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I ’ . .  

.. 
I 

Your l e t t e r  t o  41r. Hollingsworth forwarding t h z  “3roposal t o  Develop a 
Study Plan t o  I n v e s t i g a t e  the  P o t e n t i a l  Rad io log ica l  :..,pact of an 
Expanding Nuclear Power Indus t ry  on t h e  Tennessee Val ley Region” h a s  
>Zen r e f e r r e d  t o  the Divis ion of  Reactor  Dsvelopnent a i d  Technology 
,-..jl‘)w As i n d i c a t e d  i n  yozr : z : t ? z ,  r e g i o n a l  s t u d i e s  r a t h e r  t han  

; I ~  hoc p i an t -by -p lan t  s t u d i e s  of t h e  r a d i o l o g i c a l  impact of  t h e  
e::ianding n u c l e a r  power i a d u s t r y  are r e q u i r e d .  Such a s tudy was 
:.:ciatea by t h e  Atoa ic  Energy CormissiorL i n  January 1970.  This e f f o r t ,  

.. ..;a ~ G S  t h e  ”Year 2000 S t u d y , ”  i nvo lves  p r i r ca r i ly  t h e  development of 
X I ~ L L C Z  model and d a t s  t o  es t imace t h e  p o t e n t i a l  dose and dose 

n K c - a r  power reac; , . -  - j .  and :Ldclesx r‘uel r ep rocess ing  p l a n r s  

- .  . . iat i~:- .  ;rU;l?s ;-.sLL J:~ r e l e a s 2  rates 

‘ t e  > be l o c a t e i  1 .  ;:is U n L z z 2  s,. - 2 s  s y  th2 3cc3 .  ;is 

&-a1 , (L-LLX). 

-y - L:&g c = s n C u c ~ ~  ~y Lhe iizzLorc. .. .~2i:~sri:1g aevelopxer.; 
/ - .- 

- 2 -  : . ; s s i s s i p p i  :liver 3asLn iics be22 se;ec:Gd 2 s  t he  1~:- to 
. ti;, C.2; developzlent and ailot stLciy for t h e  Year 2006 L - -ye  

_ _ _  c i s  -,armed t o  encornpass the  c o n t i g a u s  United S t a c e s ,  “i.2 nodel  
be . ~. :lLed wi th  s u f f i c i e n t  ;. .:era1 :y t o  r e a d i l y  accopaodate 

-1: a:ez ,i t h e  couiltry. A l l  --.E majc: coE?onents of  t h e  model 
2 b e z -  
&:de; -.‘irays, and waste r;z.c;.7.ent -, ~;i,:,s of i n t e r e s t ,  It i s  
:cteL -: t h e  f u l l  model w i l l  d s  o p e r a t i o n a l  s h o r t l y .  The next  

, lo?ed wI:h t h e  a b l L A z y  t o  - . - L ~ s  a i l  a n t i c i p a t e d  r ad io -  

2 2  0, ._. s tudy  w i l l  involve e:: ...I i n i c -  . .  :>.e h p o r t a n c e  of t he  
-2ab le s  ---L r a d i o i s o t o p e s  cons l cz red  i:-. Lhe ;.;ode1 by determining 

i x i r  sezs:, l v i t y  t o  t h e  r e s u l t s .  

would :- .e t o  examine t h e  p o s s i b i l i t y  of suppor t ing  t h e  proposed 
i y  02 
3 wouAL Lake advantage o f  te:’.-.niques and procedures e s t a b l i s h e d  f o r  

.i t h e  v - & i s r  geographicai  si,:.?:-.ts of t h s  Ysar 2000 Study. 
. ? f i t  w a , d  be t h e  app l i ca t io r .  Gf much of t h e  modeling i n  t h e  Year 

. L  b a s i s  of i nc lud ing  i t  as p a r t  of t h e  Year 2000 Study. 

Year 2L30 Study and h e l p  ei-.siire c o m p a t i b i l i t y  and proper i n t e r f a c i n g  
A decided 

3 1 1 5 9 5 ’ 1  
I n 



:. Alvin X. Weinberg - 2 -  
9 19n , ' :- 

2000 Study on t h e  t r a n s p o r t  and f a t e  of c r i t i c a l  r ad ionuc l ides  i n  

Val ley - 2 u ~ h o r i t y  sys;m-i. F u r t h e r ,  t h e  s e n s i t i v i t y  s t u d i e s  and 
ca l cu laL ions  being Te:rde f o r  t h e  Upper  X i s s i s s i p p i  River Basin s tudy  
could ve ry  w e l l  a s s i s t  i n  c i rcumventing t h e  development and i n c l u s i o n  
of  information i n  t h e  TVA r e g i o n a l  s t u d y  t h a t  may have a n e g l i g i b l e  
cEEact on the results. 

-e- -cd:onal, 1 ,  atmospherlc,  t e r r e s t i a l  and a q u a t i c  systems of t h e  Tennessee 

Enclosed i s  an  o u t l i n e  of t h e  Year 2000 Study f o r  your information.  
Other r e p o r t s  on t h e  s tudy w i l l  be  forwarded t o  ORNL as they  become 
a v a i l a b l e .  

We appreciate r e c e i v i n g  your p roposa l  and as you have noted,  TVA's and 
ATDL-NOAA p a r t i c i p a t i o n  could provide many advantages.  M r ,  M, J. Whitman 
of my s t a f f ,  w i l l  c o n t a c t  M r .  J. L. Liverman, as you suggest ,  to a r r a n g e  
d i s c u s s i o n s  among OWL, TVA, ATDL-NOAA, HEDL and RDT on c o n s i d e r a t i o n s  
involved i n  i n t e g r a t i n g  t h e  proposed s t u d y  w i t h  t h e  Year 2000 Study. 

S i n c e r e l y  , 

r ;  -z7 , <  
1 

..- _ _  I - - -  
Xilron Shaw, D i r s c t o r  
D iv i s ion  of Reactor Development 

and Technology 

ZzclosLre: 
Ou t l ine  of t h e  Year 2000 Study 

- : 
, I  

D. Z *  Cope, RDT Sr. S i t e  Rep., OR;Y--' 
S. R, S a p i r i e ,  Manager, OR 



YEAR 2000 STUDY OUTLINE 

Mode1 w i l l  be  a p p l i e d  i n i t i a l l y  t o  Upper M i s s i s s i p p i  River Bas in  as  

a R e f e r e n c e  Problem. 

A. C a l c u l a t i o n s  w i l l  d e t e rmine  e x p o s u r e  of people  t o  r a d i a t i o n  w i t h i n  

the boundar i e s  of t h e  area d e f i n e d .  
/ 

F i g u r e  1 i n d i c a t e s  t h e  major 

p a r t s  of the  model and t h e i r  i n t e r f z c c s .  

B. C a l c c l a t i o n s  w i l l  i n c l u d e  a l l  p o t e n t i a l  r a d i o a c t i v i t y  from power 

p l a n t s  and f u e l  r e ? r o c e s s i n g  p l a n t s  i n  a r e a  p l u s  e f f e c t s  o f  

e f f l u e n t s  f r o n  Laks MLchigan and z i r  t r a n s p o r t  from a 200 m i l e  

enve lope  o n  t h e  p e r i p h e r y  of t h e  a rea .  F i g u r e  2 i n d i c a t e s  :he 

b o u n d a r i e s  cf t h e  s t u d y  area. 

C. Nmber  and size  of  n u c l e a r  poijer ;i~nts ;id reprocss 'sing p l a n t s  i n  

b a s i n  w i l l  5e p r o j e c t e d  t o  t h e  year 2000. 

1. P r o j e c t i o n  based on: powsr dezar.d, l i k e l y  nix o f  f o s s i l  sr.d 

and n u c l e a r  u s i n g  a computer c o d e l  of U. S.  e l e c t r i c  po-der 

economy'developed a t  RTL. F i g u r e  3 o u t l i n e s  t h e  p rocedur s s  

f o r  e s t a b l i s h l n g  t h e  s o u r c e  i n f o r n a t i o n  and F igure  4 i s  2 pre -  

l i m i n a r y  solute nap' f o r  1990. 

2 .  L o c a t i o n  of p l a n t  s i t es  xi11 be F e d e r a l  Power C o m i s s i o n  

D. lielease c h a r a c t e r i s t i c s  t o  a i r  and 'cater w i l l  b2 analyzed t o  

i d e n t i f y  c r l t f c a l  i a d i o r 1 u c l i d 2 s  and r e l a t i v e  q u a n t i t i e s  involved.  
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1. HEW s t u d i e s  0 :  r c l ~ ~ s e s  f x x  nresden a r d  Yankee an.! predLctions 

from S:i!?.s will t c  t;.e pr i r . ? ry  s o u r c c s  of  infor , :c . t icn 0;: ?ra-  

jetting r e l a t i v e  ~ : . m u n t s  o f  r a d i o n u c l i 6 c s  i n  e f f l u e n t  releases. 

Q u a n t i t y  r e l e a s e d  w i l l  be an  i n p u t  v a r i a b l e  f o r  Headquar te rs '  

use in app1yir.g t h e  model. The model w i l l  be t e s t e d  using 

arbitrary "un i t  releases .It . 

2. N u c l i d e s  s e l e c t e d  f o r  study a r e  $hose which: 

a. May be g e n e r a t e d  i n  s i g n i f i c a n t  amounts i n  power r e a c t o r s .  

b. Have s u f f i c i e n t l y  l o n g  h a l f - l i v e s  t h a t  t hey  will endure 

through t h e  p r o c e s s  l c a d i n g  t o  t h e i r  re lease and s n j s e q u e n t  

- t r a n s p o r t  f r o n  a p l a n t  s i t e  t o  t h e  p o i n t  of  i n t a k e .  -- 
c .  A r e  i i k e i y  t a  r e s u l t  i n  an  i q o r t a n t  l ' r ac t ior .  of tk .4  

t o t a l  populaticin exsosllre i n  t h e  >.rei  o f  s tudy .  

Figures 5 ,  6 ,  and 7 i n d i c a t e  t n o s e  r a d i o n u c l i d e s  Se ing  considered 

i n  t h e  s tudy .  

E. P r o p e r t i e s  of p l a n t  g a s  and l i q u i d  ~ a s t e  t r ea t c t en t  s y s t e n s  w i l l  be 

a s e p a r a t e  i n p u t  tc? t h e  n o d e l .  

I n d i v i d u a l  componeats of t h e  waste t r e a t r e n t  s y s t e n ,  

e.g., the  nunber and t y p e s  of f i l t e r s ,  s z r u b b e r  

s y s t e m ,  e v a p c r a t o r s ,  d i s s o l v e r  o f f - g a s  s y s t e n s  

and r e t e n t i o n  t anks  and b a s i n s ,  on t h e  r a d i o n u c l i d e  

s o u r c e  will be v a r i a b l c .  



1. 2:gure 3 i c d i c a t e s  i 2 p u t  cr.2 act?::, o f  m d e l  

1. A s q u a r e  a r r a y  o f  f i f z y  n i l 2  ir.ternal nodes h a s  been  set  up 

w i t h i n  the air er.velo?c: t o  d c s c r i b e  t h e  a i r  and ground con- 

c e n t r a t i o n s  i n  the  r e g l o n .  
/ 

2,  The b a s i c  e q u a t i o n s  t o  deterxni~e a i r  coccentratLoF-s have t h e  

same form as  fouild i n  "Xeteorology and ACornic Energy - 1968." 

f r o =  t h e  r e a c t o r  s l t e s  226 a t  the c e n t r o i d s  o f  populous 

r e g l o n s .  

. -  
2. Cil r .z to logLcal  ~ ? a t = .  av:-:LzLlz: . 

1. ?ereant f r eqzency  o f  occur rence  of wlxd d i r e c t i o n  by 

rconth. 

ii. >!can c l o u d  cover  by c?on:3. 



- 4 -  

. b. D i r e c t i o n  r e a d i n s s  from a t  l e a s t  t h r e e  weatlrer s t a t i o n s  

are weighted i n v e r s e l y  w i t h  d i s t a n c e  t o  produce a wind 

v e c t o r  a t  t h e  r e a c t o r  s i t e .  The a s s o c i a t e d  f r e q u e n c i e s  

of occurrence of  t h i s  wind v e c t o r  are t hen  computed from 

the s t a t i o n  data.  

Cloud c o v e r ,  wind speed ,  and day-night  c l a s s i f i c a t i o n  

# 

/ 

.c. 

data are used to  d e t e r n i n e  t h e  P a s q u i l l  t y p e  of s t a b i l i t y .  

d.  Wet and d r y  d e p o s i t i o n  by n u c l i d e  w i l l  be e s t i m a t e d  by 

wa te r shed  and food p r o d u c t i o n  a r e a .  
- -- 

/ 

G. Water  T r a n s p o r t  Xodel 

F i g u r e  9 shows t h e  w a t e r  t r a r s p o r t  o f  r a d i o n u c l i d e s  

1. Grmnd w a t e r  s z d  r u n  o f f  transport 

a .  F8cczuse o f  d i f f i c u l t l c s  i n  o b t a i c i n g  good ground w i t e r  

t r a n s p o r t  d a t a ,  i t  i s  assuned that no  u a s t e  ~::.ater i s  

d i s c h a r g e ?  t o  t he  2rsund o r  t o  c o n s a a b l e  w a t e r  i i ~ t a k e s .  

b. Radionuc l ides  reach the ground wa te r  v i &  t h e  s u r f a c e  w z t c r .  

c. T r i t i m  an? r u t h e n i c  a r e  t h 2  on ly  n u c l i d e s  t h a t  reach 

ground w a t e r  by wet and d r y  6 ~ p ~ s i t i G n  from t he  a t m s r s k r e .  

C o n s e r v a t i v e  a s s u m p t i o n s  i n  :he har?d? ing  of t hcse  nuclides 

( i n c l u d i n g  no d e c a y )  w i l l  be used  t o  present the vorst c2se 

and t o  e s t a S l i s h  whe the r  c o n t r i b u t i o n s  from ground w a t e r  a r e  

s i g n i f i c a n t .  

2. S u r f a c e  Water T r a n s p o r t  
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devcloFc*d a t  K < T ,  f o r  t h e  II'!nford R c a c t o r s  w i l l  be u t i l i z e d  

a s  t h e  b a s i s  f o r  niodeling s u r f a c e  water t r a n s p o r t .  

klean monthly f l o w s  for t h e  r i v e r s  i n  t h e  bacfn w i l l  b e  b. 

based on U . S . G . S .  measurements from 1951-1960. 

C .  Absorp t ion -and  t r a n s p o r t  of t h e  r a d i o n u c l i d e s  by b i o t a  

~ € 1 1  n o t  be c o n s i d e r e d .  C o n s i d e r a t i o n  of b i o t a  p r i m a r i l y  

i n c r e a s e s  t h e  t r a v e l  tiE!e. E l i n i r 2 t t n ~  t h e i r  e f f e c t  r e s u l t s  

i n  a c o n s e r v a t i v e  answer and s i m p l i f i e s  the c a l c u l a t i o n s .  

d.  Adsorp t ion  and t r a n s ? o r t  o f  r a d i o s c t i v i t y  i n  sediment 

w i l l  be c o n s i d e r e d .  
I 

H. Food P r o d u c t i o n  - Consumption ?!ode1 

Figure 10 shows d e t a i l s  o f  t h e  food  p r o d u c t i o n - c o n s u n ? t i o n  m o l e l .  

1. Food P r o d u c t i o n  

a. Food product ioi l  p a t t e r n s  i n  t5e b z s i n  w i l l  be ob ta ined  

f r m  g ove rnmc n t  pub 1 i ca t i o n s  . 
' b. T r a n s p o r t a t i o n  of  f3od 3etween s u r ? l u s  and d e f i c i t  

c o u n t i e s  w i l l  be  c a l c u l a t e d  u s i n g  zn e x i s t i n g  P>X model.  

I r r i g a t e d  c r o p s  in t h e  b a s i n  w i l l  c o n s i d e r  t h e  e f f e c t  

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

c. 

d .  The ccnmerc ie l  and s p o r t  f i s h i n g  cz?tch ia t h e  b a s i n  

may be an i n p o r t a n t  s o u r c e  of r a d i o a c t i v i t y  f o r  c e r t a i n  

segments of t h e  p o p u l a t i o n  as  abou t  1 9  m i l l i o n  pounds 

are  caught a n n u a l l y  i n  t h e  b a s i n .  
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2.  Food Consumption 

D i e t a r y  h a b i t s  will be o b t a i n c d  f r o n  Pc: i l ic  Health Surveys 

which a r e  p u b i i s h e d  F e r i c d i c a l l y  (once'  i n  s e v e r a l  y e a r s )  

for each a r e a .  

t h e  a d u l t  and smal l  c h i l d  i n  t h e  R i c h l a z d ,  Washingtoll area.  

F i g u r e  11 shows t h e  d i z t a r y  consuxp t ions  f c r  

I. Dose C a l c u l a t i o n s  

1. Dose commitment 

a. Dose c o m i t m e n t  cons ide red  w i l l  be t h e  50 y e a r  accumulated 

d o s e  due t o  i n t a k e  d u r i n g  a p e r i o d  under  c o n s i d e r a t i o n  

(normilly one y e a r ) .  

I 

/ 

b. Dose cocxitr2ent.s w i l l  be  c a l c u l a t e d  f o r  t h e  a v e r a g e  and 

maxi - in  s t a n d a r d  a d c l t  l ? 'v lng  from 2001 t o  2050. 

Dose corrxitments v i 1 1  a l s o  be c a l c u l a t e d  f o r  t h e  m ~ x i ; n u ~  

dose and a v e r a g e  dose of ;? snall c h i l d  a s s w i n g  growth t o  

adu l thood  w i t h  c'r?z.r.~ins dose f a c t o r s  f o r  t h e  r e s i d u a l  

i n t e r n a l l y  d e p o s i t e d  r a d l o n u c l d i e s .  . 

E f f e c t s  o f  l o n g - t e r x  accumulated r a d i o a c t i v i t y  i n  t h e  

e n v i r o n n e n t  w i l l  be  cons ide red .  

c. 
- 

d .  

2. I n t e g r a t e d  >!an-rems 

R a d i a t i o n  d o s e s  w i l l  be c a l c u l a t e d  a t  abofit 100 major  p o p u l e t i o 2  

c e n t e r s  and s e v e r a l  r u r a l  a r e a s  t o  p e r n i t  s m m a t i o n  o f  t h e  

p r o d u c t s  of  d o s e  times nmiber of  people  r e c e i v i n g  t h a t  d o s e .  
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