, 1968). The food consumption 

r a t e s  and contamination fac to rs  were given i n  Table 1.  

Dose f ac to r s  used f o r  estimates were taken from Soldat, e t  a1 . (1973 and 

1974). The 50-year dose commitment i s  e s s en t i a l l y  the  same ( l e s s  than 20% 

grea te r )  as the  f i r s t  year dose s ince  the e f fec t ive  ha l f - l i f e  in the  body 

i s  shor t  (10 days f o r  t o t a l  body t o  40 days f o r  bone). Table 7 1 i s t s  the  

amount released and the  f i r s t  year doses t o  the maximum individual f o r  the 

organs of importance. 

TABLE 7 F i r s t  Year Dose (mrem) t o  Maximum Individual from 
1 Ci/yr Carbon-14 Released in to  the  Atmosphere 

External ( a )  Skin Total Body Bone 

Air Submersion 1 lo-5 4 x lo-8 - - - 

Internal  ( b )  

Inhalation --- 9.5 4.5 

Food Products 

TOTAL 

( a )  Continuously exposed a t  500 meters from plant .  No c r ed i t  f o r  
shielding by s t ruc tu res .  

( b )  50-year dose commitments a r e  l e s s  than 20% more than the f i r s t  
year dose. 





Population Dose 

The carbon-14 total-body dose t o  the  population groups l iv ing  in three  

regions was estimated: 

Within the 50-mile radius of the  plant  
In the eastern U.S. 

In the world 

The normalized a i r  concentrations f o r  HTO given in Renn6, (1975) were 

assumed t o  be val id  fo r  the  carbon-14 dispersed in the  atmosphere. The 

spec i f ic  a c t i v i t y  of the  carbon-14 in  the bodies of the  population groups 

was assumed equal t c  the  spec i f ic  a c t i v i t y  of the  carbon-14 in  the  atmo- 
sphere. Table 8 summarizes the  doses from carbon-14 t o  the population 

groups. The persistence of carbon-14 in the environment leads t o  the con- 

cl usion t h a t  extensive e f f o r t  i s  j u s t i f i e d  f o r  preventing re leases  of car-  
bon-14. Double contaimment, f o r  example, should prevent leakage of a i r  i n to  

the reactors  and the formation of carbon-14 when nitrogen absorbs neutrons. 

TABLE 8 F i r s t  Year Total-Body Dose t o  the  Population Groups 
from 1 Ci/yr of Carbon-14 Released in to  the  Atmosphere 

P o p u l a t i o n  Dose(man-rem) ( b )  

Reg iona l  

 astern U .S.  ( c )  

Nor1 d  

TOTAL 

( a )  P o p u l a t i o n s  used  were r e f e r e n c e d  i n  Renne, 1975. 
( b )  50 - yea r  dose commitments a r e  e s s e n t i a l l y  t h e  same as 

t h e  f i r s t  y e a r  dose. 
( c )  O t h e r  t h a n  p o p u l a t i o n  l i v i n g  w i t h i n  50 m i l e s .  

FUTURE RESEARCH NEEDS 

The uncer ta int ies  and omissions in the above analysis  of the population 

radia t ion doses a r e  manifold. One c r i t i c a l  item t h a t  needs t o  be improved 
i s  the  estimation of the  world-wide HTO and radiocarbon concentrations 

in surface waters and atmosphere from a re lease  t o  the  surface water. 

Thus study i s  pivotal i n  the  determination of how best t o  re lease  t r i t ium 





and radiocarbons w i t h  t he  l e a s t  environmental de t r iment  i n t o  atmosphere o r  

sur face water. Fur ther  s tudy i s  necessary t o  descr ibe the  movement and 

subsequent accumulation o f  t r i t i u m  i n  t he  form o f  t r i t i a t e d  water throughout 

t he  r e s e r v o i r s  o f  t he  wor ld  f o r  a  cont inuous o r  instantaneous re lease from 

a f u s i o n  power p l a n t  i n t o  t he  sur face  water as w e l l  as t he  atmosphere. 

Another impor tan t  d e f i c i e n c y  i s  the  l a c k  o f  i n fo rma t i on  on the  conversion o f  

t r i t i u m  t o  t r i t i u m  ox ide  i n  the  atmosphere. A t  present,  dose c a l c u l a t i o n s  

assume instantaneous conversion t o  the  ox ide  w i t h  t he  r e s u l t  t h a t  est imated 

nearby r a d i a t i o n  doses are h igher  by as much as a f a c t o r  o f  1000 than tne  

est imated doses i f  the  t r i t i u m  remained unoxid ized.  A s ta te -o f - t he -a r t  

document desc r i b ing  the  c u r r e n t  i n fo rma t i on  and research needed t o  d e f i n e  

the  ac tua l  o x i d a t i o n  r a t e  should be w r i t t e n  and t h a t  research should be 

completed. A s i g n i f i c a n t  reduc t i on  i n  t he  est imated t r i t i u m  r a d i a t i o n  

doses cou ld  r e s u l t .  

Other research needs are: 

A b e t t e r  model f o r  the  de termina t ion  o f  atmospheric concent ra t ions  

over t he  con t i nen ta l  Un i ted  States from a re lease anywhere i n  t h e  

U.S. Poss ib ly  t h i s  model could i nc lude  a p u f f  advect ion method- 

o logy as addanced by Wendel 1 ( S t a r t  and Wendel 1, 1974). Using 

the  model, comparisons cou ld  be made o f  t he  v a r i a t i o n  o f  popula- 

t i o n  dose w i t h  s i t e .  

A comprehensive enumeration o f  t he  wor ld  popu la t ion  i n t o  geographic 

areas--not p o l i t i c a l  areas. These areas cou ld  be 10 degrees on a 

s ide  and co inc ide  w i t h  t h e  standard l a t i t u d e  and l ong i t ude  g r i d .  
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