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PREFACE 

In 1970 the United S t a t e s  Atomic Energy Commission (AEC), t h e  prede- 

c e s s o r  of t h e  U. S. Energy Research and Development Adminis t ra t ion  (ERDA) 

i n i t i a t e d  a series o f  s t u d i e s  aimed a t  e s t i m a t i n g  t h e  r a d i o l o g i c a l  dose  , 

t o  t h e  popula t ion  o f  t h e  United S t a t e s  resul  t i .ng from t h e  combined o p e r a t i o n  1 

o f  l a r g e  numbers o f  n u c l e a r  f a c i l i t i e s  f o r  t h e  production o f  e l e c t r i c  energy.  

In o r d e r  t o  provide a s c e n a r i o  c o n s i d e r i n g  numbers o f  nuc lea r  f a c i l i t i e s  

cons ide rab ly  g r e a t e r  than those  c u r r e n t l y  in  o p e r a t i o n ,  under c o n s t r u c t i o n ,  o r  

on o r d e r  -- and y e t  avoid e x t e n s i v e  e x t r a p o l a t i o n  from t o d a y ' s  technology -- 
t h e s e  s t u d i e s  were addressed t o  c o n d i t i o n s  a s  they might appear i n  the y e a r  

2000. 

The f i r s t  o f  t h e s e  s t u d i e s ,  c o n s i d e r i n g  the a rea  comprising the water -  

sheds  o f  t h e  Upper Miss i s s ipp i  and Lower Missouri r i v e r s ,  was performed by 

t h e  Hanford Engineering Oevel opment Laboratory (HEDL)  . This f i r s t  r eg iona l  

e v a l u a t i o n ,  begun i n  1970, was completed in  1972 and was repor ted  i n  

WASH-1209, "The P o t e n t i a l  Radiologica l  Implications of Nuclear F a c i l i t i e s  i n  

t h e  Upper Miss i s s ipp i  R.iver Basin in' t h e  Year 2000," which was publ ished i n  

January ,  1973. Resu l t s  o f  t h i s  s t u d y  i n d i c a t e d  t h a t  t h e  r a d i o l o g i c a l  dose  in  

t h e  y e a r  2000 t o  t h e  average  i n d i v i d u a l  i n  t h e  s tudy a r e a  which was a t t r i b u t -  

a b l e  t o  the  o p e r a t i o n  o f  n u c l e a r  f a c i l i t i e s  wi th in  t h e  a r e a  would be 0.17 milii- 

rem (mrem). This  dose is c o n s i d e r a b l y  lower than the guide1 ine  dose o f  5 mrem 

per y e a r  a t  t h e  f e n c e l i n e  o f  an o p e r a t i n g  nuc lea r  power p l a n t ,  and is s e v e r a l  

o r d e r s  of magnitude lower than the dose  from na tu ra l  r a d i a t i o n  o r  from o t h e r  

man-made sources  such a s  d i a g n o s t i c  x- rays  o r  c o l o r  t e l e v i s i o n .  

A t  the conclus ion o f  the Upper Miss i s s ipp i  River Basin (UMRB) s t u d y ,  i t  

was f e l t  d e s i r a b l e  t o  c o r r o b o r a t e  the r e s u l t s  o f  t h e  study by performing a 



second study i n  an area d i s t i n c t l y  d i f f e r e n t  i n  physiographic and demographic 

c h a r a c t e r i s t i c s .  The performance o f  such a  s tudy  would a l s o  p rov ide  an 

o p p o r t u n i t y  t o  improve on t h e  HERMES computer model and make i t  l e s s  r e g i o n a l l y  

dependent. I n  a d d i t i o n ,  t he  development and promulgat ion o f  "As Low as 

Reasonably Achievable" (ALARA) guide1 i nes  f o r  rad ionuc l  i d e  e f f l u e n t s  f rom 1  i g h t  

water  r e a c t o r  (LWR) power p l a n t s  by the  AEC O f f i c e  o f  Regulat ion,  t h e  predecessor 

o f  t h e  U. S. Nuclear Regulatory Commission, prov ided a  new b a s e l i n e  aga ins t  

which r a d i o l o g i c a l  e f fec ts  cou ld  be compared. The ALARA guide1 ines had been 

a n t i c i p a t e d  i n  the  UMRB study, b u t  re lease values assumed f o r  some r a d i o -  

nuc l i des  d i f f e r e d  cons iderab ly  from t h e  ALARA values as f i n a l l y  adopted. A  

second s tudy  re ferenced t o  those gu ide l i nes  was judged t o  be o f  value. 

The area chosen as t h e  sub jec t  o f  t h i s  second s tudy  cons i s ted  o f  t he  

combined watersheds o f  t h e  Tennessee and Cumberland r i v e r s .  The s tudy  was 

undertaken by AECIERDA and the  Tennessee Val l e y  A u t h o r i t y  (TVA), and was 

performed coopera t ive ly  by HEDL, TVA, the  Oak Ridge Nat ional  Laboratory (ORNL) , 

and the  Atmospheric Turbulence and D i f f u s i o n  Laboratory (ATDL) of t he  Nat ional  

Oceanic and Atmospheric Admin i s t ra t i on  (NOAA) . This study was an excel l e n t  

example o f  in teragency and i n t e r l a b o r a t o r y  cooperat ion.  The d i v e r s i t y  of 

e x p e r t i s e  made avai lab1 e  by t h i s  cooperat ive approach added considerably t o  

the  q u a l i t y  o f  the  study, and the  i n t e r l a b o r a t o r y  s t r u c t u r e  o f  the  study 

o rgan iza t i on  prov ided a  b u i l t - i n  system o f  checks and balances f o r  eva lua t i on  

o f  i n p u t  data, c a l c u l a t i o n a l  techniques, and r e s u l t s  o f  the study. 

The Tennessee V a l l e y  Region (TVR) Study was d i r e c t e d  by a  four-man s t e e r i n g  

committee, c o n s i s t i n g  o f  one rep resen ta t i ve  each f rom ERDA, TVA, HEDL, and 

ORflL. E f f o r t s  i n v o l v e d  i n  execut ion  o f  the  study were d i v i d e d  among 

t h e  p a r t i c i p a n t s .  TVA and ORNL prov ided the b u l k  o f  t h e  physiographic,  demo- 

graphic,  and a g r i c u l t u r a l  p roduct ion  da ta  f o r  the reg ion .  TVA se lec ted  



hypo the t i ca l  n u c l e a r  f a c i l i t y  s i t e s  f o r  u s e  i n  t h e  s t u d y ,  and a l s o  provided 

r e c r e a t i o n a l  d a t a  f o r  t h e  populat ion o f  t h e  region f o r  use i n  dose c a l c u l a t i o n s .  

The c a l c u l a t i o n s  of radionucl  i d e  r e l e a s e s  from o p e r a t i n g  n u c l e a r  f a c i l  i t ies  were 

appor t ioned among t h e  p a r t i c i p a n t s .  LWR r e l e a s e s  were c a l c u l a t e d  by TVA based 

on Appendix I t o  P a r t  50, T i t l e  10, Code o f  Federal Regula t ions  (10CFRSO). 

Using g u i d e l i n e s  s i m i l a r  t o  those  f o r  Appendix I ,  ORNL c a l c u l a t e d  r e l e a s e s  

from high- tempera ture  gas-cool ed r e a c t o r s  (HTGR' s )  and from reprocess ing  p l a n t s  ; 

r e l e a s e s  from l i q u i d  metal f a s t  breeder  r e a c t o r s  (LMFBR's) and f u e l  f a b r i c a t i o n  

p l a n t s  were provided by HEDL. 

Meteorological  d a t a  r equ i red  f o r  a tmospher ic  t r a n s p o r t  c a l c u l a t i o n s  were 

gathered  by HEDL, p r i m a r i l y  from National Weather S e r v i c e  (NWS) sources ,  wi th  

TVA a s s i s t a n c e .  Modif ica t ions  t o  t h e  a i r  t r a n s p o r t  code, ARTRAN, needed t o  

r e p r e s e n t  t h e  complex meteorology o f  the reg ion ,  were made by HEDL w i t h  con- 

s u l t a t i o n  by ATDL. Hydrologic d a t a  f o r  t h e  region were supp l i ed  p r i m a r i l y  

by TVA, wi th  ORNL providing l a b o r a t o r y  a n a l y s e s  o f  r eg iona l  r i v e r  waters  f o r  

e s t i m a t i o n  o f  t h e  r e l a t i o n s h i p  between r a d i o n u c l i d e  c o n c e n t r a t i o n s  adsorbed 

on sediments and concen t ra t ions  i n  s o l u t i o n .  TVA coopera ted  w i t h  HEDL i n  

adap t ing  t h e  WTRAN wate r  t r a n s p o r t  code t o  t h e  r i v e r  systems o f  t h e  TVR. 

ORNL performed a c r i t i q u e  of the  dose ca lcu la t ions  performed by HEDL i n  

t h e  e a r l i e r  UMRB s tudy  and t o g e t h e r  wi th  TVA, a s s i s t e d  HEDL i n  modifying and 

improving t h e  DOSE code c a l c u l a t i o n s .  

HEDL performed a l l  c a l c u l a t i o n s  and r e s u l t i n g  e v a l u a t i o n s  i n  t h e  s tudy.  

These were reviewed by t h e  four-member S t e e r i n g  C o r n i t t e e  and by cogn izan t  

i n d i v i d u a l s  i n  each p a r t i c i p a t i n g  o r g a n i z a t i o n .  Because o f  t h e  l a r g e  volume 

o f  d a t a  c o l l e c t e d  and processed,  and t h e  d e t a i l e d  informat ion  r e s u l t i n g  from 

c a l c u l a t i o n s  performed, i t  was decided t o  pub1 i sh  two s e p a r a t e  vol umes 



c o n s t i t u t i n g  the f i n a l  r e p o r t  on the  study. A companion repo r t ,  DOE/ET-0064/1, 

presents a  p r o f i l e  o f  the  Tennessee Va l l ey  Region study area, con ta in ing  

phys ica l  desc r ip t i ons  and p r o j e c t i o n s  o f  demographic data, food product ion 

and consumption, rec rea t i ona l  a c t i v S t i e s ,  and e l e c t r i c  energy demand which were 

used as i n p u t  data f o r  the  reg iona l  study. The present  r e p o r t ,  the  second o f  t he  

ser ies ,  describes the  c a l c u l a t i o n s  o f  radi:onucl i d e  re lease and t ranspor t  and o f  tbe  

r e s u l t a n t  dose t u  the  reg iona l  p o p u l ~ t i o n .  

," An e l e c t r i c  power demand pro jec t i ,on  made i n  1973, and used as a bas is  f o r  t he  

I / tudy, assumed an i n s t a l l e d  capac i t y  o f  222,000 megawatts i n  the  year  2000 f o r  t he  

Tennessee Val 1  ey Region (TVR) study area and the  !'.air envelope" reg ion  immediately 

surrounding the study area proper. O f  th.at capaci'ty, about 144,000 megawatts were 

assumed t o  be nuclear  p lan ts .  The nuc lear  p l a n t  mi.x was assumed t o  inc lude b o i l i n g -  

water  and pressurized-water r e a c t o r  p l a n t  (:BWR1s and PWR1s), high-temperature gas- 

cooled reac tors  (.HTGR1 s),  and 1 iquid-metal  f as t  breeder reac to rs  ('LMFBR1s). A1 1  

elements o f  the f u e l  c y c l e  were assumed t o  be in. operat ion,  and both  f u e l  f ab r i ca -  

1 t i o n  p l a n t s  and f u e l  reprocessing p lan ts  were inc luded i n  the  study. 

I n  t h e  years pas t  i n c e p t i o n  of the  study, several events have t ransp i red  t o  

throw i n t o  quest ion the  d e t a i l s  o f  ass.umptions made i n  the  scenario o f  nuc lear  f a c i l -  

i t i e s  used i n  the  study. Recent devel~pments i n  t he  nati.ona1 energy scene i n d i c a t e  

t h a t  t he  p r o j e c t i o n  of nuc lear  fac i . l i . t ies  i n s t a l l e d  i n  the  year  2000 may be high. 

Th.e HTGR i s  no t  now commercially o f fe red  i.n t he  Uni:ted States (a l though a  p l a n t  

of t h i s  type might  conceivably be marketed by the  year  2000). Further,  recent  

changes i n  p o l i c i e s  o f  t he  Administration have st ressed d e f e r r a l  o f  the implementa- 
I 

t i o n  o f  nuc lear  f u e l  reprocessing and o f  the  breeder r e a c t o r  pending a  thorough 

study o f  considerat i .ons o f  possi.bl e  pro1 S f e r a t i ~ n  o f  nuc lear  weapons. Consequent-, i 
l y ,  i t  i s  d i f f i c u l t  t o  assess the  commercial a v a i l a b i l i t y  i n  the  year  2000 o f  e i t h e r  

fuel  reprocessing o r  o f  the breeder. 



I n  cons ide ra t i on  o f  these changes, t h e  r a d i o l o g i c a l  dose t o  t he  popu la t ion  

o f  t he  Tennessee Va l l ey  Region, as ca l cu la ted  i n  t h i s  study, appears t o  be con- 

se rva t i ve .  However, t h i s  conservatism, and t h e  f a c t  t h a t  i n c l u s i o n  o f  a  complete 

f u e l  c y c l e  permi ts  eva lua t i on  of t h e  r e l a t i v e  e f f e c t s  on dose o f  ope ra t i on  o f  t he  

var ious  f a c i l i t i e s ,  appear t o  j u s t i f y  use o f  t h e  above scenar io  i n  t he  study. 

. . .. As, was p rev ious l y  mentioned, radi'onucl i d e  re1  eases from LWR' s  were c a l c u l a t e d  

us ing  methods and gu ide l i nes  o f  t he  ALARA dec is ion ,  expressed as Appendix I t o  

10CFR50, which was promulgated by t h e  U. S. Nuclear Regulatory Commission. Rel.eases 

from o t h e r  nuc lear  f a c i l  i t i e s  were c a l c u l a t e d  us ing  equ i va len t  guide1 ines.  

I The reg iona l  atmospheric t r a n s p o r t  o f  r ad ionuc l i des  re leased t o  t h e  a i r  was 

c a l c u 1 a t e d . b ~  t h e  ARTRAN code o f  t h e  HERMES model. This  code c a l c u l a t e d  rad iqnuc l i de  

d i  1  u t i o n  en r o u t e  through atmospheric d ispers ion ,  r a d i o a c t i v e  decay, and wet and 

I d r y  f a l l o u t ,  p r o v i d i n g  r e s u l t a n t  rad ionuc l i de  concent ra t ions  i n  t h e  a i r  and on the  

ground as average values f o r  each county i n  t h e  study area. 

WTRAN, t h e  water t r a n s p o r t  code i n  HERMES, was used t o  c a l c u l a t e  t he  t rans -  

p o r t  o f  r ad ionuc l i des  i n  t h e  r e g i o n ' s  stream systems, and a l s o  t o  c a l c u l a t e  rad io -  

n u c l i d e  concent ra t ions  i n  l o c a l  lakes  and ponds and i n  ground water.  I n  the" reg ion-  

I a1 r i v e r  systems the  e f f e c t  o f  waterborne sediments i n  adsorbing rad ionuc l i des  

was considered, as was t h e  sediment-trapping a c t i o n  o f  r e s e r v o i r s  behind dams i n  

t h e  reg ion .  

The c a l c u l a t e d . r a d i o n u c l i d e  concent ra t ions  i n  t he  a i r ,  i n  water and 

acco~npanying sediments, and on the  ground were u t i l i z e d  i n  c a l c u l a t i n g  est imated 

I r a d i o l o g i c a l  'dose t o  t he  popu la t ion  o f  each county and o f  t h e  e n t i r e  region.  

Dose was c a l c u l a t e d  as a  one-year dose based on i n g e s t i o n  o f  35 d i f f e r e n t  food 

I types as w e l l  as f o r  n i n e  non-food pathways, and was repor ted  as dose t o  t he  

t o t a l  body and f o r  s i x  s p e c i f i c  organs f o r  each o f  f o u r  age groups ( i n f a n t ,  c h i l d ,  

teen, and a d u l t ) .  I n  add i t i on ,  a  50-year dose commitment was c a l c u l a t e d  i n  p a r a l l e l  



w i t h  the one-year dose. This dose commitment was defined as  t h e  50-year res id -  

ual dose r e su l t i ng  from in te rna l  ass imi la t ion  of radionuclides in the body during 

t h e  year  2000, assuming no f u r t h e r  exposure a f t e r  2000. 

Results  of t h e  study indicated t h a t  the  average individual  l i v i n g  i n  the  TVR 

study region would receive  an incremental dose of 7 x mil 1  irerns (0.0007 mrem) 

i n  the year  2000 from the  operation of nuclear f a c i l i t i e s  w i t h i n  and adjacent  t o  

the region. This incremental dose i s  more than f i ve  orders  of magnitude smaller  

than t he  dose from na tu ra l l y  occurring rad ia t ion  i n  the  a r ea ,  which averages about 

130 mrem per year  and ranges from about 120 t o  170 mrem per year .  The population 

dose (product of dose and population) f o r  the TVR was calcula ted t o  be about 

5 man-rems. The major con t r ibu tor  t o  dose was found t o  be tritium, and t he  most 

s i g n i f i c a n t  pathways were immersion in a i r ,  inhala t ion of  a i r ,  t r ansp i r a t i on  of 

tritium (absorption through the s k i n  ) , and exposure t o  radionucl ide-containing 

s o i l .  

Large d i f fe rences  were observed in dose calcula+?d f o r  various counties in 

t h e  TVR region. Average adu l t  dose in count ies  of the region ranged from about 

3 x t o  7  x mrem. 

Dose calcula ted f o r  the TVR was considerably lower than t h a t  ca lcula ted e a r l i e r  

f o r  t h e  Ilpper Mississi~pi River Basin (UMRB). The lower values resu l ted  i n  pa r t  

from b e t t e r  de f in i t i on  of t he  radionuclide re leases  which might be expected t o  

occur under Appendix I (ALARA) guidel ines ,  and i n  pa r t  from the  lower population 

dens i ty  of the  TVR and t he  g r ea t e r  average d i s tance  between nuclear p lants  and 

cen t e r s  of population. 

Results  of t h i s  study confirm those of the  e a r l i e r  UMRB study,  t h a t  dose t o  

t he  population of a region containing l a rge  numbers of nuclear  f a c i l i t i e s ,  re- 

s u l t i n g  from operation of those f a c i l i t i e s ,  wil l  be ins ign i f ican t  in i t s e l f  o r  i n  

comparison with o the r  sources of r ad i a t i on ,  both natural  and man-made. 
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I. INTRODUCTION 

This  comprehensive s tudy of t he  r a d i o l o g i c a l  i m p l i c a t i o n s  o f  l a r g e  sca le  

use o f  nuc lear  power generat ion, addressed t o  t he  Tennessee-Cumberland R ive r  

bas in  r e g i o n  i n  t he  year  2000, has been undertaken j o i n t l y  by t he  Uni ted States 

Energy Research and Development Admin i s t ra t i on  (ERDA) and t h e  Tennessee Val l e y  
I 

A u t h o r i t y  (TVA) , w i t h  p a r t i c i p a t i o n  by t h e  Hanford Engineering Development 
\ 

Laboratory (HEDL) , t h e  Oak Ridge Nat ional  Laboratory (ORNL) and the  Atmospheric 

Turbulence and D i f f u s i o n  Laboratory (ATDL) . This  s tudy bu i  1  ds upon a  previous - -- 
study of t he  Upper M i s s i s s i p p i  R iver  Basin (UMRB)" ) which was performed by HEDL 

under ERDA sponsorship. A computer model , HERMES, was developed du r i ng  t h e  

I UMRB study t o  permi t  eva lua t i on  over  a  l a r g e  reg ion  o f  t he  r e l a t i o n s h i p s  

i n v o l v i n g  the  re lease o f  rad ionuc l i des  f rom normal opera t ion  o f  nuc lear  f a c i l i t i e s ,  
I 

t he  t r a n s p o r t  o f  these rad ionuc l i des  i n  t he  environment, and the  r e s u l t i n g  rad io -  

l o g i c a l  dose t o  t h e  popu la t i on  o f  the  region.  

I The Tennessee-Cumberland R ive r  bas in  reg ion  i s  approx imate ly  58,830 square 

m i l e s  i n  area and inc ludes  p o r t i o n s  o f  seven southeastern s ta tes .  Since the  
-.-r. 

popu la t ion  w i t h i n  t h i s  area cou ld  be a f f e c t e d  by a i rbo rne  rad ionuc l i des  o r i g i n a t i n g  

ou ts ide  the  s tudy area, t h e  p o t e n t i a l  c o n t r i b u t i o n  t o  dose from nuc lear  p l a n t  s f t e s  

i n  adjacent  areas i s  inc luded i n  t he  study. 

This  s tudy area and adjacent  areas i nc lude  several  major centers 

o f  popu la t i on  and i ndus t r y ,  as w e l l  as some o f  t h e  more impor tan t  a g r i c u l t u r a l  

p roduc t ion  areas i n  t he  Uni ted States. The area a l s o  encompasses one o f  t he  
I 

major power supplyldemand reg ions  o f  t h e  country ,  a  reg ion  i n  which nuc lear  power 

i s  expected t o  p l a y  an i n c r e a s i n g l y  impor tan t  p a r t  i n  e l e c t r i c a l  energy generat ion. 

I n  t he  past,  h y d r o e l e c t r i c  p lan ts  supp l ied  a  l a r g e  p o r t i o n  o f  t he  r e g i o n ' s  

I e l e c t r i c a l  energy needs, b u t  t h i s  energy source has been almost f u l l y  developed 

I and f u t u r e  needs ~ ~ t r s t b b e  supp l ied  by o the r  sources. 



A large amount of information concerning the  charac te r i s t i cs  of the region, 

and needed for the study, was already avai lable .  This information included 

demographic ddta, power and industr ia l  projections and regional environmental 

data.  Finally the region includes within i t s  boundaries a l l  reaches and t r i b u -  

t a r i e s  of two r i ve r  systems ( the  Tennessee and Cumberland) from t h e i r  or igins  

t o  t h e i r  confluences with the  Ohio River. 
. . 

The study area has a population (1970 census) of s l i gh t l y  over 4 i / 2  mill ion,  

roughly 46% of which may be c l a s s i f i ed  as  urban, 12% as farming, and 42% as. rural  

I nonfarm. By the  year 2000 t h i s  population i s  expected to  reach almost 7 mill ion.  

Today the  area accounts f o r  about 7% of the to ta l  e l ec t r i c a l  energy genera- 
I 

tion.and consumption of the United Sta tes .  Recent increases in nuclear energy 

generation a r e  expected t o  continue; nuclear energy will l i ke ly  be the predomin- 

ant  source fo r  regional power generation in the year 2000, when i t  i s  estimated t ha t  

I over 60% of the  projected generation will be provided by nuclear plants.  

Within the study area proper there  a re  s i x  major natural land subdivisions. 

The study area i s  as  diverse i n  topographic and physiographic features  as any 

region in the  United Sta tes .  Consequently there  a r e  wide var ia t ions  in elevation,  

mean annual precipi ta t ion,  and mean annual temperature. The hydrology i s  domin- 

ated by the  Tennessee-Cumberland drainage system. Pract ical ly  100% of the  

runoff i s  supplied by precipi ta t ion w j t h i n  the area. 

The boundaries of the  study area a r e  established along county l i ne s  and 

the  majority of the  data used were collected a t  the  countv level .  Within .. . 

each of the  140 counties,  a l l  a c t i v i t i e s  pertaining t o  the  t ranspor t  of radio- 

nuclides and the  exposure of the  population t o  radia t ion a r e  assumed t o  occur 

a t  a s ing le  point, designated as  the  centroid of the  county area.  Calculations 

were made in accordance with the  centroid s t ruc ture  and consisted of the 

following f i v e  major s teps:  



1 . using'  p ro jec ted  power p l a n t  and ,reprocessing p l a n t  s i t i n g  pa t te rns  

and rad ionuc l i de  re lease ra tes ,  based on assumed s e l e c t i o n  o f  rad ioac-  

t i 've waste t reatment  systems, a  "source map" o f  re lease l o c a t i o n s  was 

es tab l i shed  as ,a f u n c t i o n  o f  t ime. 

2. The t ranspo r t ,  d i f f u s i o n ,  and depos i t ion ,  by county, o f  t he  rad io -  

nuc l i des  re leased t o  t he  atmosphere by the  nuc lea r  f a c i l i t i e s  was 

computed. The washing o f  surface-de,posited rad ioncu l i des  i n t o  

reg iona l  waterways, a d d i t i o n  o f  d i r e c t l y  i n j e c t e d  nuc l ides ,  and t h e  

I ,  subsequent ' d i l u t i o n ,  t r a n s p o r t  and depos i t i on  w i t h i n  t h e  waterways 

were ca lcu la ted .  

3. The uptake o f  deposi ted rad ionuc l i des  and t h e i r  subsequent concen- 

I t r a t i o n  i n  t he  var ious  food types was est imated. 

4. T ranspor ta t ion  o f  food t o  meet subregional demand ' (by county)  was 

simulated. 

5. The est imated dose t o  man was ca lcu la ted .  These c a l c u l a t i o n s  made an 

I account ing o f  d i e t a r y ,  work, and r e c r e a t i o n a l  pa t te rns  o f  t h e  popula- 

t i o n .  The ca1aulate-j dose was based on a n t i c i p a t e d  d i r e c t  exposure t o  

. a i rborne,  deposited, and di 'ssolved rad ionuc l  ides  as w e l l  as those 

inges ted  o r  inhaled.  

A-mix o f  generat ing p l a n t  types was assumed t h a t  provides an adequate 

capac i t y  t o  meet p ro jec ted  e l e c t r i c a l  power demands i n  t he  year  2000. 

The mix inc ludes  capac i t y  o f  approximately 144,000 MW from 122 nuc lear  

. gene ra t i ng  u n i t s ,  c o n s i s t i n g  of Pressur ized Water Reactors (PWR) (42%), 

B o i l  i n g  Water Reactors (BWR) (18%), ~ i q u i d  Metal Fast  Breeder Reactors LMFBR (22%), 

I ' 

and High Temperature Gas-Cool ed Reactors (HTGR) (1 8%). A1 s o  i n c l  uded are  four 

reprocessing p l a n t s  a n d . s i x  f u e l  f a b r i c a t i o n  p lan ts ,  s u f f i c i e n t  t o  serve t h e  



nuc lea r  p l a n t s  i n  t h e  study area and the  p e r t i n e n t  ex te rna l  ad jacent  areas. 

The 48 genera t ing  and four reprocessing s7tes, as w e l l  as the  s i x  fue l  

f a b r i c a t i o n  s i t e s ,  were l oca ted  t o  supply the  v a r i o u s l o a d  centers  i n  t h e  area. 

Appropr ia te  cons ide ra t i on  was g iven t o  p a r t i c u l a r  s i t i n g  requirements f o r  each 

t ype  of p l a n t  (ava i  l a b i  1  i t y  o f  cool  i n q  water ,  t ransmiss ion  d i  s<tance, nuc lea r  

p l a n t  s i t i n g  c r i t e r i a ,  e t c .  ) .  S imula t ion  o f  t h e  month-by-month ope ra t i on  o f  

each power p l a n t  a\ccounted f o r  seasonal v a r i a t i o n s  i n  t h e  several  subregions. 

Recent developments i n  the  U. S .  energy s i t u a t i o n ,  together  w i t h  the  

c u r r e n t  Admin i s t ra t i on  p o s i t i o n  on nuc lea r  f u e l  reprocessing and u t i l i z a t i o n  o f  - -- - 
breeder reac to r ,  b r i n g  i n t o  quest ion the d e t a i l s  o f  t he  year  2000 nuc lear  power 

scenar io  assumed. The changes which have occurred, however, tend t o  make the  

r e s u l t s  of t h i s  s tudy conservat ive.  Fur ther ,  i n c l u s i o n  o f  t he  var ious  nuc lea r  . 
L - 

f a c i l i t i e s  as descr ibed prov ides i n s i g h t  as t o  t h e i r  r e l a t i v e  c o n t r i b u t i o n s  t o  

r e g i o n a l  popul a t i o n  dose. 

The a i r  t r a n s p o r t  p a r t  o f  t h e  model, which s imulates t h e  spreading o f  t h e  

re1  eased rad ionuc l  i des  i n t o  t h e  environment v i a  atmospheric mechanisms, uses 

-- 
t h e  long- te rm average ve rs ion  o f  t h e  Gaussian plume model t o  es t imate  the  

d i f f u s i o n  o f  rad ionuc l i des  based on wind speed and atmospheric s t a b i l i t y  c r i t e r i a .  

Ca lcu la t i ons  of t h e  recep to r  concent ra t ions  a r e  based on the  meteoro log ica l  

s t a t i s t i c s  f o r  each o f  16 ~ ~ m ~ a s s - ~ o i n t  sec tors  f o r  each source. Dur ing t h e  

t r a n s i t  o f  t h e  rad ionuc l ides ,  d e p l e t i o n  by r a d i o a c t i v e  decay and t h e  i n t r o d u c t i o n  

o f  daughter nuc l i des  a re  taken i n t o  account. Dep le t ion  o f  a i rbo rne  concent ra t ions  

by wet and d r y  depos i t i on  processes are  ca l cu la ted ,  as a re  the  ground concent ra t ions  

r e s u l t i n g  f rom depos i t ion .  A d d i t i o n a l l y ,  c a l c u l a t i o n s  a r e  made o f  ground con- 

c e n t r a t i o n s  i n  the  year  2000 which r e s u l t  f rom previous yea rs '  ope ra t i on  o f  

each nuc lea r  f a c i l i t y  considered i n  t he  study, under the  assumption t h a t  t he  

s tudy  yea r  c h a r a c t e r i s t i c s  a r e  r e p r e s e n t a t i v e  of p r i o r  years. 



The water t ranspor t  segment of the  model, which simulates the  radionuclide 

dispersion in the  regional waterways, est imates the  dissolved and suspended 

concentrat ions of radionuclides i n  streams and the  bed sediments, r esu l t ing  from 

runoff and from d i r e c t  re lease  from nuclear f a c i l i t i e s  in to  waterways. The code 

a l so  ca lcu la tes  radionuclide concentrations in ground water and standing surface 

water. For these  ca lcu la t ions  the deposition data calcula ted by the  a i r  t rans-  

port  code module a r e  used. For both stream t ranspor t  and surface runoff 

ca lcu la t ions ,  the  d i s t r i bu t i on  of radionuclides between solut ion in water and 

sorption on sediments o r  so i l  i s  estimated based on sediment and so i l  types. 

Together, the  a i r  and water t ranspor t  models provide comprehensive est imates 

of radionuclide concentrations i n  a i r  and water throughout the  study area.  In 

addi t ion,  water concentration calcula t ions  a r e  made f o r  locat ions  considered t o  

be important in the  evaluation of radiological  dose--municipal water in takes ,  

recreat ion areas ,  water used fo r  i r r i ga t i on  water supply, and the  l i k e .  

Major fac tors  considered in projecting dose t o  the  population include 

eat ing hab i t s ,  food production techniques, recreat ional  hab i t s ,  and population 

growth pat terns .  A data bank containing information per t inent  t o  the population 

and l i v ing  pat terns  of the  region was es tabl ished.  Included a r e  data on population 

d i s t r i bu t i on  (by locat ion,  age group, and urban-rural c l a s s i f i c a t i o n )  , die ta ry  

habi ts  and work/recreati onal pa t te rns ,  drinking water supply and treatment,  food 

production, consumption, t r anspor t  within the  study a rea ,  and food imports from 

outs ide  the  region. These data have been obtained from public documents issued 

by organizations such as  the  U. S. Geological Survey, the  U. S. Army Corps of 

Engineers, NOAA, the  Bureau of Census, the  Department of Agricul t u r e ,  the  Tennessee 

Valley Authority, the Oak Ridge National Laboratory, the  Atmospheric Turbulence and 

Diffusion Laboratory, S t a t e  Fisheries Departments, and regional planning and 

conservation committees. 



Ten separate  pathways leading t o  possible human exposure a r e  considered. These 

include contributions from d i r ec t  exposure to  radionuclides i n  a i r  and water and 

on the  ground, a i r  inhala t ion,  and ingestion of water and of 35 separate  categor ies  

of foods. Food-chain re la t ionsh ips  o f  radionuclide concentrat ions a r e  calcula ted 

f o r  each type of food and f o r  each of  the  48 separate  f i s s i on  and ac t iva t ion  

'products included in the  study. The potential  contr ibut ion t o  dose i s  evaluated 

f o r  the t o t a l  body and f o r  each of six organs; .50-year dose commitments a r e  

calcula ted in addi t ion t o  the  annual ca lcu la t ions .  Calculation. methodology t o  

I der ive  the  radia t ion po ten t ia l ly  received i n  t he  course of a year ,  and the  50-year 

commitment a re :  

Annual dose (mi 11 irem) f o r  t he  year  2000 i s  summed from 12 monthly 

values. External dose is calcula ted from exposure t o  concentrations 

i n  t he  environment during each month. Internal  dose from each month's 

ass imila t ion of radionuclides i s  ca lcula ted f o r  the  remainder of the  year. 

The dose commitment i s  the  long-term contr ibut ion due t o  uptake during t he  

year  2000. This value, termed 50-year dose commitment i n  t h i s  repor t ,  i s  

the  dose an individual would be committed t o  during the  following 50 years 

due t o  the  body burden from radioact ive  mater ia ls  in ternal  l y  assimi 1 ated 

during the  year  2000 (no fu r the r  ass imila t ion beyond 2000 i s  considered).  

The doses and dose commitments were calcula ted f o r  each county of the  region, 

f o r  average individuals i n  each of four  age groups ( i n f an t ,  ch i l d ,  teenager, and 

a d u l t ) .  Values of in tegrated popul.ation dose (man-rem) were a l so  calcula ted 

f o r  each county f o r  f o r  the  e n t i r e  region. Values were provided f o r  dose t o  the  

t o t a l  body and t o  s i x  spec i f ied  organs; contr ibut ions  t o  dose by radionuclide and 

by pathway were l i s t e d .  

Sens i t i v i t y  ca lcu la t ions  were performed in which values of major parameters 

were changed. This procedure a1 1 owed iden t i f i c a t i on  of c r i t i c a l  pathways and 

important radionuclides as  an assessment of  the  e f f e c t  of uncer tant ies  in input 
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data. This eva lua t ion ,  i n  tu rn ,  may be h e l p f u l  i n  i d e n t i f y i n g  the  p o t e n t i a l  

e f f e c t s  o f  techno1 ogi  c a l  advancements i n  d isposal  and t reatment  o f  r a d i o a c t i v e  

waste mater ia ls ,  and t o  the  s e n s i t i v i t y  o f  many f a c t o r s  t h a t  might  be l a r g e  

c o n t r i b u t o r s  t o  the  popu la t ion  dose. 

This  s tudy i s  concerned w i t h  normal re leases o f  rad ionuc l  ides  f rom nuclear  

f a c i l i t i e s  d u r i n g  operat ion.  No cons idera t ion  was made o f  p o t e n t i a l  acc ident  

cond i t ions .  While acc idents can be pos tu la ted  which might  r e s u l t  i n  increased 

re1  ease o f  rad ionuc l  ides, comprehensive s tud ies  ( 3 )  have shown t h a t  the  probabi 1  i ty  

o f  occurrence o f  such cond i t i ons  i s  low, and t h a t  t he  p r o b a b i l i t y  o f  acc idents 

i n v o l v i n g  major rad ionuc l i de  re leases i s  very low indeed. Thus, f o r  a  reg iona l  

study such as t h i s ,  t he  re leases d u r i n g  normal opera t ion  appear t o  be t h e  c o r r e c t  

c r i t e r i a  f o r  p r o j e c t i n g  dose t o  the  populat ion.  



11. SUMMARY 

This study has as  i t s  goal the est imation of the  potent ia l  radiological  

dose t o  the  population of the Tennessee Valley Region. (TVR) -- the  combined 

basins of the  Tennessee and Cumberland r i ve r s  -- which might r e s u l t  from the  

operation of l a rge  numbers of nuclear power plants  and t h e i r  supporting nuclear 

f a c i l i t i e s .  The study was addressed t o  the  year 2000, a period in which s ign i -  

f i c a n t  numbers of nuclear . f a c i l i t i e s  a r e  expected t o  be in operation in the  region 

and i n  surrounding areas .  For the  study a nuclear generating capacity of about 

144,000 MWe was assumed t o  be in operation i n  the  TVR and adjacent areas ,  supported 

by four fuel reprocessing f a c i l i t i e s  and SIX fuel fabr ica t ion  plants .  

Radionuclide re leases  from these  f a c i l i t i e s  during normal operation were 

est imated,  t h e i r  t r anspor t  through the  region was modeled, and the r e su l t i ng  

concentrat ions were used t o  ca l cu l a t e  radiological  dose in the  year 2000, and the  

50-year dose commitment from exposures occurring in the  year  2000, t o  the  projected 

6,965,000 inhabi tants  of the TVR study area .  

The study indicated t h a t ,  f o r  the  types and s i t i n g  pat terns  of nuclear 

f a c i l i t i e s  assumed ( see  Chapter IV), an average individual in the  TVR would receive 

an incremental dose in the  year  2000 of 7 x millirem from operation of those 

f a c i l i t i e s .  By comparison, dose from na tura l ly  occurring radia t ion in  the  region 

averages about 130 mrem per year ,  ranging from about 120 t o  170 mrem; medical and 

dental sources of radia t ion (excluding radiotherapy) average about 70 t o  80 mrem per 

year;  and radia t ion from other  manmade sources (luminous watch d i a l s ,  color  t e l ev i -  

s ion ,  e t c .  ) accounts f o r  an addit ional  20 t o  25 mrem per year.  Figure 11-1 i l l u s -  

t r a t e s  the  comparison between dose from nuclear f a c i l i t y  operation and t h a t  from 

natural  radiat ion and other souyces. 

As might be expected over a region as l a rge  and diverse  as  the  study a rea ,  

the  spread in estimated dose from nuclear f a c i l i t y  operation i s  subs tan t ia l .  
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Nevertheless, as i n d i c a t e d  i n  F igure  11-2, 99 percent  o f  t he  year  2000 reg iona l  

popu la t ion  were est imated t o  incur. i n d i v i d u a l  t o t a l  body doses from opera t ion  of 

nuc lear  f a c i l i t i e s  o f  l e s s  than 5 x  l o q 3  mrem i n  t h a t  year.  Dose pat te rns  f o r  t he  

f o u r  age groups considered ( in fan t ,  c h i l d ,  teenager, and a d u l t )  d i f f e r e d  on l y  

s l i g h t l y  from the  average f o r  t he  e n t i r e  populat ion.  

The dose d i s t r i b u t i o n  shown i n  F igure  11-2 was der ived from c a l c u l a t i o n s  o f  

average dose t o  the  popu la t ion  o f  each o f  the140 c o u r ~ t i e s  i n  the  TVR. 

A few i n d i v i d u a l s  l i v i n g  near t he  boundaries o f  nuc lear  f a c i l i i t e s  might  i n c u r  

doses somewhat above the  averages ind ica ted .  Federal gu ide l i nes  are  in tended 

t o  l i m i t  t he  dose of any i n d i v i d u a l  t o  l e s s  than 5  mrem f o r  the t o t a l  body 

and 15 mrem t o  o ther  organs from rad ionuc l ides  i n  gaseous e f f l u e n t s ,  and 

3  mrem for  the  t o t a l  body and 10 mrem t o  o the r  organs from l i q u i d  e f f l u e n t s .  

These l i m i t s  apply t o  i n d i v i d u a l s  assumed t o  l i v e  cont inuous ly  a t  the  boundary 

o f  a  nuclear  r e a c t o r  s i t e .  The magnitude of  the  dose i s  expected t o  decrease as 

d is tance from the  s i t e  increases (sotne poss ib le  except ions may occur, a t t r i b u t a b l e  

t o  l o c a l  t e r r a i n  fea tures) .  Sample c a l c u l a t i o n s  made f o r  several nuc lear  s i t e s  

i n  t he  TVR i n d i c a t e d  t h a t  dose a t  a  d is tance o f  one m i l e  from these f a c i l i t i e s  

ranged upwards t o  0.2 mrem; a t  f i v e  m i l es  t h i s  was reduced t o  a  range o f  

2  x  t o  0.02 mrem, depending on p l a n t  types and s p e c i f i c  s i t e  cond i t ions .  

However, t he  very few i n d i v i d u a l s  expected t o  i n c u r  these r e l a t i v e l y  h igher  

(bu t  s t i l l  very low) doses do n o t  a f f e c t  the  populat ion-weighted averages 

i nd i ca ted  i n  F igure  11-2. 

I n  a d d i t i o n  t o  t o t a l  body dose, t he  dose t o  s k i n  and t o  each o f  s i x  i n t e r n a l  

organs were ca l cu la ted  i n  t he  study. D i f fe rences i n  metabol ic  a c t i v i t i e s  o f  the  

organs, and i n  some cases d i f f e rences  i n  t he  amount o f  exposure t o  rad ionuc l ides  

i n  the environment (e.9. sk in ,  lungs, and G I  t r a c t )  can r e s u l t  i n  d i f f e rences  

i n  organ doses which may be subs tan t i a l ,  e s p e c i a l l y  when cons ider ing  i n d i v i d u a l s  

o f  d i f f e r e n t  age groups. Table 11-1 summarizes t o t a l  body dose and organ doses 

f o r  average i n d i v i d u a l s  i n  each of t he  four age groups considered i n  t he  study. 
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Annual Dose* 

Organ I n f a n t  C h i l d  Teen A d u l t  - - -  
Total  Body 7.09 6.29 5.92 7.45 

G I  T rac t  7.01 6.29 5.92 7.66 

Th.vro i d 13.51 8.97 7.47 9.19 

Bone 1.77 1.50 1.25 1.19 

Lungs 7.18 6.29 5.92 7.45 

Sk in  16.05 15.17 11.06 12.56 

L i v e r  7.01 6.29 5.92 7.45 

* expressed i n  mrem 

50-year Commitment* 

I n f a n t  C h i l d  Teen Adu l t  - - 

7.09 6.33 5.50 6.97 

5.74 5.01 4.91 6.54 

12.67 7.74 6.34 8.28 

5.74 5.56 3.11 3.92 

6.08 5.21 4.91 6.54 

5.66 5.00 4.79 6.54 

5.91 5.1.4 4.91 6.75 

TABLE 11-1 

DOSE COMPARISONS FOR TVR AGE GROUPS 
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Radionucl ide Inges t ion  and Dose Commitment 

Radionucl ides ingested o r  absorbed i n t o  the  body tend t o  be e l im ina ted  

gradua l ly ,  e x h i b i t i n g  c h a r a c t e r i s t i c  per iods o f  r e t e n t i o n  ( b i o l o g i c a l  h a l f - 1  i v e s ) .  

These h a l f - l i v e s  vary w ide ly  among d i f f e r e n t  nucl ides,  ranging from about 10 days 

t o  several  years. For some nuc l i des  t h e  e f f e c t i v e  h a l f - l i v e s  may vary among the  

var ious  organs, o r  among i n d i v i u d a l s  o f  d i f f e r e n t  ages. Some v a r i a t i o n  i s  a l s o  

observed between i n d i v i d u a l s  i n  t he  same age group. 

The r e t e n t i o n  phenomenon g ives r i s e  t o  an a d d i t i o n a l  component o f  dose; 

t he  body burden o f  rad ionuc l ides  accumulated over a  g iven pe r iod  cont inues t o  

c o n t r i b u t e  t o  dose i n  l a t e r  times. This dose commitment, f rom rad ionuc l ides  

inges ted du r ing  the  year  2000, was ca l cu la ted  over the  succeeding 50 years f o r  t he  

popu la t i on  o f  t h e  T'VR,assuming no f u r t h e r  i nges t i on  o f  rad ionuc l ides  beyond the  

year  2000. The average dose commitment over  t h i s  pe r iod  was about 7 x mrem, 

o r  about t he  same as the  annual dose. 

R e l a t i v e  Importance o f  Pathways 

One s i g n f i i c a n t  f i n d i n g  o f  t h e  study i s  t h a t  t he  c o n t r i b u t i o n  t o  popu la t ion  

dose i n  the  TVR i s  governed p r i m a r i l y  by a i r  t r a n s p o r t  o f  rad ionuc l ides ;  water 

t r a n s p o r t  and i nges t i on  o f  foods p l a y  secondary ro les ,  a l though they can be 
. 

s i g n i f i c a n t  f o r  c e r t a i n  rad ionuc l ides .  Four o f  t he  pathways considered i n  t he  

study were found t o  c o n t r i b u t e  the  bu l k  o f  t he  c a l c u l a t e d  r a d i a t i o n  dose. These 

f o u r  -- submersion i n  a i r ,  i n h a l a t i o n  of a i r ,  t r a n s p i r a t i o n  o f  t r i t i u m ,  and 

exposure t o  s o i l  -- a l l  h inge p r i n c i p a l l y  on a i r  t r anspor t .  

F igure  11-3 i nd i ca tes  the  r e l a t i v e  con t r i bu t i ons  o f  t h e  various pathways t o  

year  2000 annual dose . fo r  the  average a d u l t  i n  the  region. The f o u r  p rev ious l y  men- 

t i o n e d  pathways account f o r  from 75% t o  90% o f  t h e  ca l cu la ted  dose; i nges t i on  o f  

foods accounts f o r  most o f  the  rereainder. O f  the  l a t t e r  pathways, i n g e s t i o n  o f  

f resh  whole eggs, m i l k ,  beef, lamb, and f resh  pork are  the  most important .  A more 
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d e t a i l e d  breakdown o f  pathways f o r  bone and t h y r o i d  i n  t he  average a d u l t  and 

i n f a n t  i s  shown i n  F igure  11-4. 

For t h e  50-year dose commitment, dose f rom ex te rna l  pathways i s  n o t  a  

f a c t o r ;  t he  i n t e r n a l  pathways prov ide  the  t o t a l  c o n t r i b u t i o n .  The r e l a t i v e  

importance of t k s e  pathways, however, i s  n o t  g r e a t l y  changed (F igu re  11-5). 

Rad ionuc l ide  Con t r i bu t i ons  

O f  t h e  48 rad ionuc l  i des  considered i n  t h e  study (Appendix D ) ,  i so topes of  

o n l y  f o u r  elements con t r i bu ted  t o  the  bu l k  o f  ca l cu la ted  dose. These nuc l ides  

( t r i t i u m ,  and isotopes o f  i od ine ,  xenon, and cesium) c o n t r i b u t e  about 96% o f  the  

t o t a l  body dose and 71% o r  more o f  t h e  dose t o  t h e  o the r  organs considered. The 

breakdown o f  rad ionuc l i de  c o n t r i b u t i o n s  f o r  the var ious organs considered i s  

g iven i n  F igure  11-6. 

Examination of  t h i s  f i g u r e  revea ls  t r i t i u m  t o  be a  major c o n t r i b u t o r  f o r  

most organs and f o r  t he  t o t a l  body. Th i s  i s  due p a r t l y  t o  t h e  f a c t  t h a t  

t r i t i u m  i s  t h e  o n l y  gaseous r a d i o n u c l i d e  f o r  which ex tens ive  gaseous waste 

stream removal was n o t  assumed. The p o t e n t i a l  impact o f  t r i t i u m  removal was 

examined i n  s e n s i t i v i t y  s tud ies .  There are  some i n d i c a t i o n s  based upon examina- 

t i o n  o f  t e s t  mixed ox ide  s t a i n l e s s  s t e e l  c l a d  f u e l s  designed f o r  t he  f a s t  

r e a c t o r  use, t h a t  most o f  t h e  t r i t i u m  generated i n  t h a t  fuel d i f f u s e s  i n t o  the  

pr imary  sodium c o o l a n t  system. As a  r e s u l t ,  t r i t i u m  removal may be an 

impor tan t  cons ide ra t i on  f o r  LMFBR1s as w e l l  as fo r  reprocessing p lan ts .  The use 

o f  c o l d  t r a p s  i n  t h e  sodium c o o l a n t  o f  LMFBR's promises t o  be a  powerfu l  means 

o f  removing t r i t i u m  (as sodium hyd r ide ) .  

I o d i n e  i s  o f  p r i n c i p a l  i n t e r e s t  i n  r e l a t i o n  t o  the  t h y r o i d .  The c o n t r i b u t i o n  

i s  r e l a t i v e l y  l a r g e  d e s p i t e  radwaste t rea tment  because o f  t he  a f f i n i t y  o f  the  

t h y r o i d  f o r  iod ine .  It a l s o  c o n t r i b u t e s  t o  o t h e r  organs because i t  i s  a  major  
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f i s s i o n  product -- t h a t  i s ,  a r e l a t i v e l y  l a rge  f r ac t i on  of f i s s i ons  y i e ld  iodine 

a s  a f i s s i o n  product, and in s p i t e  of  e f f e c t i v e  removal systems, some minor 

iodine  re leases  s t i l l  occur. 

Cesium isotopes a r e  a l s o  major f i s s i o n  products and con t r ibu te  to  the dose 

i n  bone, l i v e r ,  t o t a l  body, and GI t r a c t .  The principal  pathways involved a r e  

drinking water and exposure t o  s o i l .  

Krypton-85, considered by many t o  be a problem radionuclide,  i s  found t o  be 

an important f a c t o r  only i n  t he  dose t o  the  skin.  This could be expected pa r t l y  

because of the  short-range beta emission which contr ibutes  only t o  the  skin dose and 

a l s o  because of t he  assumed long-termed re ten t ion  of noble gases i n  the  radioactive 

waste treatment processes in o ~ e r a t i o n  i n  the year 2000. 

Strontium-90, a l so  general ly  considered t o  be a radionuclide of concern, 

was not  found t o  be an important f a c to r .  W i t h  the  nuclear p lant  emissions 

assumed i n  this  study,  i t s  contr ibut ion was only about 4% of adu l t  bone dose, 

increas ing t o  about 25% f o r  in fan t  bone dose. I t  i s  a  con t r ibu tor  t o  dose in  the  

GI t r a c t  because of i t s  daughter, and i s  s i g n i f i c a n t  t o  the bone dose commi tment. 

Cerium-144 i s  a f a c t o r  t o  be considered only in the  GI t r a c t .  The very low 

s o l u b i l i t i e s  of cerium compounds appear t o  i n h i b i t  i t s  absorption i n  the  body. 

Transuranium elements were considered i n  t h i s  study b u t  a r e  not major con- 

t r i b u t o r s  t o  the  study year dose. However, 2 3 8 ~ u  and 2 4 1 ~ u  contriinbute 18% and 

14% respect ively  t o  the  50-year dose commitment t o  the adu l t  bone. 

Power Project ions  

For t he  purpose of the  study, approximately 144,000 MW of the  222,000 MW 

of  e l e c t r i c  generating capacity required f o r  the  region was assumed t o  be nuclear.  

Reprocessing plants  i n  the  area  were assumed t o  service  only the  nuclear power 

p lan t s  included i n  the  study. I t  was determined t h a t  f o r  the  radioact ive  waste 

treatment systems assumed f o r  the  nuclear f a c i l i t i e s ,  the  primary source of the  

population exposure i s  the  reprocessing f a c i l i t i e s  and not  the  power plants  ( see  

Chapter X ) .  



Studies have been made of the effects of clustering nuclear si tes into 

small and large nuclear parks with sufficient reactors t o  support various sizes 

of reprocessing plants (Chapter X ) .  A1 though indications were obtained t h a t  some 

slight decrease in dose may be achievable where large nuclear parks are assumed, the 

sensitivity of results t o  the specific si tes studied made generalization diff i -  

cult. For the study wherein several small nuclear parks were assumed the average 

regional dose increased. There, the increase i s  undoubtedly due t o  statist ical  ly 

shorter distances between regional population centers and reprocessing plants. 

Tritium Diffusion - - Effects 

In the base study, most of the tritium produced in reactor fuel was assumed 

t o  remain in the fuel (except for  LMFBR's) until released during reprocessing. 

Thus, the release o f  tritium a t  reprocessing faci l i t ies  became the dominant 

factor in contributing t o  dose t o  the population in the study area since no 

tritium removal systems were assumed for these plants. 

A t  the time when a large fraction of the nuclear capacity i s  provided by the 

LMFBR (about 22% in year 2000) much of the gaseous tritium t h a t  i s  assumed t o  be 

released from reprocessing plants in the base case may, as noted in the section 

entitled "Radionuclide Contributions t o  Dose Rate," diffuse instead i n t o  the LMFBR 

sodium coolant systems. Tritium removal systems for the LF.lFBR would then be a major 

factor in reducing t r i  t i  um re1 eases. 

The tendency of tritium t o  hydride sodium leads to i t s  possible removal in 

cold traps (as assumed in the study). Other potential recovery means - sorption 

in zirconium or other metals, entrapment in molecular sieves, or oxidation 

followed by recovery and disposal of the tr i t iated water -- may apply equally t o  

LMFBR' s o r  t o  reprocessing plants. 



Radionucl ide Transport Considerations 

Because of the large contributions from airborne radionuclides, uncertain- 

t i e s  in meteorological parameters can have re la t ive ly  large ef fec ts  on 

dose to  the population. In the study, averaqe meteoroloqical conditions for  

each month were derived fo r  each location involved, by evaluation and inter-  

pretation of long-term recorded weather data. 

A se r i e s  of calculations was made to estimate the effects  of variations 

in meteorological conditions on airborne radionuclide transport .  Changes were 

assumed in the dis t r ibut ion of atmospheric s t a b i l i t y  and wind speed. Variations 

of any one parameter could af fec t  concentrations by a fac tor  of ten or greater.  

However, variations of this type would be expected t o  be short  lived and would 

not a f f ec t  the season-average values used in the study. 

Calculations of releases with and without stacks fo r  reactors indicate tha t  

the concentration difference between releases a t  ground level and a t  100 meters 

a re  re1 a t ive ly  small (using season-average meteorology) a t  distances beyond about 

5000 meters. 

In the waterborne transport  of radionuclides, few data a re  available on 

the sorp t iv i ty  of radionuclides on various types of s o i l s  or waterborne sedi- 

ments, o r  on conditions (temperature, pHy e tc .  ) which might a f fec t  sorption. 

Distribution coeff ic ients ,  defining the r e l a t ive  concentrations of radionuclides 

adsorbed on sediments and those in solution, have been chosen based upon labora- 

tory work done a t  ORNL. Because of the large uncertainties i n  radionuclide 

behavior, however, the coeff ic ients  are subject to  considerable uncertainty 

(a1 though t h i s  does not appreciably a f fec t  the overall dose calculation; water 

pathways contributed only a small percentage of dose). 

To t e s t  the e f fec ts  of these uncertainties,  radionuclide concentration 

calculations have been made in which the d is t r ibut ion  coeff ic ients  of radio- 

nuclides subject t o  sorption were varled ove r  a large ranye. Changes in dissolved 
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rad ionuc l  i d e  concentrat ions were re1 a t i v e l y  small -- usua l ly ,  by f a c t o r s  o f  10 

o r  less.  However, the  c a l c u l a t i o n s  i n d i c a t e d  t h a t  ground water concentrat ions 

and concentrat ions r e t a i n e d  i n  s o i l s  and sediments cou ld  p o t e n t i a l l y  vary over  

several orders o f  magni tude (again, o n l y  minor pe r tu rba t i ons  t o  o v e r a l l  dose 

would r e s u l t ) .  I n  t h i s  respect,  t he  assumptions on ground water concentrat ions 

as used i n  the  base study appear t o  be conservat ive.  

Tests o f  t he  c o n t r i b u t i o n  o f  a i r  deposited rad ionuc l ides  t o  r i v e r  water 

a c t i v i t y  show wide v a r i a t i o n s  w i t h i n  the  region. The greates t  p a r t  o f  t he  

a c t i v i t y  i n  t he  r i v e r s  i s  a t t r i b u t a b l e  t o  rad ionuc l ides  deposi ted from a i rbo rne  

plumes. D i r e c t  i n j e c t i o n  o f  rad ionuc l ides  i n t o  the  waterways i s  l e s s  important .  

Few o f  the nuc lear  f a c i l i t i e s  considered were assumed t o  re lease rad ionuc l ides  t o  

water bodies. 

Conclusions 

This Year 2000 Study represents a  d e t a i l e d  and thorough ana lys i s  o f  rad io -  

l o g i c a l  dose t o  the  p u b l i c  due t o  nuc lear  f a c i l i t y  e f f l u e n t s ,  p ro jec ted  t o  a  

t ime when the  generat ion o f  e l e c t r i c i t y  i n  nuc lear  power p lan ts  w i l l  exceed the  

t o t a l  amount o f  e l e c t r i c i t y  generated by a l l  types o f  p l a n t s  a t  t he  present  t ime. 

Present p rac t i ces  i n  the  t reatment  o f  e f f l u e n t s  from nuc lear  f a c i l i t i e s  a re  such 

t h a t  discharges o f  rad ionuc l ides  are  he ld  t o  very low l e v e l s .  Cont r ibu t ions  t o  dose 

from these discharges represent  on l y  a  very small f r a c t i o n  o f  t h a t  from na tu ra l  

background r a d i a t i o n .  The r e s u l t s  o f  t he  study i n d i c a t e  t h a t  dose f rom the  

nuc lear  i n d u s t r y  can be maintained a t  an extremely smal l  f r a c t i o n  o f  the  unavoid- 

ab le  r a d i a t i o n  rece ived from the  na tu ra l  background. 

D i f f e r i n g  reg iona l  nuc lear  f a c i l  i t y  s i t i n g  p rac t i ces  w i l l  cause some d i f f -  

erences i n  t he  ca l cu la ted  dose t o  the  popu la t ion  from one reg ion  t o  another. It 

does n o t  appear p r a c t i c a l  t o  genera l i ze  on the  f u l l  range o f  poss ib le  d i f f e rences  

s ince  t h i s  problem i s  compounded by t h e  very l a r g e  number o f  va r i ab les  t h a t  must , 

be considered. However, t he  ca l cu la ted  l e v e l s  o f  rad io1  og i ca l  dose obta ined from 



t h i s  s tudy and f rom the  previous study o f  t he  Upper M iss i ss ipp i  R iver  Basin g i ve  

conv inc ing  evidence t h a t  the  dose from opera t ion  o f  l a r g e  numbers o f  nuc lear  

f a c i l i t y  i s  i n s i g n i f i c a n t  i n  comparison t o  dose from o ther  r a d i a t i o n  sources, 

bo th  n a t u r a l  and man-made, and presents no hazard t o  human hea l th  o r  sa fe ty .  



111, DESCRIPTION OF STUDY AREA 

Of fundamental importance t o  a regional radiological study such a s  t h i s  

one i s  the  compilation of data on the physical charac te r i s t i cs  of the  study 

area ,  on the  demographic patterns and per t inent  charac te r i s t i cs  of the  regional 

population, and on pat terns  of 1 and use, part icul  a r l y  of agricul tura l  production. 

The great.amount of information gathered f o r  t h i s  study on the  Tennessee Valley I 
Region and i t s  inhabitants i s  described i n  a companion report .  (4 )  Excerpts from 

t h a t  repor t  a r e  repeated below t o  a s s i s t  i n  corre la t ion w i t h  the  calculated dose I 
t o  the  regional population. A map of the region i s  shown in Figure 111-1. 

The valleys of the  Tennessee and Cumberland r i ve r s  encompass 140 counties 

and par ts  of seven Southeastern s t a t e s .  This region i s  as  diverse i n  i t s  topo- 

graphic features  as  any area i n  the  eastern United Sta tes .  I t  includes the  f l a t  

lands and low, ro l l i ng  h i l l s  of western Kentucky and Tennessee, the sharply I 
del ineated Appalachian Val ley  system, and the  rugged Great Smoky Mountains a1 ong 

the  eastern border. Through the  region there  a r e  wide ranges i n  elevation,  

precipi ta t ion,  and mean annual temperature. Similarly,  there  a r e  large  d i f f e r -  I 

ences i n  the  gradients and streamflow patterns of streams. Compounding the  

differences in streamflow cha rac t e r i s t i c s  i s  the  system of power and navigation 

dams which has been b u i l t  along the  major waterways of the region. 

The year 2000 population of the  TVR study area i s  projected t o  be 6,965,600, 

an increase of approximately 51.5% over the  1970 population of 4,596,733. 

The regional population density varied i n  1970 from l e s s  than 13 people per 

square mile in Perry County, Tennessee, t o  882 people per square mile i n  

Davidson County (Nashvill e )  , Tennessee. The year 2000 projected population 

indicates increases i n  density t o  17.4 people per square mile i n  Perry County 

and t o  1,333.1 people per square mile i n  Davidson County. For comparison 



FIGURE 111-1 

Tennessee-Cumber1 and Val 1 ey s tudy  Area 



purposes the 1970 population densi ty  of  Kansas City was 1,443.6 people per square 

mile, with a t o t a l  population of 644,950 people. 

The project ions  of county populations made by two agencies,  the  Tennessee 

Val l ey  Authority and the  Environmental Protection Agency, have been found t o  be 

in  s u f f i c i e n t  de t a i l  and character  t o  provide reasonable s t a t i s t i c s  f o r  the  

entire study area .  

Table 111-1 summarizes the  present  population, and t h a t  projected f o r  the  

year  2000, by s t a t e .  The t ab l e  includes only those counties from each s t a t e  t h a t  

a r e  included within the study area .  The inclusion of only the  counties w i t h i n  the 

study area from each s t a t e  tends t o  present a somewhat d i s to r ted  growth r a t e  when 

compared t o  projections fo r  an e n t i r e  s t a t e .  This i s  primarily due t o  the charac- 

t e r i s t i c s  spec l f i c  t o  the area from each s t a t e  t h a t  i s  included i n  the study region. 

TABLE 111-1 

POPULATION OF THE TENNESSEE.VALCEY REGION 

NUMBER ACTUAL PRO3 ECTED 
 STATE(^ ) OF COUNTIES 1970 2000 

A1 a bama 

Georgia 

Kentucky 2 3 

Mississippi  1 

North Carol ina 14 

Tennessee 7 9 2,810,002 4,347,400 

Virginia 7 232,206 - 276,300 

TOTAL 140 4,600,541 6,965,600 

( 1 )  Includes only the  counties of each s t a t e  t h a t  a r e  within the  study 
area .  



Much of the available data for  the study area relat ing t o  dietary habits 

and recreational patterns i s  categorized by three population groupings which 

a re  defined and used by the Bureau of the Census: 

. URBAN - Households in loca l i t i e s  w i t h  a t  l eas t  25,000 inhabitants and 

i n  closely se t t led  fringes surroundfng c i t i e s  of 50,000 o r  more inhabi- 

tants .  

. RURAL NON-FARM - Households outside of urban loca l i t i e s  b u t  without 

farm operator. 

. RURAL FARM - Households outside of urban loca l i t i e s  which have a farm 

operator. 

Each county i n  the study area would have w i t h i n  i t s  boundaries areas tha t  would 

qualify for  a t  leas t  one of the above groupings. In some counties a l l  three 

groupings would be applicable. To characterize the population of each county into 

one or  a l l  of the three groupings i s  not feasible within the scope of th i s  study. 

The people who are  a part  of each group do have d i s t inc t  character is t ics  -- 
types and amounts of foods consumed, recreational ac t iv i t i e s ,  etc-. -- tha t  d i f f e r  

from the other groups. Analysis of the 1970 census data by TVA indicated tha t  

for  the study area as a whole the population distribution i s  46% u.rban, 42% rural 

non-farm and 12% rural farm. Using these values as a guide, each county was 

c lass i f ied  as to  i t s  dominant population group. The ent i re  county population 

was assumed t o  belong t o  t h i s  dominant group. 

This procedure generally approximates the composition of the study area 

as a whole, and ref lec ts  the s h i f t s  that  may occur by the year 2000. The 

procedure resulted i n  the classif icat ion of 24 counties as "urban", 63 as "rural 

non-farm" and 53 as "rural farm" with 54%, 36% and 10% of the population, respec- 

t ively.  The classif icat ion of the counties i s  graphically displayed in Figure 111-2, 



This procedure thus s irr~pl i f i e d  the se lect ion and descr ip t ion o f  the t yp i ca l  

ind iv idua l  from each county, as i s  required f o r  dose evaluations. 

FIGURE 111-2 

TVR County C lass i f i ca t i on  
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A complete, de ta i led  ca lcu la t ion  o f  the po ten t ia l  dose t o  each ind iv idua l  

i n  the study region r e s u l t i n g  from the exposure t o  radionucl ides i n  the en- 

vironment would be f a r  beyond today's computer technology, even i f  the masses 

o f  data were avai lable.  U t i l i z a t i o n  o f  the cent ro id  concept allows the mass 

o f  data and the subsequent required computations t o  be reduced t o  a manageable 

number. 

With the  assumption t h a t  the concentrations o f  radionucl ides i n  the a i r  and 

on the ground are r e l a t i v e l y  uniform over an area o f  reasonable s ize  and t h a t  

a l l  a c t i v i t i e s  t h a t  per ta in  t o  the dose required by an ind iv idua l  -- food production 

and consumption, the environmental exposure of the ind iv idua l  , recreat ional  

a c t i v i t i e s ,  etc. -- occur w t th in  t h a t  area, the required computations are manageable. 



The calculations may then be made a t  a single selected point  w i th in  an area. 

For t h i s  study the area selected i s  a county. The point  o f  ca lcu lat ion i s  

designated the centroid o f  the area. 

For regional evaluations, as used i n  t h i s  study, use o f  the centroid con- 

cept provides a reasonably close approximation o f  the dose t o  the average 

ind iv idual  l i v i n g  i n  the county. For those speci f ic  segments o f  the population 

tha t  1 i v e  near the fencelines o f  nuclear fac i l i t i es ,  the centroidal evaluations 

are supplemented by addit ional  , more deta i led calculations. 

The food consumption patterns o f  indiv iduals form an important aspect o f  

the overa l l  l i v i n g  pattern. Evaluation of the potent ial  rad iat ion dose received 

through food pathways, moreover, requires deta i led analysis o f  d ie tary habits 

and the re1 at ionshi  p between production and consumption o f  foods. Considerable 

at tent ion, therefore, i s  directed toward evaluating these relat ionships w i th in  
p-.r€- TZ 

the study area. -." 
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Food production and consumption data f o r  the 1964-1970 perrod, used t o  

establ ish the basic patterns f o r  the area, are assumed t o  be escalated uniformly 

t o  meet requirements o f  the year 2000 population. This procedure s k i r t s  the 

question o f  the e f fec ts  o f  evolution o f  farming practices and o f  d ie tary preferences 

dur ing the intervening period. However, the assumption o f  uniform escalation o f  

today's patterns i s  made del i berately, t o  avoid in t roduct ion-of  many unknowns and 

t o  provide a posi t ive frame o f  reference. 

The Tennessee Valley Region includes important food producing areas i n  the 

central, southern and southwestern parts o f  the study area. The region produces 

more meat -- beef, lamb, pork and poul t ry  -- than i s  consumed wi th in  the region. 

Dairy products ( f resh m i l k  and butter), gra in and grain products (corn, oats, 



barley and rye), fresh potatoes, fresh berries and fresh eggs are also produced 

in sufficient quantities to satisfy the demand within the study area. Details 

of the production statistics are given in Reference 4. 

The effect of crop irrigation was considered because irrigation involves a 

water borne route, other than rainfall, for the potential deposition of radio- 

nuclides. Reference 4 provides data summarizing the importance of irrigation 

in food crop production withln the study area. Irrigation is not extensively 

practiced and is not an absolute requirement in order to produce foods. 

The pattern of food consumption varies with the degree of urbanization. 

Families in urban areas tend to select more commercially prepared foods than the 

families in the rural area. The food types considered. in data on food production 

were condensed into 35 categories of food consumption. This categorization pro- 

vides a reasonable correlation between food production and consumption and provides 

a convenient model for handling data. Processed food categories were added for 

numerous fresh foods to allow subsequent dose calculation for consumption of that 

food category on a year-round basis, including the effects of decay of radioactivity 

in stored feed. 

The food consumption habits of modern man are cosmopolitan. The food consumption 

categories considered in the study include several food types such as seafoods that 

obviously cannot be supplied from within the study area. It is also apparent that 

the highly urbanized counties will not be able to produce sufficient foods to 

satisfy their consumptive demand. 

Radionuclide concentrations in foods produced near nuclear facilities tend, 

naturally, to be 'somewhat higher than in foods produced i'n more distant areas. 

.However, because of the complexities in modern systems of food distribution, it is 

difficult to estimate the locations where those foods will be consumed and thus 

contribute to human dose. Foodstuffs are transported, sometimes over great 



distances, t o  processing centers and t o  var ious market ing regions f o r  eventual 

consumption by the  populat ion o f  t he  TVR. 

To accommodate these f a c t o r s  (shipment between counties, imports from 

ou ts ide  the  study area and product i  on-consumpt i o n  w i t h i n  count ies)  the  sources 

f o r  t he  foods consumed were est imated us ing  the  f o l l o w i n g  assumptions: 

. Product ion o f  a county i s  app l ied  f i r s t  t o  s a t i s f y  consumption 

requirements o f  t h a t  county ( t h i s  es tab l ishes a p a t t e r n  o f  food 

surpluses and d e f i c i t s ) .  

D e f i c i t s  i n  a county are  s a t i s f i e d  p r e f e r e n t i a l l y  by food.shipment 

from t h e  nearest county having a surplus. 

Any remaining d e f i c i t s  a f t e r  i n t ra -s tudy  area shipments a re  

s a t i s f i e d  are  supp l ied  from outs ide  t h e  study area. 

Fresh food d e f i c i t s  a re  s a t i s f i e d  f i r s t ;  any remaining 

surplus i s  a v a i l a b l e  t o  s a t i s f y  the  demands f o r  processing 

food. 

Three product ion sources were a1 lowed t o  f i l l  each d e f i c i t :  t he  county 

under cons idera t ion  and two sources from outs ide  the  county. I f  the  d e f i c i t  was 

n o t  s a t i s i f e d  from w i t h i n  the  study area, i t  was assumed t h a t  s u f f i c i e n t  food 

would be imported from ou ts ide  the  study area t o  s a t i s f y  the  demand. A l l  foods 

t h a t  o r i g i n a t e d  from ou ts ide  the  study area were assumed t o  be f r e e  o f  rad io-  

nucl  ides. 

An add i t i ona l  f ac to r  considered i s  food t h a t  i s  produced f o r  home consumption. 

The home-produced foods reduced t h e  t o t a l  consumption requirement f o r  t h a t  food 

type, f o r  t h e  appropr ia te  county, p r i o r  t o  determinat ion o f  any surplus o r  d e f i c i t  

f o r  t h a t  p a r t i c u l a r  food type. 

  he rec rea t iona l  a c t i v i t i e s  o f  an i n d i v i d u a l  c reate  exposure pat te rns  t h a t  

c o n t r i b u t e  t o  t h e  o v e r a l l  .dose he might receive.  .Standing o r  s i t t i n g  on a 



r i v e r  bank w h i l e  f i s h i n g  may b r i n g  an i n d i v i d u a l  i n  con tac t  w i t h  m a t e r i a l  t h a t  

has been t r a n s p o r t e d  by t h e  r i v e r  and depos i ted  on t h e  r i v e r  bank. L ikewise,  

an i n d i v i d u a l  submerged i n  wate r  w h i l e  swimming may be exposed t o  r a d i o a c t i v e  

m a t e r i a l  suspended i n  t h e  water .  

Recrea t iona l  a c t i v i t i e s ,  w h i l e  n o t  s i g n i f i c a n t  c o n t r i b u t o r s  t o  t h e  t o t a l  

body dose, were i n c l u d e d  i n  t he  o v e r a l l  e v a l u a t i o n  t o  account f o r  a l l  1  i k e l y  

pathways. The r e c r e a t i o n a l  a c t i v i t i e s  i n c l  uded were swimming, b o a t i n g  and wate r  

s k i i n g ,  f i s h i n g ,  wa te r  fow l  h u n t i n g  and up land game b i r d  hun t ing .  F i s h i n g  i n d i -  

ca tes  o n l y  bank f i s h i n g  w h i l e  "boa t i ng  and wate r  s k i i n g "  i nc l udes  canoeing, 

s a i l i n g ,  arid barge o r  boat  f i s h i n g .  The seasonal c h a r a c t e r i s t i c s  o f  t h e  a c t i v i t y ,  

degree o f  u rban i za t i on ,  p r o x i m i t y  t o  a  d e s i r a b l e  l o c a t i o n  and age l e v e l s  were con- 

s i d e r e d  i n  e s t i m a t i n g  t h e  number o f  hours p e r  month devoted t o  such r e c r e a t i o n a l  

a c t i v i t i e s .  



IV. POWER GENERATION PROJECTIONS 

Regional Power Supply Characteristics 

For the purpose of making power generation projections, the central study 

region and the " a i r  envelope", the immediately contiguous area containing nuclear 

f a c i l i t i e s  considered in the study, a re  considered as a s ingle  en t i ty .  This 

extended r.eglon, which i s  en t i r e ly  contained within the area defined by the 

longitudes 79" and 91" west and the la t i tudes 33" and 39" north, includes the 

en t i r e  TVA power service area (PSA 20) as well as portions of nine other power 

supply areas (PSA) as designated by the Federal Power Commission ( F P C ) .  

In 1970 approximately seven percent of the national e lec t r ica l  generating 

capacity was located within t h i s  area. While hydroelectric plants have, in 

the past, been major contributors,  most of the capacity i s  now supplied by coal- 

f i r ed  steam plants. The f i r s t  commercial nuclear power plant in the a i r  envelope 

was Oconee, while within the central study region, Browns Ferry was the only nuclear 

plant plant in commercial operation a t  the time the study was performed. In the 

next decade, however, a substantial  number of other nuclear plants will begin opera- 

t ion ,  making nuclear energy dominant in the region in the l a t e  1980's. This i s  ex- 

pected despite the presence of major coal reserves in the region. 

Forecast of Capacity Additions 

Since the study period, the year 2000, extends considerably beyond the time 

period for  which i t  i s  practicable fo r  u t i l i t i e s  to  make detailed projections 

fo r  committed capacity, i t  was necessary to  base the forecasts of capacity 

additions on extrapolations of existing projections. As a r e su l t ,  i t  i s  not 

l ike ly  tha t  actual power system expansions will closely follow the forecasts 

presented here. Neverthel ess ,  simce they were made by u t i  1 i ty  personnel 

experienced in making power demand projections for  t h i s  region, the forecasts 



used fo r  t h i s  study a r e  considered t o  be t h e  most r e a l i s t i c  est imates a v a i l a b l e  

f o r  t h i s  r e g i o n ' s  t o t a l  demand f o r  e l e c t r i c a l  energy and the  p o r t i o n  t o  be 

suppl i e d  by nucl ear  power p l  ants. 

For t he  TVA power se rv i ce  area (PSA 20), t he  fo recas t  o f  capac i ty  addi -  

t i o n s  was made by TVA and based on TVA's power expansion computer program. I n  

t h i s  manner, f a c t o r s  (such as i n t e r e s t  ra tes ,  t a x  ra tes ,  and the  debt - to -equ i ty  

r a t i o )  which are  d i f f e r e n t  f o r  a  Federal agency when compared w i t h  p r i v a t e  

u t i l i t i e s  were taken i n t o  account. A lso inc luded i n  the  cons idera t ion  were the  

e f f e c t s  o f  var ious  o the r  types o f  p lan ts ,  such as gas tu rb ines  and pumped storage, 

o r  the  need f o r  new base loaded s ta t i ons .  

For the  p o r t i o n s  o f  t h e  a i r  envelope wh.ich a re  n o t  w i t h i n  TVA's power 

se rv i ce  area, the  method used t o  make fo recas ts  o f  capac i t y  add i t i ons  was 

necessa r i l y  somewhat d i f f e r e n t .  The 1970 Nat ional  Power Survey, prepared 

by the  FPC, b u t  dependent upon the  i n p u t  o f  i n d i v i d u a l  u t i l i t i e s ,  was used 3,s 

t h e  bas is  f o r  t he  p ro jec t i ons .  This  r e p o r t  conta ins  p r e d i c t i o n s  o f  t h e  peak 

demands f o r  power f o r  t he  major l o a d  centers  w i t h i n  each PSA f o r  t he  pe r iod  

1970-1990, i n  10-year increments. It a l s o  conta ins p r o j e c t i o n s  f o r  t h e  peak 

demands f o r  the  e n t i r e  PSA's so t h a t  t he  p o r t i o n  o f  the  power needs f o r  areas 

w i t h i n  t h e  a i r  envelope b u t  n o t  w i t h i n  a  s p e c i f i c  l oad  center  cou ld  be estimated. 

This  l a t t e r  quant i ty ,  when added t o  the  sum o f  t h e  power demands f o r  a l l  t he  

l o a d  centers  o f  a  g iven PSA, gives a  p r o j e c t i o n  f o r  1980 and 1990 o f  t he  peak 

demand f o r  the  p o r t i o n  of a  g iven PSA t h a t  i s  w i t h i n  t h e  a i r  envelope. This  

procedure was repeated f o r  a l l  o f  the  PSA's inc luded i n  the  a i r  envelope. 

The p r o j e c t i o n s  o f  peak power demands f o r  t he  yea r  2000 were ex t rapo la ted  

f rom those f o r  1980 and 1990 as fol lows. An examination o f  TVA's p r o j e c t i o n s  

showed a  s i g n i f i c a n t  decrease i n  t he  r a t e  o f  system capac i ty  growth f o r  t he  

1990's. This  i s  p red i c ted  f o r  several reasons: (a )  t h e  average r e s i d e n t i a l  

energy use i n  t h e  TVA reg ion  i s  now approximately tw i ce  t h a t  o f  t he  n a t i o n a l  



average and i s  n o t  expected t o  increase s i g n i f i c a n t l y ,  (b ) the  s i zab le  l oad  

from the  ERDA uranium enrichment p l a n t s  i s  expected t o  remain e s s e n t i a l l y  

constant,  ( c )  t h e  r a t e  of power usage by l a r g e  i n d u s t r i a l  users (aluminum 

and chemical i n d u s t r i e s )  i s  n o t  expected t o  increase s i g n f i c i a n t l y ,  and (d)  an 

adequate capac i t y  reserve margin (% 20 percent )  w i  11 have been res tored.  While 

n o t  a l l  o f  these f a c t o r s  a re  app l i cab le  t o  the  u t i l i t i e s  supp ly ing  power t o  the  

a i r  envelope region,  some decrease i n  t he  r a t e  o f  power system expansion f o r  the  

1990's i s  expected t o  occur f o r  these areas a lso.  To prov ide  an est imate, t h i s  

decrease I n  the  peak demand growth r a t e  f o r  each PSA f o r  t he  1990's was reduced 

from i t s  r a t e  f o r  the  1980's by t h e  r a t i o  o f  TVA's p red i c ted  demand growth r a t e  

f o r  these decades. The r e s u l t  was t h a t  the  r a t e  o f  capac i t y  a d d i t i o n s  f o r  a1 1  

PSA's was reduced f o r  t he  1990's b u t  was s t i l l  g rea te r  than t h a t  f o r  TVA. 

With the  except ion o f  h y d r o e l e c t r i c  p lan ts ,  power generat ing s t a t i o n s  a r e  

u s u a l l y  l oca ted  near l oad  centers i n  order  t o  minimize t ransmiss ion cos ts  (see 

the  sec t i on  on p l a n t  s i t i n g  f o r  more detai1.s). While t h i s  p a t t e r n  may be changed 

somewhat by t h e  a v a i l a b i l i t y  o f  c o o l i n g  water and by the  tendency toward c l u s t e r i n g  

nuc lear  p l a n t s  i n  more remote s i t e s ,  i t  was assumed t h a t  f o r  each PSA the  amount 

o f  generat ing capac i ty  w i t h i n  the  a i r  envelope w i l l  be p ropo r t i ona l  t o  the  

corresponding peak demand. A11 the  energy consumed i n  the  reg ion  was 

assumed t o  be produced i n  the region, A p r o p o r t i o n a l i t y  constant  o f  1.20 

was chosen t o  e s t a b l i s h  a  20 percent  reserve capac i t y  f o r  each PSA. This  

then gave the  t o t a l  app l i cab le  generat ing capac i t y  f o r  1970 through t h e  

year  2000, as shown i n  Table IV-1. 

The p ro jec ted  capac i t ies ,  made i n  the  e a r l y  phases o f  t he  study, may appear 

h igh  i n  the  l i g h t  of subsequent developments i n  t he  energy supply p i c t u r e .  Use o f  

t h i s  p r o j e c t i o n  i n  the  study leads t o  conservatism i n  the  r e s u l t i n g  est imate o f  

dose t o  the popu la t ion  of  the  r ~ g i o n .  



TABLE IV-1 

PROJECTED CAPACITY FOR EXTENDED STUDY 

REGION, 1970-2000 

(MW) 

1970 1980 1990 2000 - 
Area Tota l  45,000 78,900 144,100 222,000 

Nucl ear Capaci t y  0  22,678 79,053 143,853 

P r o j e c t i o n  o f  Generating P lan t  Mix 

TVA's power system expansion computer code ca l cu la ted  t h e  f r a c t i o n  o f  

t h e  t o t a l  system capac i t y  which should be prov ided by base loaded nuc lear  

genera t ing  p lan ts .  This  same f r a c t i o n  was used f o r  the  a i r  envelope because a  

" s tudy o f  t h e  p ro jec t i ons  presented i n  (a )  t he  1970 Nat ional  Power Survey (5 

r e p o r t ,  ( b )  the   MAIN,'^) ECAR, '~ )  and S E R C ( ~ )  r e p o r t s  f o r  1972, and ( c )  t he  

annual r e p o r t s  f o r  each u t i l i t y  showed tha t ,  when taken as a  whole, the  u t i l i t i e s  

surrounding TVA were expect ing nuclear  generat ing s t a t i o n s  t o  make up about the  

same percentage o f  t h e i r  t o t a l  capac i t y  as was TVA. Consequently, enough nuc lear  

generat ing capac i ty  was added each decade t o  each PSA t o  make the  nuc lear  

capac i t y  equal t o  approximately 30 percent,  55 percent,  and 65 percent  o f  t he  

t o t a l  app l i cab le  generat ing capac i t y  f o r  1980, 1990, and 2000. The number o f  

nuc lea r  u n i t s  requ i red  was determined by assuming a  1200 MW capac i ty  f o r  a l l  

u n i t s ,  except f o r  those a1 ready e x i s t i n g ,  under cons t ruc t ion ,  o r  ordered. 

However, s ince  some PSA's, e s p e c i a l l y  those t o  the n o r t h  o f  the  study area, a re  

n o t  l i k e l y  t o  t u r n  t o  nuc lear  power as f a s t  as TVA, a  few o f  t he  nuclear  u n i t s  

which might  have been s i t e d  i n  these areas were assumed t o  be l oca ted  i n  o the r  

areas which have i nd i ca ted  a  more s i g n i f i c a n t  nuc lear  commitment. 



For th.is study, i t  was assumed tha t  the types of reactors which would 

cons t i tu te  the nuclear capacity would be LWR's (both PWR's and BWR's), LMFBR's 

and HTGR's. After reviewing a number of long-range projections of the market 

penetration for  these reactor types, i t  was decided t o  use the following c r i t e r i a  

for  choosing the percentage of each reactor to  be included in the study: 

( a )  the HTGR's will be available s t a r t ing  i n  1985 and will comprise approximately 

20 percent of the 1985-1990 capacity additions and 30 percent of the new nuclear 

capacity added in the 1 9 9 0 ' ~ ~  (b) the LMFBR's will be aGailable (except the LMFBR 

demo plant which i s  1 is ted as s t a r t ing  up  in 1980) s t a r t ing  i n  1990 and comprise 

approximately 40 percent of the total  capacity added during the 1990's w i t h  most 

of them s t a r t ing  u p  a f t e r  1995, ( c )  LWR's will complete the to ta l  required with 

approximately one-third of the new reactors being BWR's and two-thirds PWR's. 

Again, subsequent developments in the national nuclear. energy scene, 

and the recently promulgated Administration policies on nuclear power, caj l  into 

question the specif ics  of the scenario used in the study. HTGR's a re  not 

currently commercially available in the U .  S. Util ization of the f a s t  breeder 

reactor ,  and of reprocessing of spent reactor fue l ,  are  now under intensive study 

in e f fo r t s  to reduce the potential prol i ferat ion of nuclear weapons. Consequently, 

the existence in the year 2.000 of a nuclear plant mix such as the one used i n  

the scenario i s  highly speculative. The inclusion of these plant types, however, 

adds substance to the study in allowing evaluation of the re la t ive  contribution 

to  population dose from each of the plant types considered. 

The assignment of a reactor type to  a given plant s i t e  was essent ia l ly  

a rb i t ra ry ,  except for  cases where u t i l i t i e s  had already announced a reactor type 

for  a given s i t e .  Startup dates fo r  the units were chosen to give a f a i r l y  

uniform load growth for each PSA through each decade. 



Plant Si t ing Considerations 

In order to  calculate  population dose with the HERMES model, i t  was 

necessary to  assign specif ic  locations for  a l l  nuclear power ~ l a n t s  and fuel fabr i -  

cation and reprocessing plants.  Because the doses calculated by the model a re  very 

sens i t ive  to  the s i t e s  chosen, i t  was necessary tha t  the s i t e s  be r e a l i s t i c .  

This was especially c r i t i c a l  for  the reprocessing plants,  since they were 

indicated to  be the main sources of radioact ivi ty  in the study. 

Consequently, for  plants a1 ready bui 1 t or  under construction, the 

actual locations of those plants were used. In a l l  other cases s i t e s  

were chosen as r e a l i s t i c a l l y  as possible and were required to  sa t i s fy  usual s i t i n g  

c r i t e r i a  fo r  nuclear power plants: located in reasonable proximity t o  the load 

centers to  be served by the plant b u t  a t  th.e same time located in mostly rural 

areas on reservoirs or  major r ivers .  However, i t  should be emphasized tha t  these 

s i t e  locations are  purely hypothetical and were chosen solely for  the purpose of 

permitting the dose calculations of t h i s  study. 

For nuclear plants in the TVA power service areas,  i t  was considered 

necessary (because of TVA's d i r ec t  involvement in the study) to  completely avoid 

having a s i t e  l i s t  containing a mixture of actual or hypothetical plant locations. 

Accordingly, ra ther  than 1 ocate projected nuclear additions a t  new hypothetical 

s i t e s ,  they were located a t  the actual exis t ing s i t e s  of TVA coal-fired steam 

plants which are closest  to  the loads to  be served. In t h i s  manner i t  i s  obvious 

tha t  the locations used in the study have no bearing on where actual future plants 

may be located. For plants outside the TVA power service area,  however, new 

hypothetical s i t e s  were chosen, without consultation with the u t i l i t i e s  in whose 

areas the plants were located, as discussed above. 

The s i t e s  assumed in the study, fo r  nuclear power plants and for  the i r  

supporting fuel cycle f a c i l i t i e s ,  are  shown in Figure IV-1. A l i s t i n g  of these 
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s i tes .  i s  g iven i n  Appendix A; a d d i t i o n a l  d e t a i l s  on p l a n t  s i t i n g  assumed f o r  t he  

study area a r e  g iven i n  Reference (4 ) .  

For s e n s i t i v i t y  analyses, s i t e s  were se lec ted  t o  examine the  c l u s t e r i n g ,  

o r  nuc lear  park, concept. These were e s s e n t i a l l y  sel f-contain'ed l o c a t i o n s  

con ta in ing  a  number of nuc lear  power p l a n t s  w i t h  f u e l  f a b r i c a t i o n  and reprocessing 

f a c i l i t i e s  s g r v i c i n g  those p lan ts .  Two s izes  o f  c l u s t e r  s i t e s  were assumed, 

centered around reprocessing p l a n t s  o f ,  r e s p e c t i v e l y  one and f i v e  m e t r i c  tons per  

day capaci ty .  S i t e s  assumed f o r  t h e  " c l u s t e r i n g "  s tudy a r e  shown i n  Appendix B. 

Monthly P lan t  Operat ing Charac te r i s t i cs  

P red i c t i ons  o f  the .probab le  monthly power generat ion i n  t he  year  2000 

are, o f  course, q u i t e  con jec tu ra l .  Nevertheless, by making use o f  t he  h i s t o r i c a l  

monthly opera t ing  c h a r a c t e r i s t i c s  o f  t he  u t i l i t i e s  involved,  i t  i s  be l i eved  

t h a t  a  reasonable s imu la t i on  of t h e  monthly opera t ion  o f  t he  power systems fo re -  

casted f o r  t h i s  s tudy can be made. For example, f o r  t h e  TVA reg ion  the  

power system has both w i n t e r  and summer peaks. Consequently, du r ing  

these months, and p a r t i c u l a r l y  i n  January and August, a1 1  u n i t s  a re  requ i red  t o  

be on- l ine,  w i t h  annual r e f u e l i n g  outages scheduled p r i m a r i l y  du r ing  t h e  sp r ing  

and f a l l .  S i m i l a r l y ,  monthly opera t ing  schedules were s e t  f o r  each PSA separate- 

l y ,  f o l l o w i n g  the  c r i t e r i a  t h a t  a l l  u n i t s  were on-1 i n e  du r ing  the  peak demand 

per iod,  w i t h  annual outages d i s t r i b u t e d  throughout the  o the r  months t o  ensure 

t h a t  t h e  monthly demands o f  t h e  subregion would be met. A l l  nuc lear  p lan ts  were 

assumed t o  have an annual capac i t y  f a c t o r *  o f  75 percent,** obta ined by having 

each o n - l i n e  a t  90 percent  l o a d  f a c t o r  f o r  ten  months and completely o f f - l i n e  f o r  

t he  o the r  two months. The r e s u l t i n g  opera t ing  schedule f o r  t he  year  2000 i s  

g iven i n  Appendix C. 

* The capac i ty  f a c t o r  o f  a  generat ing p l a n t  i s  the  r a t i o  o f  the  ac tua l  energy 
generated, over a  s p e c i f i e d  t ime period, t o  the  poss ib le  energy produced i f  
the  p l a n t  were ope ra t i ng  a t  f u l l  capac i ty  over t h a t  per iod.  

** More recent  TVA s tud ies  assume a  70% capac i t y  f ac to r .  



Reprocessing P lan t  Requirements 

The number o f  f u e l  reprocessing p lan ts  requ i red  w i t h i n  the  extended reg ion 

was determined by making the  f o l l o w i n g  assumptions: (1)  a l l  the  spent f u e l  

generated i n  the  reg ion  ( i nc lud ing  t h e  a i r  envelope) i s  reprocessed w i t h i n  t h e  

region; (2) f a s t  reac to r  (LMFBR) and HTGR f u e l s  are  reprocessed i n  aqueous 

separat ion p l a n t s  a t  one-hal f  t he  design feed r a t e  f o r  LWR f u e l  ; and (3)  LWR 

reprocessing p lan ts  have a  capac i ty  o f  1500 t o n s l y r .  The s t a r t u p  date f o r  each 

p l a n t  was chosen t o  be the  year i n  which i t  could rece ive  enough spent f u e l  

t o  operate a t  50 percent capacity.  Using these c r i t e r i a ,  i t  was ind i ca ted  

t h a t  four p lan ts  would be necessary. The s i t e  l o c a t i o n s  and s t a r t u p  dates f o r  

these p l a n t s  are  shown i n  Appendix A. The reprocessing loads f o r  these p l a n t s  are 

shown i n  Figure IV-2. 

Fuel Fabr i ca t i on  Requirements 

Fuel f ab r i ca t i on  requirements, based on ca l cu la ted  requirements o f  

t h e  nuclear  power p lan ts  opera t ing  i n  the  c e n t r a l  study reg ion and the  a i r  

envelope, were assumed t o  be s a t i s f i e d  by s i x  fab r i ca t i on  p lan ts  opera t ing  i n  

t h e  year 2000. Three o f  these p lan ts  were located w i t h i n  the  study reg ion 

proper and th ree  were i n  the  a i r  envelope. Each p l a n t  was considered t o  be 

dedicated t o  f a b r i c a t i n g  fuel f o r  a  s i n g l e  reac to r  type; f o r  convenience i n  

t h e  study, these p lan ts  were assumed t o  be located a t  selected r e a c t o r  s i t e s .  

The s i t e  locat ions ,  s t a r t u p  dates, and capac i t i es  o f  t h e  f a b r i c a t i o n  p lan ts  are  

shown i n  Appendix A. 



*HTGR AND LMFBR REQUIREMENTS ARE 
MULTIPLIED BY A FACTOR OF 2 TO 
REFLECT LOWER FEED RATE OF HIGH- 

YEAR 
FIGURE IV-2 

Reprocessing Loads for TVR Year 2000 Study 



V. RADIONUCLIDE RELEASE CALCULATIONS 

The c a l c u l a t i o n  o f  est imated rad ionuc l  i d e  re1 eases from p o t e n t i a l  

nuc lear  f a c i l i t i e s  i s  essen t i a l  f o r  t he  es t ima t ion  o f  r a d i a t i o n  dose. The 

c a l c u l a t i o n  t o o l  used i n  t h i s  study f o r  t h e  compi la t ion  o f  reg iona l  rad io -  

n u c l i d e  re1  eases i s  t he  RADREL module o f  t he  HERMES" ) s e t  o f  computer codes. 

Radionucl ide re lease c a l c u l a t i o n s  performed i n  the  RADREL code a r e  

represented i n  the  form o f  a  "source map", a  snapshot i n  t ime o f  rad ionuc l i de  

re leases f rom a l l  p o t e n t i a l  nuclear  f a c i l i t i e s  s i t e s  considered i n  t h e  study. 

To prov ide  a  month-by-month h i s t o r y  o f  rad ionuc l i de  re leases,  RADREL u t i l i z e s  

data se ts  d e f i n i n g  p o t e n t i a l  s i t e  l oca t i ons ,  p l a n t  types, p l a n t  capac i t ies ,  

monthly p l a n t  opera t ing  data and u n i t  r ad ionuc l i de  re leases by p l a n t  type. 

Radionucl ide re lease q u a n t i t i e s  i n  the  source map a r e  expressed as an 

average re lease r a t e  rep resen ta t i ve  o f  each month i n  a  year.  Releases t o  

the  atmosphere and releases t o  t he  reg iona l  waterways a re  considered separate ly  

i n  t he  model used f o r  t h i s  study. Nuclear f a c i l i t i e s  considered i n  t h i s  study 

are:  

- Nuclear power p l a n t s  

. L i g h t  Water Reactors (LWR) 

. Pressur ized Water Reactors (PWR) 

. B o i l i n g  Water Reactors (BWR) 

. High Temperature Gas-cooled Reactors (HTGR) 

. L i q u i d  Metal Fast  Breeder Reactors (LMFBR) 

- Reprocessing p l a n t s  

. Ear l y  LWR f u e l  reprocessing p l a n t  (REPLWR) 

. Advanced mu1 ti purpose fuel reprocessing p l  an t  (REPADV) 



- Fabr i ca t i on  p l a n t s  

. LWR uranium f u e l  f a b  p l a n t  (FABLWU) 

. LWR plutonium-mixed ox ide f u e l  f ab  p l a n t  (FABLWP) 

. HTGR f u e l  f a b  p l a n t  (FABHTG) 

. LMFBR f u e l  f ab  p l a n t  (FABLMF) 

The abbrev ia t ions  i n  parentheses are  the  symbols used f o r  these p lan ts  

i n  computer ca l cu la t i ons .  

Radionucl ide re leases were computed f o r  48 isotopes (Appendix D)  f o r  each 

nuc lear  power p lan t ,  fue l  reprocessing 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 .  

Typ ica l  u n i t  rad ionuc l  i d e  re lease r a t e  data f o r  3 ~ ,  85~r ,  90~r ,  1 3 7 ~ s  and 

2 3 8 ~ u  a re  l i s t e d  i n  Table V . l  f o r  each type o f  nuc lear  f a c i l i t y .  A  d e t a i l e d  

comp i la t i on  o f  re lease r a t e s  f o r  a l l  isotopes and a l l  p l a n t  types may be 

found i n  Appendix E. 

Nuclear Power P lan ts  

The RADREL code ca l cu la tes  both l i q u i d  and a i r  re leases t o  t h e  atmosphere 

from a l l  nuc lear  reac to r  types considered i n  the  study by s c a l i n g  the  u n i t  

rad ionuc l  i d e  re1  ease data w i t h  two parameters, the  p l a n t  capac i ty  (MWe) 

and the  p l a n t  capac i t y  f ac to r .  

Estimates o f  atmospheric and l i q u i d  re leases from d i f f e r e n t  r e a c t o r  types 

a re  obta ined from sources def ined below and then normal ized i n t o  u n i t  r ad io -  

n u c l i d e  re lease data having dependency o n l y  on the parameters o f  p l a n t  capac i ty  

and monthly p l a n t  capac i ty  f a c t o r .  

L i g h t  Water Reactors 

Radioact ive e f f l u e n t  systems and management programs pos tu la ted  fo r  t he  

l i g h t - w a t e r  r e a c t o r  nuc lear  power. p lan ts  i n  t he  TVR study reg ion  a re  designed 

t o  reduce the r a d i o a c t i v i t y  i n  both atmospheric.and l i q u i d  e f f l u e n t s  t o  l e v e l s  

which a re  very low, and which w i l l  r e s u l t  i n  doses l e s s  than the  l i m i t s  s p e c i f i e d  

v-2 



TABLE V-1 

TYPICAL UNIT RADIONUCLIDE RELEASE ESTIMATES 

FROM NUCLEAR FACILITIES 

C i  3~ 85~1. 
REACTORS , M ~ - y r  

37cs 

'I 

Atm, 8 . 6 6 ~ 1 0 - '  1.006 0 0 
PWR Water 8.66~10- '  0  0 1 .16x1 o - ~  

Atm.. 3 . 4 6 ~ 1  0-' 8.03x10-~ 0 0 
BWR Water 3.46x10-' 0 0 4.61 XI 

A t m .  7 .40x10-~ 2.83 5 . 0 0 ~ 1 0 - ~ ~  2 .4x10 -~  
HTGR Water 7 . 4 0 ~ 1  0-' 0  3 . 9 0 ~ 1  oe7 8 . 4 ~ 1  o - ~  

A tm.  6 .00x10-~  ~ . O O X I O - ~  1 . 7 x 1 0 - ~ ~  4.2x10-~ 
LMFBR Water 6 . 0 0 ~ 1  0 0 0 

LWR-U Atm. 692. 110. 7 . 6 9 ~ 1  o - ~  2.14x10-~ 

LWR-Pu A t m .  908. 69. 4 . 5 4 ~ 1  o - ~  2 . 2 0 ~ 1  oe5 

HTGR A t m .  4200. 618. 2 . 8 9 ~ 1  o - ~  I . ~ I X I O - ~  

LMFBR A tm.  58. 93. 5 . 3 0 ~ 1  o - ~  2 . 8 2 ~ 1  o - ~  

LWR-U A tm.  0  0 0 0 0 

LWR-Pu A t m .  0  0 4 .49~10- I  1.09x10-~ 1 .89x1 

HTGR A t m .  0  0 2 . 8 6 x l 0 - ' ~  3.00x10-~ 1 .88x10-~  

LMFBR Atm.  0  0 5 . 2 5 ~ 1  0'15 1 .40~10-  14 1.09x10-~ 

) Atmospheric re1  eases only ;  no 1 i quid  re1 eases. 

L i q u i d  re leases from f a b r i c a t i o n  p lan ts  assumed t o  be a f a c t o r  o f  10C 

h igher  than atmospheric releases. 



in "ALARA" guide1 ines (Appendix I t o  10 CFR Part 50). The quantity of radio- 

a c t i v i t y  released annually in atmospheric and liquid eff luents  i s  estimated using 

the analytical models and computer codes which were developed by the AEC ( l a t e r  

by NRC) as part  of i t s  e f fo r t  t o  determine "as low as practicable" (ALAP) levels 

of radioact ivi ty  in reactor eff luents .  ( l o )  The ALAP computer code used to  calcu- 

l a t e  radionuclide releases from LWR's does not provide release ra tes  f o r  any 

nuclides which would contribute l e s s  than 1% to  the population dose. 

In contrast ,  release calculations for  HTGR's and LMFBR's did not u t i l i z e  

a low-level cutoff such as was used in LWR calculations.  As a consequence., releases 

fo r  several radionuclides, taken as zero values fo r  LWR's, were calculated to  

have very small b u t  f i n i t e  values for  the ,o ther  reactor types. This difference 

i s  evident in the table in Appendix E ,  which l i s t s  calculated releases for  a l l  

plant types. This deletion from LWR release calculations of radionuclides with 

small re1 ease val ues has no appreciable impact on resul t an t  dose calculations.  

The light-water reactors postulated in th i s  study have a thermal power of 

3,530 MW and a net thermal to  e l e c t r i c  efficiency of about 34 percent. A plant 

capacity factor  of 75 percent i s  assumed. TVA believes t h i s  value, which i s  

lower than the referenced value, i s  more representative of actual use over the 

40 year 1 i f e  of the plant because in i t s  l a t e r  years the plant will probably be 

used f o r  load following operations. Except for  radioactive corrosion products 

and cer tain t r i t ium releases ,  v i r tua l ly  a l l  radioactive releases from light-water 

reactors r e su l t  from the assumption tha t  the reactors will be operated w i t h  

defective fuel cladding. Thus, radwaste systems are  provided to  purify the 

gaseous and liquid streams and remove radioactive materials from eff luents  

before discharge to the environment. 

In addition to  radioactive eff luents  deliberately discharged t o  the 

atmosphere, there may be inadvertent atmospheric release from such sources 



as leakage from certain valves and sea ls ,  degassing and/or desorption from 

radioactive 1 iquids which resu l t s  from various 1 eaks, and evaporation of 

t r i t i a t e d  water especially during refueling. Even when the best available 

technology i s  used, a portion of th i s  ac t iv i ty  may leak to  the building ventila- 

t ion system. This inadvertent release from the ventilation system generally 

accounts fo r  much of the radioactive content of the total  atmospheric 

e f f luent  from the plant. The releases tabulated include allowances fo r  such 

inadvertent releases.  

Because of expected release of t r i t ium during refueling of LWR's, t h i s  

study assumes tha t  LWR tritium releases a re  constant throughout the year,  

i . e . ,  release continues during shutdown periods. 

Pressurized Water Reactors ( P W R )  

In th i s  study radioact ivi ty  released in PWR eff luents  i s  determined fo r  

a model PWR design which i s  characterized by a recirculating U-tube steam 

generator and a condensate demineralizer which alsp processes blowdown. 

The model PWR gaseous and liquid radioactive waste systems are  shown i n  

Figure V - 1  . 
The major sources of t r i t ium in the reactor coolant system of a PWR are:  

(1) diffusion of ternary f i ss ion  product t r i t ium from the fuel through the 

Zircaloy cladding and ( 2 )  neutron reactions with the boron used fo r  reac t iv i ty  

control. I t  had been previously estimated tha t  only about one percent of the 

f i ss ion  product t r i t ium diffuses through the cladding because i t  tends to  form a 

hydride with the Zircaloy and thus remains trapped in the cladding. Recent 

nuclear plant operating experience indicates ,  however, t ha t  perhaps as much as 

10 percent (approximately 1,140 Ci/yr) of the f i ss ion  product t r i t ium may 

diffuse through the cladding. Thus, during most of the l i f e  of the plant 

approximately 1,560 Ci of t r i t ium may have to  be removed annually from the 

reactor coolant in order to  maintain the coolant concentrations a t  a level 



(1)  GAS STRIPPING SYSTEM 

REACTOR 
COOLANT 60- DAY 
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(2) REACTOR BUILDING VENTILATION SYSTEM 
IODINE PF=lxlO 

TO VENT 
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FIGURE V-la 

NOTE: PF SIGNIFIES PARTITION FACTOR 
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THE EFFLUENT FROM A PROCESS 
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Model PWR Gaseous Waste Systems 1 



ll\ REACTOR COOLANT PURIFICATION SYSTEM (SHIM BLEED) 
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DEMINERALIZER 

FIGURE V-lb 

Model PWR L i q u i d  Waste Systems 
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(3) EQUIPMENT DRAIN SYSTEM 

EQUIPMENT \Mot lo2; Y, 10') 
DRAINS EVAPORATOR * DEMINERALIZER ' * TO RECYCLE 

3 4 1 1 
DF's: 1, 10 ; Cs, 10 ; DF's: 1, 10 ; Cs, 10 ; Mo, 1; 

4 
; Y, 10 ; OTHERS, 10 Y, 1; OTHERS, 10 

1 

~ (4) DIRTY WASTE SYSTEM 

1 f 
09 FLOOR DRAINS 

EVAPORATOR DEMINERALIZER , TO RECYCLE 
DEMINERALIZER OR DISCHARGE 
REGENERATES 1 1 

DF's: 1, 10 ; Cs, 10 ; (SEE TABLE 3) 

Mo, 1; Y, 1; OTHERS, 10 
1 

( 5 )  TURBINE BUILDING DRAIN SYSTEM 

TURBINE BUILDING DRAINS t TO DISCHARGE 

NOTE: DF (DECONTAMINATION FACTOR) SIGNIFIES THE RATIO OF THE AMOUNT OF MATERIAL IN THE PROCESS INFLUENT TO 
THAT RETAINED BY THE PROCESS. 

FIGURE V-lb (cont'd) 

Model PWR L i q u i d  Waste Systems 



t h a t  would prov ide  acceptable dose p r o t e c t i o n  f o r  ope ra t i ng  personnel. I t  i s  

expected t h a t  about 30 percent  o f  t h i s  t r i t i u m  would be i n a d v e r t e n t l y  re leased 

t o  the  atmosphere p r i n c i p a l l y  by water  evaporat ion dur ing  r e f u e l i n g  operat ions.  

In fo rmat ion  regard ing  the  increased d i f f u s i o n  o f  t r i t i u m  has on l y  r e c e n t l y  

become ava i l ab le ,  and t h i s  i n fo rma t ion  i s  based on l i m i t e d  data, t he re fo re  

plans and techniques f o r  removing the  remainder o f  t he  1,560 C i / y r  from the 

r e a c t o r  coo lan t  are n o t  y e t  formulated. Therefore, f o r  t h e  purposes o f  t h i s  

study, i t  i s  assumed t h a t  h a l f  o f  the  1,560 C i / y r  would be re leased as gaseous 

e f f l u e n t  and the  o the r  h a l f  would be re leased as l i q u i d  e f f l u e n t .  

Boi 1  i r ~ y  Water Reactors (BWR) 

The model BWR gaseous and l i q u i d  r a d i o a c t i v e  waste systems are  presented 

i n  F igure  V-2. Releases o f  noble gases from the  reac to r  b u i l d i n g  due t o  leak-  

age o f  water from equipment a re  n o t  considered by the  computer code. These have 

been hand ca l cu la ted  assuming the  concent ra t ion  i n  the  leakage water t o  be 

10 percent  of t h a t  i n  the  coo lan t .  For t he  purpose of t h i s  study, t r i t i u m  

re leases a re  assumed t o  be evenly d i v i d e d  between gaseous and l i q u i d  e f f l u -  

ents; i t  i s  assumed t h a t  31 C i l y r  would be re leased as gaseous e f f l u e n t  and 

31 Ci/yr would be re leased as 1  i q u i d  e f f l u e n t .  

High Temperature Gas-Cool ed Reactors (HTGR) 

During the  opera t ion  o f  HTGR p lan ts  r a d i o a c t i v e  ma te r ia l  w i l l  be produced 

by f i s s i o n  and a l so  by neutron a c t i v a t i o n  o f  r e a c t o r  s t r u c t u r a l  ma te r i a l s  and 

i m p u r i t i e s  i n  the  pr imary hel ium coo lan t .  Most o f  the  f i s s i o n  products w i l l  

remain w i t h i n  the coated f u e l  p a r t i c l e s .  However, smal l  q u a n t i t i e s  a r e  expected 

t o  escape through the  p y r o l y t i c  g raph i te  coa t i ng  o f  the  f u e l  elements and d i f f u s e  

i n t o  the  pr imary he1 ium cool  ant .  Thereaf te r  t he  gaseous and 1 i q u i d  r a d i o a c t i v e  

waste systems designed f o r  use on t y p i c a l  HTGR p lan ts  c o n t r o l  the  re leases t o  the  

envi  ronment . 



.- 
STEAM FOR 
GLAND SEALS GLAND SEAL 

OFF-GAS - CHARCOAL 
GENERATED FROM 

* * 
SYSTEM FILTER 

CONDENSATE 
? 

< 
I NOTE: PF SIGNIFIES PARTITION FACTOR OR 
0 THE RATIO OF MATERIAL IN THE 

EFFLUENT FROM A PROCESS TO 
THAT IN THE INFLUENT. 

AIR EJECTOR 

(2) BUILDING VENTILATION SYSTEMS 

(IODINE PF=SX~ oJ) (IODINE PF=O) 

t 
HYDROGEN HOLDUP 
RECOMBINER CHAMBER AND 
SYSTEM GAS DRIER - 

REACTOR 
BUILDING 

(IODINE PF=I~IO-') 

CONDENSER VACUUM PUMP 

r 

LOLV TEMPERATURE 
CHARCOAL ADSORBER 

TO VENT 

ilE 
VENT 

I TURBINE 
BUILDING 1 -  TO VENT 

FIGURE V-2a 

Model BWR Gaseous Waste Systems 



(1) HIGH PURITY WASTE SYSTEM 

2 1 
DF1s: 1 ,  10 ; Cs, 10 ; 
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For t h i s  study the HTGR model postulated i s  a design s imilar  t o  the 

Fort St .  Vrain (330 MWe) and the now-cancel led Summit (761 MWe) HTGR plants. 

Estimated radionuclides releases presented in the environmental statements for  

these two HTGR plants ( 1 2 y 1 3 )  a re  used as a basis fo r  uni t  release calculations 

fo r  the RADREL code. Estimated radionuclide releases a re  based on operation 

w i t h  1 % fa i led  fuel .  

The principal source of radioactive gaseous eff luents  originates from 

the he1 i  um puri f i  cation system. Small amounts of contami nated gaseous waste 

a re  a l so  expected tr6M purging o f  fuel storage and bandl ing zystcms, purging 

of the helium c i rcu la tor  and fuel handl ing cask, and from the pre-stressed concrete 

reactor vessel (PCRV)  support f loor  vent and 1 iquid waste tank vent headers. 

The gaseous radioactive waste treatment system is  shown schematically in 

Figure V-3. 

The helium purif icat ion systems consist  of two complete gas processing 

streams which operate a l te rna te ly  t o  allow fo r  radioactive decay and regeneration. 

Each stream consists of various f i l ter-adsorber  components to  remove par t icu la tes ,  

ha1 ogens (mostly i  odines) , and gaseous hydrogen and t r i  t i  um. After the 

periodic regeneration of each gas processing stream the adsorbed waste gases 

(primarily 8 5 ~ r )  are  vented t o  the radioactive gas waste system. 

The radioactive gas waste system consists of a high level waste system 

primary fo r  handl i  ng the he1 i  um purif icat ion regenerati on offgas, and a 1 ow 

level waste system fo r  lower a c t i v i t y  eff luents .  The radioactive gases will  

be compressed, cooled, and then stored in gas waste surge tanks until  radio- 

ac t ive  decay will  allow safe release t o  the atmosphere. 
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The p r i n c i p a l  source o f  r a d i o a c t i v e  l i q u i d  wastes o r i g i n a t e s  from 

decontamination o f  con t ro l  r o d  dr ives .  Other minor sources o f  r a d i o a c t i v e  

l i q u i d  wastes i nc lude  dra ins  f rom the  hel ium regenerat ion system, leaks i n  

t h e  PCRV l i n e r  coo l i ng  system and from leaks i n  the steam generator feedwater 

system. The l i q u i d  r a d i o a c t i v e  waste t reatment  system i s  shown schemat ical ly  

i n  F igure V-3. 

A l l  l i q u i d  r a d i o a c t i v e  wastes a re  s tored i n  e i t h e r  a l i q u i d  waste sump o r  

r e c e i v e r  tank a f t e r  f i  1 ter i ,ng. Higher a c t i v i t y  wastes may r e q u i r e  f u r t h e r  

,processing through demineral izers and r e c y c l i n g  through t h e  system before  re lease 

t o  t h e  environment through the  coo l i ng  tower blowdown l i n e .  

L i q u i d  l.1etal Fast Breeder Reactor (LMFBR) 

The LMFBR has inherent  advantages f o r  f i s s i o n  product  containment 

r e l a t i v e  t o  an LWR. The LMFBR coo lant  system i s  a r e l a t i v e l y  low pressure 

system and by necess i ty  the  i n t e r f a c e  between the  sodium and aqueous systems 

i n  t h e  steam generator i s  o f  very h igh  i n t e g r i t y .  Entra ined f i s s i o n  o r  

a c t i v a t i o n  products can be cont inuously removed.in a c o l d  t rap .  

Three pr imary e f f l u e n t  pathways f o r  a LMFBR have been postu la ted and 

evaluated, as described below: 

A. F i s s i o n  product  t r i t i u m  d i f f u s e s  through s t a i n l e s s  s t e e l  

f u e l  cladding; then t h e  f i s s i o n  and a c t i v a t i o n  product  

t r i t i u m  d i f f u s e s  through the  coolant  system p i p i n g  t o  t h e  

envi ronment. 

B. Radioact ive noble gases escape from the r e a c t o r  head f o l l o w i n g  

t reatment  i n  t h e  cover gas clean-up system. 

C. Entra ined rad ionuc l ides  i n  sodium are released as evaporator 

overheads from the chemical waste t reatment  system dur ing  

c leaning o f  sodium from spent fuel  elements. 

V-14 



E f f l u e n t  c a l c u l a t i o n s  have been made t r e a t i n g  each o f  t h e  pathways l i s t e d  

above separate ly .  The reac to r  pos tu la ted  i s  a 1000 MWe (2500 M W ~ )  LMFBR 

opera t ing  w i t h  0.25% f a i l e d  f u e l .  The cover gas i s  argon. The sodium coo lan t  

i s  assumed t o  con ta in  1000 ppn potassium ( t h e  1 i m i t  es tab l  .ist~ed i r ~  

RDT Standards f o r  reactor-grade sodium). 

The t r i t i u m  e f f l u e n t  (Pathway A) c a l c u l a t i o n s  are  based on prev ious work 

f o r  the  FFTF. ( I 4 )  For t he  purposes o f  t he  e f f l u e n t  c a l c u l a t i o n s  a l l  f i s s i o n  

product  and con t ro l - rod  a c t i v a t i o n  product  t r i t i u m  is,assumed t o  reach the  

coo lan t  ( a c t u a l l y  about '10% o f  t h e  t r i t i u m  remains i n  t h e  f u e l  and i s  handled 

a t  the  reprocessing p l a n t ) .  E s s e n t i a l l y  a l l  o f  t h e  t r i t i u m  i s  assumed t o  be 

avai labqe as a d r i v i n g  f o r c e  f o r  t r i t i u m  d i f f u s i o n  through p i p i n g  i n  the  

pr imary and secondary sodium systems. T r i t i u m  i s  removed by c o l d  t rapp ing  i n  

both the  pr imary and secondary systems, each w i t h  a s ing1 e-pass decontamination 

fac tor  (DF) of % 3.7. It i s  assumed t h a t  one-hal f  of the  t r i t i u m  escaping from 

t h e  pr imary system emerges as a gas and t h a t  t he  o the r  h a l f  i s  moved through the 

secondary system i n t o  the  steam generator w i t h  subsequent re lease as a l i q u i d .  

Radioact ive noble gases a re  re leased f rom f a i l e d  f u e l  i n t o  the  coo lan t  

and a re  then discharged t o  the  cover gas. The cover  gas t reatment  system 

(Pathway B) and the  model t he reo f  are s i m i l a r  t o  FFTF con f i gu ra t i ons .  
(1 5) 

Cover gas f l ows  through a charcoal delay bed and then a cryogenic d i s t i l -  

l a t i o n  column. The charcoal bed prov ides a delay o f  3 days f o r  k ryp ton  and 

140 days f o r  xenon. The cryogenic system provides a single-pass DF o f  100 

f o r  k ryp ton  and xenon. Overheads from the  cryogenic column a re  re tu rned  t o  

a pressur ized vessel head c a v i t y  ( a f t e r  a d d i t i o n  o f  makeup gas) f o r  se rv i ce  

as a buffer gas f o r  seals  i n  t he  vessel head. Approximately 2 cfm escapes 

by leakage and permeation through the  seals; t he  remainder re tu rns  t o  the  



cover  gas space. The computed cryogenic DF f o r  k ryp ton  and xenon w i t h  r e -  

c y c l e  i s  % 2500. An a d d i t i o n a l  DF depending on r a d i o a c t i v e  h a l f - l i f e  r e -  

s u l t s  f rom hold-up i n  the  charcoal bed. 

The h i g h - i n t e g r i t y  design c r i t e r i a  es tab l ished f o r  the  FFTF i n d i c a t e s  

t h a t ,  except f o r  t r i t i u m  d i f f u s i o n  through s t e e l  p i p i n g  and noble gas d i f -  

fus ion through e las tomer ic  seals, f i s s i o n  and a c t i v a t i o n  product  re lease 

from the  r e a c t o r  vessel i s  n e g l i g i b l e .  However, rad ionuc l i des  re leased f rom 

f a i l e d  f u e l  and ent ra ined i n  t h e  coo lan t  may be sub jec t  t o  re lease from 

sodium washed from f u e l  elements subsequent t o  t h e i r  removal from the  

vessel.  It has been assumed t h a t  215 pounds o f  sodium (1  l b .  per  element, 

215 elements removed per  year )  a re  processed i n  a  chemical waste system 

(Pathway C )  annual ly .  A DF o f  100 i s  assumed f o r  removal i n  t h e  c o l d  t r a p  

and p la te -ou t  throughout t he  r e a c t o r  t o  ob ta in  the  concent ra t ion  o f  rad io -  

nuc l i des  i n  t he  sodium coolant .  The rad ionuc l ides  are  assumed t o  be i n  an 

aqueous s o l u t i o n  f o l l o w i n g  steam and water washing o f  t he  f u e l  elements. A f te r  

t h e  rad ionuc l ides  a r e  i n  aqueous s o l u t i o n  a  DF o f  1000 i s  assumed f o r  an 

evaporator  w i t h  another DF o f  100 f o r  a  f i l t e r  i n  t h e  evaporator overheads 

stream. I n  add i t ion ,  a  90-day hold-up delay i s  assumed cover ing t h e  t ime 

a l lowed f o r  coo l i ng  o f  t h e  discharged fue l  elements be fore  the  sodium removal 

operat ion.  

Release r a t e s  f o r  each o f  f o r t y - e i g h t  rad ionuc l i des  have been evaluated 

us ing  the  assumptions above. 

Fuel Reprocessing P lan ts  

Estimates o f  r a d i o a c t i v e  e f f l u e n t s  have been made on the  bas is  of t h e  

prev ious Nuclear Fuel Services (NFS) experience (Tab1 e  V-1 ) , models developed 

from data obta ined a t  ERDA f a c i l  i t i e s , ( 1 6 )  sa fe ty  ana lys i s  repo r t s  and 



environmental repo r t s  f o r  t h e  Barnwel l  Nuclear Fuel P lan t  (BNFP) , (17-19) and 

an ERDA development program. (20) 

F igure  V-4 i s  a schematic drawing o f  t he  e f f l u e n t  t reatment  system t h a t  

i s  planned f o r  the  BNFP. 

The type o f  t reatment  system dep ic ted  i n  F igure  V-4 i s  expected t o  

remove 99 t o  99.9% o f  t h e  i o d i n e  and most o f  t he  p a r t i c u l a t e  mat te r .  The 

noble gases and t r i t i u m  are  discharged almcst w i thou t  f u r t h e r  t reatment .  

New technology i s  being developed t o  remove t r i t i u m  and noble gases 

from gaseous e f f l u e n t s ,  and t o  increase the  e f f i c i e n c y  f o r  removal o f  

iod ine .  The bas ic  p r i n c i p l e s  fo l l owed  t o  achieve these ob jec t i ves  are: 

(1 ) t o  minimize t h e  f low r a t e  o f  gaseous and l i q u i d  e f f l u e n t  streams through 

t h e  use of ex tens ive  r e c y c l e  and by decreasing t h e  amount o f  gases and l i q u i d s  

en te r i ng  t h e  system; (2)  t o  develop improved t reatment  ( p u r i f i c a t i o n )  systems ; 

and (3)  t o  i s o l a t e  the  t r i t i u m  before  i t  mixes w i t h  water i n  t he  d i sso l ve r .  

A conceptual (bu t  unproven) a p p l i c a t i o n  o f  these p r i n c i p l e s  i s  i 1 l u s t r a t e d  

i n  F igure  V-5 where the f l ow  r a t e  o f  gaseous e f f l u e n t  i s  1000 cfm compared t o  

133,000 cfm 1 i sted p rev ious l y  f o r  a p l a n t  designed i n  accordance w i t h  F igure  V-4. 

T r i t i u m  and p a r t  o f  t he  noble gases and i o d i n e  a re  , v o l a t i l i z e d  i n  the  shearing and 

vo l  o x i  d a t i  on steps. The tri ti um i s  trapped as re1  a t i  ve l y  concentrated 

t r i t i a t e d  water,  which i s  absorbed i n  calc ium s u l f a t e  and s to red  as a r a d i o -  

a c t i v e  s o l i d  waste. The remainder o f  t he  i o d i n e  and noble gases i s  v o l a t i l -  

i z e d  from t h e  d i sso l ve r .  Only a t r a c e  o f  i o d i n e  would remain i n  t he  

d i s s o l v e r  s o l u t i o n  and pass i n t o  t h e  process equipment. The evolved gas 

would be t r e a t e d  by (1 ) the  Iodex process t o  remove most o f  t he  iod ine ,  

( 2 ) .  t he  cryogenic d i s t i  1 l a t i  on o r  s e l e c t i v e  absorp t ion  processes ( f l u o r o -  

carbons o r  C02) t o  remove the  noble gases f o r  s torage as compressed gases 



PROCESS 
BUILDING 

LABORATORY 

Treatment of Gaseous Effluents From a Fuel Reprocessing Plant 

WASTE CONCENTRATE TO 
RECYCLE OR STORAGE 

FIGURE V-4 

EVAPORATOR 
FOR 
LIQUID . 
WASTES 

I 
WATER 
VAPOR 

IODINE 
REMOVAL 



RECEIVING AND 
MECHANICAL 
HANDLING CELLS 

ATMOSPHERE 

PROCESS CELLS I FIGURE V-5 

STACK 
1 00 
METERS 
HIGH 

SHEAR 

TRITIUM 

Future Treatment of Gaseous Effluents From a Fuel Reprocessing Plant 

VOLOXIDATION 
(TRITIUM 
EVOLUTION) 

1 

DISSOLVER 
(IODINE AND 
NOBLE GAS 
EVOLUTION) 

PROCESS 
EQUIPMENT 

REMOVAL 

4 I 

FILTERS FOR 
PARTICULATE 
REMOVAL - REMOVAL 

i* 
REMOVAL 

* 

4 
NOBLE GAS PRIMARY 

IODINE 
REMOVAL ,I 

1 

SECONDARY 

PARTICULATE 
FILTERS 

F I NAL 
IODINE 
REMOVAL 

A 



in s tee l  cylinders,  and ( 3 )  f inal  iodine removal by adsorption on a sol id 

zeo l i t e  containing a film of s i lve r .  The f i l t e r s  would be designed with 

lower-than-rated superf icial  velocity t o  provide fo r  enhanced removal of 

par t iculates .  

Concentration of Radionuclides in Spent Fuel and Waste 

Typical concentrations of radionuclides in spent fuel t o  be reprocessed 

have been computed w i t h  the ORIGEN (") program (Table V-2). Also presented in 

Table V-2 are concentrations of radionuclides tha t  are  expected in high level 

wastes to  be so l id i f ied  a t  the BNFP plant a f t e r  approximately f ive years of 

storage as solution. 

Fractional Releases from Fuel and Waste 

Table V-3 presents estimates of the fractional releases of radionuclides 

t o  the environment per u n i t  of fuel that  i s  processed and associated high-level 

waste tha t  i s  so l id i f ied .  Data a re  presented fo r  a Barnwell-type plant and for  

a plant tha t  would incorporate the developing technology fo r  eff luent  control.  

I t  i s  estimated tha t  t r i t ium (as  t r i t i a t e d  water) and noble gases will 

be released without fur ther  treatment from the plants using Barnwell technology 

b u t  t ha t  99 percent of these materials will be removed in an advanced plant. 

I t  i s  conceivable tha t  the plants currently under construction can be re t rof i t ted  

fo r  removal of 99 percent of the t r i t ium and noble gas by about 1980. For 

reduction of 14c the KALC (Krypton Absorption in Liquid C02) process i s  assumed 

fo r  both current and advanced plant designs. The KALC process for removal of 

krypton combined with precipitation of C02 as CaC03 i s  assumed to  remove 99 per- 

cent of the 14C.. No reduction in the t r i t ium eff luent  stream was assumed for  

t h i s  study. 



LWR-U LWR-PU IiTG R LMFBR 

Nucl i de ~ u e l  a wasteb ~ u e ' l  Waste wastee Fuel 
b Fuel d f Waste b 

H-3 
C-14 
Kr- 85 
Sr- 89 

Te- 1 29m 2,710 3,000 13,200 20,400 
1-129 0.0374 0.00005 0.0480 0.00006 0.125 0.0001 0.0542 0.0001 
1-1 31 2.18 2.27 45.3 
Xe- 1 33 0.54 0.398 . 
CS-1 34 214,000 39,500 1 87,000 34,400 709,000 104,000 40,200 7,980 

CS-1 37 107,000 95,100 110,000 97,800 303,000 266,000 
Ba- 140 431 409 4,460 
La- 1 40 496 470 5,130 
Ce- 141 56,400 52,000 283 ,000 

TABLE V-2 

TYPICAL CONCENTRATIONS OF RADIONUCLIDES AND WASTES TO BE 
PROCESSED I N  FUEL REPROCESSING PLANTS 



LWR- U tkt8-PU HTG R LMFBR 

Nucl i de ~ u e l . ~  wasteb ~ u e l  Waste wastee ~ u e l  Waste 
b Fuel d b 

Ce- 144 
Eu- 1 54 
U-232 
U-234 

Am- 241 153 156 1,580 1 ,590 16.2 101 1,480 1,450 
Cm- 242 17,700 14.8 240,000 284 2,490 0.739 46,500 11 1 
Cm-244 2,390 1,970 136,000 11 2,000 1,640 1,320 2,390 1,970 

-- -- ~ 

a ~ u e l  (3.3% enr iched u ran i  um) i r r a d i a t e d  a t  an average s p e c i f i c  power of 30 Mw/netr ic t on  t o  an exposure 
7 o f  33,000 MWd/metric t o n  and decayed 150 days. 
IU 
IU 

b ~ i g h - l e v e l  waste aged 5 years a f t *  removal o f  a1 1 noble gases, 99% o f  t r i t i u m ,  99.9% o f  halogens, and 
99.5% o f  uranium and plutonium. 

'Fuel from elements i n i  ti a1 l y  charged w i  t h  p l  u t o n i  urn i n  a PWR w i t h  s e l f  - s u s t a i p i  ng recyc le .  Fuel i r r a d i a t e d  
a t  an average s p e c i f i c  power of 30 MW/metric t o n  t o  an exposure o f  33,000 ~Wd/metr ic '  t o n  and decayed 150 days. 

~ u e l  f rom s teady-s ta te  r e c y c l e  i r r a d i a t e d  a t  an average s p e c i f i c  power of 64.57 kw/metr ic t o n  t o  an exposure 
o f  94,300 MWdlrnetric t o n  and decayed 120 days. 

Hi gh-1 eve1 waste aged 5 years a f t e r  removal o f  a1 1 noble gases, 99% o f  tri ti urn, 99.9% o f  halogens, and 99.5% o f  
u ran i  urn and t h o r i  um. 

f ~ i  xed core and b lanket  f u e l  i r r a d i a t e d  a t  an average s p e c i f i c  power of 48.18 PW/metric t o n  t o  an exposure o f  
41,200 MWd/metric t o n  and decayed 120 days. 

TABLE V-2 ( c o n t ' d )  

TYPICAL CONCENTRATIONS OF RADIONUCLIDES AND WASTES TO BE 
PROCESSED I N  FUEL REPROCESSING PLANTS 



Barnwell 
Plant (BNFP) Advanced Multipurpose 
Intro. Data 1975 19 85 

Fuel Waste F u e l  Aged Waste 
LWR , LMFBR HTGR 

,Fraction of Component Released per Unit of Fuel Processed 

Release to 
Atmosphere 

Kr-Xe 
< 
I 
N 13 5 
W 

Nonvolatiles 

u 3 log4  2 log9 3 x log6 
Pu 6 x loD9 2 loo9 3 x. 10 -10 

0 thers 2 log9 2 log9 1 x 10 -10 

TABLE V-3 

ASSUMED FRACTIONAL RELEASE OF COMPONENTS OF SPENT FUEL AND AGED 
WASTES FROM REPROCESSING PLANTS TO THE ATMOSPHERE 



It i s  est imated t h a t  p l a n t s  c u r r e n t l y  under c o n s t r u c t i o n  w i l l  r e l ease  

approx imate ly  0.1% of the  1311 and 1% of the  ( t h e  l a t t e r  accumulates 

i n  t he  coo lan t  because o f  i t s  . longer ha1 f - 1  i f e ) .  Advanced p l a n t s  a re  est imated 

t o  recover  99.9999% o f  the  31 I and 99.99% of t he  '''1. I o d i n e  w i l l  be 

re leased p r i m a r i l y  as t h e  elemental and organic  forms, and inorgan ic  

i od ines  and iodates which may be adsorbed on p a r t i c u l a t e s .  

It i s  assumed t h a t  s e m i v o l a t i l e  m a t e r i a l s  such as ruthenium a re  re leased 

i n  t he  h igh - l eve l  waste so l  i d i f i c a t i o n  process. The est imates f o r  s e m i v o l a t i l e  

re leases a re  r e l a t i v e l y  unce r ta in  because wastes from power r e a c t o r  f u e l s  have 

n o t  y e t  been so l  i d i f i e d  i n  t y p i c a l  commercial f a c i l  i t i e s .  

Uranium w i l l  be re leased p r i m a r i l y  i n  t h e  form o f  UFg P l u t o n i u m  and 

o t h e r  n o n v o l a t i l e  species w i l l  be re leased p r i m a r i l y  i n  t h e  form o f  aqueous 

n i t r a t e  aerosols ,  d r i e d  n i t r a t e s ,  and oxides. The p lu ton ium re lease i s  

expected t o  be g r e a t e r  than f o r  most o f  t he  o t h e r  n o n v o l a t i l e s  because o f  quant i -  

t i e s '  present  and t h e  number o f  process operat ions t h a t  a re  i nvo l ved  i n  

p u r i f y i n g  the  p lu ton ium and prepar ing  i t  f o r  shipment. The bas ic  models 

t h a t  .are used f o r  es t ima t i ng  t h e  f r a c t i o n a l  re leases o f  p a r t i c u l a t e s  a re  

presented i n  Reference 1  . 
Fuel ' F a b r i c a t i o n  'P lan ts  

The rad ionuc l  ides  inc luded i n  t h i s  study a re  i nvo l ved  i n  f u e l  f a b r i c a t i o n  

p l a n t  operat ions o n l y  as recyc led  p lutonium o r  uranium-233 and the  t r a c e  

i m p u r i t i e s  they  may conta in .  The, i n p u t  o f  rad ionuc l  i des  t o  t he  f a b r i c a t i o n  

process i s  shown i n  Table V-4. I n  t he  t a b l e  t he  rad ionuc l  i d e  i n p u t  data a re  

g iven  i n  terms o f  r a t i o s  o f  c u r i e s  e n t e r i n g  the  r e c y c l e  f a b r i c a t i o n  p l a n t  t o  

c u r i e s  e n t e r i n g  a  reprocessing p l a n t  i n  one m e t r i c  t o n  o f  spent f u e l .  A s imple 

mass-balance adjustment conver ts  t h i s  t o  throughput per  t on  o f  r e f a b r i c a t e d  f u e l .  

Radwaste t rea tment  f a c i l i t i e s  f o r  f a b r i c a t i o n  p l a n t s  were n o t  spec i f i ed  

i n  d e t a i l  f o r  t he  study, b u t  were assumed t o  be equ i va len t  t o  m u l t i p l e  banks o f  



H-3 

C- 14 

Na-22 

Ar-39 

CO-58 

Co-60 

Kr-85M 

Kr-85 

Kr-87 

Kr-88 

Kr-89 

Sr-89 

Sr-90 

.Y-90 

Y-91 

Zr-95 

Nb-95 

Ru-1 03 

Ru-1 06 

Sn-123M 

Te- 125M 

Te- 127M 

Te-129M 

Te-132 

TABLE V-4 

RADIONUCLIDE CONCENTRATION FACTORS 

FOR FABRICATION PLANT RELEASE CONCENTRATIONS 

Curies e n t e r i n g  r e c y c l e  f a b r i c a t i o n  per c u r i e  i n  
one m e t r i c  t o n  spent f u e l  p r i o r  t o  rp rocess ing  

Xe-133 0. 

Xe- 1 35M 0. 

Xe- 1 35 0. 

0. Xe- 1 38 0. 

Ce- 1 44 6.1 E-08 

Eu- 1 54 9.8 E-08 



HEPA f i l t e r s ,  w i t h  decontamination factors  of lo1 O for  airborne part ic les  

8 and 10 fo r  par t ic les  i.n 1 iquid eff luents .  Approximately one percent of 

the fuel throughput of a plant was assumed to  be ' ' lost" from the mainline 

process and to enter  the radwaste system for  recovery. Thus, the overall 

release fract ions for  radionuclides, referenced to  the flow rates  in the 

fabricat ion process, were lo-" for  releases to  a i r  and 10-lo for  water 

releases.  The resulting releases of radionuclides from reprocessing plants,  

in terms of curies released per metric ton of fuel fabricated, are  given in 

Appendix E for  the various fuel types considered in the study. Releases of 

selected nuclides were shown in Table V-1 . 
Source Map Re1 ease Patterns 

The end r e su l t  of calculations in  the RADREL code i s  the estimated 

radionuclide releases in the Year 2000 from each of the nuclear f a c i l i t i e s  

in the TVR region. This i s  represented by a source map which defines the 

average monthly release r a t e  from each source fo r  each isotope of in t e res t .  

Radionuclide releases to  the a i r  and to  the water or iginate  from 50 source 

locations.  The releases from multi-plant f a c i l i t i e s  a t  one s i t e  are combined 

and considered as a s ingle  source. .Radionuclide releases to  the a i r  from 

reprocessing plants a re  assumed to be from a stack 100 meters high whereas 

a i r  releases from a l l  other f a c i l i t i e s  a re  considered to be released a t  ground 

level .  

TVR regional source map release patterns for  four of the more s ignif icant  

3H 85 isotopes, Kr, 1 3 4 ~ s ,  and 2 3 8 ~ u ,  a r e  shown in Figure V-6. Tota l  radio- 

nuclide a i r  releases a re  shown in Figure V-7. 
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Year 20a10 Release Patterns for Selected Radionucl ides (Monthly Average) 



Figure V-7 

iota1 Year 2000 Radionuclide Releases to Air (Monthly Average) 



V I .  AIR TRANSPORT OF RADIONUCLIDES 

~ a d i o n u c l  i d e  ma te r ia l s  i n j e c t e d  as plumes i n t o  t h e  atmosphere from the  

I reg iona l  nuclear  f a c i l i t i e s  are  d i f f u s e d  by t u r b u l e n t  motion encountered dur ing  

t r a n s i t  from source t o  receptor .  The plumes are  a l so  depleted by depos i t ion  

mechanisms and rad ioac t i ve  decay. I n  t h i s  study t h e  computer code elements which 

make these ca lcu la t i ons  a re  contained i n  t h e  HERMES code group ARTRAN. The 

I decrease i n  plume concentrat ion due t o  atmospheric d i f f u s i o n  processes i s  es- 

t imated by the  long term average (LTA) vers ion  o f  t h e  Gaussian plume model. 

The plume losses dur ing  t r a n s i t  from source t o  receptor  due t o  d r y  depos i t ion  

are est imated by the  methods developed by chamber1 a i  r ~ ( * ~ ) ' .  P r e c i p i t a t i o n  induced 

I depos i t ion  losses dur ing  t r a n s i t  a re  est imated by eval  ua t i on  o f  a l e a s t  squares 

(24) f i t  equation developed from the  data presented i n  Meteorology and Atomic Energy . 

I Inc loud scavenging o f  rad ionuc l ide  ma te r ia l  i s  est imated by a p p l i c a t i o n  o f  an 

I exponential  f unc t i on  o f  t he  form -x=xo e -(V't) where the  i nc loud  c o e f f i c i e n t  $ 

i s  taken t o  be t h a t  developed by ~ ~ u n t n e r  and ~ i s i n a ( ~ ~ ) .  ~ a d i o a c t i v e  decay and , 

daughter product ion are ca l cu la ted  f o r  t h e  source-to-receptor t r a n s i t .  

The source t o  receptor  geographic r e l a t i o n s h i p s  are  developed from s t r a i g h t  

l i n e s  j o i n i n g  the  two po in ts .  The compass angle o f  t h i s  j o i n i n g  l i n e  i s  f i t t e d  

i n t o  one o f  s ix teen 22.5 degree sectors t o  determine the  appropr ia te  source 

meteorological  cond i t ions  t h a t  a re  then presumed t o  apply throughout t h e  e n t i r e  

t r a v e l .  The meteorological  data chosen by t h i s  method provide t h e  percent  

frequency o f  occurrence o f  wind speed and atmospheric s t a b i l i t y  versus wind 

d i r e c t i o n  sector .  The percent frequency o f  occurrence and mean r a t e  o f  p r e c i p i -  

t a t i o n  events are  a l so  provided as func t ions  o f  wind speed, atmospheric s t a b i l i t y  

and wind d i r e c t i o n  sector .  



The r e s u l t a n t  values ca l cu la ted  f o r  t he  receptor  c e n t r o i d  are presumed 

t o  apply as average cond i t ions  over the  e n t i r e  area o f  t he  county. This 

approach may, under some condi t ions,  r e s u l t  i n  apparent anomalies i n  the  

c a l c u l a t i o n s  when po r t i ons  o f  count ies remote from t h e  cen t ro ida l  po in ts  

a re  considered. Howevever, si-nce the cent ro ids  se lec ted as po in ts  o f  calcu- 

l a t i o n  represent  approximately the  centers of popu la t ion  f o r  each county, 

t he  county-averaging techniques used prov ide reasonably accurate est imates 

of popu la t ion  dose on a  county-to-county basis. 

The d i f f u s i o n  equation used i n  t h i s  study i s  

- 
where x = the  mean a i r  concent ra t ion  

the whole percent o f  t he  occurrence s t a t i s t i c s  

the  radionucl  i d e  re lease r a t e  

the standard d e v i a t i o n  o f  t he  v e r t i c a l  d i s t r i b u t i o n  o f ' t h e  

r a d i  onucl i de 

the  mean wind speed 

the  l eng th  of t he  crosswind chord a t  d is tance x  

stack he ight  

The source term Q sh.0w.n i n  Equation 6-1 represents the  r a t e  o f  rad ionuc l ide  

re lease from each nuclear  si:te. Th is  source term i s  modi f ied  f o r  i n - t r a n s i t  

1os.ses by successi.ve a p p l i c a t i o n  of dep le t i on  fac tors .  The f i r s t  o f  these i s  

the  dep le t i on  a t t r i b u t a b l e  t o  d r y  depos i t ion  enroute by the  expression 



where Vd = d r y  depos i t i on  veloci,ty 

This i s  c a l c u l a t e d  i n  the  code by eva lua t i on  o f  a  t a b l e  o f  i n i t i a l  values 

der ived from the  equat ion: 

The i n i t i a l  values f o r  El and Vdl a r e  imp1 i c i  t l y  assumed t o  be 1  meter/second 

and 0.01 meter/second respec t i ve l y .  

Equation 6-3 was evaluated a t  a  number o f  p o i n t s  from zero t o  500 Km 

f o r  each o f  seven atmospheric s t a b i l i t y  cases. A . lower  l i m i t  c u t o f f  o f  

1. x  was s e t  t o  conserve computer core space. L inear  i n t e r p o l a t i o n  

between these p o i n t s  f o r  a  source t o  receptor  d is tance g i v e s  an i n i t i a l  r a t i o  

i n  Equation 6-2 t h a t  may then be evaluated f o r  a  new ' se t  o f  values f o r  Vd2 

and i2 

The second plume dep le t i on  f a c t o r  app l i ed  i s  t h a t  appropr ia te  f o r  

p r e c i p i t a t i o n  and i nc loud  scavenging. A least-squares, b e s t - f i t  expression 

A = exp ((lnR*Cl)+C2) 6-4 

where A = p r e c i p i t a t i o n  scavenging c o e f f i c i e n t  

R . = p r e c i p i t a t i o n  r a t e  

C, ,.C2 = parameters o f  f i t  



was developed for  a curve tha t  bisected the data in Figure 5.10 in Meteorology 

and Atomic ~ n e r g y ' ~ ' ) .  An exponential expression incorporating A ,  from 

Equation 6-4, and , from Byuntner and ~ i s i n a ' ~ ~ ) ,  along with the appropriate 

travel time gives an estimate of the enroute plume losses due t o  precipitation 

and incloud scavenging. After the losses (or  gains due to  daughter production) 

a t t r ibutable  t o  radioactive decay are  evaluated, the remainder i s  the effect ive 

source term fo r  use in Equation 6-1. 

The vertical  s t a b i l i t y  term oZ i s  evaluated for  three distance classes 

and also for  magnitude. F i rs t ,  i f  the travel distance i s  l e s s  than two 

kilometers th i s  variable i s  evaluated by interpolation of a table  of values 

representing the curves given i n  Meteorology and Atomic Energy. For down- 

wind distances (2 > X - > 70 Km) the term o, i s  approximated by the expression 

( 26) The values for  a and b given by Van der Hoven , repeated in Table VI-1 below 

for  ready reference, were used. The u n i t s . f o r  the variable x a re  kilometers. 

TABLE VI-1 

SIGMA-Z COMPUTATIONAL FACTORS 

Stabi 1 i t y  a b 

A .45 2.1 

B . l l  1.1 

C .061 .92 

D .033 .60 

E .023 .51 

F .015 .45 



Beyond 70 Km, and whenever the  c a l c u l a t e d  value o f  o Z  exceeds t h e  mean mix ing  

depth, oZ i s  assigned a  value equal t o  t he  mean mix ing  depth. The mean mix ing  

(27) depth values used i n  the  code were ex t rac ted  from the  work by Holzworth . 
This code procedure then assumes t h a t  whenever the  value f o r  oz i 's equal t o  

t he  m ix ing  depth the  l a y e r  o f  a i r  con ta in ing  t h e  plume i s  completely mixed 

vert-call,y. . Any a d d i t i o n a l  plume d i l u t i o n  t h a t  would occur i s  a  f u n c t i o n  o f  

t he  crosswind d i spe rs ion  f a c t o r  only .  

As a  general r u l e  the  code i s  s e t  up t o  evaluate the  crosswind d i spe rs ion  

f a c t o r  21~x/n i n  a s t r a i g h t f o r w a r d  manner. However, i n  recogn i t i on  o f  the  

charac ter  o f  t he  t e r r a i n  i n  the  eastern p o r t i o n  o f  t he  study region,  a  

c a p a b i l i t y  i s  inc luded f o r  f o r c i n g  a r e s t r i c t i o n  on the  growth o f  t h e  

plume i n  the  h o r i z o n t a l  di,yecti.on. Inc luded i n  the  ARTRAN i n p u t  data bank 

a re  two parameters represent ing  v a l l e y  w id th  and he igh t  o f  v a l l e y  

wa l l s .  These data a r e  used t o  r e s t r i c t  t he  magnitude o f  2ax/n whenever the  

plume would be complete ly  conta ined w i t h i n  the  va l l ey .  When the  plume depth 

exceeds the  he igh t  of  t he  v a l l e y  w a l l s  t h i s  r e s t r i c t i o n  i s  removed. I n  o rder  

f o r  t h i s  technique t o  y i e l d  good r e s u l t s  the- d e s c r i p t i v e  data bank 

would have t o  be very d e t a i l e d .  I n  t h i s  study, computer run  t ime and 

storage l i m i t a t i o n s  forced the use o f  a  simple data bank. As a  consequence 

the  f u l l  impact o f  t h i s  r e s t r i c t i v e  f a c t o r  may n o t  have been rea l i zed .  

The i n f l u e n c e  o f  a  s tack h e i g h t  on downwind a i r  concentrat ions was evaluated 

by the  exponent ia l ,  exp ( - h2/%') . It was assumed tha t ,  i n  t h e  

year  2000, t he  on l y  nuc lear  f a c i l i t i e s  having an e levated re lease p o i n t  w i l l  

be reprocessing p lan ts .  An a r b i t r a r y  value o f  100 meters was assigned as the  

stack he igh t  , fo r  those p lan ts .  It i s  u n l i k e l y  th 'at  t h e  e f f e c t  o f  an 

e levated re lease p o i n t  w i l l  have any ma te r ia l  i n f l uence  on the  base case 

r e s u l t s  s ince the  t r a v e l  d is tances invo lved i n  t h i s  s tudy are  u s u a l l y  w e l l  beyond 



t h e  p o i n t  where t h i s  f ac to r  i s  ~ i , ~ n i , f i . c a n t .  'However, i n  the  c a l c u l a t i o n  of 

near-s i  t e  dose (Ch.apter 1.X) t h e '  e f f ec t s  o f  stack. h.ei.ght were apparent. 

P l  ume r i s e  considerat ions which cou ld  a1 so cause the  e f f e c t i v e  re1  ease 

p o i n t  t o  be e levated above the  surface have been inc luded i n  t h e  code. The 
\ 

techniques used have been taken from ~ r i ~ ~ s ( ~ ~ ) .  F. A. G i f f o rd ,  NOAA A i r  Turbulence 

and D i f f u s i o n  Laboratory, has suggested t h a t  when a  plume t raverses  a  r i d g e  the  

e f fec t i ve  he igh t  of . re lease ' h '  must be reduced by some fac to r .  The n e t  

e f fec t  o f  t h i s  would be p a r t i c u l a r l y ' a c u t e  fo r  receptors loca ted near t he  t o p  

on the  upwind face o f  the  r idge.  As a  f i r s t  est imate f o r  h  i n  t h i s  ins tance 

the  expression 

where Hs = stack he igh t  

AH = thermal plume r i s e  

Ht = he igh t  o f  t e r r a i n  above stack 

was inc luded i n  the  code. 

The meteorological  data base used i n  t h i s  study has been der ived from the  

ana lys i s  o f  t h e  synopt ic  records o f  25 Nat ional  Oceanic and Atmospheric Admin- 

i s t r a t i o n  (NOAA) sur face observat ion s t a t i o n s  i n  and around the  c e n t r a l  study 

area. The synopt ic  records were reduced t o  percent frequency o f  occurrence 

s t a t i s t i c s  by a  mod i f ied  vers ion  o f  t he  STAR (") program. This code evaluates 

t h e  t ime o f  day, sky cover, and wind speed t o  deduce an est imate o f  t he  

appropr ia te  atmospheric s t a b i l i t y  c l a s s i f i c a t i o n .  The m o d i f i c a t i o n  t o  t h i s  code as 

used i n  the  study produces these s t a t i s t i c s  as a  f u n c t i o n  o f  s i x  s t a b i l i t y  and s i x  

wind' speed classes. I n  add i t i on ,  percent  frequency o f  occurrences and r a t e  data P-- 

produced t h a t  d e p i c t  p r e c i p i t a t i o n  events f o r  the  same c l a s s i f i c a t i o n s .  The ,, 



standard NOAA p r e c i p i t a t i o n  rank ing scheme i s  used t o  determine an appropr ia te  

r a t e  t o  assign t o  each observat ional  record. These data are  than assigned t o  

each source as representa t ive  o f  t h e  mean monthly cond i t ions  t o  be expected 

i n  t h e  year  2000. A simple assignment scheme whereby each meteorological  s i t e  

i s  matched t o  i t s  nearest source(s) i s ,  i n  general, used. A reana lys is  has 

been made of t h i s  assignment scheme t o  preclude, i n s o f a r  as possible, assigning 

a p a r t i c u l a r  data bank completely o u t  o f  geographic and t e r r a i n  context .  This 

i s  p a r t i c u l a r l y  important  s ince i t  i s  r e a d i l y  apparent t h a t  t h e  wind rose 

data f o r  areas such as the  eastern p a r t  o f  t he  study reg ion present very s t rong 

evidence t h a t  t he  low- level  a i r  f l ow  i s  predominately along t h e  major o r i en ta -  

t i o n  . o f  the  va l leys .  

The con t r i bu t i ons  t o  the  receptor  monthly a i r  concentrat ion from 

app l i cab le  nuclear  f a c i l i t i e s ,  under each o f  t he  wind speed and s t a b i l i t y  

cond i t i ons  inc luded i n  the  meteorological  data, a re  accumulated as weighted 

mean values. The mathematical expression used f o r  t h i s  i s  

This methodology provides a means o f  p roper l y  assessing the  monthly 

mean a i r  concentrat ion.  This t e n d s . t o  reduce the  impact o f  extremely 

h,igh values o f  t h a t  might  be encountered as a r e s u l t  o f  sho r t  term, very 

s tab le  cond i t ions  w h i l e  s t i  11 p rov id ing  a mechanism f o r  accounting f o r  these 

events. 

The a i r  t ranspor t  code a l so  ca l cu la tes  monthly sur face concentrat ions o f  

rad ionuc l ides  deposited from the a i rborne plume a t  each o f  t he  140 cen t ro ida l  

l oca t ions .  These est imates are  der ived as sur face concentrat ions over one 

square meter a t  the  cen t ro ida l  po in t .  The ca lcu la ted  concentrat ions are  assumed 



t o  app ly  t o  the e n t i r e  cen t ro ida l  area. The methodology used considers the 

c o n t r i b u t i o n s  o f  d r y  and p rec ip i t a t i on - i nduced  depos i t ion .  The deposited 

concentrat ions are  ca l cu la ted  from 

where D = 

F = 

C = 

S = 

t h e  sur face depos i t i on  concent ra t ion  

summation f a c t o r  f o r  a l l  p e r t i n e n t  nuclear  f a c i l i t i e s  

summation f a c t o r  f o r  wind speed c lasses 

summation f a c t o r  f o r  s t a b i l  i t y  c lasses 

t ime  over  which d ry  depos i t i on  occurs 

d r y  deposi.t ion y e l o c i t y ,  as used i n  Equation 6-2 

p r e c i p i t a t i o n  scavening coeff i .c ient,  from Equation 6-4 

i nc loud  wet depos i t i on  c o e f f i c i e n t  

t ime over  which wet depos i t i on  occurs 

. The 10,ng-term bu i l dup  of rad ionuc l i de  ma te r ia l  on the  sur face i s  est imated 

by summing t h e ,  c o n t r i b u t i o n s  from each source t o  the  appropr ia te  receptor  

over t he  t ime of opera t ion  of t he  f a c i l i t y .  The assumption i s  made t h a t  

t he  ma te r ia l  deposited du r ing  the  appropr ia te  month o f  the  study year  i s  repre-  

sen ta t i ve  of t he  c o n t r i b u t i o n  of a l l  years o f  p r i o r  operat ion.  Deplet ion by 

r a d i o a c t i v e  decay i s  ca lcu la ted .  

The code processes the  i n p u t  datat through a  system o f  nested i t e r a t i o n  

loops. During t h e  processing through these loops checks a re  made t o  asce r ta in  

the  adv isab i  1  i t y  o f  proceeding w i t h  the p a r t i c u l a r  ca l cu la t i ons .  These 

checks inc lude:  



. travel distance greater than a preset maximum, 

. nuclide injection rate equal to zero, 

percent frequency of occurrence fraction equal to zero, 

. the product of nuclide injection rate and the percent frequency 

of occurrence fraction less than 1. x 

. the travel time required, T =.X/t, less than the available time for 

travel (seconds in a month times the percent frequency of 

occurrence fraction)!, 

. the value at the receptor location reduced to less than 1. x 

by upwind plume depletions. 

Calculations for this study were made for a base case wherein every nuclide 

was.considered for every source and receptor location.. In addition, a group 

of sensitivity studies were made to demonstrate the code response to variations 

in the input data and different code operational characteristics. The 

base case and sensitivity study case results are discussed in detail elsewhere 

in this document. Base case concentrations calculated for four selected 

nuclides are shown in Figures VI-1 through VI-3. The four nuclldes chosen 

for illustration are relatively 'significant contributors to dose to man or repre- 

sent unique types of treatment within the air transport code. 

The radionuclides chosen for illustration are: 

. 3 ~ ,  a gaseous radionucl ide primarily in the form of substi tutbd water (HTO) 

3 which is removed from the plume by precipitation processes. H also has 

a high contribution to dose. 

. 85~r, a gaseous radionuclide that has very little depletion from 

the plume. 8 5 ~ r  also is a moderate contributor to dose. 



. 1311, a  p a r t i c u l a t e  i n  the halogen group. The wet and d r y  depos i t i on  

processes f o r  these ma te r ia l  s  a re  d i f f e r e n t  ,from .the normal p a r t i c u l a t e s .  

l3' 1 a l so  has a  marked i n f l u e n c e  on dose t o  thy ro id .  

. 2 3 8 ~ u ,  a  p a r t i c u l a t e  f o r  which plume d ry  dep le t i on  processes have 

d i f f e r e n t  depos i t i on  v e l o c i t y  than f o r  t he  halogen group. This  rad io -  

nuc l i de  does n o t  p rov ide  a  h igh  annual dose impact i n  the  very small 

q u a n t i t i e s  being considered. 

F igure  VI-1 shows the  annual average reg iona l  d i s t r i b u t i o n  o f  t he  a i r  

concentrat ions o f  t he  f o u r  rad ionuc l ides .  F igure  VI-2 shows t h e  annual average 

reg iona l  d i s t r i b u t i o n  o f  t he  s h o r t  term (monthly) sur face depos i t ions  o f  th ree  

rad ionuc l ides  ( 3 ~ ,  131 1  and 2 3 8 ~ u ) .  Again, 8 5 ~ r  i s  presumed t o  have zero sur face 

depos i t ion .  F igure  VI-3 shows the  reg iona l  d i s t r i b u t i o n  o f  t he  l ong  term 

accumulation o f  two rad ionuc l i des  ( I3 '  I and 2 3 8 ~ u ) .  The l ong  term bu i l dup  i s  

ca lcu la ted ,  from the  monthly depos i t ion ,  as a  f u n c t i o n  o f  t he  opera t iona l  l i f e  o f  

t h e  n u c l e a r ' f a c i l i t y  o f  concern. The r e s u l t a n t  data a re  a l s o  summed and 

decayed over t he  study year.  
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3 Annual-Avera~e Air Concentrations for Selected Radionucl i d ~ s  (pCi Jrn ) 
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Long-Term Accumulated Deposition for Selected Radionuclides, pCi/m 
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VII. WATERBORNE TRANSPORT OF RADIONUCLIDES 

The water transport  subelement of the HERMES code, described in Reference (1)  

and called WTRAN, i s  designed to  calculate  concentrations in streams of both 

dissolved radionuclides and radionuclides absorbed on sediments. WTRAN uses 

the data output from the two ,predecessor HERMES subelements, ARTRAN and R A D R E L ,  

t o  simulate the regional transport  o f  radionucli de eff luent  tha t  has been injected 

in to  the waterways of the study region. In addition, concentrations of dissolved 

radionuclides are  calculated for  lakes fed by local runoff and shallow ground water 

recharged 1 ocal 1 y . 
WTRAN provides the calculational routines by which the r iver  water 

transport  of radionuclides i s  simulated for  each stream i n  the system and ' . 

concentrations associated w i t h  suspended and deposited sediment and dissolved 

ions a re  calculated. For each successive r iver  reach downstream nuclides 

are ,  where appropriate, added to  'the stream, i . e . ,  i f  a nuclear f a c i l i t y  ou t fa l l ,  

overland runoff point or  t r ibutary  i s  encountered, nuclides may be added. If  

the sedimentation r a t e  i s  changing, a change i n  the nuclide load in suspension 

and deposition or scour of nuclide- bearing sediments i s  calculated; and i f  a 

point of in t e re s t  ( fo r  example, a municipal water intake) i s  encountered, requested 

information i s  stored for  l a t e r  use or printed. 

The Tennessee and Cumberland r iver  basins are  shown in Figure VII-1. A 

description of these basins and of t h e i r  hydrologic features i s  given i n  Reference 

(4 )  

For computational purposes, the r ivers  are  subdivided into reaches (a 

"reach" is  a portion of a watercourse of a rb i t ra ry  length, usually a few miles, 

in which the r iver  charac ter i s t ics  a re  re la t ive ly  uniform) to  permit an orderly 

consideration of the en t i r e  r iver  system. 



FIGURE VII-1 

Tennessee-Cumberland River System 



Detailed dimensions of r iver  cross-sections have been modified for  computer 
I 

use by transformation into equivalent trapezoidal sections within which the surfac- 

and cross-sectional areas are  conserved. Historical streamflow patterns, modified 

by reservoir regulation, provide the basic hydrologic data for  the study. (30-34) 

The computations are  made for  each reach from upstream to  downstream with 

the suspended sediment transport algorithm: 

where: 

radi onucl i de concentration adsorbed on suspended sediment 

sediment concentration 

s treamf 1 ow 

addition or depletion due t o  changes in sediment load in reach 

new value 

old value 

i n p u t  

number of input values 

decay constant 

time of travel 

Sediment concentratfsns are  obtained from f i e ld  data tha t  re la te  sediment load 

to  streamflow: 

S = a Q  b 7-2 

where 

a;  b = empirically derived curve f i t t i n g  parameters representing the 

drainage area and sediment transport. 

VII-3 



Field measurement stations are not normally located a t  a point where the radio- 

nuclide concentration data i s  desired for  use in dose computations. In 

.Equation 7-Zthe coeffient "a" i s  a 'function of the drainage area involved and 
. 

requires the fol lowi ng transformation t o  transfer from the measuring s tat ion to  the 

required point on the river.  

where 

a = coefficient "a" transferred to  the new drainage area 

A = drainage area a t  the measuring s tat ion 

A+AA - = drainage area for  the required r iver  point 

The network of multipurpose dams on the TVR r iver  systems provide e l ec t r i c  

power and most.of the dams serve t o  regulate streamflow by reducing flooding 

and maintaining higher base flows. Stream flow regulation requires fur ther  

modifi'cation of the coefficient a as follows: 

where 
A fi 

= translated a adjusted for regulation 

AL = local area unaffected by regulation 

An = drainage area a t  'dam s i t e  

TEn = sediment t rap efficiency of the reservoir 



Suspended sediment data f o r  streams represent ing t h e  cond i t ions  found i n  

each of t h e  physiographic d i v i s i o n s ,  F igure VII-2, are used t o  determine t h e  

c o e f f i c i e n t s  i n  Equation 7.2. The value o f  t h e  c o e f f i c i e n t  "a" could then be 

determi ned f o r  t he  desi red  1  o c a t i  ons through the  appl i c a t i  on o f  e i t h e r  Equation 

7-3 o r  7-4. 

Deposi t ion o r  scour i n  a  g iven reach, o f  sediments w i t h  sorbed nucl ides,  

i s  app l ied  un i fo rm ly  unless i n p u t  data spec i f y  a spec ia l  d i s t r i b u t i o n .  For 

rese rvo i r s  i n  the  study area, p r o v i s i o n  i s  made t o  p e m i  t t h e  pat te rns  o f  

depos i t ion  t o  f o l l o w  h i s t o r i c a l  data. I n  the  case o f  t h e  Tennessee River  

where regu la t i on  i s .  continuous, t h e  value f o r  "a" i n  Equation 7-2 f o r  each 

r e s e r v o i r  i s  based upon h i s t o r i c a l  depos i t ion  ra tes  and the  assumption t h a t  

sediment t ranspor t  i s  p ropor t i ona l  t o  f l ow  ('i .e., b  = 1.0). 

The d e l t a  (a) i n  Equation 7-1 i s  associated w i t h  depos i t ion  o r  scour o f  

sediments and adsorbed rad ionuc l ides  w i t h i n  a  g iven reach: 

A = C S.Q. + C.$.Q 
O J J  l ~ j  - CoSoQo - CosiQi - C - S  1 0 0  Q - Ci SiQi 

The d isso lved rad ionuc l ide  burden f o r  t he  r i v e r  i s  obtained by use o f  a  

" d i s t r i b u t i o n  c o e f f i c i e n t 1 '  (Kd) t h a t  represents the  c h a r a c t e r i s t i c  o f  t h e  

p a r t i c u l a r r e a c h  and rad ionuc l ide  being considered. Values f o r  Kd are  obtained 

by ana lys is  o f  bed sediment response t o  i n t r o d u c t i o n  o f  selected radionucl ides.  

It i s  assumed t h a t  t h e  same c h a r a c t e r i s t i c s  apply t o  o the r  chemical ly s i m i l a r  

mater i  a1 s. 

The d i s t r i b u t i o n  c o e f f i c i e n t ,  Kd, i s  t he  r a t i o  o f  t h e  f r a c t i o n  o f  ions 

sorbed per  u n i t  weight o f  sediments t o  the  f r a c t i o n  o f  ions  remaining i n  s o l u t i o n  

per  u n i t  volume o f  so lu t i on .  For t h i s  study K I s  were determined u5ing a  
d  

sediment sample c o l l e c t e d  from a representa t ive  r i v e r  i n  f i v e  o f  the  s i x  major 
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physiographic d i v i s i o n s  of t h e  area ( t h e  Cent ra l  Basin and Highland R i m  were 

assumed t o  be s i m i l a r  i n  sediment c h a r a c t e r i s t i c s ) .  The app rop r ia te  Kd tab1 e, 

assoc ia ted  w i t h  a  g iven physiographic prov ince,  i s . a p p l i e d  i n  t h e  c a l c u l a t i o n  

o f  suspended sediment concent ra t ions  f o r  a  r i v e r  o r  sec to r  o f  a r i v e r ,  as r e q ~ l i r ~ r l .  

Values o f  Kd a r e  g iven i n  Appendix G. 

I f  K f 0, t h e  va lue  f o r  t he  r a d i o n u c l i d e  s o l u t e  concentrat i .on . i n  a  reach d  

i s  ob ta ined from 

r 

where 

Cw = water  concen t ra t i on  o f  nuc l i de .  

The data  f i l e s  t h a t  p r e s c r i b e  the  radfonucl  i d e  i n p u t  t o  a  stream i n  

assoc ia t i on  w i t h  over land r u n o f f  a r e  ob ta ined by s o l u t i o n  o f  

where 

F~ = month ly  average surface depos i t i on  o f  rad ionuc l i des  from t h e  

atmosphere per  u n i t  area 

A = c e n t r o i d a l  area 

a  = p e r t i n e n t  c e n t r o i d s  i n  dra inage area 

For the  r a d i o n u c l i d e  t r i t i u m ,  where bo th  C .  and Kd a re  zero, a  mod i f i ed  
J 

form o f  Equation 7-1 i s  u t i l i z e d  

V I I -  7  



Equation 7-8 d i f f e r s  from Equation 7-1 i n  t h a t  streamflow (Q) i s  the  means of 

t ranspor t  i n  place of sediment flow (SQ = aQ b+l ) and no deposi tion-scour term' 

( A )  i s  included. 

For the  Tennessee and Cumberland River Basins which extend from eastern 

Kentucky, North Carolina, and Virginia t o  the  Ohio River near Paducah, Kentucky, 

concentrations were calculated in the principal waterways and major t r i bu t a r i e s .  

In cases where a t r i bu t a ry  stream was large  enough t o  be considered a s  a sub- 

basin, a concentration was calculated a t  i t s  mouth f o r  each month and stored 

w i t h  i t s  associated flow f o r  i n p u t  t o  the t r u n k  stream: The calcula t ions  were 

made f o r  both r i v e r  basin systems, from upstream t o  downstream, and were repeated 

fo r  each nuclide; 

The composite of the  above calcula t ions  were then corre la ted with the  des- 

c r i p t i ve  data f o r  the r i ve r  drinking water source and recreation points t o  pro- 

vide output f i  1 e s  of dissolved and suspended, radionucl ide concentrations and r i ve r  

bed radionucl ide concentrations. 

Groundwater and local surface water concentrations a r e  calculated with an 

input function s imi la r  t o  Equation 7-7. 

w here 

R = runoff 

y = spec i f ic  weight of so i l  

Typical calculated concentrations of selected radionuclides in surface 

and ground waters, r i v e r s ,  and r i v e r  sediments a r e  summarized i n  Figures VII-3 

t o  VII-6 fo r  the  year 2000; 
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VIII. POPULATION DOSE PATHWAYS A N D  CALCULATIONS 

Evaluations of population dose in the Tennessee Val ley  Region were performed 

using t he  DOSE code'of the  HERMES model. This code, which was i n i t i a l l y  devel- 

oped and used i n  a study of t h e  Upper Miss iss ippi  River Basin (uMRB)"), was 

modified and improved s u b s t a n t i a l l y  f o r  use i n  t he  TVR. The improved code 

provides a more def i  n i  t ive  re1 a t i  ons h i  p between environmental concentra t ions  

of radionucl ides  and the  r e s u l t a n t  dose t o  man. 

Dose t o  t he  population region was ca lcu la ted  f o r  each county w i t h i n  t h e  

TVR, and except a s  otherwise noted was ca lcu la ted  as  the  average dose i n  each 

county f o r  each population age group considered. The ca l cu l a t i ons  evaluated the 

con t r ibu t ion  t o  dose of each nucl ide  considered,  through t h e  various pathways 

leading t o  dose, f o r  both external  and in te rna l  exposure t o  t h e  whole body and 

t o  s e l ec t ed  organs ( sk in ,  lungs ,  GI t r a c t ,  bone, thyro id ,  and l i v e r ) .  Dose t o  

the  gonads was not ca lcu la ted .  However, gonad dose very c l  o se ly  approximates 

t o t a l  body dose, and may be in fe r red  from t o t a l  body dose a s  recommended by 

the  Federal Radiation Council.. ( 3 5 )  

Population, dose i n  t he  region was ca lcu la ted ,  and i s  given i n  subsequent 

sec t ions  of t h i s  repor t ,  i n  t h e  following categor ies :  

~ 1 .  The study year  dose, incurred during t h e  year  2000 from ingest ion 

of and exposure t o  radionucl ides  during t h a t  year .  This dose was 

calcula ted as  a summation of 12 monthly exposure va lues ,  considering 

t he  accumulation of body burden over t he  year .  This dose was 

ca lcu la ted ,  f o r  each county, as  the  average dose f o r  an individual  
I 

i n  each age group, and i s  expressed i n  mil l irems.  The in tegrated 
, 

population dose f o r  t o t a l  body, i n  terms of man-rems, was a l s o  

calcula ted.  



2 .  7 1 . 1 ~  study year,  dose  c~: ; : i~ i . i  ~ I ! I ~ I I ~ ,  expressed a s  t h i  ~ C ~ S C  i ~ - i ~ i i i . l - ~ d  

over the f o l l  owing 50 years (2001 -2050) from radionucl i des 

ingested during the year 2000. In these calculat ions,  no fur ther  

ingestion of nuclides nor exposure t o  external radiation was 

assumed t o  occur a f t e r  the year  2000. The dose commitment cal-  

culations paral le led those f o r  study year  dose, and a re  s imilar ly 

expressed as  individual dose commitment (mil 1 irem) and integrated 

population dose commitments (man-rem) . 
3.  Incremental dose i n  the year 2000, and increlnental dose commitment 

in following years,  which r e s u l t .  from ingestion of radionucl ides 

in p r io r  years .  These "prior  body burden" doses were calculated 

separately a s  a sens i t iv i ty  study; only dose t o  adul t s  was 

cal cul ated. 

4. Incremental dose received in t h e  year '2000 by those segments of 

the population l iving nearer t o  nuclear s i t e s  than the centrojdal 

points a t  which study year dose was calculated i n  the county 

containing the  s i t e  and, when appl icable ,  i n  adjacent counties. 

This calculati .on, a lso done a s  a s e n s i t i v i t y  study using the 

K R o N I c ( ~ ~ )  computer code, takes into account the 1 imi ted diffusion 

of t h e  e f f luen t  plume a t  locat ions near a s i t e .  These calculations 

were performed only f o r  skin dose and to t a l  body dose; recipients  

were assumed t o  be adul ts .  

Four population aye groups were considered i n  the calculat ions,  These 

are  : 

Infant (ages 0 t o  1 )  taken as 6 months of age 

Child (ages 1 - 11) taken as 4 years of age 

Teenager (ages 12 - 18) taken as  14 years  of age , . 

Adul t (1 8 years  and 01 der) 
VIII-2 



These four groups exh ib i t  considerable d i  t f c rcnces  i n  body s i z e ,  

metabolism.,activit ies,  and d i e t  which could p o t e n t i a l l y  c rea te  s i g n i f i c a n t  

d i f fe rences  in rad ia t ion  dose received. In each county, t he  study year  dose 

and dose commitment were calcula ted and analyzed f o r  each age group i n  tu rn .  

In t he se  calcula t ions ,  consideration was taken of the  dominant population 

category (urhan, rtiral -nonfarm, o r  rura l  -farm) i n  each county. Fami 1 i e s  i n  

those  d i f f e r en t  ca tegor ies  exh ib i t  s t a t i s t i c a l  d i f fe rences  i n  s i z e  and compo- 

s i t i o n  of family groups, d i e t s ,  food sources and preparation means, and recrea-  

t iona l  pat terns  which could conceivably e f f e c t  t h e  radia t ion dose received. 

The integrated population dose, expressed herein  i n  terms of t h e  man-rem, 

is  expressed a s  t h e  product, summed over a l l  segments of t he  population, of 

the  average dose received by each segment and t h e  number of individuals  i n  

t h a t  segment. In t h i s  s tudy,  t h e  in tegra ted  dose was calculated f o r  each age 

group, i n  each county of t h e  region, and was summed over a1 1 four  groups and 

over a l l  counties. 

The man-rem concept i s  useful i n  evaluat ion and resolut ion of dose d i s t r i -  

'bution over large  segments of a population, and i s  coming i n to  increasing use as  

a c r i t e r i o n  f o r  evaluat ion of r i s k  t o  a population from ionizing rad ia t ion  

from various nuclear and non-nuclear sources. I t s  use i n  r i s k  evaluation i s  

recommended, a1 though with rese rva t ions ,  by the  National Academy of Sciences 

Advisory Committee on t h e  Biological Effects  of Ionizing Radiations.  ( 3 7 )  

Dose calcula t ions  i n  the  study a rea  use a s  a s t a r t i n g  point  t h e  ca lcu la ted  

pa t te rns  of radionuclide concentrations i n  t h e  a i r ,  i n  t he  water,  and on t h e  

ground throughout the  s tudy regions,  a s  provided by the  a i r  and water t r anspo r t  

cal cul a t  i  ons. 



The a i r  and water concentrations contribute d i r ec t ly  t o  human dose 

through such mechanisms a s  submersion i n  a i r ,  inhalation of a i r ,  consumption 

of water, and immersion in  water (swimming, water skiing, e t c ) .  Concentra- 

t ions in exposed r ive r  bottom sediment contribute t o  external exposure from 

f i sh ing ,  hunting, picnicking, e t c . ,  along shore1 ines .  Deposition of radio- 

nuclides on the ground from a i r  and from i r r iga t ion  water applied t o  crops 

add t o  external exposure received during outdoor a c t i v i t i e s .  

Ground-deposited radionuclides a l so  enter in to  the food pathways, 

involving uptake and t r ans fe r  i n  animal feed crops and in  animal products and 

food crops consumed by humans. Appropriate subroutines in  the DOSE code 

calculate  the t ransfer  of radionuclides through the  food pathways t o  man, 

culminating in calculated concentrations and retent ion periods of the  radio- 

nuclides in  human body t i ssues .  Dose and dose commitment a re  then calculated 

based on human intake. 

A l i s t i n g  of the exposure pathways leading t o  human dose which were 

considered i n  t h i s  study i s  given i n  Table VIII-1. Foods included in  the 

ingestion pathways are  indicated i n  Table VIII-2. 

FOOD CONCENTRAT'IONS 

The entry of radionucl ides in to  various food chains depends on t h e i r  

concentrations i n  a i r ,  water, and s o i l ;  both current ra tes  of surface deposi- 

t ion  and long-term accumulation of radionuclides in so i l  must be taken in to  

account. 

Util izing the concentration patterns provided by the a i r  and water 

t ransport  models, the Food Pathways Model (FPM) incorporated i n  the DOSE code 

ca lcula tes  the uptake of radionucl ides by plants and animals, translocation t o  



e d i b l e  p a r t s  o f  the organism, t r a n s f e r  a long t h e  food c h a i n  ( v i a  feed o r  

f o rage  s u p p l i e d  t o  an imals ) ,  and t h e  r e s u l t a n t  n u c l i d e  concen t ra t i ons  i n  foods 

a t  t he  t i m e  of ha rves t  o r  p roduc t i on .  Losses o f  r a d i o n u c l i d e s  which 

TABLE V I I  1-1 

EXPOSURE PATHWAYS CONSIDERED 
I N  TENNESSEE VALLEY REGION STUDY 

EXTERNAL PATHWAYS INTERNAL PATHWAYS 

A i r  Submersi on A i r  I n h a l a t i o n  

Water Immersion T r i t i u m  Transpora t ion  

- Swimming D r i  n k i  ng Water 

- Boating, Water S k i i n g  I n g e s t i o n  o f  Foods 

Exposure t o  Shore1 i ne Sediments 

- Bank F i s h i n g  

- Waterfowl Hunt ing  

Exposure t o  Soi 1  

- Upland Hunt ing  

- Other Outdoor A c t i v i t i e s  
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FOODS CONSIDERED I N  STUDY 

TERRESTRIAL FOODS AQUATIC FOODS 

Fresh Berries Fresh O.A.G.  Vegetables (a *Fresh Ocean Fish 

Processed Berries Processed O.A.G.  Vegetables *Processed Ocean Fish 

Fresh Tree Fru i t  Grain & Grain Products *Shellfish 

Processed Tree Fui t *Rice & Rice Products Sports Fish 

Fresh Melons Wheat & Wheat Products Waterfowl 

*Fresh Tropical F ru i t  

*Processed Tropical F ru i t  

*Fresh Citrus F r u i t  

*Processed Citrus F r u i t  

Fresh Potatoes 

Processed Potatoes 

Fresh Root Vegetables 

*Processed Root Vegetables 

Fresh Leafy Vegetables 

Processed Leafy Vegetabl es 

Fresh Milk tsecondary Water 

Processed . M i  1 k Products 

Butter 

Eggs 

Beef and Lamb 

Fresh Pork 

Processed Pork 

Poultry 

*Game Birds 

(a )  Other Above Ground Vegetables 

* Foods marked ( * )  a r e  not produced o r  processed within the  study area,  or are  
produced in only negligible amounts. These foods were assumed to be imported 
from outside t h e  region. In base calculat ions they were assumed to  be f ree  
of radionucl ides ,  a1 though in some s e n s i t i v i t y  calculat ions a specified 
bdrden was assumed. 

t "Secondary" water intake was combined with tap water intake,  as described in 
t h e  t e x t .  



occur during conunercial or home processing are  estimated, as a re  the losses 

by radioactive decay during the  time between production and consumption. The 

various mechanisms contributing t o  uptake, t ransfer ,  and loss  of radionuclides 

are considered individually f o r  each nuclide and each food type during the  

dose calculations.  

The calculation of radionuclide concentrations i n  foods produced throughout 

the study region are,  of course, subject t o  several l imi ta t ions  i n  accuracy. 

Pbtential changes in d i e t s  and i n  agr icul tural  pract ices  between now and the  

year 2000 can a t  best be only vaguely projected. Hence, the code modeled current 

pract ices  and dietary i nforrnation. Whil e  t h i s  procedure may re su l t  in  projections 

which a re  not f u l l y  representative of conditions as they may actual ly  e x i s t  i n  

the year 2000, i t  introduces a minimum of unknowns in to  the  calculat ions.  

Another, more severe, l imitat ion i s  the paucity of information on the behavior 

of radionuclides i n  the s o i l  and i n  l iving organisms. Information iukrehtly 
- I ,  

avai lable  stems primarily from research on a few selected radionuclides. - 

Frequently, these data have been appl ied by analogy t o  chemical ly  s ? i i  l a r  

elements, o r  from s tab le  t o  radioactive species,  t o  obtain concentration factors .  

In t h i s  process there i s  no assurance tha t  chemical and physical differences 

among " l ike"  elements, o r  among stable  and radioactive nuclides of the  same 

element, are  sa t i s f ac to r i ly  accounted fo r .  

The ef fec t ive  concentration factors  fo r  radionuclides in various farm 

products can a lso  change with differences in so i l  types,  climatic conditions, = 

and farming practices.  Although s ignif icant  differences i n  these conditions 

occur over the Tennessee Valley Region, for  lack of more de f in i t ive  data i t  

was necessary t o  apply a s ingle  s e t  of concentration fac tors  over the en t i r e  

region. 



A V E R A G E  DIETS 1M TVR 

Average patterns of food consumption for  individuals in the TVR were 

calculated fo r  each of the three population categories considered -- Urban,  

Rural non-fanr~, and Rural-farm. These data ,  correlated by O R N L ,  were based 

primarily upon reports published by the U. S. Department of Agriculture. (38,391 

However, since data on waterfowl consumption in the TVR were not available, 

per capita consumption i n  th is  region was assumed to be equal to  t h a t  in the 

Upper Mississippi River Basin. 

Data on food consumption in the TVR are described i n  Chapter I11 and in 

Reference. ( 4 )  

Variation i n  Diet by 'Age Group 

Comparative rates of food intake by individuals i n  d i f ferent  age groups 

in the Southern United States were reported by - the  Agricultural Research Service 

(38) These data are averaged over the of the U. S. Department of Agriculture. 

entire Southern portion of the country and over a l l  income levels .  I n  th i s  

study i t  was necessary, for  lack of bet ter  def in i t ion,  t o  apply the data 

uniformly to t he  urban, rural non-farm, and rural -farm population categories 

considered in the TVR. However, since differences in average per capita 

intake among these categories .have already been taken i n t o  account, the assump- 

tion of uniform variation by age group w i  11 not lead to  serious errors in intake 

assumptions. 

The re la t ive  rates of dailx food intake assumed for  d i f ferent  age groups 

are indicated i n  Table VIII-3. The food groupings in th i s  table  d i f fe r  some- 

w h a t  from the food consumption categories used in th i s  study. However, the table 

contains a cross-reference l i s t ing  of T V R  consumption categories as described in 

Chapter I11 of t h i s  report. 



TABLE VII I -3  

RELATIVE DIFFERENCES IN FOOD INTAKE BY AGE GROUPS (40 ) 

Southern U.  S., a l l  income 1 eve1 s ; normalized t o  a d u l t  i n t a k e  of  1 . O .  

Food Items 

F r u i t  (1 ocal  ) 

Frui  t ,  C i t r u s  

Po ta toes  

Root Vegetables  

Green Leafy Vegetables  

Other  Above Ground 
Vegetables  

Cereal s 

Milk 

Mi 1 k Products  

B u t t e r  

Beef and Lamb 

Pork 

Poul t r y  

F i s h  and Seafood 

TV R R e l a t i v e  Ind iv idua l  I n t a k e  
Consumpti on 
C a t e g o r i e s  ( a )  1 n f a n t  Ch i ld  Teen Adult  

( a )  TVR consumption c a t e g o r i e s  a r e  d e f i n e d  i n  Chapter  I 11. 



In the  UMRB study, d i rec t ly  ingested tap  water was combined with 

"secondary" water intake (water included i n  frozen ju ices ,  prepared soups from 

canned o r  dried stock, tea ,  coffee,  e t c . )  t o  provide a s ingle  r a t e  of water intake 

f o r  each age group. Data available i n  t he  l i t e r a t u r e ,  (41-43) which were applied 

both t o  the UMRB study and t o  the TVR, considered combined tap water i n t a k e i n  

this manner. Information publisheci by the U. S. Department of Agriculture (38,391 

on the  consumption of "secondary" water indicates  t h a t  f o r  rural  residents 

"secondary" water may account f o r  u p  t o  half the  t o t a l  combined tap water 

consumption, *and f o r  urban dwellers i t  may account f o r  up to  two-thirds of t h i s  
%> . 

t o t a l .  
.' * < 

Rates of combined tap water intake used i n  calculat ions f o r  t h i s  study are  

shown i n  Table VIII-4. These quantit ies a re  s l ight ly  less  than the 1.2 l i t e r s  

per day defined as the tap water intake f o r  the Standard Man by I C R P ' ~ ~ ) ,  b u t  

a r e  based on surveys directed spec i f ica l ly  a t  U. S. populations. 

TABLE VIII-4 

AVERAGE INDIVIDUAL COMBINED TAP WATER  INTAKE(^) 
BY AGE GROUP 

Aae Grou~ 

Infant 

Child 

Teen 

Adult 

Average Individual Intake 

( a )  Includes both d i r ec t ly  ingested tap water and water used i n  prepared foods, 
j u i ces ,  coffee, t e a ,  e t c .  



Cor~surnption o f  Game E i  rds  and ' F i s h  

Food types such as water fowl ,  upland game b i r d s ,  and f resh-water  f i s h  

c o n s t i t u t e  on ly  a  smal l  p o r t i o n  o f  t h e  average i n d i v i d u a l ' s  d i e t .  However, 

these types cons is t  1  a r g e l y  o f  undomesticated game species ; because o f  t h e i r  

h a b i t a t  and t h e i r  o f ten  unique d i e t s ,  these species can be impor tan t  c o n t r i b u t o r s  

t o  human rad ionuc l  i d e  uptake. Furthermore, the ha rves t  o f  these animals can 

i n v o l v e  rec rea t iona l  a c t i v i t i e s  which p o t e n t i a l l y  c o n t r i b u t e  t o  dose through 

ex te rna l  exposure. 

Consumption data  f o r  game b i r d s  and spor ts  f i s h ,  ob ta ined ma in l y  f rom t h e  

p rev ious l y  reference A g r i c u l t u r a l  Research Serv ice  r e p o r t s ,  were mod i f i ed  by 

ORNL t o  apply t o  game consumption i n  t h e  study reg ion.  Comparable data f o r  

water fowl  were n o t  a v a i l a b l e ;  hence, as p rev ious l y  noted, UMRB data  were 

appl ied.  

Since the  consumption o f  f resh-water  f i s h  represents  t h e  pr imary  aquat ic -  

food pathway i n  t h e  TVR, s p e c i f i c  reviews were made o f  r a d i o n u c l i d e  concentra- 

t i o n  f a c t o r s  a p p l i c a b l e  t o  these f i s h ,  t o  a d j u s t  them t o  values rep resen ta t i ve  

o f  reg iona l  waters. 

INHALATION RATES 

I n h a l a t i o n  r a t e s  assumed f o r  t h i s  s tudy were t h e  same as t h e  r a t e s  used 

f o r  average i n d i v i d u a l s  i n  t h e  UMRB study. Adu l t  , i n h a l a t i o n  r a t e  was taken as 

20 m3/day, the  value recommended by ICRP '44) f o r  t h e  Standard Man. I n h a l a t i o n  

ra tes  f o r  o t h e r  age groups were obta ined from averaging o f  male and female data  

f o r  var ious ages as d e r i v e d  by Rohwer and Kaye.. (45) This provided r a t e s  o f  

13.5 m3/day f o r  t he  teen  (14-year o l d )  and of 7 m3/day f o r  t h e  c h i l d  (4-year 

o ld ) .  For l a c k  of s p e c i f i c  data, t h e  i n h a l a t i o n  r a t e  f o r  t h e  6-month-old 

i n f a n t  was assumed equal t o  t h a t  of t h e  c h i l d ;  t h e  s m a l l e r  l ung  capac i t y  was 

assumed t o  be compensated f o r  by a  more r a p i d  r e s p i r a t o r y  r a t e .  
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RECREATIONAL ACTIVITIES 

Patterns of recreational a c t i v i t i e s  in the TVR were compiled by the 

Tennessee Val 1 ey Authority Division of Forestry, Fisheries, and Wild1 i f e .  

Data were assimilated for  each of f ive  major categories of a c t i v i t i e s :  

. Swimming 

. Boating and water skiing (including fishing from boats) 

. Fishing from banks 

. Waterfowl h u n t i n g  

. Upland game bird h G n t i n g  

Information on these a c t i v i t i e s  was obtained largely from TVA s tudies  

of recreational uses of the region's waterways, augmented by information from 

other government agencies and by correlation w i t h  other studies performed in 

other regions of the U.S. 

For each recreational category, estimates were made fo r  each county of 

the man-hours spent i n  recreational a c t i v i t i e s  each month of the year. These 

values were expressed as the time spent each month by the average individual 

( infants  excluded) in the various recreational pursuits. 

Correlations were made of preferred areas of recreation fo r  the population 

of each county. In the case of upland game bird hunting, data t o  permit these 

correlat ions were not available. All upland game b i r d  h u n t i n g  was assumed to 

occur in the hunter 's  county of residence. 

Data on recreational a c t i v i t i e s  in the study region are  described in 

Reference (4) .  

RADIOLOGICAL DOSE CALCULATIONS 

Radiological' dose calculations i n  the TVR u t i l ized  a se r i e s  of dose factors 

which related external exposure to  o r  i nternal assimi 1 ation of radionucl ides to  

the resul tant  dose. For internal assimi 1 ation of radionucl ides,  these dose 

factors  were expressed i n  terms of dose received per u n i t  quantity of radio- 

nuclide ingested (mrem/~Ci) For external exposure, the dose factors  related 



the rate of dose accumulation (mrem/yr) to unit concentrations in the air, 

in water, and on the ground. Dose factors were calculated for total body dose 

and for dose to each of the six specific organs considered in the study and for 

each combination of population age group, radionuclide, and pathway. For each 

combination, separate dose factors were derived for contributions to annual dose 

and to 50-year dose commitment. 

Utilizing these dose factors, contributions to dose were made for each 

combination by multiplying together the appropriate dose factor, the corresponding 

radionuclide concentration, and the hours of exposure or rates of ingestion for 

the particular pathway considered. Contributions to annual dose and to 50-year 

dose commitment were calculated on a monthly basis and summed over the year to 

obtain the total contribution. 

EXTERNAL EXPOSURE 

The dose factors for external exposure were derived assuming that the media 

involved (air, water, or ground surfaces) were large enough In extent to be 

considered infinite relative to the effective range of emitted radiation. Under 

these conditions the energy emitted and that absorbed by each unit volume of the 

media are equivalent. This greatly simplifies the calculations required. 

All that is required is to convert the disintegration energy (MeV per 

disintegration) into rem, to correct for the differences in energy absorption 

between tissue and the surrounding medium, and to correct for the physical geom- 

etry involved in each specific situation. 

AIR SUBMERSION 

The dose from submersion in air is accumulated by the skin and/or by the 

total body, depending on the penetrating power of the radiation emitted by air- 

borne radionuclides. Dose to the total body and to internal organs was cal- 

culated at a: depth of 5 cm in tissue. Beta radiation from airborne radionuclides 

was not considered to irradiate internal organs; only exceptionally energetic 



betas could effectively penetrate to this depth. Dose to the skin was calcu- 

lated at the basal layer, under an epidermal layer with an effective densi ly 

2 of 7 mg/cm . Both beta and gamma radiation contribute to this dose. 

A 2a geometry was used for a person standing on the ground surrounded by 

a very large (half-infinite) hemisphere of contaminated gas for both beta and 

gamma radiation. This geometry follows from the half-infinite volume for gamma. 

For the beta with shorter ranges in air, the physical arrangement approaches 

the infinite volume (4a geometry), but since the beta is of limited penetrating 

power, it will irradiate the skin from only one side, not two sides as with 

penetrating gamma radiation. The equation for calculating the dose factor 

for submersion is given below. 

where 

3 D.F. - the dose factor (mrem/hr per pCi/m ) 

- the effective beta energy per disintegration (MeV) at the 
Ef3 appropriate depth i n  tissue. 

E - the effective gamma energy per disintegration (MeV) at the 
appropriate depth in tissue. 

The constant takes into consideration the density of air as well as the 

conversion from MeV to rem. 

In application of this equation, and of the ones for exposure from water 

immersion and standing on contaminated ground, the dose factors are independent 

of body size. This follows from an assumption that the presence of the person 

does not significantly perturb the radiation field. 

CONTAMINATED GROUND 

Radioactive mate-rials deposited from the air or from irrigation water onto 

the ground represent a large, nearly uniform, thin sheet of contamination. 

Subsequent to their deposition, these materials tend to migrate down into the 

soil, aided by leaching or by physical mixing., To approximate this situation 

in the calculations, the year 2000 deposition was assumed to be uniformly 
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d i s t r i b u t e d  on the  surface. Ma te r ia l s  remaining from depos i t ion  i.n p r i o r  

years were assumed t o  be un i fo rm ly  mixed i n  the  upper f i v e  cent imeters o f  

s o i l .  I n  e i t h e r  case dose was ca lcu la ted  a t  an e f f e c t i v e  he igh t  above the  

ground sur face o f  one meter f o r  adu l t s  and teen-age persons, and o f  one f o o t  

(30.48 cm) f o r  c h i l d r e n  .and . i n f a n t s .  

S i m i l a r  considerat ions.were app l i ed  f o r  dose from sediments a long the  

bank o f  a r i v e r .  Although the  water t ranspor t  program s p e c i f i e s  both annual 

depos i t ion  and the  thickness o f  sediment involved, m ig ra t i on  o f  t he  nuc l ides  

subsequent t o  depos i t ion  was assumed t o  r e s u l t  i n  pa t te rns  o f  concentrat ion 

s i m i l a r  t o  those assumed f o r  d r y  land. 

For the  rad ionuc l ides  deposited dur ing  the  year 2000, dose was ca lcu la ted  

as from a large,  t h i n ,  uni form sheet o f  contamination. Dose f a c t o r s  f o r  t h i s  

s i t u a t i o n  have been ca lcu la ted  p rev ious l y  f o r  most important  f i s s i o n  products, (46 

and the  same s i t u a t i o n  was assumed i n  the  c a l c u l a t i o n  o f  dose f a c t o r s  from 

contaminated ground i n  the  UMRB study.(2)  As i n  t h a t  study, a f a c t o r  o f  

0.5 was int roduced t o  account f o r  roughness o f  t he  ground surface. (47,481 The 

con t r i bu t i ons  from both gamma and beta r a d i a t i o n  were inc luded i n  ca l cu la t i ons  

o f  dose from ground surface. 

The equation used f o r  dose f a c t o r s  from sur face contaminat ion i s :  

(A) f o r  gamma r a d i a t i o n :  

y D.F. 
(,ground, sur face)  

= (0.5) (0.869) A iR iP i  
i = l  

khere 

y D.F. = the  dose f a c t o r  from gamma r a d i a t i o n ,  mrem/hr 

per pCi /m 2 

A i  = f r a c t i o n a l  abundance o f  photon ( i )  i n  the  rad ionuc l i de  

under consi dera t  i on (49) 



R i  = exposure r a t e  a t  one meter ( o r  30.48 cm) above (mR/hr) 
(50 ) 

an i n f i n i t e  smooth plane un i fo rm ly  contaminated t o  one pCi/m 

P i  - the  f r a c t i o n  o f  sur face dose which penetrates t o  s k i n  depth 

(7 x cm) ( s k i n  dose) o r  t o  to ta l -body depth (5  cm) ( t o t a l  

body o r  i n t e r n a l  organ dose) 

(B)  f o r  beta rad ia t i on :  

BD. F. = 0 . 5 ~  1.07 x E B v a o  
(ground ,surface) 

where: 

D.F. = t h e  dose fac to r  from beta rad ia t i on ,  mremlhr per  pCi/m 2 
B 

2 v = the  apparent a t tenua t ion  c o e f f f c i e n t  i n  a i r ,  cm /grm, 

cor rec ted t o  account f o r  t h e  a t t e n t u a t i o n  i n  t h e  epidermal 

t i s s u e  laye r .  
- 

B 
= the  average beta energy f o r  t he  p a r t i c u l a r  beta emission 

process, MeV 

2 - I 
u = a  dimensionless paraiseter, de f ined as a = [3c2 - (C -1) e ]  

C = an energy-dependent parameter, def ined as: 

and Eo i s  the  maximum energy f o r  a  g iven beta emission. . , 

X = ' t h e  he igh t  above ground a t  which the  dose i s  assumed t o  be 

received (one meter - f o r  a d u l t s  and teens, one f o o t  f o r  c h i l d r e n  

and i n f a n t s ) .  

I n  c a l c u l a t i n g  s k i n  dose, the  gamma and beta dose f a c t o r  components were 

summed f o r  each isotope. For t o t a l  body dose o r  dose t o  i n t e r n a l  organs on ly  



gamma c o n t r i b u t i o n s  were considered; beta pene t ra t i on  through a  5 cm depth 

o f  t i s s u e  i s  n e g l i g i b l e .  

I n  cons ider ing  e f f e c t s  o f  depos i t i on  du r ing  p r i o r  years, dose f a c t o r s  

were ca l cu la ted  assuming a  un i fo rm m ix tu re  o f  rad ionuc l ides  i n  s o i l  c o n s t i -  

t i t u i n g  a l a t e r a l l y  i n f i n i t e  s l a b  5  cm i n  th ickness.  Check c a l c u l a t i o n s  showed 

the  beta r a d i a t i o n  t o  be e f f e c t i v e l y  absorbed w i t h i n  t h i s  slab; hence, o n l y  

gamma r a d i a t i o n  was considered. The equat ion used i s :  
N 

where: 

h  = s o i l  l a y e r  th ickness (5  cm) 

N = number of gamma energy l e v e l s  

( )  = mass a t tenua t i on  c o e f f i c i e n t  i n  a i r  
i 

(v:)~ = mass a t tenua t i on  c o e f f i c i e n t  i n  t i ssue;  separate values f o r  

s k i n  and f o r  t o t a l  body. 

E = energy c o n t r i b u t i o n  o f  each energy l e v e l :  
i 

E = (energy) x  ( f r a c t i o n a l  abundance) 

E2 = t h e  second-order exponent ia l  i n t e g r a l  func t ion :  

x  = e l e v a t i o n  from base o f  s lab  t o  p o i n t  o f  measurement 

(adu l t ,  teen):  x  = (100 + 5)  cm 

( i n fan t ,  c h i l d ) :  x  = (30.48 + 5) cm 

1236 = s o i l  d e n s i t y l a i r  dens i t y  [I .46/ (1 . I84  x  c3 25°C 



Water Immersion 

Exposure from water immersion (swimming) w i l l  depend upon the  amount 

o f  t ime spent i n  the  water and the  concentrat ions o f  t h e  nuc l ides  present  

a t  t he  l o c a t i o n  o f  t he  immersion. As fo r  a i r  submersion exposures, t he  dose 

f a c t o r s  do n o t  vary w i t h  person s ize.  The assumption was made t h a t  t he  

swimmer was complete ly  submerged and surrounded on a l l  s ides by a l a r g e  

volume o f  water, even though he might  spend most o f  h i s  t ime near the  sur-  

face. For gamma r a d i a t i o n ,  t he  physical  arrangement leads t o  a 4~ geometry. 

For beta r a d i a t i o n ,  t he  geometry i s  approximately ZIT as expla ined f o r  a i r  

submersion, regardless o f  whether t he  person i s  near t he  sur face o r  deeply 

submerged. The f o l l o w i n g  equat ion can be us-ed t o  c a l c u l a t e  the  dose f a c t o r  

f o r  each nuc l ide .  

F *  )wa te r  immersion = 2.13 X l o m 6  X (E + 1/2Fe) 
Y 

where: 

D. F. = dose f a c t o r  (mremlhr per  p C i / l  i t e r )  
- 
E = e f f e c t i v e  gamma energy per  d i s i n t e g r a t i o n  (MeV). 
Y 
- 
Ef3 

= e f f e c t i v e  be ta  energy per  d i s i n t e g r a t i o n  (MeV). 

As before, dose f a c t o r s  were der ived f o r  s k i n  and to ta l -body  exposure us ing  

e f f e c t i v e  values o f  (E ) and ( r e ) ,  which account f o r  t he  f r a c t i o n a l  penet ra t ion  
Y 

o f  t he  r a d i a t i o n  t o  the  s k i n  depth and the  to ta l -body  depth. . 

Water sur face exposure i s  rece ived as a r e s u l t  o f  a c t i v i t i e s  such as water 

s k i i n g  and boat ing.  Dose fac tors  f o r  exposure o f  t h i s  type were taken as one-ha1 f 

those f o r  water immersion. The f a c t o r  o f  one-hal f  ignores the  l o s s  of t he  rad ia -  

t i o n  i n  the d is tance between t h e  water sur face and the  center  o f  t he  body o f  t h e  

person exposed o r  t h e  s h i e l d i n g  prov ided by a boat.  This  i s  compensated f o r  by 

the  f a c t  t h a t  a water s k i e r  spends a f r a c t i o n  o f  h i s  t ime i n  the  water. 



INTERNAL ASSIMILATION OF RADIONUCLIDES 

The calculation of dose from accumulation of radionuclides within the 

body is more complex than that of external exposure, involving selective 

biological pathways and the tendency of the body to retain assimilated nuclides, 

with the effective half life of retention varying from a few days to several 

years. This tendency toward retention makes necessary the consideration of 

dose commitment: the dose in future years resulting from assimilation of radio- 

nuclides in a given year. The calculation of dose factors for internal assimila- 

tion must also take into account the size and mass of the body or the various 

organs considered, since the assumption of an essentially infinite medium bearing 

the radionuclides is no longer valid. 

Tritium Transpiration 

Tritium, present in the environment principally as tritiated water, is 

readily and rapidly absorbed through -the skin. Until recently, data on rates 

of this transpiration were not available in the literature. For the previous 

study of the UMRB, the dose from tritium transpiration was assumed equal to that 

(44 1 from inhalation in accordance with ECRP recommendations. 

Recent data, (51 ) however, indicate a slower rate of tritium uptake from 

transpiration, amounting to approximately half that from inhalation. Consequently, 

in the present study the tritium dose from transpiration was taken as half the 

dose from inhalation. 

Tritium was assumed to be transferred to most but not all parts of the body 

following transpiration. The total-body dose calcvlated for tritium transpira- 

tion was therefore applied to all other organs except bone. Mineral bone is 

relatively low in water content; thus, tritium concentrations would be corres- 

pondingly low. The skin, lungs, and GI tract all represent interfaces where 

tritium enters the body. The equi 1 i bri um concentration of tri tiated water in 

these organs was taken to be similar to that in the total body. 



Inhalation 

The dose from inhalation was calculated by multiplying toge.ther (1) the 

3 a i r  concentration of the radionucl ides i n  question (pCi/m ), (2) the person's 
3 beathing ra te  ( m  / h r ) ,  (3)  an occupancy factor  (hrs/month), and the appropriate 

dose factor (mrem/pCi intake) for  the radionuclide. The occupancy factor was 

assumed to  be 730 hours per month (24 hours per day, 30.4 days per month), 

assuming that  an individual spends the major portion of his time each month in 

his county of residence. 

The dose factor for  inhalation dose varies w i t h  the radioactive emission 

spectrum and half 1 i f e  of the particular nuclide, i t s  so lubi l i ty  in body f luids ,  

i t s  period of residence (biological ha l f - l i f e )  within the body, and the age 

group and organ considered. Separate dose factors a re  required fo r  the one-year 

dose and' the 50-year dose commitment. 

Soluble isotopes inhaled into the lungs were assumed t o  reach the internal 

organs of the body with relat ively l i t t l e  time delay, e i ther  through d i rec t  ab- 

sorption from the lungs into the blood-stream o r  from transfer  to  the GI t r ac t  

and subsequent absorption through the lower large intest ine.  

Dose factor  equations for  these soluble isotopes are: 

(1)  For internal organs other than the GI t r a c t  - LLI: 

internal organs 
(soluble) 

( 2 )  For the GI t r ac t :  
0.0256 r '  of*fa - - (7) 

lD'F ' ) inhalat ion,  m 
GI Tract-LLI 
(soluble) 



where 

D.F. = Dose Factor  (mrem/pCi inha led) .  

E = e f f e c t i v e  energy o f  t he  s p e c i f i c  n u c l i d e  i n  t h e  s p e c i f i c  organ 

under cons idera t ion  (MeV/di s )  . 
f* = f r a c t i o n  o f  t he  ma te r ia l s  which escapes absorpt ion i n  the  G I  

t r a c t  ahead o f  t h e  L L I  ( lower l a r g e  i n t e s t i n e ) .  

fa 
= the  f r a c t i o n  o f  t h e  inha led mate r ia l  t h a t  reaches the  organ 

under considerat ion.  

r = the  e f f e c t i v e  h a l f - l i f e  o f  t h e  nuc l i de  i n  the  organ under 

considerat  i o n  (days). 

t = l eng th  o f  t ime over which t h e  dose i s  ca l cu la ted  (days). 

TR = r a d i o a c t i v e  h a l f - 1  i f e  o f  the  n u c l i d e  under cons idera t ion  

(days 1. 
t '  = t ime o f  t r a v e l  from mouth t o  entrance o f  L L I  (days). 

T I  = t r a v e l  t ime through L L I  (days). 

m = mass o f  t h e  organ (grams), o r  mass.of contents o f  LLI.  

For i n s o l u b l e  isotopes, a  f r a c t i o n  o f  t h e  rad ionuc l ide  inventory  was 

assumed t o  be absorbed by the  body f l u i d s  dur ing  t h e  residence t ime o f  t he  

iso tope i n  the  lungs. Dose f a c t o r s  f o r  i n t e r n a l  organs (except the  1  ungs and 

the  G I  t r a c t )  a re  ca l cu la ted  as fo l lows:  

- 0.0064 f E 
- - -0.693 x 365 

D * F *  i n h a l a t i o n  
i n t e r n a l  organs T~ 

( i n s o l  ub le)  

where 

L i s  the  e f f e c t i v e  h a l f - l i f e  o f  the  rad ionuc l i de  i n  the  lungs; the  

o the r  parameters a r e  as def ined i n  equations (6)  and (7) .  
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Ingestion 

Equations f o r  ca lcula t ions  of dose fac to rs  f o r  ingestion were derived 

i n  a manner s imi la r  t o  those f o r  inhala t ion and a r e  given below: 

0.074 &r fw  
(D 'F ' ) inges t ion ,  - - m i (I - e -0.693t T 

in ternal  organs 

- - 0.0256 r i ' f *  (e -0.!:3t1) 
(D.F. ) ingest ion m 

GI-LLI  

where 

fw = the  f rac t ion  of the  ingested nuclide reaching the  organ of i n t e r e s t .  

The other  symbols a r e  the same as  defined previously f o r  Equations (6 )  and 

(7). The dose fac to rs  f o r  ingestion a r e  independent of the  media ingested, 

and Equations (9 )  and (10) apply f o r  both food and water. All nuclides i n  these 

media were assumed t o  be i n  so luble  form. 



Data f o r  Inhalation and Ingestion Pathways 

Values of  parameters describing the  uptake of radionuclides by the  

body and t h e i r  d i s t r ibu t ion  t o  the organs considered were l a rge ly  taken, 

f o r  the  adu l t ,  from those recommended by ICRP. (44) The ICRP parameters 

f o r  an adu l t  a r e  those fo r  the  "standard man". A1,though t h i s  concept 

i s  intended t o  represent the average adu l t ,  the  body and organ weights of 

the  "standard man" a r e  largely  descr ipt ive  of the  adul t  male. The inaccuracies 

introduced by t h i s  weighting of the  body data a r e  not large ,  and h i s to r i ca l l y  

t he  "standard man" has been used consis tent ly  t o  represent an average member 

of the  adul t  population. 

Body and organ weights used fo r  the  four age groups included i n  the  

study a r e  shown i n  Table VIII-5. Values f o r  the  adu l t  a r e  those f o r  the  

"standard man"; weights f o r  the  other  age groups were derived from the 

l i t e r a t u r e .  (52-59) A1 so shown on the  t ab le  a r e  the calculated e f f ec t i ve  

rad i i  of the  organs, used in derivation of e f f ec t i ve  decay energies fo r  radia- 

t ion absorption within the  organs. This derivation u t i l i zed  the  ICRP model, 

which assumes the  nuclide t o  be concentrated i n  the  center of a spherical 

organ. Effective rad i i  f o r  adu l t  organs were taken from the  ICRP "standard 

man" data.  Organ rad i i  f o r  other age groups were estimated by assuming 

t h a t ,  f o r  a given organ, the radius i s  proportional t o  the cube root of 

the mass. Appropriate values f o r  absorption coeff ic ients  f o r  muscle and 

bone, f o r  use in  energy absorption calcula t ions ,  were then taken from the  

National Bureau of Standards Handbook 85. (60) 

The other  parameters used i n  dose fac tor  calcula t ions  were taken from 

ICRP for  the  adul t .  Except f o r  spec i f i c  instances where data indicated 

an age dependence of the  biological half  1 ives of isotopes ( t r i t i um and 

cesium in the  t o t a l  body, iodine in the  thyroid) ,  ICRP parameters f o r  the  

adu l t  were assumed t o  apply. 



TABLE V I I I - 5  

ORGAN MASSES AND EFFECTIVE RADII FOR AGE GROUPS 

Organ I n f a n t  (6 mo) Chi ld  (4 y r )  Teen (14 y r )  Adul t 

Mass (g) Radius (cm) Mass (g)  Radius (cm) Mass (g )  Radius (cm) Mass (g) Radius (cm) 

Total Body 7,700 14 16,400 2 0 49,000 2 7 70,000 30 

G I  Trac t  1 

Thyro i d 2 1.4 5 2 15 2.7 2 0 3 

< 
u 

Z Bone 770 2.4 1,640 3 4,900 4 7,000' 5 IU I 
I 

r0 
P 

Lungs 110 5 300 7 580 8 1,000 10 

L i v e r  200 5 5 30 7 1,200 9 1 ,700 10 

(a)  Mass o f  contents o f  GI-LLI assumed t o  be proport ional  t o  body weight 



The. other.-parameters, used i n  dose f a c t o r  c a l  c u l  a t i ons  were taken from 

ICRP fo r  t h e  adu l t .  I n  s p e c i f i c  instances metabol ic data i nd i ca ted  an 

age dependence o f  the  b i o l o g i c a l  ha1 f -1  i ves  o f  ass im i l  a ted isotopes ( t r i t i u m  

and ces.ium i n  the  t o t a l  body, i od ine  i n  . t h e  thy ro id ) ,  o r  o f  o the r  metabol ic 

funct ions such as breath ing  r a t e  (prev ious ly  considered) o r  o f  r a t e s  o f  passage 

of foods through the  d i g e s t i v e  t r a c t .  Where s p e c i f i c  age-dependent data were 

n o t  ava i lab le ,  values f o r  t h e  a d u l t  were used. Typical  age-dependent data 

are  l i s t e d  i n  Table V I I I -6 .  

TABLE V I I I - 6  

TYPICAL AGE-DEPENDENT BIOLOGICAL PARAMET,ERS 

Parameter Value f o r  

I n f a n t  C h i l d  Teen Adul t 

Travel time, d i g e s t i v e  system, days 

- Mouth t o  L L I  

- Through LL I  

3 I n h a l a t i o n  ra te ,  m /day 

B i o l o g i c a l  h a l f - l i f e ,  days 

- T r i t i u m  i n  t o t a l  body 3.2 4.5 7 10 

- Cesium i n  t o t a l  body 10 2 0  2 0  115 

- Iod ine  i n  t h y r o i d  20 20 50 100 



DOSE AND DOSE COMMITMENT CALCULATIONS 

Using the dose factors derived for the various pathways, the subsequent 

dose calculntiens were relatively simple. Basically, dose was calculated as 

a product of the approprlate dose factor, an index of exposure (for external 

dose, the product of environmental concentrations of radionuclides and time of 

exposure; for internal dose, the rate of ingestion or assimilation), and, when 

appropriate, an exponential term accounting for retention of radionuclides 

within the body. 

Study Year Dose 

The dose incurred by the population of the TVR in the year 2000, from 

ingestion of and exposure to radionucl ides during that year, was termed the study 

year dose. Since the releases and environmental concentrations of radionuclides 

in the region were calculated as a series of monthly values, the study year 

dose was similarly expressed as a summation of 12 monthly calculations. 

For the dose contributions from exposure to external radiation, the 

calculations took the form: 

Dsy = (DF) C t 
i =l i 

where: 

Dsy = the study year dose contribution for a specific isotope and 

pathway 

(DF) = the appropriate dose factor mremlhr mremlhr mremlhr 
(p~i/n3 pCi/l ' p~i/m2 

Ci = environmental concentration of radionucl ide for month i 

ti = hours of exposure received by the individual during month i. 



The c a l c u l a t i o n s  o f  dose con t r i bu t i ons  from i n t e r n a l l y  ass imi la ted 

rad ionuc l ides  used the  r e l a t i o n s h i p  shown i n  Equation (12):. 

Dsy = (DF1 

where: 

Dsy = the  study year dose c o n t r i b u t i o n  f o r  a  s p e c i f i c  i so tope and 

pathway 

(DF) = the  .appropr iate dose f a c t o r ,  mrem/p~i intake  

Ii = in take  o f  t h e  rad ionuc l ide ,  pCi i n  month i 

A = -  ln2  , and 
T 

-c = the  e f f e c t i v e  h a l f  l i f e  f o r  r e t e n t i o n  o f  t he  rad ionuc l ide  i n  

the  body o r  i n  the  organ considered, expressed i n  years. 

Ca lcu la t ions  o f  dose c o n t r i b u t i o n s  were made f o r  each iso tope and each 

pathway, and were summed t o  provide i n d i v i d u a l  study year doses, by age group, 

i n  each county. These i n d i v i d u a l  doses were then combined w i t h  popu la t ion  data 

t o  y i e l d  i n teg ra ted  populat ion doses (man-rerii) f o r  each county and f o r  the  

e n t i r e  region. This "modular" method o f  c a l c u l a t i o n  provided a  great  amount of 

d e t a i l e d  informat ion on con t r i bu t i ons  t o  dose and t h e i r  r e l a t i v e  importance 

throughout the  study area. 

50-Year Dose Commitment 

The 50-year dose comrni tment, as used i n  t h i s  study, was def ined as the  

dose received over the  succeeding 50 years from rad ionuc l ides  ass im i la ted  i n  

the  body du r ing  the  year 2000. No f u r t h e r  ex terna l  exposure o r  i n t e r n a l  assimi la-  

t i o n  o f  rad ionuc l ides  beyond the  year 2000 was considered i n  these ca lcu la t i ons .  
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Dose commitment ca lcu la t ions  were performed using equation (13): 1 

where : 

(DC)50 = the con t r ibu t ion  t o  50-year dose commitment from a spec i f i c  

isotope and pathway 

I i 
= monthly radionucl ide intake, pCi, from equation (12) 

(DF). = appropr iate dose f ac to r  f o r  age group n 
n 
n = age . group index: I1 

n = 1, i n f a n t  

n = 2, c h i l d  

n = 3, teen 

n = 4, adu l t  

tn = the time an ind iv idua l  spends i n  each age group dur ing the 

50-year commitment period, from Table VI I I -7 .  

For the adu l t ,  t h i s  equation i s  very s i m i l a r  i n  form t o  Equation (12), 

used f o r  study year dose ca lcu la t ions.  However, i n  ca l cu l a t i ng  dose commitment 

t o  juveni les,  considerat ion must be taken o f  changes i n  metabolism and body s i ze  

as the ind iv idua l  matures. I n  using equation (13), maturat ion fac to rs  are accounted 

f o r  by assuming t h a t  an ind iv idua l  i n  a .  given age group spends tn years i n  each 

succeeding age group dur ing the commitment period. The values o f  the  residence 

periods are  spec i f i ed  i n  Table VI I I -7 .  The age-dependent dose fac tors ,  (DF) , 

used i n  equation (13) account f o r  b o d i l y  changes associated w i t h  maturat ion. 

As w i t h  the study year dose, dose commitment ca lcu la t ions  are  s t ruc tured 

by age group, isotope, and pathway, and are summed t o  obta in  ind iv idua l  dose 

commi tmen t . 
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AGE GROUP RESIDENCE TIMES FOR 50-YEAR DOSE 

COMMITMENT CALCULATIONS 

Values o f  (t. ) f o r  use i n  Equation (13) n 

Orig ina l  

(Year 2000) 

age group 

Years assumed t o  be spent i n  

age group designation: 

I n f a n t  Ch i ld  Teen Adul t  

I n f a n t  

Chi 1 d 

Teen 

Adul t  



Prior  Body ' Burden 

The HERMES model dose calcula t ions  consider only the  dose and dose commi t- 

ment from radionuclide concentrations ex i s t ing  in the  study region in the study 

year. An incremental addition t o  t h i s  dose would i n  r e a l i t y  be incurred in the 

study year from the  body burdens accumulated i n  p r io r  years by individua1.s 

l iv ing  i n  the area.  Although t h i s  incremental dose was expected t o  be small,  

est imates were, made of the  body burden dose f o r  completeness. 

The HERMES model i s  bas ical ly  capable of providing the  successive pat terns  

of radionuclide concentrations and result.ing dose commitments required f o r  these 

calcula t ions .  However, the  providing of deta i led year-by-year body burden 

accumulations over the  e n t i r e  study area between now and the  year 2000 would e i t he r  

require  computer capacity considerably beyond tha t  avai lable ,  o r  would require 

successive computer runs involving cos t s  beyond the  scope of t h i s  study. There- 

fore ,  an est imate of the  incremental dose from pr io r  body burden was made by an 

approximate method. 

The increase i n  nuclear capacity from 1975 unt i l  2000 was approximated by 

an exponential curve. Annual re leases  of radionuclides i n  the  study area were 

assumed t o  be proportional, each year,  t o  the  corresponding value on the  nuclear 

capacity curve (normalized t o  year 2000 re leases)  and t o  be uniform over the  

e n t i r e  study area.  Then, using a var iant  of equation (1 3 ) ,  the  year-by-year 

in ternal  assimilat ion of radionuclides from 1975 through 1999 and the  resu l t ing  

dose commitment were calculated f o r  a " typical"  adul t .  Dose commitment was 

calculated both through the  year 1999 and through the  year 2000; the  di f ference 

represents the year 2000 dose from pr io r  body burden. Again using equation (13) 

the  50-year dose commitment (2001-2050) from t h i s  same body burden was calculated.  

Although the  calcula t ion method i s  approximate, the  r e su l t s  can be compared 



w i t h  comparatively l i t t l e  e r ror  t o  the year 2000 dose and dose commitment 

for  the "average adult" in the TVR. 

Incremental Dose Near Nuclear Facil i t i e s  

In the HERMES model calculations,  a c t i v i t i e s  leading t o  the accumulation 

of human dose are  assumed to  occur uniformly over each county. Radionuclide 

concentrations in the a i r  and on ground surfaces a re  calculated fo r  each county 

a t  a point designated as the centroid of tha t  .county (other locations may be 

specified fo r  water supply intake, location of recreational a c t i v i t i e s ,  e tc .  ). 

For the most part t h i s  method of calculation provides a reasonable estimate 

of average dose within the county. However, fo r  some small segments of the 

population l iving closer t o  nuclear f a c i l i t y  s i t e s  than the distance to  the 

nearest centroid, estimates of external dose may be understated by HERMES. 

To assess the e f fec ts  of these incremental contributions to  dose, calcula- 

t ions were made fo r  f ive  s i t e s  for  which detailed projections of surrounding 

population were available.  For these calculations the KRONIC (36)  computer 

code was used. A polar grid system u t i l i z ing  16 compass sectors was s e t  u p  . - 

to  represent the environs of each s i t e ;  a typical grid pattern i s  shown in , _  

Figure VIII-1. Centroids were designated a t  the mid-point of each grid space; 

dose calculations were made a t  each centroid and applied to  the population 

within the corresponding grid zone. Dose calculations were made fo r  the 

average adult  and f o r  integrated (man-rem) dose, by isotope, and were .provide,d 

for  the total  body and fo r  internal organs. These dose values a re  d i rec t ly  

comparable t o  the county-average doses calculated by HERMES. 



Figure VIII-1 

Typical Grid System f o r  Near S i t e  Calculations 



I X .  POTENTIAL RADIATION DOSE BASE CASE RESULTS 

The p o t e n t i a l  r a d i o l o g i c a l  dose t o  the  popu la t ion  o f  t he  study area, i n  

the year  2000, i s  c a l c u l a t e d  by summing t h e  c o n t r i b u t i o n s  o f  a l l  nuc l ides  through 

a l l  pathways f rom a l l  p e r t i n e n t  nuc lear  f a c i l i t i e s .  An annual dose and f i f t y - y e a r  

dose commitment t o  t he  t o t a l  body and s i x  s p e c i f i c  organs have been est imated f o r  

average i n d i v i d u a l s  i n  t he  f o u r  age groups a t  each o f  t he  140 count ies  i n  the  

region.  De ta i l ed  r e s u l t s  o f  t he  c a l c u l a t i o n s  show the  c o n t r i b u t i o n s  t o  the  

est imated dose from each o f  the  48 nuc l i des  and 10 pathways t o  each o f  t he  f o u r  

age groups considered. I n teg ra ted  to ta l -body  dose i s  the-est , imated dose f o r  t he  

average i n d i v i d u a l  , mu1 t i  p l  i e d  by the  popu la t ion  f o r  t he  area o f  concern. 

The i n t e g r a t e d  to ta l -body  dose est imate f o r  the  TVR i n  t he  year  

2000 i s  approximately f i v e  man-rems. The t o t a l  popu la t ion  o f  the  reg ion  i n  the  

year  2000 i s  p ro jec ted  t o  be about 6,965,600; thus, t he  average tota l -body:dose 

would be 7.0 x  mrem. The reg iona l  50-year dose commitment f o r  i n take  

of rad ionuc l i des  i n  the  year  2000 i s  est imated t o  be 4.7 man-rems, o r  about 

6.7 x  l o m 4  mrem t o  t h e  aver?ge person. The average reg iona l  t o t a l  -body dose from 

na tu ra l  background r a d i a t i o n ,  medical and denta l  sources, and o the r  miscel laneous 

sources (TV sets, e t c .  ) i s  about 200 mrem per  year. For the  p ro jec ted  year  2000 

popu la t ion  o f  t he  reg ion  these o the r  sources would r e s u l t  i n  an i n teg ra ted  t o t a l -  

body dose o f  about 1.4 m i l l i o n  man-rems per  year.  The supplemental dose associated 

w i t h  nuc lear  power product ion i s  thus a  very small f r a c t i o n  o f  t he  o v e r a l l  dose 

t h a t  would be accrued i n  the  region.  

Model Res t ra in t s  

There a re  l i m i t a t i o n s  t o  the  accuracy w i t h  which mathematical models may 

represent  the a c t u a l i t y  o f  any r e a l  event o r  process. Add i t iona l  u n c e r t a i n t i e s  

a re  in t roduced when the  model attempts t o  s imulate f u t u r e  events. A  rev iew o f  



the implicit restraints of the HERMES model will assist in placing the dis- 

cussion of the dose evaluation in proper perspective. 

The transport calculations which yield estimates of radionucl ide 

concentrations in the envi ronment are made for unique geographical 

points in each county that approximate the population centroid. 

The environmental nuclide concentrations that are represented by 

these calculations are presumed to be constant over the entire 

county. Radio1 ogical dose calculations for the county population are 

made according to these environmental concentrations. These cal cul a- 

tions yield reasonably accurate values for county-wide average dose, 

but ignore perturbations within a county. 

Radiological dose contributions from 48 nuclides are considered. The 

1 i st of radionucl ides (Appendix D) includes fission and activation 

products and representative transuranics. . Living habits for the regional population have been characterized by 
the Living Patterns Model. Representative sources for food and sites 

for recreational activities are defined by the data derived from 

this model for each centroid. Wherever the statistics for production 

of food or recreational activities for a county specify a location 

external to the study region the associated nuclide concentrations 

are presumed to be zero. . Biological behavior of radionuclides included in the study, as well as 
behavorial characteristics in the transport processes, are based upon 

existing but often limited data. In many cases extension and extrapola- 

t'ion of data from chemically similar radioactive or stable istopes was 

necessary to determine the parameters to complete the model. 



Formulat ion o f  the  model assumes t h a t  t he  a i r  submersion 

'dose t o  people c lose t o  nuclear  f a c i l  i t y  s i t e s  ( c lose - in  

dose) i s  n o t  a  major c o n t r i b u t o r  t o  t h e  reg iona l  i n teg ra ted  dose. 

The assumption was manifested i n  both the  c e n t r o i d  popu la t ion  

representa t ion  and i n  the  atmospheric t ranspor t  model . 
Addi t iona l  c a l c u l a t i o n s  were made t o  est imate the  added c o n t r i b u t i o n  o f  

c lose - in  dose using re lease ra tes  given i n  Chapter V. These c a l c u l a t i o n s  were 

made f o r  si.x nuclear  f a c i l i t i e s  w i t h i n  the  study reg ion f o r  which popu la t ion  dens i ty  

s t a t i s t i c s  were ava i lab le .  They show t h a t  an average i n d i v i d u a l  l i v i n g  one 

m i l e  ' f rom a t y p i c a l  nuclear  power p l a n t  s i t e  (as an average o f  s i x  p l a n t  

s i t e s )  would rece ive  an a d d i t i o n a l  dose c o n t r i b u t i o n  o f  about 2.9 x  l o e 2  mrem per 

year from t h e  c lose - in  dose. The range of c lose - in  dose f o r  these s i x  p l a n t  s i t e s  

i s  1  .23 x  1  o - ~  t o  9.62 x  10" mrem per year. For an average person 1  i v i n g  one 

m i l e  from a reprocessing p l a n t  the  add i t i ona l  dose c o n t r i b u t i o n  i s  est imated t o  

be about 7 x  mrem per year. It should be again noted t h a t  reprocessing 

p lan ts  were assumed t o  have 100-meter stacks, and o the r  nuclear  f a c i l i t i e s  t o  

have ground 1  eve1 re1 eases. 

While persons l i v i n g  near nuclear  s i t e s  may thus i n c u r  doses somewhat g rea te r  

than the  average f o r  a  g iven county, on l y  a  very small p ropor t i on  o f  t h e  popula- 

t i o n  o f  any county would a c t u a l l y  l i v e  near enough t o  a  s i t e  t o  be sub jec t  t o  t h i s  

add i t i ona l  dose. For the  s i x  s i t e s  ca l cu la ted  ( i n c l  uding the  on ly  reprocessing 

p l a n t  s i t e  w i t h i n  the  study area proper)  the  add i t i ona l  i n teg ra ted  t o t a l  body 

dose was about 0.05 man-rem, o r  o n l y  about one per cent  o f  the  i n teg ra ted  dose 

fo r  t he  t o t a l  study area. 

General Trends and Pat terns 

The doses ca l cu la ted  throughout the  reg ion have a  range o f  th ree orders 

o f  magnitude. Average a d u l t  t o t a l  body dose f o r  t he  var ious centro ids,  f o r  



example, ranged f rom 3.4 x t o  7.3 x mrem per  year.  The average 

to ta l -body  dose d i s t r i b u t i o n  i n  t he  ,populat ion o f  t he  reg ion  (F igu re  

IX-1)  shows t h a t  99% of t h e  people cou ld  be expected t o  rece i ve  a t o ta l -body  

dose l e s s  than 4.7 x mrem per  year.  The to ta l -body  dose f o r  a d u l t s  i s  

s l i g h t l y  h igher  than f o r  t h e  average i n d i v i d u a l  and t h a t  f o r  i n f a n t s ,  c h i l d r e n  

and teens i s  somewhat lower.  

The average r a d i a t i o n  doses f o r  t h e  reg ion  f o r  a l l  organs and f o r  t o t a l  

body are  tabu la ted  f o r  both annual dose and 50-year dose commitment f o r  i n f a n t s ,  

ch i l d ren ,  teens and a d u l t s  i n  Table IX-1. Note t h a t  t he  r e l a t i v e  magnitude o f  

t h e  doses c a l c u l a t e d  f o r  t h e  f o u r  age groups considered i s  n o t  constant  f o r  

d i f f e r e n t  organs. Since ex te rna l  pathways c o n t r i b u t e  t h e  same exposure t o  

i n d i v i d u a l s  i n  each each group ( w i t h  few except ions) ,  t h e  v a r i a t i o n s  i n  dose 

among t h e  age groups a re  a f f e c t e d  o n l y  by i n t e r n a l  pathways. 

TABLE IX-1 

AVERAGE ANNUAL DOSE AND 50-YEAR DOSE COMMITMENT 

RECEIVED FROM RADIONUCLIDE RELEASES BY POPULATION 

OF STUDY AREA 

Annual Dose* 50-Year Commitment* 

Organ 

To ta l  Body 

G I  T rac t  

Thyro id  

Bone 

Lungs 

Sk in  

L i v e r  

I n f a n t  

7.09 

7.01 

13.51 

1.77 

7.18 

16.05 

7.01 

Chi 1 d 

6.29 

6.29 

8.97 

1.50 

6.29 

15.17 

6.29 

Teen Adul't - - 
5.92 7.45 

5.92 7.66 

7.47 9.19 

1.25 1.19 

5.92 7.45 

11.06 12.56 

5.92 7.45 

I n f a n t  

7.09 

5.74 

12.67 

5.74. 

6.08 

5.66 

5.91 

C h i l d  

6.33 

5 :01 

7.74 

5.56 

5.21 

5.00 

5.14 

Teen 

5.50 

4.91 

6.34 

3.11 

4.91 

4.79 

4.91 

Adul t 

6.97 

6.54 

8.28 

3.92 

6.54 

6.54 

6.75 

* expressed i n  mrem 

IX-4 
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The i n t e r n a l  pathways a re  i n  t u r n  a f fec ted  by age-dependent d i e t  pa t te rns  and 

organ masses. Rad ia t ion  dose d i s t r i b u t i o n  w i thou t  age dependence would be 

represented by t h a t  o f  t he  s k i n  dose, which resu l  t s  from t r i t i u m  t r a n s p i r a t i o n  

and ex terna l  exposure on ly .  

As i s  i n d i c a t e d  i n  Table IX-1, dose t o  i n d i v i d u a l  organs may be e i t h e r  

g rea te r  o r  smal le r  than t o  the  t o t a l  body. These v a r i a t i o n s  a re  dependent 

on the  s p e c i f i c  rad ionuc l ides  c o n t r i b u t i n g  t o  dose, and on such fac tors  as 

rad ionuc l  I de  concent ra t ion  i n  spec i f i c  organs, d i f f e rences  i n  s i z e  o f  t he  

var ious  organs, the  ex ten t  t o  which i n t e r n a l  organs a r e  sh ie lded from ex terna l  

r a d i a t i o n ,  and on the  r e l a t i v e  e f fec t i veness  o f  absorp t ion  of r a d i a t i o n  w i t h i n  

the  t i ssues  o f  an organ. 

These d i f f e rences  can be i l l u s t r a t e d  by cons idera t ion  o f  t h e  thy ro id ,  which 

has a  h igh  a f f i n i t y  f o r  iod ine .  The decay o f ,  say, one p i c o c u r i e  o f  rad io iod ine  

w i t h i n  t h e  t h y r o i d  con t r i bu tes  a  much g rea te r  dose t o  t h a t  organ than would 

be con t r i bu ted  t o  the  t o t a l  body i f  the  same decay energy were t o  be absorbed 

un i fo rm ly  by the  body. On the o the r  hand, t he  t h y r o i d  i s  much l e s s  a f f e c t e d  by 

ex terna l  r a d i a t i o n  from 8 5 ~ r  than i s  t h e  sk in.  

Operat ion o f  nuc lear  power f a c i l i t i e s  i n  t he  reg ion  before the  year  2000 

would r e s u l t  i n  t he  popu la t ion  s t a r t i n g  the  study year  w i t h  a  res idua l  dose. 

This  p r i o r  body burden i s  a  f u n c t i o n  o f  t h e  power demand growth curve i n  t he  

years be fore  2000 and the  r a d i o l o g i c a l  and b i o l o g i c a l  h a l f - l i v e s  o f  t he  nucl ides.  

Ca lcu la t ions  t o  es t imate  t h i s  dose from p r i o r  body burden were descr ibed i n  

Chapter V I I I .  

There i s  no p r i o r  body burden fo r  s k i n  and G I  t r a c t  ( lower l a r g e  i n t e s t i n e ) ,  

s ince  t h e  b i o l o g i c a l  ha1 f - 1  i f e  i n  these organs i s  shor t .  The average year  2000 

dose f rom p r i o r  body burden f o r  to ta l -body,  t hy ro id ,  bone', lungs and l i v e r  ranges 

from 6 x  t o  9.85 x  mrem. The l ung  dose has the  l a r g e s t  value. The 

I X - G  



50-year dose comnitment from the p r i o r  body burden i s  confined pr imar i l y  t o  the 

total-body, bone and l i v e r .  The range o f  values f o r  these organs covers a 

range o f  about 7 x 1 o - ~  t o  2 x 1 o - ~  mrem; the bone dose i s  the 1 argest o f  these. 

This analysis shows tha t  inclusion o f  the dose from the p r i o r  body bprden 

i n  the year 2000 calculations would not mater ia l ly  add t o  the resul ts.  For the 

ind iv idual  nucl ides contr ibut ing t o  dose, the dose from p r i o r  body burden ranges 

from 5% o r  less t o  about 15% o f  the dose from year 2000 accumulations. 

Annual dose and 50-year dose comnitment estimates f o r  the study area display 

very s imi la r  regional d is t r ibut ions.  Figure IX-2 graphical ly portrays the 

d i s t r i bu t i on  o f  adu l t  annual dose f o r  the seven organs. I n  addit ion, the t o t a l  

a i r  releases are shown f o r  ready reference. Close inspection o f  t h i s  f igure  

shows tha t  the regional d i s t r i bu t i on  o f  dose t o  s i x  o f  the organs are very 

simi lar,  except f o r  scalar factors. The seventh organ, bone, displays a d i f -  

ferent regional d i s t r i bu t i on  tha t  most nearly approximates the courses o f  the 

regional waterways. 

Adult dose t o  the t o t a l  body, G I  t ract ,  lungs and l i v e r  i s  derived pr imar i l y  

from inhalat ion and t ranspi rat ion o f  t r i t ium.  Tr i t ium con t r i  bution t o  thyro id and 

skin dose i s  also important, v i a  the a i r  submersion pathway. Iodine contributions 

t o  dose o f  infants and chi ldren are s ign i f icant .  This dose i s  la rge ly  due t o  

ingestion o f  milk. Soi l  exposure i s  a contr ibut ing pathway t o  some extent for 

a1 1 organs. The most s ign i f icant  doses from t h i s  pathway are t o  the sk in and 

bone. 

Radianucl ide Contributions t o  Potential Dose 

Forty-eight radionucl ides were considered i n  the study. These were 

selected for study based upon the probab i l i t y  o f  t h e i r  occurrence i n  nuclear 

f a c i l i t y  releases and on t h e i r  potent ial  f o r  contr ibut ion t o  human dose v ia  a t  

leas t  one exposure pathway. Study resul ts  show tha t  only a few o f  the nuclides 
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considered are likely to have significant contribution to dose. A sumnary of 

nuclide con.tributions to  dose and dose comnitment are given i n  Figures IX-3 and 

contrj&tw?$p , .  QPse., 16 +q a 
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contributor to  b s e  to  other drgans (about 6% o f  adult "iota1 -body, 34% of adul t 

bone dose). 

The nncl ides 90~r .  95~r.  9 5 ~ b .  l o 0 ~ u  and the transuranics have been 

generally considered t o  be problem radionuclides. In t h i s  study thei r  

aggregate contribution i n  the study year for an average adult was less  than 

1 % for  a1 1 orgins except bade anq, ddn ;  r . M r  thqc. orggns <their  contribution 

to the year 2000 dose was less than '10%. ~owev&, the 50-year aggregate dose 

commitment a t ~ l b u t a ~ l b  to  these nuclides ( in  particular 238~u and 241~u) 

for  bone is estimated to be 90%. ~tronf%hn' 90 alone contPibuted 58% of %k 

total dose comni tment to bone. 

Iodine isotopes are potentially important contributors to dose, par- 

t icularly for the infant and child, because of the strong aff in i ty  of iodine 

for  the thyroid. Three iodine isotopes, '*'I, I and 133~,  were 

considered i n  this study. Table IX-2 gives the percentage contribution to the 

study year thyroid dose and 50-year dose commitment for  the three iodine 

isotopes. 
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TABLE IX-2 

IODINE CONTRIBUTIONS AS A PERCENTAGE OF THE THYROID DOSE 

OF AN AVERAGE PERSON 

Nucl i d e  Annual Dose, Year ' 2000 

I n f a n t  C h i l d  .Teen Adu l t  

129. I 3.9 2.7 2.9 2.5 

50-Year'Commitment 

I n f a n t  C h i l d  Teen A d u l t  - - 

4.3 3.3 4. 4.2 

I n  a d d i t i o n  t o  t h e  heavy c o n t r i b u t i o n  t o  t h e  t h y r o i d  dose 1 3 3 ~  i s  c a l c u l a t e d  

t o  c o n t r i b u t e  s u b s t a n t i a l l y  t o  dose t o  G I  t r a c t ,  bone, lungs and sk in .  

The c o n t r i b u t i o n  t o  annual dose o f  two cesium isotopes,  1 3 4 ~ s  and 13'cs, 

i s  ma in ly  t o  bone dose. These dose c o n t r i b u t i o n s  range f rom about 11% f o r  t h e  

average i n f a n t  t o  about 26% t o  t he  average c h i l d .  The 50-year dose commitment 

o f  t he  cesium isotopes i s  c a l c u l a t e d  t o  be, f o r  a l l  age groups, l e s s  than 3%. 

The i s o t o p i c  c o n t r i b u t i o n s  t o  dose a re  observed t o  d i f f e r  among t h e  f o u r  

age groups. I n  many cases these d i f f e r e n c e s  were minor. However, f o r  t he  

t h y r o i d  t he  d i f f e r e n c e s  were s i g n i f i c a n t .  F igure  IX-5 g r a p h i c a l l y  po r t rays  t h i s  

po in t .  

Pathway Composition o f  t he  P o t e n t i a l  Regional Dose 

The dose model considers t e n  pathways p o t e n t i a l l y  l ead ing  t o  dose. Study 

r e s u l t s  i n d i c a t e  t h a t  o n l y  a  few o f  t he  .pathways have a  s i g n i f i c a n t  c o n t r i b u t i o n  

t o  r a d i a t i o n  dose. Those pathways and s p e c i f i c  food types which are  found t o  

c o n t r i b u t e  t o  s p e c i f i c  organ doses a re  g iven i n  Table IX-3. 
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TABLE IX- 3 

PATHWAYS FOUND TO CONTRIBUTE TO DOSE AND DOSE COMMI"i'?!ENT 

ANNUAL DOSE FIFTY YEAR DOSE COMbllTMENT 

Total GI Total GI 
Body Tract Thyroid Bone Lungs Skin Liver Body Tract Thyroid Bone Lungs Skin Liver - - - - - - - - -  

Air Inhalation X  X  X  X X X X X X  X  X X X X  

3~ Transpiration X  X  X  X X X X X  X  X X X X  

Exposure to Soil X  X  X  X X X X  

Air Submersion X  X  X  X X X X  

I3rinking-water X  X  X  X X X X X X  X  X X X X  
Foods 

Beef & Lam k ? i  i X X X X X X  X X X X X  
Proc. Por X X X X X X  X  X X X X  
Fresh Milk X  X  X  X X X X X X  X  X X X X  

Fresh Who1 e 
Eggs X  X  X  X X X X X X  X  X X X X  

Dose commitment as  calcula ted i s  incurred through internal  pathways only. Thus, 

a i r  submersion and so i l . exposure  contr ibute  only t o  the  annual radia t ion dose. 

The l a rges t  pa r t  of  the  potent ia l  annual dose accrues from the  pathways d i r e c t l y  

associated w i t h  airborne nuclides o r  surface deposi ts  from t h e  atmosphere. Four 

pathways - a i r  submersion, a i r  inhala t ion,  t r i t i um t ransp i ra t ion ,  and so i l  exposure - 
contr ibute  about 70 t o  86% (age group dependent) of the  total-body dose f o r  an 

average person i n  the  region. These four pa.thways contr ibute  heavily t o  spec i f i c  

organ doses a s  well .  Average contr ibut ions  f o r  an adu l t  range from near 75% f o r  

total-body, GI t r a c t ,  thyroid,  lungs and' l i v e r  t o  more than 80%-84% f o r  bone and 

skin. Two of these pathways ( a i r  inhala t ion and tritium t r ansp i r a t i on )  

contributed 70% o r  more of the  50-year dose commitment f o r  the  average adu l t .  

The dose pathways t h a t  depend so le ly  upon a i r  t r anspor t  have a strong 

dependence upon location of t he  receptor w i t h  respect t o  the  source of the  

e f f l uen t  and the  meteorological parameters t h a t  influence d i f fus ion  and deposi- 

t ion .  Further,  f o r  those nuclides with shor t  ha l f - l ives  the  radioact ive  decay 

11 mechanisms may markedly a f f e c t  the  regional dose d i s t r i bu t i on .  



The c o n t r i b u t i o n  t o  dose from d r i n k i n g  water has t r a d i t i o n a l l y  been 

o f  concern; i n  t he  e a r l i e r  study o f  the  Upper M i s s i s s i p p i  R iver  Basin, f o r  

example, d r i n k i n g  water con t r i bu ted  s t r o n g l y  t o  dose i n  several cent ro ids ,  

and f o r  t he  area as a  whole d isp layed c o n t r i b u t i o n s  ranging from about 3% 

of t he  t o t a l  body dose t o  about 25% fo r  t hy ro id .  I n  t h e  TVR, however, the  

d r i n k i n g  water pathway was i n d i c a t e d  t o  be much l e s s  important.  Adu l t  t o t a l  

body dose c o n t r i b u t i o n s  from d r i n k i n g  water averaged about 1.4% o f  t he  t o t a l  dose; 

dose c o n t r i b u t i o n s  t o  most i n t e r n a l  organs were about t he  same, a t  though f o r  s k i n  

and bone the  c o n t r i b u t i o n  was markedly lower. 

The small c o n t r i b u t i o n  o f  t h e  d r i n k i n g  water pathway t o  dose i n  t he  TVR 

probably stems main ly  from two f a c t o r s :  

1  ) I n  the TVR scenar io f o r  nuc lear  f a c i l  i t i e s ,  on l y  minimal use was 

made o f  d i r e c t  discharge of t r e a t e d  r a d i o a c t i v e  e f f l u e n t s  t o  water 

bodies; a t  most types o f  f a c i l i t i e s  l i q u i d s  a f t e r  t reatment  were 

recyc led  through p l a n t  systems, evaporated, o r  s o l i d i f i e d .  

2)  Streams i n  the  TVR f o r  t h e  most p a r t  have h igh  sediment loads. 

These sediments tend t o  sorb rad ionuc l ides  d isso lved i n  the  water. 

I n  t u rn ,  the  sediment p a r t i c l e s  tend t o  be trapped by s e t t l i n g  

i n  t he  r e s e r v o i r s  behind the  many dams on the  mainstream systems 

i n  the  region.  Although the  trapped sediments may be p a r t i a l l y  

removed by seasonal scouring, the  t rapp ing  mechanism provides a  

powerful  means f o r  rad ionuc l  i d e  d i l u t i o n  and decay p r i o r  t o  reaching. 

po in t s  o f  human inges t ion .  

The remaining pathway o f  s i g n i f i c a n c e  i s  t h a t  o f  i nges t i on  o f  food. This 

i s  by fa r  the most complex o f  t he  pathways, i n v o l v i n g  the  i n i t i a l  uptake o f  

rad ionuc l i des  by foods tu f f s ,  t ransference t o  e d i b l e  po r t i ons  o f  the  species (and, 



of ten ,  t rans ference from vegetable t o  animal species),  and the  e f f e c t s  o f  

harves t  and of food p repa ra t i on  and t r a n s p o r t a t i o n  on rad ionuc l i de  content .  

O f  t he  35 ca tegor ies  o f  foods considered i n  the  s tudy (Table V I I I - 2 ) ,  o n l y  

meat foods (beef, pork, and lamb), m i l  k, and eggs, c o n t r i b u t e d  measurably t o  

annual dose i n  t he  TVR ( rough ly  20% c o n t r i b u t i o n  t o  t o t a l  body dose). I n  

a d d i t i o n ,  potatoes, o t h e r  vegetables, and t r e e  f r u i t s  c o n t r i b u t e d  about 15% o f  

t h e  50-year dose commitment t o  bone. Foods tu f fs  i n  general ,  however, tended t o  

c o n t r i b u t e  more t o  dose i n  t he  i n f a n t  and c h i l d  than i n  o t h e r  age groups. 

None o f  t he  r e c r e a t i o n a l  pathways c o n t r i b u t e d  apprec iab ly  t o  dose. This  

r e s u l t  i s  cons i s ten t  w i t h  t he  gene ra l l y  low r a d i o n u c l i d e  concent ra t ions  i n  

waterways o f  t h e  reg ion  and w i t h  t h e  f a c t  t h a t ,  except f o r  a  r e l a t i v e l y  few 

i n d i v i d u a l s ,  spo r t s  f i s h  and game b i r d s  c o n s t i t u t e  an i n f i n i t e s i m a l  p a r t  o f  t h e  

d i e t .  

A summary o f  t h e  pathway c o n t r i b u t i o n s  t o  dose and dose commitment i s  shown 

i n  F igures IX-6 and IX-7. More d e t a i l e d  pathway c o n t r i b u t i o n s  f o r  se lec ted  

cen t ro ids  a re  shown i n  Appendix J. 
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X. SENSITIVITY STUDIES: 

EFFECTS OF PARANETER VARIATIONS 

The HERMES code p rov ides  a  c a p a b i l i t y  f o r  e s t i m a t i n g  o f  r a d i a t i o n  dose 

f rom f o r t y - e i g h t  r ad ionuc l  i des  and t e n  pathways ( i n c l u d i n g  t h e  i n g e s t i o n  o f  

35 ca tego r i es  o f  foods) .  The p a r t i c u l a r  r ad ionuc l  i des  and pathways used i n  

t h i s  s tudy  were se lec ted  on t he  bas i s  o f  t h e i r  p o t e n t i a l  f o r  c o n t r i b u t i o n  t o  

r eg iona l  r a d i a t i o n  dose. The r e s u l t s  o f  t h e  p resen t  s tudy  i n d i c a t e  t h a t  n i n e  

r a d i o n u c l i d e s  and s i x  pathways c o n t r i b u t e  n e a r l y  a l l  o f  t h e  computed r a d i a t i o n  

dose, as d e t a i l e d  i n  Chapter I X .  Parameter v a r i a t i o n s  have been made and 

analyzed t o  b e t t e r  understand t he  mechanisms i n  t h e  model and t h e  i n p u t  da ta  

which a f f e c t  t h e  s i g n i f i c a n c e  o f  va r i ous  r a d i o n u c l i d e s  and pathways. The 

s e n s i t i v i t y  s t u d i e s  a r e  designed1 p r i m a r i l y  t o  i n d i c a t e  c r i t i c a l  p a r t s  o f  t h e  

c a l c u l a t i o n  as w e l l  as t o  analyze the  e f f e c t s  o f  changes i n  t he  var ious  

assumptions made. 

MAJOR EFFECTS ON DOSE 

Most o f  t h e  p o t e n t i a l  r a d i a t i o n  dose i n  t h e  r e g i o n  can be a t t r i b u t e d  t o  

r a d i o a c t i v i t y  t r anspo r ted  f rom source t o  r ecep to r  v i a  t h e  atmosphere. A i r  

i n h a l a t i o n ,  a i r  submersion, t r i t i u m  t r a n s p i r a t i o n  and exposure f rom r a d i o -  

nuc l i des  depos i ted  on t h e  ground f rom a i r b o r n e  e f f l u e n t s  account f o r  about 

75% o f  t h e  c a l c u l a t e d  dose. A major  p a r t  o f  t h e  remainder o f  t h e  dose comes 

f rom i n g e s t i o n  o f  foods and d r i n k i n g  water .  Approx imate ly  90% o f  t he  r e g i o n a l  

dose i s  a t t r i b u t a b l e  t o  r a d i o n u c l i d e  re leases  d i r e c t l y  assoc ia ted  w i t h  f u e l  c y c l e  

f a c i l i t i e s ,  p r i m a r i l y  reprocess ing  p l a n t s .  

The base case c a l c u l a t i o n s  show t h a t  t h e  major  p a r t  o f  t h e  r e g i o n a l  dose 

i s  due t o  a i r b o r n e  r a d i o n u c l i d e  plumes from normal re leases  t o  t h e  atmosphere. 

Another l a r g e  p o r t i o n  o f  t h e  dose i s  a t t r i b u t a b l e  t o  t h e  rad ionuc l  i d e  concen t ra t i on  



on the ea r th ' s  surface resulting from deposition from the plumes. The surface- 

deposited radionuclides also are important contributors to  dose from ingestion 

of foods, from drinking water, and from pathways associated with the region's 

waterways. The HERMES model assumes tha t  precipitation in the area resu l t s  in 

leaching of rkdionuclides from the surface. The nuclides a re  carried in runoff 

to  the regional stream system, and through seepage to the root zone of the soi l  

and t o  groundwater systems. 

Effects of Nuclear Fac i l i t i e s  External to  the Study Area 

In the TVR study, only twelve of the 50 nuclear f a c i l i t y  s i t e s  assumed to 

be in operation in the year 2000 were actually located within the Tennessee- 

Cumberland Basin study area.  The remainder were located in regions peripheral 

to  the study area. Separate calculations were made to evaluate the re la t ive  

impact of the f a c i l i t i e s  within the study area and of those external to  the area. 

These calculations indicate tha t  about 30% of the regional integrated total-body 

dose i s  derived from the externally-sited f a c i l i t i e s .  This " a i r  envelope" dose 

contribution i s  virtuall 'y en t i re ly  due to  t r i t ium. 

Effects of Air Deposition on River Concentrations 

Radionuclides may enter regional r iver  systems e i ther  through d i r ec t  discharge 

from nuclear f a c i l i t i e s  or  through precipitation-induced runoff from the water- 

sheds, carrying with i t  portions of the radionuclide burden deposited from the 

a i r  upon the ground. As was previously noted, only twelve nuclear f a c i l i t y  s i t e s  

were assumed to"1ie within the boundaries of the study area. Eleven of these 

were assumed to  discharge eff luentsdirect ly  into r ivers ,  a1 though for  two of 

these t r i t ium i s  the only radionuclide discharged. 

There are 77 points along the r ivers  a t  which surface-deposited material 

from airborne plumes were assumed to enter the r iver  systems. Each of these 

points represents the cumulative drainage from one or  more co'unties into the 



r i v e r .  I t  should be emphasized t h a t ,  in the  i n t e r e s t  of being conservative,  

there  i s  a double budgeting of the  contr ibut ion of the  surface deposited material 

t o  the  calcula ted dose. F i r s t ,  a l l  the  material deposited a t  a centroid  i s  

assumed to contr ibute  to  the  dose via a l l  of the  non-aqueous, and non-airborne 

pathways. Then i t  has been assumed t h a t  a l l  of the surface deposited material 

moves t o  the  riverways via runoff and i s  then ava i lab le  fo r  contr ibut ing t o  dose 

by the  aqueous pathways. Even wdth this conservatSsm, the  contr ibut ions  of 

these  pathways t o  dose a r e  small (Chapter IX). 

Table X-1  i s  a l i s t i n g  of the  average monthly in jec t ion  r a t e s  of ten repre- 

sen ta t ive  radionuclides f o r  each of the  two procedures discussed above. The 

average monthly values fo r  runoff a r e  much l a rge r  (again based on a very conserva- 

t i v e  assumption) than those from the  f ac i l  i t y  ou t f a l l  s .  

I t  i s  obvious t h a t  the  radionuclide contr ibut ion t o  the regional r i ve r s  

via the  overland runoff mechanism, as  postulated,  i s  the  major governing f ac to r  

in the  potential  dose a t t r i b u t a b l e  to  the  aqueous pathways. 

TABLE X-1 

MONTHLY AVERAGE INJECTION RATES TO RIVERS 

Nucl i de 

3~ 

9 5 ~ r  

" ~ b  

O 6 ~ U  

1311 

5 4 ~ u  
232" 

238,,, 

244~ .  

Direct In ject ion , pCi/Flo. Over1 and Runoff, pCi/Mo. 
I 

1 .5  8.4 x lo3  

1 .5  10'' 1 .6  

9.5 lo-' 3.9 x 10-I 

3.5 x 4.8 

6.9 x 1 0 " ~  3.5 

2.8 3.5 

2.4 x 1 .  x 10-I 

3.9 lo-14 1 .5  x lo-* 

1.8 9.5 x lo-2 

3.5 1 0 - l ~  5. x loe2  



Clustering of Plants 

There is a great deal of interest in the nuclear park concept. An investi- 

gation was made to determine the potential f0.r changing the regional dose 

patterns of the base case for two hypothetical nuclear park concepts. In the 

first case all of the nuclear facilities in the base case study were grouped. 

.into six sites. Each site has a combination of nuclear power electrical produc- 

tion plant, fuel fabrication plant and spent fuel reprocessing facilities. For 

this clustering scheme each of the reprocessing facilities was assigned a plant 

capacity of five tons per day. The second clustering .scheme assembled the nuclear 

facilities in the study into sixteen sites. Again, each site has representation 

of all nuclear .facilities: The reprocessing plant capacity for this case is one 

ton per day. The sites as.sumed for these clusters are shown in Appendix B. 

Again, it should be emphasized that these are hypothetical sites and hypothetical 

nuclear facility configurations. 

The fuel reprocessing facilities are the principal contributors 'to dose. 

The dose pathways that are of most concern in this regard are those dealing with 

material suspended in the atmosphere or deposited, from airborne plumes-, onto 

the underlying surface. In the base case there were four reprocessing facilities, 

each with a 1500 ton per year capacity, in the study region and contiguous 

environs. The upper left presentation in Figure X-1 illustrates the three 

configurations. Resiting the facilities and changing the rated capacity of the 

reprocessing plants will obviously change the regional dose distribution. The 

three other illustrations in Figure X-1 show the changed patterns of adult 

total-body dose distribution. Figure X-2 shows the cumulative dose as a 

function of population fraction for the base case and the two- clustering cases. 

Note that the cumulative total-body dose for the 16 site cluster, each containing 

1 MT/day fuel reprocessing plant, is much larger for the 96-to-100-percent 
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a populat ion ranking. I n  Figure X-2, the curve f o r  t h i s  case i s  terminated a t  

the 95 percent grouping; the actual values o f  calculated total-body dose and 

per t inent  data are given i n  Table X-2 f o r  four  counties containing c lustered 

s i tes .  The higher dose values t h a t  have been ca lcu la ted f o r  these four  cen- 

t r o i ds  po in t  up the problem o f  jud ic ious s i t i n g  o f  f ue l  reprocessing plants t o  

minimize t h e i r  rad io log ica l  impact. 

TABLE X-2 

HIGH-DOSE COUNTIES FOR 7 MT/DAY CLUSTER CASE 

Annual 
Nuclear County Total -Body 
S i t e  No. - No. - Name Dose (Mrem) Lat i tude Longitude 

16 126 Houston, . Tenn 1.56 x lo-*  36" 19' 87" 42' 

15 20 Hawki ns , Tenn 1.91 x 1 0 ' ~  36" 28' 82" 51' 

14 96 Sumner, Tenn 2.43 x 36" 50' 86" 27' 

13 92 Jackson, Ala 4.52 x 34" 47' 86" 55' 

RADIONUCLIDE TRANSPORT CONSIDERATIONS 

Radionuclide t ransport  and d i f f u s i o n  from source t o  receptor, culminating 

u l t ima te l y  i n  a rad io log ica l  dose t o  man, involves both coupled and uncoupled 

atmosphere and water mechanisms. There are i m p l i c i t  data assumptions invo lv ing 

the natural  atmospheric and hydrologic parameters t h a t  a f f e c t  the radionucl ide 

transport,  t ha t  have been incorporated i n t o  the per t inen t  HERMES code elements. 

I n  order t h a t  an appreciat ion o f  the po ten t ia l  e f f e c t  o f  these assumptions may 

be made, a ser ies o f  computations have been made wherein the major data parameters 

were e i t he r  var ied o r  assembled i n  a d i f f e r e n t  form. 



Var ia t ions o f  A i r  Transport Parameters 

Wind Speed and S t a b i l i t y  Categor izat ion 

The basic meteorological data bank used f n  the base case i s  an ana lys is  

o f  standard U. S. Weather Service observations v i a  a mod i f i ca t ion  o f  the 

 STAR(^') code. These are percent frequency o f  occurrence data categor ized as 

a f unc t i on  o f  : 1 ) s ix teen compass rose sectors, 2) s i x  s t a b i l i t y  classes, and 

3) s i x  wind speed classes. To t e s t  t h e i r  e f f e c t s  on nuc l ide  concentrat ion, 

these parameters were r e s t r i c t e d  i n  th ree  cases to, respect ive ly :  1 ) wind speed 

constant a t  f i v e  meters per second, 2)  atmospheric s t a b i l i t y  c lass s e t  t o  type "C", 

and 3) atmospheric s t a b i l i t y  classes r e s t r i c t e d  t o  two types "C" and "D". The r e s u l t s  

o f  these ca lcu la t ions  a re  shown i n  Figure X-3. The f o u r  data d isp lays I n  t h i s  f i g u r e  

show var ia t ions  i n  8 5 ~ r  concentrat ions fo r  the base case f o r  the three mentioned 

r e s t r i c t i o n s  on atmospheric condit ions. 

Height o f  Release 

I n  the  base case the discharge p o i n t  t o  the atmosphere f o r  each f ue l  repro- 

cessing p l a n t  was assumed t o  be a t  a stack e leva t ion  o f  100 meters. A l l  o ther  

nuclear f a c i l i t i e s  were presumed t o  have the atmospheric discharge po in t  a t  the 

surface. To t e s t  the code response t o  stack e leva t ion  v a r i a b i l i t y  two runs 

were made where: a )  a l l  atmospheric discharge i s  made a t  the  surface, and b )  a l l  

discharge t o  the  a i r  i s  a t  100 meters. The reduct ion o f  the reprocessing p l an t  

stack from 100 meters t o  the surface has the e f f e c t  of r a i s i n g  the a i r  con- 

cen t ra t ions  o f  the  count ies c loses t  t o  the f a c i l i t i e s .  The mean t r i t i u m  a i r  

concentrat ions over the e n t i r e  study area were increased by a fac tor  o f  3.32 as 

a r e s u l t  o f  t h i s  ac t ion.  Conversely, the  a r b i t r a r y  assignment of a 100 meter 

re lease p o i n t  f o r  a11 f a c i l i t i e s  has the  e f f e c t  o f  reducing the t r i t i u m  a i r  

concentrat ions t o  about 80% o f  base case values. 

Water Transport Parameter Var ia t ions 

Data charac te r i z ing  the regional  waterways has been developed by (1 ) s t a t i s -  

t i c a l  analysis o f  po in t  measurements o f  r i v e r  flow i n  the region, (2) empir ical  

X-8 
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derivation of equations representing sediment 1 oading, and (3) analysis of 

relatively few "grab" samples of water and of bottom sediment from river 

systems, to evaluate absorptive characteristics of sediments toward specific 

chemical elements. 

Because of lack of more definitive data, it was necessary to apply the 

available information on sediment characteristics rather broadly over larger 

regions of the study area. Furthermore, sediment rd many of the 

radionucl ides in the study was estimated on the ba a1 similarity, 

again because of the lack of definitive data. 

The behavior of sediment toward radionuclides is expressed as the distri- 

bution coefficient, Kd. This coefficient represents the ratio of concentration 

of a specific nuclide sorbed on sediment particles to the concentration remaining 

in solution in the water containing the sediment. Values of distribution co- 

efficients used in the study are given in Appendix G. Because there is consid- 

erabl e uncertainty in these val ues, a series of parametric ca1 culati ons were 

made with distribution coefficients set at arbitrary values. Results of these 

calculations are shown in. Figures X-4 through X-7, for the radionuclides 89~r and 

"~r. The strontium isotope has a relatively low distribution coefficient, with 

base values ranging from 80 to 280 through the study region. Zirconium, on the 

other hand, has a high KDy ranging from 16,000 to 280,000 in base calculations. 

The sensitivity coefficients assumed three different KO values : zero, 

unity (Kg = 1). and 200,000. A KD value of zero implies no sorption on sediments, 

with the entire nuclide burden present in dissolved form. 

In the case of 89~r, the concentration in solution is not greatly changed 

(at most not over one order of magnitude) when the KD is reduced from its base 

values to a value of unity. Further reducing the KD to zero increases the 

di ssol ved concentrations noticeably, whereas an increase in KD to 200,000 markedlj 
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dimin ishes them. Sediment concentrat ions,  on the  o t h e r  hand, appear t o  be 

r a t h e r  s t r o n g l y  a f f e c t e d  by e i t h e r  i nc reas ing  o r  lower ing  KD values. For 

zirconium, on the  o the r  hand, the  base values f o r  bo th  d i sso l ved  and suspended 

concent ra t ions  a re  s i m i l a r  t o  those f o r  t he  case w i t h  K D s e t  a t  200,000. A t  

lower Kg values d i sso l ved  concent ra t ions  a re  markedly increased a t  t h e  expense 

o f  t he  sediment concent ra t ions .  

Va r i a t i ons  i n  t h e  va lue o f  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  n o t  o n l y  a f f e c t  the  

r a t i o  between d i sso l ved  and suspended n u c l i d e  a c t i v i t y ,  b u t  a l s o  can a f f e c t  t he  

t o t a l  q u a n t i t i e s  o f  a c t i v i t y  t ranspor ted  downstream. Sediment p a r t i c l e s  which 

s e t t l e  t o  t he  r i v e r  bed c a r r y  t h e i r  p ropo r t i ona te  l oad ing  o f  rad ionuc l i des  w i t h  

them, thus d e p l e t i n g  the  amounts t ranspor ted  f u r t h e r  downstream. This  rad io -  

n u c l i d e  " t rapp ing"  mechanism, p a r t i c u l a r l y  impor tan t  i n  sedimented r e s e r v o i r  

systems such as e x i s t  i n  t he  Tennessee and Cumberland drainages, w i l l  have 

vary ing  e f f e c t  depending on t h e  KD values e x h i b i t e d  by t h e  s p e c i f i c  sediments. 

The parameter izaton s tud ies  o f f e r  i n s i g h t  as t o  t h e  magnitude o f  t h e i r  e f f e c t s .  

For t h e  present  study, t h e  c o n t r i b u t i o n  t o  dose by wa te r - re la ted  pathways was 

found t o  be smal l .  Hence, even l a r g e  v a r i a t i o n s  i n  Kg f rom t h e  values assumed 

would have r e l a t i v e l y  small e f f e c t  on the  r e s u l t i n g  dose t o  t h e  popu la t i on  o f  

t h e  reg ion .  
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TABLE A-1 

ASSllMED NUCLEAR GENERATING PLANTS 

BY SITE 

Si t e  S i t e  
Number Name. - 
centra l  Regi on 

P lant  
Type 

Start-up 
Year 

No. o f  
Uni ts 

Un i t  
Capaci t y  , MWe 

1. Browns Ferry BWR 

2 Sequoyah PWR 

3 Watts Bar PWR 

PWR 

LMFBR 

4 .  Be1 1 efonte 

5 Oak Ridge 

6 G a l l a t i n  BWR 

7 Bu l l  Run BWR 
HTGR 

8 Col b e r t  PWR 

PWR 

LMFBR 

LMF BR 

9 John Sevier 

10. Kings ton 

11' Widows creek 

A i r  Envelope 

PWR 
LMFBR 

14 Shawnee HTGR 

PWR 

PWR 

15 Oconee 

17 Catawba 

18 Hartwell  

PWR 

PWR 

BWR. 

HTGR 

19 Long Is land 

20 High Rock 



S i t e  S i t e  
Number Name - 

Plant  Start-up No. o f  
UE Year Uni ts  

Un i t  
Capadi t y  , MWe 

2 1 Hickory PWR 90,92,96,97 4 

2 2 Keowee LMFBR 93,93,99 ,OO 4 

?3 T e r r e l l  PWR 95,95,96 3 

24' Rhodhiss LMF BR .96.,98,99,00 4 

25 James BWR 98 ,OO 2 

26 Russel 1 PWR 83,85 2 

2 7. Frank1 i n  . HTGR 87,89 2 

28 Smith Mountain BWR 92,93 2 

29 Ranger LMF BR 97,98 2 

3 0 . D i x  Dam PWR .88,91 2 

31 Stan1 ey HTGR 94,94 2 

Maysvil l e  LMF BR 

West Po in t  PWR 

Posey PWR 

cypress 

M i l l  Creek 

HTGR 

HTGR 

J ~ P P ~  

F a l l s  C i t y  

BWR 

PWR 

Onatchee BWR 

Cedar. B l u f f  HTGR 

Black Warrior LMF BR 

Sidney Lani e r  

A1 1 atoona 

Buford 

Chi copee 

Carters Dam 

PWR 

BWR . 

PWR 

LMF BR 

HTGR 

LMFBR Chattahoochee 



TABLE A -2 

ASSUMED FUEL REPROCESSING PLANTS BY SITE 

~i t e  Fuel Type(s) start-up , . 

Number S i t e  Name Processed Year 

Central.. Reg ion  

12 Oak Ridge Repro. LWR-U 1980 
. .  , 

~ l r ' .  Envelope 

48 Kannapol i s LWR , , HTGR , LMFBR 1984 ; 

49 Cul lman LWR, HTGR, .LMFBR 1 99.0 

50 Paduca h LWR, HTGR, LMFBR 1994 

TABLE A-3 

ASSUMED FUEL FABRICATION PLANTS BY SITE 

S i t e  Fuel Type Start-up 
Number S i t e  Name. . 'Pr6cessed yew 

Central ' Region 

6 Gal 1 a t i  n. 

9 John Sevier 

10 Kingston . . 

~ A i r  Envelope 

LWR-U 

LWR-PU 

LMFBR 

1 18 Hartwell  LWR-Pu 1978 

~ 2 0 High Rock HTGR 1985 

I 44 Buford LWR-U 1983 

Capacity 
MTlday 

5 



TABLE B-1 

CLUSTER SITE LOCATIONS 

CLUSTER SITES FOR REPROCESSING PLANTS HAVING 5 TONS/DAY CAPACITY 

Contains Reactors 
Name Reprocessing P l a n t  S ta r t -up  from S i tes *  

Troutmans 

Forsy th  

Stephensport 1996 39-48 

TABLE B-2 

CLUSTER SITES FOR REPROCESSING PLANTS HAVING 1 TONIDAY CAPACITY 

Name 

Sal em 

Denver 

Savannah 

Troutrrlans 

Nepo 

G l  enwood 

Stephensport 

Posey 

Lewis Smith 

Forsy th  

Cedar B l  u f f  

Watts Bar 

Be1 1 e fon te  

G a l l a t i n  

John Sevier  

Cumber1 and 

Reprocessing P l a n t  Star t -Up 

1980 

1985 

1993 

1997 

2000 

1989 

1988 

1992 

1987 

1985 

1992 

1980 

1988 

1984 

1986 

1992 

Contains Reactors 
f rom S i tes *  

* See Appendix A f o r  s i t e  number designat ions.  
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Table 8-2 C l u s t e r  S i t e s  f o r  Reprocessing P l a n t s  0-2 
Having 1  Ton/Day Capac i ty  
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APPENDIX C 

TABLE C-1 

MOI\ITtILY CAPACITY FfiC'i'ORS 

YFAR 2000 

Cepzcity Fac to r  ( a )  
Unit 

Browns Ferry  1 
2 
3 

I Watts Bar 1 
2 

Be l le fon te  1 
2 

G a l l a t i n  1 
2 
3 
4 

B u l l  Run 1 
2 
3 
4 

1 Oak Ridge 

I Allen 1 
2 
3 
4 

Colbert  1 
2 
3 

John Sevier  1 
2 

i 3 
4 

Shawnee 1 90 90 90 90 90 0 ' 0 90 90 90 90 90 
2 90 90 90 90 90 90 90 90 0 0 90 90 
3 90 90 90 90 90 90 90 90 90 90 0 0 
4 90 90 90 90 90 90 90 90 90 90 0 0 



Unit - 
Widows Creek 1 

2 

Kingston 1 
2 

Oconee 1 
2 
3 

Catawba 1 
2 

I iar twel l  1 
2 
3 
4 

Long I s l a n d  1 
2 
3 
4 

Eigh Rock 1 
2 
3 
b 

Hickory 1 
2 
3 
4 

James 1 
2 

Keowee 1 
2 
3 
4 

T e r r e l l  1 
2 
3 

TABLE C - 1  (Cont'd) 

Capacity Factor  ( $ 1  

J F M A M J J  A S O N  D - - - - - - - - - - - -  



TABLE C - 1  (Cont'd) 

Ca~acity Fac to r  ( $ )  

Unit  

Rhodhiss 3. 
2 
3 
4 

Frank l in  1 
2 

R u s s e l l  1 
2 

Ranger 1 
2 

Smith Mountain 1 
2 

F a l l s  C i ty  1 
2 
3 

Onatchee 1 
2 

Cedar Bluff  1 
2 

Black Warrior 1 

Sidney Laz ie r  1 
2 

Al la toona 1 
2 

Buford 1 
2 
3 
4 

Chicopee 1 
2 
3 
4 

C a r t e r ' s  Dam 1 
2 



TABLE C-1 (Cont'd) 

CRD'C~~V Factor  ( % )  

Unit J F M A M J  J A S 0 N D - - - - - - - - - - - -  
Chattahoochee 1 0 0 90 90 90 90 90 90 go go go 90 

2 90 90 0 0 90 90 90 90 90 90 90 90 

Dix Dam 1 0 90 90 90 90 90 90 90 90 90 90 0 
2 go 0 0 go go go go go go 90 go go 

Stanley 1 90 0 0 90 90 90 90 90 90 90 90 90 
2 90 90 90 0 0 go go 90 go 90 90 90 

Maysville 1 90 90 90 90 90 90 90 90 90 0 0 90 
2 90 90 90 0 0 90 90 90 90 90 90 90 

West Point 1 90 90 90 90 0 0 90 90 90 90 90 90 
2 90 90 90 90 90 90 90 90 90 0 0 90 
3 90 90 0 0 go. go go 90 go 90 90 90 

Posey 1 0 90 90 90 90 90 90 90 90 90 90 0 
2 90 0 0 90 90 90 90 90 90 90 90 90 

Cypress  1 90 90 90 90 90 90 90 9'3 0 0 90 90 
2 90 90 0 o 90 90 go go go 90 90 90 

M i l l  Creek 1 90 40 90 90 90 90 90 90 90 0 0 90 
2 go go go 0 0 go go go go go go go 
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Half Life A 

Half Life (sec) (set-I) 

TABLE D-1 

RADIONUCLIDES CONSIDERED I N  STUDY 
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TABLE E-1 

TYPICAL  NUCLEAR POWER PLANTS RADIONUCLIDE RELEASES 

(CURIESIY  EAR) 

GPSEOUS 

7 . 7 9 . E r o z  
t .  
0 .  
0 .  
0 ,  
" l 
l . O 6 E * O l  
9 . 0 5 E * ' I Z  
6 . 9 3 E * O C  
Z . O i E * O l  
5 . T 4 E - 0 1  
3 .  
0 .  
0 .  
C .  
c .  
6 .  
0. 
2 .  
C ,  . . 
C .  
c .  
c .  
F .  
7 . 8 3 E - . 1 1  
6 . 4 4 E - 0 3  
2 . 9 q F * 3 2  
1.511F*39 
Z . L Z E * U l  
l . L ~ C + O O  
5.LJE* ' IO 
n .  
C .  
C .  
1 .  
0 .  
i . 
0. 
C.  
'4 . 
3 .  
c .  
c .  
5 .  - .  
6 .  
n. 

0 

CPSEOUS L I O U I O  GASEOUS 

G  D 

L I O U I D  

b.BhE.*C 1 
0. 
0 .  
0 .  
0 .  
0. 
9 .  
0. 
C .  
0. 
0. 
5 .67 : -05  
3.51!!-C 4  
3.51:-c4 
n.61,:.-02 
l n 3 S ! - 9 5  
2.70;-15 
C .  
0 .  
'I. 
8 . b S I - C 5  
b .  31: - C  5  
b .  31:-05 
iJ. 
0 .  
0. 
0 .  
0 .  
0 .  
'I. 
0.  
0. 
?.5bE:,-? 3 
1 . 5 b T - G 3  
0. 
'I. 
0.  
e . l O f - . l b  
1 . 6 2 E - 3 5  
e.. 
C .  
C .  
0 .  
0. 
0 .  
0 .  
0. 
0. 

GASEOUS L I O U I O  

S . L i I E * O l  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 
0 .  
0. 
0. 
a .  
0. 
0. 
J .  
0 .  
0 .  
0. 
0. 
0 .  
0 .  
0. 
0 .  
'I. 
0 .  
0. 
0. 
G .  
0 .  
0 .  
3 .  
'I. 
0. 
0 .  
0. 

0 .  
0 .  
0. 
0. 
0. 



TABLE E-2 

TYPICAL FUEL REPROCESSING PLANT RADIONUCLI DE CONCENTRAT1 ONS IN FUEL 
TON) 

' L W R - U  L W R - P U  H T G R  L M F B E  

FUEL 

C.9ZE*OZ 
5 . 0 0 E - 0 1  
C .  
C .  
0 .  
C .  
C .  
l . t I 1 € * 0 ' 4  
?. 
c .  

FUEL 

9 . i l H E * 0 2  
5 . 9 C E - 0 1  
Y I 

0 .  
0 .  
0 .  
c .  
b . 8 5 € * 0 1  
2 .  
C .  

FUEL 

c..ZI1E*OJ 
S . B b E * J l  
0 .  
C .  
0 .  
t. 
c .  
b . l d i r 3 4  
0 .  
0 .  

FUEL 

5 .  8 C E * 3  1 
Z.O?E*OQ 
0 .  
0 .  
c .  
0 .  
0 .  
9 . 3 4 E 6 ' 1  3 
0 .  
0 .  



(CURIESIMETRIC TON) 

L U R - U  L Y D - P U  M T G 3  L M F B R  

ISOT'IPT FUEL WASTE F U E L  Y i S T E  F U E L  Y  PSTE FUEL U b S r E  

H 3 
C  1 4  
N L Z Z  
A 2 3 9  
C 0 5 '  
COK? 
u a c 5 *  
UR85 
U  7 * 1  
K ' A I  
KQ.3 
S R 8 9  
SQ4C 
1 9 0  
1 9 1  
I 9 9 5  
N B 9 5  
QUIC 3  
i U l C 5  
S Y I Z 3  
T E I Z S P  
T E l Z l  
T E 1 2 9 "  
T E l 3 2  
I 1  2 9  
I 1 3 1  
I 1  33  
X E 1 3 3  
X E I J S ~  
X E l J 5  
X E l I ?  
X E l J 8  
CS13(. 
c s 1 3 7  
3 1 1 4 0  
L b l L O  
t i 1 4 1  
~ ~ 1 6 4  
E U l S b  
U Z J ?  
U Z J C  
P U Z J 3  
o U 2 3 9  
P u t 4 0  
PUZ(.L 
& * Z ( . l  
C H Z 4 2  
C*2'.4 



n 3 
C l b  
N  AZZ 
AQ '9 
C05P 
C  06C 
I(Zd5. 
q0.5 
Ker.7 
K'49 
K Q 9 3  
S'C9 
50.3, 
Y 37 
1 9 1  
Z ? 9 5  
N 3 9 5  
QUlC. 
RU1;6 
Sf1123 
~ ~ i z ~ r  
T E 1 2 7  
T E l Z 3 2  
T E 1 3 2  
1 1 2 9  
I 1  3 1  
1 1 3 3  
X E 1 3 3  
XL135 '  
X C 1 3 5  
X E 1 3 7  
X E 1 1 4  
C S l l S  
C S l 3 r  
9 2 1 4 C  
L A 1 4 2  
C E l L l  
C E I b L  
E l l 1 5 4  
U 2 3 2  
U 2 3 4  
PUP33 
P U Z 3 3  

, PUZCO 
P U 2 4 1  
AM241  
C  * 7 4 2  
c n t b b  

TABLE E - 4  

TYPICAL FUEL FABRICATION PLANT RADIONUCLI DE RELEASES 

( CURI ES/METRIC TON ) 

L Y Q - U  

CLSFOUS L I R U I O  L I O U I O  GASEOUS 

T G Q  

L I O U I J  

0 .  
3 . e 6 5 - 1 5  
0. 
3 .  
0 .  
0. 
0 ,  
G. 
0. 
C .  
0 .  
L.14:-13 
2 . 3 6 E - 1 2  
0 .  
6 . 8 5 5 - 1 3  
1 . O e E - 1 2  
3.34:-14 
4.44:-14 
l . c ? : - l Z  
3.43:-11. 
7 . 6 1 E - 1 5  
0. 
2 . 2 4 5 - 1 5  
0. 
1.25;-18 
1.76:-25 
0. 
0 .  
0 .  
0 .  
0 .  
0. 
5 . 8 E E - I ?  
3 . 0 0 E - 1 2  
8.92:-13 
0 .  
4 . 2 5 f - 1 4  
1 . 1 7 5 - 1 1  
1 . 3 2 5 - 1 3  
2 . 9 Z E - 0 8  
8.3GE-C9 
1 .8FE-Cb 
1 .5CE-63  
3.18:-39 
1.GbE-C6 
1 . 6 2 i - 1 6  
1 . 0 7 E - 1 4  
1 . 6 1 E - 1 4  

GLSE3US L I Q U I D  
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APPENDIX F 

A1 RBORNE AND A 1  R-DEPOSITED CONCENTRATIONS 

FOR SELECTED RADIONUCLIDES 

Typ ica l  re1 a t i onsh ips  between a i rbo rne  concent ra t ions  o f  r a d i  onucl i des and 

the concent ra t ions  deposi ted on the  ground a re  shown i n  F igu re  F-1. These re -  

l a t i o n s h i p s  a re  dep ic ted  f o r  se lec ted  rad ionuc l i des  f o r  e i g h t  count ies  repre-  

sen t i ng  d i f f e r e n t  p o r t i o n s  o f  the  Tennessee Va l l ey  Region study area. The 

a i rbo rne  concentrat ions are  averaged over  t he  year  2000, from monthly concen- 

t r a t i o n s  as c a l c u l a t e d  by t h e  ARTRAN model. Ground concent ra t ions  a r e  g iven  

as average monthly r a t e s  o f  depos i t i on  per  u n i t  area, again averaged over t he  

year.  

The r a t e s  o f  depos i t i on  as c a l c u l a t e d  f o r  each month a r e  dependent on the  

a i rbo rne  concent ra t ion  o f  t h e  rad ionuc l i de  i n  ques t ion  (expressed as a  t ime- 

weighted mean f o r  the  month), on the d ry  depos i t i on  ( s e t t l i n g )  v e l o c i t y  of t h e  

rad ionuc l  i d e  p a r t i c l e s ,  and on the  p r e c i p i t a t i o n  p a t t e r n  f o r  t he  month. Thus, 

the  r a t i o  o f  ground depos i t i on  r a t e  t o  a i rbo rne  concent ra t ion  i s  n o t  necessa r i l y  

constant ,  e i t h e r  from one rad ionuc l i de  t o  another  o r  from one county t o  another.  

For many of t he  rad ionuc l  ides i nc luded  i n  Table F-1 , very low concent ra t ions  

a re  i n d i c a t e d  bo th  f o r  a i r  burdens and ground depos i t ion .  The s ign i f i cance  o f  these 

concent ra t ions  may be brought  i n t o  con tex t  by re fe rence t o  Table F-2. That t a b l e  

shows the  s t a t i s t i c a l  s p e c i f i c  r a d i o a c t i v i t y ,  i n  p icocur ies ,  a t t r i b u t a b l e  t o  the  

presence o f  a  s i n g l e  atom o f  a  rad ionuc l i de .  For  example, Table F-1 shows Nash- 

v i  1  l e y  Tennessee t o  experience an average year  2000 concen t ra t i on  f o r  9 5 ~ r  o f  

2.4x10-~ p i cocu r i es  per  cub ic  meter  i n  a i r ,  and an average depos i t i on  r a t e  of 

3 . 6 x 1 ~ - ~  p i cocu r i es  per  square meter per month. By re fe rence t o  F igure  F-2, these 

concent ra t ions  a r e  seen t o  be equ i va len t  t o  one atom o f  9 5 ~ r  per  1.4 m i l l i o n  cub ic  

meters of a i r  and a  monthly depos i t i on  r a t e  o f  one atom per  9.3 square meters of 

sur face .  These concent ra t ions  have phys ica l  s i g n i f i c a n c e  or l ly  when averaged over  

l a r g e  areas, such as the  county areas used i n  t h i s  study. 



TABLE F-1 

COMPARISON OF AVERAGE AIRBORNE CONCENTRATIONS OF PADIONUCLIDES 

AN0 AVERAGE MONTHLY DEPOSITION ON CROUNO: SELECTED F!AOIONUCLIDES AN0 CENTROIDS 

Nucl ide 

3H 

1 4 C  

22Na 

85Kr 

08Kr 

90Sr 

95zr 

lo6Ru 
1291 

1311 

13'Xe 

13=Xe 

13'Cs 

14"Ce 
23411 

2 3 8 P ~  

2 3 9 P ~  

240Pu 
24 

zszCm 

Ashev i l l e ,  NC 
(Buncombe 

Avg. 
Airborne 

Concentrat ion 
pCi/M3 

1.22 E-2 

1.95 E-6 

2.25 E-12 

1.23 E-2 

1.65 E-5 

7.45 E-12 

8.61 E-12 

2.20 E-11 

4.20 E-19 

1.38 E-9 

2.75 E-3 

3.10 E-4 

1.06 E-11 

4.02 E-11 

1.03 E-12 

5.19 E-13 

5.87 E-14 

8.65 E-14 

1.88 E-14 

1.07 E-12 

County) 

Avg. 
Monthly 

Depos i t ion 
pCi/M2 Mo. 

7.15 E-1 

1.35 E-5 

4.13 E-8 

0 

0 

2.54 E-6 

.3.82 E-6 

7.07 E-5 

1.31 E-15 

7.92 E-6 

0 

0 

2.82 E-6 

1.08 E-5 

3.52 E-8 

1.20 E-7 

1.36 E-8 

2.00 E-8 

4.33 E-9 

2.47 E-7 

F rank l i n .  NC 
(Macon 

Avg . 
Ai rborne 

Concentrat ion 
pCi/M3 

1.78 E-2 

1.68 E-6 

2.42 E-11 

2.27 E-2 

3.70 E-5 

2.30 E-11 

4.40 E-11 

6.74 E-11 

1.34 E-17 

7.77 E-8 

5.59 E-3 

4.06 E-4 

3.22 E-11 

1.24 E-10 

9.04 E-13 

2.01 E-12 

2.-6 E-13 

3.18 f-13 

6.23 E-14 

3.56 E-12 

County) 

Avg . 
Monthly 

Depos i t ion 
pCi/MZ Mo. 

7.28 E-1 ' 

9.40 E-6 

2.98 E-7 

0 

0 

2.46 E-5 

4.70 E-6 

7.19 E-6 

2.98 E-14 

3.34 E-4 

0 

0 

3.44 E-6 

1.33 E-5 

2.65 E-8 

1.50 E-7 

1.67 E-8 

2.48 E-8 

5.27 E-9 

3.-00 E-7 

Oak Ridge, TN 
(Anderson 

Avg . 
Ai rborne 

Concer t ra t ion 
pCi/M3 

0.64 

1.86 E-5 

1.42 E-10 

0.446 

4.03 E-3 

2.32 E-7 

4.43 E-7 

6.77 E-7 

3.61 E-7 

1.57 E-5 

0.403 

8.76 E-2 

3.24 E-7 

1.11 E-6 

2.67 E-8 

1 .E8 E-8 

1.92 E-9 

2.81 E-9 

6.05 E-10 

3.45 E-8 

Albany, KY 
County) 

A4g. 
M o i t h l y  

O e p o j i t i o n  
pCi/H2 Mo. 

49.2 

1.4; E-4 

7.7Cu E-6 

0 

0 

1.60 E-2 

3.05 E-2 

4.66 E-7 

1.01 E-2 

0.40? 

11 

0 

2.23 E-2 

8.60 E-2 

1.95 E-4 

7.51 E-4 

1.09 E-4 

1 .60 .E-4 

3.40 iE-5 
5.83 E-2 

(C l i n ton  

Avg. 
A i rborne 

Concentrat ion 
pCi /M3 

3.51 E-2 

3.35 E-6 

1.11 E-13 

2.27 E-2 

2.06 E-5 

9.81 E-10 

1.87 E-9 

2.86 E-9 

2.58 E-10 

1.55 E-9 

7.52 E-3 

3.83 E-4 

1.37 E-9 

5.28 E-9 

3.70 E-11 

7.37 E-11 

8.36 E-12 

1.23 E-11 

2.66 E-12 

1.52 E-10 

County) -. 

Avg . 
r lonth ly  

. D e ~ o s i t i o n  
pCi/M2 Mo. 

1.19 E-1 

1.67 E-7 

4.44 E-10 

0 

0 

7.27 E-6 

1.38 E-5 

2.12 E-5 

1.73 E-6 

2.70 E-4 

0 

0 

1.01 E-5 

3.92 E-5 

7.53 E-8 

4.29 E-7 

4.97 E-8 

7.17 E-8 

1.56 E-8 

8.87 E-7 



TABLE F-1 (cont inued) 

COMPARISON OF AVERAGE AIRlORNE CONCENTRATIONS OF RADIONUCLIDES 

Nuc l ide 

Avg . 
Ai rborne 

Concent ra t ion  
pCi/M3 

Avg . 
Monthly 

Depos i t ion  
pCi/M2 Mo. 

AND AVERAGE MONTHLY DEPOSITION ON GROUND: SELECTED RADIONUCLIDES AND ,CENTROIDS 

Nashv i l le ,  TN Hun tsv i l l e ,  AL 
(Madison County) 

Avg . 
Ai rborne 

Concentrat ion 
pCi/M3 

Avg. 
Monthly 

Depos i t ion  
pCi/M2 Mo. 

Avg . 
Monthly 

Depos i t ion  
pCi/M2 Mo. 

Cadiz, KY 
(T r i gg  County 

Avg . 
Ai rborne 

Concentrat ion 
pCi/M3 

Avg . 
Airborne 

Concentrat ion 
pCi/M3 

Avg . 
Monthly 

Depos i t ion  
pCi/M2 Mo. 



TABLE F-2 

Nucl i de 

3H 

14C 

22Na 

j K r  

8 8 ~ r  

9 0 ~ r  

1 5 ~ r  
~n 6 ~ n  

1291 

1 3 1 1  

EQUIVALENT LEVEL OF RADIOACTIVITY STATISTICALLY REPRESENTING 

ONE ATOM OF A RADIONUCLIDE 

Equ i va len t  S p e c i f i c  
A c t i  v i  ty -pCi  /Atom 

4.830 E-8 

1.037 E-10 

2.285 E-7 

Nuc l i de  

1 3 3 ~ e  
1 3  5 x e  

l3 7Co 

144Ce 
2 3 4 ~  

238Pu 

239Pu 

240Pu 

241Am 

242Cm 

Equ i va len t  Speci f i c  
A c t i  v i  ty-pCi/Atom 

4.114 E-5 

5.657 E-4 

1.980 E-8 

7.635 E-7 

2.434 E-12 

6.908 E-9 



APPENDIX G 

VALUES OF DISTRIBUTION COEFFICIENT (Kd) USED IN TVR 

TABLE G-1 Values o f  Distribution Coefficient (Kd) 
Used in TVR 

PAGE - 
6-2 



APPENDIX G 
TABLE G-1 

VALUES OF DISTRIBUTION COEFFICIENT (Kd) USED I N  TVR 

The d i s t r i b u t i o n  c o e f f i c i e n t  i s  t h e  r a t i o  o f  nuc l i de  concen- 

t r a t i o n  sorbed onto water-borne sediment t o  the  concentrat ion 

d issolved i n  water. 

Kd = (pCi/gm) / ( p C i / l )  

Nucl i d e  Eastern Appalachian Cumber1 and Highland M iss i ss ipp i  
Mountains Val l e y  Plateau R i  m Embayment 



APPENDIX G (CONT.) 

Nucl i de Eastern 
Mountains 

Notes : 
* 

Appal achi an Cumber1 and 
Val 1 ey Pl a teau 

Highland Mississippi 
Rim Embaymen t 

Noble gas, not considered to be soluble in water or sorbed .on 

sediments. 
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TABLE H-1 

SUBMERSION I N  A I R  DOSE FACTORS, INFANT 

(MREMIHRIPER MICROCURI EICUBIC METER) 

T H Y R O I O  LUNGS SKIN L L V E H  



NUCLIDE BODY 

H 3  2 .  
C14 3 .  
NA22 1. H4EtG i. 
A 6 3 9  3.2RE-04 
CG5R i l . lRE-C1 
C06G 2  .lGE+O'! 
K R R 5 M  1.28E-C 1 
KR85 2.24E-0 3  
K R H  7 1.26E+C,L 
K R ~ S  I.~~E+'sc 
KR8 9  4  e34E-U 1 
SK89 2  .12E-0 J 
S P 9  1: 2.39E-Q 4 
Y90 5 -77E-3 3  
Y91 4 .57E-01  
ZG95 6.76E-J 1 
NE.95 6.3AE-01 
S U l L 3  4 .~27E-31  
R U l u 6  1.73E-6 1 
SN123 0 .  
l E 1 2 5  1.69E-C 3 
TE12J  1.24E-53 
T E l 2 9  9.4GE-52 
TE132 1.RZE-C 1 
I 1 2 9  1 .5hE-D f! 
I 1 3 1  3.11E-01 
I1 3.3 4.39E-0 1 
X E 1 3 3  2.55E-02 
X E i  35M 3.49E-5 2  
XE135 2.C6E-31 
XE137 1.24E-01 
KE l3Y  1.19E+00 
CS134 1 .32EtdC 
CS137 4.67E-6 1 
BA14U 2.23E-0 1 
LA146 1.89EtG3 
CE141 '5.946-02 
C E i 4 4  3.96E-22 
EU154 9.93E-0 1 
U23L 2  ..2'7E-O 4  
U234 3 .7 hE-u 4  
PU23R 6.77E-55 
P l 2 3 9  5 . 6 l E - 0 5  
PU240 h.4RE-65 
PU241 1 . l b E - f  6 
4 e 2 4 l  i . 79E -02  
SM242 1.55E-ti 4  
CF244 1.22E-04 

TABLE H-2 

SUBMERSION I N  A I R  DOSE FACTORS, C H I L D  

(MREMIHR PER MICROCURIE/CUBIC METER) 

G I -LL  I 

z . 
0. 
1.84€.t!lc 
3.28E-04 
R . I S E - 0 1  
2.1CEt03 
1.2dE-01 
2.24E-03 
1.26EtJO 
1 .49E t00  
4.34E-4 1 
2.12E-03 
2.3'3 E-3 4  
5.77E-0 3 
4.57E-0 1 
6 .76E- i l l  
6  -3 t )E-O l  
4 .07E-01 
1.73E-01 
0. 
1.63E-03 
1.24E-3 3  
9.4OE-02 
1 .8ZE-01  
1.56E-3 R 
3.11E-01 
4.39E-0 1 
2.55E-02 
3.49E-02 
2.06E-0 1 
1.24F-0 1 
1.19Et9L7 
1.32E+53 
4.67E-Ci  
2 .23E-01  
1.89E+00 
5.94E-02 
3 - 9 6  E-G 2  
9.93E-01 
2  .G 7E-0 4  
3.7hE-0 4  
h.77E-05 
5.615-0 5 
6.4HE-05 
1.16E-0 6  
1.79E-22 
1.55E-G4 
1.22E-04 

LUNGS SKIN L IVER 



TABLE H-3 

SUBMERSION I N  A I R  DOSE FACTORS, TEEN 

(MREMIHR PER MICROCURI E/CUB I C  .METER) 

NUCLICE T bGDY G I - L L T  THY PO I0 e ON E LUNGS S K I N  L I V E R  

i13 
C  1 4  
N A 2 2  
Ac39 
C05 8 
Cob5 
K985M 
K H  A5 
K 4 R 7  
K R B A  
U R R 9  
SHE9 
SR9'J 
Y90 
Y 9 l  
ZQ95 
NB95 
R U l C 3  
HUIC 6 
SF41 2 3  
T F 1 2 5  
TIE127 
f E l 2 9  
TE132  
I 1 2 9  
I1  3 1 
I133 
XE133 
X E l 3 5 M  
XE135 
X E l 3 J  
XE138  
CS134  
CS137 
B A 1 4 0  
L A 1 4 0  
C E l k 1  
CE 1 4 4  
EU 1 5 4  
U 2 3 2  
U 2 3 4  
P U 2 3 8  
PU239  
PLJ242 
P U 2 4 1  
At4241 
C  V242 
C M  2  4  4  



TABLE H-4 

SUBMERSION I N  A I R  DOSE FACTORS, ADULT 

(MREMIHR PER MICROCURIE/CUBIC METER) 

NUCLIDE T B O O Y  G I - L L I  T H Y R O I O  2 O:d E 

H 3 0. 0. 0 . 0. 
C14 0. 0. 0. 0. 
NA22 1.84EtGG 1.84EtBO 1 .84E tOJ  l.RCE+OJ 
AR39 3.28E-G4 3.2JE-04 3.2JE-04 3.23E-04 
C05 A 3.18E- i l l  8.18E-01 8 . lRE-01  8.19E-01 
CO 6G 2.10EtGO 2 .13Et00  Z . lGE+I l I  2 .19Et09 
KRR5M 1 - 2 8 E - 3 1  1.2RE-01 1.EHE-O1 1e2RE-01  
KHR5 2.24E-C3 2.24E-03 2.24E-C3 2.24E-C3 
KK87 1.26EtBO 1 .26EtOJ 1 .26EtC9 l .Z6E+Og 
KRBR 1 *49E+G0  l e 4 9 E + O @  1.49E*Ji3 1.49€+0 0 
KRB9 4.34E-01 4 - 3 4 E - 0 1  4.34E-51 4.34E-01 
S1189 Ze lZE-UJ  Z.12E-03 2.1ZE-G3 2.12E-03 
S.2 9 C' 2.39E-04 2.39E-04 2.39E-04 2.39E-04 
1 9 6  5.77E-03 5.77E-O 3 5.77E-C3 5.77E-03 
Y 9 1  4 e5'7E-0 1 4.57E-0 1 4.57E-01 4.57E-31 
I R 9 5  6.76E-01 6 . 7 i E - 0 1  6 .7hE-01  6.76E-01 
Nk395 6.3RE-01 6.3.3E-01 6.38E-91 6.3dE-31 
SU1S3 4 .07E-Gl  4 .07E-01 4.C 7E -01  4.07E-01 
R U l i i 6  1.73E-O1 1 .7JE-91  1.73E-01 1.7.3E-01 
SN123 3 .  0 • 0. 0 • 
TE125 1.69E-G3 1.69E-33 l .69E-OJ 1.69E-03 
TE127 1.2hE-03 1.24E-03 1.24E-03 1.24E-83 
TE lZY  9.4.0E-02 9.45E-02 9.40E-02 9.436-02 
T l i132  1 .AZE-Sl  1.82E-0 1 1.82E-Ol  1 .8ZE-01  
I 1 2 9  1.56E-LR 1.56E-08 1.56E-OR 1.56E-08 
1 1 3 1  3 . 1 l E - 0 1  3.11E-01 3.11E-01 3 . 1 1 5 - i l l  
I 1 3 3  4.39E-GI  4.39E-01 4 .39E- I i l  4.3'3E-01 
XE133 2.55E-02 2.55E-0 2 2.55E-02 2.55E-02 
XE135H 3.49E-CZ 3.43E-02 3.49E-02 3.49E-52 
XE135 2 eB6E-01 2.36E-01 2.C6E-01 2.G6E-01 
XE137 1.24E-81 1 .24E-C l  1 .24E-01  1.24E-01 
XE13H 1 *19E+JC 1.19EtDB 1.19EtCO 1.19E+00 
C S i 3 4  1.32EtZC 1.32Et3C 1.32E+OC 1 .3ZEt06  
CS137 4.676-0 1 4.67E-01 4.676-01 4.67E-01 
BA140 2.23E-C1 2.23E-01 2.23E-GI 2.23E-01 
LA146 1.896+6!! 1 . 8 9 ~ + G 6  1 .8YE t80  1 .89E+00 
CE: 4 1  5.94E-C2 5*9kE-C2 5.94E-C2 5.94E-32 
CELL4 3.96E-CZ 3.96E-02 3.96E-92 3 . 9 i E - 0 2  
EU154 9.93E-91 9.93E-0 1 9.93E-01 9 .936-01  
U2 3 2  2 .G7E-f4 2.07E-04 2.G7E-04 2.07E-04 
U2 3 4 3.76E-C4 3.76E-04 3.7bE-04 3.76E-04 
PU235 6.77E-05 6.77E-0 5 6.77E-05 6.77E-05 
PU239 5 -61E-05  5 m61E-05 5.61E-05 5.6 lE-G5 
Pk240 5.bRE-G 5 6.49E-C5 6.49E-05 6.4RE-05 
PUZ41 1.16E-06 1 . l 6 E - 0 6  1.16E-C6 1 . l bE -0  6 
AM241 1.79E-C2 1.73E-02 1.79E-CZ 1.79E-02 
CK242 1 -55E-04  1 .55E-0 4 1.5515-64 1 e55E-G4 
CM244 1.2ZE-E4 1.2ZE-04 1.22E-04 1.22E-24 

L U N G S  LIVER 



TABLE H-5 

INHALATION DOSE FACTORS, INFANT 

(MREMIMICROCURIE) 

NUCLIDE 1 B O D Y  G I - L L I  T H Y R O I D  BONE LUNGS SKIN L I V E R  

NOTE - T R I T I U H  T R A N S P I R A T I O N  DOSE F A C T O R  W4S TAKEN TO B E  5 0 %  OF THE 
INHALAf I O N  DOSE FACTOR FOR T R I T I U M .  

H-6 



TABLE H-6 

INHALATION DOSE FACTORS, C H I L D  

(MREM/MICROCURI E )  

NUCLIDE 

H 3  
C 1 4  
NA22 
AR39 
G O 5 8  
C060 
K'785H 
KT85 
KR87 
K Y 8 6  
KR89 
SRB9 
SR90 
Y90 
Y91  
2455 
N 395 
9U103 
RU106 
SW123 
1 5 1 2 5  
T 5127 
TE129 
TE132 
I 1 2 9  
I 1 3 2  
I 1 3 3  
X E 133 
XE135i4 
XE135 
XE137 
XE138 
CS134 
CS137 
BAiLtO 
L A140 
CE141 
C5144 
EU154 
U232 
U23G 
PU23d 
PU239 
PU240 
PU241 
AM241 
CM242 
Ci l244 

T BOOY 

2.03E-01 
1 .69Et00 
4 * 4 2 E + O i  
0  . 
8 . 62E-0 1 
5.36E+00 
0. 
0. 
0. 
0. 
0 . 
4.64E4OO 
9 .26E tO l  
3.07E-02 
6.15Et00 
9.36Et00 
1.73EtOO 
2.62E-01 
4.34Et00 
G.OoE*Oo 
2  .47E-0 1 
1 . 57E-0 4 
8 . 26E-0 1 
7.13E-02 
2 6 3 E t 0  1 
9.27Et00 
2.15EtOO 
0. 
0. 
0. 
0  
0 . 
6.02E+Oi 
3 .38E tO l  
1*17E+OO 
2.05E-02 
7.33E-01 
5 s 6 9 E t O l  
5 .40E tO l  
1.05Et04 
1 .85E t03  
2.17Et03 
2 * 0 4 € + 0 3  
2 .06Et03 
2.0+Et00 
4 .5LEt03 
2 .10Et03 
4 .69Et0  3  

G I - L L I  THY RO ID LUNGS S K I N  L I V S R  

NOTE - T R I T I U M  TRANSPIRATION DOSE FACTOR W A S  TAKEN TO BE 5 0 %  CF THE 
TNHALAT ION DOSE FACTOR FOR TRITIUM* 

H-7  



TABLE H-7  

INHALATION DOSE FACTORS, TEEN 

(MREM/MICROCURIE) 

NUCLIDE T BODY G I - L L I  T  H Y R O I O  80NE LUNGS S K I N  L I V E R  

N O T E  - T R r T I U M  T R A N S P I R A T  I O N  DOSE F E C T O R  U P S  T A K E N  TO B E  3 0 %  Of THE 
INHALAr I O N  DOSE FACTOR FOR T R I T I U U .  

H-8 



TABLE H-8  

I N H A L A T I O N  DOSE FACTORS, ADULT 

(MREM/MICROCURI E )  

NUCLIDE T BOOY G I - L L I  THYROIO eONE LUNGS S K I N  L I V E R  

H 3 
C 1 4  
HA22 
A R39 
C 058 
C060 
KRdSH 
K R 8 5  
KRB7 
KR88 
KR89 
SR89 
SR9C 
Y90 
Y 9 1  
Z R9 5 
N995 
RUlO 3 
RU106 
SN123 
TE125 
T E l 2 7  
TE129  
T E l  3 2  
1 1 2 9  
1 1 3 1  
1 1 3 3  
XE133 
XE135M 
XE135 
X f  1 3 7  
X E l 3 8  
CS134  
CS137 
i3A140 
L A 1 4 0  
C E 1 4 1  
C El 4 4  
E U l 5 4  
U 2 3 2  
U 2 3 4  
PU238 
PU239 
PU240 
P U 2 4 l  
AH241  
CM242 
CPi244 

NOTE - TRITIUH TRANSPIRATION OOSE FACTOR HAS TAKEN TO B E  3 0 %  OF THE 
INHALATION DOSE FACTOR FOR TRfiT#Ufl. - 



TABLE H-9 

S O I L  EXPOSURE DOSE FACTORS, INFANT  

(MREM/HR PER MICROCURI E/SQUARE METER) 

NUCLI  OE 

4 3 
C 1 4  
NA22  
AR39 
CO 5 8  
C O b i  
KRR5M 
K R A 5  
KR8 7 
KR 8 R 
KR 89 
Sr7A 9 
SR9G 
Y9i' 
V 9 1  
Z 2 9 5  
N 5 9 5  
? U l i  3 
YU106 
SN123  
TE125 
T E 1 2 1  
T E l 2 9  
T E 1 3 2  
I 1 2 9  
I 1 3 1  
I 1 3 3  
XE133 
XE135M 
XE135 
XE137  
X € 1 3 8  
CS 1 3 4  
CS137  
dA14C 
L A 1 4 0  
C E 1 4 1  
CE144  
E U 1 5 4  
UZ32 
U 2 3 4  
PU238  
PU 2 3 9  
p C240 
P b 2 4 1  
A ~ 2 4 1  
C i l 2 4 2  
CM244 

G I - L L I  

0. 
C .  
2 . 0 N - 0 2  
0. 
9 o7JE-0 3  
2  0 0 3 E - 0 2  
0 . 
0. 
0. 
s . 
0. 
1.13E-G4 
4.4CE-06 
5.33E-05 
6 .95E-05  
7 .40E-03  
7.R3E-33 
5.0 I E - 0 3  
2  2  0E-0 3  
0. 
5 . 1 j E - 3  5  
1 . 6 l E - 5 5  
1 . 2 J E - 0 3  
2 .33E-03 
6.51E-0 4  
3 .9( lE-03 
5 .30E-33 
0  . 
0. 
G . 
C .  
0. 
1.63E-0 2  
5  82E-0 3  
2.79E-i j  3  
1.8GE-J2 
7 . 6 l E - 0 4  
1 . 8 J E - 0 4  
1 .13E-02  
3 .10E-97 
1 .31E-06  
2.0'3E-Oh 
1 .53E-36  
2 . 1 l E - 0 6  
1 - 9 1 E - 0 8  
3.0.3E-J4 
8  m4i iE-56 
h o Y 3 E - 6 6  

T H Y R O I D  

0. 
0. 
2 .00E-02 
0. 
9.70E-03 
2.00E-02 
0. 
0. 
0. 
0. 
0. 
1 10 E - 0 4  
4.4GE-06 
5.3r)E-65 
6 .90E-05  
7  0 4 0  E-0  3  
7.8OE-03 
5.iiOE-0.3 
2 . 2 0 E - t 3  
0. 
5 .10E-04 
l e h 3 E - 0 5  
1.2CE-03 
2 .30E-03  
6 .51E-04  
3 .9bE-03 
5 .39E-83 
0. 
0. 
0. 
0. 
0. 
1.6 'JE-02 
5.83E-ir3 
2.72 E-C 3 
1 .POE-ti 2  
7 .60E-04 
1 e 8 3 E - 0 4  
1.1GE-02 
3.10E-07 
1 .31E-66 
2 .00E-05 
1.5::E-i6 
2 .10E-06  
L.91E-03 
3.C13E-64 
A.45E-06 
5 .80E-06 

LUNGS 

0. 
0. 
2.GOE-02 
0. 
9.7CE-C3 
2.00E-02 
0. 
G .  
0 .  
3 .  
0. 
l . lOE- i J4  
4 .4LE-26  
5.3CE-05 
6 .90E-C5 
7.40E-C3 
7.8CE-63 
5.TjCE-03 
2 .20E-03 
G .  
5 . l G E - 6 5  
1 .62E-05 
1.2 6 E - 0  3 
2.3PE-L3 
6.51E-C4 
3 0 9 0 E - 0  3  
5 .30E-93 
0. 
0. 
0. 
C .  
0. 
1.6OE-02 
5.8SE-03 
2.7C.E-C3 
1 e8GE-02 
7 .60E- i lL  
1 .BCE-G4 
1.15E-C2 
3 .10E-G7 
1.31E-G6 
2 0 3 0 E - 0 6  
1 . 5 i E - Z b  
2 .10E-06 
1 .91E- i i 8  
3.0irE- i i4 
8.4ZE-96 
b.80E-36 

SKIN 

!I. 
0 .  
7.90E-02 
0 .  
1.50E-32 
2 .80E-02 
0. 
6. 
0. 
0. 
0  . 
1.60E-01  
5.ROE-02 
1.8OE-31 
1.7OE-01 
2.10E-02 
9.8GE-03 
8 .00E-03  
1 .80E-01 
1 .60E-01  
7.BGE-05 
6 .90E-02 
1.5i)E-01 
2.70E-03 
1.0GE-03 
4mRJE-UZ 
i . 4 O E - 0 1  
0. 
0. 
0. 
0 .  
0. 
5.9CE-32 
4 .00E-J2  
7.RGE-J2 
1.9GE-01 
2 .70E-02 
3 .70E-33 
7 .5JE-93  
1 .1 f iE-06 
2  .97E-0 4  
2 . 5 t E - 0 4  
1 - 2 C E - 3 4  
2.60E-0 h 
2.1YE-08 
1 29E-0 5 
2.5YE-C4 
2 .10E-J4  

i IVER 

0. 
0. 
2.OPE-02 
0. 
9.7GE-33 
2.QCE-02 
0. 
0. 
0. 
0 .  
0. 
i. 1DE-04 
4.4CE-36 
5.306-05 
6. YLE-05 
7.4CE-03 
7. RGE-33 
5. J OE-0.3 
2.2CE-03 
0 .  
5 . lOE-05  
1 . 6 C f - 0 5  
1 .20E-03 
2. 30E-03  
6.51E-04 
3 . 9 ~ E - J 3  
5.30E-03 
0. 
0. 
0. 
0. 
0. 
l . 6 C E - 0 2  
5.9CE-03 
2.70E- 03 
1.8CE-J2 
7 .60E-04 
1 . 8 C E - i 4  
1. I C E - 3 2  
3 . lGE-07  
1.3l.E-06 
2.39E-36 
1 . 5 t E - 3 6  
2. I C E - 0 6  
1 . 9 l E - 0 8  
3. O EE- 1 4  
3.4CE-06 
6.96E-06 



NUCL IOE 

H 3 
C14 
WA22 
4 P3 Q 
CO 5 8 
CObC 
KRR 5 M  
KR 8 5 
KR87 
K R B  8 
K R 8 9  
S R B 9  
Sf-? 9 0 
Y91j 
r 9  1 
ZR95 
Na95  
KU163 
QU iOh  
S N 1 2 3  
TE125 
TE127 
TE129 
TE132 
I1 2 9  
I 1 3 1  
I 1 3 3  
XE133 
XE135H 
XE 1 3 5  
XE137 
X E l 3 8  
CS134 
CS137 
!3A14G 
LA143 
CE141 
CE144 
EU154 
U232 
U2 3 4  
P 1238 
DU2 39 
PL24J  
PU241 
AM241 
CM242 
CM244 

T eouy 

0. 
0. 
2 .lj CE-0 2 
0. 
9 . 7 i E - 0 3  
2 .C CE-G 2 
0. 
U .  

0 . 
0. 
0 .  
i . ~ L E - C  4 
6 -4QE-0 € 
5 .3tF-C5 
6.9CE-C 5 
7.4CE-0 3 
7 mdGE-03 
5.GCE-03 
2 -2GE-13 
6. 
5 . ICE-05 
1 .6tjE-0 5 
1 -2CE-0 3 
2 *3tE-C.3 
6 .51E-G 4 
3 .'=It€-ii3 
5.3CE-0 3 ;. 
0. 
0. 
0 . 
0. 
1 -6 0 E - 0  2 
5 .ROE-0 3 
2 .7GE-03 
1.8 0E-0 2 
7.60E-0 4 
1 .ROE-0 4 
1.1UE-92 
3 . ICE-37  
1.31E-G 6 
2 .Cll3E-G 6 
1.5CE-GE 
2 .ICE-[; E 
1 - 9 1 E - I 8  
3.0 0E-0 4 
8 .QOE-O E 
6.ACtE-06 

TABLE H - 1 0  

S O I L  EXPOSURE DOSE FACTORS, C H I L D  

(MREMIHR PER MICROCURIEISQUARE METER) 

G I - L L I  T H Y R O I D  2ON E LUNGS SKIN 

U. 
0. 
7.9;E-SZ 
0 
1.50E-02 
2.80E-02 
* 
V .  

0. 
0 . 
0. 
0. 
1 . b G E - i l l  
5.RZE-02 
1.ACE-01 
1 .7CE- r l l  
2.13E-02 
9.ROE-33 
8.JrJE-03 
1 .ROE-Gl 
1.6GE-OI 
7.80E-05 
6.90E-02 
1.5GE-Oi 
2.7rjE-03 
1.COE-03 
4.8UE-22 
: a40E-01 
3 .  
0. 
G .  
0. 
i). 

5.90E-G2 
4.0CE-02 
7.8CE-02 
1.92E-3 1 
2.70E-02 
3.70E-03 
7.50E-0 3 
1.1OE-06 
2 -97E-34  
2.50E-04 
1.20E-04 
2 -6.3E-06 
2.19E-0 R 
1.20E-03 
2.55E-94 
2.1CE-34 



TABLE H-11 

S O I L  EXPOSURE DOSE FACTORS, TEEN 

(MREM/HR PER MICROCURIE/SQUARE METER) 

G I - L L I  

C. 
Y. 
1.63E-0 2 
0. 
R.OOE-03 
1.7i3E-02 
0. 
6. 
C .  a 
0. 
9.1JE-0 5 
3.4'IE-06 
4.5.)E-Z5 
5.6JE-05 
5.996-0 3 
6.30E-33 
4.10E-03 
1.73E-0 3 
0. 
3.8UE-05 
1.30E-35 
9.7ilE-0 4 
1.94E-03 
4.50E-0 4 
3 .23E-8 3 
4 .4.JE-0 3 
0. 
G. 
3. 
6. 
0. 
1.33E-0 2 
4.60E-9 3 
2 23E-3 3 
1.5OE-0 2 
6.39E-a 4 
1.55E-0 4 
8 .83E-0 3 
2.6'JE-07 
6 .  32E-07  
1.23E-0 6 
9 .93E-0 7 
1.23E-0 6 
1 75E-0 A 
2.43E-Oh 
4.1JE-Gh 
3.93E-06 

T H Y R O I O  

0. 
0. 
1.60 E-0 2 
0. 
R.OOE-03 
1.73E-02 
0. 
0. 
0. 
0. 
0. 
9.10E-05 
3.43E-66 
(r.5.3 E-05 
5.60E-05 
5.90E-03 
6.'30E-03 
4..tOE-83 
1.7GE-03 
0. 
3.80E-05 
1.3JE-C5 
9.70E-04 
1.90E-03 
4.52 E-04 
3.21;E-03 
4.49E-03 
1. 
0. 
0. 
9. 
13. 
1.30E-02 
4.63E-03 
2.20E-G3 
1.50E-02 
6.30E-04 
1.53E-04 
8.8OE-03 
2.60E-0 7 
6.32 E-0  7 
1 .2JE-06  
3.90E-07 
1.20E-C6 
1.75E-G Y 
2.41jE-06 
4.13E-05 
3.G0E-06 

LUNGS L I V E R  

0. 
0. 
l .b( rE-J2 
0 l 
8. PCE-113 
1.7-3E-02 
0. 
0. 
0. 
0. 
0. 
9.10E-05 
30406 -96  
4.50E-05 
5.60E-05 
5.9GE-03 
6.3GE-03 
4. lOE-13 
1.7GE-03 
0. 
3.9GE-05 
1. 3CE-05 
9e70E-34  
1.90E-rJ3 
4.50E-04 
3 .20E-03  
4.4OE-03 
0. 
0. 
a. 
0. 
0. 
1.30E-02 
4.613E-03 
2.20E-03 
1.50E-02 
6.30E-04 
1.50E-34 
8.8JE-03 
2.6GE-07 
6.32E-07 
1.2DE-06 
9.90E-07 
1.23E-36 
1.75E-JR 
2.406-06 
4.10E-06 
3e00E-06  



TABLE H-12  

S O I L  EXPOSURE DOSE FACTORS, ADULT 

(MREM/HR PER MICROCURIE/SQUARE METER) 

N U C L I D E  T E O O Y  G I - L L I  LUNGS S K I N  L IVER 



NIJC L I OE 

H 3 
C14 
NA22 
A RJ 9 
C058 
GO6 C 
K Q ~ ~ P  
KRA5 
KQ8 7 
KRR8 
K R 8 9  
SR89 
SR9c 
Y9C 
Y 9 1  
7R95 
N395 
R I J l L  3 
YU lS6  
SN123 
TE125 
TE127 
TE129 
TE132 
I 1  2 9  
I 1 3 1  
I 1 3 3  
XE133 
XE135V 
X E l 3 5  
XF137 
YE139 
CS134 
CS1?7 
dA140 
LA140  
CE141 
C E l 4 4  
EU154 
U232 
U 2 3 4 
PUZ JR 
PL239 
PU24EI 
P L 2 4 1  
PP241  
CM242 
cf'244 

TABLE H-13 

IMMERSION I N  WATER DOSE FACTORS, INFANT 

(MREMIHR PER MICROCURIEILITER) 

G I - L C 1  

0 4. 

ti. 
&.03E+03 
6.18E-04 
1.7.3E+%i 
4*5RE+OO 
2.79 E-0 1 
4 . 69E-0 3 
2 .75E t02  
3.26E+O 2 
0. 
4.64E-0 3 
5.37E-3 4 
1 o26E-G 2 
9.976-0 1 
1.49E+O 5 
1.39EtOJ 
8.93E-0 1 
3.77E-01 
6 
3.62E-03 
2.73E-0 3 
2.065-0 1 
3.96E-U 1 
8.58E-0 8 
6 -79E-0 1 
9.53E-0 1 
5.67E-02 
7.631-0 1 
4.49E-O 1 
2 .TIE-G I 
2 . 60E+3 0 
2.9'JEtO 2 
1.92EtOC 
4 .R5E-0 1 
4.11EtOL 
1.33E+OG. 
8.65E-0 2 
2.17EtOU 
4.5hE-3 4 
9.53C:-i14 
1.4RE-0 4 
1.22 E - 3  4 
1 .4 lE -04  
2.53E-3 6 
3.92E-3 2 
3.335-0 4 
2.64E-04 

L U N G S  

ti. 
6. 
4.0 3 E t 3 5  
6.18E-24 
1.7REtGil 
4.59EtCO 
2 .79E- i  1 
4.69E-C3 
2 a75Et'Ji.i 
3.2hE+b0 
0. 
4  064E-23 
5.37E-C4 
1.26E-32 
9.97E-C1 
1.48EtS4 
1 . 3 9 E t i j i  
8 .90E- i l l  
3 - 7 7 E - 5 1  
0. 
3.62E-G3 
2 .73E-03 
2 .O hE-O 1 
3.96E-G 1 
R.58E-58 
6.79E-0 1 
9.5RE-01 
5.67E-G 2 
7 . 6 3 E - i i l  
4  .4 9E-C 1 
2.71E031 
2.6GEtGO 
2.9,EtC1) 
I.OZE+OC 
4 . 8 6 E - d l  
4 .11€+63 
1 . 3 G E t i 3  
8.65E-92 
2 .17Et00  
4.56E-i?4 
8.5;iE-c'4 
1.4 BE-04 
1.22E-34 
1.4 1E-1;4 
2.53E-C6 
3.92E-02 
3039E-C4  
2 .64E-34 

L f VER 

C .  
0. 
4.3 3E+ O C  
6.18E-04 
1.78Et 00 
4.58Et  O C  
2. 79E-01  
4.69E-03 
2.75Et  00 
3.2EEt00 
0. 
4.  64E003 
5.37E-04 
1.26E-02 
9.97E-01 
1.4REt 3C 
1 . 3 9 E t O i  
8.  3CE-01 
3.77E- 0 1  
0. 
.3.62E-33 
2.73E-33 
2.36E-01 
3.9bE-01 
8.58E-C8 
6.79E-01 
9.58E-01 
5067E-02  
7.63E-Cl 
4.49E-01 
2.71E-01 
2.6GEt00 
2.9OE+ 00 
1 .32Et00  
4.86E-01 
4. t l E t 0 0  
1.30Et  03 
8.65E-02 
2.17E+ 00 
4 . 56E-34  
R.5GE-34 
1.48E-JG 
1o22E-04,  
1 .4 lE-04  
2.53E-36 
3.32E-32 
3.39E-54 
2.646-94 



T A B L E  1-1-14 

I M M E R S I O N  I N  WATER DOSE FACTORS, C H I L D  

(MREMIHR PER MICROCURIEILITER) 

G I - L L I  T H Y R O I D  L U N G S  SKIN L I V E R  



NUCLIOE 

H 3 
C14 
NA 22 
AR39 
C05 8 
COhC 
KR 8 5 M  
K H  8 5 
KR 8 7 
K R R B  
KR89 
S2R9 
SR95 
Y90 
Y91 
ZR95 
4895  
RULC 3 
R U l L 6  
SN123 
TE 1 2 5  
TE127 
TE 1 2 9  
TE132 
I1 2 9  
I 1 3 1  
I 1 3 3  
XE133 
X E135M 
XE 1 3 5  
XE 1 3 7  
X E  1 3 8  
CS134 
C S I  57 
9A140 
LA 1 6 6  
CE 1 4 1  
CE144 
EU154 
U232 
U234 
PC238 
PU239 
PC240 
PUZ41 
AM241 
C M2 42 
CP1244 

TABLE  H-15 

IMMERSION I N  WATER DOSE FACTORS, TEEN 

(MREMIHR PER MICROCURIE/LITER) 

T BODY G I - L L I  

0 .  G .  
0. 0. 
4.03EtOO 4.03€+00 
h 0 1 8 E - 0 4  6 . l d E - 0 4  
1 .78E+CO 1 * 7 d E + 0  0 
4 .5BE+GC 4.58E+OC 
2 0 7 9 E - 0 1  2.79E-J1 
4 o69E-C 3 4.69E-0 3 
2 .75E+00 2 * 7 5 E + 0 0  
3 .26E+35 3 * 2 6 E + 0 0  
I;. 3 .  
4.64E-03 4.64E-03 
5 037E-G4 5 o37E-0 4 
1 o26E-02 1.25E-0 2 
9.97E-01 9.97E-01 
1 0 4 8 E + 8 ?  1 .4REt00  
1.39E+CO 1.3JE+OO 
8.9OE-C) 1 8.9JE-91 
3.77E-t i1 3.77E-01 
J .  6 
3 o62E-0 3 3 o62E-0 3 
2.73E-53 2.73E-03 
2 o06E-01  2 0 0 6 E - 0 1  
3 .46E-PI  3.96E-01 
8.5RE-08 R.58E-08 
b.79E-31 6.79E-01 
9 05BE-0  1 9.53E-0 1 
5oh7E-32  5.67E-02 
7 063E-C1 7.63E-01 
4.49E-01 4.49E-01 
2 0 7 l E - U 1  2.71E-91 
2 .6CF+G3 2.63EtOG 
2 .90E+00 2 * 9 3 E + 0 0  
i.GZE+OO l .O2€+00 
4.8615-C1 4 0 8 b E - 0 1  
4.11E+JO 4 *11E+JC  
103GE+00 1.30E+J C 
8 0 6 5 6 - 0 2  8.65E-02 
2 * 1 7 F + j 0  2.17E+30 
4.56E-34 4.56E-04 
R.50E-64 8.5JE-04 
1  HE-o 4 I . ~ ~ E - o  4 
1 o22E-04 1.22E-04 
1 0 4 1 E - 0  4 1 .4 lE -0  4 
2.53E-26 2.53E-96 
3.92E-02 3.92E-02 
3 -39E-04  3 o39E-54 
2 0 6 4 E - 0 4  2.64E-04 

T H Y R O I D .  

0. 
0. 
4 *C3E+03  
6 0 1  t!E-0 4 
1.78E+OCJ 
4 .58E t03  
2.79E-Cll 
4.69E-0.3 
2.75€+03 
3.26EtOJ 
3. 
4.64E-03 
5 0 3 7 E - 0 4  
1.26E-02 
3 * 9 7 E - 0 1  
1.48 E+0 0 
1039E+C :I 
8.90E-01 
3.7 7E-C 1 
0. 
3 062 E-G 3 
2.73E-03 
Z.06E-G 1 
3.96E-Cl 
8.5JE-08 
6.79E-C 1 
9.58 E-0 1 
5.67E-G2 
7 0 6 3 E - G l  
4.49E-0 1 
2.71E-0 1 
2.6CEtG.l  
2 *93E+Oi l  
i.Ci2E+U0 
4 0 8 6 E - 0  1 
4.11E+GG 
l * J C E + C 3  
8.65E-02 
2 * 1 7 E + 0 0  
4.56E-C4 
8.506-04 
1.4RE-04 
1.22E-04 
1.41E-04 
2.53E-Ch 
3.92E-02 
3.39E-Oc 
2.64E-64 

BONE 

3 .  
0. 
4.03E+G0 
6.1RE-04 
1.78&+00 
4 .5HE+00 
2 0 7 9 E - 0 1  
4.69E-03 
2.75E+00 
3.26€+00 
0. 
4 .64E-0 3 
5 0 3 7 E - 0 4  
1 0 2 6 E - 0 2  
9 097E-0  1 
1 .4AE+OO 
1 m39Et03 
8 .9i3 E-01  
3 77E-01  
0. 
3 0 6 2 6 - 0 3  
2.73E-0 3 
2 0 0 5 E - 3 1  
3.9ijE-01 
8 058E-08 
h.79E-01 
9.59E-01 
5 o67E-9 2 
7 o63E-01 
4 -49E-0 1 
2 0 7 1 E - 0 1  
2.6dE+OC 
2093E+00  
I.OZE+OO 
4 0 8 6 E - 0 1  
4 .i lE+.I)O 
1 30E+00 
8 o65E-02 
2.17E+00 
4 m5tiE-04 
8 -5.3 E-0 4 
1.45E-04 
1 -22E-0 4 
1 041E-0 4 
2.535-06 
3 0'325-0 2 
3.39E-04 
2.64E-04 

LUNGS 

d 
0. 
4.C3E+OG 
6 0 1 8 E - 6 4  
l.Tt)E+OO 
4.58E*OO 
2 o79E-C1 
4 o69E-03 
2.75EtC.O 
3*26E+!IG 
0. 
4m64E-C3 
5m37E-34 
1 026E-02 
9097E-C l l  
1 0 4 8 E t 0 0  
1 0 3 9 E t 0 0  
8 .90E- i i i  
3 0 7 7 E - 0 1  
0. 
3 o62E-G3 
2 0 7 3 E - 0 3  
2 .C6E-G1 
3.96E-0 1 
R.58E-38 
6 o79E-0 1 
9 .58E-01  
5.67E-32 
7 063E-0  1 
4.49E-GI 
2 07 1 E - 0 1  
2.6'3E+i;0 
2 0 9 0 E + 0 0  
1.0 2 E t n o  
4 0 8 6 E - 0 1  
4*11E+CG 
1.3CE+00 
8 m65E-GZ 
2.17E+;?O 
4.56E-C4 
8.50E-C4 
1.4eE-i l4 
1 0 2 2 E - 3 4  
1.41E-04 
2.53E-06 
3 .92E-C2 
3.3 9E-04 
2064E-C4 

SKIN 

0. 
3.R3E-03 
4 * 8 1 E + 0 0  
1 0 3 3 E - 0 1  
2.30E+011 
5*36E*OCi 
5.14E-01 
1.75E-01 
4oh4EtOG 
4 o O 5 E t 3 t  
0. 
5 0 4 3 E - 0 1  
1.48E-01 
9.46E-01 
1.20E+OO 
1.78E+00 
1.63EtOC 
1.06E+00 
1*91E+dG 
5.J3E-01 
1 o52E-02 
1.75E-01 
7 0 4 1 E - 0 1  
4 o79E-01  
1.53E-07 
9.345-0 1 
1 .53E t00  
1 . O B E - O l  
9.9bE-01 
7.94E-01 
2.09EtOG 
3*38E+OO 
3*50E+00  
1 .36Et0  0 
7 0 6 3  E-0 1 
5.34E+G0 
2.L4E-01 
1 39E+J 0 
2066E+L70 
l o l l € - C 3  
5 -28E-0 3 
4.05E-03 
1075E-3  3 
4.U3E-G 3 
2 098E-06  
6.13E-32 
4 0 7 3 E - 0 3  
3.94E-33 



TABLE H - 1 6  

IMMERSION I N  WATER DOSE FACTORS, ADULT 

(MREMIHR PER MICROCURIE/LITER) , 

G I - L L I  L U N G S  L IVER 

0. 
0. 
4*J3E+Oi j  
6.18E-34 
1.78E+'30 
4.5REtJO 
2.79E-01 
4.69E-0.3 
2.75E+ O i l  
3 *20E+00  
0. 
4.64.E-33 
5a37E-04 
1.ZEE-02 
9.9 7E- 0 1  
1.4RE+'JO 
1 39E+00 
8.90E-01 
3.77E-01 
0. 
3.62E-03 
2.73E-03 
2.36E-01 
J .96E-01 
8.5RE-08 
6.79E-01 
9.59E-01 
5.67E-32 
7 i 6 3 E - 4 1  
4.49E-01 
2.71E-01 
2.60E+3I! 
2.9PEtgc 
1.92Et  J G  
4.96E-dl  
4 s l I E t O G  
1. 3CE+OG 
8.65E-02 
2017EtOO 
4.56E-04 
8. SEE-34 
1.48E-04 
1.22E-04 
1 .4 lE -a4  
2.53E-06 
3.92E-02 
3.39E-54 
2.64E-04 



TABLE H-1.7 

INGEST ION DOSE FACTORS, I N F A N T  

(MREM/MICROCURIE) 

NUCLIOE 

H 3  
C 1 4  
NA22  
AR39 
C05  8 
C 0 6 0  
K R R S M  
KR 8 5  
KR6 7  
KRR A 
KRA9 
SR89  
SR9C 
Y9G 
Y 9 1  
ZR95 
N 8 9 5  
RU103  
R U l C 6  
SN123  
f E 1 2 5  
TE127  
T E 1 2 9  
r E 1 3 2  
I 1 2 9  
I 1 3 1  
I 1 3 3  
X E 1 3 3  
X E l 3 5 Y  
XE135  
XE13T 
XE138 
C S 1 3 4  
CS137  
3P14t 
LA14G 
C E 1 4 1  
C f  1 4 4  
EU 1 5 4  
U 2 3 2  
U23C 
P U 2 3 8  
PU2 3 9  
P U 2 4 0  
P b 2 4 1  
AM241 
C P 2 4 2  
CM244 

GI-LLI THY 20 I 0  LUNGS S K I N  L I V E R  

3.07E-0: 3 - 0 7 E - 0 1  3 . 0 7 E - 0 1  
4 . 8 1 E t 9 9  4.91E+OC 4.91€+08 
i m O U E t t 2  0. 1. 3 0 E t 0 2  
t. 0. 0. 
0. a. 3 .  ~ B E + O O  
8 .  0. 1. ;17E+ 3 1  
0. 0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0. 8 .  0. 
0. 0  1 0. 
0. 0 . 0. 
C .  0. 0. 
0. 0. 0. 
0. 0. 0. 
0 .  0. 5.3GE-02 
0. 0. lm '75E-02  
0. 0. 0. 
3 . 0 .  0. 
0. G .  4 . 3 7 E t 0 0  
0 .  0. 8 . 1 9 E t  O i l  
0. 0. 3. 1 9 E - i l l  
0. 0. 3 . 5 R E t O i  
0. 0. 1. i 3 5 E t 0 1  
0. G. 2 . 1 6 € + 0 1  
0. 0. 4. ?7E+ 3 1  
6 .  6. l o t l 3 E t  J1 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
3 .  0 .  0. 
0. 0 .  0. 
8 . 3 3 E t d l  0. 7 0 8 9 E t 0 2  
7 . 4 G E t 2 1  0. 6 . 6 8 E t 3 2  
1 . 0 7 E - U l  0 .  1 .75E-01  
0. 0. 8 .426-03  
0 .  0. 4. R4E-0 2 
0. 0. l . 4 7 E t  O i l  
C. 0. 4 . 1 5 E - 0 1  
0. 0. 0. 
0  . 0. 0. 
0. 3 .  2 . 3 3 E t 0 1  
5 .  0 .  2.16Et  Oi 
0. 0. 2 . 1 8 E t 0 1  
0. 0. 2.13E-02 
0. 0 .  1. 74E+ 0 2  
0. 5 l o 1 3 E t  0 2  
6. 0 .  2. S 4 E t  0 2  



NUCL I OE 

Y3 
C14 
NA22 
AR39 
C05 A 
C060 
K585H 
KY85 
Y R 0 7  
K R R R  
KQ89 
S H R 9  
SF? 9  u 
Y 9 0  
'Y91 
2595 
NB95 
R u l e 3  
HU106 
5N123 
TE125 
TE127 
T E l Z 9  
T E l 3 2  
1 1 2 9  
1 1 3 1  
I 1 3 3  
XE133 
X E l  35M 
XE135 
XE137 
X E l 3 8  
cs i  34 
CS 1 3 7  
3A140 
LA140 
CE 1 4 1  
CE144 
€11154 
U232 
U2 3 4  
P1238 
P U2 3 9 
P U2 40 
PU241 
AM241 
CM242 
CP!244 

TABLE  H-18 

INGEST ION DOSE FACTORS, C H I L D  

(MREMIMICROCURIE) 

LUNGS S K I N  L I V E R  



TABLE H-19. 

INGESTION DOSE FACTORS, TEEN 

(MREM/MICROCURIE) 

NUCLIDE T B O O Y  

H3 I .G 6E-9 1 
C 1 4  7 -55E-0 1 
NA2Z 2 .35E+G 1 
A $3 9 3 .  
C 0 5 R  2.26E+GI; 
C06C 6.3GE+00 
K P 8 5 M  3 
KGB5 G. 
K R 8  7 0. 
K R R A  S o  

YR R 9 3. 
SRfl9 1.2RE+0 1 
SR 9 G 1 .2RE+C 2 
Y9Pz 3 79E-0 4 
Y 9 1  5 0 1 5 E - 5 3  
ZR95 8 62E-G 3 
No95  2.46E-0 3 
9 U i U 3  1 . 0 6 E - C I  
RUlG6 5 . 3 3 E - 0 1  
SN123  1eU9E+C3 
T E 1 2 5  5.08E-G1 
T E 1 2 7  3.23E-02 
T E l Z 9  2 .59E+CO 
T E 1 3 2  2.1OE+00 
I 1 2 9  1 .ZijE+O 1 
1131 4 059Et1.C 
I 1 3 3  1 .C4E+JO 
XE133 C. 
XE135H 0. 
XE135 J 
X E l 3 7  0. 
KE138 0. 
CS134  R .97E+O 1 
CS137 4097E+O I 
BA140 1.82E+SC 
L A 1 4 0  4.5RE-C 4 
C E 1 4 1  9m56E-0 4 
CE144  2.82E-C2 
EU154  2 077E-0  2 
tJ232 3 .R8E+G 2 
U 2 3 4  6 .RlE*O 1 
p U 2 3 8  6 027E-0 1 
PU239 5 089E-0 1 
PU240 5 .95E-U 1 
P U 2 4 1  5 .92€-0 4  
AM241 2.09E+09 
CM242 1 .lRE+CO 
CM244 2.16E+00 

G I - L L I  T H Y R C I O  LUNGS S K I N  L E V E R  



TABLE H - 2 0  

INGESTION DOSE FACTORS, ADULT 

(MREM/MICROCURI E )  

NUCL I O E  T BODY G I - L L I  'LUNGS S K I N  L I V E Y  



N U C L I C E  T B06Y  

TABLE H-21 

SURFACE WATER EXPOSURE DOSE FACTORS, INFANT 

(MREM/HR PER MICROCURIE/L ITER)  

G I - L L  I EONE LUNGS S K I P I  L I V E R  



TABLE H - 2 2  

NUCLIOE 

ti 3  
C 1 4  
NA22  
AR3 9  
C05  8  
C 0 6 0  
KRB5M 
KR85  
K K 8 7  
KR 8 8 
KR89 
SR8 9 
SR90 
790 
Y 9 1  
ZR95  
N 6 9 5  
Y U I C 3  
R U l t 6  
SN123  
TE125  
T E l 2 7  
f E 1 2 9  
T E 1 3 2  
I 1 2 9  
I 1 3 1  
I 1 3 3  
XE133  
XE 1351Y 
K C 1 3 5  
XE137  
X E i  3 8  
C S 1 3 4  
C S 1 3 7  
d P I 4 5  
LA14G 
C E 1 4 1  
C E 1 4 4  
EU: 5 4  
U 2 3 2  
U2 3 4  
P U 2 3 8  
P U 2 3 9  
P U2 40  
P U 2 4 1  
AM241 
CM242 
CM244 

SURFACE WATER EXPOSURE DOSE FACTORS, C H I L D  

(MREMIHR PER MICROCURI E I L I T E R )  

GI-LL I LUNGS S K I N  L I V E R  



TABLE H-23 

SURFACE WATER EXPOSURE DOSE FACTORS, TEEN 

(MREMIHR PER MICROCURIEILITER) 

G I - L L I  THY SOIL? 

0. 
0. 
E .% lE+GJ  
3.C9E-04 
9 - 9 2  E-0 1 
2.29EtGTJ 
1 . 4 t E - $ 1  
2.34E-03 
1.37EtO2 
1 .63E t0  0 
9. 
2.32E-03 
2.6RE-04 
0.29E-13.3 
4.9RE-C1 
7.38E-C1 
6.97E-0 1 
4.45E-Cri 
1 . 8 9 E - l j l  
0. 
1 .RlE-03 
1.3hE-C3 
1 .03E-01  
1.9RE-61 
4.29E-lr R 
3.40E-01 
4 .79E-01  
2.83E-02 
3 .R lE-01  
2.25E-51 
1 .35E-$1  
1.30EtO:! 
1.45EtL.L 
5.13E-01 
2 ~ 4 3 E - D l  
2.06EtOil 
6.49E-0 1 
4032E-02  
l .G9€+9 3 
2.2RE-C4 
4 ~ 2 5 E ~ G 4  
7.3AE-05 
6.12E-05 
7.P7E-G5 
i . z 7 ~ - a t ;  
1.96E-52 
1.69E-04 
1.32E-04 

LUNGS 

0. 
0. 
2.6 lE+?Ci 
3 0 0  9E-'i;4 
A . 9 2 E - S l  
2.29E+OC 
1 .4CEaC;1 
2 .34E-23 
1 .37E tC t  
1 .63EtGO 
0. 
2.3ZE-C3 
2 .68E-04 
6 .28E-03  
4 o98E-G 1 
7.38E-Cl  
6  .97E-l; 1 
4.45E-31 
1 oR9E-01 
0. 
I .ti IE-03 
1.36E-L3 
1 .G 3E-O 1 
1 .9t lE-Ol  
4.29E-OR 
3 . 4 C E - t l  
4  .79E-L1  
2.83E-GZ 
3.81E-61 
2 .25E- i l l  
1 . 3 5 E - i 1  
t .30E+CO 
1.45EtG6 
5.10E-t i1  
2.43E-5: 
ZoO6EtSC 
6.49E-01 
4 .32E-GZ 
1.09E+3P 
2 .28E-04 
4.25E-G4 
7.38E-C5 
6 . l Z E - 3 5  
7.D7E-C5 
1 - 2 7 E - 2 6  
1 .96E-0 2 
1 .h9E-C4 
1.32E-64 

S K I N  

G. 
1.92E-3 3 
Zo41EtOU 
6.65E-52 
l . l 5 E + 3 i  
2 .68Et09  
2.57E-01 
8.77E-02 
Z.JZE+OC 
2.03E+Ob 
a .  
2.72E-01 
7.4ZE-42 
4 736-3  1 
6.01E-01 
8.91E-01 
8.15E-01 
5 29E-0 1 
9.55E-01 
2.51E-01 
7.61E-03 
d .  73E-02  
3.71E-Gl 
2.40E-01 
7.65E-OH 
4.67E-01 
7 .66E-31 
5.4GE-02 
4.9BE-01 
3.97E-01 
1 .O4E+UC 
1 0 6 9 E t 0 0  
1.75EtOC 
6.81E-G1 
3 . 8 i E - 3 1  
2.67EtOC 
t .22E-31  
6 .94E-J 1 
1.33E+O f, 
5.53E-04 
2.64E-33 
2.12E-03 
8.74E-Bk 
?.01E-03 
1.49E-36 
3.07.E-32 
2.3hE-J3 
1.97E-03 

L ZVER 

0. 
0. 
2.01E+00 
3. J9E-04  
8.92E-01 
2.29Et  O G  
1.40E- i l l  
2.34E-03 
1.37EtOU 
1.63Et  36 
0. 
2.326-03 
2.68E-04 
6.Z8E-03 
4.98E-91 
7.38E-Ul 
6 .97E-01 
4.45E-01 
1.39E-01 
0. 
1. H I E - 0 3  
1. 36E-03 
1.33E-01 
1.9RE-01 
4.29E-OR 
3. CGE-91 
4.79E-01 
2. R3E-02 
3. R l E - 0 1  
2.25E-01 
1.35E-51 
1.3CEt03 
1.45Et  00 
5 .  LOE- 0 1  
2.43E-01 
2036E+OQ 
6 .49E-01  
4.32E-02 
1. ;)9E+33 
2.2SE-04 
4.25E-54 
7.38E-05 
6.12E-05 
7.97E-O5 
1.27E-06 
1.96E-32 
1.69E-04 
1. 32E-34 



TABLE H-24  

SURFACE WATER EXPOSURE DOSE FACTORS, ADULT 

(MREM/HR PER MICROCURIE /L ITER)  

T H Y R O I D  

0. 
0. 
Z.OlE+OO 
3.69E-@4 
3.9ZE-01 
2 o 2 9 E t 0 0  
I r 4 i ) E - & l  
2 0 3 4 E - 6 3  
1.37E+GO 
1.63€+00 
0. 
2.32E-(13 
2.68E-04 
6.2RE-03 
4.98E-0 1 
7 0 3 8 E - 0 1  
6 .976 -01  
4.45E-Cl 
1 .89E-61  
0 .  
1.81E-03  
1.36E-03 
1.03E-t i1  
1 .98E- i l l  
4.29E-09 
3 - 4 3  E-G 1 
4 0 7 9 6 - 0 1  
2.83E-d2 
3.Rl t ' -01 
2.25E-G1 
1 .35E- l j l  
1 .3JEtCS 
1045E tG f r  
5 .10E-01 
2.43E-01 
2*66E+OC 
6.49E-01 
4.32E-02 
1.096+03 
2.23E-04 
4.25E-04 
7.3RE-05 
6.1ZE-G5 
7.07E-05 
1.27E-C.6 
1 e96E-0 2 
1.09E-04 
1.32E-l;c 

LUNGS 

C .  
0. 
2 .G l E t 0  0 
3 .09E-64 
8 092E-0  1 
2 * 2 9 E + d 0  
1 .4GE-O 1 
2.34E-93 
1 .37E+GO 
1.63E+00 
0. 
2.3ZE-$3 
2.68E-!I4 
6.2RE-33 
4.98E-01 
7 . 3 8 E - J l  
6.97E-01 
4 .45E- \ ; I  
1 .89E-C l  
I?. 
1.81E-03 
1 .36E-C3 
1.6 3E-C 1 
1.98E-t  1 
4.29E-0 (1 

3 040 E-0 1 
4.79E-i.1 
Ze(13E-G2 
3 0 6 1 E - 0 1  
2 .25E- i l l  
1 . 35E-E l  
1.33EtL'G 
1.45E+?O 
5.10E-01 
2 .43E-0 1 
2 .C6E+L'O 
6 0 4 9 E - C i  
4.32E-32 
.1.09E+OTj 
2 .28E-94 
4.25E-54 
7.3RE-05 
6'012E-05 
7 .E 7E-b5 
1.27E-5.6 
1.96E-G2 
1 .69E-04 
1.32E-54 

L IVER 

0. 
0. 
2.01E*00 
3.09E-94 
8.92E-01 
2.29E+C)J 
1.40E-31 
2.34E-03 
1. .37E+ O G  
1 .63Et00  
0. 
2.32E-03 
2 .  6RE-04 
6.2BE-03 
4.  98E-01  
7.38E-01 
6.97E-01 
4.45E-01 
1.89E-01 
0. 
1. R l E - 4 3  
1.36E-03 
1.33E-01 
1.38E-01 
4.29E-08 
3.4UE-31 
4 .79E- i l l  
2.93E-92 
3.81E-01 
2.25E-01 
1.35E-01 
1.3QE+i)ci 
1 .45Et  O C  
5.1OE- 0 1  
2s 43E- 0 1 
2.06E+ O f  
6.49E-01 
4.32E-02 
1 .09Et00  
2.28E-34 
4.25E-04 
7.3AE-05 
6.126-05 
7. 57E-;)5 
1.27E-36 
1.96E-02 
1.69E-04 
1. 32E-34 



TABLE H - 2 5  

I N H A L A T I O N  DOSE COMMITMENT FACTORS, INFANT  

(MREM/MICROCURIE) 

NUCLIDE C 6 2 3 1  G I - L L I  

0. 
3abGEtOG 
7 053EtG 1 
13. 
0. 
0. 
0. 
G . 
G. 
0 .  
6. 
3.4+E+02 
5 24E+0 3  
2 0 4 3 E t 0 0  
C.91E+02 
8 0 9 4 E t 0 1  
1.13E+01 
1*4SE+OO 
7 . b l E * 0 1  
2.56Et02 
3 . 6 6 ~ + 0 0  
1.52E-03 
l . l r E + O l  
2 . 7 3 ~ - 0 1  
2*2JE+O1 
2053E tO  1 
9 43E+0 0  
0. 
0. 
li. 
0. 
0. 
3 .23Et02 
4 0 4 Y E t 0 2  
4 . l dE+Oi  
3 .6 i jE-d l  
2 .03E tO i  
2. 95€+03 
1. I G E t J 3  
1098E+G5 
CoOirEtO4 
1 4bE+0 6 
I .GlE+Ob 
1.41EtO b  
1 lOE+O 3 
2.3LEtO5 
b e 8 5 E t 0 4  
2  b 2 E t 0  5  

SKIN L I V i 2  

NOTE - T X I T I J M  i3AUSPIRATISN 305: CJtIPIITWLNT W A S  IAKEN T3 6 -  50% 
0' THE l N i A L 4 T I O N  3 O S E  S3HHICMENr FOR T 2 I I I 3 M .  



TABLE H-26 

INHALATION DOSE COMMITMENT FACTORS, CHILD 
(MREM/MICROCURIE) 

N U C L I D E  I 6JdY G I - L L I  T i Y R 3 1 3  6ONE LUNGS S K I N  L I V E R  

NOTE - T 2 1 I I J H  r ~ A Y j P I i 3 A f I J N  30s: CJnHITMENT WAS I A K E N  1 3  8: 5 0 X  
O F  THC I N A A L A T I O N  J O S E  33MMZTHENT F O R  T R I T I ~ N o  



TABLE H-27 

INHALAT ION DOSE COMMITMENT FACTORS, TEEN 

(MREMIMICROCURIE) 

NUCLIDE i 63GY G I - L L I  T i Y 3 3 I D  BOrJC LUNGS SK IN  

1 .06E-61  1.6bE-'Gl G. 
5.6i iE-01 5 . 6 5 i - O l  5.66E-01 
1 .4bEt00  1 . 7 6 E t 0 1  L.76E+01 
3 .  0  . 0  . 
l . 1 3 E t O i  0. 0  • 
2.3%E+G1 0. 0. 
0 . 3 .  It. 
0 . 0  . 0 . 
0. 0. 0. 
0 . 3. G. 
0 0. 0. 
+ * ' + 2 € + 0 1  0. 5 .51E tO I  
3mO>E+01 0. r(.01E+03 
3 * 7 3 E + 0 1  0. 3 .82E-01  
i a 6 7 E + 0 1  0. 7 . 9 3 E t O i  
1 * 6 5 t + O l  0. l . b S E + O i  
L * I O E + J L  0. 2.OSEtOO 
l . i S E + O l  0. 2 . 14E-0  1 
1.1i iE*02 0. 1 .25E tO1  
3 . 9 1 E t 0 1  7 . 5 6 t - b i  4 .31€+01 
9.8>E+bO 1 .75E-01  6 .09E-01  
l . O l E + J l  1.63:-C* 2.39E-04 
+ * 6 C E + U l  3 . 7 i I - 0 1  1 ~ 7 5 E + 0 0  
3 . 0 1 E t S l  3 e l J E - 0 2  4.57E-02 
2 e l b E - 0 1  3eE5EtG3 3.53Et00 
7 .+ iC -  9 1  1 . 7 4 i i t 0 3  4 * 2 1 E + 0 0  
L a 2 5 E + 3 0  + .73 i+G2  1.52E+GQ 
0. 0. 0 . 
0  . 0. 0. 
G . 0. 0. 
5 0. 6. 
0. 0. 0. 
1.12E+00 0. b .GsEtO1 
3 - 6 3 E - I t 1  0.  d. i i2E+Oi  
2*65E+G0 0. be83E+JO 
5.81E+i j1  0. 6 .02E-02 
1 . 4 2 E t 0 1  0. 3.31EtOG 
1 .05E t02  0. 6 . 2 b E t 0 2  
2.63C+01 0. 7.43E+32 
i . i b E + O l  0. 7 .27E t04  
3 * 8 1 E + 0 1  0. 1 . 4 8 E t g k  
+ .52E+01 0. 5 . 0 0 i + 0 5  
+.13E+OL 0. +.89E+05 
t ~ 1 3 E + O 1  0. 4 . 8 ~ € + 0 5  
7.9kE-132 0. l aOc tE t03  
i .CciE+OI 0. 1 * 7 8 E + 0 5  
+.83E+01 0. 1.62EtO 4 
i .bOE+Ol  0. 2 .GlE+i l1  

NOTE - T I I T I J A  I ~ Q ~ ~ ? I R A T I G I I  )53E ZJHnI lMCNT W A S  r 4 K E N  C3 b l  5 0 %  
0- THE 1NHALATION 0055 C IHMI rMEN i  FOX T2IT IUM.  



TABLE H-28 

INHALATION DOSE COMMITMENT FACTORS, ADULT 

N U C L I D E  I 833V G I - L L I  T i Y . 3 3 I D  EOFJE LUNGS S K I N  L I J F R  

1 .OJE-91  
i . 2 7 E - 0 1  
l e 6 3 E + d O  
0. 
1 0 3 3 E t 0 1  
3. J 5 E + O l  
0. 
0. 
il. 
0. 
0. 
+ 0 3 7 E + 0 1  
3 .03E*O i  
j e 3 3 E t 4 1  
i . B l E + S i  
1 . 8 8 E + O i  
1 . 3 l i E + i l l  
1 * 3 8 E + O l  
l . I b E + U I  
3 .9ZE+01  
8.83E+OO 
7 .18E+00  
t . 7 3 i + O l  
5 * 3 7 E + O l  
2 0 2 2 E - 0 1  
7 . 8 J E - 0 1  
1 * 0 3 E + O S  
il. 
0. 
6. 
C .  
0. 
1 * 3 0 E + 0 0  
i.O5E+-Oil 
2 * 7 3 E + O i  
3 0 7 i E + O l  
1 * 5 6 E + 0 1  
1 .02E+02  
3.4OE+01 
i .  l b E + U  1 
3 . 8 1 E + O i  
L o 5 2 E t O i  
i . i 3 i + O t  
i . Z l E + O l  
3 . 6 5 E - 0 1  
L. b O E t U 1  
k . 9 1 E + O i  
$ 0  b 8 E + 0 1  

NOTE - T R I i ' I l l l Y  T ~ A , Y S P I K A T I O I J  2031 CJMnITMENT W 9 i  r A K E N  r0 8- 5 0 %  
8 -  THE I N d A L A T I O N  3OSE CJPIIIITMENT FOR T R I r I U h .  



TABLE  H-29 

INGEST ION DOSE COMMITMENT FACTORS, INFANT  

(MREM/MICROCURIE) 

G I - L L I  T H Y  R O I O  L U N G S  S K I N  L I V E R  



TABLE H-30 

INGESTION DOSE COMMITMENT FACTORS, CHILD 

(MREMIMICROCURI E) 

4 3  2 eC3E-G l  2.OJE-01 2.Q3E-Cl 
C 1 4  2 .26EtZG 2.26EtOC 2.26€+C! 
N A 2 2  5  .R9E+6 1 2 . 5 7 E t 0 0  5 .89EtO 1 
AR3 9 0. 0. 0. 
C05 8 5 .5REt30 l . l G E + D l  J .  
C063  1 .55Et ; l  2 . 8 h E t J l  0. 
KR.RSM G o  S .  3 .  
KRR5 il. G. 0. 
KPA7 S .  C. 0. 
KR88 0.  C .  3 .  
KR R 9 0. I;. 0. 
SKSY 3 .84EtOL 5 . 1 5 E t O l  4. 
SR9C 4 . 4 3 E t O 3  2 . 2 9 E t 0 2  0. 
Y 9 0  1.13E-0.3 1 . 2 3 E t 0 2  3 .  
7 9 1  1 .56E-32  7 . 7 7 E t 0 1  0. 
ZR 9 5  2 .21E-02 2 . 5 0 E t G I  0. 
NE95 6 .13E-J3  1 . 4 4 € + 8 1  0. 
K U l G 3  2.7CE-01 1 . 7 R E t O l  0 .  
9 0 1 2 6  1.4-RE+GO 1 . 9 5 E t O 2  0. 
St4123 3.24E.tCO 6 . 5 0 E t 0 1  1.75Et136 
TE125  1 . 5 2 E t 0 3  l . i d E + i ! l  3.2;EtUJ 
TE127  9.65E-G2 1 . 9 2 E t 0 1  .3.10€-01 
f E 1 2 9  7.6CE+00 5 0 9 6 E t O i  1 . 5 9 E t 0 1  
T E 1 3 2  5.42E+GG 7.9YEtO 1 6.62EtOG 
I 1 2 9  3  . A I E + J l  4 . 2 9 E - i l l  5 . 5 R E t 0 3  
I 1 3 1  l . Z 4 E + O l  1 .43EtGC 5 . 4 2 E t C 3  
I 1 3 3  2.86EtGS 2.99€+00 1.76E+G3 
XF133  0. 0. 0. 
X E l J 5 M  4. 0 .  0. 
YE135 9 .  0. 0. 
% E l 3 7  0. t .  0. 
K E l 3 R  0. 0. 0. 
CS134 8 . 0 3 E + 5 1  2 . 0 4 E t 0 9  3 .  
CS137  4 . 5 U E t 0 1  1 . 9 t E + 0 0  0. 
3 4 1 4 0  4.R5EtJO 4 . 2 l E t O 0  0. 
LA140 1 .19E-33  I .OJE+OZ 0. 
C E 1 4 1  2.76E-03 2 . 3 5 E t 0 1  0. 
C E l 4 4  1 . 1 4 E - 0 1  1 r 7 4 E + 0 2  0. 
EU154  1 . 8 7 E - 3 1  4 . 7 4 € + 0 1  0. 
UZ32  1 .26E+03  6 . 9 1 E t 0 1  0. 
11234 2.2 lE+DZ 6 . 3 2 E t 0 1  0. 
PC238 3  . 1 2 E + U l  7 . 5 3 E t O l  0 .  
PU239  3 . 3 C E t i i i  6.85E+O1 0. 
Pl.740 3 . 3 2 E t G 1  6.85E+O1 0 1  
P C 2 4 1  1 . 4 9 E - 0 1  1 .32E-01  3 .  
AM241 I . C l E + J Z  '7.37Et0 1 0. 
C1'1242 C.4.6E+'3t 8.OJE+O1 O .  
CM244 7 . 0 9 € + 0 1  7 . 6 4 E + O I  9 .  

LUNGS S K I N  L I V E R  



TABLE H -31  

INGEST ION DOSE COMMITMENT FACTORS, TEEN 

(MREM/MICROCURIE) 

NUCLIDE T EOOY G I - L L  I ;HY RO E D  EON E  LUNGS SKIN L I V E R  

1 .06E-O l  1 . 0 6 E - C l  2 .  1 . O h E - d l  1 .06E-01 1 .36E-01  
7 . 5 5 E - D l  7 . 5 5 E - 3 1  7 .55E-01  7 .55E-S1 7.55E-01 7 . 5 5 E - 0 1  
2 .84E+Gt  2 . 3 5 E t C l  2 . 3 5 E t O l  2 . 3 5 E t G i  G. 2.35E+ 0 1  
0. 0. 0. 6 .  0. 0. 
1.34E+OL G .  0. 0. G .  9 . 9 2 E - i l l  
3 . 3 1 E t O l  3. 0. 0  I 3 .  2.76€+0@ 
c n 
L O  d .  3 .  t. J o  0  
0. 0. 0 .  0  6 0. 0. 
0. 0. 0. Lr . 0. 0. 
0. 0. 0 .  0. (I. 0. 
C .  11 . C. i .  0. 0  
4.99E+O 1 0. 4.47E402 0. 0. 0. 
2 . 2 3 E t 0 2  0. 8 . 4 2 E t 0 3  C .  0. 0. 
1.?39€+02 0. 1 .41E-02  0. 0. 0. 
7 . 5 3 E + C l  0. 1 .95E-J1  i. 6 .  C.  
2 . 6 9 E t 0 1  0. 3 .74E-02 0. 0. 1 .25E-02  
1 . 7 8 E t 0  1 0. 7.26E-03 0. G .  4.38E-03 
1 . 8 5 E t 0 1  5. 2.37E-01 C .  0. 0. 
1 . R l E t r J 2  0. 4.0JEtCO E m  G .  0. 
6 . 3 1 E t 0  1 5 e R 4 E - 0 1  4 . 4 4 E t O i  0. 0. 7 .30E-01  
1 .07E+Ol  1.OREtOiI 3 . 8 3 E t 0 0  0. 0. 1.37E+ 00 
1 . Z Z E t O l  1 .G3E-Cl  1 .51E-01  0. 0. 5.3ZE-02 
5 . 9 J E t 0 1  5 .2REt05  1 . 6 4 E t C i  G e  0 .  6 .39Et  30 
R.O'IE+P 1 2.36EtCO 3 . 5 5 E t 9 0  G .  0. 2 .22€+35 
4 . 3 l E - 0 1  4 .77EtG3 4.66E+OC 0 .  0. 3.92E+ Oti 
1 .49€+00  2.27€+03 5.56€+00 0. 0 .  7. R6EtOG 
2 . 5 0 E t 0 3  6 0 1 9 E t 0 2  2.01E+OC 0. 0 .  3 .41Et  0Cb 
0. 0. G .  6 .  0. 0. 
C .  0. 0 .  G .  a. 0. 
0. 0. 0 .  0. 0. 0. 
0 .  0. u 4 0. 0. J e  

C 

ti. 0. 0. 0 .  G. 0. 
2 .24€+00 0 .  8 .05E+01  2.35E+G1 J .  1.94E+ 0 2  
1.9ZEtOC 0. 1.07E+02 1 . 9 1 E + E l  0. 1 .44E+02 
4 . 1 4 E t 0 0  0. 2 .R3E+31 2.33E-I?2 0. 3.4RE-32 
9 . 4 3 E t G l  J .  3 . 5 l E - 0 3  0. 0. 1.73E-03 
2 . 2 9 6 t 0 1  3 .  1 .25E-02  0. 0. 6.34E-03 
1 . 7 J E t 0 2  3. 7 . l S E - O l  0. 0. 2 .96E-01 
5 . 1 2 E t 0 1  0. 7 .81E-01  0. 0. 9 .84E-02 
6 . 7 L E + 0 1  3 .  5.9-]€+'I3 6 .  0. 0. 
6 . 1 b E t O l  0. 1 .19E+03  0. G .  0. 
7.33E+O t 0. 7 . 1 7 E t 0 2  0. 0. 9 . 9 h E t O l  
b . 6 6 E t u i  0. 8 . 0 2 € + 0 2  0. 0. 1. l G E t O 2  
6 . 6 6 E t G l  3 .  R.OOEtO2 9. 9. 1.13E+02 
1.2RE-01 0. 1 . 1 4 E t G l  0. 0 .  6.12E-01 
7 . 1 7 E + O i  J. A.55€+02 0. 0. 3.21Et 0 2  
7 . R J E t O l  0 .  2 .25E+31  0. 0. 2 * 3 3 E + 0 1  
7 . 4 2 E t C I l  0. 5 . 3 7 E t 0 2  6. 0. 2 .52Et  0 2  



TABLE H-32 

INGESTION DOSE COMMITMENT FACTORS, ADULT 
(MREMIMICROCURIE) 

G I - L L I  

1 . 0 5 E - G I  
5.69E-0 1 
3.26E+GG 
C. 
1 . 5 1 € + 0 1  
4 . Q 2 € + 0 1  
0. 
G . 
ii l 
0, 
G. 
4 0 9 4 E + O i  
1.02E+0 2 
1 .OLE+G 2 
7 0 7 6 E t G  1 
3.03E+01  
Z. iDE+U1 
2.15E+O 1 
1.79EtO 2 
6 . 3 3 E + O i  
1 r 0 7 E + 0 1  
8.69€+0 0 
5 73E+0  1 
7 o 7 i E + 3 1  
4.446-0 1 
1 0 5 7 E + 0 0  
Z.IBE+OG 
9 l 
0. 
0. 
0 l 
0. 
2.59€+00 
2.11€+09 
4.18E+O 1 
9.25E+3 1 
2.42€+0 1 
1 o 6 5 E + 0  2 
5.4HE+Ol 
6072E+O 1 
6.1%E+Ol  
7 0 3 0 E + 0 1  
6 l 6 6 E t 0  1 
607HE+O 1 
1040E+i]O 
7.42E+O 1 
7 o 9 2 E t O  1 
7.55E+0 1 

LUNGS 

1 0 0 5 6 - 3 1  
5 .69E-U 1 
1 0 7 4 E + O i  
0. 
0 l 
0. 
0. 
G . 
0. 
0. 
0. 
0 l 
0 l 
0. 
0. 
a. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 l 
0. 
0 .  
0. 
6 .  
1 . 5 9 E + C l  
1.23E+i! 1 
1.47E-62 
a. 
0. 
0. 
0. 
0 l 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

S K I N  

1 o D 5 E - 0 1  
5 .69E-01 
0. 
0 .  
a. 
0. 
0. 
0. 
G. 
0. 
0 l 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
G . 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
G .  
0. 
0. 
0. 
,!I . 
0. 
0 l 
0. 
G l 
0 l 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

L I V E R  

1.3SE-01 
50 69E- 0 1  
1 .74E+01  
G . 
7.46E-01 
2.15E+ 00 
0. 
0 l 
0. 
0. 
0. 
0. 
0. 
0. 
0 l 
9.76E-03 
3.46E-03 
0. 
0. 
5 0  1 6 E - 0 1  
9 .73E-D l  
3 96E- 0 2  
4030E+OG 
1 0  63E+ 00 
2.81€+ 00 
5.96€+00 
2.48E+ 00 
0 l 
0 l 
0. 
0. 
0. 
1.48E+02 
1.09€+ 02 
2.56E-02 
1.27E-03 
6 .346-03 
Z.04E-01 
7 0 5 7 E - 0 2  
0. 
0. 
9 0  31E+01  
1 0 0 4 E + 0 2  
1. L"tE+UZ 
8.47E-01 
2. 78E+02  
1 0 6 4 E t 0 1  
2. J 7 E + d 2  



APPENDIX I 

NUCLIDE CONTRIBUTION TO DOSE 

FIGURE 
NUMBER TITLE PAGE 

1-1 Nucl i d e  Con t r i bu t i on  t o  I n f a n t  Dose (Ashev i l l e ,  FiC) 

1-2 Nucl ide Con t r i bu t i on  t o  C h i l d  Dose (Ashevi l  l e y  NC) 

1 - 3 Nucl ide Con t r i bu t i on  t o  Teen Dose (Ashev i l l e ,  NC) 

1-4 Nucl i d e  Con t r i bu t i on  t o  Adu l t  Dose (Ashevi l  l e ,  NC) 

I - 5 Nucl ide Con t r i bu t i on  t o  I n f a n t  Dose (Oak Ridge, TN) 

1-6 Nucl ide Con t r i bu t i on  t o  C h i l d  Dose (Oak Ridge, TN) 

1-7 Nucl ide Con t r i bu t i on  t o  Teen Dose (Oak Ridge, TN) 

1-8 Nuc l ide  Con t r i bu t i on  t o  Adu l t  Dose (Oak Ridge, TN) 

1-9 Nucl i d e  Con t r i bu t i on  t o  I n f a n t  Dose (Nashvi 11 e, TN) 

1-1 0  Nucl i d e  Con t r i bu t i on  t o  C h i l d  Dose (Nashv i l le ,  TN) 

1-1 1  Nucl i d e  Con t r i bu t i on  t o  Teen Dose (Nashv i l le ,  TN) 

1-12 Nucl i d e  Con t r i bu t i on  t o  Adu l t  Dose (Nashvi l  l e y  TN) 

1-1 3 Nucl i d e  Con t r i bu t i on  t o  In fan t  Dose (Hun tsv i l l e ,  AL) 

1-14 Nucl i d e  Con t r i bu t i on  t o  C h i l d  Dose ( H u n t s v i l l e ,  AL) 

1-1 5 Nucl i d e  Con t r i bu t i on  t o  Teen Dose (Hun tsv i l  l e y  AL) 

1-1 6  Nucl i d e  Con t r i bu t i on  t o  Adu l t  Dose (Hun tsv i l l e ,  AL) 



MREM 2.5E-05 2.5 E-05 2.5E-05 2.4E-06 2.5E-05 2.5 E-05 2.5E-05 

I 
7 

1 34- 1 37c, 

133- 1 35xe 

1 4 c .  

89-90sr 

KRYPTON 

C 
A 

KRYPTON 

H 

133-1 35Xe 
7 1 

KRYPTON 

3 9 ~ r  

H 

133-1 35Xe 
1 

7 

r 
OTHER 

A 

KRY P T O ~  

TOTAL BODY GI TRACT THYROID BONE LUNGS SKIN LIVER 

h - 

FIGURE 1-1 

Nucl ide Con t r i bu t i on  To I n f a n t  Dose (Ashevil le, NC) 

IODINE 

3~ 

1 33- 1 35xe 
1 



MREM 3.1 E-05 3.2E-05 3.2E-05 2.2E-06 3.1 E-05 5.2E-05 3.1 E-05 

OTHER OTHER OTHER 
t + 

t 
KRYPTON 

IODINE 

3 
H 

133-1 35xe 
v 

OTHER OTHER + 
4 

134!1 37cs 

133-1 35Xe 

14c 

89-9OSr 

KRYPTON 

J 

KRYPTON 

3~ 

C 

OTHER OTHER 

TOTAL BODY G I  TRACT THYROID BONE LUNGS SKIN LIVER 

FIGURE 1-2 

Nucl ide Contribution to Child Dose (Ashevil le, NC) 



MREM 2.9E-05 2.9E-05 2.9E-05 1 .9  E-06 2.9E-05 5.OE-05 2.9E-05 

OTHER OTHER 
t 

A 

1 34- 1 37 
Cs 

133- 1 35Xe 

4c 
A 

89-90: 

KRYPTON 

OTHER 
b 

l i  

T 
KRYPTON 

3~ 

OTHER + . 

KRYPTON 

A 

3 9 2  

3~ 

133- 1 35xe 
I 

TOTAL BODY G I  TRACT THYROID BONE LUNGS SKIN LIVER 

FIGURE 1-3 

Nucl ide  C o n t r i b u t i o n  f o r  Teen Dose (Ashevi l  l e ,  NC) 



TOTAL BODY GI TRACT THY ROlD BONE LUNGS SKIN LIVER 

FIGURE 1-4 

Nuc l i de  C o n t r i b u t i o n  f o r  Adu la t  Dose ( A s h e v i l l e ,  NC) 



T .  
134-11J/cs 
KRYPTON 

H 

IODINE 

133- 1 35Xe 

TOTAL BODY GI  TRACT THYROID BONE LUNGS SKIN LIVER 

FIGURE 1-5 

Nuclide Contr ibut ion t o  I n f a n t  Dose (Oak Ridge, TN) 



MREM 2 .'o E-03 2.OE-03 3.4E-03 5.6E-04 2.OE-03 5.2E-03 2.0 E-03 

OTHER OTHER OTHER OTHER OTHER OTHER OTHER 

1 
1 
t 

1 34- 1 37cs 

H 

KRYPTON 
IODINE 

133-1 3!iXe 

, 

34- J/cs 
KRYPTON 

3~ 

IODINE 

133-1 3Sxe 

+ 
O6 R" 

1 

- 

H 

1 34- 1 37cs 

KRYPTON 

IODINE 

133-135xe 

k 1 

4 
134-1 37cs 

H 

A 
KRYPTON 

IODINE 

133- 1 35xe 

TOTAL BODY G I  TRACT THYROID BONE LUNGS SKIN LIVER 

1 

FIGURE 1-6 

Nuclide Contribution to Child Dose (Oak Ridge, TN) 
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1 34- 1 37cs 
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IODINE 

133- 1 35Xe 

A 



MREM 1 .8 E-03 1.9E-03 2.8E-03 5.0 E-03 1 .9 E-03 3.6 E-03 1.8E-03 

OTHER 
A 

4 
,134- 137& 

3~ 

KRYPTON 
IODINE 

1 33-1 35Xe 

OTHER * 
4 

1 34- 1 3 7 G  

H 1 

90sr 

1 

KRYPTON 
IODINE 

133- 1 35Xe 

i 

OTHER * 
A ,  

134- 137& 

3~ 

4 
KRYPTON 

IODINE 

133- 1 35xe 

OTHER * OTHER 
A 

H 

PLUTONIUM 

KRYPTON 
IODINE 

133- 1 35Xe 

OTHER + - 
1.36 Ru 

90-91 

3~ 

1 34- 1 37cs 
1 

KRYPTON 

IODINE 

133- 1 35Xe 

a 

OTHER 

4 

134- 1 37LS 

3H 

KRYPTON 
IODINE 

133- 1 35Xe 

TOTAL BODY G I  TRACT THYROID BONE LUNGS SKIN LIVER 

FIGURE 1-7 

Nucl i.de Con t r i bu t i on  t o  Teen Dose (Oak Ridge, TN) 



MREM 2.1 E-03 2.1 E-03 3.2E-03 5.OE-04 2.2E-03 3.9E-03 2.1 E-03 

I 

134- 1 37cs 

H 

KRYPTON 
IODINE 

133- 1 35Xe 

OTHER 
+. 
1 

1 34- 1 37cs 

3 
H 

KRYPTON 
IODINE 

133-1 35xe 

4 
1 

134-1377 
Cs 

H 

C 
KRYPTON 

IODINE 

1 33-13SXe 

' 

V 

TOTAL BODY G I  TRACT THYROID BONE LUNGS 

OTHER 
b- 

4 
I 

1 06 R" 

H 

1 34-1 37cs 

t 

KRYPTON 

IODINE 

133-135xe 

OTHER 

SKIN LIVER 

FIGURE 1-8 

Nucl i d e  C o n t r i b u t i o n  t o  Adul t  Dose (Oak Ridge,  TN) 
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r t 

A 
134-137; 

H 

KRYPTON 
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133- 1 35xe 



MREM 7.OE-05 6.9 E-05 9.1 E-04 2.1 E-05 6.9E-05 2.2 E-04 7.2E-05 

OTHER 
- 

J 

133- 1 35Xe 

- 
IODINE 

KRYPTON - 

- 

3~ 

- 

- 

- 

- 

- 

1 

133-1 35Xe 

IODINE 
KRYPTON 

3~ 

OTHER 

I 

3~ 

IODINE 

KRYPTON 

OTHER OTHER 

TOTAL BODY G I  TRACT THY ROlD BONE LUNGS 

FIGURE 1-9 

Nucl i d e  C o n t r i b u t i o n  t o  I n f a n t  Dose ( N a s h v i l l e ,  TN) 

SKIN LIVER . 



TOTAL BODY GI TRACT THYROID BONE LUNGS SKIN LIVER 

FIGURE 1-10 
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GLOSSARY OF TERMS 

Absorbed Dose: The energy imparted t o  matter by ionizing radia t ion per 
un i t  mass of i r r ad i a t ed  material a t  the  place of i n t e r e s t .  The un i t  of 
absorbed dose i s  the  rad. One rad equals 100 ergs per gram. 

Absorption: (1 ) The process by which radia t ion imparts some o r  a l l  of i t s  
energy t o  any material through which i t  passes.. ( 2 )  The entrapment of gases 
o r  l iqu ids  in the  in te rna l  s t r uc tu r e  of so l i d  bodies with which they a r e  in 
contact .  For e.xample, a sponge absorbs water. 

Absorption Coefficient:  Fractional decrease i n  the  i n t ens i t y  of a beam of 
X o r  gamma radia t ion per un i t  thickness (1 inear  absorption c o e f f i c i e n t ) ,  
per un i t  mass (mass absorption coe f f i c i en t )  of absorber, due to  deposition 
of energy in the  absorber. 

Activation Product: An unstable isotope of an element formed in a nuclear 
reac tor  by processes other  than f i s s i on .  

Act ivi ty :  The number of nuclear transformations occurring in a given 
qua1 i t y  of material per un i t  time. (See Curie) .  

Adsorption: The adhesion in an extremely th in  l ayer  of gases, dissolved 
substances, o r  1 iquids t o  the  surfaces  of sol i d  bodies which they contact .  

Air Envelope: Radioactivity released i n  the  zone i s  allowed t o  tra.ve1 i n to  
the  study area via a i r  t r anspor t  t o  minimize i so la t ion  e f f e c t s  on the 
regional dose ca lcu la t ion .  

Atmosphere S t a b i l i t y :  A character izat ion scheme t h a t  describes the  t u r b u -  
l e n t  nature of the  atmosphere ( i n  t h i s  repor t  spec i f i c a l l y  the  ver t i ca l  
component of turbul ence) within ce r t a in  preset  c r i t e r i a .  

Aquifer: A geological formation containing groundwater. 

Average Adult ( t een ,  c h i l d ) :  A person whose d i e t a ry  habi ts  represent the  
average of h i s  age group a t  his centroid of residence and whose recreat ion 
habi ts  s imi la r ly  represent the  average of the  habi ts  f o r  h i s  age group a t  
h i s  centroid.  

Backqround: Radioactivity found in the  environment which emanates from 
sources o ther  than nuclear reactors  o r  fuel cycle faci  1 i t i e s .  

Base-Loaded Plant:  A power plant  operated a t  a high plant  f ac to r  f o r  much 
of i t s  l i f e  to  meet the  r e l a t i v e l y  constant  portion of the  energy demand. 



GLOSSARY OF TERMS ( c o n t ' d )  

Beta P a r t i c l e :  Charged p a r t i c l e  em i t t ed  f rom t h e  nucleus o f  an atom, w i t h  
a  m s s  and charge equal i n  magnitude t o  t h a t  o f  t he  e lec t ron .  

Boat ing:  Recreat iona l  a c t i v i t y  t h a t  i nc ludes  water  s k i i n g ,  s a i l i n g ,  
canoeing, boat ing ,  and f i s h i n g  from a  boat  o r  barge. 

Body Burden: A  p a r t i c u l a r  amount o f  r a d i o a c t i v i t y  r e t a i n e d  w i t h i n  t h e  body 
o f  an i n d i v i d u a l .  

BWRA: An advanced BWR (as used i n  t h i s  s tudy )  f e a t u r i n g  increased l i n e a r  
heat  r a t e .  

Centro id:  A  des igna t i on  used i n  t h i s  e v a l u a t i o n  whereb.~ a  county o r  group 
of count ies  i s  represented by a  s i n g l e  p o i n t .  The e n t i r e  popu la t i on  o f  
t h e  area and i t s  c h a r a c t e r i s t i c s  a r e  represented by t y p i c a l  i n d i v i d u a l s  and 
t h e i r  a c t i v i t i e s  re ferenced t o  t h a t  p o i n t .  

Close- In Dose: The r a d i a t i o n  dose rece i ved  by people l i v i n g  w i t h i n  a  few 
m i l e s  o f  a  nuc lea r  f a c i l i t y .  

Cold Trapping System: The c o o l a n t  c leanup system assumed used i n  reduc ing  
r a d i o n u c l i d e  concen t ra t i ons  i n  LMFBR systems. Such a  system removes im- 
p u r i t i e s  from t h e  sodium c o o l a n t  by reduc ing  t h e  temperature o f  a  smal l  
stream of coo lan t .  Impur i . t ies  l e s s  s o l u b l e  a t  the  lower temperature a r e  
thus  removed. 

Curie: A u n i t  o f  r a d i o a c t i v i t y .  . One c u r i e  equals 3.700 x 101° n u c l e a r  
t rans format ions  per  second. (Abbrev ia ted  C i . )  Several f r a c t i o n s  o f  t h e  
c u r i e  a r e  i n  common usage. 

Mic rocur ie :  One-m i l l i on th  o f  a  c u r i e  (3.7 x l o 4  d i s i n t e g r a t i o n s  per  
,3 sec. ) (Abbrev ia ted  pCi . ) 

M i l l i c u r i e :  One-thousandth o f  a  c u r i e  (3.7 x l o 7  d i s i n t e g r a t i o n s  per  
sec. ) (Abbrev ia ted  m C i  . ) 

P icocur ie :  One-mil 1  i o n t h  o f  a  m i c r o c u r i e  (3.7 x d i s i n t e g r a t i o n s  
per  second o r  2.22 d i s i n t e g r a t i o n s  per  minute) .  (Abbrevia-  
t e d  pCi ; rep1 aces t h e  te rm ppC. ) 

Daughter: Synonym f o r  decay product .  

Decay, Radioact ive: D i s i n t e g r a t i o n  o f  the  nucleus of  an unstable nucl i d e  
by spontaneous emiss ion o f  charged p a r t i c l e s  and/or photons. 
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Decay Constant:  (See D i s i n t e g r a t i o n  Constant.) 

Decay Product:  A nuc l  i d e  resu l  t i n g  f rom the  r a d i o a c t i v e  d i s i n t e g r a t i o n  o f  
a  r a d i o n u c l i d e ,  formed e i t h e r  d i r e c t l y  o r  as the  r e s u l t  o f  successive t rans -  
format ions i n  a  r a d i o a c t i v e  se r ies .  A  decay product  may be e i t h e r  rad ioac-  
t i v e  o r  s tab le .  

Decontaminat ion Fac to r :  The r a t i o  o f  t h e  amount o f  undesi red r a d i o a c t i v e  
m a t e r i a l  i n i t i a l l y  p resent  t o  t h e  amount remain ing a f t e r  a  s u i t a b l e  
process ing  s t e p  has been completed. Decontamination f a c t o r s  may r e f e r  t o  
t he  r e d u c t i o n  o f  some p a r t i c u l a r  species o f  rad ionuc l i de ,  o r  t o  t h e  gross 
measurable r a d i o a c t i v i t y .  

D i s i n t e g r a t i o n  Constant:  The number which cha rac te r i zes  t h e  r a t e  o f  decay 
of a  rad ionuc l  i d e  ( A  i n  the  equat ion N = Nee-A, where No i s  the  i n i t i a l  
number o f  atoms present ,  and. N i s  t h e  number o f  atoms present  a f t e r  some 
time, t ) .  

D i s in teg ra t i on ,  f luclear:  A spontaneous nuclear  t rans format ion  ( r a d i o a c t i v i -  
t y )  c h a r a c t e r i z e d  by  t h e  emission o f  energy and/or mass f rom t h e  nucleus. 
When numbers o f  n u c l e i  a r e  involved,  t h e  process i s  c h a r a c t e r i z e d  by a  
d e f i n i t e  h a l f - 1  i f e .  

D i s t r i b u t i o n  C o e f f i c i e n t :  For any d i s s o l v e d  substance, t h e  r a t i o  o f  con- 
c e n t r a t i o n s  adsorbed on s o i l s  o r  suspended sediments i n  c o n t a c t  w i t h  water  
t o  t h e  c o n c e n t r a t i o n  c f  t h e  substance i n  s o l u t i o n .  

Dose: A  general  t e rm denot ing  the  q u a n t i t y  o f  r a d i a t i o n  o r  energy absorbed. 
For s p e c i a l  purposes i t  may be a p p r o p r i a t e l y  q u a l i f i e d .  I n  t h i s  r e p o r t ,  i t  
i s  g e n e r a l l y  used synonomously w i t h  Dose Equivalent .  

Dose Commitment: The dose rece ived d u r i n g  a  s p e c i f i e d  t i m e  (e.g., 50 yea rs )  
f o l l o w i n q  i n t a k e  of  a  q u a n t i t y  o f  a  rad ionuc l i de ,  caused by  r e t e n t i o n  o f  
t h a t  r a d i o n u c l i d e  i n  t h e  body: As used i n  t h i s  r e p o r t ,  dose commitment 
i s  c a l c u l a t e d  f o r  rad ionuc l  i d e  i n t a k e  i n  t he  year  2000 on l y ,  and does n o t  
i ' nc l  ude prev ious  o r  subsequent i n t a k e  o f  rad ionuc l  ides.  

Dose Commitment Fac tor :  A  number which can be used t o  c a l c u l a t e  the  r a d i o -  
t i o n  dose r e c e i v e d  over  a  l ong  p e r i o d  of  t ime from an i n t a k e  o f  a r a d i o -  
nuc l i de .  I n  t h j s  r e p o r t ,  the  dose commitment f a c t o r  has u n i t s  o f  mrem/50 
y r s  per  p C i l y r  i n t a k e  and the  dose commitment c a l c u l a t e d  i s  t h e  dose 
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received in the ensuing 50 years from the f i r s t  year ' s  intake. No external 
dose commitment factors have been used in th i s  report. 

Dose Equivalent: A quantity used in radiation protection. I t  expresses 
a l l  radiations on a common scale for  calculating the effect ive absorbed 
dose. I t  i s  defined as the product of the absorbed dose i n  rads and certain 
modifying factors denoting the biological effectiveness for  the particular 
type and energy of radiation involved. (The unit of dose equivalent i s  the 
rem. ) 

Dose Factor: A number which can be used to  calculate radiation dose to  a 
person (or organ) from the intake of radionucl ide (internal dose fac tor )  or 
from exposure to  given concentration of radionuclides in environmental media 
(external dose factor) .  In t h i s  report, internal dose factors have units 
of mrem/yr per unit  intake of radionuclide and the dose calculated repre- 
sents the dose i n  the f i r s t  year from the f i r s t  year intake. External dose 
factors  have units of mrem/unit concentration of a radionuclide in a i r  
(pCi/m3), water (pCi / l i te r ) ,  or on the ground (pCi/m2). The value calcu- 
lated represents dose rates  received during time of exposure. 

Dose Rate: Absorbed dose delivered per u n i t  time. 

Dry Deposition: The depletion of an airborne contaminant plume by inter-  
action process a t  the ground-air interface ( i  . e . ,  gravitational s e t t l  ing, 
impaction, chemical interaction, e t c . ,  with surface-based material) .  

Effective Energy: In th i s  report ,  a term used to  denote the actual energy 
deposited a t  the point of in te res t  per disintegration of a nuclide. I t  i s  
found by summing the products obtained by multiplying the average energy 
of the beta par t ic le  (or gamma photon) emitted, the fraction of disintegra- 
t ions which give r i s e  to that  particular beta par t ic le  (or photon), and the 
fraction of the i n i t i a l l y  released energy which i s  absorbed a t  the place of 
in te res t .  

Effective Radius: The radius of a hypothetical qpherical organ, used for 
calculational simp1 i c i  ty ,  in which the absorbed fraction of the gamma 
rays emitted from a point source i n  the center i s  the same as the absorbed 
fraction of the gamma rays emitted by the same quantity of a radionuclide 
uniformly distributed throughout the volume of the real organ. For such 
a sphere, the absorbed fraction i s  equal to  (1-e-px) where x i s  the effec- 
t i ve  radius in cm, and p i s  the Absorption Coefficient i n  cm-l. 

Equilibrium, Radioactive: In a radioactive ser ies ,  the s t a t e  which pre- 
vai ls  when the r a t io  between the amounts of successive members of the 
se r i e s  remains constant. 
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Exposure: A measure of the ionization produced in a i r  by X or  gamma radia- 
t ion. I t  i s  the sum of the electr ical  charges on a l l  ions of one sign 
produced in a i r  when a l l  electrons liberated by photons in a volume element 
of a i r  are  completely stopped in a i r ,  divided by the mass of the a i r  i n  the 
volume element. The special unit of exposure i s  the roentgen. In th i s  re- 
port, exposure has been used synonomously w i t h  dose and dose equivalent, 
especially when received from external sources. 

Exposure Pathway: The means by which a person becomes exposed to ,  and re- 
ceives a radiation dose from, radionuclides released to  the environment. 
Generally, the pathway followed by the radionuclide between the time of 
release and the time of exposure. 

Exposure Rate: Exposure delivered per unit  time. 

External Dose: A radiation dose received by a person (or organ) which i s  
delivered by radiation originating outside of the person. 

Fabrication Plant: A plant devoted to  the manufacture of fuel assemblies 
for  nuclear reactors. 

Fishing: Recreational ac t iv i ty  tha t  includes, in th i s  study, fishing from 
the bank only. 

Fission, Nuclear: A nuclear transformation characterized by the sp l i t t i ng  
of a nucleus into a t  l eas t  two other nuclei and the release of a relat ive-  
ly large amount of energy. 

Fission Product: An unstable isotope formed during the fissioning process. 

Fission Yield: The percentage of f iss ions leading to  a particular nuclide. 

Food Deficit: Excess of food consumption over production for  a given food 
type (within a centroid).  

Food Sur  lus:  Excess of food production over consumption for  a given food 
type within a cent.roid). _P_ 
Fuel Burnup: A measure of the degree to  which a nuclear fuel i s  consumed 
before replacement with new fuel ,  commonly expressed in megawatt days per 
metric ton of fuel.  

Gamma Ra : Short wave length electromagnetic radiation of nuclear origin 
range of energy from 10 KeV to 9 MeV) emitted from the nucleus. + 

Generating Plant Mix: The mix of nuclear and fossi l  plants which produce 
e l ec t r i c  power for  the study area. 
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G igawa t t -E lec t r i ca l  (GW,) : One b i l l  i o n  wa t t s  o f  e l e c t r i c a l  energy ( o f t e n  
used as a  u n i t  g f  e l e c t r i c  genera t ing  c a p a c i t y ) .  

Groundwater: Water r e s i d i n g  below the  sur face o f  t he  l and  i n  format ions 
sa tu ra ted  w i t h  water.  The "water  t a b l e "  i s  t h e  upper sur face o f  groundwater. 

H a l f - L i f e ,  B i o l o g i c a l :  The t ime  requ i red  f o r  t h e  body t o  e l i m i n a t e  one- 
h a l f  o f  an adminis tered dosage o f  any substance by r e g u l a r  processes o f  
e l i m i n a t i o n .  Approximately t h e  same f o r  bo th  s t a b l e  and r a d i o a c t i v e  i s o -  
topes o f  a  p a r t i c u l a r  element. 

H a l f - L i f e ,  E f f e c t i v e :  Time requ i red  f o r  t he  r a d i o a c t i v e  element i n  t he  
body t o  be d imin ished 50 percent  as a  r e s u l t  o f  t he  combined a c t i o n  o f  
r a d i o a c t i v e  decay and b i o l o g i c a l  e l i m i n a t i o n .  

- 
Te f  f = E f f e c t i v e  ha1 f - 1  i f e  

- .  

TB = B i o l o g i c a l  h a l f - l i f e  

TR = Rad io log ica l  h a l f - 1  i f e  

H a l f - L i f e ,  Radioact ive:  Time r e q u i r e d  f o r  a  r a d i o a c t i v e  substance t o  l o s e  
50 percent  o f  i t s  a c t i v i t y  by decay. Each r a d i o n u c l i d e  has a  unique h a l f -  
1  i f e .  

HTGR: A he1 ium cooled r e a c t o r  system, ope ra t i ng  on the  thor ium - 234U cyc le ,  
assumed t o  be i n  ope ra t i on  i n  the  TVR scenar io.  

Induced R a d i o a c t i v i t y :  R a d i o a c t i v i t y  produced i n  a  substance a f t e r  bom- 
bardment w i t h  neutrons o r  o t h e r  p a r t i c l e s .  

Integrated-Dose: The summation o f  a l l  t he  products o f  each p a r t i c u l a r  dose 
l e v e l  t imes t h e  number o f  peop.le exposed a t  each p a r t i c u l a r  dose l e v e l .  

I n t e r n a l  Dose: A dose rece ived by a person ( o r  organ) f rom r h d i a t i o n  
o r i g i n a t i n g  f rom m a t e r i a l  conta ined w i t h i n  t h e  person. 

Ion:  Atomic p a r t i c l e ,  atom, o r  chemical r a d i c a l  bea r ing  an e l e c t r i c a l  - 
C charge, e i t h e r  nega t i ve  o r  p o s i t i v e .  
L 
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I o n  Exchange: A chemical process i n v o l v i n g  the  r e v e r s i b l e  in terchange o f  
i ons  between a  s o l u t i o n  and a  p a r t i c u l a r  s o l i d  m a t e r i a l  such as an i o n  
exchange r e s i n  c o n s i s t i n g  o f  a  m a t r i x  o f  i n s o l u b l e  m a t e r i a l s  i n te rspe rsed  
w i t h  f i x e d  i ons ro f  the sane charge b u t  o f  d i f f e r e n t  species. 

I o n i z a t i o n :  The process by which a  n e u t r a l  atom o r  molecule acqui res a  
p o s i t i v e  o r  negat ive  charge. .+ 

(LWR) L i g h t  water Reactor: A general des igna t i on  appl i e d  t o  thermal reac-  
t o r s  us ing  normal water  a s ' a  coo lan t  and moderator, and i n c l u d i n g  bo th  
pressur ized (PWR) and b o i l i n g  (BWR) water  reac to rs .  

L inea r  Heat Rate: The q u a n t i t y  of  heat  produced i n  u n i t  l e n g t h  o f  r e a c t o r  
f u e l  rod. 

L inea r  Programming: A  mathematical technique t h a t  f i n d s  t h e  s o l u t i o n  t o  a  
s e t  o f  simultaneous l i n e a r  equat ions which r e s u l t s  i n  t h e  maximum ( o r  
minimum) value o f  a  p a r t i c u l a r  '1 i n e a r  f u n c t i o n  which i s  designated as the  
o b j e c t i v e  f u n c t i o n .  

LMFBR ( L i q u i d  ' ~ e t a l  Fast  Breeder Reactor):  A  nuc lear  r e a c t o r  type, us ing  
l i q u i d  metal coo lan t  ( u s u a l l y  sodium) designed t o  operate w i t h  an unmoder- 
a ted  ( " f a s t " )  neutron spectrum and t o  "breed" more nuc lea r  f u e l  m a t e r i a l s  
than i t consumes. 

L i v i n g  Pat te rn :  Observable fea tu res  t h a t  c h a r a c t e r i z e  an i n d i v i d u a l ,  i.e.., 
where he l i v e s , , w a t e r  he dr inks ,  food he eats, a i r  he breathes and h i s  
r e c r e a t i o n a l  hab i t s .  

Load-Fol lowing Plant :  A  power p l a n t  whose ou tpu t  i s  v a r i e d  t o  enable a  
power system t o  meet changes i n  demand. 

Maximum A d u l t  ( teen,  c h i l d ) :  A person whose d i e t a r y  and r e c r e a t i o n  h a b i t s  
tend t o  maximize t h e  r a d i a t i o n  dose which he ( o r  she) receives.  I n  t h i s  
r e p o r t ,  t he  maximum i n d i v i d u a l  i s  assumed t o  r e s i d e  a t  t h e  same l o c a t i o n  
w i t h i n  t h e  c e n t r o i d  as does the  average person. For t h i s  reason, doses 
h ighe r  than those c a l c u l a t e d  f o r  t h e  maximum person can be pos tu la ted ,  
e.g., t he  a i r  submersion dose f rom f u l l - t i m e  res idence c l o s e  t o  the  s i t e  
boundary o f  a  nuc lea r  f a c i l i t y .  

Man-Rem Dose: A  number expressing the  t o t a l  i n t e g r a t e d  to ta l -body  dose 
rece ived by a  l a r g e  popu la t ion .  It i s  ob ta ined by mu1 t i p l y i n g  the  average 
dose rece ived by a  g iven subgroup o f  t h e  popu la t i on  by the  number o f  per-  
sons i n  t h a t  subgroup and then summing over  a1 1  subgroups (see I n t e g r a t e d  
Dose). 
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Megawatt -Elect r ica l  (MWe): One m i l  1  i o n  wat ts  o f  e l e c t r i c a l  energy ( o f t e n  
used as an e l e c t r i c  genera t ing  s t a t i o n  capac i t y  u n i t ) .  

Micron: U n i t  o f  l e n g t h  equal t o  meters. (Symbol : p o r  more r e c e n t l y  
r 
M i l  1  i rem mrem : A submul t i p 1  e  o f  t he  Rem, equal t o  one one-thousandth 

Rem). 

M ix ing  Depth: The depth o f  t h a t  p o r t i o n  o f  t he  atmosphere immediate con- 
t i guous  w i t h  t h e  e a r t h  i n  which v e r t i c a l  mot ion i s  n o t  s i g n f i c a n t l y  i n -  
h i b i t e d .  

Moni t o r i n q :  Pe r iod i c  o r  cont inuous determinat ion  o f  t he  amount o f  i o n i z i n g  
r a d i a t i o n  o r  r a d i o a c t i v e  contaminat ion present  i n  an occupied reg ion .  

Noble qas: A member of t h e  fami ly  o f  i n e r t  gases (he1 ium and i t s  chemical 
homologues), whose o r b i t a l  e l e c t r o n  c o n f i g u r a t i o n s  cause them t o  have 1  i t t l e  
tendency t o  r e a c t  chemica l ly  w i t h  o t h e r  ma te r i a l s .  For most purposes they  
can be assumed t o  be t o t a l l y  non- reac t ive  o r  i n e r t  chemical ly ,  a l though 
they can be a f f e c t e d  by e s s e n t i a l l y  phys i ca l  processes (e. g. , adsorp t i on ) .  

Nucl ide:  A species o f  atom cha rac te r i zed  by t h e  c o n s t i t u t i o n  o f  i t s '  
nucleus. The nuc lear  c o n s t i t u t i o n  i s  spec i f i ed  by the  number o f  protons 
( Z ) ,  number o f  neutrons (N) ,  and energy content ;  o r ,  a1 t e r n a t i v e l y ,  by t h e  
atomic number ( Z ) ,  mass number A = (N  + Z) ,  and atomic mass. To be re -  
garded as a  d i s t i n c t  nuc l i de ,  t h e  atom must be capable o f  e x i s t i n g  f o r  a  
measurable t ime. Thus, nuc lea r  isomers a re  separate nuc l ides ,  whereas 
prompt ly  decaying e x c i t e d  nuc lea r  s t a t e s  and uns tab le  in te rmed ia tes  i n  
nuc lea r  reac t i ons  a r e  n o t  so considered. 

Organ: Group o f  t i s s u e s  which toge the r  per form one o r  more d e f i n i t e  
f u n c t i o n s  i n  a  l i v i n g  body. 

Parent:  A r a d i o n u c l i d e  which, upon d i s in teg ra t i . on ,  y i e l d s  a  s p e c i f i e d  
n u c l i d e  - e i t h e r  d i r e c t l y  o r  as a  l a t e r  member o f  a  r a d i o a c t i v e  se r ies .  
(See a1 so Daughter). 

Pathway: An environmental mechanism o r  s e r i e s  o f  mechanisms by which 
rad ionuc l i des  a re  t ranspor ted  f rom a  source t o  a receptor .  

P l a n t  Factor:  The r a t i o  o f  t h e  ac tua l  energy ou tpu t  i n  t h e  p e r i o d  o f  
t ime  considered t o  the  energy o u t p u t  which would have occurred i f  t h e  
p l a n t  had been ope ra t i ng  a t  i t s  f u l l  r a t i n g  throughout the  t o t a l  t ime i n  
t h e  per iod.  



GLOSSARY OF TERMS (con t 'd )  

Poison: Material of high absorption cross  sect ion which absorbs neutrons 
unproductively and reduces the  r e a c t i v i t y  of a reac to r .  

PWR (Pressurized Water Reactor): A water-cooled reac to r  i n  which the  
coolant  i s  pressurized t o  the  extent  t h a t  boi l inq i n  the  reac to r  core i s  - - -  - 

inhibi ted .  Steam i s  generated i n  a secondary syitem, using a separate  
heat exchanger. 

Rad: The u n i t  of absorbed dose equal t o  0.01 Joule/Kg (100 ergs  per gram) 
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I n  any medium (see  Absorbed Dose). (Written: rad. ) 

Radionuclide: Any isotope (of one of the  chemical elements) which under- 
goes radioact ive  decay, 

Radwaste: Radioactive waste. 

Radwaste System: A combination of process equipment components used i n  a 
nuclear f a c i l i t y  t o  clean u p  the  reac to r  coolant  and o ther  l i qu id  and gas 
streams before reuse,  s to rage ,  o r  discharge. 

Receptor: An individual f o r  whom a rad ia t ion  dose i s  ca lcu la ted .  

Rem (roentgen equivalent  man): A biological  dose u n i t  defined by the  
amount of energy absorbed from a rad ia t ion  source times the  r e l a t i v e  
biological  ef fect iveness  of  the  pa r t i cu l a r  type of rad ia t ion .  

Release Fraction: The f r ac t i on  of a f i s s i o n  product generated i n  the  f u e l .  
which is  released from the  fuel  matrix. T h i s  f r a c t i on  i s  released t o  the  
coolant  i n  f a i l e d  fuel  rods. 

Reprocessing Plant: Chemical processing p lan t  which separates  useful iso- 
topes from waste products i n  spent  nuclear f ue l .  

Roentgen ( R ) :  The special  u n i t  of exposure. One roentgen equals 2.58 x loe4 
coulomb per kilogram of a i r .  (See Exposure. ) 

Rural Non-Farm Area: A centroid  designation used f o r  areas  ou t s ide  of 
urban l o c a l i t i e s  b u t  without a farm operator .  

Rural Area: A centroid  designation used f o r  areas  ou t s ide  of urban l oca l i -  
t i e s  with a farm operator .  

Sens i t i v i t y  Study: The par t  of  the  overal l  examination of a technical  
problem where evaluations a r e  made of the e f f e c t  of changes i n  p a r t i cu l a r  
parameters of i n t e r e s t  on the  behavior of the  system being examined. 



GLOSSARY OF TERMS ( c o n t ' d )  

Source: A p o i n t  o f  d ischarge f o r  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  environment. 

Source Map: A  c o m p i l a t i o n  o f  a l l  r eg iona l  sources o f  r a d i o a c t i v e  re leases 
f rom nuc lear  f a c i l i t i e s .  

Spent Fuel:  The dep le ted  nuc lear  f u e l  which must be d ischarged f rom nuc lear  
r e a c t o r s  p e r i o d i c a l l y  t o  be replaced by f r e s h  f u e l .  

Surface Water: Water on t h e  sur face o f  t h e  land.  

To ta l  Body: The whole body taken as  an organ f o r  purposes o f  computing 
a  r a d i a t i o n  dose. 

T ransp i ra t i on :  The abso rp t i on  o f  water  vapor through the  sk in ;  thus, 
t r i t i u m  t r a n s p i r a t i o n  i s  t h e  absorp t ion  o f  t r i t a t e d  water  vapor (HTO). 

Transuranium Isotope:  An i so tope  w i t h  an atomic number g rea te r  than t h a t  
o f  uranium. 

Turbu len t  D i f f u s i o n :  The d i f f u s i o n  of an a i r b o r n e  contaminant by eddies i n  
a  t u r b u l e n t  f l ow .  

Urban Area: L o c a l i t i e s  w i t h  a t  l e a s t  2500 i n h a b i t a n t s  and i n  c l o s e l y  
s e t t l e d  f r i n g e  areas surrounding c i t i e s  o f  50,000 o r  more i n h a b i t a n t s .  

Vo lox id i ze r :  A  system t o  o x i d i z e  and v o l a t i l i z e  components o f  spent f u e l  
p r i o r  t o  d i s s o l u t i o n  i n  a  reprocess ing  p l a n t  t o  p e r m i t  more e f f e c t i v e  
t r a p p i n g  o f  t h e  v o l a t i l e  e f f l u e n t s .  

Wet De o s i t i o n :  The d e p l e t i o n  o f  an a i r b o r n e  contaminant plume by pre-  
i f  , e t c . ) .  




