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THE NUCLEAR INDUSTRY 

Enclosed a r e  a b s t r a c t s  of four  papers on 04-program a c t i v i t y  f o r  
p r e s e n t a t i o n  a t  t h e  IAEA Symposium on Environmental Behavior of 
Radionuclides Released i n  t h e  Nuclear Indus t ry  t o  be held a t  . 
Aix-en-Provence, France,  Nay 14-18, 1973. 

These fou r .pape r s  are a l l  concerned w i t h  t h e  j o i n t  Atomic Energy 
Commission - Tennessee Valley Authori ty  s tudy  of t h e  p o t e n t i a l  
r a d i o l o g i c a l  imp l i ca t ions  of an expanding nuc lea r  power indus t ry  
i n  t h e  Tennessee Val ley region o f  t h e  U.S. and should b e  t r ea t ed  
as an i n t e g r a l  set of papers.  Each paper,  w i t h  t h e  except ion of 
t h e  one e n t i t l e d  "A S t u d y  3f t he  P o t e n t i a l  Rad io log ica l  Impact 
of an Expanding Nuclear Power Indus t ry  on t h e  Tennessee Valley 
Region," which g i v e s  an overview of t h e  s t u d y ,  p r e s e n t s  t h e  pro-  
cedures and d a t a  u t i l i z e d  i n  a major segment of t h e  study. 
C o l l e c t i v e l y ,  t h e  papers w i l l  provide t h e  s t a t u s  i n  t h e  U . S .  of 
t h e  following t o p i c s :  

(1) The na tu re  of p o t e n t i a l  releases of  r ad ionuc l ides  from t h e  
normal o p e r a t i o n  of nuclear  power and f u e l  reprocessing p l a n t s .  

The a p p l i c a t i o n  of mathematical models t o  t h e  environmental 
t 

(2)  
t r a n s p o r t  and concen t r a t ion  processes of r ad ionuc l ides .  : 

(3) The e s t i m a t i o n  of dose t o  man from i n t e r n a l  and e x t e r n a l  modes 
of exposure from radionucl ides  r e l eased  from nuclear  power and 
fue l  r ep rocess ing  p l a n t s .  



. 

John A .  'rlarris 

If we can be of further assistance, please feel free to call on us. 

7 ~. , - _  - 
- t  
, 

Milton Shaw, Director 
Division of Reactor Developuent 
and Technology 

Enclosures: 
1. Methods of Estimating Dose to 

Man from Regional Growth of 
Nuclear Power 

2. Potential Nuclear Power and 
Reprocessing Plant Siting 
and Radionuclide Releases 
Due to Normal Operation in 
the Tennessee Valley Region 

of Radionuclides in a Major 
U . S .  River Basin 

4 .  A S t u d y  of t h z  Potential Radio -  
logical Impact of  an Expanding 
Nuclear Power Industry on the 
Tennessee Valley Region 

3.  Modeling the Regional Transport 

cc: A. S. Friedman, Director, DIP 

G. W. Wensch, S A / D ,  RDT 
bee: d T Sr. Site Rep., ORNL 
e RDT Sr. Site Rep., RL 

RDT/AD' s 
S. Strauch, PA, RDT 



METHODS OF ESTIHATIXG DOSE TO XKY FRO?l RSGIOSAL GROVTH OF NUCLEAR PO\vTR* 

+ ' +  B. R. Fish,' W. S. Snyder,  K. E. COwser,' R. S. Booth, 
W. H. W i l k i e , t  and J. P. Witherspoon+ 

I n  c o o p e r a t i o n  w i t h  t h e  United S t a t e s  Atomic Energy Commission 

(USAEC), t h e  Oak Ridge N a t i o n a l  Laboratory (OWL), t h e  Tennessee Valley 

- Authori ty  (TVA) , t h e  Atmospheric Turbulence and Di f fus ion  Laboratory- 

Nat ional  Oceanic and A t z o s p h e r i c  X d c i n i s  t r a t i o n  (ATDL-:;OX\) , and the 

Hanford Engineer ing Developaent Laborztory (HE9L) have undertaken a 

j o i n t  s t u d y  of t h e  p o t e n t i a l  r a d i o l o g i c a l  i n p a c t  of an expanding n u c l e a r  

power economy on t h e  Tennessee Val ley Region (TVR). 

I 

The TVR s tudy  i n v o l v e s  an a p p r a i s a l  of t h e  gene ra t ion ,  management, 
b 

and c o n t r o l  of r a d i o a c t i v e  e f f l u e n t s  from n u c l e a r  f a c i l i t i e s  i n  t h e  r eg ion  

through the y e a r  2000. 

2000 and sites f o r  n u c l e a r  f a c i l i t i e s ,  r ad ionuc l ides  t h a t  may b e  r e l eased  

It cons ide r s  n u c l e a r  power requirements  to year 

and t h e i r  t r a n s p o r t  i n  a i r  and water and concen t r a t ion  i n  terrestrial and 

a q u a t i c  systems,  and e s t i m a t i o n  and i n t e r p r e t a t i o n  of p o t e n t i a l  dose t o  man. 

*Research sponsored by the  U- S. Atomic Energy Commission under 
c o n t r a c t  with the Linion Carbide Corporation. 

d 

+Oak Ridge N a t i o n a l  Laboratory,  Oak Ridge, Tennessee 37830 

tTennessee Val ley Au thor i ty ,  Xuscle Shoa l s ,  Alabama 35660 
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This is t h e  second such r e g i o n a l  s tudy  i n i t i a t e d  by t h e  USAEC i n  t h e  

c o n t i n e n t a l  United S t a t c s ;  t h e  f i r s ?  considered the region de f ined  as t h e  

Upper M i s s i s s i p p i  River  Basin (UIlRE). 

(Banford Engineering Regional Xodel f o r  Environmental S t u d i e s )  was developed 

by HEDL and a p p l i e d  i n  t h e  UISRB s tudy .  The model permits  estimates, on a 

r e g i o n a l  b a s i s ,  of t h e  p o t e n t i a l  r a d i a t i o n  dose t h a t  may be  received by 

i n d i v i d u a l s  and popu la t ion  groups as a r e s u l t  of r a d i o a c t i v e  materials 

e s t i m a t e d  t o  b e  r e l e a s e d  from r e a c t o r s  and f u e l  reprocessing p l a n t s .  

Mod i f i ca t ions  i n  HERXES are d i s c u s s e d  w i t h i n  t h e  con tex t  of t h e  

uniqueness  of t h e  TVR and a d d i t i o n s  o r  improvements based on t h e  i n i t i a l  

a p p l i c a t i o n  of H E W S .  Th i s  paper ,  one of four companion r e p o r t s ,  i n c l u d e s  

in fo rma t ion  on t h e  d a t a  requirements  and t h e  components of HEEL'.IES concerned 

w i t h  r ad ionuc l ide  concen t r a t ions  i n  food pathways and t h e  e s t i m a t i o n  of 

dose t o  man from i n t e r n a l  and e x t e r n a l  modes of exposure. 

A computer Eodel known as IIEEES 
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POTENTIAL NUCLEAR POWER AND REPROCESSING PLANT SITING ANP 

RADIONUCLIDE RELEASES DUE TO NORMAL OPERATION 

IN THE TENNESSEE VALLEY REGION 

G. F. Stone, Tennessee Valley Authority, Chattanooga, Tennessee 
G. R. Siegel, Tennessee Valley Authority, Chattanooga, Tennessee 
K. E. Cowser, Oak Ridge National Laboratory, Oak Ridge, Tennessee 
S. Strauch, U.S. Atomic Energy Commission, Washington, D.C. 

The Tennessee Val ley  Author i ty  i s  coope ra t ing  wi th  t h e  U. S. Atomic 

Energy Commissisi. i n  an in te ragency  s tudy  of t h e  p o t e n t i a l  r a d i o l o g i c a l  iq:Lct  

of n u c l e a r  f a c i l l t i e s  on t h e  Tennessee Val ley r eg ion  through t h e  Year 2GG0. 

T h i s  s tudy  is on: in a s e r i e s  of r e g i o n a l  i n v e s t i g a t i o n s  as a p a r t  o f  t he  &L:C1s 

Year 2000 s tudy  io a s s e s s  t h e  nat ionwide impact; o f  n u c l e a r  power f a c i l i t i e s  

expec ted  t o  be i n  o p e r a t i o n  by t h e  end of t h i s  cen tu ry .  It makes use of t h e  
. 

HERIBS mathematical  model developed a t  t h e  Harford Engineer ing Development 

Lsbora tory .  O a k  Ridge Nat iona l  Laboratory and - the  Atmospheric Turbulence and 

D i f f u s i o n  Labora tory  at  Oak Ridge, Tennessee,  are also p a r t i c i p a t i n g  i n  the  

s t u d y .  

and topographic  c h a r a c t e r i s t i c s  of t h e  Tenness2.e Val ley r eg ion  and t h e  a n t i c i -  

The j o i n t  AEC/TVA s tudy  vas undertaker, because of t h e  unique hydrologic 

p a t e d  l a r g e - s c a l e  use  by TVA of large nuc lea r  power s t a t i o n s  t o  h e l p  meet much 

of the r e g i o n ' s  cont inuing  need for e l e c t r i c i t y .  
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The s t u d y  invo lves  an a p p r a i s a l  o f  t h e  g e n e r a t i o n ,  management, Lid 

c o n t r o l  of  r a d i o a c t i v e  e f f l u e n t s  from nuc lea r  pover p l a n t s  and f u e l  reprc:essi-g 

p l a n t s ,  t r a n s f e r  end cyc l ing  of r ad ionuc l ides  through a i r  and water, and 

concen t r a t ion  i n  t e r r e s t r i a l  and a q u a t i c  systems and c a l c u l a t i o n s  o f  p o t e n t i a l  

r a d i a t i o n  dose e q u i v a l e n t s  and dose commitments t o  man. 

power p r o j e c t i o n s  by s i t e s ,  l o a d  d i s t r i b u t i o n  among d i f f e r e n t  p l a n t s ,  and 

Data on l o n g - r a g e  

gene ra t ing  u n i t  m a i l a b i l i t y  are used i n  t h e  model a long wi th  s t reamflow end 

runoff  d a t a ,  s e d i u e n t  adsorp t ion  c h a r a c t e r i s t i c s  , and e x i s t i n g  and p r o j e c t e d  

uses of t h e  TVA r e s e r v o i r  system for i r r i g a t i o n  and r e c r e a t i o n .  Information on 

food product ion  avLd e a t i n g  h a b i t s  o f  t h e  people  i n  t h e  reg ion  and expected 

changes i n  popula t ion  d i s t r i b u t i o n  are also i c e d  i n  e s t i m a t i n g  popula t ion  dose. 

This  s tudy  i s  based s t r o n g l y  on t h e  use  of d a t a  and informat ion  f r q n  

WA's ongoing prugrams i n  r eg iona l  resource  development, i n c l u d i n g  l a r g e - s c a l e  

gene ra t ion  o f  e l e c t r i c  pover ,  management of  a : prge r i v e r - r e s e r v o i r  syste-., 

and comprehensive environmental  assessment and management a c t i v i t i e s  r e l a t e d  

t o  nuc lea r  power f z c i l i t i e s .  It provides  a s ta te  of t h e  art  assessment o f  t?e 

environmental  consequences expected from t h e  g e n e r a t i o n ,  hand l ing ,  and t r e a t a m t  

of r a d i o a c t i v e  waste e f f l u e n t s  from s e v e r a l  l a r g e  n u c l e a r  power p l a n t s  ar,d f u 9  

r ep rocess ing  p l a n t s .  
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HEDL-SA-507-A 

AB ST RACT 

Modelino t h e  R e r i o n a l L z 2 n g o r t  of Radionuclides 
in ;I Hajor  United i tci tes River Basin 

f .  F. Fletcher, W. L .  Dotson, and D. E. Peterson 
Hanford Engineering Development Laboratory 

Richland, Washington, U.S.A. 

and 

R. P. Betson 
Tennessee Valley Authority 
Knoxville, Tennessee, U.S.A. 

A comprehensive study of the radiological implications of large-scale 

use of nuclear power generation, addressed to the Tennessee-Cumberland 

river basins in the Year 2000, is being undertaken. In the course of this 

study, computer modeling techniques have been developed to evaluate the 

movement of radionuclides, by water and air transport, from points of re- 

~ C Z S E  st a l Z i g 2  iLum5cr of plant sites, and. t o  caiculate p?c te rns  OF r ad io -  

nuclide concentration throughout the region of study. 

Air transport calculations utilize a modification of the bivariate 

normal equation, with the vertical parameter oz  characterized as a function 

of distance from the source, stability, and mixing layer depth. Local 

variations in air flow caused by major terrain features are modeled. De- 

pletion of the airborne radionuclides by wet and dry precipitation processes 

is accounted for, and the concentrations of deposited radionuclides are 

calculated. 

ant patterns of concentration of airborne and deposited radionuclides, 

The model sums contributions from all sources to provide result- 

including contributions from radionuclides deposited in prior years. 
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The water t r a n s p o r t  model c a l c u l a t e s  s t r eam c o n c e n t r a t i o n s  of radio- 

n u c l i d e s  I n  s o l u t i o n  and absorbed .>i sediments .  

f i c a t i o n  and sediment t rapping i n  r e s e r v o i r s  a r e  considered.  

of a i r - d e p o s i t e d  r ad ionuc l ides  and t h e i r  subsequent  t r a n s p o r t  i n  ground 

and s u r f a c e  waters are modeled. 

s i m u l a t i n g  r a d i o n u c l i d e  t r a n s p o r t  i n  each stream in t h e  b a s i n  and f o r  

c a l c u l a t i n g  t h e  r e s u l t a n t  c o n c e n t r a t i o n s  i n  s o l u t i o n  and a s s o c i a t e d  w i t h  . 

suspended and depos i t ed  sediments.  

E f f e c t s  of f l o w  s t r a t i -  

The s o l u t i o n  

C a l c u l a t i o n a l  r o u t i n e s  are provided f o r  

Together ,  t h e  a i r  and water t r a n s p o r t  models are designed t o  calcu- 

l a t e  r e g i o n a l  p a t t e r n s  of 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  i n  t h e  environment 

t h a t  r e s u l t  from t h e  ope ra t ion  of n u c l e a r  f a c i l i t i e s  i n  a region.  These 

c o n c e n t r a t i o n  p a t t e r n s  can then be a p p l i e d  t o  t h e  e v a l u a t i o n  of  radio- 

l o g i c a l  d o s e  t o  man. 
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A Study of t h e  F,>tz::?jal Radiological Impact of an 
Expanding Nuclear Pouer Industry on the Tennessee Valley Region 

S. Strauch, Division of  Reactor Development and Technology, USAEC, 

G. F. Stone, Tennessee Valley Authority, Chattanooga, Tennessee 
J .  F. Fletcher, Hanford Engineering Development Laboratory, Richland, 

K. E. Cowser, Oak Ridge National Laboratory, Oak Ridge, Tennessee 

Washington, D.C. 

Washington 

The U.S. Atomic Energy Commission initiated a study in January 1970 to 

develop a computer model (HERMES) and the necessary data t o  permit 

estimates through the year 2000 of the radiation potentially received 

by individuals and population groups in large regions as a result of 

various estimated radioactive release rates from reactors and fuel 

reprocessing plants. The initial phase o f  the study concerned develop- 

ment of the computer model and data for the analysis of the region com- 

prising the Upper Mississippi River Basin (LJMRB) of  the United States. 

The results of  the UPRB study are reported in WASH-1209, "The Potential 

Implications of the Nuclear Facilities in the Upper Mississippi River 

Basin Region in the U . S .  in the Year 2000." This paper concerns the 

second phase of the study, an interagency study by the U.S. Atomic Energy 

Commission and the Tennessee Valley Authority of the potential radiological 

impact of an expanding nuclear powr industry in the Tennessee Valley 

Region (TVR) through the year 2000. The Oak Ridge National Laboratory, 

the Ranford Engineering Development Laboratories and the Atomispheric 

Turbulance and Diffusion Laboratory at Oak Ridge, Tennessee are also 

-participating in the study. 

The TUR region is subdivided into about 140 centers of populations and 

the dose is calculated for the average individual in each center for 

each of four age groups (baby, child, teenager and adult). Contributions 

t 1 . 1  b I b b  
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t o  dose  by i s o t o p e  and pathway f o r  each  o f  seven body cornpQnents ( t o t a l  

body, l i v e r ,  lungs,  G . I .  t r a c t ,  t h y r o i d ,  bone and s k i n )  a r e  determined 

f o r  each of t h e  age groups. S e n s i t i v i t y  a n a l y s i s  are a l s o  done t o  

e v a l u a t e  t h e  e f f e c t s  of u n c e r t a i n t i e s  i n  t h e  parameters be l i eved  t o  be 

most s i g n i f i c a n t  i n  t h e i r  e f f e c t s  on dose.  
. 

The procedures ,  scope and HERMES model mod i f i ca t ions  e s t a b l i s h e d  f o r  t h e  

TVR s tudy  were guided by t h e  r e s u l t s  of the study of t he  UMRB. 

Those r e s u l t s  of t h e  lJMRl3 t h a t  had a major e f f e c t  on the  planning of t h e  

TVR s tudy  are discussed.  

D e t a i l s  on s i t e  s e l e c t i o n ,  radwaste t r ea tmen t  systems, radionucl ide 

t r a n s p o r t  and dose modeling f o r  t h e  TVR s tudy are given i n  following 

papers .  

An overview o f t h e  TVR study i s  a l s o  provided. 


