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FOREWORD 

T h i s  r e p o r t  r e p r e s e n t s  t h e  r e s u l t s  of a team e f f o r t  t o  produce a 

mathemat ica l  model f o r  c h a r a c t e r i z i n g  t h e  e f f e c t s ,  on man, of t h e  p r e d i c t e d  

requirement f o r  n u c l e a r  f a c i l i t i e s  ( r e a c t o r  and f u e l  r e p r o c e s s i n g  p l a n t s )  

t o  s a t i s f y  t h e  p r o j e c t e d  e l e c t r i c a l  energy usage d u r i n g  t h e  y e a r  2000. 

The m u l t i d i s c i p l i n a r y  team assembled f o r  t h i s  e f f o r t  i nc luded  chemical 

and n u c l e a r  e n g i n e e r s ,  h e a l t h  p h y s i c i s t s ,  b i o l o g i s t s ,  m e t e o r o l o g i s t s ,  

h y d r o l o g i s t s  and computer programming s p e c i a l i s t s .  The f i n a l  product  

r e p r e s e n t s  the combined e f f o r t s  of t h r e e  Hanford c o n t r a c t o r s :  WADCO 

Corporation,*Battelle-Northwest and Computer Sc iences  Corpora t ion .  

The fo l lowing  persons  c o n t r i b u t e d  t o  t h i s  s t u d y :  

B .  W .  Bentley 
W .  E. Black 
B. M. Cole 
D .  G .  Dan ie l s  
D .  E.  Deonigi 
W. L.  Dotson 
J. F. F l e t c h e r  
D .  R.  Haf fner  
R. D. Harr 
P .  L. Hofmann 
L .  D .  Jacobson 
D .  R.  Marr 
D .  E. McElroy 
D.  E. Pe te r son  
J .  V.  Ramsdell 
J. J. R a t c l i f  f e  
D .  P .  Schive ly  
R.  J. S h i e l d s  
J .  K. S o l d a t  
J. L: Spurgeon 
W .  L.  Templeton 
G .  L .  W i l f e r t  
K. R .  Wise 
C .  T .  Wyckoff 

~~ 

* Eow known as Westinghouse Hanford Company 
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HERMES -- A DIGITAL COMPUTER CODE FOR 

ESTIMATING REGIONAL RADIOLOGICAL EFFECTS 

FROM THE NUCLEAR POWER INDUSTRY 

I. INTRODUCTION 

With t h e  i n c r e a s i n g  u s e  of n u c l e a r  energy f o r  e lectr ical  g e n e r a t i o n ,  

cons ide rab le  a t t e n t i o n  has  been focused on t h e  q u e s t i o n  of t h e  r a d i a t i o n  

dose t o  man which might r e s u l t  i n  t h e  f u t u r e  from l a r g e  scale use  of nu- 

c l e a r  f a c i l i t i e s  i n  t h e  e l e c t r i c  power i n d u s t r y .  

r a t i o n a l  estimates of t h e  dose which might b e  expec ted ,  a computer model 

has  been developed t o  estimate t h e  release of r ad ionuc l ides  t o  t h e  environ-  

ment, and t h e  r e s u l t a n t  popu la t ion  dose ,  w i t h i n  a geograph ica l  r e g i o n  as a 

r e s u l t  of t h e  o p e r a t i o n  of nuc lea r  f a c i l i t i e s  w i t h i n  t h a t  reg ion .  

I n  an a t t empt  t o  provide  

Developmen,t of t h e  r e g i o n a l  dose model w a s  au tho r i zed  by t h e  U .  S. 

Atomic Energy Commission on January  1, 1970. 

velopment w a s  i n i t i a l l y  a s s igned  t o  t h e  P a c i f i c  Northwest Laboratory (PNL). 
On J u l y  1, 1970, t h e  Hanford Engineer ing Development Laboratory (HEDL) was 

formed, managed by t h e  WADCO Corpora t ion ,  a s u b s i d i a r y  of Westinghouse 

Electr ic  Corpora t ion .  R e s p o n s i b i l i t y  f o r  t h e  model was t r a n s f e r r e d  t o  

HEDL a t  t h a t  t i m e ,  and subsequent  development work has  been performed by 

HEDL wi th  PNL coopera t ion .  Development of t h e  model has  been undertaken 

under t h e  d i r e c t i o n  and guidance of  t h e  AEC Div i s ion  of Reac tor  Develop- 

ment and Technology (RDT) and t h e  AEC Regulatory Div i s ion .  

R e s p o n s i b i l i t y  f o r  model de- 

S u b s t a n t i a l  a s s i s t a n c e  i n  t h e  supply ing  of in format ion  necessa ry  t o  

t h e  model w a s  g iven  by t h e  Na t iona l  Oceanographic and Aeronaut ic  Admin- 

i s t r a t i o n ,  t h e  U .  S. Department of A g r i c u l t u r e ,  t h e  U. S .  Army Corps of 

Engineers ,  t h e  U .  S .  Bureau of Census, t h e  U. S .  Bureau of Spor t  F i s h e r i e s  

and W i l d l i f e ,  and t h e  Upper M i s s i s s i p p i  River  Conservat ion Commission. 
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The computer model developed h a s  been des igna ted  as HERMES 

(Ilanford Engineer ing Regional Model f o r  Environmental  Study) .  

HERMES model i s  designed t o  c a l c u l a t e  r a d i o n u c l i d e  release and r a d i a t i o n  

dose occurr ing  w i t h i n  a s tudy  a r e a  i n  a given y e a r .  

r a d i o n u c l i d e  release a s  such i s  n o t  cons idered ,  t h e  accumulated bui ldup  

and d e p o s i t i o n  of  key r a d i o n u c l i d e s  i s  "back-calculated" f o r  a f ive- to- ten-  

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

The 

While cumulat ive 

The model does not c o n s i d e r  n e a r - s i t e  c o n d i t i o n s  ( a t  o r  n e a r - s i t e  boun- 

d a r i e s )  i n  dose c a l c u l a t i o n s ,  s i n c e  near-site dose i s  n o t  normally a s i g -  

n i f i c a n t  f a c t o r  i n  t h e  o v e r a l l  r a d i a t i o n  dose.  However, i t  is  planned t o  

provide  t h e  HERMES model w i t h  n e a r - s i t e  c a l c u l a t i o n  a b i l i t i e s  i n  t h e  near 

f u t u r e .  

The i n i t i a l  development of t h e  HERMES model w a s  based on a s tudy  of t h e  

r e g i o n  comprising t h e  Upper M i s s i s s i p p i ' a n d  Lower Missouri  River b a s i n s ,  

exc luding  t h e  Chicago m e t r o p o l i t a n  a r e a .  To estimate t h e  e f f e c t s  on dose 
i n  t h e  s t u d y  area caused by a i r  t r a n s p o r t  of  r a d i o n u c l i d e s  from a d j a c e n t  re- 

g i o n s ,  an ! 'air  envelope" some 200 miles  i n  width was inc luded  around t h e  

s tudy  area. Cons idera t ions  i n  t h e  s tudy  included t h e  o p e r a t i o n  of 400,000 MW 

g e n e r a t i n g  c a p a c i t v  (nuc lear  and f o s s i l )  a t  185 s e p a r a t e  s i tes ,  and repro-  

c e s s i n g  p l a n t s  a t  9 s i tes.  

I n  o r d e r  t o  provide  comprehensive e s t i m a t e s  of p o p u l a t i o n  dose over  re- 

g ions  of t h e  s i z e  i n d i c a t e d ,  t h e  HERMES model as i n i t i t a l l y  developed i s  
l a r g e  and complex. 

based on t h e  r e s u l t s  of s e n s i t i v i t y  s t u d i e s  performed d u r i n g  t h e  s tudy  of 

t h e  Upper M i s s i s s i p p i  reg ion .  Refinements are expected t o  i n c l u d e  t h e  

e l i m i n a t i o n  of r a d i o n u c l i d e s  and dose pathways t h a t  are shown t o  b e  in-  

s i g n i f i c a n t  i n  t h e i r  c o n t r i b u t i o n  t o  dose;  e l i m i n a t i o n  of t h e  "air envelope" 

c o n s i d e r a t i o n s  may a l s o  b e  f e a s i b l e  ( a  p r o v i s i o n  f o r  l i n k a g e  between s t u d y  

areas would b e  s u b s t i t u t e d ) .  

I t  w i l l  b e  f u r t h e r  r e f i n e d  t o  reduce i t s  complexity 

I 0 8 2 q Z b  2 



The HERMES model was designed and developed i n  modular form. Its com- 

ponent computer codes d e s c r i b e  t h e  even t s  r e l a t i n g  e l e c t r i c  energy genera- 

t i o n  t o  t h e  r e s u l t a n t  r a d i a t i o n  dose t o  t h e  populace.  These codes are de- 

s igned  t o  be  used s e q u e n t i a l l y ,  b u t  may b e  used i n d i v i d u a l l y  t o  s tudy  a 

given a s p e c t  of t h e  even t s  l e a d i n g  t o  dose.  

I n  t h i s  r e p o r t  t h e  component codes of t h e  HERMES model are desc r ibed ,  

and t h e i r  des ign  and in tended  use  are d i scussed .  The r e p o r t  n a r r a t i v e  

d i s c u s s e s  t h e  g e n e r a l  phi losophy of o p e r a t i o n  of each code; t h e  appendices  

g ive  d e t a i l e d  l i s t i n g s  and suppor t ing  d a t a  t o  assist i n  o p e r a t i o n  of t h e  

codes. 

Subsequent r e p o r t s  w i l l  d e s c r i b e  t h e  r e s u l t s  ob ta ined  i n  t h e  i n i t i a l  

s tudy  where HERMES w a s  u t i l i z e d ,  and re f inements  t o  t h e  model t h a t  

r e s u l t  from t h a t  s tudy .  
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11. OVERALL MODEL STRUCTURE 

The HERMES model is  an eng inee r ing  a n a l y s i s  t o o l  t h a t  p rov ides  re- 

g i o n a l  estimates of t h e  e f f e c t s  on t h e  b iosphe re ,  i n  terms of t h e  r a d i o l o -  

g i c a l  dose  t o  man, of t h e  u s e  of n u c l e a r  power f o r  e l e c t r i c a l  energy 

gene ra t ion .  

There are s i x  major i n t e rdependen t  subelements i n  t h e  HERMES model. 

These subelements are s t r u c t u r e d  t o  develop s e q u e n t i a l l y :  

1. 

2.  

3. 

4 .  

5. 

6 .  

Regional e l ec t r i c  g e n e r a t i o n  c a p a b i l i t y  t o  s a t i s f y  p o s t u l a t e d  

demands; numbers and types  of  g e n e r a t i n g  p l a n t s  u t i l i z e d ,  

and of suppor t ing  f u e l  r e p r o c e s s i n g  f a c i l i t i e s  r e q u i r e d .  

Radio iso tope  i n v e n t o r i e s  and e f f l u e n t  rates a s s o c i a t e d  w i t h  

each n u c l e a r  f a c i l i t y .  

A r a d i o i s o t o p e  s o u r c e  map, i n c l u d i n g  l o c a t i o n  of n u c l e a r  

f a c i l i t i e s  and c h a r a c t e r i z a t i o n  of e f f l u e n t  streams. 

A r e c e p t o r  l o c a t i o n  and popu la t ion  d e n s i t y  map, w i th  

suppor t ing  d a t a  p e r t i n e n t  t o  dose  pathway c a l c u l a t i o n  a t  

each l o c a t i o n .  

Source-to-receptor t r a n s p o r t  mechanisms. 

Popula t ion  dose  c a l c u l a t i o n  a t  each r e c e p t o r  l o c a t i o n ,  

s t r u c t u r e d  by popu la t ion  type  and age groups,  human organs  

cons ide red ,  n u c l i d e ,  and dose  pathway. 

The d a t a  flow r e q u i r e d  f o r  t h e  H E W S  model c a l c u l a t i o n s  is  shown i n  

F igu re  11-1. The i n d i v i d u a l  subelements are d i scussed  below: 

. P r o j e c t i o n s  of P l a n t  S e l e c t i o n ,  S i t i n g ,  and Schedul ing  

Regional p r o j e c t i o n s  of e l e c t r i c a l  energy requi rements  through 

1990 have been made by t h e  Fede ra l  Power Commission. These pro- 

j e c t i o n s  were used as t h e  b a s i s  f o r  t h e  p r o j e c t i o n s  of steam p l a n t  

g e n e r a t i o n  requi rements  needed i n  r e g i o n a l  s t u d i e s .  The annual 
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i n c r e a s e  i n  g e n e r a t i n g  c a p a c i t y  r e q u i r e d  t o  meet t h e  energy demands 

is  c a l c u l a t e d  and, through use  of a cha in  of computer codes u t i l -  

i z i n g  l i n e a r  p r o g r a m i n g  techniques ,  t h e  optimum mixture o f  p l a n t  

types  w i t h i n  t h e  r eg ion  is s e l e c t e d .  S e p a r a t e l y ,  an inventory  of 

p o t e n t i a l  p l a n t  s i tes i s  s e l e c t e d  i n  the  s tudy  r eg ion  (by "hand- 

processing" techniques  i n  t h e  o r i g i n a l  s tudy)  based upon p r o j e c t e d  

load  c e n t e r  l o c a t i o n s  and cr i ter ia  d e f i n i n g  s i te  requi rements .  

Each p l a n t  s e l e c t e d  through t h e  LP program is  t h e n  a s s igned  t o  a 

s i te  by a .computer  code (SITE). Another code (MOPOSH) a s s i g n s  

t y p i c a l  monthly average c a p a c i t y  f a c t o r s  t o  each p l a n t  t o  meet 

monthly demand c h a r a c t e r i s t i c s  of t h e  area where t h e  p l a n t  

s i t e  is l o c a t e d .  

1 

. Radioac t ive  E f f l u e n t  Release 

An a p p l i e d  h e a l t h  phys i c s  and n u c l e a r  eng inee r ing  a n a l y s i s  was 

conducted t o  p rov ide  a r a d i o n u c l i d e  master l i s t  (Appendix A) f o r  

i n c l u s i o n  i n  t h e  HERMES model. T h i s  a n a l y s i s  s e l e c t e d  t h o s e  

r ad ionuc l ides  t h a t  might most l i k e l y  c o n t r i b u t e  t o  r a d i a t i o n  

dose from n u c l e a r  f a c i l i t y  e f f l u e n t s .  

I n  us ing  t h e  HERMES model, t h e  computer code DOSIS c a l c u l a t e s  

monthly average e f f l u e n t  rates f o r  each r a d i o n u c l i d e  as a 

f u n c t i o n  of p l a n t  t ype  and age ,  average  c a p a c i t y  f a c t o r  of t h e  

p l a n t  f o r  t h e  month of i n t e r e s t ,  and waste t rea tment  p rocess  

used. S i m i l a r l y ,  t h e  code REPARE c a l c u l a t e s  e f f l u e n t s  from re- 

p rocess ing  p l a n t s ,  based on r a d i o n u c l i d e  i n v e n t o r i e s  i n  t h e  in-  

coming f u e l ,  f u e l  throughput  rate,  and type  of waste treatment 

used. Both t h e  DOSIS and REPARE codes "follow" each rad io-  

n u c l i d e  from gene ra t ion  through each component of t h e  cleanup 

and ho ld ing  f a c i l i t i e s  of t h e  p l a n t  under c o n s i d e r a t i o n ,  t o  t h e  

p o i n t  of emission.  Radionucl ide  i n v e n t o r i e s  i n  r e t a i n e d  wastes 

are a l s o  c a l c u l a t e d .  
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. Radionucl ide Emission Source Map 

The ou tpu t  of t h e  foregoing  codes (S ITE,  MOPOSH, DOSIS, and REPARE) 

are combined by t h e  RADREL code t o  p rov ide  a computer d a t a  t a p e  i n  

t h e  format r equ i r ed  by codes t h a t  model a i r  and water 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  a f t e r  d i scha rge .  The RADREL "map," o r  ou tpu t  

t a p e ,  l ists t h e  l o c a t i o n  of each p l a n t  s i te ,  p l a n t  t ypes  and char- 

acterist ics ( inc lud ing  y e a r  o f  s t a r t u p  and stack h e i g h t )  and a 
month-by-month, s i t e - b y - s i t e  l i s t i n g  of monthly average  emis- 

s i o n  ra tes  f o r  each r a d i o n u c l i d e  cons idered .  

. Receptor MaE 

Rad ia t ion  dose  e v a l u a t i o n  v i a  t h e  H E W S  model r e q u i r e s  t h e  de- 

velopment of a " recep to r  map" d e f i n i n g  t h e  p a t t e r n s  of demographic 

c h a r a c t e r i s t i c s ,  food product ion  and consumption, work h a b i t s ,  

and r e c r e a t i o n a l  p r a c t i c e s  i n  t h e  r eg ion  be ing  s t u d i e d .  

t i o n  d a t a ,  and much of t h e  o t h e r  needed d a t a ,  are normally as- 

sembled a t  t h e  county level ;  t h e  county,  t h e r e f o r e ,  w a s  chosen 

as t h e  b a s i c  u n i t  f o r  t h e  r e c e p t o r  map. 

Popula- 

C a l c u l a t i o n a l  r o u t i n e s  may b e  s i m p l i f i e d  wi thout  d e s t r o y i n g  

t h e  u t i l i t y  of t h e  d a t a  by combining c e r t a i n  of t h e  c o u n t i e s  

i n t o  l a r g e r  u n i t s .  Because of t h e i r  p o t e n t i a l  importance i n  

t h e  e v a l u a t i o n ,  a l l  urban c o u n t i e s  and a l l  c o u n t i e s  con ta in ing  

n u c l e a r  f a c i l i t i e s  should b e  excluded from combination. Com- 

b i n a t i o n  of t h e  remaining c o u n t i e s  should be based on t h e  

fo l lowing  cr i ter ia :  

. A l l  c o u n t i e s  i n  a combined u n i t  must  be  t h e  same c l a s s i f i c a -  

t i o n  ( e i t h e r  r u r a l  o r  r u r a l  - nonfarm; n o t  mixtures  of t h e  two).  

. Popu la t ion  t y p e s ,  work and r e c r e a t i o n  h a b i t s ,  and types  of 

food produced should be similar i n  a l l  c o u n t i e s  i n  a s i n g l e  

comb i n a  t ion .  
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. Boundaries of a mult iple-county combination must n o t  c r o s s  

s ta te  boundar ies .  

Each r e c e p t o r  area - s i n g l e  o r  m u l t i p l e  county - should then  b e  

analyzed t o  de te rmine  t h e  s i n g u l a r  p o i n t  t h a t  most e f f e c t i v e l y  

r e p r e s e n t s  t h e  popu la t ion  d i s t r i b u t i o n .  This  p o i n t ,  des igna ted  as 

a "cen t ro id , "  then  s e r v e s  t o  uniquely r e p r e s e n t  t h e  r e c e p t o r  area. 

Data r e p r e s e n t i n g  t h e  p e r t i n e n t  s t a t i s t i c s  of each c e n t r o i d  can 

then  be  assembled i n t o  a d a t a  bank and p laced  on magnetic t a p e .  

I n  t h e  o r i g i n a l  s tudy  performed wi th  t h e  H E W S  model, 479 

c o u n t i e s  i n  t h e  s tudy  r eg ion  were combined i n t o  300 c e n t r o i d s ,  

. and d a t a  f o r  each c e n t r o i d  were asskmbled and processed as 

descr ibed  above. 

I 

. T r a n s p o r t a t i o n  from Source t o  Receptor 

Radionucl ides  emi t t ed  a t  a sou rce  are t r a n s p o r t e d  t o  a 

r e c e p t o r  by a i r  t r a n s p o r t ,  water t r a n s p o r t ,  o r  both.  Two 

computer codes w e r e  developed t o  s i m u l a t e  t h e  mechanisms 

involved i n  t h e s e  t r a n s p o r t  p rocesses .  

The a i r  t r a n s p o r t  code (ARTRAN) u t i l i z e s  monthly c l i m a t o l o g i c a l  

d a t a  app l i ed  t o  s t anda rd  mathematical  models f o r  d i f f u s i o n ,  

d e p o s i t i o n ,  and t r a n s p o r t .  

n u c l i d e  c o n c e n t r a t i o n s  a t  each c e n t r o i d  by summing t h e  con- 

t r i b u t i o n s  from each emission source .  Included i n  t h e s e  

concen t r a t ions  are t h e  r e s i d u a l  amounts of depos i t ed  materials 

c o n t r i b u t e d  by each nuc lea r  f a c i l i t y  s i n c e  i t s  s t a r t u p .  

Th i s  model c a l c u l a t e s  t h e  r ad io -  

The water t r a n s p o r t  model (WTRAN) a c c e p t s  d a t a  from t h e  source  

map t a p e  d e s c r i b i n g  t h e  l o c a t i o n  of each water emission source  

and rates of r a d i o n u c l i d e  emission.  From t h e  r e c e p t o r  map t a p e ,  

i t  o b t a i n s  t h e  l o c a t i o n  of each c e n t r o i d  where c o n c e n t r a t i o n  
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calculations are required. 
radionuclide deposition at each centroid. In addition, data 

are read in defining river flow characteristics, sediment 
types and concentrations, and hydrologic data on surface 

and ground waters for the watersheds within the study area. 
WTRAN then calculates the diffusion of radionuclides from 

the emission points, and resultant concentrations in solu- 
tion and on sediments at each location requested; 
over-bank deposition of radionuclides during flood season; and 

estimates radionuclide concentrations in surface water and 

ground water drinking sources resulting from the solution 

and transport of deposited radionuclides. 

ARTRAN supplies calculated data on 

calculates 

. Dose to Man 

The final model, DOSE, utilizes the processed data from all 

preceding codes and was developed to calculate the dose t o  

man resulting from the radionuclide emissions from nuclear 

facility sites. This code considers the radionuclide con- 

tribution to total body dose and to the dose to six specific 

organs - the GI tract, bones, liver, skin, thyroid, and lungs. 

The primary pathways to dose considered in the DOSE code are: 

(1) direct immersion in air and water containing radionuclides; 
( 2 )  inhalation of radionuclides in air; (3)  direct external 

exposure to radiation (e.g., from radionuclides deposited on 
ground surfaces, river banks, etc.); and (4) ingestion of 
radionuclides in food and water. The ingestion pathway in- 

corporates a large number of specific food-chain pathways, 

and considers the effects of radionuclide deposition on plant 

surfaces and on soil, incorporation of radionuclides into plant 

and animal tissues, and concentration effects that occur in 

specific food chains. 
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Dose e v a l u a t i o n s  are  made f o r  t h r e e  age groups i n  t h e  population-- 

t h e  c h i l d  (age 0 t o  11 y e a r s ) ;  t h e  t e e n a g e r  (age 12 t o  1 7  y e a r s ) ;  and 

t h e  a d u l t  (18 y e a r s  and o l d e r ) .  A t  each c e n t r o i d ,  dose  e v a l u a t i o n s  

are made f o r  t h e  average  person and maximum i n d i v i d u a l  i n  each a g e  

group. 

Dose i n  t h i s  program is  c a l c u l a t e d  from exposure t o  o r  i n g e s t i o n  of  

r a d i o n u c l i d e s  i n  t h e  Year 2000. 

i n  prev ious  y e a r s  is  cons idered .  

dose  commitment f o r  t h e  succeeding 50 y e a r s  r e s u l t i n g  from t h i s  

exposure i s  c a l c u l a t e d .  

No c o n t r i b u t i o n  t o  dose  from exposure 

P a r a l l e l i n g  each dose c a l c u l a t i o n ,  

The code subelements d e s c r i b e d  above are processed i n d i v i d u a l l y  and 

s e q u e n t i a l l y  i n  t h e  computer; t h e  f i n a l  o u t p u t  is t h u s  drawn from a l l  

preceding  c a l c u l a t i o n s .  I n  each code, c e r t a i n  assumptions have been in-  

troduced - assumptions t o  s i m p l i f y  complex "real world" s i t u a t i o n s  t o  

permit  modeling, o r  t o  cover areas where i n s u f f i c i e n t  d a t a  are a v a i l a b l e  

(an example of t h e  l a t t e r  would b e  t h e  t r e a t m e n t  of  groundwater f lows i n  

t h e  WTRAN code) .  

approximate t h e  most l i k e l y  c o n d i t i o n s ,  as opposed t o  "worst condi t ion"  

assumptions.  I n  t h e  fo l lowing  d i s c u s s i o n s  of t h e  i n d i v i d u a l  codes and 

d a t a  r e d u c t i o n  procedures ,  t h e  b a s i c  assumptions i n h e r e n t  i n  each code are 

d i s c u s s e d  i n  some d e t a i l .  The u s e r  of t h e  H E M S  model o r  of  t h e  o u t p u t  

d a t a  would b e  w e l l  advised  t o  have a n  unders tanding  of t h e s e  assumptions 

and t h e i r  p o t e n t i a l  e f f e c t  on t h e  r e s u l t s .  

I n  each case, assumptions were made i n  an a t t e m p t  t o  

I n  t h e  development of  t h e  HERMES model, i t  w a s  recognized t h a t ,  t o  b e  a 

u s e f u l  r e g i o n a l  model, i t  would need t o  b e  e a s i l y  a d a p t a b l e  t o  changes. 

Advancing technology may w e l l  i n t r o d u c e  radwaste  t r e a t m e n t  systems n o t  now 

inc luded  i n  DOSIS. Cons idera t ion  of  a n  area w i t h  a marine environment 

would r e q u i r e  changes i n  WTFW?; a mountainous r e g i o n  would r e q u i r e  t h a t  

ARTRAN be  modif ied.  I n  several areas, e . g . ,  t h e  groundwater model- 

i n g  i n  WTW, o r  some of t h e  food pathways l e a d i n g  t o  r a d i o n u c l i d e  in- 

g e s t i o n ,  d a t a  are s p a r s e  or t o t a l l y  l a c k i n g ,  and modeling w a s  n e c e s s a r i l y  

done on a ' ' bes t  estimate'' b a s i s .  
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To accommodate making changes in the model, HERMES was structured 

in modular form. The subelement codes are essentially independent, being 

linked only in the transfer of data. 

used independently of the HERMES model, if required, for specific problems 

not requiring the entire model. Furthermore, individual codes can be 

modified to meet changing conditions without affecting other parts of 

the model. 

the structure of these individual codes. Introduction of a new radwaste 
system, for example, could be accommodated by modifying DOSIS subroutines, 
or at most by adding a few new subroutines. 

In most cases, these codes may be 

In many cases, the "building block" routine is extended to 

It is hoped that the modular structure of HERMES will contribute 
to making it useful as a generalized code for regional dose evaluations, 

and to its potential improvement as additional data become available. 
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111. HERMES CODE ELEMENTS 

A. ELECTRICAL POWER ECONOMY MODEL 

The f i r s t  s t e p  i n  us ing  t h e  H E M S  model f o r  e v a l u a t i o n  of r a d i a t i o n  

dose i n  a s tudy  area i s  t h e  p r o j e c t i o n  of t h e  e x t e n t  t o  which t h e  o p e r a t i o n  

of n u c l e a r  f a c i l i t i e s  c o n t r i b u t e s  t o  t h e  gene ra t ion  of e l e c t r i c  power i n  

t h e  r eg ion .  

e r a t i o n  f o r  v a r i o u s  types  of p l a n t s  a v a i l a b l e  f o r  u s e  i n  t h e  r e g i o n ,  and i n  

a d d i t i o n  provides  cash f low d a t a ,  and mass ba lances  f o r  f u e l s  used ( o r  

ac- produced) i n  t h e  gene ra t ion  of e lec t r ic  power. The code DAEDALUS 

c e p t s  t h e s e  d a t a ;  f a c t o r s  i n  time-dependent d a t a  on energy requi rements ,  

c o s t s  of p l a n t  c o n s t r u c t i o n  and o p e r a t i o n ,  c o s t s  of f u e l s  and f u e l  c y c l e  

o p e r a t i o n s ,  and r e source  s t o c k p i l e s  and a v a i l a b i l i t i e s  f o r  t h e  r eg ion ;  and 

g e n e r a t e s  a set  of l i n e a r  equa t ions  r e p r e s e n t i n g  f a c t o r s  i n  t h e  e l e c t r i c  

power economy of t h e  reg ion .  

The computer code PACTOLLJS(l) c a l c u l a t e s  c o s t s  of power gen- 

(2) 

These equa t ions  are then  used i n  a l i n e a r  programming r o u t i n e  (LP) t o  

op t imize  t h e  c o s t s  of e l ec t r i c  power i n  t h e  r eg ion ,  s u b j e c t  t o  f o u r  major 

c o n s t r a i n t s  : 

. The p r o j e c t e d  energy requirement  must be  s a t i s f i e d .  

. The l i m i t s  of a v a i l a b l e  r e sources  must n o t  be  exceeded. 

. P o t e n t i a l  advances i n  technology must be  cons idered .  

. Overall c o s t s  of e l e c t r i c  power gene ra t ion  must be  minimized. 

It i s  obvious t h a t  a l l  of t h e s e  requi rements  are n o t  n e c e s s a r i l y  ex- 

p r e s s i b l e  i n  l i n e a r  r e l a t i o n s h i p s .  Th i s  d i f f i c u l t y  is  overcome by approx- 

imat ion of t h e  non l inea r  f u n c t i o n s  by a set of l i n e a r  equa t ions  v a l i d  f o r  

d i s c r e t e  segments of t h e  non l inea r  func t ion .  A f t e r  t h e  necessa ry  l i n e a r  

r e p r e s e n t a t i o n s  of t h e  c o n s t r a i n t s  are genera ted ,  an e x i s t i n g  gene ra l i zed  

LP(3) is  used f o r  t h e  f i n a l  s o l u t i o n .  

This  r e p o r t  does no t  d i s c u s s  t h e  l i n e a r  program s o l u t i o n  technique ,  
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bu t  t h e  i n t e r e s t e d  r eade r  may r e f e r  t o  one of t h e  many e x c e l l e n t  texts on 

t h e  s u b j e c t  ; f o r  example, References  (4) and (5). The LP s o l u t i o n  tech- 

n ique  con t inuous ly  seeks  t o  minimize a l l  p o s s i b l e  c o n s t r a i n t s  p r e s c r i b e d  

for a problem. 

bea r ing  on t h e  problem and a r r i v e s  a t  a n  optimum answer p rov id ing  min- 

imum power c o s t s .  

The r e s u l t a n t  unique s o l u t i o n  i n c o r p o r a t e s  a l l  f a c t o r s  

During an  LP run, f o s s i l  g e n e r a t i n g  p l a n t s  and s e l e c t e d  types  of 

nuc lea r  g e n e r a t i n g  p l a n t s  "compete" f o r  e n t r y  i n t o  t h e  r e g i o n a l  power 

economy; t h e  mixture  of p l a n t s  f i n a l l y  s e l e c t e d  i s  t h a t  which p rov ides  

t h e  r e q u i r e d  energy a t  minimum c o s t  over  t h e  s t u d y  p e r i o d ,  c o n s i s t e n t  w i th  

c o n s t r a i n t s  a p p l i e d  t o  t h e  system. 

I n  adap t ing  l i n e a r  programming t echn iques  t o  t h e  s i m u l a t i o n  of 

r e g i o n a l  power economies, s e v e r a l  s a fegua rds  must b e  in t roduced  t o  a s s u r e  

r e p r e s e n t a t i o n  s i m u l a t i o n .  

optimum mix tu res  of power p l a n t s  by t h e  l i n e a r  programming codes.  

The f i r s t  o f  t h e s e  relates t o  t h e  s e l e c t i o n  of 

For i ts  use  i n  power s t u d i e s ,  t h e  Fede rg l  Power Commission (FPC) has  

d iv ided  t h e  cont iguous  United States i n t o  48 s e p a r a t e  Power Supply Areas 

(PSA). 

ab ly  uniform, so  t h a t  f o r  most purposes ,  t h e  PSA may be  t r e a t e d  as an  

e n t i t y .  

f o r e c a s t s  f o r  each PSA. The PSA f o r e c a s t s ,  i n  t u r n ,  are made i n  coopera- 

t i o n  wi th  l o c a l  e lec t r ic  u t i l i t i e s  and tend  t o  r e f l e c t  t h e  c o n d i t i o n s  under 

which t h e s e  u t i l i t i e s  o p e r a t e .  

Within each PSA t h e  c o n d i t i o n s  of t h e  power economy are reason- 

The n a t i o n a l  power f o r e c a s t s  of t h e  FPC are based on i n d i v i d u a l  

A r e g i o n a l  p r o j e c t i o n  o f  t h e  power economy must t a k e  t h e  i n d i v i d u a l  

PSA f o r e c a s t s  i n t o  account and s a t i s f y  t h e i r  c o n d i t i o n s .  For example, 

even though a n a l y s i s  i n d i c a t e s  t h a t  a r e g i o n  w i l l  u t i l i z e  p r i m a r i l y  n u c l e a r  

p l a n t s  i n  t h e  f u t u r e ,  a PSA w i t h  abundant r e s e r v e s  of low-cost f o s s i l  f u e l  

would no t  be expected t u  ''go nuc lea r "  a long  wi th  t h e  rest of t h e  r eg ion .  

I n  performing t h e  LP a n a l y s i s  f o r  such a r e g i o n ,  a p p r o p r i a t e  c o n s t r a i n t s  

must be a p p l i e d  t o  a s s u r e  t h a t  as a minimum, enough f o s s i l  p l a n t s  are 
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s e l e c t e d  t o  accommodate t h e  needs of t h e  " f o s s i l "  PSA. 

Other c o n s t r a i n t  c o n s i d e r a t i o n s  relate t o  " s t o c k p i l e s "  of r e s o u r c e s  

which are n a t i o n a l  i n  n a t u r e ,  o r  t o  c o n s t r a i n t s  a p p l i e d  t o  t h e  i n t r o d u c t i o n  

of new technology. For example, i f  uranium d i f f u s i o n  cascade  c a p a c i t y  were 

l i m i t i n g  on a n a t i o n a l  scale ,  e q u i t a b l e  c o n s t r a i n t s  must b e  a p p l i e d  i n  a 

r e g i o n a l  problem (o the rwise ,  i n  t h e  extreme, one r e g i o n  may "use" a l l  t h e  

a v a i l a b l e  cascade  c a p a c i t y ) .  

As c u r r e n t l y  u t i l i z e d  i n  t h e  HERMES model, t h e  r e g i o n a l  LP a n a l y s i s  

gene ra t e s  a power p l a n t  mix c o n s i s t i n g  of f o s s i l  f u e l  p l a n t s ,  L i g h t  Water 

React& p l a n t s  (LWR) and Liquid  Metal F a s t  Breeder Reac tor  p l a n t s  (LMFBR). 

Other n u c l e a r  p l a n t  t ypes  can e a s i l y  be added provided t h e  a p p r o p r i a t e  c o s t  

and performance d a t a  f o r  t h e s e  p l a n t s a r e  a v a i l a b l e ,  and provided  t h e  DOSIS 

and REPARE codes a r e  modified t o  model t h e  r a d i o n u c l i d e  release c h a r a c t e r -  

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

The ou tpu t  of t h i s  l i n e a r  programming p rocess  is a l i s t i n g  of t h e  

numbers of each type  of p l a n t  s e l e c t e d  ( s t a r t e d  up) i n  each yea r  du r ing  t h e  

s tudy  pe r iod .  
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B .  NUCLEAR FACILITY SITING 

SITE SELECTION 

Opera t ion  of t h e  HERMES model t o  p rov ide  estimates of p o p u l a t i o n  dose 

r e q u i r e s  t h a t  t h e  nuc lea r  f a c i l i t i e s  s e l e c t e d  by LP p r o g r a m i n g  techniques  

b e  a s s igned  t o  s p e c i f i c  s i tes i n  t h e  s tudy  area. The dependence of dose  

on t h e  l o c a t i o n s  of n u c l e a r  s i tes i n t r o d u c e s  t h e  p o t e n t i a l  f o r  cons ider -  

a b l e  u n c e r t a i n t y  i n  t h e  f i n a l  dose  estimates, and makes i t  e s s e n t i a l  t h a t  

judgment b e  used i n  the s e l e c t i o n  of  n u c l e a r  s i tes.  

Suggested c r i t e r i a  f o r  s e l e c t i o n  of n u c l e a r  f a c i l i t y  s i tes €or  u s e  i n  

t h e  HERMES model are: 

. Conformance w i t h  AEC s i t i n g  cri teria as expressed  i n  Pa r t  100, 

T i t l e  10 of t h e  U.S. Code of F e d e r a l  Regu la t ions  (10CFR100). 

Re laxa t ion  of t h e s e  c r i t e r i a  may b e  assumed f o r  sites u t i l i z e d  

i n  t h e  more d i s t a n t  f u t u r e .  

(6) 

. S u f f i c i e n t  water supply  a v a i l a b i l i t y  f o r  p l a n t  o p e r a t i o n  (as 

a minimum, s u f f i c i e n t  supply  f o r  makeup t o  r e c i r c u l a t i n g ,  

e v a p o r a t i v e  coo l ing  sys tems) .  

. Minimizing of t r ansmiss ion  c o s t s  t o  load  c e n t e r s .  

. Meeting of power demand p r o j e c t i o n s  f o r  each PSA, 
and d i s t r i b u t i o n  of  demand w i t h i n  each PSA. 

P l a n t  sites s e l e c t e d  f o r  t h e  y e a r  2000 i n  t h e  Upper M i s s i s s i p p i  River  

Basin area, i n  t h e  s tudy  upon which development of t h e  HERMES model was 

based, are shown i n  F igu re  111-1, and a l i s t  of t h e s e  si tes is  g iven  i n  

Appendix G .  I n  accordance wi th  u s u a l  u t i l i t y  p r a c t i c e ,  t h e s e  sites are 

preponderant ly  des igna ted  as mul t i -p l an t  s i t e s ,  accommodating up t o  f o u r  

p l a n t s  pe r  s i te .  

SITE ASSIGNMENT 

The i n d i v i d u a l  p l a n t s  i n  t h e  mixture  s e l e c t e d  by the LP program 

are ass igned  t o  s i tes  by t h e  SITE code ( t h i s  code, and t h e  major p o r t i o n s  
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of  a l l  subsequent modules of the HERMES model, are w r i t t e n  i n  FORTRAN V 

Language). P re l imina ry  t o  t h e  p rocess  of ass ignment ,  t h e  s i tes  are as- 

s igned  p r i o r i t y  numbers (one number f o r  each  p l a n t  a s i t e  can accommodate). 

These p r i o r i t i e s  are a s s igned  i n  a manner such  t h a t  t h e  subsequent as- 

signment of p l a n t s  t o  si tes w i l l  match t h e  p r o j e c t e d  p a t t e r n s  of develop- 

ment of  power demand. 

f u e l e d  p l a n t s  w i l l ,  f o r  t h e  most p a r t ,  b e  a s s igned  t o  s i tes  i n  areas where 

f o s s i l  power i s  expected t o  predominate. 

I n  a d d i t i o n ,  s i tes  are "flagged" so  t h a t  f o s s i l  

The SITE code t h e n  scans  t h e  year-by-year p l a n t  s e l e c t i o n  of t h e  

l i n e a r  program o u t p u t ,  a s s i g n i n g  each p l a n t  t o  t u r n  t o  t h e  s i t e  w i t h  t h e  

lowest p r i o r i t y  number. A d d i t i o n a l l y ,  s i n c e  t h e  LP ou tpu t  does no t  

s p e c i f y  t h e  types  of LWR p l a n t s  s e l e c t e d ,  the SITE code a r b i t r a r i l y  d e f i n e s  

t h e s e  as p r e s s u r i z e d  water r e a c t o r  (PWR) p l a n t s  o r  b o i l i n g  water r e a c t o r  

(BWR) p l a n t s  accord ing  t o  a p r e s e t  r a t i o .  

HERMES program, a r a t i o  o f  3 PWR: 

I n  t h e  i n i t i a l  s tudy  u s i n g  t h e  

1 BWR was assumed. 

By t a l l y i n g  t h e  numbers of PWR's, BWR's, and LMFBR's s e l e c t e d  each 

y e a r  by t h e  LP, and by t h e  p rocess ing  f u e l  consumption d a t a ,  t h e  SITE code 

a l s o  d e f i n e s  a t i m e  frame f o r  t h e  i n t r o d u c t i o n  of f u e l  r e p r o c e s s i n g  p l a n t s ,  

and s i t e s  t h e s e  p l a n t s  u s ing  a p r i o r i t y  system s imilar  t o  t h a t  used a t  
power p l a n t  sites. 

The in fo rma t ion  f low s h e e t  f o r  t h e  SITE code is shown i n  F igu re  111-2. 
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PLANT OPERATING CHARACTERISTICS 

The output  from DAEDALUS and SITE codes must b e  modif ied t o  provide  

monthly o p e r a t i o n a l  c h a r a c t e r i s t i c s  f o r  t h e  power p l a n t s  f o r  u s e  i n  I;APL’.EC. 

This  is  accomplished i n  t h e  H E M S  program MOPOSH (Monthly P l a n t  Operat ing 

ScHedule). 

The power demand f o r e c a s t s  made by FPC f o r  i n d i v i d u a l  PSA’s u s u a l l y  

con ta in  d a t a  on monthly v a r i a t i o n s  i n  demand, o r  a t  least enough informa- 

t i o n  on annual  peaks t h a t  monthly demand curves  can b e  syn thes i zed .  

d a t a  are t y p i f i e d  by those  used i n  t h e  i n i t i a l  Upper M i s s i s s i p p i  River 
Basin (UMRB) s tudy  ( 7 y 8 y 9 y 1 0 !  Power p l a n t s  w i t h i n  a PSA ( o r  a group of 

similar PSA’s) must o p e r a t e  i n  such a manner t h a t  t h e  monthly demand i s  
m e t .  

power p l a n t  is  ass igned  a load  h i s t o r y  curve which i t  is cons t r a ined  t o  

fo l low throughout l i f e ;  i t s  annual  c a p a c i t y  f a c t o r  is  p r e s e t  f o r  each 

yea r  of ope ra t ion .  

These 

A t  t h e  t i m e  i t  i s  s e l e c t e d  du r ing  t h e  l i n e a r  program a n a l y s i s ,  each 

MOPOSH (Figure  111-3) r e c o n c i l e s  t h e s e  requirements  by schedul ing  

the  monthly o p e r a t i o n  of each p l a n t  w i t h i n  a PSA (or  PSA grouping)  by 

a s s ign ing  i t  a monthly capac i ty  f a c t o r ,  each month, t o  s a t i s f y  (1)  monthly 

demand f o r  t h e  PSA, (2 )  annual  demand f o r  t h e  PSA, and (3 )  t h e  annual  

capac i ty  f a c t o r  c o n s t r a i n t  f o r  t h e  p l a n t .  Each n u c l e a r  p l a n t  is  assumed 

t o  r e q u i r e  a six-week shutdown f o r  r e f u e l i n g  and maintenance ( t h e  outage  

t i m e  s e l e c t e d  was based on d a t a  from AEC-directed s t u d i e s  of t h e  n a t i o n a l  

power economy). (11’12) An i n d i v i d u a l  p l a n t  may be  s h u t  down f o r  addi- 

t i o n a l  p e r i o d s ,  o r  run  a t  p a r t i a l  power, t o  meet t h e  c o n s t r a i n t s  imposed 

i n  MOPOSH. 

The output  from MOPOSH is  a monthly average  c a p a c i t y  f a c t o r  f o r  each 

month of t h e  yea r  f o r  every power p l a n t  inc luded  i n  t h e  s tudy .  
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C.  RADIOACTIVE EFFLUENT CHARACTERIZATION 

The RADREL (RADiation RELease) subelement of t h e  HERMES code performs 

s e v e r a l  f u n c t i o n s  which u l t i m a t e l y  produce ou tpu t  f i l e s  f o r  subsequent  u se  

i n  t h e  remaining t h r e e  codes (F igu re  111-4). I n i t i a l l y ,  t h e  RADREL code 

s o r t s  t h e  r e g i o n a l  n u c l e a r  p l a n t  s i tes  t o  opt imize  t h e  ou tpu t  format f o r  

t h e  downstream codes.  The s o r t  r o u t i n e  relists t h e  v a r i o u s  geograph ica l  

l o c a t i o n s  f o r  t h e  p l a n t  sites i n t o  a t a b l e  where t h e  f i r s t  s i t e  has  t h e  

l a r g e s t  numerical  va lue  f o r  l a t i t u d e  and least numer ica l  va lue  f o r  longi -  

tude.  

degree  l o n g i t u d i n a l  s t r i p s ,  working from n o r t h  t o  sou th  and t h e n  from east 

t o  w e s t  a c r o s s  t h e  r eg ion .  

The t a b l e  is then  completed by l i s t i n g  each p l a n t  s i t e  w i t h i n  one 

The t a b l e s  of n u c l e a r  f a c i l i t y  l o c a t i o n s  are scanned t o  match BWR, 
PWR, and LMFBR f a c i l i t i e s  a g a i n s t  s t a r t u p  d a t e s .  

p l a n t s  scheduled t o  b e  on- l ine  du r ing  o r  a f t e r  1985 are des igna ted  as 

A l l  of t h e  BWR and PWR 

advanced" system f a c i l i t i e s .  Th i s  s e p a r a t i o n  enab le s  t h e  c o r o l l a r y  code t '  

DOSIS t o  a s s i g n  t h e  a p p r o p r i a t e  t r ea tmen t  t o  b e  g iven  t o  t h e  r ad ionuc l ides  

genera ted  by o p e r a t i o n  of t h e  v a r i o u s  r e a c t o r  types .  

REACTOR RELEASE MODEL 

' The DOSIS code is designed t o  s i m u l a t e  t h e  major nuc lea r  p l a n t  char- 

acterist ics a f f e c t i n g  r a d i o n u c l i d e  release t o  t h e  envi rons .  The m a j o r i t v  

of t h e  f a c t o r s  t h a t  r e f l e c t  t h e  a n t i c i p a t e d  performance of r e a c t o r s  were 

obta ined  from S a f e t y  Analys is  Repor ts  ( S A R ) .  Reactor  releases were sub- 

sequen t ly  c a l i b r a t e d  t o  r e f l e c t  t h e  g u i d e l i n e s  of P a r t  50, T i t l e  10 ,  

Code of Fede ra l  Regula t ions  (10CFR50). (6) 

The s u b d i v i s i o n  of p o t e n t i a l  r e a c t o r  t ypes  f o r  t he  s tudy  r eg ion  and 

yea r  (BWR, BWRA, PWR, PWRA, and LMFBR) was made by t h e  codes preceding  
* * 

DOSIS i n  r e c o g n i t i o n  of t h e  p o t e n t i a l  f o r  s imultaneous employment of t h e  

s e v e r a l  types  of nuc lea r  p l a n t s  f o r  e l e c t r i c a l  energy product ion  i n  t h e  

s tudy  r eg ion .  The DOSIS code is  cons t ruc t ed  t o  cons ide r  each r e a c t o r  type 
* 
The ' A '  de s igna te s  advanced. 
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as a s e p a r a t e  e n t i t y  (F igu res  111-5 and 111-6). 

advanced l i g h t  water r e a c t o r s  i n c l u d e  t h e  e f f e c t s  of t h e  a n t i c i p a t e d  in -  

c reased  f u e l  r a t i n g .  ('*) 

f o r  bo th  advanced and present-day p l a n t s .  

t h a t  t h e  v a r i o u s  s y s t e m  

changes r e s u l t i n g  from advances i n  technology,  e i t h e r  a c t u a l  o r  a n t i c i p a t e d .  

Code segments f o r  t h e  

Improved radwas te  t r ea tmen t  systems are assumed 

The model i s  s o  c o n s t r u c t e d  

t r ea tmen t  f a c t o r s  may b e  modif ied t o  accommodate 

The DOSIS code fo l lows  t h e  r a d i o n u c l i d e s  of i n t e r e s t  ( s e e  Appendix A) 

from t h e i r  p o i n t s  of gene ra t ion ,  through t h e  coo lan t  t o  t h e  radwaste  

system, then  t o  t h e i r  even tua l  p o i n t  of release, f o r  each r e a c t o r  type .  

A t  each s t e p  i n  t h i s  pa th ,  v a r i o u s  equa t ions ,  g e n e r a l l y  w i t h  d i f f e r e n t  

constar?ts  f o r  each r a d i o n u c l i d e ,  are used t o  c a l c u l a t e  t h e  e f f e c t  of  

t h a t  p a r t  of t h e  system on t h e  even tua l  release rate f o r  t h e  p a r t i c u l a r  

r a d i o n u c l i d e  t o  t h e  envi rons .  A s  used i n  t h e  HERMES code, t h e  c o n s t a n t s  

between t h e  p o i n t  of gene ra t ion  and t h e  coo lan t  were a d j u s t e d  t o  y i e l d  

coo lan t  concen t r a t ions  similar t o  t h o s e  pub l i shed  i n  t y p i c a l  SAR'S. 

Where t h e s e  numbers were n o t  a v a i l a b l e  from SAR's, t h e  c o n s t a n t s  were 

approximated by r e l a t i n g  t h e  r a d i o n u c l i d e  i n  q u e s t i o n  t o  a chemical ly  

similar r ad ionuc l ide  t h a t  w a s  a v a i l a b l e .  

(13,141 

Radionucl ide Generat ion and Coolant Concent ra t ions  

Determinat ion of reac tor -genera ted  r a d i o n u c l i d e  releases r e q u i r e s  t h a t  

t h e  gene ra t ion  ra te  i n  t h e  f u e l  and t h e  release rate t o  t h e  r e a c t o r  coo lan t  

of t h e  f i s s i o n  p roduc t s  of i n t e r e s t  b e  c a l c u l a t e d .  This  p a r t  of t h e  ana l -  

y s i s  is c a r r i e d  ou t  i n  t h e  s u b r o u t i n e  c a l l e d  SMALL where t h e  f i s s i o n  prod- 

u c t  releases are c a l c u l a t e d  as a f u n c t i o n  of burnup and l i n e a r  rod power 

f o r  each r ad ionuc l ide .  The f u e l  is cons idered  i n  f r a c t i o n s ,  and i n  t h e  

computer program nes t ed  DO loops  are used t o  cons ide r  burnup, r a d i a l  peak- 

ingand  a x i a l  peaking.  

and maximum a x i a l  l i n e a r  rod power f o r  each r a d i o n u c l i d e ,  

Fue l  f a i l u r e  i s  cons idered  as a f u n c t i o n  of  burnup 

1 0 8 2 9 4 7  

The equa t ion  form used i n  e v a l u a t i n g  f u e l  f a i l u r e  p r o b a b i l i t y  is 
(15) t h e  Weibull  func t ion :  
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The e x p o n e n t i a l  c o n s t a n t s  were s e l e c t e d  e m p i r i c a l l y  t o  y i e l d  a r e a s o n a b l e  

curve  shape. A c o n s t a n t  C is  c a l c u l a t e d  from t h e  u s e r - s p e c i f i e d  v a l u e  of 

t h e  code v a r i a b l e  FFRS, t h e  f r a c t i o n  of f a i l e d  f u e l  i n  t h e  co re .  

The o u t s i d e  DO l o o p c a l c u l a t e s b u r n u p .  For t h e s e  c a l c u l a t i o n s , t h e  c o r e  

is cons idered  t o  be  d i v i d e d  i n t o  segments cor responding  t o  f u e l  r e l o a d s ,  

and i n  each f r a c t i o n  of t h e  c o r e , t h e  f u e l  i s  assumed t o  have t h e  average  

burnup of t h a t  f r a c t i o n .  

a s c a t t e r e d  f u e l  l oad ing  p a t t e r n . )  

power d i s t r i b u t i o n .  A t y p i c a l  d i s t r i b u t i o n  i s  inc luded  i n  t h e  DATA state- 

ment c a l l e d  RODF. 

group of rods  are used i n  c a l c u l a t i n g  f u e l  rod f a i l u r e  p r o b a b i l i t y .  The ax- 
i a l  power, d i s t r i b u t i o n  is  accounted f o r  i n  t h e  nex t  loop ,  and t h e  innermost 

loop  i terates over each r a d i o n u c l i d e  i n  t u r n .  

t h e  release of each r a d i o n u c l i d e  from each ax ia l  power segment, i n  each  

f r a c t i o n  of t h e  rods  t h a t  a r e  a t  each f r a c t i o n  of t h e  maximum c o r e  l i n e a r  

rod power, and i n  each burnup segment. The r a d i o n u c l i d e  g e n e r a t i o n  i s  c a l -  

c u l a t e d  by us ing  t h e  average  co re  power s i n c e  t h e  f u e l  element has  probably 

been a t  a v a r i e t y  of rod powers b e f o r e  reaching  h igh  burnup where t h e  f a i l -  

u r e  p r o b a b i l i t y  i s  h i g h e r .  

(Note t h a t  t h i s  is  e s s e n t i a l l y  an  assumption of 

The nex t  loop  f a c t o r s  i n  t h e  r a d i a l  

The burnup and t h e  maximum l i n e a r  rod power i n  each 

The code e s s e n t i a l l y  c a l c u l a t e s  

The r a d i o n u c l i d e  gene ra t ion  r a t e  is then  m u l t i p l i e d  by a release 

f u n c t i o n ,  c a l c u l a t e d  by equa t ions  of t h e  form: 

for  s h o r t  h a l f - l i f e  r a d i o n u c l i d e s ,  and 

(16) f o r  long  h a l f - l i f e  r a d i o n u c l i d e s ,  
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where F i s  t h e  f r a c t i o n  of genera ted  f i s s i o n  gas  i n  f u e l  rod void spaces ,  

D is  t h e  e m p i r i c a l  f i s s i o n  gas  release parameter  de r ived  from 

Equation (4) , given  below, 

X is t h e  decay cons t an t  f o r  t h e  r a d i o n u c l i d e  be ing  

i n v e s t i g a t e d ,  and 

t is t h e  i r r a d i a t i o n  t i m e .  

The d i f f u s i v i t y  parameter  D used i n  t h e s e  equa t ions  w a s  ob ta ined  

from a curve  g iven  i n  Reference (16>*. The equa t ion  

2 D = exp (-.066045(LHR) + 2.7432 (LHR) - 47,703) (4) 

w a s  ob ta ined  from t h i s  curve ,  where LHR is  t h e  l i n e a r  h e a t  rate. 

This  was modified by t h e  f i s s i o n  gas  d i f f u s i v i t y  burnup f a c t o r  at- 
t r i b u t e d  t o  Evans and S h i l l i n g .  (17) An a d d i t i o n a l  cons t an t  f o r  each 

r a d i o n u c l i d e  w a s  added t o  c a l i b r a t e  t h e  release model t o  SAR coo lan t  

concen t r a t ions .  

f o r  f i s s ion  product  release would be  inc luded  i n  DOSIS; d i f f u s i o n  l i m i t e d  

v o l a t i l e  f i s s i o n  product  r e l e a s e  and washout release of less v o l a t i l e  

f i s s i o n  products .  The d i f f i c u l t i e s  encountered i n  a t t empt ing  t o  provide  

t h i s  c a p a b i l i t y  could n o t  b e  r e so lved  i n  t i m e  f o r  i n c l u s i o n  i n  t h e  pres -  

e n t  HERMES code. 

f o r  a l l  f i s s i o n  p roduc t s .  

It w a s  i n i t i a l l y  a n t i c i p a t e d  t h a t  two p a r a l l e l  p a t h s  

The s i n g l e  d i f f u s i o n  pathway is  used i n  c a l c u l a t i o n s  

For each r e a c t o r  t y p e , t h e  a c t i v a t i o n  p roduc t s  are cons idered  i n  

s e p a r a t e  p a r t s  of t h e  sub rou t ine  ACTIVA. The p o t e n t i a l  sou rces  of act i -  

v a t i o n  products  are considered t o  b e  t h e  v e s s e l ,  c l a d  and coo lan t .  

gene ra l  equa t ion  used i n  each p a r t  of t h e  code is  of t h e  form: 

The 

- X t  I = P c (1-e )pf  

where C is t h e  co r ros ion  ra te ,  

(5) 

* Figure  1 .5 ,  p.  1 4  of Reference (16) .  
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pf is t h e  p l a n t  f a c t o r ,  

t i s  t h e  coo lan t  tu rnover  t i m e ,  t h e  f u e l  r e s i d e n c e  t i m e ,  

o r  t h e  p l a n t  age,  and 

P r e p r e s e n t s  t h e  combined amount of pa ren t  and p r o b a b i l i t y  

of a c t i v a t i o n .  

coo lan t  concen t r a t ions .  

P has  been a d j u s t e d  t o  y i e l d  d e s i r e d  

During a n a l y t i c a l  t r ea tmen t  of t h i s  p o r t i o n  of a r e a c t o r  system, t h e  

s p a t i a l  dependence of f l u x  l e v e l s ,  f l u x  s p e c t r a ,  and c o r r o s i o n  and deposi-  

t i o n  rates must b e  cons idered .  

a c t i v a t i o n  product  gene ra t ion  has  been made (Appendix C). This  a n a l y s i s  

w a s  used i n  ex tending  SAR coo lan t  c o n c e n t r a t i o n s  and, t hus ,  t h e  v a l u e s  f o r  

t h e  P c o n s t a n t s  t o  a c t i v a t i o n  products  n o t  inc luded  i n  the  SAEt's. 

A start  on a more r i g o r o u s  c o n s i d e r a t i o n  of 

\ 

Radionucl ide Treatment Systems 

A b a s i c  assumption i n  t h e  DOSIS code is  t h a t  a l l  r a d i o n u c l i d e s  are re- 

l e a s e d  t o  t h e  c o o l a n t .  There are a number of p a t h s  cons idered  f o r  t h e i r  

subsequent  removal from t h e  coo lan t  system. Mass ba lance  c a l c u l a t i o n s  are 

performed f o r  each r a d i o n u c l i d e  i n  accord w i t h  t h e  scheme shown i n  F igu re  

111-7 .  The immediate s p l i t  of r a d i o n u c l i d e s  between t h e  gaseous streams 

and l iquid streams i s  e s t a b l i s h e d  by v a l u e s  of t h e  code c o n s t a n t s  des igna ted  

as SPPWR, SPBWR and SPLM. ( I n  t h e  t r ea tmen t  systems,  v e n t s  from tanks  are 

s i m i l a r l y  handled) .  

count f o r  t h e  r a d i o n u c l i d e  inventory  mod i f i ca t ion  r e s u l t i n g  from decay. 

Much of t h e  code i n  t h i s  s u b r o u t i n e  is  used t o  ac- 

The radwaste  systems, as a f u n c t i o n  of r e a c t o r  t ype ,  are s imula ted  by 

t h e  DOSIS code. The code has  a l o g i c  c a p a b i l i t y  f o r  more d e t a i l e d  simu- 

l a t i o n  of t h e  radwaste  systems than  w a s  u t i l i z e d  i n  t h e  UMRB base  case .  

F u l l  u t i l i z a t i o n  of a l l  of t h e  code c a p a b i l i t i e s  r e q u i r e s  v a l i d a t e d  p e r t i n -  

e n t  d a t a  c h a r a c t e r i z i n g  t h e  v a r i o u s  system subelements which,at  t h i s  t i m e ,  

are no t  a v a i l a b l e .  However, as they  become a v a i l a b l e ,  t h i s  l o g i c  may b e  

a c t u a t e d  and t h e  s y s t e m  s imula t ion  w i l l  become more meaningful.  
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PWR Systems 

The PWR flow c h a r t  (F igure  111-5) i l l u s t r a t e s  t h e  two p a t h s  avail- 

a b l e  f o r  waste streams t o  fo l low.  

is t h e  p a t h  used f o r  streams t h a t  could b e  c h a r a c t e r i z e d  as chemica l ly  

c l ean .  

t o  t h a t  of t h e  primary c o o l a n t .  

d r a i n  tank  (FLRDRN), is  used f o r  wastes t h a t  are low i n  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  and are " d i r t y "  enough s o  t h a t  d i s c h a r g e ,  r a t h e r  than  

cleanup and r e t u r n  t o  t h e  l i q u i d  system, is  d e s i r a b l e .  

One, s t a r t i n g  i n  t h e  d r a i n  t a n k  (DRNTNK), 

They are assumed t o  have 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  similar 

The o u t e r  p a t h ,  s t a r t i n g  i n  t h e  f l o o r  

I n  t h e  f i r s t  p a t h ,  t h e  l i q u i d  p a s s e s  from t h e  d r a i n  tank  t o  t h e  

d e g a s i f i e r  (DEGAS), which s i m u l a t e s  t h e  removal from t h e  l i q u i d  stream 

of t h e  g a s e s  e i t h e r  n o t  removed d i r e c t l y  from t h e  c o o l a n t  by t h e  SPPWR 

v a r i a b l e  o r  t h o s e  t h a t  have been genera ted  d u r i n g  t h e  decay p r o c e s s  t o  

t h i s  p o i n t .  The l i q u i d  stream is processed through t h e  holdup tank  

(HOLDUP) r o u t i n e  f o r  p r o c e s s  decay and then  processed through t h e  r o u t i n e  

s i m u l a t i n g  f i l t r a t i o n  (FILTER), The r o u t i n e  accounts  f o r  removal of  some 

of t h e  r a d i o n u c l i d e s ;  t h e  remainder go t o  t h e  r o u t i n e  f o r  t h e  deminera l iza-  

t i o n  p r o c e s s  (DEMIN). A f t e r  removing some r a d i o n u c l i d e s ,  t h e  demineral-  

i z e r  flow p a s s e s  through t h e  evapora tor  s i m u l a t o r  (EVAP). 

t h e n  passed t o  a f i n a l  tank  s i m u l a t i o n  (TANK3). I n  t h i s  f low p a t h ,  a 

s m a l l  f r a c t i o n  i s  assumed to  be  r e l e a s e d  w h i l e  t h e  remainder is  assumed 

t o b e r e t u r n e d  t o  t h e  c o o l a n t  system. 

The flow i s  

I n  t h e  o u t e r  p a t h  s i m u l a t i o n ,  t h e  l i q u i d  is  assumed t o  p a s s  from t h e  

f l o o r  d r a i n ,  through t h e  f i l t e r  (FILTER) t o  a tank  (TANK4). A l l  of t h e  

l i q u i d  fo l lowing  t h i s  p a t h  is  assumed t o  be  r e l e a s e d .  

The g a s  t rea tment  s i m u l a t i o n  f o r  t h e  PWR is  encountered a f t e r  t h e  

gaseous c o n t r i b u t i o n s  are added up i n  DOSIS. T h i s  system i s  a s i m u l a t i o n  

of a d e l a y  and a f i l t e r  f o r  t h e  PWR; i t  i s  accomplished w i t h  r o u t i n e s  f o r  

a s t o r a g e  tank  (STANK) and a f i l t e r  (GFILTER). 
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The PWR s i m p l i f i c a t i o n s  made i n  t h e  H E W S  code f o r  t h e  UMRB case 

have only  one i n l e t  stream f o r  each pathway. The stream us ing  t h e  demin- 

e r a l i z e r  is  assumed t o  have r e a c t o r  coo lan t  concen t r a t ions ,  and t h e  f l o o r  

d r a i n  pathway has  the  c o n c e n t r a t i o n s  reduced t o  account  f o r  d i l u t i o n  

e f f e c t s ,  

The advanced PWR (PWRA) has  e s s e n t i a l l y  t h e  same t r ea tmen t  system as  

t h e  PWR. 

t h e  f u e l  release modeling. 

The only  d i f f e r e n c e  is  t h e  inc reased  f u e l  l i n e a r  h e a t  rate i n  

BWR Systems 

The b o i l i n g  water r e a c t o r  t r ea tmen t  system (F igure  111-6) has  avail- 

a b l e  a s imula t ion  t h a t  i s  s l i g h t l y  more complex than  t h a t  f o r  t h e  PWR f o r  

t h e  a v a i l a b l e  f low pa ths .  

s e p a r a t o r  (PHASEP); t h e  overheads go d i r e c t l y  t o  t h e  waste c o l l e c t i o n  t ank  

(COLTNK); w h i l e  t h e  bottoms are t o  b e  t r e a t e d  by t h e  c e n t r i f u g e .  

l i q u i d s  from t h e  c e n t r i f u g e  f low t o  t h e  c o l l e c t i o n  tank .  
p a t h  s imula t ion  a v a i l a b l e  f o r  wastes t h a t  would r e q u i r e  evapora to r  treat- 

ment and subsequent  r e u s e  because of t h e i r  r e l a t i v e l y  h igh  a c t i v i t y .  

i n g  a t  t h e  waste n e u t r a l i z e r  tank  (NEUTNK), t h e  l i q u i d  is assumed t o  f low 

t o  t h e  evapora tor  (EVAP). The evapora tor  overhead f low goes t o  t h e  waste 

c o l l e c t i o n  tank .  

A l l  streams go ing  t o  t h e  waste  c o l l e c t i o n  t ank  flow t o  t h e  f i l t e r  

(FILTER), t o  t h e  demine ra l i ze r  ( D E N I N ) ,  and l a s t l y  t o  a tank  (TANK1). P a r t  

of t h e  flow i s  then  r e l e a s e d ;  t h e  remainder is  assumed t o  b e  r e t u r n e d  t o  

t h e  coolan t .  

The f i r s t  p a t h  i s  assumed t o  go t o  t h e  phase 

The 

There i s  a 

S t a r t -  

The waste c o l l e c t i o n  t ank  may a l s o  r e c e i v e  f lows  d i r e c t l y .  

The BWR system used i n  t h e  UMRB case h a s  only  two s imula ted  i n p u t  

One of t h e s e  streams is  assumed t o  go streams t o  t h e  radwaste  system. 

d i r e c t l y  t o  t h e  waste c o l l e c t i o n  tank;  i t  has  r e a c t o r  coolan t  r a d i o n u c l i d e  

concen t r a t ions  as c a l c u l a t e d  i n  t h e  COLANT r o u t i n e .  The o t h e r  stream i s  as- 

sumed t o  go d i r e c t l y  t o  t h e  f l o o r  d r a i n  tank;  i t  has  r a d i o n u c l i d e  con- 

c e n t r a t i o n s  t h a t  are reduced by a cons t an t  f a c t o r .  The f l o o r  d r a i n  
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pathway s imula t ion  i s  s imilar  t o  t h a t  of t h e  PWR. 

The BWR gas t r ea tmen t  system s i m u l a t o r s  are r o u t i n e s  f o r  de l ay  t i m e  

(BWRD), f o r  a cha rcoa l  f i l t e r  holdup system (CHAR), and f i l t r a t i o n  

(GFILTR) . 
LMFBR Systems 

The LMFBR waste t r ea tmen t  system s i m u l a t i o n  is  much s i m p l e r  than  

t h e  l i g h t  water r e a c t o r  t r ea tmen t  systems because most of  t h e  rad io-  

n u c l i d e s  of i n t e r e s t  are assumed t o  remain i n  t h e  sodium c o o l a n t  and 

t h e r e f o r e  a r e  n o t  r e l e a s e d  t o  t h e  environment. 

The LMFBR gas t r ea tmen t  system mechanism i s  provided i n  t h e  r o u t i n e  

c a l l e d  FREON. A s  w i t h  t h e  o t h e r  gas  t r ea tmen t  sys tems,  p r o v i s i o n s  are 

a l s o  made f o r  a de l ay  t i m e  (DELA) and t h e  gas  f i l t r a t i o n  (GFILTR). The 

gas  stream is then  d i r e c t e d  t o  t h e  FREON s u b r o u t i n e  where a removal 

decontamination f a c t o r  of 300 is assumed f o r  t h e  nob le  gases .  

A s u b r o u t i n e  c a l l e d  CRY0 is  a l s o  inc luded ,  b u t  no t  used, f o r  t h e  

r e a c t o r  t ypes  as p r e s e n t l y  v i s u a l i z e d .  Th i s  s u b r o u t i n e  may be  used t o  

s imula te  a gaseous d e l a y  time o r  could have a removal e f f i c i e n c y  added 

i f  t h e  gaseous wastes were b o t t l e d  a f t e r  d e l a y ,  as has  been v i s u a l i z e d  

wi th  t h e  FREON system. 

The HERMES code h a s  a number of parameters  d e s c r i b i n g  each r e a c t o r  

t ype  as a p a r t  of t h e  DOSIS code f o r  t h e  UMRB case. 

a p p l i c a t i o n s ,  t h e s e  c h a r a c t e r i s t i c s  would probably b e  inc luded  as i n p u t  

d e s c r i p t i o n  v a r i a b l e s  f o r  t h e  r e a c t o r  be ing  cons ide red .  

a c t e r i s t i c s  (Table 111-1) are i n  a d d i t i o n  t o  t h e  flow p a t h s  chosen, e tc .  

For more g e n e r a l  

These char- 
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TABLE 111-1 

ASSUMED REACTOR CHARACTERISTICS 

BWR 

Flow t o  C o l l e c t i o n  
T.ank (1 iters/sec) 0.79 

Flow t o  F loor  Dra in  
Tank (1 iters/sec) 0.40 

No. of Reload 
F r a c t i o n s  4 

27500 

Power Densi ty  
(MW/MT) 22 

Max. Linear  Heat 
Rate (kW/ft) 1 8  

PWR 

0.473 

1.37 

3 

30000 

35 

1 8  

BWRA 

0.79 

0.40 

4 

27500 

24 

20 

PWRA LMFBR 

0.0473 

1.37 

3 5 

30000 80000 

39 150 

20 20 

REPROCESSING PLANT RELEASE MODEL 

Concurren t ly ,  w i t h  t h e  de t e rmina t ion  of t h e  g e n e r a l  r a d i o a c t i v e  nuc- 

l i d e  e f f l u e n t  c h a r a c t e r i s t i c s  f o r  n u c l e a r  power electrical  energy genera- 

t i o n  ‘ f a c i l i t i e s ,  a s imilar  p rocess  is  i n i t i a t e d  f o r  t h e  f u e l  r ep rocess ing  

p l a n t s  i n  t h e  s tudy  r eg ion  by RADREL. These p l a n t s  c o n s i s t i n g  of two types ,  

PUREX and t h e  General  E l e c t r i c  Company pa ten ted  Aquaflour p rocess  (MFR), 

are assumed t o  b e  b u i l t  as r equ i r ed  by t h e  spen t  f u e l  product ion  of t h e  

r e a c t o r s  i n  t h e  s tudy  area. For t h e  UMRB c a s e , t h e r e  i s  an assumed re- 

quirement f o r  n i n e  r ep rocess ing  p lan ts - -e ight  PUREX types  and one MFR. 

S i t e s  f o r  t h e s e  f a c i l i t i e s  were p r e s e l e c t e d  as i n  t h e  case of t h e  r e a c t o r  

s i tes .  S imula t ion  of t h e  e f f l u e n t  c h a r a c t e r i s t i c s  of t h e s e  p l a n t s  is  ac- 

complished by t h e  g e n e r a l  HERMES subelement w i t h  t h e  acronym REPARE (RE- 
process ing  P l a n t  Analog f o r  Rad ioac t ive  E f f l u e n t s )  shown i n  F igu re  111-8. 

same techniques  employed by DOSIS are app l i ed  t o  t h i s  problem, e.g., sepa- 

The 

ra te  subrou t ines  are used 
i n  reducing  t h e  impact of 

t o  s i m u l a t e  t h e  
t h e  r a d i o a c t i v e  

v a r i o u s  p l a n t  p rocesses  employed 
n u c l i d e  inven to ry  on t h e  envi rons .  
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The e f f l u e n t  t r ea tmen t  systems of r ep rocess ing  p l a n t s  have been 

c h a r a c t e r i z e d  by pa rame t r i c  equa t ions  i n  a series of modules t h a t  model 

p a r t i c u l a r  components i n  t h e  system. 

gas  t rea tment  system i n  dual-purpose p l a n t s  is  composed of t h r e e  modules 

(F igure  111-9). The modules s i m u l a t e  t h e  o p e r a t i o n s  of a condenser ,  a 

scrubber ,  and a s i lver  r e a c t o r  by pa rame t r i c  equa t ions  which can treat  

each r ad ionuc l ide  s e p a r a t e l y .  

For i n s t a n c e ,  t h e  d i s s o l v e r  o f f -  

The d e t a i l  and f l e x i b i l i t y  provided by modules, w i t h  t h e i r  para-  

m e t r i c  equa t ions ,  permi t  s e n s i t i v i t y  s t u d i e s  t o  be  made t h a t  w i l l  de- 

termine t h e  f u n c t i o n a l  r e l a t i o n  of t h e  i n p u t  d a t a  and e f f l u e n t  treat-  

ment system des igns  t o  t h e  c a l c u l a t e d  r a d i o n u c l i d e  releases. 

! 

To p r e d i c t  t h e  c o n t r i b u t i o n s  of t h e  r e p r o c e s s i n g  p l a n t  e f f l u e n t  

releases t o  t h e  t o t a l  r a d i o a c t i v e  e f f l u e n t  burden w i t h i n  t h e  s tudy  area, 

a model must s a t i s f y  t h e  fo l lowing  c o n s t r a i n t s :  

. The number and type  of r ep rocess ing  p l a n t s  should correspond 

t o  t h e  b e s t  p r o j e c t i o n  of t h e  area’s requi rements .  

. The r a d i o a c t i v e  e f f l u e n t  f o r  each p l a n t  should b e  released 

from l i k e l y  si tes t o  provide  a r easonab le  s imula t ion  of 

t h e s e  c o n t r i b u t i o n s .  

A l l  f u e l  u t i l i z e d  by r e a c t o r s  i n  t h e  s tudy  area must b e  

reprocessed  w i t h i n  t h e  s tudy  area. 

. 

P l a n t  TVD es Mod e l  ed 

Two s e p a r a t e  a lgo r i thms  were developed t o  compute r ep rocess ing  p l a n t  

r a d i o a c t i v e  e f f l u e n t  rates w i t h i n  t h e  c o n s t r a i n t s  above. One model, 

c a l l e d  MFR, r e p r e s e n t s  t h e  Midwest Fue l  Recovery P l a n t ,  MFRP (Figure  

111-lo) ,  which u t i l i z e s  t h e  pa t en ted  Aquaflour p rocess  (18) f o r  LWR f u e l .  

The o t h e r  model d e s c r i b e s  a Purex-type aqueous r ep rocess ing  p l a n t  (F igure  

111-11) capable  of p rocess ing  e i t h e r  LWR o r  LMFBR f u e l .  

1 0 8 2 4 5 9  
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The dual-purpose Purex-type model, BLEACH, was developed t o  r e f l e c t  

t h e  des igns  f o r  t h e  next  g e n e r a t i o n  of r ep rocess ing  p l a n t s .  The e f f l u e n t  

t r ea tmen t  f lowshee t  (F igure  111-13) c l o s e l y  resembles  t h e  systems p r e s e n t l y  

used i n  t h e  Nuclear Fuel  Se rv ices  (NFS) p l a n t  (I9) and planned f o r  t h e  pro- 

posed A l l i e d  Chemical p l a n t ,  (20) which are designed t o  r ep rocess  LWR f u e l s .  

During t h e  e a r l y  y e a r s  of LMFBR o p e r a t i o n ,  t h e  s p e n t  f u e l  i nven to ry  w i l l  

probably be  processed  i n  LWR f u e l  r ep rocess ing  p l a n t s  a t  one-half t h e  de- 

s i g n  feed  ra te  a f t e r  f i v e  months coo l ing .  (21) When s u f f i c i e n t  q u a n t i t i e s  

of LMFBR f u e l  become a v a i l a b l e ,  s p e c i a l i z e d  r ep rocess ing  p l a n t s  capable  

of p rocess ing  shor t -cooled  LMFBR f u e l  w i l l  probably b e  b u i l t .  The dual-  

purpose Purex-type a lgo r i thm can b e  used t o  compute t h e  e f f l u e n t s  from LWR 

f u e l  p l a n t s ,  LWR f u e l  p l a n t s  r ep rocess ing  LMFBR f u e l s ,  o r  s p e c i a l i z e d  LMFBR 

f u e l  p l p t s .  The a lgo r i thm ' s  f l e x i b i l i t y  stems from i t s  modular cons t ruc-  

t i o n .  Each of t h e  t h r e e  types  of  p l a n t s  no ted  above can b e  s imula t ed  by 

us ing  separate combinat ions of t h e  modules i n  t h e  BLEACH code acco rd ing  t o  

t h e  va lues  of i npu t  parameters .  

The MFR a lgo r i thm i s  based on t h e  P re l imina ry  S a f e t y  Ana lys i s  Report  

(PSAR) submi t ted  by t h e  Genera l  E lec t r ic  Company. (18) 

tended only  f o r  u se  as an  LWR f u e l  r ep rocess ing  f a c i l i t y ,  s o  t h e  model i s  

r e s t r i c t e d  t o  LWR f u e l  i npu t  a t  a ra te  e q u a l  t o  o r  less than  t h e  maximum 

des ign  c a p a c i t y  of 300 tonnes ly r .  

The p l a n t  is  in -  

The major d i f f e r e n c e s  i n  t h e  MFR and Purex-type p l a n t s  l i e  i n  t h e  

p rocess  t r ea tmen t  of t h e  l i q u i d  waste streams. The MFR des ign  i n c o r p o r a t e s  

l ow-ac t iv i ty  wastes i n t o  a s p h a l t - s o l i d  s t o r a g e  and h i g h - a c t i v i t y  wastes 

i n t o  c a l c i n e d  s t o r a g e  (F igu re  111-12). The Purex-type concept a s s i g n s  t h e  

h igh  l e v e l  wastes t o  l i q u i d  s t o r a g e  and r o u t e s  low-level  wastes t o  t e m -  

porary  hold-up and u l t i m a t e  release (F igure  111-13). 

No a t t empt  has  been made t o  model f u l l y  t h e  s e p a r a t i o n s  p rocesses  f o r  

e i t he r  type  of  f a c i l i t y .  Only 'major  waste streams and t h e  e f f l u e n t s  from 

them have been s imula t ed .  Not having  a l t e r e d  t h e  mass ba lance ,  these mod- 

i f i c a t i o n s  have only s i m p l i f i e d  t h e  account ing  system. A l l  c o n s t i t u e n t s  

J O 8 2 9 b 4  
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of  t h e  f u e l  are included i n  a t  least  one of  t h e  fo l lowing  c a t e g o r i e s :  

. Gaseous e f f l u e n t  stream 

. Liquid e f f l u e n t  stream 

. Permanent s t o r a g e  

. Product stream 

The r a d i o a c t i v i t y  conta ined  i n  small waste streams such as laundry  

d r a i n s  and working g a l l e r y  v e n t i l a t i o n  a i r  is  n o t  d i s c a r d e d  b u t ,  i n s t e a d ,  

is  included i n  t h e  c o n s i d e r a t i o n s  of a major waste stream. 

d e t a i l  included i n  t h e  model was d i c t a t e d  p r i m a r i l y  by t h e  a v a i l a b l e  d a t a  

t h a t  could b e  used t o  w r i t e  and v e r i f y  t h e  necessary  paramet r ic  e q u a t i o n s .  

The level  of  

The nominal c a p a c i t y  of t h e  MFR f a c i l i t y  i s  300 tonnes /yr  of LWR 

The h y p o t h e t i c a l  dual-purpose p l a n t s  can p r o c e s s  a maximum 750 f u e l .  

tonnes /yr  of LMFBR f u e l  o r  1500 tonnes /yr  of LWR f u e l .  

p l a n t  i s  brought  o n l i n e  f o r  each increment of  1500 tonnes of  e q u i v a l e n t  

LWR f u e l / y r ,  where 1 /2  tonne LMFBR f u e l  and one tonne of LWR f u e l  are 

each cons idered  1 tonne of e q u i v a l e n t  LWR f u e l .  

A dual-purpose 

The r a d i o a c t i v e  releases computed by t h e  model a re  summarized f o r  

t h e  MFRP and a t y p i c a l  dual-purpose f a c i l i t y .  The t y p i c a l  dual-purpose 

releases are  determined by mixing t h e  f u e l  s o  t h a t  each p l a n t  h a s  t h e  

same r a t i o  of FBR f u e l  t o  LWR f u e l .  To f a c i l i t a t e  r a p i d  assessment  of 

r e l a t i v e  c o n t r i b u t i o n s  t o  t h e  t o t a l  e f f l u e n t ,  a n  a d d i t i o n a l  a l g o r i t h m  may 

b e  u t i l i z e d  t o  normalize t h e  r e s u l t s  and s e p a r a t e  any s u b s e t  of i s o t o p e s  

from t h e  main t o t a l .  

Release C a l c u l a t i o n  Methods 

The B L a C H  and MFR a lgor i thms are b o t h  composed of paramet r ic  equa- 

t i o n s  t h a t  form p r o c e s s  modeling modules. Each major waste stream i s  

r e p r e s e n t e d  by a series of modules s i m u l a t i n g  t h e  s i g n i f i c a n t  p o i n t s  of 

r a d i o n u c l i d e  a d d i t i o n  o r  removal from t h e  stream (Figures  111-12 and 

111-13). I n  a d d i t i o n  t o  t h e  process  modules, t w o  modules provide  
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c a l c u l a t i o n  of f u e l  composition change due t o  decay. One decay module is  

used t o  determine composition a f t e r  t h e  preprocess ing  cool ing  p e r i o d ;  t h e  

o t h e r  i s  used t o  determine composition changes t h a t  occur  by decay dur ing  

t h e  hold-up t i m e  i n  each p r o c e s s  module. 

The p a r a m e t r i c  e q u a t i o n s  of  each module permi t  a unique d e s c r i p t i o n  of  

t h e  e f f e c t  of t h e  p r o c e s s  on each r a d i o n u c l i d e .  A f t e r  t h e  i n v e n t o r y  of  

r a d i o n u c l i d e s  e n t e r s  a process  module, t h e  composition l e a v i n g  t h e  module 

can b e  a l t e r e d  i n  t h r e e  ways: (1) removal from t h e  stream t u  permanent 

s t o r a g e ,  (2 )  r a d i o n u c l i d e  decay d u r i n g  t h e  hold-up t i m e ,  and (3) s e l e c t i v e  

d i s t r i b u t i o n  i n t o  each o u t p u t  stream. The l a t t e r  mode, of  c o u r s e ,  does n o t  

i n f l u e n c e  t h e  composition of s i n g l e  output  streams. 

I 
Removal of r a d i o n u c l i d e s  from a streak occurs  i n  a r e p r o c e s s i n g  p l a n t  

a t  f i l t e r s ,  s c r u b b e r s ,  e v a p o r a t o r s ,  s i l v e r  r e a c t o r s ,  waste s t o r a g e  pro- 

c e s s e s ,  and product  packaging p r o c e s s e s .  The e q u a t i o n s  d e s c r i b i n g  perman- 

ent removal of r a d i o n u c l i d e s  have a g e n e r a l  form 

= I  ( 6 )  
I 2 ( i )  l ( i )  - n i l  

The term I i s  t h e  amount of i s o t o p e  i l e a v i n g  t h e  module and i s  

c a l c u l a t e d  as i n d i c a t e d  i n  Equat ion (6), as t h e  d i f f e r e n c e  of t h e  q u a n t i t y  
2 ( i )  

of i s o t o p e  i e n t e r i n g  t h e  module and t h e  q u a n t i t y  of i removed w i t h i n  t h e  

module. I n  Equet ion (6 )  r~ i s  t h e  e f f e c t i v e  removal e f f i c i e n c y  f o r  i s o t o p e  

i characterizii1.g t h e  module. The e q u a t i o n  
i 

computes t h e  e f f e c t i v e  removal e f f i c i e n c y  of i s o t o p e  i a f u n c t i o n  of t h e  

equipment l o a d i n g  parameter  L t o  account  f o r  changes i n  e f f i c i e n c y  caused 

bv i n c r e a s e d  l o a d i n g  such as accumulation on f i l t e r s ,  and heavy flow through 

i o n  exchangers.  

j ’  

Decay of  t h e  r a d i o n u c l i d e s  d u r i n g  t h e  hold-up t i m e  i n  p r o c e s s  modules 

i s  computed by an a l g o r i t h m  t h a t  c o n s i d e r s  r e d u c t i o n  of i n d i v i d u a l  i s o t o p i c  
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i n v e n t o r i e s  by decay, and inven to ry  bu i ldup  through t h e  decay of p a r e n t  

i s o t o p e s .  The equa t ion  used t o  compute inven to ry  changes through decay 

mechanisms is  

- e  'Ai  ( e - A  A i  i 
+ ( A * -  xAi ) 'A i  a A i  

1 

- A  t 
- e  A B i  B i  i 

+ (Ai-hAi) 'Bi  a B i  

This  equa t ion  a l lows  f o r  c o n t r i b u t i o n s  t o  an i s o t o p e ' s  i nven to ry  from 

two p a r e n t s ,  where: 

are i n p u t  i n v e n t o r i e s  of i s o t o p e  i and p a r e n t s  A and B 'li' ' A i ,  ' B i  

' i s  'Ai ,  ' B i  a re  decay c o n s t a n t s  of i ,  A ,  and B 

t .  i s  t h e  holdup t i m e  f o r  i ,  A ,  and B 

c1 ci are  f r a c t i o n a l  y i e l d s  of i from decay of A and B 

1 

A'  B 

A s imilar  a lgo r i thm i s  used t o  compute t h e  change i n  inven to ry  du r ing  

p rep rocess ing  coo l ing ;  i n  which c a s e ,  t h e  coo l ing  t i m e  is  used as t h e  

"hold-up" t i m e .  

t h e  decay equa t ions  and then  conver t  them back t o  c u r i e s  f o r  o u t p u t .  

Both a lgo r i thms  conver t  c u r i e s  t o  atoms p r i o r  t o  e n t e r i n g  

Some p rocess  modules have m u l t i p l e  o u t l e t  streams such as evapora to r s  

The i n p u t  stream is m u l t i p l i e d  by a wi th  overhead and bot tom streams. 

parameter de f ined  s e p a r a t e l y  f o r  each i s o t o p e  and f o r  each ou tpu t  stream. 

For example, t h e  module s i m u l a t i n g  t h e  wastes from t h e  s e p a r a t i o n s  

p rocess  i n  t h e  Purex-type p l a n t ,  PUREX, h a s  t h r e e  ou tpu t  streams: 

low-level l i q u i d  waste, (2 )  h igh- l eve l  l i q u i d  waste, and (3) v e s s e l  o f f -  

gas .  Each stream i s  t r a n s f e r r e d  t o  t h e  next  module i n  i t s  t r ea tmen t  

scheme a f t e r  m u l t i p l y i n g  t h e  inven to ry  i n  PUREX by a c o n s t a n t  e x p r e s s i n g  

t h e  " s p l i t "  f o r  each i s o t o p e  among streams. 

(1) 

For example, t h e  v e s s e l  o f f -gas  

44 



stream inventory  i s  computed by t h e  e q u a t i o n  

- 
'OG(i) - ' p ( i )  %OG(i) 

i s  t h e  PUREX i n v e n t o r y .  The v a l u e s  
P ( i )  where I 

(9 )  

are g iven  i n  
for  %OG(i) 

a FORTRAN DATA s t a t e m e n t ,  d e f i n i n g  i t s  v a l u e  f o r  each i s o t o p e .  

The f lowshee t  d e s c r i b i n g  t h e  informat ion  f low between modules f o r  

BLEACH and MF'R can b e  subdivided by columns t o  show t h e  g e n e r a l  p rocess  

l o o p s  (F igure  111-11 and 111-12). The BLEACH f lowshee t  (F igure  111-11) 

can b e  d iv ided  by columns from l e f t  t o  r i g h t  i n t o  t h e  (1) low-level l i q u i d  

waste system, ( 2 )  d i s s o l v e r  off-gas  system, ( 3 )  p r o c e s s  system, (4) v e s s e l  

off-gas  systems,  and ( 5 )  high- leve l  l i q u i d  waste system. The MFR flow- 

s h e e t  can b e  s i m i l a r l y  d i v i d e d  i n t o  (1)  h igh- leve l  l i q u i d  waste, ( 2 )  p r o c e s s  

of f -gas ,  ( 3 )  scrubber  off-gas ,  and (4) low-level l i q u i d  waste. 

Fuel  i n v e n t o r i e s  f o r  t y p i c a l  LWR and LMFBR f u e l  i n p u t  are i n t e r n a l l y  

d e f i n e d  i n  t h e  BLEACH and MFR s u b r o u t i n e s  as c u r i e s  p e r  metric t o n  of heavy 

metal f o r  each i s o t o p e  on t h e  master l i s t  (Appendix A). The LWR f u e l  in -  

ventory  is  based on t h e  Diablo Canyon Nuclear Power Reactor .  

compositions were computed on t h e  b a s i s  of 30 MW/tonne, 33,000 MWd/tonne, 

a t  a n  average f l u x  of 5.82 x 10 n/cm -sec, and w i t h  Zircaloy-4 c ladding  

u s i n g  Inconel  s p a c e r s .  The inventory  v a l u e s  r e p r e s e n t  t h e  i s o t o p i c  com- 

p o s i t i o n  a f t e r  removal from t h e  r e a c t o r  f o r  90 days.  The LMFBR f u e l  i n -  

ventory  is based on t h e  Atomics I n t e r n a t i o n a l  Reference Oxide LMFBR. 

The average power leve l  f o r  t h e  AI-LMF'BR is  5 8 i 2 3  MW/tonne, assuming t h e  

c o r e  o p e r a t e s  a t  148.5 MWItonne f o r  540 days and t h e  a x i a l  b l a n k e t  averages  

4 . 6 3  MW/tonne. 

b l a n k e t s  and c o r e  has  a n  average burnup of 33,000 MWd/tonne, a l though t h e  

I s o t o p i c  

13 2 

( 2 3 )  

A f u e l  mix ture  r e s u l t i n g  from p r o p o r t i o n a l  mixing of 

c o r e  reaches  80,000 MWd/tonne. (21) 

RADIONUCLIDE RELEASE CORRELATION 

The RADREL code s e r v e s  t o  c o r r e l a t e  t h e  c a l c u l a t i o n s  of t h e  SITE, 

MOPOSH, DOSIS, and REPARE codes,  and g e n e r a t e s  a "source map'' t a p e  summar- 

i z i n g  t h e  r a d i o n u c l i d e  d i s c h a r g e s  i n  t h e  r e g i o n  be ing  s t u d i e d .  F i r s t ,  
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RADREL scans  t h e  ou tpu t  of t h e  SITE and MOPOSH codes,  n o t i n g  t h e  s i t e  

l o c a t i o n s ,  t h e  number and types  of p l a n t s  a t  each s i t e  ( a  n u c l e a r  s i t e  

may c o n t a i n  p l a n t s  of d i f f e r e n t  t y p e ) ,  and t h e  monthly average  p l a n t  

c a p a c i t y  f a c t o r  f o r  each p l a n t  f o r  each month of t h e  s tudy  yea r .  I t  

then  proceeds t o  c a l c u l a t e  releases from t h e  p l a n t s  on a month-by- 

month b a s i s  f o r  t h e  y e a r  of s tudy .  

Usual ly ,  RADREL c a l c u l a t i o n s  begin  i n  January  of t h e  yea r  of s tudy  

(a l though t h e  code can b e  used t o  compute releases f o r  any 1 2  consecut ive  

months). Releases are c a l c u l a t e d  i n  t u r n  f o r  each s i t e  i n  t h e  s tudy  

area. For each s i t e ,  d a t a  are  r ece ived  from t h e  SITE and MOPOSH codes 

denot ing  t h e  p l a n t  t ype  and age  of each p l a n t  a t  t h e  s i t e ,  and t h e  

monthly average  p l a n t  c a p a c i t y  f a c t o r  f o r  each p l a n t .  

DOSIS t o  c a l c u l a t e  monthly average  releases f o r  each p l a n t  under t h e  pre- 

s c r i b e d  o p e r a t i n g  c o n d i t i o n s ,  and combines t h e  c a l c u l a t e d  r a d i o n u c l i d e  

releases i n t o  a s i n g l e  set of e q u i v a l e n t  monthly average  release rates 

t o  a i r ,  and a s i n g l e  set t o  water. RADREL performs t h e s e  c a l c u l a t i o n s  f o r  

each s i t e  i n  t u r n ,  t hen  r e p e a t s  a l l  c a l c u l a t i o n s  f o r  t h e  second month, 

and s o  on. 

RADREL then  c a l l s  

I n  t h e  c a s e  of r ep rocess ing  p l a n t s ,  which are assumed t o  o p e r a t e  

a t  cons t an t  load  dur ing  a g iven  y e a r ,  i n t e r p r e t a t i o n  of release d a t a  by 

RADREL is no t  necessary .  

REPARE are t r a n s c r i b e d  d i r e c t l y  t o  t h e  RADREL ou tpu t  tape .  

The monthly average release d a t a  r ece ived  from 

I n  o r d e r  t o  minimize computer t i m e  requi rements ,  c a p a c i t y  f a c t o r s  

of power p l a n t s  are grouped accord ing  t o  t h e  fo l lowing  scheme: 

Inpu t  Capaci ty  Fac to r  Capaci ty  Fac to r  Used by RADREL 

0 (no t  o p e r a t i n g )  

0 - 0.19 

0.20 - 0.29 

0.30 - 0.39 

0.90 - 1.00  
+ ( e t c . )  

0 

0.20 

0.30 

0.40 

1.00 
J ( e t c . 1  
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I n  similar f a s h i o n ,  p l a n t  ages  are grouped i n t o  f ive-year  increments. 

More r igo rous  account of bo th  p l a n t  f a c t o r  and age could be  t aken ,  of 

cour se ,  a t  t h e  expense of i nc reased  computer t i m e  requi rements .  

The combining of e f f l u e n t s  f o r  a l l  p l a n t s  a t  a s i t e  i n t o  a s i n g l e  set 

of a i r  and water e f f l u e n t s  e f f e c t i v e l y  s p e c i f i e s  each s i t e  as a p o i n t  

s o u r c e  of r a d i o n u c l i d e s ,  s i m p l i f y i n g  c a l c u l a t i o n s  i n  subsequent subelements 

of t h e  HERMES model. 

I n  a d d i t i o n  t o  t h e  d a t a  on r a d i o n u c l i d e  sou rce  s t r e n g t h s ,  t h e  RADREL 

o u t p u t  t a p e  r eco rd  c o n t a i n s  s e v e r a l  o t h e r  d a t a  banks f o r  u se  of t h e  HERMES 

subelement codes t h a t  f o l l o w .  The complete Output t a p e  c o n t a i n s  6 f i l e s ,  

as fo l lows:  

F i l e  1 

F i l e  2 

F i l e  3 

F i l e  4 

F i l e  5 

F i l e  6 

T i t l e  and i n d i c e s ,  f o r  use  of o t h e r  programs, d e f i n i n g  

t h e  number of s i tes ,  months, i s o t o p e s ,  i s o t o p i c  release 

t o  a i r  and water, and of t o t a l  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 .  

L i s t i n g  of h a l f - l i f e  d a t a  f o r  i s o t o p e s  cons idered .  

S i t e  d a t a  f o r  a i r  t r a n s p o r t  module, i . e . ,  l o c a t i o n  

( l a t i t u d e  and l o n g i t u d e ) ,  s t a c k  h e i g h t ,  and s t a r t u p  

yea r  of t h e  f i r s t  p l a n t  a t  t h e  s i te .  

S i t e  d a t a  f o r  water t r a n s p o r t  module, i .e . ,  r i v e r  

name and r i v e r  m i l e  f o r  each s i te .  

Radionucl ide  release rates ( p i c o c u r i e s  pe r  s e c . )  

t o  atmosphere, by i s o t o p e ,  f o r  each month of t h e  s tudy  

y e a r ,  f o r  each s i te .  

Radionuclide release rates ( p i c o c u r i e s  pe r  s e c . )  t o  

water b o d i e s ,  fo l lowing  same format as atmosphere r e l e a s e  

da t a .  

A complete l i s t i n g  of RADREL is  found i n  Appendix B .  
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D. LIVING PATTERNS MODEL 

The subelements of the HERMES code which follow RADREL require, 
in addition to radionuclide release data, large amounts of data on the 

area being studied, its population, food production and consumption, c?nd 

the many activities which can contribute to radiation dose. 

formation is contained in a data bank and, collectively, forms the 

Living Patterns Model. 

This in- 

Webster's Seventh New Collegiate Dictionary defines a pattern as "a 

reliable sample of traits, acts, or other observable features character- 

izing an individual." The Living Patterns Model (LPM) attempts to satisfy 
this definition for the UMRB case study. 

a descriptive estimate of where the people live, what foods they eat, 

produce, and irrigate, and where the food is grown and procured if local- 

production is not enough to satisfy demand. The model also gives an m- 

timate of the recreational activities of a typical individual, including 
the types of recreational activities likely to contribute to dose, where 

these activities are undertaken, average time (hours per day) spent at 

the activities, and seasonal variations in activities. Estimates of 

drinking water sources and purification treatments are also provided. 

This simulation technique pllvc.; 

Complete evaluation of each of the above patterns for each and every 

individual would require careful perusal of enormous amounts of data. 

is neither desirable nor necessary. For example, the central study area 
for theUMFU3.case comprises some 303,230 square miles of land and approx- 
imately 18 million ( 2 4 )  people. One can easily deduce that if geographic 

units smaller than a county were employed, the data handling would become 
unmanageable, not only for creation of the LPM but for use by Air (ARTRAN) 
and Water Transport (WTRAN)Models and the Exposure Pathways (DOSE) Model. 
A literature search revealed that the lowest level for which data were. 

reliably available was at the county level. 

This 

The overall data flow for the 

Links are shown in Figure 111-14. 
simulation of the LPM subelement is 

provided for both ARTRAN and WTRAN, 

1 0 8 2 9 7 2  
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i . e . ,  b a s i c  c e n t r o i d  l o c a t i o n  d a t a  ( l a t i t u d e  and l o n g i t u d e )  and r i v e r  

m i l e  l o c a t i o n s  f o r  d r i n k i n g  water a c c e s s .  I n  a d d i t i o n ,  LPM p rov ides  

d a t a  t o  DOSE i n  t h e  form of r e c r e a t i o n a l  h a b i t s ,  food consumption char- 

a c t e r i s t i c s ,  food a c q u i s i t i o n  p a t t e r n s ,  and popu la t ion  s t a t i s t i c s  f o r  

t h e  s tudy  yea r .  

CENTROID DESIGNATION 

The o r g a n i z a t i o n  of 1-lring p a t t e r n s  d a t a  i s  bes  d e s c r i b e d  by r e f -  

e r ence  t o  t h e  methods used i n  t h e  s tudy  of t h e  UMRB r eg ion .  

The UMRB s tudy  area was d iv ided  i n t o  t h r e e  hundred unique geograph- 

i c a l  l o c a t i o n s  (F igu re  111-15). Data f o r  479 c o u n t i e s  were used e i t h e r  

as sjngle-county o r  mul t ip le -county  u n i t s  t o  p rov ide  t h e  b a s i s  f o r  d a t a  

assembly and e v a l u a t i o n  f o r  t h e  e n t i r e  model. These geograph ica l  loca-  

t i o n s  were des igna ted  as c e n t r o i d s . "  I 1  

Urban c o u n t i e s  and c o u n t i e s  t h a t  conta ined  p o s s i b l e  power p l a n t  sites 

were de f ined  as s ingle-county  c e n t r o i d s .  The remaining c o u n t i e s  were com- 

bined i n t o  m u l t i p l e  county c e n t r o i d s  wi th  two l i m i t a t i o n s :  they must be  

of l i k e  c l a s s i f i c a t i o n  (Rural-nonfarm, o r  Rural-farm), and t h e  area de- 

l i n e a t i n g  a c e n t r o i d  must n o t  c r o s s  s t a t e  boundar ies .  

The c e n t r o i d s  were numbered from 1 t o  300, u t i l i z i n g  a n o r t h  t o  s o u t h  - 
east t o  w e s t  scheme based upon l a t i t u d e  and l o n g i t u d e ,  w i th  l o c a t i o n  ac- 

curacy  t o  t h e  n e a r e s t  minute.  For purposes of  t h i s  s t u d y ,  t h e  p o i n t  

chosen t o  l o c a t e  an  Urban c e n t r o i d  w a s  t h e  l a t i t u d e  and l o n g i t u d e  of t h e  

major c i t y .  R u r a l  and Rural-nonfarm c e n t r o i d s  were de f ined  as be ing  

l o c a t e d  a t  o r  near t h e  geograph ica l  c e n t e r  of t h e  area r e p r e s e n t e d  by t h e  

c e n t r o i d .  The c e n t r o i d  geographic and demographic d a t a  are g iven  i n  

Appendix G .  
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POPULATION PATTERNS 

The popu la t ion  of each c e n t r o i d  f o r  t h e  yea r  2000 w a s  determined by 

ex tens ion  of t h e  1940 t o  1970 growth rate t o  t h e  1970 t o  2000 t i m e  pe r iod .  

Actua l  county popu la t ions  f o r  1940 and 1970 were t a b u l a t e d  and summed t o  

o b t a i n  t h e  c e n t r o i d  popu la t ions .  

i n  t h i s  t a b u l a t i o n .  

Bureau of t h e  Census d a t a  were u t i l i z e d  
(25, 26, 27) 

The p a t t e r n  of food consumption v a r i e s  as a f u n c t i o n  of t h e  urbani-  

z a t i o n  c h a r a c t e r i s t i c s  of an area. The t h r e e  c l a s s i f i c a t i o n s  commonly 

used are  Urban, Rural-nonfarm and Rural-farm. These c l a s s i f i c a t i o n s  as 

used by t h e  Popula t ion  Census (1960)26 and t h e  A g r i c u l t u r e  Census (19646 

are taken  t o  mean: 

28 j 

. Urban - Households i n  p l a c e s  w i t h  a t  l ea 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 sur rounding  c i t i e s  

of 50,000 o r  more i n h a b i t a n t s .  

. Rural-nonfarm - Households o u t s i d e  of urban p l a c e s  wi thou t  

a farm ope ra to r .  

. Rural-farm - Households o u t s i d e  of urban p l a c e s  wi th  a farm 

o p e r a t o r .  

The above d e f i n i t i o n s ,  i f  fol lowed l i t e r a l l y ,  are  much too  unvieldy 

f o r  u se  i n  t h e  UMRB s tudy .  The r e p o r t ,  "Food Consumption of  Households 

i n  t h e  North C e n t r a l ,  Spring 1965" ( 2 4 )  es t ima ted  t h a t  70% of t h e  house- 

ho lds  were Urban, 20% were Rural-nonfarm, and 10% w e r e  Rural-farm. This  

d e s c r i p t i o n  technique  w a s  extended t o  t h e  county level,  e .g . ,  a l l  c o u n t i e s  

were ranked by popu la t ion  d e n s i t y ,  and a cumulat ive percentage  of t h e  popu- 

l a t i o n  of t h e  s tudy  area w a s  t a b u l a t e d .  Those c o u n t i e s ,  i n  o r d e r  of de- 

c r e a s i n g  popu la t ion  d e n s i t y ,  which inc luded  70% of t h e  t o t a l  popu la t ion  

were c l a s s i f i e d  as Urban c o u n t i e s .  

popu la t ion  were c l a s s i f i e d  Rural-nonfarm, and t h e  remainder w e r e  des igna ted  

as Rural-farm. 

Those encompassing t h e  next  20% of 
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DRINKING WATER 

The i n g e s t i o n  of water is  a primary pathway f o r  i n t a k e  of r a d i o a c t i v e  

materials. To a l low proper  e v a l u a t i o n  of t h e  c o n t r i b u t i o n  of d r i n k i n g  

water s u p p l i e s  t o  popula t ion  dose,  a survey w a s  made of t h e  sources  of dr ink-  

i n g  waterand  of t h e  t rea tment  given t h e  water, throughout  t h e  s t u d y  area. For 

l a r g e r  m e t r o p o l i t a n  areas, d e t a i l e d  informat ion  on water  s u p p l i e s  w a s  

a v a i l a b l e .  (29y30) For smaller communities, da ta  from a U. S.  P u b l i c  

Heal th  Service survey of water supply f a c i l i t i e s  i n  t h e  s tudy  a r e a  

used. 

were (31)  

For use  i n  t h e  LPM, d r i n k i n g  water  sources  were c l a s s i f i e d  as:  

. River  water 

Ground water 

Both r iver  and ground water  . 
. Surface  water ( l a k e s )  

S i m i l a r l y ,  d r i n k i n g  water  t rea tment  processes  were c l a s s i f i e d  i n t o  

f o u r  c a t e g o r i e s  : 

. No t rea tment  (except  c h l o r i n a t i o n )  

. F i l t r a t i o n  

. Chemical t rea tment  

. Both f i l t r a t i o n  and chemical t rea tment  

Data d e s c r i p t i v e  of t h e  s o u r c e  of t h e  d r i n k i n g  w a t e  f o r  each c e n t r o i d  

were a l s o  compiled; f o r  purposes  of t h e  LPM, a l l  d r i n k i n g  water  f o r  a given 

c e n t r o i d  w a s  assumed t o  come from a s i n g l e  source  r e p r e s e n t a t i v e  of  t h e  

c e n t r o i d ,  and a s i n g l e  t rea tment  process  was assumed t o  be provided.  
t h e  l a r g e r  m e t r o p o l i t a n  areas, f a c t u a l  d a t a  on water s u p p l i e s  were used, ( 2 9 , 3 0 )  

and were assumed t o  r e p r e s e n t  supply and t rea tment  f o r  t h e  e n t i r e  c e n t r o i d  

c o n t a i n i n g  each c i t y .  

and t rea tment  were s p e c i f i e d ,  r e p r e s e n t i n g  t h e  water supply t o  t h e  e n t i r e  

c e n t r o i d .  

For 

For less populous c e n t r o i d s ,  a s i n g l e  source  l o c a t i o n  
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WORK ANTI RECREATIONAL PATTERNS 

Activities of an individual create exposure patterns that may con- 

tribute to the overall dose he receives. These activities vary in ac- 

cordance with the several variables that make up the living pattern 

characteristics of a population group. 

bank while fishing may bring an individual in contact with material that 

has been transported by the river or stream and deposited on the bank. 
Likewise, an individual 

to different radioactive material. Thus, these recreational habits and 

others must be considered a part of the living pattern of consequence to 

this study. 

boating and water skiing, fishing, waterfowl hunting, and upland game 
bird hunting. 

typical person from each centroid would devote to such recreational 

activity. (The category boating and water skiing includes canoeing, 

sailing, barge fishing and boat fishing; whereas, fishing is used to 
denote bank fishing only.) The seasonal characteristics of each recrea- 

tional activity were considered in establishing the number of hours each 

month in which the average individual engaged in each recreational pur- 

suit. These time patterns were established based on 1970 fish and game 
regulations and on information obtained from References (32) through ( 3 7 ) .  

Standing or sitting on a river 

submerged in water while swimming may be exposed 

The activities assumed to be of importance were swimming, 

An estimate was made for the number of hours per month a 

FOOD PRODUCTION AND CONSUMPTION 

Food consumption patterns of individuals in the study area form an 

important aspect of the living patterns. Consideration was given to some 

73 foods (Table 111-2) included in the dietary habits of inhabitants of 
the area. 

ilated for each centroid. The food balance (deficit or surplus) for each 

centroid was determined by comparing consumption statistics, less home 
production, with production statistics. The shipment of food from sur- 
plus areas t o  deficit areas was allowed. 

Production and consumption data for these foods were assim- 

54 
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TABLE 111-2 

FOOD TYPES CONSIDERED I N  L I V I N G  PATTERNS MODEL 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9. 

10. 

11. 

1 2 .  

13.  

1 4 .  

1 5 .  

1 6 .  

1 7 .  

1 8 .  

1 9 .  

2 0 .  

2 1 .  

' 22 .  

2 3 .  

2 4 .  

2 5 .  

2 6 .  

2 7 .  

2 8 .  

2 9 .  

3 0 .  

S t r a w b e r r i e s  

Other Berries 

Grapes 

Plums 

Pears 

Apples 

Peaches 

Ap r i co t s 

C h e r r i e s  

Cant a loup e 

Other Melons 

Bananas 

P i n e  ap p l e  

Lemons 

Limes  

G r a p e f r u i t  

Avacado 

Oranges 

I r i s h  P o t a t o e s  

S w e e t  P o t a t o e s  

C a r r o t s  

Beets 

Turnips  

Dry Onions 

Green Onions 

Other Root Veg. 

Cabbage 

L e t t u c e  

Other Leafy Veg. 

Pumpkin 

3 1 .  

32. 

3 3 .  

2 4 .  

3 5 .  

3 6 .  

37. 

3 8 .  

39. 

40 .  

4 1 .  

4 2 .  

4 3 .  

4 4 .  

4 5 .  

4 6 .  

4 7 .  

4 8 .  

4 9 .  

5 0 .  

51. 

52. 

5 3 .  

5 4 .  

55 .  

56.  

5 7 .  

5 8 .  

5 9 .  

6 0 .  

Squash 6 1 .  

Tomatoes 6 2 .  

Asparagus 6 3 .  

L i m a  Beans 64 .  

Wax Beans 

Peas 

Celery 

Cucumbers 

Caul i f lower  

Sweet Corn 

Broccol i  

Other  Veg. 7 0 .  

Rhubarb 7 1 .  

Grain Corn 7 2 .  

Oats 

65.  

6 6 .  

6 7 .  

6 8 .  

6 9 .  

7 3 .  

Barley 

R i c e  

Wheat 

Fresh  Milk 

Frozen Milk 

Cream 

Cheese 

Processed Milk Desserts 

B u t t e r  

Eggs 
Beef 

Veal 

Lamb 

L i v e r  

Fresh Pork 

Cured Pork 

Canned Pork 

Pork Lunch 
Meat 

Chicken 

Turkey 

Water Fowl 

Fresh Ocean 
Fish  

Processed 

S h e l l  F i s h  

S p o r t s  F i s h  

Upland Game 
Birds  

Secondary 
Water 

Ocean F i s h  
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Food product ion  estimate d a t a  w e r e  determined by assessment of county 
product ion  f i g u r e s  found i n  t h e  1964 Census of A g r i c u l t u r e  (28) f o r  each 

s t a t e  i n  t h e  s tudy  area. 

r i g a t e d  product ion  from which t h e  pe rcen tage  of t o t a l  p roduc t ion  a t t r i b u t -  

a b l e  t o  i r r i g a t e d  c rops  w a s  c a l c u l a t e d .  

The same documents provided estimates of ir- 

The u n i t s  of measurement f o r  product ion  and consumption d a t a  were n o t  

uniformly ca ta logued .  

pounds p e r  household p e r  week, except  f o r  eggs which are g iven  i n  dozens 

pe r  week. 

For example, beef p roduc t ion  d a t a  were g iven  as number of ca t t l e  s o l d  f o r  

s l a u g h t e r  wh i l e  consumption w a s  i n  pounds. The re fo re ,  a 1000 pound steer 

was assumed t o  i n c u r  43% l o s s  i n  p rocess ing  r e s u l t i n g  i n  570 pounds avail- 

a b l e  f o r  consumption. Other d i f f e r e n c e s  were a l s o  found, e . g . ,  t h e  1964 

Census of A g r i c u l t u r e  d i d  n o t  u t i l i z e  t h e  same u n i t s  of measurement from 

s t a t e  t o  state. 

bu t  i n  bushe l s  i n  t h e  remaining f i v e  states. To f u r t h e r  compound t h e  

problem, produce ( i . e . ,  c a r r o t s ,  peas ,  l e t t u c e ,  e t c . )  w e r e  a lmost  un iver -  

s a l l y  r e p o r t e d  i n  a c r e s  of p roduc t ion .  A g r i c u l t u r a l  s t a t i s t i c s  f o r  1967, 

were as publ i shed  by t h e  United S t a t e s  Department of A g r i c u l t u r e ,  

u t i l i z e d  t o  o b t a i n  t h e s e  b a s i c  product ion  f i g u r e s  t o  conve r t  t o  pounds. 

These d a t a  were conver ted  t o  t h e  common b a s e  of 

Numerous assumptions were r e q u i r e d  t o  make t h i s  convers ion .  

For example, a p p l e s  were l i s t e d  i n  pounds i n  t h r e e  s t a t e s ,  

(38) 

The 73 food types  were combined i n t o  35 c a t e g o r i e s .  T h i s  c a t e g o r i z a -  

t i o n  provided a more e f f i c i e n t  model f o r  hand l ing  of d a t a ,  no t  on ly  i n  t h i s  

model bu t  i n  t h e  subsequent e v a l u a t i o n s  of exposure  pathways and dose  

(Table 111-3). 

r e s e n t i n g  processed  food types .  C a t e g o r i z a t i o n  i n  t h i s  manner w a s  made 

t o  r e p r e s e n t  d i f f e r e n c e s  i n  exposure  and subsequent t r ea tmen t  of t h e  foods ,  

Most fresh-food c a t e g o r i e s  have c o r o l l a r y  c a t e g o r i e s  rep- 

and t h e i r  e f f e c t s  on dose.  

Food T r a n s p o r t a t i o n  and D i s t r i b u t i o n  

There i s  an obvious c o r r e l a t i o n  t rox imi ty  of 

a food p roduc t ion  area t o  an  environmental  p o l l u t i o n  source  and t h e  deg ree  

b e  made between t h  
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of p o l l u t a n t  l oad ing  t h a t  may be  found i n  t h e  marke tab le  c rop .  
i t  i s  n o t  a s u f f i c i e n t  p remise  t h a t  t h e  r e s u l t a n t  e f f e c t s  of t h i s  v a r i a t i o n  

would b e  a p p l i e d  on ly  t o  t h e  immediate proximi ty  of t h e  food p roduc t ion  

area. Food s t u f f s  are  t r a n s p o r t e d ,  sometimes over  g r e a t  d i s t a n c e s ,  t o  

v a r i o u s  p rocess ing  and marke t ing  r e g i o n s  f o r  consumption. 

t h i s  f a c t o r  i n  t h e  H E M S  code, a t r a n s p o r t a t i o n  model w a s  employed t o  

s i m u l a t e  t h e  shipment of food between c e n t r o i d s .  

a t r a n s p o r t a t i o n  network f o r  food sh ipments ,  s i m u l a t i n g  e x p o r t s  of food 

from s u r p l u s  areas and impor ts  t o  areas of d e f i c i t .  

t o  minimize food t r a n s p o r t a t i o n  charges  by s e a r c h i n g  f o r  t h e  n e a r e s t  

s u r p l u s  area t h a t  might be  used t o  s a t i s f y  a d e f i c i t .  These p a t t e r n s  of 

shipment are r e p r e s e n t a t i v e  of t h o s e  f o r  many foods which are p e r i s h a b l e  

o r  f o r  which t r a n s p o r t a t i o n  charges  are an  impor tan t  f a c t o r  i n  t o t a l  food 

Cost.  They were assumed t o  hold  t r u e  a l s o  f o r  o t h e r  foods ,  such  as wheat 

and c e r t a i n  processed  foods ,  whose d i s t r i b u t i o n  t ends  t o  be  more wide- 

spread .  

However, 

To accommodate 

Th i s  model s y n t h e s i z e s  

I n  s o  doing ,  i t  a c t s  

Food consumption h a b i t s  of modern man, be he urban o r  r u r a l ,  are 

cosmopolitan.  A qu ick  survey  of Table  111-3 w i l l  show t h a t  t h e r e  are 

s e v e r a l  food p roduc t s  t h a t  cannot b e  s a t i s f i e d  from w i t h i n  t h e  UMRB area. 

It i s  a l s o  a w e l l ,  known f a c t  t h a t  t h e  s tudy  area i s  a primary producer 

and e x p o r t e r  of food t o  f a r  d i s t a n t  p o i n t s .  To accommodate t h e s e  f a c t o r s ,  

( trans-shipment between c e n t r o i d s ,  import  from o u t s i d e  t h e  r eg ion ,  and ex- 

p o r t  ou t  of t h e  r e g i o n ) ,  t h e  fo l lowing  procedures  were adhered to :  

. A l l  impor ts  t o  s a t i s f y  d e f i c i t s  would be f i r s t  f i l l e d  by 

excess  p roduc t ion  from t h e  n e a r e s t  c e n t r o i d .  

. Export o u t  of t h e  r eg ion  would be allowed a f t e r  a l l  i n t e r n a l  

d e f i c i t s  were s a t i s f i e d .  

. Imports from o u t s i d e  t h e  r e g i o n  were assumed t o  b e  f r e e  of 

r a d i o n u c l i d e  contaminat ion .  

The t r a n s p o r t a t i o n  of food from s u r p l u s  to d e f i c i t  areas is s imula t ed  

by means of two computer codes ,  FIGURE and TRANS. Data flow c h a r t s  f o r  

58 



t h e s e  codes are shown i n  F igures  111-16 and 111-17; program l i s t i n g s  are 

g iven  i n  Appendix B .  

DATA REDUCTION 

A l l  d a t a  genera ted  f o r  t h e  Liv ing  P a t t e r n s  Model were compiled,  cor- 

related,  reduced t o  a computer-compatible format ,  and p laced  on magnet ic  

t a p e  for u s e  i n  subsequent  subelements of t h e  HERMES code. 

t h e  LPM t a p e  i s  d e s c r i b e d  i n  Appendix D. 

Format for 
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COMPUTE 
AREA FOOD 

P RO DU CT I ON 

COMPUTE AREA 
FOOD DEFICIT 
OR SURPLUS 

1 

COMPUTE 
AREA FOOD 

REQUI REMENTS 

FOOD vpv FOR TRANS 

Figure  111-16: Data Flow f o r  FIGURE 
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fOOD SOIIRCE 
PEP??' SOUQCE 

F i g u r e  111-17: Data Flow f o r  TRANS 
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E.  ATMOSPHERIC TRANSPORT MODEL 

The ARTRAN code i s  designed t o  c a l c u l a t e  t h e  atmospheric  t r a n s p o r t ,  

d i f f u s i o n ,  and d e p o s i t i o n  of r a d i o a c t i v e  e f f l u e n t  downwind of t h e  v a r i o u s  

n u c l e a r  f a c i l i t y  s o u r c e s  t o  t h e  r e c e p t o r  l o c a t i o n s  - - t h e  "cent ro ids"  

i n  t h e  s tudy  area. 

t h e  b i v a r i a t e  normal model 

The d i f f u s i o n  e q u a t i o n  employed is a m o d i f i c a t i o n  of 

- - Q exp - 
+ g2} . X - 2 n a a  u 2 a 2  

Y Z  

A s  an i n i t i a l  s i m p l i f i c a t i o n  Equat ion (10) is  i n t e g r a t e d  w i t h  r e s p e c t  t o  

y from -a t o  m which y i e l d s  

- 0.5 3 e x p s I s ) .  

u u  2 X C W I  = (:) z 
(11) 

I f  t h e  t i m e  per iod  of averaging  f o r  x is very  l a r g e  i n  comparison w i t h  

t h e  per iod  over  which t h e  mean wind is  computed, as i t  i s  i n  t h i s  case, 

Equation (11) may b e  f u r t h e r  modif ied through m d t i p l i c a t i o n  by t h e  f r e -  

quency of  wind d i r e c t i o n  i n  a g iven  s e c t o r  and d i v i s i o n  by t h e  wid th  o f  

t h e  s e c t o r ,  t o  y i e l d :  

Equation ( 1 2 )  i s  t h e  b a s i c  e q u a t i o n  used i n  t h i s  code. 

I n  t h e  e q u a t i o n s  c i t e d  above t h e  fo l lowing  nomenclature holds :  
- 
i( is t h e  average a i r  c o n c e n t r a t i o n  u s u a l l y  expressed as p i c o c u r i e s  

3 per  cubic  meter (pCi/m ).  When t h e  s u b s c r i p t  ' C W I '  is used t h e  

average a i r  c o n c e n t r a t i o n  va lues  are r e p r e s e n t a t i v e  of t h e  e n t i r e  

c i r c u l a r  area around a p o i n t  source .  The s u b s c r i p t  'LTA' denotes  

t h e  average a i r  c o n c e n t r a t i o n s  i n  a p a r t i c u l a r  s e c t o r  of the-compass. 
I f  t h e  compass r o s e  i s  d i v i d e d  i n t o  n s e c t o r s ,  each s e c t o r  is  char-  
a c t e r i z e d  by t h e  s e c t o r  a n g l e  8 and a frequency v a l u e  "f". For t h e  

1 0 8 2 9 8 b  62 
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UMRB case, t h e  s e c t o r  a n g l e  i s  22.5", i . e . ,  a 16-point compass r o s e .  

Q is  t h e  ra te  of d i s c h a r g e  of e f f l u e n t  i n t o  t h e  atmosphere,  pico- 

c u r i e s  per  second (pCi /sec) .  

CI and a are t h e  s t a t i s t i c a l  d i f f u s i o n  parameters  r e p r e s e n t i n g  t h e  Y Z 
s t a n d a r d  d e v i a t i o n  of d i s t r i b u t i o n  of p o l l u t a n t  material i n  t h e  

a i r b o r n e  e f f l u e n t  plume. These are u s u a l l y  accepted  t o  b e  a 

Gaussian d i s t r i b u t i o n  f o r  r e l a t i v e l y  s h o r t  t rave l  d i s t a n c e s ,  

and approaching a uniform d i s t r i b u t i o n  f o r  long t r a v e l  d i s t a n c e s .  

I n  p a r t i c u l a r ,  0 f o r  d i s t a n c e s  g r e a t e r  than  t h a t  where o Z  = 0.8L 

i s  cons idered  t o  b e  a uniform d i s t r i b u t i o n .  For c a l c u l a t i o n s  of 

x f o r  t h e s e  d is tances ,Dickson  

va lues  would b e  of t h e  form: 

z 

Z 
e t .  a l .  ( 3 9 )  have shown t h a t  CI 

4 

(s-xL) 

xL 
CJ = 0.465 L + (0.335L) f o r  % - < S - < 2XL 
2 

and 

0 = 0.8L f o r  S > 2% 
z 

where 

S i s  t h e  downwind d i s t a n c e  (meters)  

L i s  a s e a s o n a l  mixing depth (meters)  

% i s  t h e  downwind d i s t a n c e  beyond which v e r t i c a l  mixing 

would be  i n h i b i t e d .  T h i s  i s  a l s o  t h e  downwind p o i n t  

where t h e  v e r t i c a l  d i s t r i b u t i o n  of t h e  p o l l u t a n t  

loading  may b e  cons idered  t o  commence changing from 

Gaussian t o  uniform. 

2 5  i s  t h e  downwind d i s t a n c e  where t h e  v e r t i c a l  d i s t r i b u -  

t i o n  of p o l l u t a n t  load  c o n c e n t r a t i o n  may be  assumed t o  be  

uniform. 
- 
L( i s  t h e  mean wind speed v a r i a b l e .  I n  t h i s  code, because s u r f a c e  

based d a t a  are used,  t h i s  i s  t h e  c l i m a t o l o g i c a l  mean wind 

speed f o r  t h e  month and compass r o s e  s e c t o r .  

1 0 8 2 9 8 7  
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y is  t h e  crosswind d i s t a n c e  over which t h e  CJ v a l u e  is  taken  f o r  a 
Y 

s p e c i f i e d  downwind d i s t a n c e  x. 
s i d e r i n g  a b a s i c  22.5" s e c t o r ,  y would b e  t h e  arc  d i s t a n c e  a t  

some r a d i a l  d i s t a n c e  X. 

i s  t h e  s q u a r e  of t h e  s t a c k  h e i g h t ,  o r  emission p o i n t  above t h e  

s u r f a c e .  

d i r e c t  c r e d i t  was taken  f o r  i n i t i a l  plume rise. 

For t h i s  s t u d y ,  s ince  w e  are con- 

2 h 

Stack  h e i g h t  f o r  t h e  UMRP s tudy  w a s  s e t  a t  100 meters; no 

SCOPE OF MODEL 

C a l c u l a t i o n s  i n  t h i s  code are  made f o r  t h e  r a d i o a c t i v e  n u c l i d e  con- 

tamina t ion  c o n t r i b u t i o n ,  from t h e  s e v e r a l  n u c l e a r  f a c i l i t y  s o u r c e s ,  

a t  a series of geographica l  a r e a s  r e p r e s e n t e d  by c e n t r o i d s .  

d e f i n e d ,  a c e n t r o i d  i s  a g e o g r a p h i c a l  p o i n t  downwind of t h e  s o u r c e ,  which 

approximates a c e n t e r  of p o p u l a t i o n  d e n s i t y .  S ince  i t  i s  impor tan t ,  when 

d e a l i n g  w i t h  r a d i o a c t i v e  e f f l u e n t  d i f f u s i o n ,  t o  have a knowledge of b o t h  

a i r  c o n c e n t r a t i o n s  and s u r f a c e  d e p o s i t i o n ,  i t  is  necessary  t o  c a l c u l a t e  

t h e  d e p l e t i o n s  of t h e  plume upwind of t h e  r e c e p t o r .  These d e p l e t i o n  

f a c t o r s  -- r a d i o a c t i v e  decay,  d r y  f a l l o u t  and w e t  removal -- are d e r i v e d  

by assuming t h a t  each may be  r e p r e s e n t e d  by a n  e x p o n e n t i a l  of t h e  form 

A s  p r e v i o u s l y  

-bt  
Q, = Qo e . I n  t h e s e  e q u a t i o n s ,  Q, is  t h e  e f f e c t i v e  a i r  c o n c e n t r a t i o n  

0' 
a t  a downwind p o i n t  r e s u l t i n g  from d e p l e t i o n  of t h e  i n i t i a l  s o u r c e  Q 

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

d e p l e t i o n  p r o c e s s  be ing  considered.  For r a d i o a c t i v e  decay,  b is  e q u a l  

t o  - In * where TR i s  t h e  n u c l i d e  h a l f - l i f e .  The dry  d e p o s i t i o n  term i s  
TR 

Vd/X, where vd is  t h e  d e p o s i t i o n  v e l o c i t y  and X i s  t h e  downwind d i s t a n c e .  

The e n t i r e  f u n c t i o n  bT f o r  d r y  d e p o s i t i o n  may t h e n  be  r e p r e s e n t e d  by 

Vdt/X 

i t a t i o n  p r o c e s s e s  i s  accounted f o r  by a s s i g n i n g  t o  t h e  c o e f f i c i e n t  (-bT) 

Here A i s  t h e  w e t  d e p o s i t i o n  

Vd/i .  Deple t ion  of  t h e  plume upwind of t h e  c e n t r o i d  by prec ip-  

' a p p r o p r i a t e  v a l u e s  d e s c r i b e d  by Aw and t .  
W 

c o e f f i c i e n t  v a r i a b l e  t h a t  d e s c r i b e s  t h e  below cloud washout c h a r a c t e r i s t i c s  

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

1 0 8 2 9 8 8  
64 



-XRt 
QR = Qo e 

-Xdt Q,=Q e 
R 

-A t 
Q w = Q  e w 

R 

When the appropriate calculations have been made by application of 
Equations (15), (16) and ( 1 7 ) ,  the resultant is the "effective source" at 

the downwind distance of the centroid. Equation (12) may then be solved to 
provide an initial air concentration value for this geographical location 

without concern for depletion processes. This value, as a function of nu- 
clide, is then depleted by both wet and dry deposition, at the centroid 

location, over the time available for these processes to be operative. 

The remainder is the effective air concentration. 

The calculations referenced above are repeated for each month, source, 
centroid, and nuclide (Figure 111-18). An obvious point regarding good 

computer programing practice should be made here. Before any calculational 
process is initiated, a check should be made to ascertain the validity of 

proceeding further. A s  one example, if a nuclide source term were zero, 
it would be unnecessary to proceed further in the calculational routine. 

In the code, checks of this nature are made for: source equal to zero, 

source to centroid travei time excessive and unrealistic, or source to 

centroid distance unrealistically large. These checks are made at the 

earliest possible time to eliminate unnecessary computational steps and 
thus reduce running time. 

The data resulting from the computations referenced above are accumu- 

lated forthe contributions to each centroid and nuclide series for each 

month from each source. Thus, during any one month of the iteration process, 

each plant site and each nuclide source term is checked for its contribution 
at the centroid, then the values are calculated and accumulated. Because 

of the large number of data points involved, the data arrays are stored on- 

to and retreived from drum as required. To accomplish this, one of the 
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SET INITIAL CONDITIONS I I 

FOR RUN i 

'i 
.I 

I 

!! 
DO LOOP FOR CENTROI D I 

DO LOOP FOP NUCLIDES 

OUTPUT i 1 
I 

Figure 111-18: Data Flow f o r  ARTRAN 

1 0 8 2 9 9 ' 5  66 



f i r s t  a c t i o n s  taken  i n  t h e  program i s  t h e  c o n s t r u c t i o n  of a 'drum map'. 

The p e r t i n e n t  a d d r e s s e s  and s t o r a g e  l o c a t i o n  s i tes  are  r e t a i n e d  i n  c o r e  

f o r  u s e  as r e q u i r e d .  

DIFFUSION CHARACTERISTICS 

The s e v e r a l  v a r i a b l e s  used i n  t h e  b a s i c  e q u a t i o n s  of  t h i s  code may b e  

ass igned  v a l u e s  by use  of concepts  developed by t h e  r e s e a r c h  e f f o r t s  of 

t h e  p a s t  few y e a r s .  

ment, p a r t i c u l a r l y  f o r  downwind t rave l  d i s t a n c e s  i n  excess  of 100 km. 

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

l i a b l e  concepts ,  a l l  i n  g e n e r a l  agreement,  t h a t  may b e  used t o  d e r i v e  

s u i t a b l e  va lues  f o r  u f o r  downwind d i s t a n c e s  of a few thousand meters. 

However, f o r  downwind t ravel  of  d i s t a n c e s  of t e n s  of k i l o m e t e r s  t h e r e  are 

very  few sources  of  d a t a .  For t h i s  s t u d y  t h i s  apparent  dilemma h a s  been 

considered and f o r  downwind d i s t a n c e s  of  less than  t h o s e  where G~ = 0.465L, 

t h e  ' P a s q u i l l '  curves  ( 4 0 )  are  u t i l i z e d  as a b a s i c  s o u r c e  f o r  determinat ion.Be-  
cause  t h e  b a s i c  meteoro logica l  d a t a  are  d e r i v e d  from s u r f a c e  c l i m a t o l o g i c a l  

r e c o r d s ,  as d i s c u s s e d  below, i t  h a s  n o t  been p o s s i b l e  (nor  i n  r e a l i t y  very 

p r a c t i c a l )  t o  develop a complete s t a b i l i t y  c r i t e r i a  breakdown f o r  d e t e r -  

minat ion of u . I n s t e a d ,  i t  has  been assumed t h a t ,  on t h e  average ,  t h e  

daytime s t a b i l i t y  c l a s s i f i c a t i o n  could b e  approximated by Type C and t h e  

n i g h t t i m e  c l a s s i f i c a t i o n  as Type D (code c a p a b i l i t y  is  b u i l t  i n  t o  a c c e p t  

t h e  s i x  s t a b i l i t y  classes d e f i n e d  i n  Reference ( 4 0 ) ,  as w e l l  a s  t h e  more 

r e c e n t l y  adopted Type G c l a s s i f i c a t i o n ) .  F u r t h e r ,  i t  i s  assumed t h a t ,  on 

t h e  average ,  v e r t i c a l  d i f f u s i o n  i s  l i m i t e d  by a s t a b l e  l a y e r .  

Unfor tuna te ly ,  t h e s e  concepts  are n o t  always i n  agree-  

A 

There are  several re- 

Z 

z 

A d i s c u s s i o n  of t h e  e q u a t i o n s  and concepts  t h a t  accommodate t h i s  as- 

sumption has  been provided ear l ie r  i n  t h i s  c h a p t e r .  The v a r i a b l e s  used i n  

t h e  c a l c u l a t i o n  are: WINDAY, WINNIT,  SUMDAY, SUMNIT, WDALVL, WNTLVL, 

SDALVL, and SNTLVL. The s y n t a x  scheme used t o  develop t h e s e  v a r i a b l e  names 

is:  W I N  o r  W denotes  w i n t e r ,  SUM o r  S denotes  summer, DAY o r  DA denotes  

daytime, NIT o r  NT denotes  n i g h t t i m e  and LVL denotes  mixing l a y e r  depth .  

Thus, WINDAY is  t h e  v a r i a b l e  f o r  c o n t r o l  of t h e  downwind d i s t a n c e  f o r  win- 
ter day t i m e  c o n d i t i o n s .  These v a r i a b l e s  are p r e s e t  as fol lows:  
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. WINDAY = 5000 (m) 

. WINNIT = 8000 (m) 

. S W A Y  = 20000 (m) 

. SUMNIT = 40000 (m) 

. WDALVL = 800 (m) 

. WNTLVL = 300 (m) 

. SDALVL = 1000 (m) 

. SNTLVL = 500 (m) 

Changes may be made, at the user's discretion, by use of the NAMELIST 

option in OPERAT (see Appendix D). 

SURFACE DEPOSITION 

Determination of appropriate deposition velocities for surface 

accumulations of pollutant material is in accord with the Hanford ex- 

perimental work. (41) This concept describes deposition coefficients 

(vd/G) as functions of atmospheric stability and particle character- 
istics. 

are not well documented for a large variety of radionuclides. 

chapter conceptual relationships for gaseous effluent depletions pro- 

vide a basis for the assumptions of below-cloud washout in the code. 

Washout of particulate matter is calculated by assuming that all of the 

particulate matter are in the 1-micron size range and that the primary 
depletion mechanism is below-cloud washout. 

the washout coefficient may be closely approximated by 

Analogous concepts for precipitation process plume depletions 

In this 

Slinn ( 4 2 )  has shown that 

where 

A(a) is the washout coefficient as a function of particle 

radius a. 

1 0 8 2 4 9 2  
68 



J = p r e c i p i t a t i o n  ra te  

R = mean ra ind rop  s i z e  

0 

m 

a2 p 

R P a  

K = Stokes  number 2 / 9  -’ R e  2 

k = 2 (an e m p i r i c a l  c o n s t a n t )  

P e  = P e c l e t  number (ReSc) 

R e  = Reynolds number ( V R / v )  where V i s  t e rmina l  v e l o c i t y  

o f  drop wi th  r a d i u s  R and v i s  t h e  k inemat ic  v i s c o s i t y  

Sc = Schmidt number (v /D)  where D i s  t h e  mass d e n s i t y  of t h e  

a e r o s o l  

The b a s i c  inpu t  requi rements  f o r  most of t h e  assumptions d i scussed  

above are an  estimate of me teo ro log ica l  v a r i a b l e s  f o r  t h e  s o u r c e  area. 

I n  t h e  p r e s e n t  code, t h e s e  have been r ep resen ted  from t h e  b a s i c  c l ima to l -  

ogy by a s s i g n i n g  t h e  r eco rds  from t h e  n e a r e s t  r e p o r t i n g  s t a t i o n  t o  a 

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

CODE STRUCTURE ALD OPERATION 

The main program of t h i s  code is  t h e  r o u t i n e  c a l l e d  ARTRAN (see Appen- 

d i x  B ) .  The f i r s t  a c t i o n  of t h i s  r o u t i n e  is  tc make t h e  i n i t i a l  c a l l  t o  

t h e  s u b r o u t i n e  TEST (F igure  111-18). T h i s  subrout ine ,  d i scussed  l a t e r ,  

r e a d s  i n  o p e r a t i n g  d a t a ,  i n i t i a l i z e s  c e r t a i n  d a t a  a r r a y s  and s u b r o u t i n e s ,  

and c a l c u l a t e s  and s t o r e s  drum addres ses .  

Immediately a f t e r  t h e s e  f i r s t  a c t i o n s ,  t h e  major i t e r a t i v e  c a l c u l a t i o n  

loops  are s t a r t e d .  

c e n t r o i d ,  and nuc l ide .  These nes t ed  loops  perform t h e  fo l lowing  f u n c t i o n s :  

The sequence of i t e r a t i v e  o p e r a t i o n  i s  month, s o u r c e ,  

. Acquire  d a t a  by c a l l  t o  s u b r o u t i n e s  as r e q u i r e d .  

. I te ra te  through d a t a  a r r a y s  t o  a c q u i r e  a p p r o p r i a t e  d a t a  f o r  

t h e  p a r t i c u l a r  c a l c u l a t i o n  be ing  performed. 
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. C a l c u l a t e  a p p r o p r i a t e  v a l u e s .  Where c a l c u l a t i o n s  would b e  

meaningless ,  i .e . ,  z e r o  s o u r c e  s t r e n g t h ,  i n c r e d i b l e  travel 

d i s t a n c e s ,  e tc . ,  t h e  i t e r a t ive  p r o c e s s  is  te rmina ted  a t  

t h e  earliest  p o s s i b l e  t i m e .  

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

. Read d a t a  t o  and from drum. 

When t h e  i t e r a t i v e  p r o c e s s  is complete,  t h e  program t h e n  act ivates  

s u b r o u t i n e s  designed t o  a c q u i r e  d a t a  from drum, s o r t  t h e s e  d a t a ,  o u t p u t  

i t  t o  t a p e  f o r  f u r t h e r  u s e ,  and o u t p u t  t o  t h e  p r i n t e r ,  i f  d e s i r e d .  

The f i r s t  s u b r o u t i n e  c a l l e d  d u r i n g  o p e r a t i o n  of t h e  ARTRAN code i s  
\ TEST. 

t h e  computer f o r  process ing .  TEST is w r i t t e n  as a two-part s u b r o u t i n e ;  

i ts mode of u s e  i s  governed by means of a n  ENTRY p o i n t .  The f u l l  sub- 

r o u t i n e  i s  used only once,  i n  t h e  f i r s t  c a l l  from ARTRAN. Subsequent 

ca l l s ,  which u s e  only  p o r t i o n s  of t h e  TEST s u b r o u t i n e ,  are made by means 

of a ca l l  t o  TESTER. 

This  s u b r o u t i n e  is  t h e  primary veh'icle by which d a t a  are read  i n t o  

The TEST r o u t i n e ,  on i n i t i a l  c a l l ,  sets up program c o n t r o l  v a r i a b l e s ,  

i n i t i a l i z e s  c e r t a i n  d a t a  a r r a y s ,  reads  t h e  t h r e e  NAMELIST d a t a  l ists  ( i f  

r e q u i r e d ) ,  i n i t i a l i z e s  a s u b r o u t i n e  c a l l e d  S I G Z ,  r e a d s  t h e  i n p u t  t a p e s  

f o r  the i n i t i a l  d a t a  i n p u t ,  and sets drum f i l e  a d d r e s s e s .  I f  d e s i r e d ,  

t h e s e  d a t a  are p r i n t e d  o u t .  On subsequent  ca l l s  t o  TESTER, d u r i n g  t h e  

i t e r a t i o n  loops  of  t h e  main program, d a t a  are a c q u i r e d  from t h e  d a t a  t a p e s  

as r e q u i r e d .  

Immediately a f t e r  each s o u r c e  p o i n t  loop  is s t a r t e d ,  t h e  s u b r o u t i n e  

METEOR is c a l l e d .  T h i s  r o u t i n e  a c q u i r e s ,  a r r a n g e s ,  and s t o r e s  meteoro- 

l o g i c a l  d a t a  a p p l i c a b l e  t o  t h e  s o u r c e  and month under c o n s i d e r a t i o n  f o r  

subsequent  c a l c u l a t i o n a l  requirements .  These d a t a  are acqui red  from 

i n p u t  t a p e .  
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The next  important  a c t i o n  i s  w i t h i n  t h e  c e n t r o i d  loop .  The drum ad- 

d r e s s e s  of t h e  d a t a  a r r a y s  p e r t i n e n t  t o  t h e  p a r t i c u l a r  loop p r o c e s s  are 

i d e n t i f i e d ,  and t h e  necessary  a c t i o n s  a r e  taken  t o  b r i n g  t h e s e  i n t o  c o r e .  

Following t h i s ,  t h e  c e n t r o i d  l o o p  begins  t o  c o n s i d e r  each l o c a t i o n ,  sequen- 

t i a l l y ,  i n  r e l a t i o n  t o  t h e  p a r t i c u l a r  s o u r c e  p o i n t .  The f i r s t  a c t i o n  i s  

t o  determine t h e  d i s t a n c e  and s e c t o r  a n g l e  f o r  t h e  t r a n s p o r t  d e p o s i t i o n  

and d i f f u s i o n  c a l c u l a t i o n s .  A check i s  i n i t i a t e d  t o  determine i f  t h e  cal- 

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

c o n s i d e r a t i o n .  

5 
The p r e s e t  v a l u e  f o r  t h i s  check i s  3 x 10 meters, b u t  can be changed 

a t  t h e  o p e r a t o r ' s  d i s c r e t i o n  by a n  e n t r y ,  DISMAX = XXXX., i n  t h e  NAMELIST 

OPERAT. I f  t h e  c a l c u l a t e d  d i s t a n c e  exceeds t h e  DISMAX v a l u e ,  a n  immediate 

t r a n s f e r  t o  t h e  next  c e n t r o i d  i s  made. I f  t h e  c a l c u l a t e d  d i s t a n c e  i s  with-  

i n  t h e  o p e r a t o r - s p e c i f i e d  l i m i t s ,  then  t h e  meteoro logica l  d a t a  a r r a y  i s  

read  t o  provide  proper  v a l u e s  f o r  t h e  c a l c u l a t e d  s e c t o r  o f :  mean wind 

speed ,  p e r c e n t  f requency of wind d i r e c t i o n ,  p r e c i p i t a t i o n  r a t e ,  p e r c e n t  

f requency of p r e c i p i t a t i o n  occurrence ,  s t a b i l i t y  v a l u e s ,  and p e r c e n t  

frequency v a l u e s  f o r  t h e  s e l e c t e d  s t a b i l i t y  ca tegory  f o r  c a l c u l a t i o n  of  t h e  

proper  v a l u e  f o r  t h e  s o u r c e  term. 

Based upon t h e  m e t e o r o l o g i c a l  v a l u e s  now a v a i l a b l e ,  t h e  s u b r o u t i n e s  

DELDRY, DELWET and S I G Z ,  i f  a p p r o p r i a t e ,  a re  c a l l e d  t o  provide  a d d i t i o n a l  

d a t a .  I f  t h e  c o n d i t i o n s  are n o t  m e t  f o r  use  of  t h e  P a s q u i l l  c u r v e s ,  t h e n  

a v a l u e  f o r  u 

t h e  dry  d e p o s i t i o n  c o e f f i c i e n t ,  A d ,  and t h e  d e p o s i t i o n  v e l o c i t y  as a 

f u n c t i o n  of n u c l i d e  c h a r a c t e r i s t i c s  and P a s q u i l l  s t a b i l i t y  c l a s s i f i c a t i o n .  

DELWET c a l c u l a t e s  t h e  w e t  d e p o s i t i o n  c o e f f i c i e n t  a s  a f u n c t i o n  of n u c l i d e  

c h a r a c t e r i s t i c s  and p r e c i p i t a t i o n  r a t e .  

i s  c a l c u l a t e d  by t h e  NRTS ( 3 9 )  method. DELDRY c a l c u l a t e s  z 

A t  t h i s  p o i n t  t h e  code s t a r t s  t h e  i t e r a t i o n  loop f o r  n u c l i d e s .  The 

f i r s t  a c t i o n  is t o  i d e n t i f y  t h e  proper  n u c l i d e  i n  t h e  d a t a  a r r a y .  The 

a p p r o p r i a t e  d i s c h a r g e  r a t e  v a l u e  i s  then  e x t r a c t e d  and modified as a 

f u n c t i o n  of t i m e .  The r e s u l t  of t h i s  c a l c u l a t i o n  is checked f o r  a z e r o  
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( o r  very  near  z e r o )  c o n d i t i o n .  I f  t h i s  i s  d e t e c t e d ,  an immediate t r a n s f e r  

is made t o  t h e  next  n u c l i d e .  I f  t h e  s o u r c e  t e r m  f o r  a p a r t i c u l a r  n u c l i d e  

is  worthy of f u r t h e r  c o n s i d e r a t i o n ,  t h e n  t h e  plume d e p l e t i o n  p r o c e s s e s  up- 

wind of t h e  c e n t r o i d  are a p p l i e d .  The f i r s t  is  f o r  r a d i o a c t i v e  decay; t h e  

second,  d r y  d e p o s i t i o n ;  and f i n a l l y ,  w e t  d e p o s i t i o n .  The r e s u l t a n t  i s  a n  

e f f e c t i v e  n u c l i d e  p o l l u t a n t  plume which would c o n t r i b u t e  t o  t h e  ground 

d e p o s i t i o n  and a i r  c o n c e n t r a t i o n  a t  t h e  geographica l  p o i n t  of  t h e  c e n t r o i d .  

By u s i n g  t h i s  v a l u e ,  t h e  e f f e c t i v e  mean a i r  c o n c e n t r a t i o n  is  c a l c u l a t e d ,  and 

t h e  dry and w e t  d e p o s i t i o n  p r o c e s s e s  f o r  t h a t  c e n t r o i d  are a p p l i e d .  The 

r e s u l t  is  a i r  c o n c e n t r a t i o n  and ground accumulat ion a t  a s p e c i f i e d  c e n t r o i d  

f o r  t h e  s o u r c e ,  n u c l i d e ,  and month be ing  cons idered .  The c o n t r i b u t i o n  f r o m  

each p o t e n t i a l  source  i s  summed f o r  each c e n t r o i d  and n u c l i d e  f o r  each 

month. 

A f t e r  t h e  i t e r a t ive  p r o c e s s e s  d e s c r i b e d  above are completed,  t h e  

drum f i l e s  c o n t a i n  a l l  of t h e  necessary  d a t a  f o r  o u t p u t  t o  t a p e  and 

p r i n t e r .  Success ive  ca l l s  t o  t h e  SORT s u b r o u t i n e  t a k e  care of t h i s  

f u n c t i o n ,  and a c a l l  t o  OUTT i n  SORT act ivates  t h e  a c t u a l  wr i te  p r o c e s s .  
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F .  WATER TRANSPORT MODEL 

The water t r a n s p o r t  subelement of  t h e  HERMES code, WTRAN, i s  designed 

to  c a l c u l a t e  c o n c e n t r a t i o n s  i n  s t reams of bo th  d i s s o l v e d  r a d i o n u c l i d e s  and 

r a d i o n u c l i d e s  absorbed on sediments .  I n  a d d i t i o n ,  c o n c e n t r a t i o n s  of d i s -  

so lved  r a d i o n u c l i d e s  are c a l c u l a t e d  f o r  l a k e s  f ed  by l o c a l  r u n o f f ,  f o r  

sha l low groundwater recharged l o c a l l y ,  and a r t e s i a n  groundwater recharged 

from d i s t a n t  s o u r c e s .  

SOLUTION TRANSPORT 

Concent ra t ions  of d i s s o l v e d  r a d i o n u c l i d e s  on a given stream are  c a l -  

c u l a t e d  by t h e  a lgor i thm:  

1 I 
C - -  - I ‘x-Ax. t - A t  X-AX. t - A L  

C 4 
x , t  Q, 

L A 

where 

C = c o n c e n t r a t i o n  i n  reach  x, a t  t i m e  t 
x ,  t 

= st reamflow i n  reach  x, a t  t i m e  t Qx, t 

x = I n  2Iha l f  l i f e  

QiCi = f r a c t i o n  added i n  reach  x ( t r i b u t a r y  f l o w ,  c o o l i n g  

water  from power p l a n t s ,  e t c . )  

I n  cases where a t r i b u t a r y  stream is  l a r g e  enough t o  b e  cons idered  as a 

sub-bas in ,a  c o n c e n t r a t i o n  i s  c a l c u l a t e d  a t  i t s  mouth f o r  each t i m e  p e r i o d  

s imula ted  and s t o r e d  w i t h  i t s  a s s o c i a t e d  f l o w  f o r  i n p u t  t o  t h e  t r u n k  

stream. 

upstream t o  downstream, and are repea ted  f o r  each n u c l i d e  and f o r  each 

month. 

The c a l c u l a t i o n s  above a r e  s tepped  through a stream sy.stem, from 

The propor t ion  of r a d i o n u c l i d e s  e n t e r i n g  a waterway t h a t  are t r a n s -  

p o r t e d  i n  s o l u t i o n  i s  determined by a d i s t r i b u t i o n  c o e f f i c i e n t ,  IC,,, which 

i s  t h e  r a t i o  o f  t h e  f r a c t i o n  of i o n s  sorbed p e r  u n i t  weight of sediment 

7 3  
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to the fraction of ions remaining in solution per unit volume of solution. 

% is a steady state coefficient representing the total activity that can 
be absorbed on sediment under the prevailing chemical conditions. Sorp- 

tivity of certain ions is affected by pH; consequently, major changes in 

pH associated with, say, acid mine drainage, could invalidate this basic 
assumption. 

vary K,, as a function of pH,primarily because basic data are inadequate 

Presently, no provision has been included in the model to 

for the formulation. 

SEDIMENT TRANSPORT 

Sediment transport is de ermined by a set of equatia 

the sediment load characteristics of a given reach: 

K S = KIQ 2 

s that de ribe 

where 

S = sediment concentration or flow rate 

Q = streamflow 

K1,K2 = constants 

This equation is used in the model to describe the relationship 

between monthly average streamflow rates and monthly average sediment 

flow rates; and thus to determine radionuclide-containing sediments will. 
will be deposited or scoured in a given reach in a given month. 

ditional information in the form of a stage-discharge function or table, 

flood stage data, and data on particle size distribution are required to 

calculate overbank deposition associated with floods. 

Ad- 

The sediment transport equation, Equation ( 2 0 ) ,  is dependent on field 

data on sediment transport for calibration of the constants KI and K2. 

The values of these constants depend on the characteristics of the stream 

bed and of the sediments. Since in many regions there is a paucity of 
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d a t a  on sediment c h a r a c t e r i s t i c s ,  t h e  development of a method less depend- 

e n t  on o b s e r v a t i o n s  may b e  d e s i r a b l e  i n  t h e  f u t u r e .  

GROUNDWATER AND SURFACE WATER CONCENTRATIONS 

Concent ra t ions  of r a d i o n u c l i d e s  i n  groundwater and l o c a l  s u r f a c e  water 

are c a l c u l a t e d  by a d i f f e r e n t  method than  are r iver  water c o n c e n t r a t i o n s .  

For groundwater and s u r f a c e  w a t e r ,  i n p u t  d a t a  are  r e q u i r e d  on t h e  average 

monthly runoff  r a t e s  and r a d i o n u c l i d e  d e p o s i t i o n  ra tes  f o r  each c e n t r o i d  

be ing  s t u d i e d .  I n  a d d i t i o n ,  f o r  groundwater c a l c u l a t i o n s ,  t h e  c e n t r o i d  

where t h e  water is u s e d  must b e  c o r r e l a t e d  w i t h  c e n t r o i d s  supply ing  t h e  

groundwater,  and t r a v e l  times m u s t  b e  d e f i n e d .  

CODE STRUCTURE AAD O P E U T I O N  

The water t r a n s p o r t  model c o n s i s t s  of two pr imary s u b u n i t s :  M A I N ,  

which reads t h e  i n p u t  d a t a ;  WTRAN, which c a l c u l a t e s  t h e  c o n c e n t r a t i o n s  and 

g i v e s  t h e  o u t p u t  used i n  DOSE, through a c t i o n s  i n  s u b r o u t i n e s  Zal led  as 

r e q u i r e d .  M A I N ,  however, c a l c u l a t e s  l o c a l  s u r f a c e  water  and groundwater 

c o n c e n t r a t i o n s .  

The code l i s t i n g  is given i n  Appendix B y  and i n p u t  c a r d  deck r e p r e s e n t a -  

t i o n s  a r e  shown i n  Appendix D .  

A d a t a  f lowchar t  of t h e  model i s  given i n  F i g u r e  111-19. 

The primary f u n c t i o n  of M A I N  is t o  read  and process  c o n t r o l  c a r d s  

and set  up i n t e r f a c e s  w i t h  t h e  RADREL, ARTRAN and DOSE subelements of t h e  

HERMES code. 

The RMAP s u b r o u t i n e  r e a d s  t h e  River Map d a t a  c a r d s ,  which provide  d i -  

r e c t i v e  informat ion  t o  t h e  code a s  t o  t h e  o r d e r  i n  which t h e  t r i b u t a r y  

streams j o i n  t h e  main s t e m .  River  Map c a r d s  s p e c i f y  t h e  a p p r o p r i a t e  

r i v e r  by use of t h e  name i n  common usage.  An except ion  t o  t h i s  occurs  

when two r i v e r s  o r  s e c t i o n s  of r i v e r s  have t h e  same name and must be  l i s t e d  

i n  modified form, e . g . ,  P l a t t e  (West) and P l a t t e  ( E a s t ) .  The r i v e r  code 

is  a t w o - l e t t e r  d e s i g n a t i o n  f o r  each stream i n  t h e  system. The f i r s t  

l e t te r ,  which can vary  from A ( 1 )  through N( l4)  corresponds t o  t h e  t runk  

i O 8 2 c 1 4 9  
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stream of each of t h e  14 major r i v e r  b a s i n s  as d e f i n e d  by t h e  U.S. Geo- 

l o g i c a l  Survey. 

t o  t h e  o r d e r ,  upstream t o  downstream, i n  which a t r i b u t a r y  e n t e r s  t h e  

main stream. For example, i n  t h e  UMRB case, EC corresponds t o  t h e  t h i r d  

t r i b u t a r y  (C)  t o  j o i n  t h e  M i s s i s s i p p i  River ( E ) ,  which i s  U. S .  Geological  

Survey Basin No. 5 .  

upstream of a r e f e r e n c e  m i l e  0 ,  g e n e r a l l y  t h e  mouth of t h e  stream. 

UMRB, m i l e  0 i s  a t  t h e  conf luence  of t h e  Ohio and M i s s i s s i p p i  R i v e r s .  

The second l e t t e r  is a r b i t r a r y  b u t  normally corresponds 

Each stream i s  d e s c r i b e d  i n  terms of r iver  miles 

For 

Subrout ine  FLREAD reads  d a t a  c a r d s  t h a t  d e p i c t  monthly f low d a t a .  

These d a t a  are n o t  r e s t r i c t e d  t o  average  c o n d i t i o n s ;  median o r  low f l . 0 ~ 7 ~  

may a l s o  b e  of i n t e r e s t .  The s t reamflow r e c o r d s ,  t h e  b a s i s  f o r  i n p u t  

in format ion ,  a r e  g e n e r a l l y  obta ined  from U.S. Geologica l  Survey d a t a .  

Frequent ly ,  t h e  U .  S .  Army Corps of Engineers  h a s  a d d i t i o n a l  f l o w  i n f o r -  

mation i n  unpublished form; s t a t i s t i c a l  f low-durat ion curves  o r  t a b l e s  

are o f t e n  a v a i l a b l e .  

The flow c a r d s  i n c l u d e  6 colunns f o r  a d a t e  or o t h e r  in format ion ,  

followed by t h e  t w o - l e t t e r  r i v e r  code as d e s c r i b e d  under Subrout ine  RMAP. 

River m i l e ' i d e n t i f i e s  t h e  l o c a t i o n  of f low c o n t r o l  on a g iven  stream. An 

o p t i o n  i s  a v a i l a b l e  whereby f lows can b e  i n c r e a s e d  a t  t h e  c o n t r o l  p o i n t  

( e . g . ,  a t  t h e  conf luence  of two s t reams)  o r  changed t o  a new v a l u e  a t  a 

main s t e m  c o n t r o l  p o i n t  ( e . g . ,  a dam). Flows a r e  t a b u l a t e d  i n  u n i t s  of 

10 cubic  f e e t  per  second. 3 

The RBDPTS module reads river s e c t i o n  d a t a  c a r d s ,  and s o r t s  and 

writes t h e s e  d a t a  on drum f o r  use  i n  s u b r o u t i n e  RBED. For computat ional  

purposes ,  t h e  r i v e r s  are subdivided i n t o  reaches  ( o r  r e s e r v o i r s ) .  D e -  

t a i l e d  dimensions of a r i v e r  are modified f o r  computer u s e  by t ransforming  

them i n t o  e q u i v a l e n t  t r a p e z o i d a l  s e c t i o n s  where t h e  s u r f a c e  and cross -  

s e c t i o n a l  areas are conserved and t h e  depth  i s  taken  a s  t h e  average  depth .  

A given c a r d  d e p i c t s  t h e  l e n g t h  o f  a r i v e r  reach:  

bottom width ,  depth and downstream top  wid th ,  bottom width  and depth.  

The d e n s i t y  c u r r e n t  i n d i c a t o r  i s  n o t  used i n  t h i s  model; i t  remains on 

upstream t o p  wid th ,  
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t h e  d a t a  c a r d s  t o  make t h e  d a t a  compatible  w i t h  o t h e r  computer codes.  

Card columns 74-78 c o n t a i n  d a t a  t h a t  r e f e r  t o  t h e  river m i l e  a t  t h e  up- 

stream end of a g iven  reach .  

The POPCNT s u b r o u t i n e  r e a d s  t h e  t a p e  c r e a t e d  by t h e  LPM t o  de te rmine  

t h e  r iver  m i l e  l o c a t i o n  of a g iven  p o p u l a t i o n  c e n t e r  and t h e  s o u r c e  of 

d r i n k i n g  water. These d a t a  are s o r t e d  and s t o r e d  i n  c o r e .  

The ISODEF r o u t i n e  r e a d s  and p r o c e s s e s  i s o t o p e  d a t a  f o r  t h e  water  

t r a n s p o r t  model. 

The i n p u t  t o  t h e  DOSIS s u b r o u t i n e  i s  from t h e  o u t p u t  of  t h e  HERMES 
code subelement RADREL. The number of months, i s o t o p e s ,  and r e a c t o r s  are 

read  from t h e  f i r s t  f i l e ;  r i v e r  m i l e s  and names are read  from t h e  f o u r t h  

f i l e ;  and a l ist  of map numbers is  c r e a t e d  f o r  each r e c o r d  i n  t h e  s i x t h  

f i l e .  These map numbers are  then  regrouped by r iver  and s o r t e d  by de- 

scending r iver  m i l e .  

Subrout ine  RUNPTS r e a d s  i n p u t  d a t a  c a r d s  t h a t  i n d i c a t e  t h e  p o i n t  where 

runoff  from each c e n t r o i d  e n t e r s  a stream. This  i n p u t  accounts  f o r  t h e  

i n d i r e c t  c o n t r i b u t i o n  t o  t h e  r iver  system from atmospheric  d e p o s i t i o n  a t  

a g iven  c e n t r o i d .  

The GNDM element is  t h e  only  s u b r o u t i n e  i n  which c a l c u l a t i o n s  f o r  

n u c l i d e  c o n c e n t r a t i o n s  i n  groundwater and l o c a l  s u r f a c e  water are made f o r  

d i r e c t  i n p u t  t o  t h e  DOSE. I n  a d d i t i o n ,  GNDM r e a d s  t h e  o u t p u t  from ARTRAN 

by c e n t r o i d ,  c a l c u l a t e s  u n i t  runoff  by c e n t r o i d ,  and de termines  (ground) 

water u s e  c e n t r o i d  and groundwater s o u r c e  c e n t r o i d .  I t  a l s o  de te rmines  

t rave l  t i m e  i f  t h e  use  and s o u r c e  c e n t r o i d  a r e  n o t  i d e n t i c a l .  

The r iver sediment e q u a t i o n s  t o  b e  used and a s s o c i a t e d  l o c a t i o n  d a t a  

are read  by RSED and s t o r e d  i n  co re .  
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OVERBED r e a d s  and processes  f l o o d  and sediment d a t a  a s s o c i a t e d  w i t h  

overbank d e p o s i t i o n  i n  t i m e s  of f l o o d  flow. 

f o r  use i n  s u b r o u t i n e  FLDRPT. 

a s tage-d ischarge  (streamflow) f u n c t i o n  and i t s  a s s o c i a t e d  z e r o  f l o o d  

s t a g e  o r  by t h e  u s e r  s p e c i f y i n g  a f lood  s t a g e .  An e m p i r i c a l  e q u a t i o n  

f o r  de te rmining  t h e  d e n s i t y  of sediments  i n  r e s e r v o i r s  normally d r y  is 

inc luded  i n  OVERBED. I n p u t  of t h e  decimal  f r a c t i o n  of  sand,  s i l t ,  and 

c l a y  i n  t h e  suspended sediment i s  r e q u i r e d  f o r  t h e  d e n s i t y  c a l c u l a t i o n .  

I t  a l s o  o u t p u t s  t h e  d a t a  

Overbank d e p o s i t i o n  can b e  i n i t i a t e d  by 

CONTRL determines t h e  n a t u r e  of t h e  p r i n t e d  r e p o r t s .  I t  i s  avai l -  

a b l e  f o r  t h e  u s e r ' s  convenience only  i n  s p e c i f y i n g  p r i n t e d  o u t p u t ,  and 

is  n o t  re la ted t o  o u t p u t  r e q u i r e d  f o r  DOSE. 

WTRAN l o g i c  provides  t h e  c a l c u l a t i o n a l  r o u t i n e s  by which t h e  r i v e r  

w a t e r  t r a n s p o r t  of r a d i o n u c l i d e s  are  performed i n  a l a r g e  DO loop f o r  

each stream i n  LWP. Concent ra t ions  a s s o c i a t e d  w i t h  suspended sediment ,  

sediment d e p o s i t i o n ,  and d i s s o l v e d  i o n s  are c a l c u l a t e d  as o u t p u t  t o  t a p e  

f o r  DOSE and/or  are r e p o r t e d  o u t  i n  p r i n t e d  form. For each s u c c e s s i v e  

r i v e r  reachdownstream where a r e a c t o r  s i t e  i s  l o c a t e d ,  n u c l i d e s  may be  

added t o  t h e  stream. I f  a n  overland runoff  p o i n t  o r  a t r i b u t a r y  i s  en- 

countered ,  n u c l i d e s  a r e  added. I f  t h e  sed imenta t ion  r a t e  i s  changing, 

a change i n  n u c l i d e  load  i n  suspens ion  is  c a l c u l a t e d ;  i f  f l o o d i n g  i s  en- 

countered,  overbank d e p o s i t i o n  of sediments  and absorbed r a d i o n u c l i d e s  

i s  c a l c u l a t e d ;  and i f  a p o i n t  of i n t e r e s t  i s  encountered ,  reques ted  

informat ion  is  passed t o  DOSE t a p e  o r  a r e p o r t  is  p r i n t e d ,  o r  b o t h .  

The modeling of a r i v e r  b a s i n ,  and of i t s  c h a r a c t e r i s t i c s  i n  t h e  

t r a n s p o r t  of r a d i o n u c l i d e s ,  r e q u i r e s  massive q u a n t i t i e s  of hydro logic  

d a t a .  Unfor tuna te ly ,  s u f f i c i e n t  d a t a  t o  f u l l y  c h a r a c t e r i z e  a r i v e r  

b a s i n  are seldom a v a i l a b l e ,  and p o r t i o n s  of t h i s  in format ion  must b e  

es t imated  o r  e x t r a p o l a t e d  from a v a i l a b l e  d a t a .  

i s  t y p i f i e d  by References ( 4 3  - 58) ,  used i n  t h e  UMRB study.  

The scope  of d a t a  needed 
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WTW h a s  been designed t o  handle  t h e s e  massive q u a n t i t i e s  of d a t a ,  

w h i l e  p rovid ing  t o  t h e  u s e r  t h e  a b i l i t y  t o  revise o r  update  any d a t a  set .  

80 
1 0 8 3 0 0 4  



G. -DOSE MODEL 

The dose e v a l u a t i o n  subelement of  t h e  HERMES code uses  t h e  o u t p u t  

of ARTRAN and WTRAN, and t h e  food and demographic s t u d i e s  from t h e  L i v i n g  

P a t t e r n s  Model (LPM) t o  e s t i m a t e  annual  r a d i a t i o n  dose  (mrem/yr), dose  

commitment (mrem/50 y r ) ,  and i n t e g r a t e d  popula t ion  dose (man-rem/yr), and 

i n t e g r a t e d  p o p u l a t i o n  dose commitment (man-rem/50 y r ) .  

c u l a t e d  by c o n s i d e r i n g  t h e  accumulation over  prev ious  y e a r s  of long-l ived 

n u c l i d e s  i n  t h e  envi rons .  Doses are  c a l c u l a t e d  € o r  b o t h . e x t e r n a 1  and in -  

t e r n a l  exposure t o  t h e  whole body and t o  c e r t a i n  s e l e c t e d  organs ( s k i n ,  

lungs ,  G I  t r a c t ,  bone, t h y r o i d ,  l i v e r ) .  

The doses  are c a l -  

The fo l lowing  groups a r e  cons idered:  

. Average c h i l d  (age 4) 

. Maximum c h i l d  

. Average teenager  (age 14)  

. Maximum teenager  

. Average a d u l t  (age - > 18) 

. Maximum a d u l t  

The maximum i n d i v i d u a l s  are members of p o p u l a t i o n s  l i v i n g  a t  each 

popula t ion  c e n t e r  of i n t e r e s t  whose d i e t a r y  and l i v i n g  h a b i t s  tend t o  

maximize t h e  r a d i a t i o n  doses  they  r e c e i v e .  

i n t e g r a t e d  man-rems f o r  e i t h e r  a popula t ion  c e n t e r  o r  f o r  t h e  e n t i r e  

r e g i o n ,  t h e  popula t ion  i s  d i v i d e d  i n t o  t h r e e  age c a t e g o r i e s :  

1 2  t o  1 7 ,  and - 18 y e a r s .  

Fo r  purposes  of c a l c u l a t i n g  

0 t o  11, 

The i n t e g r a t e d  man-rem dose f o r  t h e  f i r s t  c a t e g o r y  is taken  t o  b e  t h e  

dose t o  t h e  average c h i l d ,  m u l t i p l i e d  by t h e  number of persons i n  t h e  

range of 0 t o  11 y e a r s .  S i m i l a r l y ,  t h e  c a l c u l a t i o n  f o r  t h e  second and 

t h i r d  c a t e g o r i e s  employs t h e  dose t o  t h e  average teenager  and t h e  average  

a d u l t ,  r e s p e c t i v e l y .  
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Doses are c a l c u l a t e d  f o r  each of several pathways of exposure (F igure  

111-20). A i r  and water c o n c e n t r a t i o n s  a re  used d i r e c t l y  t o  c a l c u l a t e  doses  

t o  v a r i o u s  body organs from i n h a l a t i o n  of a i r ,  submersion i n  a i r ,  consump- 

t i o n  of water, and immersion i n  water, Concent ra t ions  i n  r iver  bottom 

sediment are used t o  c a l c u l a t e  e x t e r n a l  exposure from f i s h i n g ,  hunt ing ,  

p icn ick ing ,  e tc . ,  a long t h e  r i v e r s h o r e .  Depos i t ion  on farm land  from a i r  

and from i r r i g a t i o n  p r a c t i c e s  i s  used t o  estimate external  exposure re- 

ceived w h i l e  farming o r  hunt ing .  

Such d e p o s i t i o n  is a l s o  used a s  i n p u t  t o  t h e  FOOD PATHWAYS MODEL (FPM) 

s u b r o u t i n e  which c a l c u l a t e s  c o n c e n t r a t i o n s  of r a d i o n u c l i d e s  i n  animal feed  

c rops ,  animal products ,  and food crops  consumed by humans. Once t h e  con- 

c e n t r a t i o n s  i n  t h e  several foods have been determined by  t h e  FPM, then  t h e  

dose toman  from consumption of t h e  v a r i o u s  foods can b e  c a l c u l a t e d  from 

f a c t o r s  f o r  annual  dose and f o r  f i f t y - y e a r  dose commitment. 

The v a r i o u s  c o n s i d e r a t i o n s  used i n  d e s i g n i n g  t h e  FPM, t h e  DOSE CALCU- 

LATION (DC) program, and t h e  method employed i n  determining t h e  v a l u e s  of  

t h e  numerous dose  f a c t o r s  r e q u i r e d  as d i s c u s s e d  below. A l i s t i n g  of t h e  

code is given i n  Appendix B,and a d a t a  f low c h a r t  is shown i n  F i g u r e  111-21. 

Although t h e  g e n e r a l  l o g i c  of t h e  program i s  i l l u s t r a t e d  i n  F i g u r e  

111-21 ,  t h e  fo l lowing  added comments may a i d  t h e  u s e r .  A res ta r t  capabi l -  

i t y  is provided t o  avoid  t h e  t r a n s f o r m a t i o n  of a l l  i n p u t  d a t a  except  t h e  

parameters  and t h e  3rd f i l e  of t h e  LPM t a p e  i f  t h e s e  d a t a  remain c o n s t a n t  

from one p r o c e s s i n g  t o  t h e  n e x t ,  e . g . ,  i f  t h e  program is r e s t a r t e d , o n l y  

t h e  parameters ,  t h e  LPM t a p e  and t h e  restart t a p e  are r e q u i r e d .  

One f e a t u r e  of t h i s  code r e q u i r e s  t h a t  a l l  o f  t h e  food c o n c e n t r a t i o n s  

fo r  a g iven  c e n t r o i d  are c a l c u l a t e d  b e f o r e  any dose  i s  c a l c u l a t e d  f o r  t h a t  

c e n t r o i d .  I f  food c o n c e n t r a t i o n s  are i n p u t  d i r e c t l y  on c a r d s ,  t h i s  cal-  

c u l a t i o n  i s  bypassed and t h e  i n p u t  v a l u e s  w i l l  b e  used. The c o n s t a n t s  

r e q u i r e d  f o r  t h e  t r a n s f o r m a t i o n  of i n p u t  d a t a  i n  a form u s a b l e  by t h e  pro- 

gram are s t o r e d  i n  s u b r o u t i n e s  POPFILand . D I E T ,  and t h o s e  used f o r  t h e  food 
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concentration.calcu1ations are  s t o r e d  i n  s u b r o u t i n e s  STARTF. These 

c o n s t a n t s  may be  changed by s u i t a b l e  a l t e r a t i o n s  i n  t h e s e  subr 'out ines .  

The fo l lowing  l i m i t a t i o n s  are  imposed i n  t h e  p r e s e n t  v e r s i o n  of 

t h e  program: 50 d i f f e r e n t  i s o t o p e s ,  7 d i f f e r e n t  organs ,  6 t y p e s  of  

people ,  998 d i f f e r e n t  c e n t r o i d s ,  and 12 consecut ive  months. A c e n t r o i d  

d e s i g n a t i o n  of 999 is i n t e r p r e t e d  as be ing  o u t s i d e  t h e  s tudy  a r e a .  The 

t o t a l  amount of c o n c e n t r a t i o n  d a t a  t h a t  can b e  processed a t  one t i m e  i s  

dependent on t h e  type  of d a t a  involved and t h e  s i z e  of t h e  drum area. DRUM 

u t i l i z a t i o n  is  p r i n t e d  a t  t h e  completion of each run.  Computer run t i m e  

i n c r e a s e s  s i g n i f i c a n t l y  as dat.a process ing  and o u t p u t  demands a r e  extended.  

I n j u d i c i o u s  choice of o p t i o n s  t h a t  p rovide  unwanted d a t a  may prove t o  be  

v e r y  c o s t l y .  

Three types of p r i n t e d  r e p o r t s  a re  produced: 

. D e t a i l e d  r e p o r t  f o r  each pathway a t  a g iven  p o p u l a t i o n  c e n t r o i d ,  

. D e t a i l e d  r e p o r t s  f o r  all pathways combined a t  a g iven  popu- 

l a t i o n  c e n t r o i d ,  

. Summary r e p o r t  f o r  a group of c e n t r o i d s .  

The formats  of t h e  f i r s t  two r e p o r t  types  a r e  a lmost  i d e n t i c a l .  The 

d e t a i l e d  r e p o r t  f o r  each pathway l i s t s  t h e  t o t a l  dose  and dose commitment 

t o  each organ f o r  t h e  average  and maximum c h i l d ,  t eenager  and a d u l t .  

This  t o t a l  is d i v i d e d  i n t o  i n t e r n a l  and e x t e r n a l  dose ,  and t h e  percentage  

c o n t r i b u t i o n  of each n u c l i d e  t o  t h e  t o t a l  dose  i s  given.  The summary re- 

p o r t  i s  i n  two p a r t s :  t h e  f i r s t  p a r t  i s  a l i s t i n g  of t h e  t o t a l  dose  and 

dose commitment f o r  t h e  average and maximum c h i l d ,  t e e n a g e r ,  and a d u l t  a t  

each popula t ion  c e n t r o i d  t o g e t h e r  w i t h  t h e  s t a r t i n g  page number of t h e  

d e t a i l e d  r e p o r t s  ( i f  any) .  The second p a r t  l i s t s  t h e  i n t e g r a t e d  popula- 

t i o n  dose  and dose commitment f o r  t h e  c h i l d ,  t eenager  and a d u l t  a t  each 

c e n t r o i d  (one c e n t r o i d  per  l i n e )  t o g e t h e r  w i t h  t h e  s t a r t i n g  page number 

of d e t a i l e d  r e p o r t s  ( i f  any) f o r  t h a t  c e n t r o i d .  Each ca tegory  is  t o t a l e d  

and t h e  t o t a l  popula t ion  dose  and dose  commitment are p r i n t e d .  
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FOOD CONCENTRATIONS 

A computational subroutine is provided to convert concentrations of 
radionuclides in air, water, and soil (including long term accumulation) 

into corresponding concentrations in human foods at time of production. 

The FPM was developed to meet the following three objectives for the UMRB 

study: 

. Development of a general pathways model which includes most 

of the variables influencing radionuclide concentrations in 
foods, regardless of their relative importance in a study 

region. 

. Estimation of radionuclide concentrations in foods produced 
in the UMRB region for any future study year, based on cur- 

rent agricultrual practices, concentrations of the radio- 

nuclides in air, water and soil, and known (and, where 

necessary, assumed) behavior of radionuclides in food chains. 

. Delineation of areas where additional research would provide 

data needed to'assess more credibly radionuclide concentrations 

in food in future versions of the model. 

The model, as developed, estimates radionuclide concentrations in 

Radionuclide losses during food at the time of production or harvest. 
commercial or home processing, or those resulting from radioactive decay 

during the time lag between production and consumption, are not included. 

However, they are included as a separate part of the overall dose calcula- 

tion sub-element and are discussed later in this section. 

There are several limitations on the accuracy of the estimates of 
food concentrations generated by the FPM. Recent agricultural history 

and  current trends indicate that agricultural practices will be signifi- 

cantly modified, as a function of elapsed time, for any year that might 

be chosen for study because of loss of agricultural land to urban develop- 
ment coupled with more intensive use of the remaining land. The latter 
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involves  t h e  i n c r e a s e d  a p p l i c a t i o n  of s p r i n k l e r  i r r i g a t i o n ,  e s p e c i a l l y  

f o r  sandy s o i l s  and combatting summer drought ;  u s e  of h i g h e r  y i e l d  var- 

i e t ies  of c rops ;  and increased  use  of  s t o r e d  f e e d  by d a i r y  farms. 

The second l i m i t a t i o n  on t h e  accuracy of t h e  model i s  t h e  p a u c i t y  of 

in format ion  about r a d i o n u c l i d e  behavior  i n  s o i l ,  p l a n t s ,  and animals .  

Most r e s e a r c h  has  concent ra ted  on t h e  behavior  of  t h e  n u c l i d e s  89Sr, 
"Sr ,  l3II, and I3'Cs. 

u t i l i z a t i o n  of t r a n s f e r  f a c t o r s  ob ta ined  f o r  s t a b l e  elements r e g a r d l e s s  

of any p o t e n t i a l  e f f e c t s  from d i f f e r e n c e s  i n  chemical o r  p h y s i c a l  form 

between t h e  s t a b l e  and r a d i o a c t i v e  i s o t o p e s .  It a l s o  n e c e s s i t a t e d  t h e  

a p p l i c a t i o n  of one se t  of median o r  average  t r a n s f e r  f a c t o r s  a c r o s s  t h e  

UMRB reg ion  i n  s p i t e  of t h e  l a r g e  v a r i a t i o n s  i n  s o i l  and c l i m a t i c  con- 

d i t i o n s  and farming p r a c t i c e s .  

Frequent ly ,  t h i s  l a c k  of d a t a  has  encouraged t h e  

Pathways included i n  t h e  FPM and d i s c u s s e d  i n  t h e  fo l lowing  para-  

graphs,  are: 

1. Milk and mi lk  products  

2 .  Meat 

. Beef and Lamb 

. Pork 

. P o u l t r y  

3 .  Food crops  

. Leafy above-ground v e g e t a b l e s  

. Other above-ground v e g e t a b l e s  

. P o t a t o e s  

. Other below-ground v e g e t a b l e s  

. Berries 

, Orchard f r u i t  

. Wheat and wheat products  

. Other g r a i n s  

4 .  Eggs 

5. F i s h  

6.  Waterfowl 

7 .  Upland game b i r d s  
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I n  t h e  d i s c u s s i o n s  t h a t  fo l low,  t h e  g e n e r a l  equa t ions  g iven  are used 

i n  t h e  HERMES subelement DOSE. D e t a i l e d  d i s c u s s i o n s  of d a t a  development 

f o r  t h e  base  case  s tudy  of t h e  UMRB r eg ion  i l lus t ra te  t h e  care needed f o r  

meaningful r e s u l t s .  

Milk - 
The milk pathway invo lves  t h e  t r a n s f e r  of r a d i o n u c l i d e s  through t h e  

( a i r  and water ) - so i l -p l an  t-cow-mi Ik-man cha in .  Radionucl ide c o n c e n t r a t i o n s  

i n  mi lk  consumed by man depend on: 

t a k e  by t h e  cow from fo rage ,  g r a i n ,  s t o r e d  f eed ,  d r i n k i n g  water  and in -  

h a l a t i o n ,  (2 )  t h e  f r a c t i o n  of t h e  d a i l y  i n t a k e  t r a n s f e r r e d  t o  t h e  mi lk ,  

and (3 )  l o s s e s  of r a d i o n u c l i d e s  between t h e  t i m e s  of p roduc t ion  of  t h e  

milk and subsequent  human consumption. 

(1)  t h e  t o t a l  d a i l y  r a d i o n u c l i d e  in -  

The above c o n s i d e r a t i o n s  l e a d  t o  t h e  fo l lowing  appa ren t ly  s imple  equa- 

t i o n  f o r  t h e  c o n c e n t r a t i o n  i n  mi lk  a t  t i m e  of product ion:  

Cd = SdId 

where 

Cd = t h e  c o n c e n t r a t i o n  of a p a r t i c u l a r  r a d i o n u c l i d e  i n  mi lk  a t  

t i m e  of product ion .  

Id = t h e  t o t a l  d a i l y  i n t a k e  by t h e  cow of t h a t  n u c l i d e .  

Sd = t h e  f r a c t i o n  of t h e  d a i l y  i n t a k e  of t h e  n u c l i d e  which 

appears  i n  each l i t e r  of mi lk  produced by t h e  cow. 

The c o e f f i c i e n t  of s e c r e t i o n  (S ) is  t h e  pe rcen tage  of d a i l y  rad io-  d 
n u c l i d e  i n t a k e  s e c r e t e d  t o  each l i t e r  of  milk produced by d a i r y  

c a t t l e  consuming contaminated f eeds .  

ob ta ined  from t h e  l i t e r a t u r e  f o r  65Zn, l 3 I I ,  9 0 S r ,  and 13’Cs, which have 

been s t u d i e d  more f r e q u e n t l y  than  o t h e r  r a d i o n u c l i d e s  t h a t  might 

appear  i n  milk.  The v a l u e s  of (S  ) f o r  o t h e r  r a d i o n u c l i d e s  were obta ined  

From d a t a  (59) publ i shed  by Livermore Rad ia t ion  Labora tory ,  and g e n e r a l l y  

Median v a l u e s  of (Sd)  have been 

d 
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r e p r e s e n t  maximum l i t e r a t u r e  v a l u e s  o r  upper l i m i t  estimates. 

of (S ) used i n  t h e  Milk Pathway equa t ion  are  t a b u l a t e d  i n  Table  111-4. 

The v a l u e s  

d 

The d a i l y  i n t a k e  of t h e  cow ( I d )  depends h e a v i l y  on t h e  p a r t i c u l a r  

d a i r y  management p r a c t i c e  employed and t h e  season  of t h e  yea r ;  t h u s ,  

an  exact d e s c r i p t i o n  of t h e  f a c t o r s  a f f e c t i n g  t h i s  term l e a d s  t o  a more 

complicated equa t ion  f o r  (Id) : 

+ Qsd e-'rtas {? [k f s m  + ~ ~ ~ u ~ ~ )  .-'Et.] + > (FsA+Fsw)} 

m=a 

where 

Am = Radionucl ide  concen t r a t ion  i n  a i r  du r ing  "ml' ( p C i / l ) .  

a = F i r s t  month of crop contaminat ion .  
* 

Bf = Forage crop concen t r a t ion  f a c t o r  (pCi/kg pe r  pCi/kg s o i l ) .  
* 

B = Grain  concen t r a t ion  f a c t o r  (pCi/kg pe r  pCi/kg s o i l ) .  
g * 

B = Stored  feed  concen t r a t ion  f a c t o r  (pCi/kg pe r  pCi/kg s o i l ) .  
S 

Cd 

D f m  = Depos i t ion  on f o r a g e  crop du r ing  month "m" (pCi/m ) .  

D 

D 

= Radionucl ide c o n c e n t r a t i o n  i n  mi lk  ( p C i / l > .  

2 

2 
= Depos i t ion  on g r a i n  crop du r ing  month "ml' (pCi/m >. 
= Depos i t ion  on s t o r e d  feed  crop du r ing  month "m" (pCi/m 1. 

gm 

s m  
2 
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FfA = Radionuclide concentration in plowlayer of forage crop from 
2 air deposition (pCi/m ) .  

FfW = Radionuclide concentration in plowlayer of forage crop 
2 from water deposition (pCi/m ) .  

F = Radionuclide concentration in plowlayer of grain crop 
2 gA 

from air deposition (pCi/m ) .  

F = Radionuclide concentration in plowlayer of grain crop 
2 gw 

from water deposition (pCi/m ). 

= Radionuclide concentration in plowlayer of stored feed FSA 

F =  
s w- 

- 
Gd - 

h =  

Id - 

Ld - 
m =  

Nd - 

P =  

- 

- 

- 

- 
Qf - 

- 
Qgd - 

Qsd = 

R =  

'd - 
- 

T =  

T =  

g 

S 

2 from air deposition (pCi/m >. 
Radionuclide concentration in plowlayer of stored feed 

from water deposition (pCi/m ) .  

3 Breathing rate of dairy cow (m /day). 

Month of crop harvest. 

Daily ingestion of radionuclide by dairy cow (pCi). 

Daily ingestion of drinking water by dairy cow (1). 

Month. 

Radionuclide inhalation retention factor. 

2 . 2 4  x 10 kg soil/m plowlayer. 

Daily fresh forage ingestion by dairy cow (kg). 

Daily grain ingestion by dairy cow (kg). 

Daily stored feed intake by dairy cow (kg). 

Deposition retention factor. 

Coefficient of transfer of radionuclide from diet to milk 

(pCi/l per pCi/day). 

Grain crop translocation factor. 

Stored feed translocation factor. 

2 

2 2 * 
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- 
t f  - 
t =  

t =  

t =  

8 

0g 

0 s  
- 

y f  - 
Y =  

Y =  
g 

S 

E : =  fm 

gm 

s m  

fm 

E =  

E =  

w =  

w =  
gm 

w =  s m  

- 
A E  - 

A =  r 

T i m e  between s u c c e s s i v e  removals of  f o r a g e  c rop  (days ) .  

T i m e  between d e p o s i t i o n  and h a r v e s t  (h-m)(days). 

T i m e  between h a r v e s t  and consumption of g r a i n  (days ) .  

T i m e  between h a r v e s t  and consumption of s t o r e d  f e e d  (days ) .  

2 *  Forage crop y i e l d  (kg/m 1. 
2 *  

Grain crop y i e l d  (kg/m ) .  

Stored  feed  crop y i e l d  (kg/m ). 

I r r i g a t i o n  r a t e  f o r  f o r a g e  c rop  d u r i n g  month "m" ( l /m 1. 
2 

I r r i g a t i o n  r a t e  f o r  g r a i n  crop d u r i n g  month "m" ( l /m 1. 

I r r i g a t i o n  r a t e  f o r  s t o r e d  feed duzing month "mrf ( l /m 1. 

Radionucl ide c o n c e n t r a t i o n  d u r i n g  month ''m'' ( p C i / l )  i n  

i r r i g a t i o n  water  a p p l i e d  t o  f o r a g e .  

Radionucl ide c o n c e n t r a t i o n  d u r i n g  month "mrr  ( p C i / l )  i n  

i r r i g a t i o n  water  a p p l i e d  t o  g r a i n .  

Radionucl ide c o n c e n t r a t i o n  dur ing  month 'lm" ( p C i / l )  i n  

i r r i g a t i o n  water a p p l i e d  t o  s t o r e d  feed  crop.  

E f f e c t i v e  decay c o n s t a n t  (days-'). 

Radioac t ive  decay c o n s t a n t  (days-'). 

2 *  

2 

2 

* P l a n t s  are measured i n  kg of f r e s h  weight w h i l e  s o i l s  a r e  measured 

i n  kg of d r y  weight.  

I t  is important  t o  remember t h a t  t h e  a i r  d e p o s i t i o n  and water and 

s o i l  c o n c e n t r a t i o n s  t o  b e  used w i t h  t h e  above e q u a t i o n s  (and w i t h  t h o s e  

t h a t  fo l low f o r  human food)  must b e  t h o s e  c o n c e n t r a t i o n s  es t imated  f o r  

t h e  c e n t r o i d  where t h e  food w a s  produced, n o t  where i t  w a s  consumed ( i f  

t h e  t w o a r e  d i f f e r e n t ) .  I n  t h e  i n s t a n c e  of animal f e e d ,  however, i t  w a s  

assumed t h a t  a l l  t h r e e  types  -- f o r a g e ,  s t o r e d  feed and g r a i n  -- were 

grown i n  t h e  same c e n t r o i d  where they were consumed by t h e  animals .  A s  
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TABLE 111-4 

Nucl ide  

H- 3 

N - 1 3  

C- 14  

Na-22 

Na-24 

Cr-51 

Mn- 5 4 

Fe-55 

Fe-59 

CO-58 

Co-6G 

COEFFICIENTS OF TRANSFER OF RADIONUCLIDES FROM 
(59) DIET TO MILK 

T r a n s f e r  C o e f f i c i e n t  (S ), p C i / L i t e r  Milk p e r  pCi/Day I n t a k e  d 

'd 

2 .0  E-2(a) 

2 .2  E-2 

1.5 E-2 

5 .0  E-2 

5.0 E-2 

2.2 E-3 

2.5 E-4 

1 .2  E-3 

1 . 2  E-3 

1.0 E-3 

1.0 E-3 

Nucl ide  

Ni-63 

CU-64 

Zn-65 

Sr-89 

Sr-90 

Zr-95 

Nb-95 

MO-99 

RU-103 

RU-106 

Te-132 

'd 

6.7 E-3 

1 .4  E-2 

(b)  

(b 1 

(b ) 

3.0 E-2 

1.0 E-3 

1.0 E-3 

5.0 E-6 

2.5 E-3 

7.5 E-3 

1 . 0  E-6 

1.0 E-6 

1 .0  E-3 

Nucl ide  

1-129 

1-131 

1.132 

1-133 

1-135 

CS-134 

CS-137 

Ba-140 

La-140 

Ce-141 

Ce-144 

'd 

(b) 

(b) 

(b ) 

1.0 E-2 

1.0 E-2 

1 . 0  E-2 

1.0 E-2 (b)  

(b)  

(b  1 

(b ) 

1.0  E-2 

5.0 E-3 

5 .0  E-3 

6 .0  E-4 

5 .0  E-6 

2.0 E-5 

2 .0  E-5 

( a )2 .0  E-2 means 0.02.  

(b)These v a l u e s  are n o t  t h o s e  g iven  i n  Reference  (59) b u t  are 

median of v a l u e s  found i n  o t h e r  l i t e r a t u r e .  (References  (60-69). 
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expla ined  elsewhere i n  t h e  t e x t ,  a production-consumption b a l a n c e  w a s  ob- 

t a i n e d  f o r  human foods t o  determine t h e  c e n t r o i d  of product ion  f o r  each 

major food ca tegory  consumed i n  each c e n t r o i d .  

D e t a i l e d  i n t e r p r e t a t i o n  and a p p l i c a t i o n  of l i t e r a t u r e  d a t a  t o  t h e s e  

e q u a t i o n s  are d i s c u s s e d  below. 

There are w i d e  s e a s o n a l  and geographica l  v a r i a t i o n s  i n  t h e  i n t a k e  of 

r a d i o n u c l i d e s  by cows, which are imposed by t h e  several d i f f e r e n t  d a i r y  

management systems employed. 

r e g i o n .  

Also ,  g r a z i n g  seasons  vary  a c r o s s  t h e  s t u d y  
( 7 0 , 7 1 )  Three p r i n c i p a l  g r a z i n g  seasons  can be  def ined  i n  t h e  reg ion:  

1. Ear ly  summer (may 1 t o  J u l y  1 5 ) ,  

2 .  Late summer ( J u l y  15 t o  October 1 5 ) ,  and 

3 .  Winter (October 15  t o  May 1 ) .  

(70,71) F i v e  d i f f e r e n t  d a i r y  management systems are used i n  t h e  UMRB reg ion:  

1. Uncontrol led cont inuous g r a z i n g .  Cows remain on open p a s t u r e  

f o r  an e n t i r e  g r a z i n g  season.  

2. Cont ro l led  r o t a t i o n a l  graz ing .  Cows are  moved between two o r  

more p a s t u r e s  d u r i n g  t h e  g r a z i n g  season.  

3 .  Contro l led  s t r i p  g r a z i n g .  Cows are o f f e r e d  a p o r t i o n  of a 

p a s t u r e  once o r  twice a day. 

4 .  Contro l led  s i l a g e  feeding .  Forage i s  c u t  i n  t h e  f i e l d  and 

brought  t o  t h e  cows which are kept  i n  d r y - l o t s  o r  i d l i n g  yards .  

5. Cont ro l led  s t o r a g e  feeding .  Cows are k e p t  i n  d r y - l o t s  and 

fed hay and s i l a g e  a l l  y e a r .  

Systems 2 ,  3 ,  and 4 are  t h e  ones most widely used i n  t h e  r e g i o n  a t  

p r e s e n t ,  b u t  t h e  long  t e r m  t r e n d  i s  towards i n c r e a s e d  u s e  of System 5. 

Relative f o r a g e  y i e l d s ,  i n h e r e n t  i n e f f i c i e n c i e s  among management 

systems ( l o s s e s  due t o  t rampl ing ,  s e l e c t i v e  g r a z i n g ,  d e s p o i l i n g  e d i b l e  
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f o r a g e  by excreta, e t c . ) ,  and i n g e s t i o n  rates a s s o c i a t e d  w i t h  each manage- 

ment system r e s u l t  i n  area g r a z i n g  requi rements  t h a t  may vary  up t o  50 
p e r c e n t .  

w i t h  Equation ( 2 2 )  are l i s t e d  i n  Table  111-5. 

The i n g e s t i o n  rates and f o r a g e  c rop  y i e l d s  used i n  c o n j u n c t i o n  

TABLE 111-5 

INGESTION RATES AND CROP YIELDS 

( 6 3 , 7 0 - 7 3 )  
USED IN THE MILK PATHWAY MODEL 

2 
Yield  kg/m (Fresh  W t . )  ( a )  I n g e s t i o n ,  kg/day 

Forage Gra in  S tored  Feed Forage S t o r e d  Feed Grain 
(Qsd) 0 , )  (Ys 1 ( Y g )  Month (Qfd )  (Qgd) 

1 '  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

0 3 . 6  E + l  4.3 E + l  = 

0 3 .6  E + l  4 . 3  E + l  

0 3.6 E+1 4 . 3  E + l  

0 3.6 E+l  4.3 E + l  

6 .5  E+1 3 .6  E + l  0 

6.5 E + l  3 .6  E + l  0 

5 . 5  E + l  3 .6  E+l  1 . 3  E+1 

4.5 E + l  3.6 E + l  3 .0  E+l 

4.5 E + l  3 . 6  E+1 3 .0  E+l 

0 3 . 6  E + l  4.3 E+l  

0 3 .6  E + l  4 . 3  E+1 

0 3 . 6  E + l  4 . 3  E+1 

0 0 0 

0 0 0 

0 0 0 
0 O(b) (b) 

1 .8  E+O 0 0 

1 .8  E+O 0 0 

1.8 E+O 

1 .8  E+O 0 0 

1 .8  E+O 0 0 

0 0 0 

0 0 Q 

0 0 C 

2 . 3  E+O(') 3 . 5  E 

(a) Fresh  weight:  f o r  purposes  of c a l c u l a t i n g  r e q u i r e d  d r i n k i n g  w a t e r  

i n t a k e ,  f r e s h  f o r a g e  w a s  assumed t o  b e  80% m o i s t u r e ;  and s t o r e d  

f e e d ,  2 5 % .  

(b) Month when crop "appears" above ground i n  s u f f i c i e n t  q u a n t i t y  

t o  c o l l e c t  r a d i o n u c l i d e s  v i a  d e p o s i t i o n  from a i r  and/or  s p r i n k l e r  

i r r i g a t i o n .  

(') Month of c rop  h a r v e s t .  
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The values in the table are averages for all management systems com- 

bined. Green feed intake varies 5 to 10 percent, and grain intake varies 
28 to 38 percent of their respective averages among management systems. 

Potential radioactive contaminants of milk may originate with both 

air and water releases, but deposition of airborne radionuclides will be 
by far the most important source of Contamination because of the very 

small Paction of the pastures irrigated (Q 10 -2 ) (28) in the study region. 

The probability of contamination by irrigation water is further reduced 

when sources of irrigation water are considered. I R  the UMRB study area 
proper, the majority of the irrigation systems presently employ ground 

water as the primary source. Approximately 60 percent of all irrigation 

water comes from wells, 30 percent from streams, and the remainder from 

surface storage. Similar conditions are assumed to exist in other portions 
of the central study area because of similarities of climate, soils, and 

geology. Milk produced from irrigated forage will be diluted by milk 

from within the same milkshed produced from non-irrigated forage. Because 
of this, waterborne radionuclides will probably contribute an extremely 

small percentage of total potential radioactive contamination of milk 

produced in the central study area. Therefore, the contribution to forage 

contamination from irrigation water was ignored in the final calculations 

(i.e., the factor (E: ) in Equation (22) was set equal to zero). fm 

For grain and stored feed (and human food crops), an attempt was made 

to include the contribution to contamination of the crops from irrigation 

water, assuming the same fraction of crops are irrigated in the base case 

study year as in 1964.  Estimates of concentrations of radionuclides in 

irrigation water were generated by the HEMES subelement WTRAN based on 
the following assumptions: 

(1) All irrigation water comes from wells and is applied 

with sprinkler systems. 

(2)  All wells are recharged from ground water originating as 
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precipitation and having concentrations of radionuclides 

as determined by the HERMES subelement ARTRAN. 

Radioactive decay during the time of travel from the place 

of precipitation to the well is included. 

Since these travel times are relatively long, only annual 

average concentrations of radionuclides in precipitation 

and well water were considered. 

There is no retention of radionuclides by the soil during 

travel of the ground water to the well. 

Since the exact location and source of irrigation water cannot be 

specified for each centroid, a compromise was devised. (It may be 

possible in the future to modify the model if more realistic data be- 

come available.) Irrigation water was assumed to be applied at a con- 
stant rate of 110 liters/m /mo. throughout the growing period from month 

of appearance to month of harvest only. 

2 

The fraction (R) of each month's deposition from air and from 
sprinkler irrigation, which is initially retained by vegetation, was 

taken to be 0.25 for all radionuclides and for all crops, including b o t h  

animal and human foods. (74) 

To determine what amount of radionuclide is actually present on for- 

age when it is ingested by the dairy cow, the original deposition 

retained by the forage is adjusted by an accumulation factor defined as 

-'ETf l-e 

xE 
( 2 3 )  

1 0 8 3 0 2 0  
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where 

0.693 0.693 0 .693  & = - - -  - +- 
TE TR TB 

(days ) .  
L ~ L ~  

T ~ + T ~  
TE = e f f e c t i v e  h a l f - l i f e  = - 

= r a d i o a c t i v e  h a l f - l i f e  (days) TR 

TB = b i o l o g i c a l  h a l f - l i f e  (days) .  

T = t i m e  between s u c c e s s i v e  removals of f o r a g e  (days ) .  f 

All r a d i o n u c l i d e s ,  whether d e p o s i t e d  from a i r  o r  from i r r i g a t i o n  

w a t e r ,  were assumed t o  behave s i m i l a r l y  fo l lowing  d e p o s i t i o n  on v e g e t a t i o n .  

That i s ,  they are removed w i t h  a b i o l o g i c a l  h a l f - l i f e  (TB) of 1 4  days ,  t h e  

average v a l u e  found i n  publ i shed  d a t a  concerning f a l l o u t  r a d i o n u c l i d e s .  

The v a l u e s  of 

d a t a  v r y  from 1 4  t o  50 days ,  (70) depending upon crop y i e l d ,  t y p e  of f o r -  

age ,  and season.  

mi lk  pathway model. 

Tf g iven  i n  t h e  l i t e r a t u r e  o r  d e r i v a b l e  from l i t e r a t u r e  

4" 
A c o n s t a n t  v a l u e  of 30 days w a s  assumed f o r  Tf i n  t h e  

T o t a l  monthly r a d i o n u c l i d e  d e p o s i t i o n  on f o r a g e  (Dfm + cfmufm ) i s  

assumed t o  be  e q u a l l y  d i s t r i b u t e d  throughout t h e  month s o  t h a t  t h e  average 

d a i l y  r a t e  i s  obta ined  by d i v i d i n g  t h e  t o t a l  by 30 daysjmo i n  Equat ion ( 2 2 ) .  

Feed crops o t h e r  than  f o r a g e  have a growing season of  several months 

d u r a t i o n  dur ing  which d i r e c t  d e p o s i t i o n  from a i r  and i r r i g a t i o n  can be 

accumulated. From t h e  a v a i l a b l e  a g r i c u l t u r a l  d a t a ,  an average  growing 

season ,  "month of appearance' '  and "month of h a r v e s t "  were determined f o r  

g r a i n  and f o r  c rops  used f o r  s t o r e d  f e e d .  

def ined  a s  t h a t  month when t h e  crop has  a t t a i n e d  s u f f i c i e n t  growth t o  

provide  a s i g n i f i c a n t  amount of s u r f a c e  a r e a  f o r  d i r e c t  areal  d e p o s i t i o n .  

Direct d e p o s i t i o n  was then c a l c u l a t e d  o n l y  f o r  t h e  months between t h e  

t i m e  of appearance and time of h a r v e s t .  

r e c t e d  f o r  e f f e c t i v e  decay ( r a d i o a c t i v e  and b i o l o g i c a l  removal) f o r  t h e  

The "month of appearance' '  i s  

Each month's d e p o s i t i o n  w a s  cor- 

I O 8 3 0 2  I 97 



t i m e  ( t , )  between d e p o s i t i o n  and h a r v e s t .  

This  summation of  decay-corrected monthly d e p o s i t i o n  l e a d s  t o  t h e  

terms 

m=a 

found i n  Equat ion (22)  f o r  g r a i n ,  s u b s c r i p t  ( g ) ,  and f o r  s t o r e d  f e e d ,  

s u b s c r i p t  (s). 

and s to red  feed are i n d i c a t e d  i n  Table  111-fas A p r i l  and J u l y ,  r e s p e c t i v e l y .  

The months of appearance and h a r v e s t  s e l e c t e d  f o r  g r a i n  

< 
The f a c t o r s  (T ) and T ) i n  t h e  mi lk  pathway e q u a t i o n  are necessary  

t o  c o r r e c t  f o r  t h e  f r a c t i o n  of t h e  material d e p o s i t e d  on t h e  s u r f a c e s  of 

g r a i n  c rops  and s t o r e d  feed  c r o p s ,  which is  t r a n s l o c a t e d  t o  t h e  p o r t i o n s  

of t h e  p l a n t  a c t u a l l y  consumed by t h e  cows. The f r a c t i o n  i s  taken  t o  b e  

1.0 f o r  r a d i o n u c l i d e s  d e p o s i t e d  on f o r a g e  and s t o r e d  f e e d .  Values f o r  

g r a i n  a r e  given i n  Table  111-6. 

g S 

The few t r a n s l o c a t i o n  f a c t o r s  g iven  i n  t h e  l i t e r a t u r e  inc luded  t h e  

c o n t r i b u t i o n  from any r a d i o n u c l i d e s  d e p o s i t e d  d i r e c t l y  o n t o  t h e  g r a i n .  

The uptake of a r a d i o n u c l i d e  by v e g e t a t i o n  from s o i l  depends upon the 

p a r t i c u l a r  n u c l i d e  and p l a n t  s p e c i e s  involved and upon t h e  n u c l i d e  concen- 

t r a t i o n  i n  s o i l .  

from t h e  monthly d e p o s i t i o n s ,  c o r r e c t e d  f o r  decay, by ARTRAN on a n  annual  

b a s i s  up t o  t h e  s tudy  y e a r  and on a monthly b a s i s  d u r i n g  t h e  s tudy  y e a r .  

The accumulated s o i l  c o n c e n t r a t i o n s  (FA) a r e  computed 

The crops w e r e  assumed t o  be i n  c o n s t a n t  e q u i l i b r i u m  wi th  t h e  rad io-  

n u c l i d e s  i n  s o i l  s o  t h a t  t h e  v a l u e s  of (F) used a r e  t h e  accumulated quan- 

t i t i e s  p r e s e n t  i n  t h e  s o i l  dur ing  t h e  month of h a r v e s t .  U n f o r t u n a t e l y ,  no 

mechanism is  inc luded  i n  t h e  c u r r e n t  v e r s i o n  of t h e  model f o r  long  t e r m  

s o i l  accumulation v i a  i r r i g a t i o n  water. 
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TABLE 111-6 

TRANSLOCATION FACTORS FOR G R A I N  AND POTATOES 

Nucl ide 

H- 3 

N-13 

C-14  

Na-22 

Na-24 

Cr-51 

Mn-54 

Fe-55 

Fe-59 

i 

CO-58 

CO-60 

Ni-63 

CU-64 

Zn- 6 5 

Sr-89 

Sr-90 

F r a c t i o n  of Radionucl ide  Deposi ted on P l a n t  
(75-77) 

Which Reaches P o r t i o n  Eaten 

(b ) (a )  P o t a t o e s  
Gra in  (b 1 Pota toes  ( a )  Gra in  

Nucl ide (T 1 (Tc) 
(T 1 (TC) 

1.0 E+O 

0 

1 .0  E+O 

5.0 E-2 

5 .0  E-2 

0 

5.0 E-2 

5.0 E-2 

5 .0  E-2 

5.0 E-2 

5 .0  E-2 

5.0 E-2 

5.0 E-2 

5 .0  E-2 

2.0 E-2 

2.0 E-2 

1 .0  E+O 

0 

1 .0  E+O 

5 .0  E-2 

5.0 E-2 

0 

5 .0  E-2 

5.0 E-2 

5.0 E-2 

5.0 E-2 

5.0 E-2 

5.0 E-2 

5.0 E-2 

5 . 0  E-2 

1 .0  E-2 

1 .0  E-2 

Zr-95 

Nb-9 5 

MO-99 

RU-103 

RU-106 

Te-132 

1-129 

1-131 

1-132 

1-133 

1-135 

CS-134 

CS-137 

Ba-140 

La-140 

Ce-141 

Ce-144 

2.0 E-2 1.0 E-2 

2.0 E-2 1 . 0  E-2 

0 0 

5.0 E-2 5.0 E-2 

5.0 E-2 5.0 E-2 

1 .0  E-1  1.0 E - 1  

1 . 0  E-1 1 .0  E-1  

1 . 0  E-1  1 . 0  E-1 

1 . 0  E-1 1.0 E-1 

1 .0  E-1 1 .0  E - 1  

1.0 E-1  1.0 E - 1  

1 . 0  E-1  1 .0  E - 1  

1 . 0  E-1  1 . 0  E-1 

2.0 E-2 1.0 E-2 

2 .0  E-2 1.0 E-2 

2.0 E-2 2.0 E-2 

2.0 E-2 2 .0  E-2 

( a )  These same f a c t o r s  are a l s o  a p p l i c a b l e  t o  g r a i n  and above-ground 

v e g e t a b l e s  consumed by humans. 

(b) These same f a c t o r s  apply  t o  r o o t  v e g e t a b l e s .  
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Even though a fraction (R) of the areal deposition is retained by the 

plants during the growing season, 100 percent of the deposition was assumed 
to reach the soil (less that which disappears by radioactive decay) even- 

tually. 

plants releases some of the material to soil. In addition, some crop res- 

idues are plowed under after harvest, and an additional fraction of the 

directly deposited material reaches the soil at that time. 

amount of radionuclides removed during foraging by cattle or by harvesting 

was ignored when calculating long term accumulation in soil. 

The biological removal process for radionuclides deposited on 

The small 

The values computed by the HERMES subelement ARTFUN are in units of 

picocuries deposited per square meter of soil surface and must be converted 

to units of pCi/kg of soil for estimation of vegetation concentrations. 

The conversion is accomplished by the assumption of a uniform mixing of 

all radionuclides in a plowlayer of 15 cm depth, representing a value of 

224 kg of dry soil per m2 of surface for the term (P)  in Equation ( 2 2 ) .  

Uptake of radionuclides from soil by plants is given in the literature 

for a limited number of radionuclides and plant species, usually in terms 

of a concentration factor (B) with units of pCi/kg of plant (dry weight) 
perpcdkg of dry soil. A s  with most foodstuffs, considerably more study 

has been made of the crop uptake of "Sr and 137Cs than of other radio- 

nuclides. Unfortunately, the concentration factors reported have been ob- 

tained under a wide range of conditions, often without exact specification 

of the climate, soil type, or agricultural practices involved. An attempt 

was made to pick median values where a range was found in the literature. 
Concentration factors selected for isotopes of strontium, cesium, and 

cerium converted to pCi/kg of plant (wet weight) versus pCi/kg dry soil are 
listed in Table 111-7. Also listed there are the concentration factors 

(Be)  calculated from data on stable element concentrations in plants and 

soil published by Livermore Radiation Laboratory ( 5 9 )  and intended for es- 
timation of maximum uptake of radionuclides.in human food crops. 

1 0 8 3 0 2 4  
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TABLE 111-7 

CONCENTRATION FACTORS USED IN THE MILK PATHWAY EQUATION 
(59)  

Concentrat ion Fac tors  ( B ) ,  pCi /kg (Wet Weight)  pe r  pCi /kg  d r y  s o i l  

Nucl i de 

Est imated 
From Ref (59) 

H-3 
N-13 
C-14 
Na-22 
Na-24 
Cr-51 
Mn-54 
Fe-55 
Fe-59 
CO-58 
CO-60 

CU-64 
N i  -63 

Zn-65 
Sr-89 
Sr-90 
Z r - 9 5  
Nb-95 
Mo-99 
Ru-103 
Ru-1 06 

1-129 
1-131 
1-1 32 
1-133 
1-1 35 
CS-134 
CS-1 37 

La-140 

Te-132 

Ba-140 

Ce-141 
Ce-144 

2.0 E - l ( a )  

5.5 E+O 
--  

5.0 E-2  
5.0 E-2 
2.5 E-4 
2.9 E-2 
4.0 E-4(a)  
4.0 E-4(a) 
9.4 E-3  
9.4 E-3 

1.3 E-1 
1.9 E S k - L  

4.0 E-1 
2.0 E - l [ E {  
2.0 E-1 
1.7 E-4 
9.4 E-3 
1.3 E-1 
1.0 E-2(a)  
1.0 E-2(a)  
1.3 E+O 
2.0 E-2 
2.0 E-2 
2.0 E-2 
2.0 E-2 
2.0 E-2 
2.0 E-3(a) 
2.0 E-3(a)  
5.0 E - 3  
2.5 E-3 
5.0 E-4(a) 
5.0 E-4(a) 

Est imated From Other  L i t e r a t u r e  
Stored  Feed Gra in 

1.0 E+O 
1.0 E+O 

4.0 E-2 
4.0 E-2 

1.0 E+O 
1.0 E+O 

4.0 E-2 
4.0 E-2  

4.0 E-2 4.0 E-2 
4.0 E-2 4.0 E-2 

6.4 E - 2  
6.4 E-2 

6.4 E-4 
6.4 E-4 

2.6 E-3 
2.6 E-3 

( a )  Th is  va lue i s  n o t  t h a t  c a l c u l a t e d  f rom e ference(59) ,bu t  i s  se lec ted  f rom 
t h e  l i t e r a t u r e  as be ing  more r e a l i s t i c . ? 7 8 - ~ 1 )  
These va lues are based on Ca and S r  con ten t  i n  s o i l  i n  r e g i o n  o f  i n t e r e s t  
r a t h e r  than t h e  concen t ra t i on  o f  S r  i n  s o i l  u i v e n  i n  Reference (59)  

( b )  

1 0 8 3 0 2 5  
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A f t e r  t h e  concen t r a t ions  i n  t h e  f eed  c rops  have been c a l c u l a t e d  f o r  

areal  d e p o s i t i o n  and s o i l  up take ,  t h e  two are added t o g e t h e r  t o  y i e l d  

a concen t r a t ion  a t  time of h a r v e s t .  Th i s  c o n c e n t r a t i o n  must nex t  b e  

co r rec t ed  f o r  r a d i o a c t i v e  decay du r ing  t h e  t i m e  i n t e r v a l  ( t  ) between 

month of h a r v e s t  and month of consumption by t h e  cat t le .  For t h i s  cal- 

c u l a t i o n ,  i t  was assumed t h a t  a l l  f eed  consumed w a s  produced i n  t h e  i m -  

media te ly  preceding  growing season ,  and no feed  w a s  h e l d  over  p a s t  t h e  

fo l lowing  growing season.  N o  l o s s e s  o t h e r  t han  r a d i o a c t i v e  decay were 

assumed t o  o p e r a t e  du r ing  t h e  t i m e  i n t e r v a l  ( t  ) so  t h a t  t h e  s imple  ex- 

p o n e n t i a l  terms ( e  r eg)  and e r 8 s )  are employed i f i  Equat ion ( 2 2 ) .  

e 

8 - A  t - A  t 

The d a i l y  r a d i o n u c l i d e  i n t a k e  by t h e  d a i r y  cow (and o t h e r  animals)  

v i a  d r i n k i n g  water depends on t h e  concen t r a t ions  p r e s e n t  i n  t h e  water 

and t h e  q u a n t i t y  of water consumed each day. Water c o n c e n t r a t i o n s  are 

generated by WTRAN d i r e c t l y  f o r  s u r f a c e  streams and i n d i r e c t l y  f o r  s u r -  

f a c e  ponds and l a k e s  v i a  runoff  of p r e c i p i t a t i o n .  The d i s t r i b u t i o n  of 

i r r i g a t i o n  water sou rces  can be  assumed t o  b e  similar t o  t h e  d i s t r i b u -  

t i o n  of sou rces  f o r  animal d r i n k i n g  water s u p p l i e s ,  i .e . ,  30 pe rcen t  

from s u r f a c e  streams, 60 pe rcen t  f r o m w e l l s ,  and 10  pe rcen t  from su r -  

f a c e  s to rage .  Therefore ,  concen t r a t ions  of r a d i o n u c l i d e s  p rev ious ly  

genera ted  f o r  i r r i g a t i o n  water (we l l  water )  w e r e  a l s o  used f o r  dr ink-  

i n g  water concen t r a t ions .  

Drinking water i n t a k e  by d a i r y  c a t t l e  depends upon t h e  type  of 

feed consumed; i t  v a r i e s  from about  30 l i t e rs  p e r  day du r ing  pe r iods  

when f r e s h  fo rage  i s  r e a d i l y  a v a i l a b l e  t o  75 l i t e r s / d a y  du r ing  pe r iods  

when only  g r a i n  and s t o r e d  feed  are consumed. The monthly average 

va lues  f o r  water i n t a k e  were de r ived  

of t h e  d a i r y  cow(82)and t h e  moi s tu re  

(Table  111-8). (73) 

Concent ra t ions  of r a d i o n u c l i d e s  

from t h e  t o t a l  water  requi rements  

con ten t  of t h e  f e e d s  inges t ed  

i n  a i r  inha led  by d a i r y  c a t t l e  are 

those  a i r  c o n c e n t r a t i o n s  genera ted  by ARTRAN f o r  t h e  c e n t r o i d  of i n t e r -  

es t .  I n h a l a t i o n  ra te  f o r  d a i r y  c a t t l e  (G ) w a s  l i s t e d  by Comar as 90 d 
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TABLE 111-8 

MONTHLY AVERAGE D R I N K I N G  WATER CONSUMPTION 

BY THE D A I R Y  COW 

Month 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

(a )  ( l i t e r s / d a y )  Ldm 

7.5 E + l  

7 .5  E+1 

7 .5  E+1 

3.0 E + l  

3 .0  E + 1  

4.0 E+1  

5.0 E+1 

5.0 E+1 

7.5 E+1 

7.5 E + l  

7.5 E + l  

7 .5  E+1 

(a) These va lues  do no t  i n c l u d e  moi s tu re  con ten t  
of  feed .  Fresh  fo rage  w a s  assumed t o  b e  80% 
mois ture ;  s t o r e d  f e e d ,  25% mois tu re .  T o t a l  
mo i s tu re  i n t a k e  i s  ' ~ 1 0 0  l i t e r s / d a y  a l l  sou rces .  (82) 
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l i ters  p e r  minute.  (71) However, no d a t a  were found i n  t h e  l i t e r a t u r e  

a p p l i c a b l e  t o  e s t i m a t i n g  t h e  t r a n s f e r  of i n h a l e d  r a d i o n u c l i d e s  t o  animal  

products .  Therefore ,  i n  t h e  c u r r e n t  v e r s i o n  of t h e  model, contaminat ion 

of any animal  products  v i a  i n h a l a t i o n  i s  ignored.  

e a s i l y  b e  inc luded  a t  a later d a t e  i f  t h e  r e q u i r e d  informat ion  is  de- 

veloped) .  

(This  pathway can 

Dairy Products  

Lack of d a t a  on t h e  t r a n s f e r  of  r a d i o n u c l i d e s  from m i l k  t o  d a i r y  

products  n e c e s s i t a t e d  t h e  assumption t h a t  a u n i t  weight  ( o r  volume) of a 

d a i r y  product  conta ined  t h e  same q u a n t i t y  of r a d i o n u c l i d e s  as a u n i t  

weight  ( o r  volume) of t h e  o r i g i n a l  mi lk  (except  f o r  r a d i o a c t i v e  decay) .  

For example, each pound of b u t t e r  o r  cheese  conta ined  t h e  q u a n t i t y  of 

r a d i o n u c l i d e s  p r e s e n t  i n  a pound of t h e  whole mi lk  from which i t  w a s  

produced, and a p i n t  of cream conta ined  t h e  same q u a n t i t y  of  r a d i o n u c l i d e s  

as a p i n t  of t h e  m i l k  from which i t  w a s  e x t r a c t e d .  

i 

Ice cream w a s  assumed t o  c o n t a i n  a l l  of t h e  r a d i o n u c l i d e s  p r e s e n t  

i n  t h e  i n g r e d i e n t s  from which i t  w a s  made, w i t h  no l o s s  i n  t h e  product ion  

process .  One g a l l o n  of i ce  cream w a s  assumed t o  c o n t a i n  t h r e e  q u a r t s  of  

mi lk ,  one p i n t  of cream, 1 egg, 1-112 cups of s u g a r ,  and f l a v o r i n g .  The 

l as t  two i t e m s  were cons idered  f r e e  of contaminat ion s i n c e  they  were 

imported.  

Beef ,  Lamb, and Pork 

The e q u a t i o n s  f o r  c a l c u l a t i o n  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  beef 

and pork are n e a r l y  i d e n t i c a l  t o  t h o s e  used f o r  mi lk  [Equat ions ( 2 3  and 

(2211. The s i n g l e  e x c e p t i o n  is t h e  omission from t h e  meat e q u a t i o n s  of t h e  

terms r e l a t i n g  t o  f r e s h  forage .  These were omi t ted  because t h e  animals  

harves ted  f o r  food were assumed t o  b e  o n l y  f e e d - l o t  f a t t e n e d .  

lambs are consumed i n  t h e  r e g i o n  of i n t e r e s t ,  lamb consumption w a s  com- 

bined w i t h  beef consumption i n  t h e  d i e t a r y  summary. 

d e f i n i n g  t h e  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  lamb and beef as i d e n t i c a l .  

Because f e w  

T h i s  is  analogous t o  
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The e q u a t i o n s  f o r  t h e  beef pathway are g iven  below: 

'kb = IbSkb 

where 

'kb 

'kb 

'b 

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

(pCi/kg) .  

i s  t h e  " C o e f f i c i e n t  of  Transfer"  of t h e  n u c l i d e  t o  

beef a t  o r  near  d i e t a r y  e q u i l i b r i u m  ( f r a c t i o n  of I 

appearing i n  each kg of meat ) .  

i s  t h e  d a i l y  i n t a k e  of t h e  r a d i o n u c l i d e  by  t h e  beef 

c a t t l e  (pCi/day) as def ined  i n  Equat ion (26)  below. 

b 

A s  i n  t h e  mi lk  pathway, l i t e r a t u r e  d a t a  (83y 8 4 )  on t r a n s f e r  of rad io-  

n u c l i d e s  from d i e t  t o  animal  products  w e r e  l i m i t e d .  I n  a d d i t i o n ,  i t  w a s  

n o t  always c l e a r  whether t h e  v a l u e s  of (Sk) r e p o r t e d  ( o r  d e r i v e d  from 

r e p o r t e d  d a t a )  r e p r e s e n t e d  e q u i l i b r i u m  c o n d i t i o n s  o r  were merely based 

on a l i m i t e d  sampling of d i e t  p r i o r  t o  s l a u g h t e r  of t h e  animal.  The 

va lues  of (Skb) selected f o r  use  i n  t h e  above equat ion  [a long  w i t h  t h o s e  

f o r  Pork  (Sks),  p o u l t r y  (S  

111-9. 

) , and eggs ( S  ) ]  are  t a b u l a t e d  i n  Table  kc ka 

For n u c l i d e s  o t h e r  than i s o t o p e s  of S r ,  I ,  and C s  where l i t t l e  o r  

no d a t a  were a v a i l a b l e  f o r  e s t i m a t i n g  v a l u e s  of (Skb) and (Sks), approx- 

imat ions  were made on t h e  b a s i s  of chemical and b i o l o g i c a l  s i m i l i a r i t y  

between t h e  n u c l i d e  i n  q u e s t i o n  and those  f o r  which d a t a  were a v a i l a b l e .  

Radionucl ide i n t a k e  of beef c a t t l e  w a s  es t imated  w i t h  t h e  h e l p  of 

Equat ion (26) . 
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The terms of Equat ion (26) are t h e  same as t h e  corresponding t e r m  of 

Equat ion (22 ) ,  except  t h a t  they  now r e f e r  t o  beef  ca t t l e ,  s u b s c r i p t  (b) 

i n s t e a d o f  d a i r y  cows, s u b s c r i p t  ( d ) .  The parameters  r e l a t i n g  t o  d a i l y  

i n g e s t i o n  rates of  v a r i o u s  foods and water by beef c a t t l e  were assumed 

to b e  c o n s t a n t  throughout  t h e  y e a r .  The average  v a l u e s  t o  b e  a p p l i e d  each 

month i n  t h e  e q u a t i o n  are g i v e n  i n  Table  111-10. 

Although i n h a l a t i o n  w a s  ignored ,  t h e  d a i l y  b r e a t h i n g  rate (Gb) can b e  

i f  t h i s  mechanism i s  inc luded  a t  a l a t e r  d a t e .  (71) taken as 90 l i t e r s / m i n  

Concent ra t ions  o f  r a d i o n u c l i d e s  i n  pork can a l s o  b e  e s t i m a t e d  by 

Equat ion ( 2 6 ) ,  w i t h  t h e  s u b s t i t u t i o n  of t h e  a p p r o p r i a t e  parameters  f o r  

d a i l y  i n g e s t i o n  of  feed  and water by swine. These parameters  on an an- 

n u a l  average  b a s i s  are a l s o  l i s t e d  i n  Table  111-10. Comar (71) l i s t s  t h e  

b r e a t h i n g  r a t e  of swine as 6 l i t e r s / m i n ,  which seems low compared t o  t h e  

v a l u e s  he l i s ts  f o r  c a t t l e  (90 l i t e r s j m i n )  and sheep (6 l i t e r s / m i n ) .  The 

v a l u e  given by Altman and D i t t m e r  

more r e a l i s t i c .  

37 l i t e r s / m i n  f o r  a 225 kg hog seems 
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TABLE 111-9 

Nucl i de 

H-3 
N-13 
C-14 
Na-22 
Na-24 
Cr-51 
Mn - 5 4 
Fe-55 
Fe-59 
CO-58 
CO-60 

CU-64 
N i  -63 

Zn-65 
Sr-89 
Sr-90 
Zr-95 
Nb-95 
MO-99 
RU-103 
RU- 106 

1-129 
1-131 
1-1 32 
1-133 
1-1 35 
CS-134 
CS-137 

Te-132 

Ba-140 
La-140 
Ce-141 
Ce- 144 

TRANSFER COEFFICIENTS FOR MEAT AND EGGS 

F r a c t i o n  of Da i ly  I n t a k e  (Sk) Which Appears i n  Each 

kg of  Meat and Each Egg 

Beef  Pork 
"kb) ( S k S )  

1 E+O 1 E+O 
0 0 
1 E+O 1 E+O 
5 E-2 1 E-1 
0 0 
0 0 
5 E-3 1 E-2 
1 E-3 5 E-3 
1 E-3 5 E-3 
1 E-3 5 E-3 
1 E-3 5 E-3 
1 E-3 5 E-3 
2 E-3 5 E-3 
2 E-3 5 E-3 
2 E-3 8 E-3 
2 E-3(03,25)8 E-3(85) 
5 E-4 1 E-3 
5 E-4 1 E-3 
1 E-2 2 E-2 
1 E-3 5 E-3 
1 E-3 5 E-3 
5 E-3 1 E-2 
2 E-2 9 E-2 
2 E-2(67,85)9 E-2(85) 
2 E-2 9 E-2 
2 E-2 9 E-2 
2 E-2 9 E-2 
3 E-2 4 E-2 
3 E-2(84-86)4 E-2(85) 
5 E-4 2 E-3 
5 E-3 1 E-2 
1 E-3 5 E-3 
1 E-3 5 E-3 

P u l  try 

k c )  
9s 

- 

1 E+O 
0 
1 E+O 
1 E-2 
0 
0 
1 E-3 
1 E-3 
1 E-3 
1 E-3 
1 E-3 
1 E-3 
2 E-3 
2 E-3 
9 E-4 
9 E-4(87) 
1 E-4 
1 E-4(87) 

3 E-4(87 
3 E-4 

4 E-3 
4 E-3(88) 
4 E-3 
4 E-3 
4 E-3 
4 E-1(37) 
4 E-1 
5 E-4(87) 
4 E-3(87) 
6 E-4 
6 E-4(87) 

2 E-3(87) 

1 ~ - 2 ( 8 7 )  

Eggs 
('kc,) 

1 E+O 
0 
1 Et0 
1 E-2 
0 
0 
5 E-3 
5 E-3 
5 E-3 
5 E-3 
5 E-3 
5 E-3 
1 E-2 
2 E-4 
2 E-2 
2 E-2 
6 E-5 
6 E-5 
2 E-2 

87 1 

Numbers i n  Darentheses are  re fe rence  numbers. 

107 
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TABLE 111-10 

ANNUAL AVERAGE INGESTION RATES OF FEED AND WATER 

RY RCEF CATTLE, SWINE AND CHICKENS 

Annual Rates For 1Jse i n  Equat ions (26) and (28) [Ref .  71,  7 3 ,  91,  921 

I t e m  Beef Cat t le  Swine Chi c kens - 
kg/day of S tored  Feed (Q,) 5 . 4  E+1 8.0 E-1 

kg/day of Grain (Q ) 1.4 E+1 3 .4  E+O , 1.2 E-1 

l i t e r s / d a y  of Water (L) 5.0 E+1 1 .0  E+1 3.0 E-1 
e 

Pou l t ry  and G a m e  Bi rds  

Pou l t ry  inc lud ing  ch ickens ,  t u rkey ,  and domest ic  ducks,  and geese  

were assumed t o  eat no fo rage  o r  s t o r e d  f eed  s o  t h e  equa t ion  f o r  i n t a k e  

of r a d i o n u c l i d e s  ( I c )  i n c l u d e s  only  terms f o r  g r a i n ,  water and a i r .  Chick- 

ens  were cons idered  r e p r e s e n t a t i v e  of t h e  e n t i r e  c l a s s  of domest ic  fowl 

because  they r e p r e s e n t  t h e  m a j o r i t y  of t h e  p o u l t r y  consumed and because 

both  d i e t a r y  d a t a  and r a d i o n u c l i d e  uptake  have been w e l l  documented f o r  

ch ickens .  The equa t ions  f o r  c a l c u l a t i n g  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  

chicken f l e s h  a t  t h e  t i m e  of s l a u g h t e r  are g iven  below: 

where 

Ckc i s  t h e  c o n c e n t r a t i o n  of a g iven  r a d i o n u c l i d e  i n  ch icken  

f l e s h  (pCi/kg) 

is  t h e  c o e f f i c i e n t  of t r a n s f e r  t o  meat f o r  t h e  r a d i o n u c l i d e  i n  

terms of f r a c t i o n  of d a i l y  i n t a k e  ( I c )  appear ing  i n  each kg of 

meat . 
i s  t h e  d a i l y  i n t a k e  of t h e  r a d i o n u c l i d e  (pCi/day) as de f ined  

i n  Equat ion (28) below. 

'kc 

I C  
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The transfer coefficients (Skc) are given in Table 111-9. Pub- 

lished data were available for the fission product radionuclides 89Sr, 
"Si?, "Nb, 99Mo,103Ru, Io6Ru, I3lI, 
and 14'tCe, (84'87'88'89) but not for activation products. The transfer 

coefficients for the remaining nuclides were estimated on the basis of 

the chemical and biological similarity to those having published data. 

134Cs, 137Cs, I4OBa, 140La,141Ce, 

+ GcAmN + Lcum 

The terms in Equation (28) have the same definitions as given pre- 
1. 

viously for the milk pathway Equation ( 2 2 ) ,  except that they now refer to 

chickens, subscript (c), in place of dairy cows, subscript (d). The in- 

gestion rate of grain (Q ) and water (L ) are given in Table 111-10. A s  gc C 
for other animals, inhalation was ignored and all drinking water was 

assumed to come from wells. 

Very little data were available for diet and radionuclide uptake of 

game birds. Young game birds will eat insects but switch to grain as 

they mature. For purposes of this study, radionuclide concentrations in 

upland game birds were assumed to be identical to those in chickens 

raised in the same centroid. Waterfowl will be discussed later in the 

section on fish. 

Equation (29) was used t o  estimate the concentration of radionuclides 

in chicken eggs. 
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where 

C 

Ska i s  t h e  c o e f f i c i e n t  of t r a n s f e r  t o  eggs f o r  t h e  r a d i o n u c l i d e  

i s  t h e  c o n c e n t r a t i o n  of  a g iven  r a d i o n u c l i d e  i n  egg (pCi/egg) 
a 

( f r a c t i o n  of d a i l y  i n t a k e  appear ing  i n  each egg) 

IC i s  t h e  d a i l y  i n t a k e  of t h e  r a d i o n u c l i d e  by t h e  chicken 

(pCi/day) as p r e v i o u s l y  d e f i n e d  i n  Equat ion (28) .  

S p e c i f i c  d a t a  on t r a n s f e r  of r a d i o n u c l i d e s  from d i e t  t o  eggs of 

chicken were a v a i l a b l e  f o r  t h e  same l is t  of n u c l i d e s  as given above f o r  

t r a n s f e r  t o  chicken f l e s h .  T r a n s f e r  c o e f f i c i e n t s  f o r  o t h e r  n u c l i d e s  w e r e  

aga ines t imated  on t h e  b a s i s  of s i m i l a r i t y  of  chemical and b i o l o g i c a l  be- 

h a v i o r  of t h e  n u c l i d e s .  Values of (Ska) s e l e c t e d  are g iven  i n  Table  111-9. 

Food Crops 

The equat ion  f o r  c a l c u l a t i o n  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  i n  food 

crops  i n c l u d e s  terms f o r  d i r e c t  d e p o s i t i o n  from a i r  and s p r i n k l e r  i r r i g a -  

t i o n ,  and f o r  uptake from s o i l .  I t  i s  g iven  below as Equation ( 3 0 ) .  

The terms i n  t h i s  e q u a t i o n  are similar t o  t h e  terms i n  t h e  e q u a t i o n s  

f o r  r a d i o n u c l i d e  i n t a k e  by animals  t h a t  re la te  t o  c o n c e n t r a t i o n s  i n  t h e i r  

feed c rops .  The d e f i n i t i o n s  of t h e  two sets of symbols are s imilar  w i t h  

t h e  s u b s t i t u t i o n  of t h e  s u b s c r i p t  ( c )  f o r  (8) o r  ( s ) .  

Equation (30) can b e  a p p l i e d  t o  a c o n s i d e r a b l e  v a r i e t y  of food c r o p s ,  

provided t h e  a p p r o p r i a t e  parameters  can b e  e s t i m a t e d .  

range i n  t h e  v a l u e s  f o r  crop y i e l d  (Y ) ,  month of appearance ( a ) ,  a month 

of h a r v e s t  ( h ) ,  f a c t o r s  f o r  uptake from s o i l  ( B  ) and t r a n s l o c a t i o n  t o  

e d i b l e  p a r t s  of t h e  p l a n t  (Tc), and r a t e  of a p p l i c a t i o n  of i r r i g a t i o n  water. 

These parameters  vary n o t  on ly  w i t h  r a d i o n u c l i d e  and crop b u t  a l s o  w i t h  

l o c a t i o n  w i t h i n  t h e  reg ion .  D i f f e r e n c e s  due t o  l o c a t i o n  were ignored 

There i s  a wide 

C 

C 
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(except  f o r  d e p o s i t i o n  rates from a i r  and water c o n c e n t r a t i o n s ) ,  and only 

one se t  of parameters  p e r  crop type  w a s  s e l e c t e d  f o r  t h e  e n t i r e  r e g i o n  

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

A s  w i t h  animal  feed  c rops ,  v a l u e s  of c e r t a i n  parameters  could n o t  b e  

found i n  t h e  l i t e r a t u r e  f o r  many of t h e  r a d i o n u c l i d e s .  T h i s  w a s  e s p e c i a l l y  

t r u e  f o r  c o n c e n t r a t i o n  f a c t o r s  (B ) and t r a n s l o c a t i o n  f a c t o r s  (Tc). Month 

of appearance (a )  of v a r i o u s  crops o f t e n  had t o  b e  "gestimated" from grow- 

i n g  season and h a r v e s t  d a t e .  

were r e a d i l y  a v a i l a b l e  f o r  n e a r l y  a l l  c rops  and i n  a l l  states of t h e  

r e g i o n  from r o u t i n e  a g r i c u l t u r e  r e p o r t s .  

C 

Month of h a r v e s t  (h) and crop y i e l d  (Y,) 

I r r i g a t i o n  water  was a g a i n  assumed t o  b e  obta ined  s o l e l y  from w e l l s  
2 and a p p l i e d  by s p r i n k l e r s  a t  a c o n s t a n t  r a t e  of 110 l i ters/m /mo. through- 

o u t  t h e  per iod  from month of appearance t o  month of h a r v e s t .  The f r a c t i o n  

of crop product ion  i r r i g a t e d  w a s  ob ta ined  from t h e  l i t e r a t u r e  and recorded 

i n  t h e  LPM f o r  each c e n t r o i d .  Concent ra t ions  of r a d i o n u c l i d e s  i n  i r r i g a -  

t i o n  water were c a l c u l a t e d  as expla ined  under t h e  milk pathway. Again, 

long-term accumulation of r a d i o n u c l i d e s  i n  s o i l  from i r r i g a t i o n  (F w a s  

no t  included i n  t h e  model a t  t h i s  t i m e .  
cw 

The f r a c t i o n  (R)  of t h e  r a d i o n u c l i d e s  d e p o s i t e d  per  s q u a r e  meter from 

i r r i g a t i o n  (and a i r ) ,  a c t u a l l y  i n t e r c e p t e d  and i n i t i a l l y  r e t a i n e d  by t h e  

p l a n t  s u r f a c e s ,  w a s  taken as 0.25.  ( 7 4 )  

The c o n c e n t r a t i o n  f a c t o r s  (Bc) ,crop y i e l d  (Yc), and months of ap- 

pearance and h a r v e s t  are g iven  i n  Table 111-11. 

Concent ra t ion  f a c t o r s  are  l i s t e d  i n  t h e  t a b l e  only f o r  t h o s e  rad io-  

n u c l i d e  p l a n t  combinations f o r  which d a t a  could b e  found i n  t h e  l i t e r a t u r e .  

For those  combinations n o t  l i s t e d ,  c o n c e n t r a t i o n  f a c t o r s  d e r i v e d  from 

Reference (59) (and p r e v i o u s l y  l i s t e d  i n  Table  111-7) should b e  used. 
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T r a n s l o c a t i o n  f a c t o r s  ( T  ) ,  given p r e v i o u s l y  i n  Table  111-6 f o r  g r a i n  
C 

and p o t a t o e s ,  a l s o  apply t o  g r a i n  consumed by humans and a l l  above ground 

v e g e t a b l e s .  

r o o t  v e g e t a b l e s  such as c a r r o t s  and t u r n i p s .  

food crops ,  t h e  t r a n s l o c a t i o n  f a c t o r  is  taken  t o  b e  1 . 0 ,  i . e . ,  t h e  con- 

c e n t r a t i o n  of r a d i o n u c l i d e s  i n  t h e  e d i b l e  p a r t  of t h e  p l a n t  i s  t h e  same as 

t h e  average c o n c e n t r a t i o n  i n  t h e  o v e r a l l  p l a n t  from d i r e c t  d e p o s i t i o n .  

Those f a c t o r s  g iven  i n  Table  111-6 f o r  p o t a t o e s  a l s o  apply t o  

For a l l  o t h e r  v e g e t a b l e s  and 

F i s h  and Waterfowl 

Concent ra t ions  of r a d i o n u c l i d e s  i n  f i s h  f l e s h  were c a l c u l a t e d  on t h e  

b a s i s  of r a p i d  e q u i l i b r i u m  between t h e  f i s h  and t h e  water i n  which i t  

grows; t h e  food web l y i n g  between them i s  ignored.  The o v e r s i m p l i f i c a t i o n  

y i e l d s  t h e  fol lowing equat ion  t h a t  re la tes  f i s h  f l e s h  c o n c e n t r a t i o n  d i -  

r e c t l y  and s o l e l y  t o  water c o n c e n t r a t i o n :  

C A = B w  A m  

where 

C i s  t h e  c o n c e n t r a t i o n  of a g iven  r a d i o n u c l i d e  i n  f i s h  f l e s h  A 
(pCi/kg w e t  weight ) .  

BA i s  t h e  c o n c e n t r a t i o n  f a c t o r  (pCi/kg f l e s h  per  p C i / l i t e r  

w a t e r )  f o r  t h e  r a d i o n u c l i d e .  

o i s  t h e  c o n c e n t r a t i o n  of t h e  r a d i o n u c l i d e  i n  water  ( p C i / l i t e r )  m 
f o r  month of h a r v e s t  of f i s h .  

Concent ra t ion  f a c t o r s  (B ) f o r  f i s h  a r e  l i s t e d  i n  Table  111-12. 
A 

Values of ( B  ) f o r  s p e c i f i c  r a d i o n u c l i d e s  were used whenever a v a i l -  A 
a b l e .  Data publ i shed  f o r  c o n c e n t r a t i o n s  of s t a b l e  e lements  i n  f r e s h  water 

and f i s h  ( 5 9 )  were used t o  d e r i v e  t h e  c o n c e n t r a t i o n  r a t i o s  appear ing  i n  t h e  

l a s t  column of Table 111-12. 
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TABLE 111-12 
CONCENTRATION FACTORS ( B A )  FOR UPTAKE OF RADIONUCLIDES 

BY FRESH WATER FISH AND WATERFOWL 

Nucl i d e  

H-3 
N-13 
C-14 
Na-22 
Na - 24 
Cr-51 
Mn- 54 
Fe- 55 
Fe-59 
CO-58 
CO-60 

CU-64 
N i  -63 

Zn-65 
Sr-89 
Sr-90 
Zr-95 
Nb-95 
MO-99 
R U - 1  03 
R U - 1  06 
Te-132 
1-1 29 
1-1 31 
1-132 
1-1 33 
1-135 
C S - 1  34 
CS-137 
Ba-140 
La-140 
Ce-141 
Ce-144 

(b) E l  emen ts  Radionucl ides  ( a )  
pCi/kg per pCi / l  i t e r  ppm f i sh /ppm water  

1 .O E+0(95,96) 9 .3  E-1 (9) 
0 1 . 5  E+5 ( h )  

4 .6  E+3 (h)  
1 .O E+2(60,61,95,96) 3.2 E+l (9) 

,l.O E+2 60,61) 
1 .0  E+O i cl  
1 .O E+3(95,96) 
5.0 E+3(95,96) 
5.0 E+3(95,96) 
5.0 E+1(95) 
5.0 E+l (95 )  

5 .0  E t 1  ( 97 )  
1 .5  E+f (60961 

1 .0  E+1(96) 

5.0 E+0(96) 
5.0 E+O(96) 
1 .O Et3 (e> 

1 . 0  E+0(98) 

1 .0  E+3(f )  
1 .O E+3(f)  

5.0 E+1(95,96) 
5.0 E+l  (95,96)  

3.2 E+I (s j  
2.0 E+2 (i) 
2.5 E+l (9)  
3 .0  E+2 (h )  
3.0 E+2 ( h )  
5.0 E+2 ( h )  
5.0 E+2 ( h )  
4 .0  E+l ( h )  
2.0 E+l ( 9 )  
1.0 E+3 ( 9 )  
4 .0  E+1 ( i )  
4 .0  E+1 (i) 
1 . 0  E t 2  (i) 
3.0 E+4 ( j )  
1.0 E t 2  ( h )  
1.0 E+2 ( j )  
1 .O E+2 ( j )  
1 .0  E+5 ( k )  
1 . 0  E+O ( i )  
1 .0  E+O (i) 
1.0  E+O ( i )  
1 .0  E+O ( i )  
1 .0  E+O ( i )  
1 . 0  E+3 ( a )  
1 . 0  E+3 ( 9 )  
1 . 0  E+1 ( j )  
1.0 E+2 ( 1 )  
1.0 E+2 ( 1 )  
1 .0  E+2 ( 1 )  
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TABLE 111-12 (cont inued)  

Midrange o f  l i t e r a t u r e  va lues unless o t h e r w i s e  s t a t e d .  

C a l c u l a t e d  f rom f i s h  and i i a t e r  c o n c e n t r a t i o n s  g i v e n  i n  Reference ( 5 9 ) .  

Samples o f  Columbia R i v e r  water  and f i s h  a t  Hanford y i e l d  a va lue  

o f  c 1 . 0  f o r  8. f o r  Cr-51. (60,611 
(99-1 01 ) n 

Based on c a l c i u m  c o n c e n t r a t i o n  i n  Upper M i s s i s s i p p i  R i v e r .  

Assumed as more reasonable than t h e  element r a t i o  

Reference (59)  because o f  r e l a t i v e l y  s h o r t  h a l f - 1  

Based on potass ium c o n c e n t r a t i o n  i n  Upper M i s s i s s  

f e .  

P P i  R 

g i v e n  i n  

(99 , 102- 106) ver .  

i io tes f rom Reference ( 5 9 )  

( 9 )  
( h )  

Data a v a i l a b l e  f o r  b o t h  f r e s h  f i s h  and f r e s h  water .  
Data f o r  f resn water  f i s h  n o t  a v a i l a b l e ;  c o n c e n t r a t i o n  data 
f o r  mar ine f i s h  used. 

( i )  

( j )  
5 (k) 

(1) Based on composite o f  r a r e  e a r t h  da ta  ( i n c l u d i n g  a BA o f  80 f o r  144Ce). 

Data on r a t i o  a v a i l a b l e  i n  l i t e r a t u r e .  

R a t i o  based on da ta  f o r  sea f i s h  and sea water .  
Data l a c k i n g ,  assumed r a t i o  o f  10 as h i g h e s t  found f o r  any element. 
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Although i t  may seem l o g i c a l  t h a t  r a d i o a c t i v e  decay would r e s u l t  i n  

smaller c o n c e n t r a t i o n  r a t i o s  f o r  s h o r t - l i v e d  n u c l i d e s  than  f o r  t h e  ele- 

ments, expe r i ence  w i t h  24Na (tl ,* = 15 hours )  has  n o t  borne  t h i s  ou t .  

Data i n  t h e  l i t e r a t u r e  and from Hanford ' s  envi ronmenta l  survey  program 

b o t h  l e a d  t o  a v a l u e  of 100 f o r  (BA) f o r  2 4 N a  compared t o  a v a l u e  of 35 

der ived  f o r  s t a b l e  e lements .  

e q u i l i b r i u m  between sodium i n  water and sodium i n  f i s h .  

c e n t r a t i o n s  i n  f i s h  are n o t ,  of cour se ,  s o l e l y  dependent upon t h e  con- 

c e n t r a t i o n  i n  water. For some n u c l i d e s  t h e  r e l a t i v e  me tabo l i c  a c t i v i t y  

of t h e  f i s h  is impor t an t ,  w i t h  h i g h e r  up takes  noted  a t  h i g h e r  water t e m -  

p e r a t u r e s .  (94) 
c a l c u l a t e d  from d a t a  i n  t h e  l i t e r a t u r e  modified f o r  measured v a l u e s  of 

calcium and potassium c o n t e n t  of t h e  UMRB r eg ion .  For t h e  f i r s t  v e r s i o n  

of t h e  FPM, s h e l l f i s h  and marine f i s h  imported from o u t s i d e  of t h e  r e g i o n  

of i n t e re s t  were cons idered  t o  be  f r e e  of contaminat ion .  

This  h i g h e r  r a t i o  (of 100) i m p l i e s  r a p i d  

Radionucl ide  con- 

(69) 

Concen t ra t ion  f a c t o r s  f o r  8 9 S r , 9 0 S r ,  and 1 3 4 C s , ' 3 7 C s  were 

Waterfowl g e n e r a l l y  have 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  i n  t h e i r  f l e s h  

s imi l a r  t o  t h e  c o n c e n t r a t i o n s  found i n  f i s h  h a r v e s t e d  a t  t h e  same l o c a t i o n .  

For t h e s e  r easons ,  waterfowl f l e s h  w a s  cons idered  t o  have t h e  same con- 

t amina t ion  l e v e l s  ( a t  t i m e  of h a r v e s t )  as f i s h .  However, decay times be- 

tween h a r v e s t  and consumption f o r  t h e s e  two types  of food are  n o t  necess- 

a r i l y  i d e n t i c a l  ( a s  expla ined  i n  a subsequent s e c t i o n ) .  

The c e n t r o i d  where f i s h  and water fowl  are h a r v e s t e d  de te rmines  t h e  

c o n c e n t r a t i o n s  of r a d i o n u c l i d e s  i n  t h e i r  f l e s h .  Th i s  c e n t r o i d  i s  n o t  a i -  

ways t h e  same as t h e  one where they  are e a t e n .  Methods o f  de te rmining  

c e n t r o i d  of h a r v e s t  are exp la ined  l a t e r .  

Concen t r a t ions  i n  Food a t  T i m e  of Consumption 

The FPM c a l c u l a t e s  c o n c e n t r a t i o n s  i n  food a t  t i m e  of h a r v e s t .  Con- 

c e n t r a t i o n s  of r a d i o n u c l i d e s  i n  food are reduced by l o s s e s  due t o  r ad io -  

a c t i v e  decay between h a r v e s t  and consumption, and l o s s e s  caused by com- 

m e r c i a l  p rocess ing .  Losses of r a d i o n u c l i d e s  from d r i n k i n g  water occur  

du r ing  water t r ea tmen t  and vary  w i t h  n u c l i d e ,  form (suspended o r  d i s s o l v e d ) ,  

116 



and t reatment  type.  These l o s s e s  are d i s c u s s e d  i n  t h e  fo l lowing  s u b s e c t i o n s .  

A f i x e d  regime of  product ion  d a t e s  and decay t i m e s  between h a r v e s t  and 

consumption was c r e a t e d ,  based p r i n c i p a l l y  on t h e  a u t h o r ' s  op in ion  and 

judgment. Foods were placed i n t o  one of t h r e e  groups: (1) f i x e d  h a r v e s t  

a and f i x e d  decay,  ( 2 )  v a r i a b l e  h a r v e s t  and f i x e d  decay,  and ( 3 )  f i x e d  har-  

vest  and v a r i a b l e  decay. Group one inc luded  s e a s o n a l  foods e a t e n  f r e s h  

only f o r  a l i m i t e d  per iod  of t h e  y e a r  soon  a f t e r  h a r v e s t ,  i . e . ,  melons. 

Group two included food g e n e r a l l y  e a t e n  a l l  year  round b u t  grown i n  d i f -  

f e r e n t  l o c a t i o n s  w i t h  d i f f e r e n t  h a r v e s t  d a t e s .  T h i s  group inc luded  i t e m s  

such a s  l e t t u c e  which i s  imported from o u t s i d e  t h e  r e g i o n  i n  t h e  w i n t e r  

months. Group t h r e e  included items t h a t  were e i t h e r  processed (canned 

o r  f r o z e n )  o r  t h a t  could b e  s t o r e d  f o r  long p e r i o d s  w i t h o u t  p r o c e s s i n g ,  

e . g . ,  p o t a t o e s .  A l l  foods were assumed t o  have been consumed w i t h i n  1 2  

months fo l lowing  t h e i r  h a r v e s t  d a t e .  Table  111-13 l i s t s  t h e  35 food cate- 

g o r i e s  and d e f i n e s  t h e  decay per iod  assumptions.  The decay t i m e  l i s t e d  i n  

t h e  t a b l e  i n c l u d e s  t h e  t i m e  r e q u i r e d  f o r  commercial p rocess ing  and s t o r a g e ,  

t r a n s p o r t a t i o n  and market ing,  and s t o r a g e  a t  home p r i o r  t o  consumption. 

For t h o s e  foods w i t h  v a r i a b l e  decay t i m e s ,  t h e  dose  c a l c u l a t i o n  program 

c a l c u l a t e s  the-number of days between t h e  month of  h a r v e s t  and t h e  month of  

Consumption p r i o r  t o  e s t a b l i s h i n g  t h e  e x p o n e n t i a l  decay c o r r e c t i o n  f a c t o r .  

Losses of r a d i o n u c l i d e s  from food products  occur  dur ing  commercial 

p rocess ing  and d u r i n g  home p r e p a r a t i o n ,  I t  w a s  assumed t h a t  a l l  such l o s s -  

es were p h y s i c a l ,  and no conversion of r a d i o n u c l i d e s  from s o l u b l e  t o  in-  

s o l u b l e  forms occurred .  Process ing  s t e p s  i n c l u d e  washing, p e e l i n g  t r i m -  

ming of  u n d e s i r a b l e  p o r t i o n s ,  and cooking by b o i l i n g ,  baking,  f r y i n g ,  e t c .  

I n  a d d i t i o n ,  m i l l i n g  of g r a i n  products  l e a d s  t o  s i g n i f i c a n t  l o s s e s  of ra- 

d i o n u c l i d e s .  (107-109) 

For purposes of  t h e  UMRB s t u d y ,  such l o s s e s  were counted only  once f o r  

each food. For  example, i f  a food is  purchased f r e s h ,  t h e  l o s s e s  occur  

i n  t h e  home; i f  i t  is  purchased canned o r  f r o z e n ,  t h e  l o s s e s  occur  d u r i n g  

commercial p rocess ing .  Even though c e r t a i n  foods may b e  e a t e n  f r e s h ,  such 

1 0 8 3 0 1 :  I 
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TABLE 111-13 

1. 
2. 
3. 
4. 
5. 
6. 
7.  
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
2 5 .  
26. 
27. 
28. 
29. 
30. 
31. 
3 2 .  
33 .  
33. 
3 5 .  

DECAY PERIODS ASSUMED BETWEEN 

HARVEST AND CONSUMPTION FOR 35 FOOD CATEGORIES 

Food Category 

B e r r i e s  - f r e s h  
B e r r i e s  - processed 
Tree F r u i t  - f r e s h  
Tree F r u i t  - processed 
Melons - f r e s h  
T r o p i c a l  F r u i t  - f r e s h  
T r o p i c a l  F r u i t  - processed 
C i t r u s  F r u i t  - f r e s h  
C i t r u s  F r u i t  - processed 
Potatoes - f r e s h  
Potatoes - processed 
Root Vegetables - f r e s h  
Root Vegetables - processed 
Green L e a f y  Vegetables - f r e s h  
Green Leafy  Vegetables - processed 
Other  above ground Veg. - f r e s h  
Other  above ground Veg. - processed 
G r a i n  & Gra in  Products 
R i c e  and R ice  Products 
Wheat & Wheat Products 
M i l k  - f r e s h  
M i l k  - processed & Products 
B u t t e r  
Fresh Who1 e Eggs 
Beef & Lamb 
Pork - f r e s h  
Pork - processed 
P o u l t r y  
Waterfowl 
Ocean F i s h  - processed 
S h e l l  F i s h  
Ocean F i s h  - f r e s h  
R i v e r  F i s h  ( s p o r t s )  
Upland Game B i r d s  
Secondary Water 

Time o f  Harves t  

F i x e d  
F i x e d  
F ixed 
F i x e d  
F ixed 
Va r i a b l  e 
V a r i  ab1 e 
F ixed 
F i x e d  
F i x e d  
F ixed 
F i x e d  
F i x e d  
F i x e d  
F ixed 
F i x e d  
F i x e d  
F i x e d  
F i x e d  
F i x e d  
V a r i  ab1 e 
V a r i a b l e  
V a r i a b l e  
Var i ab1 e 
V a r i a b l e  
Var i a b l  e 
V a r i a b l e  
V a r i a b l e  

Var i ab7 e 
V a r i a b l e  
V a r i a b l e  
V a r i a b l e  

V a r i a b l e  

( b )  

( b )  

Decay Time (days ) 
4 
V a r i a b l e  
10 
V a r i  ab1 e 

V a r i  ab1 e 
V a r i a b l e  
V a r i a b l e  
V a r i a b l e  
V a r i a b l e  
10 
V a r i a b l e  
7 
V a r i a b l e  
5 
V a r i a b l e  
V a r i a b l e  
V a r i a b l e  
V a r i a b l e  
3 
20 
10 
7 
20 
20 
30 
5 
7 
V a r i a b l e  
N.D. 
N.D. 
3 
2 
0 

N.D. ( a >  

( a )  

( b )  Dependent upon h u n t i n g  season. 

N.D. means n o t  d e f i n e d  f o r  t h e  c u r r e n t  r e g i o n  s i n c e  a l l  o f  these 
foods a r e  impor ted  f r e e  of contaminat ion .  

1 0 8 3 0 4 2  
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as le t tuce and car ro ts ,  they w i l l  e x p e r i e n c e  l o s s e s  of r a d i o n u c l i d e s  due 

t o  washing, p e e l i n g  of o u t e r  leaves o r  p a r i n g .  

t h e  l i t e r a t u r e  f o r  l o s s e s  of  8 9 S r , 9 0 S r , 1 3 1 1 , L 3 4 C s ,  and137Cs d u r i n g  food 

p r e p a r a t i o n ,  and, i n  a d d i t i o n ,  l o s s e s  of 54Mn and 1 4 4 C e  d u r i n g  m i l l i n g  of 

wheat ,a re  t a b u l a t e d  i n  Table  111-14. 

The l i m i t e d  d a t a  found i n  

, 

S i n c e  t h e  d a t a  i n  Table  111-14 were so  l i m i t e d ,  an average  l o s s  

f a c t o r  w a s  assumed f o r  each t y p e  of crop f o r  a l l  r a d i o n u c l i d e s .  

f a c t o r s  s e l e c t e d  are  l i s t e d  i n  Table  111-15 i n  terms of t h e  f r a c t i o n  of 

t h e  r a d i o n u c l i d e  c o n t e n t  t h a t  a c t u a l l y  p a s s e s  through t h e  process ing;  i n  

o t h e r  words, t h e  r a t i o  of t h e  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  (pCi/kg) mea- 

sured  a f t e r  process ing  t o  t h e  c o n c e n t r a t i o n  measured b e f o r e  process ing .  

These 

1 
One f i n a l  l o s s  r e s u l t s  from t h e  f r a c t i o n  of food taken  i n t o  t h e  

household t h a t  is thrown away as s c r a p s  o r  f e d  t o  p e t s .  S i n c e  t h i s  

a c t u a l l y  a f f e c t s  t h e  q u a n t i t y  consumed r a t h e r  than  t h e  c o n c e n t r a t i o n  of 

t h e  r a d i o n u c l i d e ,  i t  w i l l  be  d i s c u s s e d  i n  t h e  s u b s e c t i o n  concerned w i t h  

d e t e r m i n a t i o n  of t h e  i n d i v i d u a l  d i e t s .  

Drinking Water 

Water a c t u a l l y  consumed by human be ings  i s  s u b j e c t  t o  a wide v a r i e t y  

’ of t rea tment  process ing  p r i o r  t o  consumption. These p r o c e s s e s  range from 

no t rea tment  t o  chemical t rea tment  followed by f i l t r a t i o n .  Radionucl ides  

w i l l  b e  removed w i t h  vary ing  degrees  of e f f i c i e n c y ,  depending n o t  o n l y  

upon t h e  s p e c i f i c  p r o c e s s  used b u t  a l s o  whether t h e  r a d i o n u c l i d e s  are d i s -  

so lved  i n  t h e  water o r  are  a s s o c i a t e d  w i t h  suspended m a t e r i a l .  Concentra- 

t i o n s  of  t h e  r a d i o n u c l i d e s  i n  both  s o l u b l e  and i n s o l u b l e  forms a re  c a l -  

c u l a t e d  by WTRAN. The LPM t a p e  c o n t a i n s  a r e c o r d  of t h e  type  of water 

s o u r c e  andtype  of water t rea tment  f o r  each c e n t r o i d  i n  t h e  s tudy  r e g i o n .  

1 0 8 3 0 4 3  
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TABLE 111-15 

FRACTION OF RADIONUCLIDE CONCENTRATIONS REMAINING IN 
VARIOUS FOODS AFTER PREPARATION FOR CONSUMPTION 

Food - 
Milk 
Leafy Vegetables 
Other Above Ground Vegetables 
Potato 
Other Below Ground Vegetables 
Orchard F r u i t ,  f r e s h  
Orchard Fruit ,  processed 
Ber r i e s  
Ye1 ons 
Wheat 
Other Grain 
Fish 
Beef ( &  lamb) 
Pork 
pou l t ry  (C, game birds & waterfowl ) 

( a  1 Frac t ion  Rema i n i  ng A f t e r  Prepara t i  on 
1 .o 
0.4 

0.4 
0.75 
0.75 

0.9 

0.4 
0.67 
0.9 
0.15 
0.15 
0.8 
0.9 
0.9 
0.9 

‘ a ) R a t i o  of concen t r a t ion  (pCi/g wet VJeight) measured a f t e r  p repa ra t ion  t o  
t h a t  measured before  c o n c e n t r a t i o n .  
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Four t r ea tmen t  p rocesses  and t h e i r  e f f e c t  on t h e  r a d i o n u c l i d e  con ten t  

of t h e  water were de f ined :  

. No t r ea tmen t  o t h e r  than  c h l o r i n a t i o n :  No r e d u c t i o n  i n  d i s s o l v e d  

or  suspended r a d i o n u c l i d e s .  

. F i l t r a t i o n  (and c h l o r i n a t i o n ) :  Removes a l l  suspended, b u t  no 

d i s s o l v e d  r a d i o n u c l i d e s .  

. Chemical p rocess ing  ( e .g . ,  alum f l o c . ) :  Removes v a r i a b l e  amounts 

of d i s s o l v e d  and n e a r l y  a l l  suspended r a d i o n u c l i d e s .  

. F i l t r a t i o n  p l u s  chemical p rocess ing :  Removes a l l  suspended and 

v a r i a b l e  amounts of d i s s o l v e d  r a d i o n u c l i d e s  ( s e e  Table  111-16). 

The e f f e c t s  of t h e  t r ea tmen t  system on water c o n c e n t r a t i o n s  can b e  

expressed  as Equat ion  (32 )  below: 

where Cm is  t h e  t o t a l  c o n c e n t r a t i o n  of a g iven  r a d i o n u c l i d e  i n  

t h e  water l e a v i n g  t h e  t r ea tmen t  p l a n t .  

W' is t h e  c o n c e n t r a t i o n  of t h e  r a d i o n u c l i d e  d i s s o l v e d  i n  t h e  m 
water e n t e r i n g  t h e  p l a n t  du r ing  month (m). 

F' is t h e  f r a c t i o n  of t h e  d i s s o l v e d  r a d i o n u c l i d e  t h a t  p a s s e s  

through t h e  t r ea tmen t  p rocess .  

W" is  t h e  c o n c e n t r a t i o n  of t h e  r a d i o n u c l i d e  suspended i n  t h e  m 
water e n t e r i n g  t h e  p l a n t  d u r i n g  month (m). 

F" i s  t h e  f r a c t i o n  of  t h e  suspended r a d i o n u c l i d e  t h a t  p a s s e s  

through t h e  t r ea tmen t  p rocess .  

No f a c t o r s  f o r  p h y s i c a l  l o s s  i n  t h e  p i p i n g  o r  r e s e r v o i r ,  o r  f o r  r ad io -  

a c t i v e  decay between t h e  t r ea tmen t  p l a n t  and t h e  consumer, are employed. 

Some persons  w i l l  consume water d i r e c t l y  from a home w e l l  o r  w i l l  l i v e  

c l o s e  t o  t h e  water t r ea tmen t  p l a n t .  The re fo re  C a l s o  r e p r e s e n t s  t h e  con- 

c e n t r a t i o n s  a t  t h e  time of w a t e r  consumption. 
W 
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The v a l u e s  of ( F ' )  and (F") f o r  u s e  w i t h  each t rea tment  t y p e  are 

t a b u l a t e d  below: 

F' ' - P l a n t  Type F' 

1.0 1.0 

1 . 0  0 .0  

(Use Table  111-16) 0.0 

(Use Table  111-16) 0.0 

Extens ive  exper ience  w i t h  t h e  alum-floc p r o c e s s e s  a t  Richland and 

Pasco, Washington, h a s  

p l a n t  f o r  s e v e r a l  r a d i o n u c l i d e s .  (60y  61' 115-121) 

c o l l e c t e d  b e f o r e  and a f t e r  p r o c e s s i n g  a t  t h e s e  two c i t y  t rea tment  p l a n t s  

f o r  a combined t o t a l  of 1 2  y e a r s  o f  o p e r a t i n g  d a t a .  These samples have 

been analyzed f o r  s e v e r a l  of t h e  r a d i o n u c l i d e s  of i n t e r e s t  i n  t h e  c u r r e n t  

s t u d y .  From t h e s e  a n a l y s e s  and from chemical s i m i l a r i t y  of t h o s e  rad io-  

n u c l i d e s  n o t  measured, t h e  f r a c t i o n s  of  t h e  d i s s o l v e d  r a d i o n u c l i d e s  t h a t  

would p a s s  through a t y p e  3 o r  4 t r e a t m e n t  p l a n t  have been e s t i m a t e d .  

These v a l u e s  are  summarized i n  T a b l e  111-16. 

i n d i c a t e d  t h e  e f f i c i e n c y  of removal i n  a Type 4 
Water samples have been 

CALCULATION OF AVERAGE DIETS 

Food e n t e r i n g  households i n  u n i t s  of pounds p e r  week p e r  household 

a r e  recorded on t h e  LPM t a p e  f o r  t h r e e  d i s t i n c t  t y p e s  of households  -- 
Urban, Rura l  farm, and Rura l  nonfarm. These d a t a  w e r e  given i n  a USDA 

r e p o r t  "Food Consumption of  Households i n  t h e  North C e n t r a l  U.S. Spr ing  

1965, '1(24) which t a b u l a t e d  t h e  foods i n  a manner r e l a t e d  t o  n u t r i t i v e  

va lue .  The food c a t e g o r i e s  were rear ranged  on t h e  b a s i s  of s i m i l a r i t y  

of a g r i c u l t u r a l  p r a c t i c e s ,  and mixtures  such as baked goods and i c e  

cream were broken down i n t o  primary i n g r e d i e n t s  and added t o  t h e  t o t a l s  

i n  t h e  l ist  of t h e  35 i t e m s .  Table  111-17  l i s ts  t h e  a d j u s t e d  pounds p e r  

week of each ca tegory  o f  food e n t e r i n g  t h e  household.  
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TABLE 111-16 
FRACTION OF DISSOLVED RADIONUCLIDES PASSING THROUGH 

TYPICAL (CLASS 3 o r  4 )  MUNICIPAL WATER TREATMENT PLANT 

Nucl i d e  

H-3 
N-13 
C-14 
Na - 22 
Na-24 
Cr-51 
Mn-54 
Fe-55 
Fe- 59 

Ni -63 

Zn-65 
Sr-89 
Sr-90 

Zr-95 
Nb-95 
Mo-99 
RU-103 
RU-106 

1-1 29 
1-1 31 
1-1 32 
I-: 33 
1-1 35 
Cs-1 34 
cs- 1 37 
Ba-140 
La-140 
Ce- 141 
Ce- 144 
( Pr- 144) 

CO-58 
CO-60 , 
CU-64 

(Y-90) 

Te-132 

F rac t ion  P a s s i n g  Remarks 

1 .o 
0.0  
0 .2  
0.9 
0.6 
0.9 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .3  
0.4 
0.2 
0 .2  

0 .3  
0.3 
0.8 
0.2 
0.2 
0.7 
0.8 
0.8 
0.0 
0.8 
0 .2  
0.8 
0.8 
0.2 
0.2 
0.2 

(0 .2)  

0.2 
(0.2) 

(by decay) 
( a s  HC03) 

t (mostly decay)  
t 

t 
t 

t (measured as R E  + Y*) 

( s i m i l a r  t o  Cr) 
(simi 1 a r  t o  Fe) 
( s i m i l a r  t o  Fe) 

t 
(decay plus removal) 

(decay plus removal ) 

tAverage of 6 y r s .  measurements a t - P a s c o ,  Washington, and 5-1/2 y r s .  
measurements a t  Richland, Washington, alum-floc water t rea tment  p l a n t s .  

*Rare e a r t h s  plus Yttrium. 
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TABLE 111-17 

QUANTITIES OF VARIOUS FOODS ENTERING HOUSEHOLDS IN 
THE STUDY REGION A N D  FRACTIONS AVAILABLE FOR CONSUMPTION 

Food Item 

1 .  F Berries 
2. P Berries 
3. F Tree  Fruit 
4 .  P Tree Fru i t  
5. F Melons 
6. F Tropical  Fruit 
7. P. Tropical  Fruit 
8. F Citrus Fruit 
9.  P Citrus Fru i t  
10. F Pota toes  
11 .  P Pota toes  
12. F Root Vegetables 
13. P Root Vegetables 
14. F Leafy Vegetables  
15. P Leafy Vegetables  
16. F OAG Vegetables  
17. P OAG Vegetables 
18. ;disc. Grain 
19.  Rice 
20. Wheat 
21. F M i l k  
22. Milk Products  
23. Butter 
24. Eggs (doz/week) 
25. Beef & Lamb 
26. F Pork 
27. P Pork 
28. Pou l t ry  
29. Waterfowl 
30. P Ocean F i s h  
31. She l l  f i s h  
32. F Ocean f i s h  
33. Spor t s  f i sh  
34. Upland Game Birds  
35. Secondary Water 

F rac t ion  
Cons umed 

0.95 
1 .o 
0.85 
1 .o 
0.5 
0.6 
1 .o 
0.7  
1 .o 
0 .8  
1 .o 
0.35 
1 .o 
0.7 
1 .o 
0.65 
1 .o 
1 .o 
1 .o 
1 .o 
1 .O 
1 -O(b)  .o 
1 .o 
0.85 
0.85 
0.9 
O a 6 f ) b )  1 .o 
1 .o 
0.7  
0.6 

' O (  b )  ' .O( b )  1 .o 

0.42 
0.07 
1 .88  
3.94 
1.61 
1 .51 
0 . 2  
3.02 

72.25 
4.92 
0.72 
1.56 
0 .23  
2.15 
0.16 
2.88 
3.99 
0.83 
0.32 
9.92 

19.18 
3.81 
0.50 
0.53 
6.29 
3.91 
4.06 

1.29 
0.1 2 
3.26 
3.83 
1 .28  
2.07 
0.28 
3.14 

10.77 
9 .23  
0.63 
1.96 
0.19 
2.39 
0.70 
4.91 
4 .03  
1 .39  
0 .25  

14.18 
25.30 

5.23 
1.01 
3.72 
8.65 
2.00 
4.84 

0.45 0.40 
0.06 0.05 

( a )  lbs/week e n t e r i n g  household 
Urban Ru r a  1 Rural Nonfarm 

22.86 31.77 

1.02 
0.13 
2.26 
3.61 
0.94 
1.61 
0.29 
-2.81 

12.37 
6.41 
0.73 
1.68 
0.19 
2.22 
0.11 
3.64 
4.06 
1.02 
0.26 

11 -40 
21 . l o  
4.1 5 
0.50 
2.84 
6.22 
3.78 
4.15 
2.31 
0.01 7") 
0 .45  
0.09 

d )  ; ( c  1 
33.43 

( a )  Derived from Reference (24)  
( b )  O r i g i n a l l y  e s t ima ted  d i r e c t l y  i n  e d i b l e  weight .  
( c )  Estimated from ( 1 )  t o t a l  harvest o f  migra tor  fowl , ( 3 6 ) ( 2 )  assumption 

b i r d s  harves ted  i s  twice t o t a l  e d i b l e  w t .  o f  waterfowl ha rves t ed ,  and 
( 3 )  weighted by d a t a  on game b i r d s  from Reference (24)  

d a t a  on "non-bought f ish"  given i n  Reference ( 2 4 ) .  

from experience i n  S.E.  Washington t h a t  t o t a  'I e d i b l e  w t .  o f  upland game 

( d )  Estimated from t o t a l  ca tch  i n  region (33,37,123-125) and weighted by 

F = Fresh; P = Processed;  OAG = Other above ground vege tab le s ,  
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Category 35 encompasses t o t a l  water i n c l u d i n g  b0t.h t a p  water consumed 

d i r e c t l y  and secondary water consumed as p a r t  o f  soup,  f r o z e n  j u i c e ,  pow- 

dered and canned mi lk ,  b e e r ,  pop, etc.  Although secondary water consump- 

t i o n  could have been e s t i m a t e d  from t h e  i n t a k e  of foods ,  d a t a  On t o t a l  

water consumption =re found t o  b e  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  

A combination of several f a c t o r s  and methods w a s  r e q u i r e d  t o  conver t  

t h e  LPM t a p e  r e c o r d s  f o r  given pounds p e r  week p e r  household i n t o  quan- 

t i t i e s  a c t u a l l y  consumed p e r  person  per  week. 

belcw. 

These methods are d i s c u s s e d  

Food n o t  e a t e n  i s  l o s t  i n  trimming, f e d  t o  p e t s ,  o r  d i s c a r d e d  as 

le f t -overs" .  The f r a c t i o n  of each food ca tegory  e n t e r i n g  a household II 

a v a i l a b l e  f o r  consumption w a s  determined from t h e  d a t a  recorded i n  USDA 

A g r i c u l t u r a l  handbook 8, "Consumption of  Foods, R a w ,  Processed,  Prepared' '  

and was inc luded  i n  Table  111-17 .  

(122) 

The t o t a l  q u a n t i t y  of food type  (i) a c t u a l l y  consumed i n  a g iven  

household of  t y p e  (n) [(urban, rural-nonfarm, r u r a l  farm)] then  is t h e  prod- 

u c t  of t h e  q u a n t i t y  e n t e r i n g  t h e  household ( A  ) and t h e  f r a c t i o n  n o t  

wasted (E i ) .  

of t h e  t h r e e  t y p e s  of households .  

n , i  
The f r a c t i o n  n o t  wasted was assumed t o  b e  c o n s t a n t  f o r  each 

The t o t a l  q u a n t i t y  consumed i s  a l s o  e q u a l  t o  t h e  summation of t h e  

d i e t s  of t h e  i n d i v i d u a l  members of t h e  household as given i n  Equat ion (33)  

below: 

where A is  t h e  pounds per  week of  food type  (i) e n t e r i n g  t h e  n ,  i 
household type  ( n ) .  

E i s  t h e  f r a c t i o n  of food t y p e  ( i )  a c t u a l l y  consumed. i 
Assumed t h e  same f o r  a l l  ( n ) .  
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are t h e  d i e t s  ( lbs/week/person)  of t h e  a d u l t  (A), 
t een(T) ,  o r  c h i l d  (C) f o r  food ( i )  i n  household ( n ) .  

n ,  i C 

are t h e  numbers of  persons  of t y p e  A, T ,  o r  C i n  house- 

hold ( n ) ,  as g iven  i n  Reference (24) and Table  111-18. 

F 

F 

The 

sought .  

i n t e r e s t  

i n d i v i d u a l  d i e t s  ( A  ) ,  (T  ) ,  (C ) are  t h e  items be ing  

Data on t h e  a c t u a l  consumption by t h e s e  groups i n  t h e  r e g i o n  of 

were n o t  r e a d i l y  a v a i l a b l e .  However, d a t a  were a v a i l a b l e  f o r  

n ,  i n , i  n , i  

d i f f e r e n t  l o c a t i o n s .  For example, Reference (126) l i s ts  t h e  consumption 

of v a r i o u s  foods by age  f o r  Northern and Southern U.S. by incomes. From 

t h e s e  d a t a ,  i t  w a s  p o s s i b l e  t o  d e r i v e  r a t i o s  of consumption of v a r i o u s  

food i t e m s  i n  t h e  North ( f o r  a l l  incomes) f o r  c h i l d / t e e n / a d u l t  d i e t s .  

These r a t i o s  w e r e  then  assumed t o  hold t r u e  f o r  t h e  North C e n t r a l  

reg ion .  T o  check t h e  v a l i d i t y  of t h i s  assumption, d a t a  from l o c a l  d i e t  

surveys  w e r e  converted t o  s imi l a r  r a t i o s  and compared w i t h  t h o s e  f o r  t h e  

North. Both sets of r a t i o s  are t a b u l a t e d  i n  Table  111-19. 

(127,128) 

LJ) Equation (33)  can noh  b e  modif ied t o  i n c l u d e  d i e t  r a t i o s  i n  p l a c e  

of i n d i v i d u a l  d i e t s .  

S e t  KC,i = C . / A i  f o r  a l l  (n) 

KT,i = Ti/Ai  f o r  a l l  (n )  

1 

and 

then  Equat ion (33)  becomes : 
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TABLE 111-18 

Person Type 

C h i l d  (0-11 y r s )  

Teen (12-19 y r s )  

A d u l t  ( >  20 y r s )  

A l l  Ages 

NUMBERS OF PERSONS I N  EACH HOUSEHOLD TYPE 
(24) WHO ARE CHILDRENy TEENS, AND ADUtTS 

I % o f  households o f  

each type i n  t h e  
Nor th  Cent ra l  area 

Symbol Urban 

0.83 

0.38 
F~ ,n 

FT ,n 
2.0 - FA ,n 

3 . 2  

70 

128 

Rural  
Nonfarm 

0.96 

0.40 

2.0 

3.6 

20 

Rural  
Farm 

0.94 

0.54 

2.1 

3.6 

10 

A1 1 

0.89 

0.40 

2.0 

3 . 3  

- 

100 

1 0 8 3 0 5 2  



Food Items 

Fruit ( l o c a l )  
Fruit, Citrus 
Pota toes  
Root Vegetables 
Green Leafy 

Vegetables 
Other above Ground 

Vegetables 
Cereal 
Mi 1 k 
Mi 1 k Products 
Butter 
Eggs 
Beef & Lamb 
Pork 
Poul t ry  
Fish & Seafood 
Total  Fruit 

! 

TABLE 111-19 

RATIOS OF AVERAGE FOOD INTAKES FOR CHILDREN, 

TEENS, AND ADULTS 
Cat eg o ry  
NumberTa) on LPT - Northern U. S. ( b )  Local surveys") 

Rat ios  - 1 t  Chi d/Teen/Adul 

1-6 1 .1/1.3/1 --- 
--- 7-9 0.771 1 /1 

1 0 , l l  0.45/0.70/1 0.48/1/ 1 

12,13 0.67/ 1 / l  
14,15 0.42/0.68/1 0.33/0.87/1 

16,17 0.44/0.75/1 

18,20 
21 
22 
23 
24 
25 

26,27 
28,29,34 
30,33 

-- 

( a )  See Table 111-17. 

( b )  From Reference (126) .  

( c )  From References (1 27,128).  

1.3/1 .5/1 
1.6/1..9/1 
0.601 0.971 1 
0.5/1 / l  
0.39/0.51/1 
0.34/0.56/1 
0.41/0.62/1 
0.46/0.81 / l  
0.33/0.75/ 1 
0.98/1 .2/1 

0.39/ 0.941 1 

0.43/1/1 
0.24/ 0.71 / 1 
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The f a c t o r  necessa ry  t o  conve r t  lbs/week/household t o  lbs/week con- 

sumed by a n  average  a d u l t  is  t h e  r a t i o  (A n , i  . / A  n , i  ) .  

t a i n e d  by r e a r r a n g i n g  Equation (35) t o  y i e l d  Equat ion  (36): 

This  f a c t o r  i s  ob- 

The f a c t o r s  f o r  t een  and c h i l d  are then  found by m u l t i p l y i n g t h e  

a d u l t  f a c t o r  by t h e  a p p r o p r i a t e  r a t i o  ( K . )  as fo l lows :  
1 

Tn i *n i 

n,  i n , i  Y r , i  (e) -2 
A 

and 

An i n , i  
- -  - KC,i (e) 

n ,  i n , i  

C 

A 

( 3 7 )  

The r e s u l t s  of t h e s e  c a l c u l a t i o n s  are g iven  i n  Tables  111-20, 111-21,  

111-22 f o r  urban, rural-nonfarm, and rura l - fa rm households ,  r e s p e c t i v e l y .  

The f a c t o r s  i n  t h e  l as t  t h r e e  t a b l e s  m u l t i p l i e d  by t h e  d a t a  on t h e  

LPM t a p e  w i l l  y i e l d  consumption i n  lbs /week/person .  The dose  c a l c u l a t i o n  

r e q u i r e s  t h e  consumption t o  be s t a t e d  i n  u n i t s  of kilograms pe r  month pe r  

person. 

been e n t e r e d  i n t o  t h e  p o r t i o n  of t h e  program t h a t  c a l c u l a t e s  dose  from 

food consumption. 

The necessa ry  convers ion  f a c t o r  of 1 . 9 7  kg/mo p e r  lbs/week has  

Consumption of s p o r t s  f i s h ,  upland game b i r d s  and water fowl  were c a l -  

c u l a t e d  d i f f e r e n t l y  than  o t h e r  food c a t e g o r i e s , a n d  t h e  methods used are 

exp la ined  i n  t h e  subsequent s e c t i o n s .  
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TABLE 111-20 

CALCULATED DIET FACTORS FOR AVERAGE ADULT, TEEN, AND CHILD 
I N  URBAN HOUSEHOLDS OF NORTH CENTRAL U.S. 

Food 

F B e r r i e s  
P B e r r i e s  
F Tree F r u i t  
P Tree F r u i t  
F Melons 
F T r o p i c a l  F r u i t  
P T r o p i c a l  F r u i t  
F C i t r u s  F r u i t  
P C i t r u s  F r u i t  
F Potatoes 
P Potatoes 
F Root Vegetables 
P Root Vegetables 
F Leafy  Vegetables 
P Leafy  Vegetables 
F Other Above Ground 'leg. 
P Other Above Ground Veg. 
M i  s c e l l  aneous Gra in  
R ice  
Wheat 
F Milk 
M i  1 k Products 
B u t t e r  
Eggs (doz/wk) 
Beef and Lamb 
F Pork 
P Pork 
P o u l t r y  
Waterfowl 
P Ocean F i s h  
She l l  F i s h  
F Ocean F i s h  
Sports F i s h  
Upland Game B i r d s  
Secondary Water 

Adul t 
( A i /  i) 

0.279 
0.293 
0.249 
0.293 
0.146 ' 
0.176 
0.329 
0.231 
0.331 
0.303 
0.379 
0.119 
0.341 
0.268 
0.384 
0.245 
0.377 
0.274 
0.274 
0.274 
0.247 
0.349 
0.358 , 

0.397 
0.340 
0.330 
0.349 

-0.242 
0.372 
0.391 
0.274 
0.235 
0.391 
0.379 - 

Teen 
( T i /  i) 

0.362 
0.381 
0.324 
0.381 
0.190 
0.229 
0.329 
0.231 
0.331 
0.212 
0.265 
0.119 
0.341 
0.183 
0.261 
0.184 
0.283 
0.411 
0.41 1 
0.41 1 
0.469 
0.388 
0.358 
0.203 
0.191 
0.205 
0.216 
0.196 
0.301 
0.293 
0.205 
0.176 
0.293 
0.307 - 

C h i l d  
(C i /  i) 

0.307 
0.323 
0.275 
0.323 
0.162 
0.194 
0.263 
0.179 
0.255 
0.136 
0.170 
0.080 
0.228 
0.113 
0.161 
0.108 
0.166 
0.356 
0.356 
0.356 
0.395 
0.209 
0.179 
0.155 
0.116 
0.135 
0.143 
0.111 
0.171 
0.1 29 
0.090 
0.077 
0.129 
0.152 - 

F = Fresh 

P = Processed 
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TABLE 111-21 

CALCULATED DIET FACTORS FOR AVERAGE ADULT, TEEN, AND CHILD 
I N  RURAL NON-FARM HOUSEHOLDS OF NORTH CENTRAL U.S. 

FOOD 

F B e r r i e s  
P B e r r i e s  
F Tree F r u i t  
P Tree F r u i t  
F Melons 
F T r o p i c a l  F r u i t  
P T rop ica l  F r u i t  
F C i t r u s  F r u i t  
P C i t r u s  F r u i t  
F Potatoes 
P Potatoes 
F Root Vegetables 
P Root Vegetables 
F Leafy  Vegetables 
P Leafy  Vegetables 
F Other Above Ground Veg. 
P Other Above Ground Veg. 
Miscel laneous Gra in  
R ice  
Wheat 
F M i l k  
M i  1 k Products 
B u t t e r  
Eggs 
Beef and Lamb 
F Pork 
P Pork 
P o u l t r y  
Waterfowl 
P Ocean F i s h  
She1 I f  i s h  
F Ocean F i s h  
Sports F i s h  
Upland Game B i r d s  
Secondary Water 

A d u l t  

0.266 
0.280 
0.238 
0.280 
0.140 
0.168 
0.316 
0.223 
0.319 
0.295 
0.369 
0.115 
0.329 
0.262 
0.373 
0.239 
0.367 
0.260 
0.260 
0.260 
0.233 
0.337 
0.347 
0.183 
0.333 
0.322 
0.341 
0.235 
0.362 
0.382 
0.268 
0.229 
0.382 
0.369 - 

Teen 
(T ih i  1 

0.345 
0.364 
0.309 
0.364 
0.182 
0.218 
0.31 6 
0.223 
0.319 
0.206 
0.258 
0.115 
0.329 
0.178 
0.254 
0.179 
0.275 
0.390 
0.390 
0.390 
0.442 
0.327 
0.347 
0.093 
0.187 
0.200 
0.21 1 
0.190 
0.293 
0.287 
0.201 
0.172 
0.287 
0.299 

0.292 
0.308 
0.261 
0.308 
0.154 
0.185 
0.253 
0.172 
0.245 
0.133 
0.166 
0.077 
0.220 
0.1 10 
0.157 
0.105 
0.162 
0.338 
0.338 
0.338 
0.372 
0.202 
0.174 
0.071 
0.113 
0.132 
0.140 
0.108 
0.166 
0.126 
0.088 
0.076 
0.1 26 
0.145 - 

~~ 

F = Fresh 

P = Processed 
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TABLE 111-22 

CALCULATED DIET FACTORS FOR AVERAGE ADULT, TEEN, AND CHILD 
I N  RURAL-FARM HOUSEHOLDS OF NORTH CENTRAL U.S. 

c 

Food 

F B e r r i e s  
P B e r r i e s  
F Tree F r u i t  
P Tree F r u i t  
F Melons 
F T r o p i c a l  F r u i t  
P T r o p i c a l  F r u i t  
F C i t r u s  F r u i t  
P C i t r u s  F r u i t  
F Potatoes 
P Potatoes 
F Root Vegetables 
P Root Vegetables 
F Lea fy  Vegetables 
P Leafy  Vegetables 
F Other Above Ground Veg. 
P Other Above Ground Veg. 
Miscel laneous Gra in  
R ice  
Wheat 
F M i l k  
M i l k  Products 
B u t t e r  
Eggs 
Beef and Lamb 
F Pork 
P Pork 
P o u l t r y  
Waterfowl 
P Ocean F i s h  
She l l  F i s h  
F Ocean F i s h  
Spor ts  F i s h  
Upland Games B i r d s  
Secondary Water 

A d u l t  
( A p i  1 

0.248 
0.261 
0.222 
0.261 
0.130 
0.156 
0.295 
0.208 
0.207 
0.276 
0.345 
0.107 
0.306 
0.245 
0.349 
0.223 
0.343 
0.242 
0.242 
0.242 
0.216 
0.314 
0.322 
0.365 
0.312 
0.301 
0.319 
0.219 
0.337 
0.355 
0.249 
0.213 
0.355 
0.343 - 

Teen 
( T i h i  1 
I 

0.322 
0.339 
0.288 
0.339 
0.1 69 
0.203 
0.295 
0.208 
0.297 
0.193 
0.241 
0.107 
0.306 
0.166 
0.238 
0.167 
0.257 
0.363 
0.363 
0.363 
0.410 
0.304 
0.322 
0.186 
0.175 
0.187 
0.198 
0.177 
0.273 
0.266 
0.186 
0.160 
0.266 
0.278 

Chi1 d 
( C i / A j  1 

0.272 
0.287 
0.244 
0.287 
0.143 
0.172 
0.236 
0.160 
0.229 
0.124 
0.155 
0.072 
0.205 
0.103 
0.147 
0.098 
0.1 51 
0.31 5 
0.31 5 
0.31 5 
0.346 
0.188 
0.161 
0.142 
0.1 06 
0.124 
0.131 
.0.101 
0.155 
0.117 
0.082 
0.070 
0.117 
0.137 - 

F = Fresh 

P = Processed 
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CALCULATION OF MAXIMUM DIETS 

Although maximum d i e t s  could n o t  b e  d i r e c t l y  e s t a b l i s h e d  for t h e  North 

C e n t r a l  Region, r e a s o n a b l e  estimates of t h e  r a t i o  of  maximum t o  average  

consumption f o r  c e r t a i n  food c a t e g o r i e s  were a v a i l a b l e  from l o c a l  d i e t a r y  

surveys .  (12” 127) 

u l a t e d  i n  Table  111-23. The r a t i o s  i n  Table  111-23 were m u l t i p l i e d  d i r e c t l y  

by t h e  f a c t o r s  p r e v i o u s l y  l i s t e d  i n  Tables  111-20, 21, and 22 f o r  t h e  aver- 

age d i e t s  t o  o b t a i n  t h e  f a c t o r s  f o r  t h e  maximum d i e t s  g iven  i n  Tables  III- 

23, 25, and 26. 

The r a t i o s  s e l e c t e d  f o r  u s e  from t h e s e  s t u d i e s  are tab- 

The f a c t o r s  i n  Tables  111-24 through 111-26 when m u l t i p l i e d  by t h e  

d a t a  i n  t h e  LPM w i l l  conver t  lbs/week/household t o  lbs/week/person.  A s  i n  

t h e  case of average  consumption, t h e  f a c t o r , o f  1.97 t o  conver t  lbslweek t o  

kilograms/month h a s  been e n t e r e d  i n t o  t h e  dose  c a l c u l a t i o n  p o r t i o n  of t h e  

program. 

TABLE 111-23 

ESTIMATED RATIOS OF MAXIMUM TO 

Food C a t e g o r i e s  

1-13, 15-17 

14 ,  18-20, 22-24 

25-27 

28 

29, 33 ,  34 

30, 31, 32 

21 

2 1  

2 1  

(121,127) AVERAGE DIETS FOR CERTAIN FOODS 

R a t i o  
Maximum t o  Average 

Consumption 

2.6 ( a l l  ages)  

2.0 ( a l l  a g e s )  

1.1 ( a l l  ages)  

1 . 5  ( a l l  ages)  

20. ( a l l  ages)  

5 .  ( a l l  a g e s )  

3. ( a d u l t )  

2. ( t e e n )  

2. ( c h i l d )  

1 0 8 3 0 5 8  
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TABLE 111-24 

CALCULATED DIET FACTORS FOR MAXIMUM ADULT, TEEN,  AND 
CHILD IN URBAN HOUSEHOLDS OF NORTH CENTRAL U.S. 

Food 

F Berries 
P Berries 
F Tree Fruit 
P Tree Fruit 
F Melons 
F Tropical Fruit 
P Tropical Fruit  
F Citrus Fruit  
P Citrus Fruit 
F Potatoes 
P Potatoes 
F Root Vegetables 
P Root Vegetables 
F Leafy Vegetables 
P Leafy Vegetables 
F Other Above Ground Veg. 
P Other Above Ground Veg. 
Miscellaneous Grain 
Rice 
Wheat 
F Milk 
Mi 1 k Products 
Butter 
Eggs 
Beef and Lamb 
F Pork 
P Pork 
Poultry 
Waterfowl 
P Ocean Fish 
Shell Fish 
F Ocean Fish 
Spor ts  Fish 
Upland Game Birds 
Secondary Water 

Teen 
U i h i  1 

0.73 
0.76 
0.65 
0.76 
0.38 
0.46 
0.86 
0.60 
0.86 
0.79 
0.98 
0.31 
0.89 
0.54 
1 .oo 
0.64 
0.98 
0.55 
0.55 
0.55 
0.74 
0.70 
0.72 
0.79 
0.37 
0.36 
0.38 
0.36 
7.4 
2.0 
1.4 
1.2 
7.8 
7.6 -- 

0.94 
0.99 
0.84 

0.49 
0.60 
0.86 
0.60 
0.86 
0.55 
0.69 
0.31 
0.89 
0.37 
0.68 
0.48 
0.74 
0.82 
0.82 
0.82 
0.94 
0.68 
0.72 
0.41 
0.21 
0.23 
0.24 
0.29 
6.0 
1.5 
1 .o 
0.88 
5.9 
6.1 

. 0.99 

-- 

Child 
( C p i  1 

0.80 
0.84 
0.72 
0.84 
0.42 
0.50 
0.68 
0.47 
0.66 
0.35 
0.44 
0.21 
0.59 
0.23 
0.42 
0.28 
0.43 
0.71 
0.71 
0.71 
0.79 
0.42 
0.36 
0.31 
0.13 
0.15 
0.16 
0.17 
3;4 
0.64 
0.45 
0.38 
2.6 
3.0 -- 

F = Fresh 
P = Processed 
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TABLE 111-25 

CALCULATED DIET FACTORS FOR MAXIMUM ADULT, TEEN, AND 
CHILD I N  RURAL NON-FARM HOUSEHOLDS OF NORTH CENTRAL U. S. 

A d u l t  Teen Chi 1 d 

T B e r r i e s  
P B e r r i e s  
F Tree F r u i t  
P Tree F r u i t  
F Melons 
F T r o p i c a l  F r u i t  
P T r o p i c a l  F r u i t  
F C i t r u s  F r u i t  
P C i t r u s  F r u i t  
F Potatoes 
P Potatoes 
F Root Vegetables 
P Root Vegetables 
F Lea fy  Vegetables 
P Leafy Vegetables 
F Other  Above Ground Veg. 
P Other  Above Ground Veg. 
M i  sce l  1 aneous Gra in  
Rice 
Wheat 
F M i l k  
M i  1 k Products  
B u t t e r  

Beef and Lamb 
F Pork 
P Pork 
Poul t r y  
Waterfowl 
P Ocean F i s h  
She l l  F i s h  
F Ocean F i s h  
Spor ts  F i s h  
Upland Game B i r d s  
Secondary Water 

Eggs 

0.69 
0.73 
0.62 
0.73 
0.36 
0.44 
0.82 
0.58 
0.83 
0.77 
0.96 
0.30 
0.86 
0.52 
0.97 
0.62 
0.95 
0.52 
0.52 
0.52 
0.47 
0.67 
0.69 
0.37 
0.37 
0.35 
0.38 
0.35 
7.2 
1.9 
1.3 
1.1 
7.6 
7.4 --  

0.90 
0.95 
0.80 
0.95 
0.47 
0.57 
0.82 
0.58 
0.83 
0.54 
0.67 
0.30 
0.86 
0.36 
0.66 
0.47 
0.72 
0.78 
0.78 
0.78 
0.88 
0.65 
0.69 
0.19 
0.21 
0.22 
0.23 
0.28 
5 .9  
1.4 
1 .o 
0.86 
5.7 
6.0 -- 

0.76 
0.80 
0.68 
0.80 
0.40 
0.48 
0.66 
0.45 
0.64 
0.35 
0.43 
0.20 
0.57 
0.22 
0.41 
0.27 
0.42 
0.68 
0.68 
0.68 
0.74 
0.40 
0.34 
0.14 
0.14 
0.15 
0.15 
0.12 
3.3 
0.63 
0.44 
0.38 
2.5 
2.9 -- 

F = Fresh 

P = Processed 
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TABLE 111-26 

CALCULATED DIET FACTORS FOR MAXIMUM ADULT, TEEN, AND 
CHILD I N  RURAL-FARM HOUSEHOLDS OF NORTH CENTRAL U.S. 

A d u l t  
1 Food 

F B e r r i e s  0.64 
P B e r r i e s  0.68 
F Tree F r u i t  0.58 
P Tree F r u i t  0.68 
F Melons 0.34 
F T r o p i c a l  F r u i t  0.41 
P T r o p i c a l  F r u i t  0.77 
F C i t r u s  F r u i t  0.54 
P C i t r u s  F r u i t  0.77 
F Potatoes 0.72 
P Potatoes 0.90 
F Root Vegetables 0.28 
P Root Vegetables 0.80 
F Leafy Vegetables 0.49 

F Other Above Ground Veg. 0.58 
P Other Above Ground Veg. 0.89 
M i  sce l  1 aneous Gra in  0.48 
Rice 0.48 
Wheat 0.48 
F M i l k  0.65 
M i  1 k Products 0.63 
B u t t e r  0.64 
Eggs 0.73 
Beef and Lamb 0.40 
F Pork 0.33 
P Pork 0.35 
P o u l t r y  0.33 
Waterfowl 6.7 
P Ocean F i s h  1.8 
S h e l l  F i s h  1.2 
F Ocean F i s h  1.1 
Sports F i sh  7.1 
Upland Game B i r d s  6.9 
Secondary Water -- 

P Leafy  Vegetables 0.91 

Teen 
Oibi 1 

0.84 
0.88 
0.75 
0.88 
0.44 
0.53 
0.77 
0.54 
0.77 
0.50 
0.63 
0.28 
0.80 
0.33 
0.62 
0.43 
0.67 
0.73 
0.73 
0.73 
0.82 
0.61 
0.64 
0.37 
0.23 
0.21 
0.22 
0.27 
5.5 
1.3 
0.93 
0.80 
5.3 
5.6 -- 

C h i l d  
(Ci/Ai 1 

0.71 
0.75 
0.63 
0.75 
0.37 
0.45 
0.61 
0.42 
0.60 
0.32 
0.40 
0.19 
0.53 
0.21 
0.38 
0.25 
0.39 
0.62 
0.62 
0.62 
0.69 
0.38 
0.32 
0.28 
0.14 
0.14 
0.14 
0.15 
3.1 
0.58 
0.41 
0.35 
2.3 
2.7 -- 

F = Fresh 
P = Processed 
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CONSUMPTION OF FOODS 

Consumption of  Drinking Water 

T o t a l  t a p  water i n t a k e  i n c l u d i n g  t h a t  mixed w i t h  f rozen  j u i c e s ,  canned 

soup, powdered mi lk ,  tea ,  and c o f f e e  h a s  been s t u d i e d  f o r  a d u l t s  and c h i l d -  

r e n  a t  Hanford. (121’127) 

c i p a l l y  i n  r e l a t i o n  t o  proposa ls  for f l u o r i d a t i o n  of water were reviewed 

S e v e r a l  s t u d i e s  of t h e  i n t a k e  of c h i l d r e n  p r i n -  

. .  

by Walker, e t  a l .  (12’) The ICRP (130) has d e f i n e d  t h e  water i n t a k e  of t h e  

Standard Man as 1 . 2  l / d a y  of  t a p  water p l u s  1 . 0  l / d a y  of o t h e r  f l u i d s  such 

as mi lk ,  j u i c e ,  e tc . ,  p l u s  0 . 3  l / d a y  of water c r e a t e d  as an o x i d a t i o n  

product  of  foods.  

From t h e s e  d a t a ,  t o t a l  t a p  water i n t a k e  by t h e  average  and maximum 

persons  w a s  def ined  as l i s t e d  i n  Table  111-27. 

TABLE 111-27 

MAXIMUM AND AVERAGE TAP WATER INTAKE OF 

ADULT, TEEN AND CHILD (121,127,129,130) 

R a t i o  of  Average Maximum 
Age l i t e r s / d a y  kg/mo l i t e r s / d a y  kg/mo Maximum t o  Average 

4 y r s  0.7 21.4 1 . 4  42.7 2.  

1 4  y r s  0.7 21.4 1 . 4  42.7 2.  

Adult  1 .0  30.5 2.0 61.0 2. 

A s  expla ined  p r e v i o u s l y ,  t h e  d a t a  i n  t h i s  t a b l e  i n c l u d e  t h e  so-ca l led  

secondary water, and were used d i r e c t l y  i n  t h e  dose  c a l c u l a t i o n s  w i t h o u t  

f u r t h e r  r e f e r e n c e  t o  t h e  secondary water ca tegory  set up as I t e m  35 i n  

Table  111-17. 

Consumption of Waterfowl and G a m e  Bi rds  

D e t a i l e d  d a t a  on populg t ions  and h a r v e s t  of waterfowl are maintained by 

F e d e r a l  agencies  s i n c e  such b i r d s  may m i g r a t e  a c r o s s  several states. Data 
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f o r  duck and goose k i l1 ,number  of h u n t e r s ,  and days of h u n t i n g  f o r  1965 
were s e l e c t e d  (36) because  t h i s  was t h e  y e a r  covered i n  t h e  survey  of 

d i e t s  ( 2 4 ) .  The water fowl  d a t a  were r e p o r t e d  by s ta te  and hence  covered 

a l a r g e r  area t h a n  t h e  North C e n t r a l  Region d e f i n e d  f o r  t h e  dose  program; 

t h e r e f o r e ,  t h e  b i r d  h a r v e s t  w a s  weighted. by t h e  t o t a l  p o p u l a t i o n  ( a s  of 

1960) i n  t h e  e i g h t  states t o  y i e l d  an ave rage  consumption of 0.008 lb/wk/ 

household. 

h u n t e r  does n o t  change t h e  ave rage  consumption a c r o s s  a l a r g e  a r e a . )  

d a t a u s e d  t o  d e r i v e  t h e  ave rage  consumption of water fowl  are l i s t e d  i n  

Table  111-28. 

(The f a c t  t h a t  some b i r d s  may have been g iven  away by t h e  

The 

TABLE 111-28 

ESTIMATES OF AVERAGE WATERFOWL CONSUMPTION I N  THE 

(36) NORTH CENTRAL REGION FOR 1965 

S t a t e  

Kansas 

Nebraska 

S .  Dakota 

I11 i n o  is  

Iowa 

Minnesota 

Missour i  

Wisconsin 

TOTAL 

Duck Bag 

136 , 000 

116 , 600 

19 7 , 600 

253,000 

215,900 

831,100 

146,100 

618,100 

2,514,000 

Goose Bag 

11 , 800 
15,000 

58,900 

24,400 

37,400 

35 , 100 

42,500 

59 , 100 

284,200 

E d i b l e  Weight /Bi rd(a) ,  l b s .  1.0 5.0 

T o t a l  E d i b l e  Weight , lbs .  2,514,000 1,421,000 - 
Grand T o t a l ,  l b s  3,940,000 

Ave. lbs/wk/household 
(24) 0.008 @ 3.3 person/household 

1960 Popu la t ion  

2,178,600 

1,411,300 

680 , 500 

10,081,200 

2,757 , 500 

3,413,900 

4 , 318 , 800 

3,951 , 800 
28,790,000 

( a )  Based on l o c a l  estimates. 
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Data from t h e  Washington State  Department of Game f o r  t h e  p e r i o d  

1960-1964 and from l o c a l  d i e t  surveys  a t  Hanford b o t h  i n d i c a t e  t h a t  t h e  

upland game b i r d  consumption w a s  about  twice t h a t  f o r  waterfowl.  On t h e  

b a s i s  of t h e  d a t a  i n  Table  I I I - 2 8 , t h i s  f a c t o r  y i e l d s  an upland game b i r d  

consumption of 0.016 lb/wk/household f o r  a t o t a l  of 0.024 lb/wk. This  

v a l u e  is  probably a l i t t l e  h igh  because t h e  1965 p o p u l a t i o n  (which was 

h i g h e r  than  t h a t  f o r  1960) should have been used t o  d e r i v e  t h e  average  

consumption from t h e  t o t a l  k i l l .  

The d i e t  d a t a  d e r i v e d  from Reference (24) i n d i c a t e d  t h a t  t o t a l  game 

b i r d  consumption w a s  0 .01  lb/wk i n  urban,  0.05 lb/wk i n  r u r a l  nonfarm, 

and 0.07 lb/wk i n  r u r a l  farm households.  Weighting t h e s e  v a l u e s  by t h e  

f r a c t i o n  of popula t ion  i n  each type  of household a l s o  y i e l d e d  a n  average 

of 0.024 lb/wk/household i n  t h e  North C e n t r a l  Region. However, t h e s e  d a t a  

are undoubtedly f o r  d r e s s e d  weight ,  which f o r  ducks i n c l u d e s  about  20 

p e r c e n t  bones,  and f o r  geese  about  30 p e r c e n t  bones (122). A weighted 

( 2 / 3  duck, 1 /3  goose) f r a c t i o n a l  l o s s  i s  about  23 p e r c e n t  f o r  a n e t  e d i b l e  

weight  of 0.018 lb/wk/household.  

b i r d s  were obta ined  by s u b s t r a c t i o n  of two c a t e g o r i e s .  The e x a c t  meaning 

of "game b i r d s "  i n  Reference (24) is  somewhat u n c e r t a i n ,  b u t  a p p a r e n t l y  

i n c l u d e s  both  waterfowl and upland game b i r d s .  

The above d a t a  on consumption of game 

I n  t h e  absence of  more a c c u r a t e  d i e t  d a t a  from t h e  household survey ,  

i t  w a s  f e l t  b e s t  t o  u s e  t h e  v a l u e  of 0.024 r a t h e r  t h a n  t h e  lower (and 

less c o n s e r v a t i v e )  estimate of 0.018 lb/wk/household.  D i s t r i b u t i o n  of  t h e  

0.024 pounds among t h e  t h r e e  types  of households  w a s ,  however, based upon 

t h e  r e l a t i v e  amounts s t a t e d  above. The e s t i m a t e d  consumption d a t a  as 

e n t e r e d  i n t o  t h e  Liv ing  P a t t e r n s  Model (LPM) a r e  l i s t e d  i n  Table  111-29. 

The f r a c t i o n a l  consumption by age group w a s  c a l c u l a t e d  as expla ined  

p r e v i o u s l y  i n  S e c t i o n  4.1,and t h e  r e s u l t s  were e n t e r e d  i n  Tables  111-20, 

21, and 22. The maximum-to-average r a t i o  w a s  t aken  t o  b e  20/1 based on 

l o c a l  surveys.  

i n  Tables  111-24, 25, and 26 are t h e r e f o r e  20 t i m e s  t h e  corresponding 

The f r a c t i o n a l  consumption f o r  maximum i n d i v i d u a l s , l i s t e d  
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va lues  ( f o r  Items 29 and 34) l i s t e d  i n  Tables  111-20, 21,  and 22. 

TABLE 111-29 

GAME BIRD CONSUMPTION AS LISTED 

I N  L I V I N G  PATTERNS MODEL 

lb/wk/Household 
Waterfowl Game Bi rds  
( I tem 29) ( I t e m  34) X Popula t ion  (24) Cent ro id  Type 

Urban 70 

Rura l  Non-Farm 20 

Rura l  Farm 10 

Popula t ion  Weighted 
Average 

0.003 0.007 

0.017 0.033 

0.023 0.047 

0.008 0.016 

Consumption of Fresh Water Spor t s  F i s h  

S e v e r a l  s t u d i e s  of f i s h i n g  p r e s s u r e  and h a r v e s t  have been made i n  
(33,379 t h e  p a s t  decade i n  states t h a t  comprise t h e  North C e n t r a l  Region. 

123-125) Data are a v a i l a b l e  on number of f i s h i n g  t r i p s ,  hours  p e r  t r i p ,  

ca t ch  pe r  hour of v a r i o u s  s p e c i e s ,  and whether t h e  f i s h i n g  w a s  from t h e  

bank o r  from a boa t  o r  barge .  

s easona l  d i s t r i b u t i o n  of t h e  f i s h i n g  p r e s s u r e  and h a r v e s t .  

r e p o r t s ,  i t  w a s  e s t ima ted  t h a t  about  10  pe rcen t  of t h e  popu la t ion  f i shes ,  

w i th  an  average  ca t ch  of 0.5 f i s h / h r  of e f f o r t  dur ing  18 t r i p s  p e r  

y e a r  a t  5 h r / t r i p .  

erman o r  4.5 f i s h / y r / p e r s o n  i n  t h e  o v e r a l l  popu la t ion .  

most f r e q u e n t l y  ha rves t ed  - c a t f i s h  and p a n f i s h  - a reasonab le  estimate 

of e d i b l e  weight  would be  0.5 l b / f i s h .  (35) 

of  0.15 lb/wk/household o v e r a l l  average.  

Some of t h e  surveys  a l s o  determined t h e  

From t h e s e  

These v a l u e s  y i e l d  an  average  of 45 f i s h / y r  p e r  f i s h -  

Based on t h e  s p e c i e s  

These d a t a  l ead  t o  an estimate 

Data from t h e  North C e n t r a l  d i e t  st?.udy (24) i n d i c a t e d  t h a t  t h e  pounds 

pe r  week of f r e s h  water f i s h  e n t e r i n g  t h e  t h r e e  household types  were 0.29, 

Urban; 0 .47 ,  Rura l  Non-Farm; and 0.52, Rura l  Farm. The popu la t ion  weighted 

average  from t h e s e  later d a t a  is  0.44 lb/wk/household.  
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T h i s  weight  i n c l u d e s  50-60 p e r c e n t  of bones,  head, t a i l ,  f i n s ,  and 

s k i n  (122), depending upon s p e c i e s .  

f i s h  surveys  are  more a c c u r a t e  than  t h a t  from t h e  household d i e t  s t u d y ,  

t h e  average consumption w a s  t aken  t o  b e  0.15 lb/wk/household.  

was t h e n  p r o r a t e d  t o  each household type  on t h e  b a s i s  of t h e  d a t a  from t h e  

household survey and t h e  f r a c t i o n  of p o p u l a t i o n  i n  each type.  

v a l u e s  f o r  f i s h  consumption e n t e r e d  i n t o  t h e  LPM are g iven  i n  Table  111-30. 

Assuming t h e  consumption d a t a  from t h e  

T h i s  v a l u e  

The f i n a l  

TABLE 111-30 

SPORTS FISH CONSUMPTION AS LISTED 

I N  L I V I N G  PATTERNS MODEL 

Cent ro id  Type % Popula t ion  lblwkjhousehold 

Urban 70 

Rural  Non-Farm 20 

Rura l  Farm 10 ' 

Popula t ion  Weighted 
Average 

0.12 

0.21 

0.22 

0.15 

The c a l c u l a t i o n  of f r a c t i o n a l  consumption by average  persons  i n  each 

age group w a s  performed as expla ined  p r e v i o u s l y  (page 126) and i s  l i s t e d  

i n  Tables  111-20, 21, and 22. 

A s  wi th  game b i r d s ,  l o c a l  surveys  i n d i c a t e d  t h a t  no s i g n i f i c a n t  number 

of persons consume more than  20 t i m e s  t h e  average  s p o r t s  f i s h  consumption, 

s o  t h e  t h r e e  v a l u e s  f o r  maximum f i s h  consumers i n  Tables  111-24, 25, and 

26 are each 20 t i m e s  t h o s e  f o r  t h e  corresponding average  person.  

INHALATION RATES 

3 has  d e f i n e d  t h e  i n h a l a t i o n  r a t e  of Standard Man as 20m / (130) The ICRP 

day. This  ra te  was adopted f o r  both t h e  average and maximum a d u l t .  Data 

on i n h a l a t i o n  r a t e  v e r s u s  age are  l i m i t e d .  (93 '  l3lY 132) Values s e l e c t e d  

from oxygen f o r  t h i s  program were W- t h o s e  d e r i v e d  by Rohaer & Kaye 
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, oxygen concen t r a t ion  i n  ambient a i r  (20.9%),  and oxygen (134) conaump t i o n  

con ten t  of exhaled a i r .  

female c h i l d r e n  were averaged t o  y i e l d  i n h a l a t i o n  rates of 14  m /day f o r  

t h e  t e e n  (14 y r  o l d )  and 7.3 m /day f o r  t h e  c h i l d  (4  y r  o l d ) .  Maximum 

and average  rates were assumed t o  b e  similar. 

4 
The d a t a  of RohRer and Kaye f o r  male and 

3 

(135) 

3 

RECREATION HABITS 

Many of t h e  same r e f e r e n c e s  used t o  estimate f i s h  and game b i r d  

consumption also conta ined  d a t a  on t h e  l o c a t i o n  of v a r i o u s  ac t iv i t i e s ,  

where people  who used c e r t a i n  s e c t o r s  tame from, and t h e  hours  spen t  

i n  va r ious  a c t i v i t i e s  ve r sus  season.  (32,33,36,37,124) The da ta  from 

t h e s e  r e p o r t s  g e n e r a l l y  r e l a t e d  only  t o  persons  12  y e a r s  and o l d e r .  

were used t o  estimate t h e  age  d i s -  Data from l o c a l  surveys  

t r i b u t i o n  of r e c r e a t i o n  hours ,  and t h e  r a t i o  of maximum t o  average  hour s ,  

and t o  sharpen  estimates of hours  f o r  each s e p a r a t e  ca tegory  r equ i r ed  f o r  

t h e  LPM f i l e .  

(34, 128) 

The t o t a l  a q u a t i c  r e c r e a t i o n  hours  found i n  t h e  r eg ion  of i n t e r e s t  

was 50 h r l y r l p e r s o n .  

Riverview d i s t r i c t  ad j acen t  t o  Pasco, Washington, r evea led  a t o t a l  of 

42 hr /y r /pe r son  f o r  persons  12 yea r s  and over .  

t h i s  later survey when m u l t i p l i e d  by t h e  r a t i o  of 50 t o  42 were used t o  

estimate t h e  average hours  probably spen t  i n  va r ious  r e c r e a t i o n a l  a c t -  

iv i t ies  by persons  under 12.  

One of t h e  l o c a l  su rveys  (128) performed a t  t h e  

Therefore ,  t h e  d a t a  from 

The o t h e r  l o c a l  survey (34) involved an unusual ly  active group of 

teenagers  (12 ,to 1 7  y r )  a t  Richland,  Washington, whose t o t a l  a q u a t i c  

r e c r e a t i o n  t i m e  averaged 138 h r /y r /pe r son .  

a q u a t i c  ac t iv i t i e s  by t h i s  group w e r e  used as an i n d i c a t i o n  of t h e  max- 

imum hours  pe r  person i n  each type  of a c t i v i t y .  The d a t a  from t h e  two 

surveys  when normalized by age  w e r e  used t o  gene ra t e  r a t i o s  o f  maximum t o  

average hours  spen t  i n  each of t h e  a q u a t i c  r e c r e a t i o n a l  a c t i v i t i e s  by 

t eens .  It w a s  t hen  assumed t h a t  t h e  same r a t i o s  of maximum-to-average 

a l s o  he ld  t r u e  f o r  a d u l t s  and c h i l d r e n .  

The hours  spen t  i n  t h e  v a r i o u s  
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Month 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

T o t a l  

TABLE 111-31 

TIME SPENT BY PERSONS 12 YEARS Ai43 OLDER I N  VARIOUS 

RECREATIONAL A C T I V I T I E S ,  AS LISTED I M  LIVING PATTERNS MODEL 

Swimni ng 

0 

0 

0 

0 

0 

2.0 

2.0 

2.0 

0 

0 

0 

0 

6 

- 

(a)  B o a t i n g  

0 

0 

0 

0.8 

3.3 

6.8 

6.8 

6.8 

3.5 

1 .o 

0 

0 

29 

(Average Hours /Month ) 

fdyi rd 
Waterfoyy , Up1 and Gam 

F i  s h i  nq ( b )  Hunt ing  Hunt ing 

0 0 0 

0 0 0 

0 0 0 

1.5 0 0 

2.6 0 0 

2.6 0 0 

2.7 0 0 

2.6 0 0 

2.0 0 0 

0.6 0.16 0.64 

0 0.16 0.64 

0.32 - 0 0.08 - 
14.6 0.4 1.6 

(a )  Inc ludes  water  s k i i n g ,  boat ing ,  s a i l i n g ,  canoeing, f i s h i n g  f rom 
barge o r  boat .  

( b )  Bank f i s h i n g  o n l y .  

( c )  Based on 1970 r e g u l a t i o n .  

( d )  Ca lcu la ted  as exp la ined  i n  t e x t  t o  be f o u r  t imes water fowl  h u n t i n g  

hours.  
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The d a t a  on r e c r e a t i o n  hours  e n t e r e d  i n t o  t h e  LPM are given i n  

Table  111-31. The f a c t o r s  needed t o  conver t  t h e s e  recorded hours  t o  

average and maximum hours  pe r  person  type  are l i s t e d  i n  Table  111-32. 

TABLE 111-32 

FACTORS REQUIRED TO CONVERT HOURS OF RECREATION 

I N  THE L I V I N G  PATTERNS MODEL TO HOURS PER PERSON 

Waterfowl Upland €3 r 
taf 

Person 
Type Swimming Bo a t  i n g  F i sh ing  Hunting Hunting 

Child - avg. 2.0 0.57 0.65 0 0 

- max. 4.7 1 .0  0.94 0 0 

Teen - avg. 3.2 1.0 3.2 0.6 (0.6) 
- max . 7.5 1.8 4 . 6  2.0 (2.0) 

Adult  - avg. 0.57 1.0 0.57 

- max. 1.3 1.8 0.82 

( a )  Assumed t o  b e  t h e  same as f o r  waterfowl.  

The above procedure es t imated  t h e  hours  of r e c r e a t i o n  only  f o r  t h e  

The f i f t h  ca t egory ,  Upland Game Bi rd  Hunting,  fou r  a q u a t i c  c a t e g o r i e s .  

was n o t  covered i n  s u f f i c i e n t  d e t a i l  i n  a v a i l a b l e  r e p o r t s  b u t  w a s  es- 

t imated from t h e  waterfowl hunt ing  a c t i v i t y  on t h e  b a s i s  of l o c a l  es- 

timates t h a t  twice as many persons hunted upland b i r d s  as waterfowl,  

and t h a t  each hunt ing  t r i p  f o r  upland b i r d s  l a s t e d  tw ice  as long  as a 

t r i p  t o  hunt  waterfowl.  From t h i s ,  t h e  t o t a l  hours  p e r  yea r  spen t  hunt- 

i ng  upland b i r d s  were taken  t o  b e  fou r  times t h a t  f o r  waterfowl f o r  a l l  

months and person types .  

D i f f e rences  between urban and r u r a l  households could n o t  b e  d e t e r -  

mined from t h e  a v a i l a b l e  d a t a  and w e r e  ignored.  

f e rences  would n o t  a f f e c t  t h e  f i n a l  dose  c a l c u l a t i o n s  s i g n i f i c a n t l y .  

Hopefu l ly , these  d i f -  
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Data on where sportsmen t r a v e l e d  t o  hunt  and f i s h  were taken  from t h e  

r e c r e a t i o n  r e p o r t s  l i s t e d  p r e v i o u s l y  (page 143)  f o r  t h e  North C e n t r a l  Re- 

g ion.  I n  a d d i t i o n ,  maps were used t o  estimate t h e  l o c a t i o n  of water t h a t  

probably could b e  used f o r  swimming (cons ider ing  s i z e  of t h e  body of water 

and e x i s t i n g  p o l l u t i o n ) .  

below S t .  Louis ,  and t h e  Missour i  River  below Omaha were assumed t o  b e  too  

p o l l u t e d  f o r  swimming o r  b o a t i n g .  Because of t h e  many l a k e s  i n  South Dak- 

o t a ,  Minnesota,  and Wisconsin most r e c r e a t i o n  l o c a t i o n s  i n  t h o s e  s ta tes  

were assumed t o  b e  w i t h i n  t h e  c e n t r o i d  of r e s i d e n c e .  Boating and swimming 

(bu t  n o t  n e c e s s a r i l y  f i s h i n g )  were assumed t o  occur  a t  t h e  same l o c a t i o n .  

The r e c r e a t i o n  d a t a  i n d i c a t e d  t h a t  t h e  major p o r t i o n  of t h e  t i m e  s p e n t  i n  

swimming, b o a t i n g  and f i s h i n g  occurred d u r i n g  s h o r t  d a i l y ,  o v e r n i g h t ,  o r  

s p a r e  S i m e  t r i p s .  

The M i s s i s s i p p i  River  below t h e  Twin Ci t ies  and 

( 3 2 )  

Locat ion of swimming/boating f u r n i s h e d  t o  t h e  LPM w a s  of two types:  

( a ) a  number code r e f e r r i n g  t o  t h e  c e n t r o i d  where t h e  r e c r e a t i o n  a c t i v i t y  

t a k e s  p l a c e  o r  (b) a combination le t ter-number code r e f e r r i n g  t o  t h e  r iver 

m i l e  where t h e  a c t i v i t y  occurs .  The l e t te r  code f o r  r i v e r  names is as 

fo l lows  : 

MO - Missour i  

MS - M i s s i s s i p p i  

M I  - Minnesota 

DM - Des Moines 

I L  - I l l i n o i s  

I O  - Iowa 

Upland game b i r d  hunt ing  w a s  assumed t o  occur  i n  t h e  c e n t r o i d  of res- 

idence  except  f o r  c e r t a i n  s m a l l  urban areas where a d j a c e n t  c e n t r o i d s  were 

s e l e c t e d .  When t h e  c e n t r o i d s  of  hunt ing  and r e s i d e n c e  were i d e n t i c a l ,  a 

b lank  was l e f t  i n  t h e  LPM t a b l e  f o r  c e n t r o i d  of hunt ing .  

The l o c a t i o n  of waterfowl hunt ing  w a s  e s t i m a t e d  from t h e  d a t a  on loca-  
(36’ 123y 136)and hunter  t rave l  informat ion .  (32) t i o n  v e r s u s  number k i l l e d ,  

146 

j57 



CALCULATION OF RADIATION DOSES 

Radiation doses were calculated by multiplying a series of Dose Fac- 

tors by the previously generated information on concentration of radio- 

nuclides in air, water, and foods, and the hours of exposure or consumption 

rate. 

radionuclide combination. 

Dose Factors were derived for each pathway - person type - organ - 

The derivations of the equations and parameters required to calculate 

dose factors for the first year dose and dose commitment are discussed 

below. 

External Exposure 

The dose factors for external exposure were all derived on the as- 

sumption that the contaminated media were large enough in dimension to be 

considered an "infinite volume" relative to the range of the emitted radia- 
tions. 

valent to the energy absorbed per cc of media. 
is to convert MeV per disintegration to rem and to correct for the dif- 
ferences in energy adsorption between air or water and tissue, and for 

physical geometry of each specific exposure situation. 

Under this assumption the energy emitted per cc of media is equi- 

All that is required then 

Air Submersion 

The dose from submersion in air is an external dose to either the 

skin only, or the skin and total body (including internal organs), depend- 
ing upon the penetrating power of the radiation emitted from the, airborne 

radionuclides. For purposes of this project, beta radiation was not con- 

sidered to irradiate internal organs, and only radiation which could pene- 

trate 7 mg/cm 
sidered toirradiate the skin. Ratios of surface to depth dose were es- 

timated for each individual beta energy (or monoenergetic electron) by the 

methods given by Hine f Brownell 
radiation dose at 5 cm depth in tissue was used for total-body dose and 

dose to internal organs. 

2 of tissue (typical thickness of the basal layer) was con- 

and summed for each nuclide. Gamma (137) 
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The � IT geometry was used f o r  a person  s t a n d i n g  on t h e  ground surrounded 

by a very l a r g e  ( h a l f - i n f i n i t e )  hemisphere of contaminated gas  f o r  bo th  

b e t a  and gamma r a d i a t i o n .  This  geometry fo l lows  from t h e  h a l f - i n f i n i t e  

volume f o r  g a m a .  

arrangement approaches t h e  i n f i n i t e  volume (47~ geometry). However, s i n c e  t h e  

b e t a  is of l i m i t e d  p e n e t r a t i n g  power, i t  w i l l  i r r a d i a t e  t h e  s k i n  from only 

one s i d e ,  n o t  two s i d e s  as w i t h  p e n e t r a t i n g  gamma r a d i a t i o n .  The equat ion  

f o r  c a l c u l a t i n g  t h e  dose f a c t o r  f o r  submersion i s  g iven  i n  Equat ion ( 3 9 ) .  

For t h e  b e t a  w i t h  s h o r t e r  ranges  i n  a i r ,  t h e  p h y s i c a l  

= 8.87 (E~ + E  
submersion Y (D.F.) (39)  

where 
3 D.F. = t h e  dose  f a c t o r  (mremjhr p e r  pCi/m ) 

E 
- 

B = t h e  average b e t a  energy p e r  d i s i n t e g r a t i o n  (MeV) 
- 

y = t h e  average  gamma energy p e r  d i s i n t e g r a t i o n  (MeV) E 

The c o n s t a n t  t a k e s  i n t o  c o n s i d e r a t i o n  t h e  d e n s i t y  of a i r  as w e l l  as 

t h e  conversion from MeV t o  rem. 

I n  a p p l i c a t i o n  of t h i s  e q u a t i o n ,  and of  t h e  ones f o r  dose from water 

immersion and s t a n d i n g  on contaminated ground, t h e  dose  f a c t o r s  are in-  

dependent of body s i z e .  This  fo l lows  from an assumption t h a t  t h e  presence  

of t h e  person does no t  s i g n i f i c a n t l y  p e r t u r b  t h e  r a d i a t i o n  f i e l d .  

The dose f a c t o r s  d e r i v e d  from a i r  submersion are l i s t e d  i n  Table  111-33. 

Contaminated Ground 

Material d e p o s i t e d  from t h e  a i r  o r  from i r r i g a t i o n  water onto  t h e  

ground r e p r e s e n t s  a f a i r l y  l a r g e ,  n e a r l y  uniform, t h i n  s h e e t  of contamina- 

t i o n .  Dose f a c t o r s  f o r  such a s i t u a t i o n  have been c a l c u l a t e d  f o r  most i m -  
(138) p o r t a n t  f i s s i o n  products  by S o l d a t  

a t  s u r f a c e , o n e  f o o t ,  and t h r e e  f e e t  above t h e  ground. A s t a n d a r d  

f o r  bo th  b e t a  and gamma r a d i a t i o n  
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Nucl i de 
H-3 (c)  

C-14 (c)  
.N- l3  

Na-22 
Na - 24 
Ar-39 (d) 
Ar-41 
C r -  51 
Mn-54 
Fe-55 (d), 
Fe-59 

Co-60 
N i  -63 

Zn-65 
Kr-85m 
Kr-85 (d) 
Kr-87 
Kr-88 

kr+R b- 88 ) 
Sr-89 ( d )  
Sr-90 (d )  
Y-90 
Sr+Y- 90 ) 
Zr-95 

CO- 59 

CU - 64 

Rb-88 

Nb-95 

TABLE 111-33 

DOSE FACTORS FOR SUBMERSION I N  A I R  
3 (a )  (mrem/hr pe r  pCi /m ) 

Sk in 
0 
7 

1.4 E-6 
3.5 E-9 
2.3 E-6 
4.5 E-6 
1 .2  E-7 
1.6 E-7 
2.9 E-8 
8.2 E-7 
1 . 5  E-10 
1.2 E-6 
1.1 E-6 
2.5 E-6 

2.8 E-7 
5.6 E-7 
3.2 E-7 
1.6 E-7 
2.7 E-6 
2.0 E-6 
2.7 E-6 
4.7 E-6 
4.9 E-7 
1.3 E-7 
8.7 E-7 
1.1 E-6 
8.4 E-7 
7.5 E-7 

0 

Sk in  T o t a l  -Body (b )  Nuc l i de  - 
0 

0 
8.5 E-7 

1.8 E-6 
3.5 E-6 
3.3 E-10 
1.1 E-6 
2.4 E-8 
7.0 E-7 
2.7 E-11 
1.0 E-6 
8.2 E-7 
2.0 E-6 

1.7 E-7 
4.9 E-7 
1.3 E-7 
2.2 E-9 
1.3 E-6 
1.5 E-6 
5.6 E-7 
2.1 E-6 
2.1 E-7 
2.4 E-10 
5.8 E-7 
6.0 E-9 
6.8 E-7 
6.4 E-7 

0 

MO-99 5.8 E-7 
RU-1 03 4.9 E-7 
Ru-106 1.6 E-6 
Te-132 2.3 E-7 
1-1 29 4.0 E-9 
1-131 4.9 E-7 
1-1 32 2.7 E-6 
1-1 33 8.8 E-7 
1-1 35 2.0 E-6 
Xe-131111 4.8 E-8 
Xe-133m 6.0 E-8 

Xe-135m 5.0 E-7 
, Xe-133 6.9 E-8 

Xe-135 4.9 E-7 
Xe-138 1.7 E-6 
CS-1 38 3.0 E-6 

cs-134 1.7 E-6 
CS-1 37 7.0 E-7 
Ba-140 4.4 E-7 
La-140 2.7 E-6 
Ce-141 1.5 E-7 
Ce-144 4.1 E-8 
Pr-144 1.2 E-6 

(Xe+Cs-138) 4.8 E-6 

(Ce+Pr-144) 1.2 E-6 

(a )  Same f a c t o r s  a p p l y  f o r  a d u l t ,  teen, and c h i l d .  
( b )  Total-body f a c t o r s  a l s o  app ly  t o  i n t e r n a l  organs 
( c )  Not i n c l u d i n g  p e n e t r a t i o n  o f  ox ide  i n t o  s k i n .  
( d )  I n c l u d i n g  bremstrahlung. 

( b )  T o t a l  -Body 
2.2 E-7 
4.1 E-7 
1.7 E-7 
1.8 E-7 
1.1 E-9 
3.1 E-7 
2.0 E-6 
4.4 E-7 
1.5 E-6 
2.8 E-9 
2.7 E-8 
2.5 E-8 
3.5 E-7 
2.1 E-7 
1.2 E-6 
1.8 E-6 
3.0 E-6 
1.3 E-6 
4.7 E-7 
2.2 E-7 
1.9 E-6 
5.9 E-8 
1.4 E-8 
2.6 E-8 
4.0 E-8 
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h e i g h t  of t h r e e  f e e t  (one meter )  w a s  chosen as t h e  a p p r o p r i a t e  p o i n t  a t  

which t o  c a l c u l a t e  t h e  dose  f a c t o r s .  

important  a t  t h i s  h e i g h t .  Not a l l  of t h e  contaminat ion w i l l  b e  on t h e  

s u r f a c e  of t h e  ground. 

i n a t i o n  mixed i n t o  t h e  plow l a y e r  from previous  y e a r s '  d e p o s i t i o n .  

Only gamma r a d i a t i o n  is  cons idered  

There w i l l  b e  some sub-surface long-l ived contam- 

I f  t h e  s u b s u r f a c e  contaminat ion were s i g n i f i c a n t ,  a c a l c u l a t i o n  of 

dose  would have t o  b e  performed which c o n s i d e r s  t h e  s o u r c e  t o  b e  a s l a b  

of f i n i t e  t h i c k n e s s  and i n f i n i t e  l a t e r a l  dimensions.  Such a c a l c u l a t i o n  

is given i n  t h e  l i t e r a t u r e ,  b u t  involves  second o r d e r  e x p o n e n t i a l  in-  

t e g r a l s  t h a t  would have t o  be  so lved  f o r  each energy increment p r e s e n t  

v ia  a computer program. For t h e  c u r r e n t  p u r p o s e s , t h e  c o n s e r v a t i v e  as- 

sumption w a s  made t h a t  a l l  d e p o s i t e d  material  w a s  on t h e  s u r f a c e ;  however, 

a f a c t o r  of 0.5 w a s  in t roduced  i n t o  t h e  e q u a t i o n  t o  account  f o r  ground 

roughness and any small loss through heavy c l o t h i n g .  (139, 140) 

However, t h e  assumption of s u r f a c e  d e p o s i t i o n  i s  more n e a r l y  c o r r e c t  

f o r  unplowed f i e l d s ,  some of which are t r a v e r s e d  by upland game b i r d  

h u n t e r s .  

S i m i l a r  c o n s i d e r a t i o n s  apply t o  t h e  dose  c a l c u l a t i o n  f o r  a person  

s t a n d i n g  a t  t h e  edge of a r i v e r  on top of  r i v e r  sediments .  To ensure  t h a t  

s u f f i c i e n t  d a t a  are a v a i l a b l e  f o r  c a l c u l a t i o n  of t h e  dose  i f  t h e  t h i c k n e s s  

of t h e  d e p o s i t  were la te r  found t o  b e  s i g n i f i c a n t ,  t h e  water t r a n s p o r t  

p r o g r a m i d e n t i f i e s n o t  on ly  t h e  n u c l i d e  c o n t e n t  of t h e  r i v e r  sediment b u t  

i t s  t h i c k n e s s  as w e l l .  

The equat ion  f o r  c a l c u l a t i o n  of t h e  Dose F a c t o r s  f o r  e x t e r n a l  exposure 

from contaminated ground o r  river bank i s  given below a s  Equat ion ( 4 0 ) .  

n 

i= 1 
(D.F.) ground = (0.5)(0.869) (Ai)(Ri)(Pi) 

where 
2 D.F. = t h e  dose f a c t o r  i n  u n i t s  of mrem/hr p e r  pCi/m 
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- 
Ai - 

Ri 

pi - 

- - 

- 

0.5 = 

0.869= 

F r a c t i o n a l  abundance of photon (i) i n  t h e  r a d i o n u c l i d e  

under c o n s i d e r a t i o n .  (141) 

Exposure ra te  a t  1 meter above i n f i n i t e  smooth p l a n e  

(mrem/hr) contaminated t o  one pCi/m . 2 (142) 

F r a c t i o n  of s u r f a c e  dose  which p e n e t r a t e s  t o  s k i n  

depth  (7  x cm) o r  to ta l -body dep th  (5 cm)  as 

t h e  c a s e  may be .  (143) 

Ground roughness f a c t o r  

(I431 ( r a d s  i n  a i r )  
(R i n  a i r )  

The r e s u l t i n g  dose f a c t o r s  are t a b u l a t e d  i n  Table  111-34. 

Water Immersion 

Dose from water immersion (swimming) w i l l  depend upon t h e  amount 

of t i m e  s p e n t  i n  t h e  water and t h e  c o n c e n t r a t i o n s  of t h e  n u c l i d e s  p r e s e n t  

a t  t h e  l o c a t i o n  of t h e  immersion. As f o r  o t h e r  e x t e r n a l  exposures t h e  dose 

f a c t o r s  do n o t  vary  w i t h  person  s i z e .  

cussed p r e v i o u s l y  (page 143).  The assumption w a s  made t h a t  t h e  swimmer  

was completely submerged and surrounded on a l l  s i d e s  by a l a r g e  volume of 

water, even though he  might spend most of h i s  t i m e  nea r  t h e  s u r f a c e .  For 

gamma r a d i a t i o n ,  t h e  p h y s i c a l  arrangement l e a d s  t o  a 47~ geometry. For 

b e t a  r a d i a t i o n ,  t h e  geometry is  approximately 27~(as exp la ined  under a i r  

submers ion ) , r ega rd le s s  of whether t h e  person  is  n e a r  t h e  s u r f a c e  o r  deeply  

submerged. 

f a c t o r  f o r  each n u c l i d e .  

The hours of r e c r e a t i o n  were d i s -  

The fo l lowing  equa t ions  can  be  used t o  c a l c u l a t e  t h e  dose 

= 2.13 x (Ey + Eg/2) (D F* 'water immersion 

where 

D.F. = dose  f a c t o r  (mrem/hr p e r  p C i / l )  

E = average  gamma energy p e r  d i s i n t e g r a t i o n  (MeV) - Y 
E = average  b e t a  energy p e r  d i s i n t e g r a t i o n  (MeV) B 

- 
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Nucl i d e  

H- 3 
c-14 
Na-22 
Na - 24 
Cr-51 
Mn-54 
Fe-55 
Fe-59 
CO - 58 
CO-60 

CU -64 

Rb-88 

N i  -63 

Zn-65 

Sr-89 
Sr-90 
Zr-95 
Nb-95 

TABLE 111-34 

DOSE FACTORS FOR EXPOSURE WHILE STANDING ON 
CONTAMINATED GROUND OR RIVER  BANK(^) 

2 (mreml h r  per  pCi /m ) 

S k i n  

0 
0 

- 

1.8 E-8 
2.9 E-8 
2.6 E-10 
6.8 E-9 

9.4 E-9 
8.2 E-9 
2.0 E-8 

1.7 E-9 
4.6 E-9 
4.0 E-9 
6.5 E-13 

6.2 E-9 
6.8 E-9 

0 

0 

0 

S k i n  T o t a l  Body(b) Nucl i d e  - 
0 
0 Ru-103(‘) 4.2 E-9 

1.6 E-8 R ~ - l 0 6 ( ~ )  1.8 E-9 
2.5 E-8 Te-132 2.0 E-9 
2.2 E-10 1-1 29 9.6 E-12 

0 1-1 32 2.0 E-8 
8.0 E-9 1-1 33 4.5 E-9 
7.0 E-9 1-1 35 1 .4 E-8 

0 cs-134 1.4 E-8 
1.5 E-9 cs-137 4.9 E-9 
4.0 E-9 Ba-140 2.4 E-9 
3.5 E-9 La-1 40 1 .7 E-8 
5.6 E-13 Ce-141 6.2 E-10 

0 Ce-144 1.4 E-10 
5.9 E-9 Pr-144 2.3 E-10 

5.8 E-9 1-1 31 3.4 E-9 

1.7 E-8 Cs-138 ( d l  2.4 E-8 

5.8 E-9 (Ce+Pr-144)(e’3.7 E-10 

T o t a l  Body(b) 

3.6 E-9 
1.5 E-9 
1.7 E-9 
7.0 E-12 
2.8 E-9 
1.7 E-8 
3.7 E-9 
1.2 E-8 
2.1 E-8 
1.2 E-8 
4.1 E-9 
2.1 E-9 
1.5 E-8 
5.5 E-10 
1.2 E-10 
2.0 E-10 
3.2 E-10 

( a )  

( b )  

( c )  Inc ludes  daughter  r a d i a t i o n s .  

(d )  

( e )  

The same f a c t o r s  a p p l y  t o  a d u l t ,  t e e n  and c h i l d .  
To ta l  body f a c t o r s  a l s o  a p o l y  t o  i n t e r n a l  organs - bone, t h y r o i d ,  GI 
t r a c t ,  l i v e r ,  lungs.  

Not on n u c l i d e  l i s t  b u t  paren t  i s .  
Use these f a c t o r s  f o r  144Ce unless 1 4 4 P r  daughter  c o n c e n t r a t i o n  i s  
g i v e n  s e p a r a t e l y .  
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Dose F a c t o r s  were de r ived  €o r  s k i n  and total-body exposure by us ing  

e f f e c t i v e  va lues  of (E ) and (E ),  which account  f o r  t h e  f r a c t i o n a l  pene- 

t r a t i o n  of t h e  r a d i a t i o n  t o  t h e  s k i n  depth  (7 x cm) and t h e  t o t a l -  

body depth  (5 cm). The dose f a c t o r s  f o r  total-body were app l i ed  t o  i n t e r n a l  

organs a l s o .  

Y B 

The f a c t o r s  de r ived  from Equat ion (41) are t a b u l a t e d  i n  Table  111-35. 

Water s u r f a c e  exposure i s  r ece ived  as a r e s u l t  of a c t i v i t i e s  such as 

water s k i i n g  and boa t ing .  

t a b u l a t e d  i n  Table  111-35 f o r  water immersion.Although t h e  f a c t o r  of one-half 

i gnores  t h e  l o s s  of t h e  r a d i a t i o n  i n  t h e  d i s t a n c e  between t h e  water su r -  

f a c e  and t h e  c e n t e r  of t h e  body of t h e  person exposed o r  t h e  s h i e l d i n g  pro- 

vided by a b o a t ,  compensation i s  made by t h e  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  of h i s  t i m e  i n  t h e  water. 

The dose  f a c t o r s  w i l l  be  about  one-half of t hose  

T r a n s p i r a t i o n  of T r i t i u m  

The dose t o  t h e  total-body from t r a n s p i r a t i o n  of t r i t i a t e d  water 

through t h e  s k i n  couid b e  c a l c u l a t e d  i f  a t r a n s p i r a t i o n  rate were known. 

However, a s impler  method is  t o  assume t h a t  t h e  t r a n s p i r a t i o n  dose  is equa l  

t o  t h e  i n h a l a t i o n  dose from tritium. This  s i m p l i f i e d  method w a s  used.  The 

t r a n s p i r a t i o n  pathway is, however, programmed i n t o  t h e  Dose C a l c u l a t i o n  

Model f o r  p o s s i b l e  f u t u r e  use .  

T r i t i u m  w a s  assumed t o  be  t r a n s f e r r e d  t o  most bu t  n o t  a l l  p a r t s  of 

t h e  body fo l lowing  t r a n s p i r a t i o n .  

T r i t i u m  T r a n s p i r a t i o n  w a s  t h e r e f o r e  app l i ed  t o  t h e  l iver  and t h y r o i d  b u t  

n o t  t o  t h e  bone, lungs ,  o r  G I  t r a c t .  

The total-body dose  c a l c u l a t e d  f o r  

1 0 8 3 0 1 1  
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Nuc l i de  
H-30 
N-13 
C-14") 
Na-22 
Na -24 
Cr-51 

Fe-55 
Fe- 59 

Mn-54 ( d )  

CO - 58 
CO-60 

CU-64 
Zn-65 ( d )  
Sr-89 ( d )  

N i  -63 

Sr-90(d) 
Y-90 

(r+Y-90) ( d )  ( e )  

TABLE 111-35 
DOSE FACTORS FOR IMMERSION I N  WATER 

Sk in  
0 

2.6 E-6 
3.8 E-6 
4.8 E-6 
9.3 E-6 
6.4 E-8 
1.8 E-6 
3.6 E-10 
2.6 E-6 
2.3 E-6 
5.4 E-6 

5.2 E-7 
1.2 E-6 
5.4 E-7 
1.5 E-7 
9.6 E-7 
1.1 E-6 

0 

(mrem/hr per  p C i / l  i t e r )  ( a )  

Sk in  - Tota l  -Body (b )  Nuc l i de  
0 

0 
1.9 E-6 

4.0 E-6 
7.8 E-6 
5.2 E-8 
1.5 E-6 
6.4 E-11 
2.2 E-6 
1.8 E-6 
4.6 E-6 

3.7 E-7 
1 .1 E-6 
4.6 E-9 
5.4 E-10 
1 .3 E-8. 
1.3 E-8 

0 

Zr-95 
Nb-95 
MO-99 
RU-1 03 
RU-1 06 

1-1 29 
1-1 31 
1-1 32 
1-1 33 
1-1 35 
CS -1 34 
CS-1 37 

Te-132 

Ba-140 
La-140 
Ce-141 
Ce-144 

1.8 E-6 
1.6 E-6 
9.1 E-7 
1 .1 E-6 
1 .9  E-6 
4.8 E-7 
6.1 E-9 
9.5 E-7 
5.5 E-6 
1.5 E-6 
4.0 E-6 
3.5 E-6 
1.4 E-6 
7.6 E-7 
5.3 E-6 
2.4 E-7 
6.2 E-8 

Pr-144 1.3 E-6 
(Ce+Pr-144)(f) 1.4 E-6 

Total -Body ( b )  

1.5 E-6 
1.4 E-6 
4.7 E-7 
8.9 E-7 
3.8 E-7 
4 .0  E-7 
2.1 E-9 
6.8 E-7 
4.4 E-6 
9.6 E-7 
3.3 E-6 
2.9 E-6 
1.0 E-6 
4.6 E-7 
4.1 E-6 
1.3 E-7 
3.0 E-8 
5.6 E-8 
8.6 E-8 

( a )  The same f a c t o r s  a p p l y  t o  a d u l t ,  teen and c h i l d .  

( b )  Total-Body f a c t o r s  a l s o  aDply t o  o t h e r  i n t e r n a l  organs. 
( c )  Not i n c l u d i n g  Dene t ra t i on  o f  o x i d e  i n t o  sk in .  
( d )  Inc ludes  bremstrahlung. 
( e )  Use these f a c t o r s  f o r  un less  c o n c e n t r a t i o n  i s  g i ven  

( f )  

separa te ly .  
Use these f a c t o r s  f o r  140Ce un less  144Pr  c o n c e n t r a t i o n  i s  g i ven  
separa te l y  . 
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Internal Dose 

Inhalation 

The inhalation dose was calculated by multiplying the appropriate 
3 3 

air concentration (pCi/m ) times the person's breathing rate (m /hr), 

occupancy factor (hours/month), and the dose factor (mrem/pCi intake). 

The air concentration is supplied by the Air Transport model and varies 

with nuclide, location and month. 

days/month was used, assuming that the person spends the major portion of his 

time in the centroid where he resides. 

an 

The occupancy factor of 24 hr/day x 30.5 

The equations for calculation of internal Dose Factors were de- 

rived from the equations given in the ICRP (130) for calculation' of the al- 

lowable Body Burdens and the Maximum Permissible Concentrations of radio- 
nuclides in air. 

The Dose Factor varies with nuclide, person type and organ. A 

separate factor is required for the annual dose and the dose-commitment. 

The Dose Factor for inhalation can be calculated from the follow- 
ing set of equations: 

1 -0.693 t 

(42) 
T 

0.074 Erfa (1-e 
- - 

inhalation, m 
internal or ans 
( S C  tKb\s c~+f$ 

1 -0.6932t ' 0.0256 -r'Ef*fa (e 
(43) - - 

(D*F*)inhalation, m 
GI Tract-LLI 

where 

D.F. = dose factor (mrem/pCi inhaled) 

E = effective energy of decay of the specific nuclide in the 

specific organ under consideration (MeV/dis) 

f* = fraction of the materials which escapes absorption in the 
GI tract ahead of the LLI. For insoluble material f* = 

(1.0 - fl) where (fl) is defined by the ICRP (I3*) as the 
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f a  

T 

t 

- \  

TR 

t '  
T' 

m 

f r a c t i o n  p a s s i n g  from t h e  G I  t r ac t  t o  t h e  blood.  I f  

( f l )  w a s  g iven  as 1 . 0  (completely s o l u b l e  n u c l i d e ) ,  then  

(f*) w a s  t a k e n  as 0.05 r a t h e r  than  ze ro .  

t h e  f r a c t i o n  of t h e  i n h a l e d  m a t e r i a l  t h a t  reaches  t h e  

organ under c o n s i d e r a t i o n .  For t h e  G I  t r a c t ,  ( f a )  w a s  

t aken  as 0.5 f o r  any s o l u b l e  material and as 0.625 f o r  

any i n s o l u b l e  m a t e r i a l .  

t h e  e f f e c t i v e  h a l f - l i f e  of t h e  n u c l i d e  i n  t h e  organ under 

c o n s i d e r a t i o n  (days ) .  

l e n g t h  of t i m e  over  which t h e  dose is  c a l c u l a t e d  (days ) .  

For t h e  p r e s e n t  a p p l i c a t i o n ,  t i s  e i t h e r  1 y e a r  o r  50 

y e a r s .  

(144) 

r a d i o a c t i v e  h a l f - l i f e  of t h e  n u c l i d e  under considera-  

t i o n  ( d a y s ) .  
t i m e  of t r a v e l  from mouth t o  e n t r a n c e  of L L I  (days ) .  
t r a v e l  t i m e  through L L I  (days ) .  

mass of t h e  organ (grams),  o r ,  f o r  L L I ,  mass of c o n t e n t s .  

t h e  parameters  r e q u i r e d  f o r  t h e s e  e q u a t i o n s  were taken  from Values of 

f o r  t h e  a d u l t .  Adult  v a l u e s  (with a few except ions)  f o r  (130) t h e  ICRP 

f a ,  f l ,  and T were a l s o  used f o r  t h e  t e e n  and c h i l d .  

b i o l o g i c a l  h a l f - l i f e  of cesium i n  t h e  t o t a l  body v e r s u s  age 

d i c a t e d  t h a t  an a p p r o p r i a t e  v a l u e  f o r  t h e  4 y e a r  o l d  would b e  20 days;  

f o r  t h e  14  y e a r  o l d ,  i t  would b e  30 days.  Applying t h e s e  t o  'j4Cs and 

137Cs y i e l d  v a l u e s  of T f o r  t h e  c h i l d  of 19 and 20 days ,  r e s p e c t i v e l y ;  and 

f o r  t h e  t e e n ,  29 and 30 days ,  r e s p e c t i v e l y .  

L i t e r a t u r e  d a t a  on 

in-  (145-148) 

Values of ( f  ) ( f w ) ,  b i o l o g i c a l  h a l f - l i f e ,  and t h y r o i d  mass (m) a 
s e l e c t e d  from t h e  l i t e r a t u r e  a r e  l i s t e d  i n  Table  111-36 below. 
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TABLE 111-36 

7 7 C L . l  T o t a l  Body 16,400 20 49,000 27 

Thyroid 5 2 15 2.7 3-3 

Bone 1,640 3 4,900 4 7'70 

Live r  5 30 7 1 ,200  9 %a 
G I  Tract,'& 35 3 100 4 kF 

Lungs 300 7 580 8 / I O  

VALUES OF PARAMETERS REQUIRED FOR CALCULATION OF 

RADIATION DOSE TO THE THYROID FROM R A D I O I O D I N E  

I + 
1-F 

% I +  

f: 
3: 

2 . w  

Parameter 

f a  

f W  

4 Years 1 4  Years 

0 . 2 p - -  0.2- 0 .23  0. r3 

L-5- 
0 3  

B i o l o g i c a l  
h a l f - l i f e  days 2 6  Jd 3-c' (133) 

.3Br 
133,149) 

0 . 3  0 :3 

5. (93,149-151) 15. (93,149-151) 20. m (grams) 

E f f e c t i v e  decay e n e r g i e s  were de r ived  f o r  c h i l d r e n ' s  organs by u t i l i z -  

i n g  t h e  model of t h e  ICRF'; whereby, t h e  n u c l i d e  i s  cons idered  t o  be  a l l  

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

v a l u e s  of (x) were determined from organ we igh t s ,  u s i n g  t h e  a s s u m p t i o n s t h a t  

(x) w a s  p r o p o r t i o n a l  t o  t h e  cube r o o t  of t h e  organ  weight  and t h e  pro- 

p o r t i o n a l i t y  f a c t o r  w a s  t h e  same as t h a t  f o r  t h e  cor responding  a d u l t  organ. 

Decay schemes choosen were t h o s e  of Lede re r ,  e t  a l .  (14') 

e n e r g i e s  were es t ima ted  from t h e  graphs of E / E  g iven  by S lack  & Way. 

Organ weights  de r ived  from t h e  l i t e r a t u r e  are l i s t e d  i n  Table  111-37. 

(130) The 

Average b e t a  
(152) 

0 

TABLE 111-37 

ORGAN MASS AND EFFECTIVE RADIUS 

FOR CHILD AND TEEN 

( a )  Assumed t o  b e  p r o p o r t i o n a l  t o  t o t a l  body weight .  
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Appropr ia te  v a l u e s  f o r  a b s o r p t i o n  c o e f f i c i e n t s  f o r  muscle o r  bone 
(143) were taken from t h e  N a t i o n a l  Bureau of S tandards  Handbook 85. 

Values of parameters  f o r  t h e  G I  Tract were assumed t o  b e  propor- 

t i o n a l  t o  t h e  t o t a l  body weight .  The r e s u l t i n g  v a l u e s  of mass and r a d i u s  

are given i n  Table  111-37. Values of t '  and T' c a l c u l a t e d  on t h i s  b a s i s  

were 0.12 and 0.18 days ,  r e s p e c t i v e l y ,  f o r  t h e  c h i l d ;  and 0.36 and 0.50 

days,  r e s p e c t i v e l y ,  f o r  t h e  t een .  

It was a l s o  necessary  t o  determine t h e  r e l a t i v e  s o l u b i l i t y  of  t h e  

v a r i o u s  a i r b o r n e  r a d i o n u c l i d e s  i n  o r d e r  t o  choose proper  v a l u e s  of f l  

f o r  c a l c u l a t i n g  i n h a l a t i o n  dose f a c t o r s .  

forms were determined f o r  r e a c t o r  and f u e l s  s e p a r a t i o n  p l a n t  releases, 

and then  s o l u b i l i t y  was determined from d a t a  of t h e  ICRP Task Group on 

Lung Dynamics. 

38. 

Probable  chemical and p h y s i c a l  

The s o l u b i l i t i e s  s e l e c t e d  are t a b u l a t e d  i n  Table  III- (153) 

TABLE 111-38 

(153) SOLUBILITIES SELECTED FOR INHALED RADIONUCLIDES 

Nucl ide 

H-3, C-14, Na-22, Na-24, 

1-129, 1-131, 1-132, 1-133, 

1-135, CS-134, CS-137 

Mn-54, Fe-55, Fe-59, 

Co-58, CO-60, Ni-63, 

Sr-89, Sr-90, Zr-95, Nb-95, 

Ru-103, Ru-106, Te-132 

Cr-51, Cu-64 , Zn-65 , 
Mo-99, Ba-140, La-140, 

Ce-141,  Ce-144 

S o l u b i l i t y  

Soluble  

I n s  o l u b  1 e 

Very I n s o l u b l e  
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I n g e s t i o n  

Equat ions f o r  c a l c u l a t i o n  of dose f a c t o r s  f o r  i n g e s t i o n  were de- 

r i v e d  i n  a manner s imilar  t o  those  f o r  i n h a l a t i o n  and are given below: 

-0.693t - - 0.074 ETfW ( l - e  ,y ) 
(D i n g e s t i o n ,  ( 4 4 )  

i n t e r n a l  m 
organs  

where 

f = t h e  f r a c t i o n  of t h e  inges t ed  n u c l i d e  reaching  t h e  organ 
W 

of i n t e r e s t .  

The o t h e r  symbols are t h e  same as d e f i n e d  p rev ious ly  f o r  Equat ions (42) 
and ( 4 3 ) .  

i n g e s t e d ,  and Equat ions ( 4 4 )  and ( 4 5 )  apply f o r  bo th  food and water. A l l  

n u c l i d e s  i n  t h e s e  media were assumed t o  b e  i n  s o l u b l e  form. 

The dose f a c t o r s  f o r  i n g e s t i o n  are independent  of t h e  media 

Concent ra t ions  of t h e  v a r i o u s  n u c l i d e s  i n  foods are those  which e x i s t  

a t  t i m e  of consumption, c a l c u l a t e d  from t h e  Food Pathways Model and t h e  

v a r i o u s  c o r r e c t i o n  f a c t o r s  f o r  p h y s i c a l  l o s s e s  and r a d i o a c t i v e  decay as 

expla ined  p rev ious ly .  

Annual i n t e r n a l  and e x t e r n a l  doses ,  c a l c u l a t e d  as d i scussed  above 

w i t h  t h e  va lue  of ( t )  set t o  365 days ,  can b e  summed t o  estimate t h e  t o t a l  

dose  i n  t h e  yea r  2000 f o r  each person type  a t  each of t h e  approximately 

300 c e n t r o i d s .  U t i l i z a t i o n  of a va lue  of ( t )  of 50 y e a r s  y i e l d s  50-year 

i n t e rna l -dose  commitment from material i n g e s t e d  du r ing  the  yea r  2000. N o  

e x t e r n a l  exposure w a s  inc luded  i n  t h e  dose commitments. Dose commitments 

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

t e e n ,  and a d u l t  p a r a m e t e r s , a n d t i m e  span;  and then  were summed. The t h r e e  

They r ep resen ted  c h i l d ,  

1 0 8 3 0 1 3 3  
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t i m e  p e r i o d s  were 4 through 11, 12 through 17 ,  and 18 through 54 y e a r s .  

The two t i m e  p e r i o d s  used t o  c a l c u l a t e  t h e  dose  commitment f o r  t h e  teen 

were 1 4  through 1 7  and 18 through 64 y e a r s .  

are so s i g n i f i c a n t  f o r  c e r t a i n  c e n t r o i d s ,  t h e  anomolous s i t u a t i o n  i s  pos- 

s i b l e  where t h e  dose commitment appears  t o  b e  less than  t h e  annual  dose.  

Because t h e  e x t e r n a l  pathways 

R a d i a t i o n  doses  c a l c u l a t e d  f o r  each of t h e  approximately 300 cen- 

t r o i d s  by t h e  methods d e s c r i b e d  p r e v i o u s l y  can b e  used t o  c a l c u l a t e  in -  

t e g r a t e d  popula t ion  doses  i n  u n i t s  of man-rems i n  t h e  y e a r  2000, and man- 

rems over  t h e  succeeding 50 y e a r s  (from i n t e r n a l  dose  o n l y ) .  

The dose  (and dose  commitment) f o r  t h e  average  c h i l d  i n  a g iven  cen- 

t r o i d ,  m u l t i p l i e d  by t h e  popula t ion  of c h i l d r e n  (0-11 y e a r s )  e s t i m a t e d  f o r  

t h e  y e a r  2000 i n  t h a t  c e n t r o i d ,  y i e l d s  t h e  i n t e g r a t e d  dose  (and dose 

commitment) t o  c h i l d r e n .  S i m i l a r l y ,  c a l c u l a t i o n s  f o r  average t e e n s  

(12-17 y e a r s )  and average a d u l t s  (> - 18 y e a r s )  are a l s o  made. 

t h e  t h r e e  age- re la ted  i n t e g r a t e d  doses  ( and dose  Commitments) y i e l d s  

t h e  i n t e g r a t e d  dose  (and dose commitment) i n  man-rems f o r  t h a t  c e n t r o i d .  

The t o t a l  doses  and dose  commitments f o r  t h e  North C e n t r a l  Region can b e  

found by summing t h e  a p p r o p r i a t e  v a l u e s  f o r  each of t h e  300 c e n t r o i d s .  

The sum of 

DOSE REPORT FORMAT 

The computer program c a l c u l a t e s  t h e  dose  t o  each organ of each person 

type  f o r  each pathway of exposure.  These doses  are p r i n t e d  i n  t h e  r e p o r t  

by l o c a t i o n .  I n  a d d i t i o n ,  t h e  c o n t r i b u t i o n  t o  t h e  dose from i n t e r n a l  and 

e x t e r n a l  s o u r c e s  is l i s t e d ,  as i s  t h e  p e r c e n t  c o n t r i b u t i o n  from each 

nuc l ide .  The p r i n t e d  r e p o r t  a l s o  c o n t a i n s  a t a b u l a t i o n  of t h e  t o t a l  dose  

t o  each organ of each person type  from a l l  pathways combined. Again, t h e  

t o t a l  is  d iv ided  i n t o  c o n t r i b u t i o n s  from i n t e r n a l  and e x t e r n a l  s o u r c e s  and 

i n t o  p e r c e n t  c o n t r i b u t i o n s  from each n u c l i d e .  The above t a b u l a t i o n s  apply 

t o  both  d o s e  and dose commitment. 

The i n t e g r a t e d  dose and dose commitment (man-rems) by c e n t r o i d  are  

l i s t e d  n e x t ,  w i t h  a grand t o t a l  i n t e g r a t e d  dose and dose  commitment f o r  
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t h e  e n t i r e  r eg ion  l i s t e d  a t  t h e  end of t h i s  s e c t i o n .  

The f i n a l  p o r t i o n  of t h e  dose  p r i n t - o u t  i s  a t a b l e  o f  con ten t s  gener- 

a t e d  by t h e  computer as i t  keeps t r a c k  of t h e  items being p r i n t e d .  
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APPENDIX C 

FISSION AND ACTIVATION PRODUCT GENERATION ANALYSIS 

The fo l lowing  paragraphs d e t a i l  methods f o r  c a l c u l a t i n g  t h e  genera- 

t i o n  rates of r a d i o i s o t o p e s  o r i g i n a t i n g  as f i s s i o n  o r  a c t i v a t i o n  products  

i n  the o p e r a t i o n  o f  a n u c l e a r  r e a c t o r .  

HERMES CODE 

FISSION PRODUCT GENERATION 

I .  ASSUMPTIONS 

1. I s o t o p e s  w i t h  a de te rmining  h a l f  l i f e  of less t h a n  15 days are 

a t  e q u i l i b r i u m .  

2.  Unless s p e c i f i c a l l y  mentioned, neut ron  t r a n s m u t a t i o n  e f f e c t s  

are ignored.  

P l a n t  power is t a k e n  t o  b e  t h e  p l a n t  f a c t o r  t i m e s  the r a t e d  

power. 

w i t h  t h e  t r u e  power which may b e  q u i t e  d i f f e r e n t  from t h i s  

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

t i m e  as w e l l  as f r a c t i o n  of r a t e d  power. 

3 .  

I s o t o p e s  w i t h  s h o r t  h a l f  l ives  w i l l  b e  a t  e q u i l i b r i u m  

4 .  The a n a l y s i s  d e s c r i b e d  h e r e i n  i s  based on nominal p l a n t  

r a t i n g s  of  1000 MW e l e c t r i c  (2500 MW, f o r  LMFBR's and 3050 MWt 

f o r  LWR'S.) 

11. ISOTOPIC GENERATION RATES 

1. General Case 

I s o t o p e s  which are  n o t  genera ted  by neut ron  c a p t u r e  and 

whose decay p a r e n t s  are a t  e q u i l i b r i u m  have a product ion  r a t e  

determined only by t h e  power, t h e  i s o t o p i c  f i s s i o n  y i e l d ,  and 

t h e  f u e l .  

c-1 



where : 

G 

Pf is the plant factor. 

Y is the cumulative fission yield in percent. 

F 

is the generation rate in atoms/sec. 

19 
is the fission rate at 1000 MWe and is equal to 7.25 x 10 
fissions per sec for an LMFBR (239Pu) and 9.51 x 10 

fissions per sec for a BWR or PWR ( 2 3 5 ~ ) .  

19 

Et is the thermal efficiency. 

2. Special Cases 

a. 95Nb has a decay parent (65 d 95Zr) which may not be at 
equilibrium. Furthermore for the thermal reactors, there 

is a direct fission yield for 95Nb. 

for 95Nb is given by: 

The generation rate 

where: 

GgSNb is the generation rate for 95Nb 

G’g5Nb is the generation rate for 95Nb due to the direct fission 
yield. It can be calculated from the expression for G by 

using the direct fission yield in place of the cumulative 

yield. 

x9szr. is the decay constant for 95Zr 

t is the irradiation time of the fuel (see section 111). 

b. 134Cs is produced primarily by neutron capture in stable 

133Cs which is continually building towards a burnout 

equilibrium. Thus: 

c-2 



where: 

Q 
2 

is  t h e  neu t ron  f l u x  l e v e l  i n  neutrons/cm -sec. 
2 

$ 1 3 3  is t h e  133Cs c a p t u r e  c r o s s  s e c t i o n  i n  cm . 
$ 1 3 3  = 30 .6  x 10-24cm2 f o r  e i t h e r  BWR o r  PWR. 

$133 = .438 x cm2 f o r  a n  LMFBR on the assumption 

t h e  spectrum i s  similar t o  t h a t  i n  FTR. 

111. CLOSED SYSTEM INVENTORIES 

1. Equi l ibr ium I s o t o p e s  

For t h o s e  i s o t o p e s  a t  decay e q u i l i b r i u m ,  t h e  decay ra te  

must equa l  t h e  g e n e r a t i o n  ra te .  Thus 

AN = G 

or 

where: 

N is  t h e  t o t a l  number of atoms of t h e  i s o t o p e .  

-1 X is t h e  decay c o n s t a n t  i n  sec. . 
G is  the g e n e r a t i o n  ra te  i n  atoms p e r  s e c .  

AN,  t h e  decay ra te  i n  atoms pe r  sec . ,  may b e  conver ted  t o  
10 

c u r i e s  by d i v i d i n g  by 3.7 x 10 . 
2. I s o t o p e s  n o t  a t  equ i l ib r ium.  

A l l  t h e  non-equilibrium i s o t o p e s  cons ide red  have  p a r e n t s  

which are a t  e q u i l i b r i u m  except  t h o s e  s p e c i f i c a l l y  mentioned 

i n  t h e  fo l lowing  s e c t i o n  ( S p e c i a l  Cases ) .  These i s o t o p e s  

must have t h e  e q u i l i b r i u m  v a l u e  reduced by t h e  f a c t o r  1 -e 

thus  : 

-At 

AN = G ( l  - e-At) 

c- 3 



o r  

where : 

N = -  (1 - 
X 

t i s  t..e t o t a l  e l apsed  t i m e  

t may be  c a l c u l a t e d  from t h e  

r e l a t i o n :  

n seconLs s i n c e  f u e l  i n s e r t i o n .  

f u e l  exposure by t h e  fo l lowing  

86400 E t =  
ps pf 

where : 

E is t h e  f u e l  exposure i n  MWD/tonne. 

1 P i s  t h e  s p e c i f i c  power a t  r a t e d  power, t aken  t o  b e  150 MW/T s 
f o r  an  LMFBR, 39 MW/T f o r  a PWR, and 2 1  MW/T f o r  a BWR. 

P is  t h e  t i m e  average  of  t h e  p l a n t  f a c t o r  s i n c e  f u e l  i n s e r t i o n .  f 

3 .  S p e c i a l  Cases 

a. 95Nb has a decay pa ren t  (95Zr)  which i s  not  a t  equ i l ib r ium.  

The decay rate is given by: 

a l l  symbols are p rev ious ly  de f ined .  

lZ9I has such a long h a l f  l i f e  ( 1 . 6  x 10 

builduD i s  l i n e a r  over  a f u e l  l i f e t i m e .  Thus: 

7 b .  y )  t h a t  t h e  

N = G t  

and 

AN = XG t 

c-4 



c. When ’ 35Xe is  a t  e q u i l i b r i u m  i n  thermal  r e a c t o r s ,  t h e  

combined decay and burnup rates determine t h e  e q u i l i b r i u m  

inventory .  Thus: 

AN + 4aN = G 
where : 

4 is t h e  flux l e v e l  i n  neu t rons  per cm -sec. 

a i s  t h e  X e  c a p t u r e  c r o s s  s e c t i o n  i n  c m  . For BWR 
-18 ‘2 

2 

2 

o r  PWR, 0 = 2 . 7  x 10 cm . 
and : 

or : 

G 
A + 90 N =  

A G  
A + $0 AN = 

Note: For LMFBR’s 135Xe i s  a t  decay equ i l ib r ium.  

-25 2 (a “J 10 cm >.  
d .  134Cs is  produced by neu t ron  c a p t u r e  i n  t h e  s t a b l e  f i s s i o n  

product  133Cs which of course  i s  n o t  a t  equ i l ib r ium.  

has  no d i r e c t  f i s s i o n  y i e l d .  

1 3 4 C s  

The decay ra te  is  g iven  by: 

where : 

G133  

0133 

is t h e  gene ra t ion  ra te  f o r  1 3 3 C s  

is t h e  c a p t u r e  c r o s s  s e c t i o n  f o r  133Cs 

0 1 3 3  = 30.6 x 

0 1 3 3  = 0.438 x 10 

i s  t h e  c a p t u r e  c r o s s  s e c t i o n  f o r  134Cs 

0 1 3 4  = 136 x 

a134 = 0.136 x 10 

c m 2  f o r  BWR, PWR 

cm2 f o r  LMFBR -24 

c m 2  f o r  BWR, PWR 

cm2 f o r  LMFBR - 2 4  

o t h e r  symbols as p rev ious ly  de f ined .  

c-5 



e. The a c t i v i t i e s  of c e r t a i n  i s o t o p e s  a f t e r  release o r  shutdown 

do no t  fo l low an  exponen t i a l  decay determined by t h e i r  re- 

s p e c t i v e  h a l f  l i f e .  

i s  a w e l l  known example. 

determined by t h e  burnout  rate as w e l l  as t h e  decay rate. 

A f t e r  shutdown, t h e  inventory  may thus  i n c r e a s e .  The decay 

rates of 95Nb, 135%e, and 140La may b e  determined by t h e  

longe r  h a l f  l ives  of t h e i r  r e s p e c t i v e  p a r e n t s .  

The case of 1 3 5 X e  i n  a thermal  r e a c t o r  

The inven to ry  a t  shutdown i s  

I V .  WJCLEAR DATA 

The necessary  n u c l e a r  d a t a  f o r  t h e  above c a l c u l a t i o n s  have been 

assembled and a r e  shown i n  Table  C-1 .  Half l i v e s  were taken  from 

Reference (C-1). Those t h a t  are d i f f e r e n t  from t h e  master l is t  va lues  

are marked wi th  an a s t e r i s k .  With t h e  excep t ion  of tritium, f i s s i o n  

y i e l d s  were taken  from t h e  r e c e n t  compi la t ion  of  Meek and Rider  

The y i e l d  f o r  t r i t i u m  w a s  t aken  from Reference (C-3). 

(C-2) 

C-1 C. M. Lederer ,  J .  M. Hol lander ,  and I.  Perlman, "Table of I so topes , "  

s i x t h  e d i t i o n ,  John Wiley & Sons, 1967. 

C-2 M. E. Meek and B.  F .  R ide r ,  "Summary of F i s s i o n  Product  Y ie lds  f o r  

U235, U238, and Pu239, and PuZ4l  a t  Thermal, F i s s i o n  Spectrum, and 

1 4  M e V  Neutron Energ ies , "  Genera l  E l e c t r i c  Company, APED-5398-A, 1968. 

C-3 "Environmental E f f e c t s  of Producing Electric Power, P a r t  I," Hearings 

Before t h e  J o i n t  Committee on Atomic Energy, U. S.  Congress,  U .  S .  

P r i n t i n g  O f f i c e ,  1969. 

C-6 
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H E W S  CODE 

ACTIVATION PRODUCT GENERATION 

The inven to ry  of an  a c t i v a t i o n  i s o t o p e  i s  g iven  by: 

G - A t  
x N = - ( 1 - e  

where: 

N is  t h e  atom inven to ry  i n  t h e  volume of i n t e r e s t  

h is t h e  decay cons t an t  

t i s  t h e  time s i n c e  i n s e r t i o n  i n  t h e  neut ron  f l u x  

G i s  t h e  g e n e r a t i o n  ra te  which can  b e  expressed  as: 

where : 

Pf  is  t h e  p l a n t  f a c t o r  

N (r) i s  t h e  atom d e n s i t y  of t h e  pa ren t  i s o t o p e  
P 

$ ( E , r )  is  t h e  neut ron  f l u x  a t  r a t e d  power 

u (E , r )  i s  t h e  a c t i v a t i o n  c r o s s  s e c t i o n  

The expres s ion  f o r  G can be s i m p l i f i e d  f o r  only a few s p e c i a l  cases. 

One is  t h e  case  of t h e  thermal  r e a c t o r  and a r e a c t i o n  wi th  a l a r g e  rhclrmal 

c ros s  s e c t i o n .  One may then  w r i t e :  

a ( E , r )  = u (r) t h  

I f  one f u r t h e r  assumes r e g i o n a l l y  homogeneous materials,  t h e  

gene ra t ion  r a t e  then  reduces t o :  

1 0 8 3 5 1 3  
C-8  



" I  i=l i 

i i  i - i  
= 'f Npath 'th 

i= 1 

Thus, w i th  t h e  thermal  c r o s s  s e c t i o n  known, a l l  t h a t  i s  r e q u i r e d  i s  t h e  

average  thermal  f l u x  i n  t h e  r e g i o n ( s )  of i n t e r e s t .  

a c t i o n s  and t h e  r e a c t i o n s  i n  a n  LMFBR are  n o t  as amenable t o  s i m p l i f i c a -  

t i o n  due t o  s p e c t r a l  s e n s i t i v i t y  and g r o s s  s p e c t r a l  changes r e s p e c t i v e l y .  

The th re shho ld  re- 

I t  i s  p o s s i b l e  t o  hand le  t h i s  energy as w e l l  as t h e  s p a t i a l  depend- 

ence adequate ly  u s i n g  l o c a l l y  a v a i l a b l e  mul t igroup codes.  

2 4 N a  v a l u e  r e p o r t e d  h e r e  i s  an  e x t r a p o l a t i o n  of F a s t  Test Reac tor  (FTR) 

r e s u l t s  c a l c u l a t e d  with t h e  mul t igroup d i f f u s i o n  code 2DBS. 

sugges ted  that  such  c a l c u l a t i o n s  b e  made f o r  each of t h e  r e f e r e n c e  des igns  

f o r  t h e  necessa ry  r e a c t i o n s .  

p l i f i c a t i o n s  f o r  G are used. 

materials, w e  may w r i t e .  

For i n s t a n c e ,  the 

It i s  s t r o n g l y  

However, f o r  t h e  p r e s e n t ,  t r a c t a b l e  s i m -  

With t h e  assumption of r e g i o n a l l y  homogeneous 

G = Pf N; ' $ ( E , r )  ai(E) drdE 

i=l i 

Values of t h e  double i n t e g r a l  f o r  many of  t h e  i s o t o p e s  of i n t e r e s t  

were c a l c u l a t e d  f o r  FTR us ing  mul t igroup codes.  

i nvo lve  t h e  volumes t y p i c a l  of FTR. 

r e a c t i o n  ra te  p e r  atom as: 

These v a l u e s ,  of cour se ,  

One may, however, d e f i n e  an  ave rage  

1 0 8 3 5 7 4  c- 9 



then: 

i - i  G = Pf Ni V $0 
P 

i= 1 

Many of t h e  enclosed va lues  of Qo f o r  LMFBR ( u s u a l l y  n o t i c e a b l e  

by l a c k  of a one-group c r o s s  s e c t i o n )  were taken from va lues  of f o r  

FTR . 

The remainder of t h e  I$U va lues  r epor t ed  were formed from one-group 
i 

es t imated  va lues :  40 above can be w r i t t e n :  
- 

Most of t h e  threshhold  r e a c t i o n s  were handled t h i s  way. Values - - 
f o r  u and Q above a s t anda rd  1.5 MeV threshhold  were es t ima ted .  

Two va lues  f o r  Qa are g iven ,  one f o r  t h e  v e s s e l  v i c i n i t y  and 

one a "core1' va lue  which i s  r e a l l y  an average va lue  t o  be  used anywhere 

i n s i d e  t h e  v e s s e l .  

The necessary  va lues  for c a l c u l a t i n g  t h e  a c t i v a t i o n  rates a r e  

g iven  i n  Table C-2.  No va lues  f o r  t r i t i u m  product ion  i n  l i t h i u m  are 

1 0 8 3 5 1 5  
c- 10 



given  as i t  is assumed on ly  7 L i  w i l l  b e  used. 

duc t ion  from r a d i a t i v e  c a p t u r e  i n  t h e  LMFBR cover gas above t h e  pool  

were given as i t  was assumed t h i s  p roduc t ion  r a t e  w a s  s m a l l  compared t o  

t h e  product ion  from impur i ty  potass ium i n  t h e  pool .  

No v a l u e s  f o r  argon pro- 

1 0 8 3 5 1 b  c-11 
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APPENDIX D 

HERMES SUBELEMENT OPERATING INSTRUCTIONS 

I. RADREL OPERATING INSTRUCTIONS 

The RADREL subelement of t h e  HERMES code has  t h e  f u n c t i o n  of c r e a t i n g  

a r a d i o n u c l i d e  “ source  map” -- a d a t a  t a p e  l i s t i n g  l o c a t i o n s  of a l l  n u c l e a r  

f a c i l i t i e s  i n  t h e  a r e a  under s t u d y ,  and release ra te  d a t a  f o r  each f a c i l i t y .  

Required i n p u t  d a t a  f o r  RADREL i n c l u d e  an ou tpu t  t a p e  from the MOPOSH code 

-- l i s t i n g  t h e  s t a r t u p  d a t e  and month-by-month average  p l a n t  f a c t o r s  f o r  

each power p l a n t  -- and d a t a  card  decks p rov id ing  (1) l o c a t i o n  d a t a  f o r  

each p l a n t  s i t e  and (2)  r e p r o c e s s i n g  p l a n t  e f f l u e n t  rates from t h e  REPARE 

code. 

and t h e  ou tpu t  c a r d s  from REPARE are desc r ibed  i n  S e c t i o n  111. 

The s i t e  d a t a  c a r d s  are desc r ibed  i n  S e c t i o n  V I 1  of t h i s  appendix,  

I n  a d d i t i o n ,  f o u r  sets of c o n t r o l  c a r d s  are r e q u i r e d  t o  o p e r a t e  

RADREL. 

as assembled f o r  execu t ion  of t h i s  code i s  i l l u s t r a t e d  i n  F igu re  D-1. 

These c o n t r o l  ca rds  are desc r ibed  i n  Table  D-1, and a sample deck 

The ou tpu t  t a p e  from RADREL t r a n s m i t s  d a t a  on n u c l e a r  p l a n t  s i t e  

l o c a t i o n s ,  p l a n t  c h a r a c t e r i s t i c s ,  and r a d i o n u c l i d e  releases, t o  t h e  t r a n s -  

p o r t  codes ARTRAN and WTRAN. 

Table  D-2.  

The s t r u c t u r e  of t h i s  t a p e  i s  shown i n  

TABLE D - 1  

RADREL CONTROL CARD FORMATS 

Con t ro l  Card No. 1 

FORMAT (515) 

*CC 1-5 Number of s i tes 

CC 6-10 Number of months 

CC 11-15 T o t a l  number of i s o t o p e s  

CC 16-20 Number of i s o t o p e s  f o r  a i r  list 

CC 21-25 Number of  i s o t o p e s  f o r  water l i s t  

*CC i n d i c a t e s  card  column. 
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TABLE D - 1  

(cont inued)  

Con t ro l  Card No. 2 

FORMAT (15) 

CC 1-5 An i n t e g e r  i n d i c a t i n g  t h e  number of r ep rocess ing  

p l a n t s  i n  t h i s  s tudy .  

Con t ro l  Deck No. 3 ( m u l t i p l e  c a r d s )  

FORMAT (110, F10.0) 

CC 1-10 A f o u r - d i g i t  coded i n t e g e r  d e s i g n a t i n g  t h e  s i t e  f o r  

a r ep rocess ing  p l a n t .  

CC 11-20 S t a r t u p  yea r  f o r  t h e  r ep rocess ing  p l a n t .  

Con t ro l  Deck No. 4 ( 4  ca rds )  

FORMAT (13A6) 

CC 1-6 are key H o l l e r i t h  words c o n t r o l l i n g  program a c t i o n s .  

This  deck must have f o u r  c a r d s  i n  t h e  p r e s c r i b e d  o r d e r .  

For c l a r i t y  t h e  a lpha  c h a r a c t e r s  beyond t h e  s i x  key 

c h a r a c t e r s  may form a s t a t e m e n t ,  see below. 

Don't RESTART RADREL w i t h  DOSIS DATA TAPE 

- NEW PLANT DATA 

WRITE NEW TAPE 

NEW SOURCE MAP WRITTEN 

I f  t h e  key words ( 6  c h a r a c t e r s )  are o t h e r  t han  those  

i l l u s t r a t e d ,  t hen  t h e  r e s u l t a n t  a c t i o n  is n e g a t i v e ,  

i . e . ,  t h e  f i r s t  card commands t h a t  t h e  a c t i o n  t o  

restart  RADREL no t  b e  taken .  

D-2 
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V b F l N  

CONTROL DECK #3 

CONTROL CARD U 2  

REPARE OUTPUT 

V Xb ASG H MOPOSH OUTPUT 

- 
V Xb ASG.  W A = OUTPUT - 

- 
V @b RUN 

THIS I S  THE NORMAL CUR SETUP. 

LATER FIGURES W I L L  INDICATE VXQT CUR ONLY. 

Figure  D-1: Sample Deck f o r  RADREL 
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F i l e  
No. 

TABLE D-2 

RADREL OUTPUT TAPE STRUCTURE 

Record Word Statement  
N o .  - No. Type D e s c r i p t i o n  

1 1 - - - - - - - - - - - - -  1-20 H o l l e r i t h -  -T_aP_e Ti.tl,e - - - - - - - - - - - - - 
No. of s i tes inc luded  (n ) 

2 11 No. of months of d a t a  (nm) 

T o t a l  no. of i s o t o p e s  inc luded  (nil 3 

4 No. of i s o t o p e s  i n  a i r  release d a t a  (na) 

5 No. of  i s o t o p e s  in water release d a t a  (nw) 

T o t a l  no. of p o s s i b l e  p l a n t s  (n 6 
( i f  a l l  s i tes fully u t i l i z e d )  

2 1 I n t e g e r  S 

11 

I t  

I f  

11 

P 

- END OF FILE 

2 1 1 Real H a l f - l i f e  ( s e c . )  f o r  I s o t o p e  1 

n Real i 
H a l f - l i f e  ( s e c . )  f o r  I s o t o p e  ni 

END OF FILE 

3 1 1 Real L a t i t u d e  of S i t e  1 (degrees )  

2 fl Longitude of S i t e  1 (degrees)  

2ns- 1 11 

2nS 
f I  

L a t i t u d e  of s i t e  n (deg rees )  

Longi tude of s i t e  ns (deg rees )  
S 

END OF FILE 

4 1 1 Real R ive r  m i l e  f o r  s i t e  1 
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TABLE D-2 

(cont inued)  
File Record Word Statement 

No. Type D e s c r i p t i o n  No. No. - 
4 2 1- 3 H o l l e r i t h  R ive r  name, s i t e  1 (18 c h a r a c t e r s )  

River  name, s i t e  2 11 4- 6 

S 
River  name, s i t e  n 1 1  ( t o  3 ns> 

END OF FILE 

Releases  t o  A i r  ( pCi / sec )  
5 1 1 Real  I s o t o p e  1 S i t e  1 Month 1 

I 1  2 1 1 2 
1 1  n 

na+l  I 1  

a 

na+2 I1 

na+3 11 

n 1 1 
a 

L a t i t u d e  of S i t e  1 (degrees)  

Longitude of s i te 1 (degrees )  

S t ack  Height ,  S i t e  1 (meters )  

S t a r t u p  y e a r ,  S i t e  1 I 1  na+4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - - - - - - - - -  

5 2 1 Real I s o t o p e  1, S i t e  2 ,  Month 1 

I 1  

II 

n a I s o t o p e  n a’ S i t e  2 ,  Month 1 

n 1 R e a  1 I s o t o p e  1 S i t e  ns ,  Month 1 
S 
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F i l e  TABLE D-2 

(cont inued)  

F i l e  
No. 

5 

- 
Record Word Statement  

No. No. Type D e s c r i p t i o n  

I s o t o p e  n S i t e  n Month 1 a S' 
S t a r t u p  y e a r ,  S i t e  n 

n Real a n s 
11 

na+4 S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ns+l 1 Real I s o t o p e  1, S i t e  1, Month 2 

na+4 I t  S t a r t u p  Year, S i t e  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I s o t o p e  1, S i t e  n Month nm 

S' 
n n  1 Real s m  

na+4 I '  S t a r t u p  Year, S i t e  n 
S 

END OF FILE 

6 1 

- -  
2 

1 
2 

Real 
I 1  

Releases t o  Water (pCi/Sec) 

I s o t o p e  1, S i t e  1, Month 1 

1 

n 
W 

1 Real 1 

. . 
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TABLE D-2 

(cont inued)  

F i l e  
No. - 
6 

Record Word 
No. - No. 

n 1 
S 

ns+l 1 

n n  1 
s m  

n 
W 

S t a t  ement 
Type Desc r ip t ion  

I s o t o p e  1, S i t e  ns, Month 1 

I s o t o p e  1, S i t e  1, Month 2 

n m n 1, S 

n m n 
S 

n w y  
END OF FILE 

The RADREL output  t a p e  is  a b ina ry  t a p e  w r i t t e n  by and accessed 
(D- 1) through t h e  bu f fe red  i n p u t / o u t p u t  r o u t i n e  NTRAN 

1 0 8 3 5 8 5  
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11. DOSIS OPERATING INSTRUCTIONS 

The DOSIS code is des igned  t o  b e  ope ra t ed  e i t h e r  as a s e p a r a t e  code o r  

as a s u b r o u t i n e  i n  RADREL. To execu te  DOSIS by i t s e l f ,  i t  is  necessa ry  t o  

employ a ''dummy" main program, SUPER, which i s  inc luded  on t h e  DOSIS master 

t a p e ;  and t o  p rov ide  d a t a  c a r d s  s p e c i f y i n g  t h e  t y p e ,  p l a n t  f a c t o r ,  and age  

of t h e  p l a n t ( s )  t o  b e  i n v e s t i g a t e d .  

The card  deck r e q u i r e d  f o r  o p e r a t i o n  of DOSIS as a s e p a r a t e  program is  

One d a t a  ca rd  should  b e  inc luded  f o r  each p l a n t  be ing  shown i n  F igure  D-2. 

i n v e s t i g a t e d .  Data ca rd  format is shown i n  Table  D-3. 

I n  i t s  p r e s e n t  form t h e  DOSIS code is  s p e c i f i c a l l y  t a i l o r e d  f o r  use  i n  

t h e  Upper M i s s i s s i p p i  R ive r  Basin s t u d y ;  c h a r a c t e r i s t i c s  of r e a c t o r  t ypes  

inc luded  i n  t h i s  s tudy  are b u i l t  i n t o  t h e  code. I f  i t  i s  d e s i r e d  t o  u s e  

t h i s  code t o  examine a p a r t i c u l a r  p l a n t  type  i n  d e t a i l ,  t h e  u s e r  may wish 

t o  remove t h e  c o n s t a n t s  d e s c r i b i n g  t h e s e  c h a r a c t e r i s t i c s  from t h e  code ( r e -  

f e r  t o  t h e  DOSIS l i s t i n g  i n  Appendix B) and s u b s t i t u t e  READ statements t o  

a c q u i r e  t h e  v a l u e s  of t h e s e  parameters  from an  i n p u t  deck. 

be d e s i r a b l e  t o  s u b s t i t u t e  READ s t a t e m e n t s  f o r  s e l e c t e d  DATA s t a t e m e n t s  i n  

t h e  code i f  t h e  e f f e c t  of component performance on p l a n t  e f f l u e n t  r e q u i r e s  

p a r a m e t e r i z a t i o n  f o r  examination i n  d e t a i l .  

It may a l s o  

TABLE D-3 

DOSIS DATA CARD FORMAT 

FORMAT (A5, 2E10.3) 

CC 1-5 Reac tor  t ype  (RTYPE) d e s i g n a t i o n .  The code as now c o n s t i t u t e d  

a c c e p t s  d e s i g n a t i o n s  of BWR, PWR, BWRA ("A" d e s i g n a t e s  

"advanced") , PWRA , and LMFBR. 

CC 6-15 Plant f a c t o r  (PF) f o r  t h e  p l a n t  r eques t ed  ( a s  a f r a c t i o n  of 

u n i t y ) .  

CC-16-25 P l a n t  age (AGE), i n  y e a r s  s i n c e  s t a r t u p ,  used i n  t h e  calcu- 

l a t i o n  of a c t i v a t i o n  p roduc t s  from r e a c t o r  v e s s e l  components. 

D- 8 
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V b ASG,W D z OUTPUT 

/ V @ b  RUN - 
- 

“ONE DATA CARD FOR EACH PLANT 
BE I NG I NVESTl GATED 

Figure  D-2: Sample Desk for DOSIS 



111, REPARE OPERATING INSTRUCTIONS 

The REPARE subelement of HERMES is  normally used as a n  independent ly  

ope ra t ed  code; however, i t  is  des igned  s o  t h a t  i t  may a l s o  b e  used as a 

s u b r o u t i n e  of t h e  u s e r ' s  main program. 

Inpu t  d a t a  r e q u i r e d  f o r  REPARE, s u p p l i e d  through d a t a  c a r d s  o r  through 

t h e  user's main program are: 

TONLWR - Yearly l o a d ,  i n  metric t o n s ,  of LWR f u e l  t o  b e  processed .  

TONFBR - Yearly l o a d ,  i n  metric t o n s ,  of FBR f u e l  t o  b e  processed .  

KEY - A c o n t r o l  v a r i a b l e  governing ou tpu t  format .  

Output d a t a ,  s i m i l a r l y ,  may b e  processed as punched c a r d s  o r  through 

r e t u r n  t o  t h e  u s e r ' s  main program. The ou tpu t  d a t a  arguments are: 

A I R  - Computed release ra tes  f o r  s t a c k  e f f l u e n t  from a t y p i c a l  

Purex-type p l a n t ,  i n  p i c o c u r i e s / s e c .  

WATER - Computed release rates f o r  low-level l i q u i d  e f f l u e n t  from 

a t y p i c a l  Purex-type p l a n t ,  p i c o c u r i e s / s e c .  

AIRMFR - Computed release rates f o r  s t a c k  e f f l u e n t  from t h e  MFR 

p l a n t ,  p i c o c u r i e s / s e c .  

S ITE - The computed number of r e p r o c e s s i n g  p l a n t s  ( inc lud ing  t h e  

MFR p l a n t )  r e q u i r e d  t o  p rocess  t h e  f u e l  l oad  de f ined  i n  t h e  

i n p u t  d a t a .  

A sample deck f o r  execu t ion  of REPARE i s  shown i n  F igu re  D-3; formats  

of t h e  i n p u t  and ou tpu t  d a t a  c a r d s  are i n d i c a t e d  i n  Table  D-4. I n t e r n a l  

d a t a  statements w i t h i n  REPARE d e f i n e  p l a n t  and component c h a r a c t e r i s t i c s  

and b a s i c  p l a n t  capacit ies ( s e e  Appendix B f o r  a l i s t i n g  of the code).  

These may, of cour se ,  be  changed by t h e  u s e r  f o r  s p e c i f i c  case s t u d i e s  o r  

f o r  p a r a m e t e r i z a t i o n  of component performance. A s  c u r r e n t l y  c o n s t i t u t e d ,  

t h e  code assumes annual  p l a n t  c a p a c i t i e s ,  based on LWR f u e l ,  of 300 m e t r i c  

t o n s  p e r  y e a r  f o r  t h e  MFR, and 1500 m e t r i c  t o n s  p e r  y e a r  f o r  each Purex- 

t y p e  p l a n t .  
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Prov i s ions  have been made i n  REPARE t o  permi t  c o n t r o l  of code oper- 

a t i n g  parameters  by means of NAMELIST d a t a  ( f o r  an exp lana t ion  of NAMELIST, 

see Reference D-2). Two s e p a r a t e  NAMELIST groups are provided. The f i r s t  

group, OPTION (Table D-5), permi t s  s e l e c t i o n  of o p t i o n a l  procedures  f o r  

c a l c u l a t i o n  and p r i n t o u t .  The second,  DANTOR (Table  D-6), c o n t r o l s  pro- 

cedures  for normal iz ing  of d a t a .  

D-2 "UNIVAC 1108 Mult i -Processor  System FORTRAN V P r o g r a m e r s  Reference ,I' 

UP-4060 Rev. 1, Univac Div i s ion ,  Sperry Rand Corpora t ion ,  1969. 
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Vb F I N  : 
, 

b$ END 
/ bB DATNOR I 

I 
/Vb XQT MAIN 

L - 
- 

+ 
Vb ASGbA = PROGRAM 

- 

F i g u r e  D-3: Sample Deck f o r  Repare 

D-12 



TABLE D-4 

REPARE DATA CARDS 

A .  Input  Data Card (one card  r e q u i r e d )  

FORMAT (2E15.5, 11) 

CC 1-15 

CC 16-30 Metric t o n s  W B R  f u e l  t o  b e  processed annual ly  

CC 31 I n t e g e r  v a l u e  f o r  c o n t r o l  parameter  KEY 

Metric t o n s  LWR f u e l  t o  b e  processed  annua l ly  

I f  KEY = 1, no punched o u t p u t .  

I f  KEY # 1, ou tpu t  ca rds  are punched. 

B. Output Data Cards from REPARE 

FORMAT (8E10.5) 

These ca rds  c o n t a i n  release r a t e  d a t a  c a l c u l a t e d  by REPARE. 

A deck of 25 c a r d s  i s  produced, c o n t a i n i n g  200 f i e l d s  of d a t a .  The 

d a t a  are ar ranged  as 4 s e q u e n t i a l  groups of 50 f i e l d s  each. 

r e n t l y ,  each group of 50 f i e l d s  c o n t a i n s  release d a t a  for 45 i s o t o p e s  

i n  t h e i r  o r d e r  of appearance i n  t h e  Master L i s t  (Appendix A), f o l -  

lowed by 5 unused f i e l d s  which are recorded "zero". Data are 

grouped i n  t h e  fo l lowing  sequence: 

1. MFR wa te r  e f f l u e n t  

2 .  MFR a i r  e f f l u e n t  (AIRMFR) 

3. Purex-type p l a n t  a i r  e f f l u e n t  (AIR) 

4 .  Purex-type p l a n t  water e f f l u e n t  (WATER) 

Cur- 

* 

* Required t o  conform t o  ARTRAN i n p u t  format .  S ince  MFR 

has  no l i q u i d  e f f l u e n t ,  t h e s e  c a r d s  d i s p l a y  50 "zero" 

f i e l d s  . 
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TABLE D-5 

NAMELIST OPTION 

(See Reference D-2) 

PROPT An i n t e g e r  v a r i a b l e  c o n t r o l l i n g  p r i n t o u t  

I f  PROPT = 1, no p r i n t o u t  is  produced 

I f  PROPT = 2 ,  summary d a t a  only  i s  p r i n t e d  

I f  PROPT = 3 ,  p r i n t o u t  i n c l u d e s  summaries and i n t e r m e d i a t e  

in format ion .  

I f  PROPT is  excluded from t h e  NAMELIST i n p u t ,  no p r i n t o u t  

is obta ined .  

FLOW (Not c u r r e n t l y  a v a i l a b l e )  P rov i s ions  have been made i n  REPARE 

I t o  u s e  t h e  FLOW op t ion  t o  exercise ,component  loading  ca l cu la -  

t i o n s ;  t h e  FLOW v a r i a b l e  s p e c i f i e s  a r e p r e s e n t a t i v e  f low ( l i ters /  

s e c . )  e n t e r i n g  a p l a n t  from t h e  d i s s o l v e r .  An e x a c t  d e f i n i t i o n  

of component l oad ing  c h a r a c t e r i s t i c s  is needed b e f o r e  t h e  

op t ion  is  used.  

DATAIN An i n t e g e r  v a r i a b l e  c o n t r o l l i n g  computation of holdup t imes. .  If 

DATAIN = 1, holdup t i m e s  s p e c i f i e d  i n  DATA s t a t emen t s  i n  each 

s u b r o u t i n e  are used. 

from t h e  FLOW v a r i a b l e  and e f f e c t i v e  p rocess  volumes. 

I f  DATAIN # 1, holdup times are computed 

[Note: DATAIN = 1 must be  s p e c i f i e d  u n t i l  t h e  FLOW o p t i o n  

is  a v a i l a b l e .  ) 

LIMIT An i n t e g e r  v a r i a b l e  s p e c i f y i n g  t h e  number of i s o t o p e s  on t h e  

Master L i s t  (Appendix A ) ,  and used as a DO loop index l i m i t .  

Values f o r  t h e  v a r i a b l e s  i n  OPTION are i n t e r n a l l y  de f ined  as 

PROMPT = 1 

LIMIT = 45 
DATAIN = 1 

FLOW = 0 

I f  NAMELIST OPTION ca rds  are omi t t ed ,  t h e s e  v a l u e s  w i l l  b e  used. 

1 0 8 3 5 9 2  
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TABLE D-6 

NAMEL I ST DATNOR 

( S e e  Reference D-2) 

NORMAL 

UNITA 

UNITW 

UNITMF 

ILISTA 

ILISTW 

SUNITA 

SUNTMF 

SUNITW 

An i n t e g e r  v a r i a b l e  c o n t r o l l i n g  no rma l i za t ion  of d a t a .  

NORMAL = 1, no norma l i za t ion  i s  performed, and no o t h e r  

DATNOR va lues  need t o  be  def ined .  If NORMAL # 1, normal iz ing  

computations are made us ing  de f ined  v a l u e s  of t h e  fo l lowing  

v a r i a b l e s .  

I f  

The r e fe rence  release r a t e  ( p i c o c u r i e s / s e c . )  t o  which Purex- 

type  a i r  releases are t o  b e  normalized. 

The r e f e r e n c e  release rate  ( p i c o c u r i e s / s e c . )  f o r  normaliza- 

t i o n  of Purex-type water releases. 

The r e f e r e n c e  release ra te  f o r  MFR release normal iza t ion .  

A subsc r ip t ed  v a r i a b l e  d e f i n i n g  i s o t o p e s  (by Master L i s t  

index number) i n  a i r  releases which are t o  b e  grouped i n t o  

a s e p a r a t e  s u b s e t .  The c o n t r i b u t i o n s  of t h e s e  i s o t o p e s  

w i l l  not b e  inc luded  i n  t h e  main norma l i za t ion  c a l c u l a t i o n s ,  

bu t  w i l l  b e  s e p a r a t e l y  normalized. 

A s u b s c r i p t e d  v a r i a b l e  performing t h e  same func t ions  as 

ILISTA, except  f o r  r ad ionuc l ides  i n  water r e l e a s e s .  

The re ferenced  release ra te  (p i cocur i e s / sec . )  t o  which Purex- 

type  a i r  releases of r ad ionuc l ides  i n  t h e  s u b s e t  de f ined  by 

ILISTA are t o  b e  normalized. 

The r e fe renced  release rate ( p i c o c u r i e s / s e c . )  f o r  no rma l i za t ion  

of MFR releases of i s o t o p e s  i n  t h e  ILISTA s u b s e t .  

The r e fe renced  release rate ( p i c o c u r i e s / s e c . )  f o r  no rma l i za t ion  

of water releases of i s o t o p e s  i n  t h e  s u b s e t  de f ined  by ILISTW. 
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When no NAMELIST DATNOR data are encountered, the DATNOR variables w i l l  be 

used with the following internal ly  defined values: 

NORMAL 

UNITA 

UNITW 

UN ITMF 

SUNITA 

SUN ITW 

SUNTMF 
I L I S T A  

ILISTW 

1 0 8 3 5 9 4  

= 5  

= 1  

= 1  

= 1  

= 1  

= l  

= 1  

= 1, 16*0, 18, 27*0 

= 29*0 ,  30, 15*0 

D- 16 



I V .  ARTRAN OPERATING INSTRUCTIONS 

Opera t ion  of t h e  HERMES code subelement ARTRAN, f o r  a i r  t r a n s p o r t  

c a l c u l a t i o n s ,  r e q u i r e s  i n p u t  d a t a  t a p e s  o r  ca rds  p rov id ing  r e q u i r e d  in -  

format ion  on (1) meteorology of t h e  s tudy  area, (2)  l o c a t i o n s  of radio- 

n u c l i d e  e f f l u e n t  sou rces  and ra tes  of emiss ion ,  and (3 )  l oca t ions '  of 

c e n t r o i d s  where 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  and d e p o s i t i o n  d a t a  must b e  

c a l c u l a t e d .  I n  a d d i t i o n ,  t h e  u s e r  must provide  a s e t  of d a t a  c a r d s  f o r  

t h e  NAMELIST i n p u t .  I n  t h i s  s i m p l e s t  case, t h e  program may b e  executed 

w i t h  t h e  sample ca rd  deck shown i n  F igu re  D-4. 

Options f o r  t h e  NAMELIST OPERAT are g iven  i n  Table  D-7. 

t i o n a l  NAMELIST v a r i a b l e  s e t ,  DEBUG (Table 8) is  a v a i l a b l e  f o r  debugging 

runs. 

less than  zero  f o r  t h e  v a r i a b l e  DEBUG i n  t h e  NAMELIST OPERAT. I f  t h i s  

o p t i o n  is  s e l e c t e d ,  t h e  computer w i l l  a ccep t  t h e  BUG i n p u t  d a t a  se t  

d e t a i l e d  i n  F igu re  D-5. 

An addi- 

\ 
The DEBUG v a r i a b l e  l i s t  may b e  a c t i v a t e d  by s p e c i f y i n g  a va lue  

The i n p u t  d a t a  t o  ARTRAN -- meteoro log ica l  d a t a ,  sou rce  d a t a ,  and 

c e n t r o i d  l o c a t i o n s  -- may, i f  d e s i r e d ,  b e  r ead  from t h r e e  s e p a r a t e  t a p e  

d r i v e s ,  by p rope r ly  s p e c i f y i n g  t h e  v a l u e s  of  t h e  NAMELIST OPERAT va lues  

IN2, IN3, and IN4 (Table D-7). For use  i n  t h e  Upper M i s s i s s i p p i  River  

Basin r e f e r e n c e  s t u d y ,  b o t h  t h e  me teo ro log ica l  d a t a  f o r  t h e  s tudy  area 

and t h e  c e n t r o i d  l o c a t i o n  d a t a  have been inc luded  as s e p a r a t e  f i l e s  on 

a master program t a p e ;  t h e  OPERAT t a p e  u n i t  d e s i g n a t o r s  IN2 and I N 4  

have been set t o  select  t h e s e  f i l e s .  I f  t h e  d a t a  are in t roduced  on 

s e p a r a t e  t a p e s ,  va lues  f o r  IN2 and IN4 must be  a p p r o p r i a t e l y  reset. 

Input  Data Format 

Format requi rements  f o r  t h e  inpu t  d a t a ,  whether t h e  Master Tape 

d a t a  o r  t h e  s e p a r a t e  d a t a  tapes are used, i s  as fo l lows:  

a. Meteoro logica l  Data 

Meteoro logica l  d a t a  are provided i n  b ina ry  form; d a t a  are 

read  from t h e  i n p u t  t a p e  through t h e  b u f f e r e d  i n p u t / o u t p u t  r o u t i n e ,  
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N T R A N . ( ~ - ~ )  They are expressed as a b i n a r y  a r r a y :  

WX ( IREC, ISECT, INOM) 

where : 

IREC is a l i m i t  v a r i a b l e  d e s i g n a t i n g  t h e  number of r eco rds  f o r  

each d a t a  set.. Normally 6 r eco rds  are used p e r  set: 

. Mean wind speed 

. Percent  frequency of d i r e c t i o n  

. P r e c i p i t a t i o n  i n t e n s i t y  

. Percent  frequency of p r e c i p i t a t i o n  

. S t a b i l i t y  c l a s s  

. Percent  p r o b a b i l i t y  of occurrence of des igna ted  

s t a b i l i t y  c lass  

ISECT is a l i m i t  v a r i a b l e  des igna t ing  t h e  number of c i r c u l a r  s e c t o r s  

(compass r o s e  d i v i s i o n s )  t o  be  cons idered  i n  t h e  problem. Cur ren t ly  

a 16-sec tor  d i v i s i o n  i s  used. 

INOM i s  a v a r i a b l e  denot ing  t h e  number of s t a b i l i t y  cases  conta ined  

i n  t h e  d a t a .  Usual ly  two cases  are used -- f o r  day and n i g h t  con- 

d i t i o n s  -- a l though cases  u t i l i z i n g  a l l  7 s t a b i l i t y  c l a s s e s  may be 

used i f  d e s i r e d .  

b. Radionucl ide Source Data 

Data on r a d i o n u c l i d e  source  l o c a t i o n s  and emission rates are 

ob ta ined  from t h e  ou tpu t  t a p e  produced by t h e  HERMES subelement RADREL. 

This a l s o  is  a b ina ry  t a p e ,  accessed  through NTRAN. 

tape is i n d i c a t e d  i n  Table  D-2. 
S t r u c t u r e  of t h e  

Data used by ARTRAN inc lude :  

(1) Data used as c o n t r o l  o r  l i m i t  v a r i a b l e s :  

. T o t a l  number of sou rces  ( p l a n t  s i t e s )  ( F i l e  1, Record 2 ,  

1st word) 
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. T o t a l  number of  months of  d a t a  ( F i l e  1, Record 2,  2nd word) 

. T o t a l  number o f  r a d i o n u c l i d e s  i n  a i r  releases ( F i l e  1, 

(Record 2,  4 th  word) 

(2) H a l f - l i v e s  of i s o t o p e s  inc luded  i n  release d a t a  ( F i l e  2 ) .  

(3) L a t i t u d e s  and l o n g i t u d e s  of s o u r c e s  ( F i l e  3 ) .  

(4) Radionucl ide release rate d a t a  ( F i l e  5 ) .  

The f o u r t h  and s i x t h  f i l e s  of t h e  RADREL t a p e  are n o t  used by 

ARTRAN. 

C. Centroid Locat ion Data 

The d a t a  on c e n t r o i d  l o c a t i o n ,  c u r r e n t l y  obta ined  from t h e  

master program t a p e ,  may a l s o  b e  obta ined  from F i l e  No. 1 of t h e  

Liv ing  P a t t e r n s  Model t a p e  (Refer t o  Table  D-12). 

t h e  d a t a  are recorded i n  card  image format ,  w i t h  a format f o r  each 

c a r d  format o f :  

I n  e i t h e r  case 

6(13 ,  412, 2X) 

i n  which d a t a  f o r  6 c e n t r o i d s  are inc luded  i n  each c a r d  image. 

f o r  each centrOid c o n s i s t  of : 

Data 

Cent ro id  i d e n t i f i c a t i o n  number (13) 

L a t i t u d e ,  degrees  (12) 

L a t i t u d e ,  minutes (12) 

Longitude, degrees  (12) 

Longitude, minutes  (12) 

S ince  2-charac te r  f i e l d s  a r e  provided f o r  l o n g i t u d e  and l a t i t u d e  

d a t a ,  l o n g i t u d e s  of 100 degrees  or g r e a t e r  w i l l  b e  recorded as 

100 degrees  less than  t h e  a c t u a l  v a l u e .  ARTRAN i s  coded t o  add 

100 degrees  t o  a l l  l o n g i t u d e  v a l u e s  less than  64 degrees .  

anomalies w i l l  occur ,  s i n c e  t h e  48 cont iguous United S t a t e s  ex- 

tend from (approximately)  67 degrees  t o  125 degrees  w e s t  longi tude .  

No 
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Master Program Tape 

The master Program Tape, as w a s  p rev ious ly  s t a t e d ,  c o n t a i n s  t h e  b a s i c  

ARTRAN code, c e n t r o i d  l o c a t i o n  d a t a  f o r  t h e  Upper M i s s i s s i p p i  River Basin 

s tudy  area, and me teo ro log ica l  d a t a  f o r  t h e  area. Because of i t s  f r equen t  

u se  d u r i n g  development of t h e  HERMES code, t h i s  t a p e  w a s  s t r u c t u r e d  f o r  

p r o t e c t i o n  a g a i n s t  i n a d v e r t e n t  d a t a  l o s s  through e r r o r s  i n  coding o r  opera- 

t i o n .  The t a p e  c o n t a i n s  s e q u e n t i a l l y :  

(1) The b a s i c  ARTRAN code 

Two "end-of-f i le"  markers 

A "dummy" f i l e  (1000 "zero'' f i e l d s )  

An "end-of-fi le" marker 

(2) Centro id  l o c a t i o n  d a t a  

Two "end-of -f i le"  markers 

A second "dummy" f i l e  (1000 "zeros") 

An "end-of-file" marker ' 

(3 )  Area me teo ro log ica l  d a t a  

ARTRAN is  c u r r e n t l y  programmed t o  advance through t h e  m u l t i p l e  end-of - f i le  

marks when u s i n g  t h e  Master Tape; u se  of a fo re shor t ened  t a p e  v e r s i o n  would 

r e q u i r e  a l t e r a t i o n  of t h e s e  r o u t i n e s .  
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'Figure D-4:  Sample Deck f o r  AR- 
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TABLE D-7 

NAMELIST OPERAT 

A I N  - An i n t e g e r  v a r i a b l e  f o r  t h e  l o g i c a l  swi t ch  c o n t r o l l i n g  p r i n t i n g  

of t h e  me teo ro log ica l  i n p u t  d a t a .  

v a r i a b l e  is  z e r o ,  which p rov ides  no p r i n t o u t .  

i n t e g e r  e n t r y  w i l l  r e s u l t  i n  p r i n t o u t  be ing  f u r n i s h e d .  

The p r e s e t  v a l u e  of t h i s  

Any o t h e r  p o s i t i v e  

BASIC - An i n t e g e r  v a r i a b l e  f o r  t h e  swi t ch  r o u t i n e s  t h a t  c o n t r o l  treat- 

ment of t h e  me teo ro log ica l  d a t a  as r e g a r d s  P a s q u i l l  

The p r e s e t  v a l u e  is. z e r o ,  which causes  t h e  program t o  o p e r a t e  

i n  a t w o - s t a b i l i t y  ca t egory  ( 3  f o r  day and 4 f o r  n i g h t )  mode. 

Any p o s i t i v e  v a l u e  f o r  BASIC i n  t h e  NAMELIST w i l l  cause  a s h i f t  

t o  a seven-category ( P a s q u i l l )  mode. This  a c t i o n  would r e q u i r e  

a re-assembling of t h e  me teo ro log ica l  d a t a  bank. 

has  been inc luded  t o  permi t  an expanded u s e  of t h e  code and is 

no t  sugges ted  f o r  a c t i v a t i o n  a t  t h i s  t i m e .  

c a t e g o r i e s .  

This c a p a b i l i t y  

C IN - An i n t e g e r  v a r i a b l e ,  a l o g i c a l  swi t ch  c o n t r o l l e r  f o r  p r i n t i n g  

of che c e n t r o i d  t a D e  d a t a .  

no p r i n t o u t .  

p r i n t o u t  be ing  f u r n i s h e d .  

It is p r e s e t  t o  zero, t o  Provide  

Any o t h e r  p o s i t i v e  v a l u e  f o r  C I N  w i l l  r e s u l t  i n  

COMNIN - A real v a r i a b l e  used i n  t h e  code as a lower- l imi t  c u t o f f  f o r  

a i r  c o n c e n t r a t i o n  va lues .  It is p r e s e t  i n  t h e  code t o  l.E-20. 

DEBUG - An i n t e g e r  v a r i a b l e ,  f o r  a l o g i c a l  swi t ch  p e r m i t t i n g  l imi t ed -da ta  

debug runs  t o  be made. The p r e s e t  v a l u e  i s  ze ro ;  t h i s ,  o r  any 

p o s i t i v e  i n t e g e r ,  bypasses t h e  i n t e r n a l  debug r o u t i n e s .  Any 

n e g a t i v e  v a l u e  f o r  DEBUG w i l l  a c t i v a t e  them. 

debugging o p e r a t i o n s  are v i a  t h e  NAMELIST BUG v a r i a b l e s .  

All i n p u t  d a t a  f o r  

DISMAX - A real v a r i a b l e  used t o  make l o g i c a l  d e c i s i o n s  as t o  t h e  need f o r  

performing c a l c u l a t i o n s  f o r  d i f f u s i o n  and d e p o s i t i o n .  I f  t h e  

c a l c u l a t e d  d i s t a n c e  from a source  t o  a r e c e p t o r  exceeds t h e  v a l u e s  

of DISMAX, c a l c u l a t i o n s  are omi t t ed  f o r  t h a t  sou rce - recep to r  p a i r .  

DISMAX i s  preset f o r  3 x 10 

o t h e r  va lues  may be  en te red  through NAMELIST OPERAT. 

5 meters (approximately 186 m i l e s ) ;  
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TABLE D-7 

(cont inued)  

IEXIT  - An i n t e g e r  v a r i a b l e  used as a c o n t r o l  l i m i t  f o r  c a l c u l a t i o n  

e r r o r s .  It  i s  a p p l i c a b l e  as a check a t  each major i t e r a t i o n .  

I f  remaining run  t i m e  is  n o t  s u f f i c i e n t  t o  complete t h e  prob- 

l e m ,  t h e  run  is  t e rmina ted  and s t o r e d  f o r  restart. 

I n t e g e r  v a r i a b l e s  used t o  reset t h e  t a p e  d r i v e  u n i t  designa- 

t o r s  f o r  i n p u t  d a t a :  
I N 3 ,  IN4, 

I N 1  i s  r e se rved  f o r  s p e c i a l  t a p e  i n p u t s ,  p r in ted-output  

t a p e s ,  restart t a p e s ,  e t c .  

I N 2  d e s i g n a t e s  t h e  l o g i c a l  u n i t  f o r  me teo ro log ica l  d a t a  

i n p u t .  

I N 3  d e s i g n a t e s  t h e  l o g i c a l  u n i t  f o r  sou rce  d a t a  i n p u t .  

I N 4  d e s i g n a t e s  t h e  l o g i c a l  u n i t  f o r  i n p u t  of c e n t r o i d  

l o c a t i o n  d a t a .  

- I n t e g e r  v a r i a b l e s  s e r v i n g  as DO-loop l i m i t s  f o r  month-by- 

p r e s e t  t o  1 and 12  r e s p e c t i v e l y .  

month i t e r a t i o n  used i n  s e v e r a l  p a r t s  of t h e  code. They are 

- I n t e g e r  v a r i a b l e s  s e r v i n g  as DO-loop l i m i t s  f o r  t h e  number 

Any o t h e r  v a l u e s  may be used 

t h e  code. 

They are p r e s e t  t o  1 and 35.  

w i t h  t h e  s i n g l e  p r o v i s o  t h a t  MINNUC must be  smaller than  

MAXNUC . 

of n u c l i d e s  t o  b e  cons idered  i n  s e v e r a l  p a r t s  of 

- I n t e g e r  v a r i a b l e s  used as DO-loop limits f o r  i t e r a t i o n  over  

t h e  code, Other va lues  may be  used, i f  MINSK i s  smaller 

nuc lea r  f a c i l i t y  s o u r c e s .  

than  MAXSRC. 

They are p r e s e t  t o  1 and 175 i n  
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TABLE D-7 

(cont inued)  

MNCITY , 
MXCITY 1- 
MANOUT - 

NAME - 

1 

NEWMON - 

NEWLOC - 

I n t e g e r  v a r i a b l e s  l i m i t i n g  t h e  number of c e n t r o i d s  ove r  which 

i t e r a t i o n  w i l l  be  performed. 

An i n t e g e r  v a r i a b l e  a c t i n g  as 

t r o l  p r i n t  of ou tpu t  d a t a  f o r  

They are p r e s e t  t o  1 and 300. 

a l o g i c a l  swi t ch  o p e r a t o r ,  t o  con- 

each  month. Th i s  v a r i a b l e  is  

p r e s e t  t o  z e r o  which is  t h e  "no-print" mode. 

An i n t e g e r  v a r i a b l e  f u n c t i o n i n g  as a l o g i c a l  swi t ch  o p e r a t o r  t o  

c o n t r o l  t h e  p r i n t i n g  of t h e  c o n t e n t s  of t h e  OPERAT NAMELIST. It  

i s  p r e s e t  t o  z e r o  which is  t h e  " p r i n t "  mode. 

w i l l  d e l e t e  t h i s  f u n c t i o n .  

Any o t h e r  v a l u e  

An i n t e g e r  v a r i a b l e  used t o  c o n t r o l  t h e  s t a r t - u p  of t h e  program 

a f t e r  p rocess ing  through RECYCL. Th i s  v a r i a b l e  should b e  se t  

t o  t h e  proper  v a l u e  f o r  t h e  next month's p rocess ing .  ( R e s t a r t  

p rocedures  are d i scussed  i n  t h e  t e x t  of t h e  r e p o r t . )  

An i n t e g e r  a r r a y  s e r v i n g  t o  i n p u t  up t o  10  new p l a n t / s i t e  s t a r t u p  

d a t e s .  This  a r r a y  is p r e s e t  t o  ze ro .  To u s e  t h i s  c a p a b i l i t y  

s e l e c t e d  p l a n t / s i t e  numbers are e n t e r e d  i n t o  t h e  a r r a y  i n  as- 

cending o r d e r ,  e . g . ,  NEWLOC(1) = 1, 1 0 ,  37, 6 3 ,  etc. The program 

a u t o m a t i c a l l y  indexes  through t h i s  a r r a y  s e a r c h i n g  f o r  a match 

between t h e  p a r t i c u l a r  sou rce  be ing  cons idered  and an  i d e n t i c a l  

number i n  t h e  a r r a y .  

s t a r t u p  d a t e  as p r e s c r i b e d  by t h e  a r r a y  TIMNEW, as d i s c u s s e d  

b e l o w .  

The program l o g i c  then  a s s i g n s  a new 

N I N  - The l o g i c a l  u n i t  d e s i g n a t o r  f o r  t h e  card  r e a d e r .  It  i s  p r e s e t  

t o  5 ;  a change h e r e  w i l l  r e q u i r e  a change i n  t h e  NTZBS sub- 

r o u t i n e  t o  equa te  t h e  new v a l u e  of N I N  t o  t h e  p rope r  u n i t ,  i f  

c a r d s  are t o  be  read .  

1 0 8 3 b 0 2  
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TABLE D-7 

(cont inued)  

NOPRINT - This  i n t e g e r  v a r i a b l e  is ,  as i t s  name s u g g e s t s ,  a l o g i c a l  

o p e r a t i o n  c o n t r o l l i n g  a p r i n t  op t ion .  

zero  i s  t h e  "no-print" o p t i o n .  A change, v i a  t h e  NAMELIST 

e n t r y ,  t o  any p o s i t i v e  i n t e g e r  w i l l  a c t i v a t e  t h e  p r i n t  o p t i o n  

for t h e  t o t a l  ou tpu t .  

The p r e s e t  v a l u e  of 

NOUT - This  v a r i a b l e  d e s i g n a t e s  t h e  p r i n t e r  as l o g i c a l  u n i t  6.  The 

comments as r e g a r d s  a change t o  N I N  ho ld  f o r  t h i s  v a r i a b l e  

also. 

NOUT25 - This  i n t e g e r  v a r i a b l e  sets t h e  t a p e  u n i t  f o r  ou tpu t .  

NSTART - This  v a r i a b l e  is t h e  f i r s t  drum a d d r e s s ,  on t h e  UNIVAC 1108 

a t  Richland. 

f e r e n t  s i tes.  

Other arrangemenzs may be  r equ i r ed  a t  d i f -  

PRR - This  real  a r r a y  c o n t a i n s  pe rcen tage  v a l u e s  f o r  mother/daughter 

decay branching  r a t i o s .  

sub rou t ine  TEST (Appendix E). 

The p r e s e t  v a l u e s  are shown i n  t h e  

RECOVR - An i n t e g e r  v a r i a b l e  governing a c t i v a t i o n  of t h e  RECYCL s u b r o u t i n e  

of ARTRAN. I f  t h e  ARTRAN run  i s  i n a d v e r t e n t l y  te rmina ted  p r i o r  t o  

completion, RECYCL t r a n s f e r s  i n fo rma t ion  on t h e  computer drum 

t o  a t a p e ,  p e r m i t t i n g  r e - s t a r t i n g  of t h e  program. A p r e s e t  

v a l u e  of z e r o  f o r  RECOVR bypasses  t h i s  o p t i o n ;  a s s i g n i n g  of 

any o t h e r  v a l u e  w i l l  a c t i v a t e  i t .  

SIN - This  i n t e g e r  v a r i a b l e  is  a l o g i c a l  swi t ch  o p e r a t o r  which con- 

t r o l s  t h e  p r i n t i n g  of d a t a  from t h e  i n p u t  sou rce  d a t a  t ape .  

The p r e s e t  va lue  

I f  SIN is  s p e c i f i e d  as a n e g a t i v e  i n t e g e r ,  s o u r c e  emiss ion  

rates w i l l  be l i s t e d ,  i f  p o s i t i v e ,  a l l  i n p u t  sou rce  d a t a  are 

p r i n t e d  . 

of SIN is  z e r o ,  p rov id ing  no p r i n t o u t .  

\ O 8 d o  7' 0 3  
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TABLE D-7 

(cont inued)  

SKIPC - An i n t e g e r  v a r i a b l e  used as a l o g i c a l  swi t ch  o p e r a t o r  c o n t r o l l i n g  

t h e  p r i n t i n g  of t h e  c a l c u l a t e d  v a l u e s  f o r  each i t e r a t i v e  loop. 

It i s  p r e s e t  t o  ze ro ,  t h e  "no-print" cond i t ion .  

coun te r  i nco rpora t ed  i n  t h e  code f o r  u s e  wi th  t h i s  swi t ch  

v a r i a b l e . w h i c h  pe rmi t s  a v a r i a b l e  c y c l e  p r i n t  c a p a b i l i t y .  

example, i f  every t e n t h  c a l c u l a t i o n  were d e s i r e d  t h i s  may b e  

achieved by s e t t i n g  SKIPC t o  10 , etc.  

There is  a 

For 

- Real v a r i a b l e s  d e f i n i n g  t h e  use r -p resc r ibed  v a l u e s  f o r  t h e  mean 

l i m i t s  of convec t ive  a c t i v i t y  f o r  t h e  summer season .  The sec- 

ond and t h i r d  let ters i n d i c a t e  t h e  day o r  n i g h t  cases. These 

are p r e s e t  t o  1000 and 500 meters, r e s p e c t i v e l y .  

- Real v a r i a b l e s  d e f i n i n g  t h e  u s e r  p r e s c r i b e d  va lues  f o r  t h e  

sigrna-z are t o  b e  changed, f o r  summer daytime and n i g h t t i m e  

downwind d i s t a n c e  a t  which t h e  c a l c u l a t i o n a l  procedures  f o r  

c o n d i t i o n s ,  r e s p e c t i v e l y .  The p r e s e t  v a l u e s  are 20,000 and 

40,000 meters. 

TEND - A real v a r i a b l e  d e s i g n a t i n g  t h e  s tudy  y e a r .  It is p r e s e t  t o  

2000. 

TIMNEW - A real a r r a y  c o n t a i n i n g  t h e  d e s i r e d  new s t a r t u p  d a t e  f o r  t h e  
There must a p l a n t / s i t e  s e l e c t e d  by t h e  o p e r a t o r  i n  NEWLOC. 

one-to-one correspondence between t h e  p l a n t l s i t e  and d a t e  

p o s i t i o n s  i n  t h e s e  two a r r a y s .  For example, i f  t h e  s t a r t u p  

d a t e s  f o r  two p l a n t l s i t e s  whose sequence numbers were 11 and 

174 were changed t o  1984 and 1985, t h e  r e q u i r e d  e n t r i e s  would be: 

NEWLOC (1) = 11, 174, 

TIMNEW (1) = 1984, 1985. 
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TABLE D-7 

(cont inued)  

WINDAY, - Wintertime c o r o l l a r y  v a r i a b l e s  t o  SUMDAY and SUMNIT. Preset 

W I N N I T  1 va lues  are 300 and 800 meters, r e s p e c t i v e l y .  

These real  v a r i a b l e s  are  t h e  w i n t e r  c o r o l l a r i e s  f o r  SDALVL 

and SNTLVL. The p r e s e t  v a l u e s  are 5000 and 8000 meters. 

Y 1  - This  real  v a r i a b l e  i s  used t o  d e s i g n a t e  t h e  s t a r t  yea r .  

It i s  pres.et t o  1970. 

TABLE D-8 

ALMDA - An e n t r y  c o n s i s t i n g  of a number of v a l u e s  (should e q u a l  number 

of va lues  f o r  Q Z ,  below), t h a t  r e p r e s e n t  t h e  a p p r o p r i a t e  h a l f -  

l ives  of t h e  n u c l i d e s  used i n  t h e  debug case. 

H - An e n t r y  h e r e  changes t h e  p r e s e t  v a l u e  f o r  s t a c k  h e i g h t  

(100 me te r s ) .  

- These e n t r i e s  s p e c i f y  t h e  l a t i t u d e  and l o n g i t u d e  v a l u e s  (XXX.XX> 
f o r  t h e  n u c l e a r  f a c i l i t y  s i tes t o  b e  used i n  t h e  debug run .  

QZ - The s imula ted  release v a l u e s  f o r  t h e  debug run .  

WEA - Input  meteorology f o r  t h e  debug run. 

The v a l u e s  f o r  t h e s e  v a r i a b l e s  are f o r  a debug run;  they  s e r v e  t o  

i n p u t  sample d a t a  v i a  c a r d s ,  f o r  program checkout.  

provided i n  F igure  D-5. 

A sample deck is  

\ 0 8 3 b 0 5  
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1 

*ASSUMING THREE NUCLIDES (H3, N13, C141, 
THREE CENTROIDS AND THREE SOURCES. 

Figure D-5: Sample Deck f o r  BUG 
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V .  WTRAN. OPERATING INSTRUCTIONS 

The WATER TRANSPORT module of HERMES code, as i n d i c a t e d  i n  t h e  

t e x t u a l  material, makes e x t e n s i v e  use  of d a t a  card  i n p u t  t o  accomplish 

t h e  fo l lowing  act i o n s  : 

. Define  a s tudy  area r iver  map. 

. S e t  stream flow d a t a .  

. Define  popu la t ion  c e n t e r  d a t a ,  i . e . ,  l o c a t i o n  and source  of 

d r ink ing  water. These d a t a  may be  i n p u t  from e i t h e r  t a p e  o r  

c a r d s .  

. S e t  parameters f o r  r i v e r  bed c h a r a c t e r i s i t c s  of  s tudy  area r i v e r s .  

. Input  i s o t o p i c  parameters .  

. Define runoff  c h a r a c t e r i s t i c s  of t h e  v a r i o u s  s tudy  area srater-  

sheds ,  as a f u n c t i o n  of c e n t r o i d .  

. Se t  up d a t a  r ead  procedures  f o r  non-card i n p u t .  

. Inpu t  equa t ions  f o r  sediment d e p o s i t i o n  c a l c u l a t i o n s ,  and 

a s s o c i a t e d  l o c a t i o n a l  d a t a  f o r  ou tpu t  d a t a  requi rements .  

. S e t  parameters  f o r  c a l c u l a t i o n s  of f lood  c h a r a c t e r i s t i c s  of 

t h e  s tudy  area r i v e r s .  

. S e t  swi t ch  v a r i a b l e s  f o r  c o n t r o l  of d e s i r e d  r e p o r t  w r i t i n g .  

Table  D-9 g i v e s  t h e  d e t a i l s  of t h e  in fo rma t ion  and format requi rements  

f o r  t h e  d a t a  decks l i s t e d  above. 

f i n d  each d a t a  set te rmina ted  by a b lank  ca rd ;  f a i l u r e  t o  s a t i s f y  

t h i s  requirement w i l l  cause  t h e  computer t o  a b o r t  o r  produce i n v a l i d  

r e s u l t s .  F igu re  D-6 i l l u s t r a t e s  a t y p i c a l  i n p u t  card  deck f o r  execu t ion  

of t h i s  HERMES subelement code. 

The WATER TRANSPORT code expec t s  t o  
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I SOTOP IC PARAMETERS 

POPULATION CENTER DECK 

I 1  I Vb XQT MAIN 
2 

I -- 
1 1  , I VXb ASG, W F = OUTPUT 

ASG E = SOURCE DATA I 

V@b RUN E3- 
Figure D-6: S a m p l e  D e c k  for Water Transport (WTRAN) 
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TABLE D-9 

WATER TRANSPORT DATA CARDS 

A. River  Map Deck Data 

1st Card s t a r t i n g  i n  column 1 should c o n t a i n  $River Map 

Following ca rds  have format 

(2A6,A4,A2,4X,A2,F8.1,216,18,F12.1) 

1st 3 F i e l d s  River  name ( l e f t  a d j u s t e d )  

4 t h  F i e l d  River code ( l e f t  a d j u s t e d )  

5 t h  F i e l d  Mainstream code ( l e f t  a d j u s t e d )  

6 t h  F i e l d  Mainstream River  Mile where t h i s  stream empt ies  

7 th  F i e l d  Not used 

8 t h  F i e l d  Not used 

9 t h  F i e l d  Not used 

1 0 t h  F i e l d  River  l e n g t h  (mi les )  

A b lank  ca rd  ends inpu t  t o  t h i s  module. 

* 

B. Monthly Flow Data Deck 

Data i n  3-card ba t ches  (except s i g n  o f f ,  see below) 

1st ca rd  format (14A6) (used s o l e l y  f o r  i d e n t i f i c a t i o n  of nex t  

2nd and 3rd ca rds  format (16,A2,F5.1,2XA1,6F8.0) 

1st F i e l d  Non- zero  

2nd F i e l d  River  code 

3rd F i e l d  River  mile 

4 th  F i e l d  I f  D o r  T ,  f lows are t o  b e  a d d i t i v e  t o  p rev ious  

two c a r d s )  

r i v e r  m i l e  f lows;  i f  any th ing  else, flows are as r ead  

5 t h  through 1 0 t h  F i e l d s  on second card  - Jan .  t h r u  June flows (KCFS) 

on t h i r d  ca rd  - J u l y  t h r u  Dec. flows (KCFS) 

I f  1st f i e l d  of second ca rd  i s  ze ro  o r  b l ank ,  a t h i r d  ca rd  is  n o t  

read and i n p u t  t o  t h i s  module ends. 

*The r i v e r  code is a t w o - l e t t e r  alphanumeric i d e n t i f i c a t i o n  code de f ined  

on Page 75 of t h e  r e p o r t  t e x t .  
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TABLE D-9 

(cont inued)  

C.  River  Bed Data Deck 

1st F i e l d  

2nd F i e l d  

3rd F i e l d  

4 t h  F i e l d  

5 t h  F i e l d  

6 t h  F i e l d  

7 t h  F i e l d  

8 t h  F i e l d  

9 t h  F i e l d  

Ups t raan  r i v e r  s u r f a c e  wid th  ( f e e t )  

Upstream r i v e r  bot tom width  ( f e e t )  i f  0 ,  1st f i e l d  used 

Downstream s u r f a c e  wid th  ( f e e t )  i f  0 ,  1st f i e l d  used. 

Downstream bottom width  ( f e e t )  i f  0 ,  2nd f i e l d  used 

Upstream dep th  ( f e e t )  

Downstream dep th  ( f e e t )  i f  0 ,  5 t h  f i e l d  used 

S e c t i o n  l e n g t h  ( f e e t )  

River  code 

River  m i l e  

D.  Popula t ion  Center Data Deck 

FORMAT (13,lX,I2,2X,3A6,32X,F4.0,1X,2A6,1X,I1) 

1st F i e l d  Popu la t ion  c e n t e r  number 

2nd F i e l d  Type of r eco rd  

3 rd ,  4 t h ,  5 t h  F i e l d s  Center name 

6 t h  F i e l d  River  m i l e  

(Blank r i v e r  m i l e  causes  card  t o  b e  ignored  except  for name) 

7 t h  and 8 t h  F i e l d s  River  name 

9 t h  F i e l d  Source of d r i n k i n g  water 

E. I s o t o p e  Data Deck 

FORMAT (15,4X,A6,E11.3,9X,FlO.O,15) 

1st F i e l d  

2nd F i e l d  I s o t o p e  symbol 

3rd F i e l d  

4 t h  F i e l d  D i s t r i b u t i o n  c o e f f i c i e n t  

5 t h  F i e l d  

I s o t o p e  number cor responding  t o  water i s o t o p e  l ist  

Decay c o n s t a n t  i n  l / s e c  

I f  i s o t o p e  has  a mother, mother i s o t o p e  number 

D-32 

7 3  7 



TABLE D-9 

(cont inued)  

F. Runoff Data Deck 

FORMAT (A2,F4.0,4X,I5,E10.0) 

1st F i e l d  River code 

2nd F i e l d  

3rd F i e l d  Cen t ro id  

4 t h  F i e l d  

R ive r  m i l e  ( e f f e c t i v e  l o c a t i o n  f o r  e n t r y  of r u n o f f )  

Square m i l e s  a s s o c i a t e d  w i t h  c e n t r o i d  

G.  R a i n f a l l  and Groundwater Data Deck 

(1) Runoff d a t a  - annual  runoff  i n  inches  by c e n t r o i d  

FORMAT (12F5.0) 

(Number of d a t a  determined by main-program-set v a r i a b l e  N R A I N )  

(2) Rain d a t a  - monthly r a i n f a l l  ( i nches )  by c e n t r o i d  

FORMAT (lox, I 2  ,F5.2) 
(Number of d a t a  determined by main-program-set v a r i a b l e  N R A I N )  

(3 )  Ground water c a l c u l a t i o n s  d a t a  

FORMAT (214,F5.0) 

1st F i e l d  

2nd F i e l d  Cent ro id  from which ground water comes 

3rd F i e l d  

Cent ro id  whose d r i n k i n g  water i s  ground water 

Delay i n  days f o r  t r a v e l  t i m e  

H. Sediment Data Deck 

FORMAT (A2,F5.0,1X,F7.2,F6.O,F6.1) 

1st F i e l d  River  code 

2nd F i e l d  River  m i l e  

3rd F i e l d  A of equa t ion  below 

4 t h  F i e l d  B of equa t ion  below 

PPM=EXP(A+B*ALOG(FLOW I N  KCFS)) 
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TABLE D-9 

(cont inued)  

I. Flood Data Input  Deck 

FORMAT (A2,F6.1,8F9.1) 

1st F i e l d  River  code 

2nd F i e l d  River  m i l e  

J. 

3rd F i e l d  Normal s t a g e  ( f e e t )  

4 t h  F i e l d  Normal flow (KCFS) 

5 th  F i e l d  C r i t i c a l  s t a g e  ( f e e t )  

6 t h  F i e l d  Percent  c l a y  i n  sediment 

7 th  F i e l d  Percent  s i l t  i n  sediment 

8th F i e l d  Percent  sand i n  sediment I 

9 t h  F i e l d  Exponent i n :  

Stage-Normal Stage*(FLOW/NORMAL FLOW)**EXPONENT 
S p e c i f i e d  water h e i g h t  above f l o o d  s t a g e ;  i f  b l a n k ,  f l o o d  

h e i g h t  i s  c a l c u l a t e d  by above equa t ion .  
10 th  F i e l d  

Report Con t ro l  Deck 

FORMAT VARIABLE 

1st 2 F i e l d s  (2A6) - These f i e l d s  matched a g a i n s t  fo l lowing  l ist  

1 - ' Popu la t ion '  

2 - 'Reac to r s '  

3 - ' T r i b u t a r y  Mix' 

4 - ' T r i b u t a r y  End' 

5 - 'River P o i n t s '  

6 - 'Runoff '  

7 - ' Su r face  Water' 

8 - (Blank or anyth ing  e l s e )  

I f  1, remainder of ca rd  i s  (8XYI2,I5). 

c e n t e r s .  I f  t h e  f i r s t  one i s  No. 1000, a l l  popu la t ion  c e n t e r s  are 

t r i g g e r e d .  

The i n t e g e r s  are popu la t ion  
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TABLE D-9 

(cont inued)  

I f  2 ,  rest of ca rd  ignored  - a l l  r e a c t o r  s i tes are r e p o r t e d  

I f  3 ,  rest of card  ignored  - a l l  s i d e s t r e a m  e n t r i e s  r e p o r t e d  

I f  4, rest of card  ignored  - a l l  t r i b u t a r y  end p o i n t s  r e p o r t e d  

I f  5 ,  rest of card  i s  8X,A2,3X,llF5.1) 

The A2 i s  r i v e r  code ( l e f t  a d j u s t e d ) ;  t h e  F51's are r i v e r  

m i l e s .  These p o i n t s  w i l l  b e  r e p o r t e d .  

I f  6 ,  rest of ca rd  ignored  - a l l  runoff  p o i n t s  r e p o r t e d .  

I f  7 ,  rest of ca rd  i s  8X,l215).Centroids f o r  which ground water 

r e p o r t s  wanted. I f  t h e  f i r s t  one i s  1000, a l l  c e n t r o i d s  

are t r i g g e r e d .  

I f  8 ,  s i g n a l s  end of i n p u t  t o  t h i s  module. 
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V I .  DOSE OPERATING INSTRUCTIONS 

Much of t h e  i n p u t  d a t a  f o r  t h e  DOSE subelement of t h e  H E W S  code is 
However, ca rd  i n p u t  supp l i ed  by t a p e  from o t h e r  subelements of t h e  code. 

is r e q u i r e d  f o r  c e r t a i n  d a t a  and c o n t r o l  pa rame te r s ,  i n c l u d i n g :  

P rocess ing  parameters d e s i g n a t i n g  r e p o r t  heading d a t e ,  

i n p u t  u n i t  d e v i c e s ,  and a restart  key word. 

0 Calcu la t - iona l  and r e p o r t  parameters .  

Nuclide s e l e c t i o n  f o r  t h e  c a l c u l a t i o n  p rocess .  

0 I d e n t i f i c a t i o n  code and c o n c e n t r a t i o n  f a c t o r s .  

Dose and dose  commitment f a c t o r s .  

The d a t a  card  con ten t  and format t o  s a t i s f y  t h e s e  requi rements  are g iven  

i n  Table D-10. 

i l l u s t r a t e d  i n  F igu res  D-7 and D-8. 

Sample inpu t  decks r e q u i r e d  t o  execu te  t h i s  code are 

TABLE D-10 

DOSE CONTROL AND DATA CARDS 

A. PROCESSING PARAMETER CARD 

One p rocess ing  parameter is r e q u i r e d  f o r  each run .  I t  i s  t h e  f i r s t  

parameter ca rd  and s p e c i f i e s  t h e  type  of p rocess ing ,  p rocess ing  d a t e  

and u n i t s  on which d a t a  is i n p u t .  

FORMAT (2A6,lSAl) 
cc 1-12 

cc 13-18 

Alpha numeric d a t e  t o  appear  i n  r e p o r t  headings .  

Alpha u n i t  d e s i g n a t i o n s  f o r  card  i n p u t  d a t a  

(up t o  6 d e s i g n a t i o n s ) .  

Alpha u n i t  d e s i g n a t i o n s  f o r  b i n a r y  i n p u t  d a t a  cc 19-24 

(up t o  6 d e s i g n a t i o n s ) .  

Alpha u n i t  d e s i g n a t i o n  f o r  Liv ing  P a t t e r n s  F i l e .  cc 25 

c c  26 Alpha u n i t  d e s i g n a t i o n  of Restart Tape. 

cc 27 Restart i n d i c a t o r  - i f  non-blank program, w i l l  

restart  from t h e  restart t a p e .  
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TABLE D-10 

(cont inued)  

The a lpha  u n i t  d e s i g n a t i o n  s p e c i f i e s  which u n i t  t h e  d a t a  are 

t o  b e  p l aced  on ( i . e . ,  A-2). 

Both t h e  Liv ing  P a t t e r n s  F i l e  and t h e  Restart Tape are 

r e q u i r e d  f o r  a normal start  and a restart. 

B. CALCULATIONS AND REPORT PARAMETER CARDS 

S p e c i f i c a t i o n s  f o r  t h e  type  of r e p o r t s  t o  b e  produced f o r  each 

popu la t ion  c e n t r o i d  a t  which a dose  i s  c a l c u l a t e d  are con ta ined  on 

up t o  20 of t h e s e  parameters .  

FORMAT (5011,22X, I 2  ,A6) 
I 

cc 1-50 Options f o r  each c e n t r o i d  

1 = c a l c u l a t e  dose  only  (no r e p o r t )  

2 = c a l c u l a t e  dose  and p r i n t  d e t a i l e d  r e p o r t s  

f o r  each pathway 

3 = c a l c u l a t e  dose and p r i n t  r e p o r t  f o r  a l l  

pathways only 

4 = c a l c u l a t e  dose  and p r i n t  summary r e p o r t  

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

5 = c a l c u l a t e  dose ,  p r i n t  d e t a i l e d  r e p o r t s  and 

p r i n t  summary up t o  t h i s  p o i n t  

6 = c a l c u l a t e  dose ,  and p r i n t  r e p o r t  f o r  a l l  path- 

s a y s  and summary up t o  t h i s  p o i n t  

7 = c a l c u l a t e  dose  and p r i n t  on ly  c e n t r o i d  path- 

way pe rcen tage  r e p o r t  

8 = c a l c u l a t e  dose and p r i n t  bo th  c e n t r o i d  and 

summary pathway pe rcen tage  r e p o r t s  

cc  7 3 - 7 4  Number of parameter (1-20) 

The 1st card  c o n t a i n s  in fo rma t ion  f o r  c e n t r o i d s  

1-50, t h e  2nd f o r  c e n t r o i d s  51-100, etc.  
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TABLE D-10 

(cont inued)  

cc 75-78 Conta ins  t h e  word "LAST" i n  t h e  l a s t  parameter 

of t h i s  t ype  

C.  NUCLIDE SELECTION PARAMETER CARD 

T h i s  parameter fo l lows  t h e  c a l c u l a t i o n  and r e p o r t  parameters .  

It de termines  t h e  n u c l i d e s  t h a t  w i l l  be inc luded  i n  t h e  dose  

c a l c u l a t i o n .  

FORMAT (5011) 

cc 1-50 S e l e c t i o n  parameters  f o r  i n c l u s i o n  of n u c l i d e s  i n  

dose c a l c u l a t i o n  (one n u c l i d e  p e r  column). Nu- 

c l i d e s  ranked i n  columns acco rd ing  t o  p o s i t i o n  

on MASTER LIST,  Appendix A .  

in column, n u c l i d e  i s  inc luded  i n  c a l c u l a t i o n s ;  

i f  column is  b l a n k ,  n u c l i d e  i s  n o t  i nc luded .  

If numeral 1 e n t e r e d  

D. LOSS FACTOR CARDS 

(Also used o p t i o n a l l y  f o r  a i r ,  water, food, s o i l ,  and 

sediment c o n c e n t r a t i o n  d a t a . )  

Loss f a c t o r  d a t a  are e n t e r e d  on t h e s e  c a r d s .  A d d i t i o n a l l y ,  t h e  

same d a t a  deck may b e  used ,  r a t h e r  t h a n  t a p e ,  t o  e n t e r  c o n c e n t r a t i o n  

d a t a .  There w i l l  be a t  most 2 ca rds  f o r  each i s o t o p e ,  f o r  any one 

type  of d a t a  a t  any one l o c a t i o n .  

FORMAT (13,12,13,211,7F10.0) 

cc 1-3 Locat ion  code 

c c  4-5 Type of d a t a  code 

cc 6-8 I s o t o p e  code 

c c  9 Card number (1 f o r  January  thru June c o n c e n t r a t i o n  

da ta ;  2 for J u l y  t h r u  December c o n c e n t r a t i o n  d a t a )  

c c  10 Blank o r  0 f o r  c o n c e n t r a t i o n s ;  4 f o r  loss f a c t o r s  
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TABLE D-10 

(continued) 

cc 11-20 

cc 21-30 

cc 31-40 

cc 41-50 

cc 51-60 

cc 61-70 

cc 71-80 

Concentration or loss factor right justified in field 

(I, E or F format) 
Concentration or loss factor right justified in field 

(I, E or F format) 
Concentration or loss factor right justified in field 

(I, E or F format) 
Concentration or loss  factor right justifed in field 

(I, E or F format) 
Concentration or loss factor right justified in field 

(I, E or F format) 
Concentration or loss factor right justified in field 

(I, E or F format) 
Concentration or loss factor right justified in field 

(I, E or F format). (Used to record value to be used 

for all months when they are the same.) 

Concentration Data Codes for CC 4-5 

1 Air 

2 Dry short term soil contamination from air 

3 Wet short term soil contamination from air 
4 Wet long term soil contamination from air 

5 Dry long term soil Contamination from air 

6 Combined wet and dry short term deposition 

7 Combined wet and dry long term deposition 

8 - 9  Reserved for future use 

10 Dissolved material in water 

11 Suspended material in water 

12 River bed sediment 

1 3  Long term soil contamination from irrigation 

14 Ground water 
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TABLE D-10 

(cont inued ) 

E. DOSE FACTORS AM) DOSE COMMITMENT FACTORS 

Dose f a c t o r s  w i l l  b e  supp l i ed  as ca rds  o r  ca rd  images on tape .  

Any card image which con ta ins  a l l  z e r o  dose f a c t o r s  should n o t  be  

inc luded .  

FORMAT (13,12,’I3,211,7FlO.O) 

cc 1-3 

cc 4-5 
cc 6-8 

c c  9 

c c  10 

cc 11-20 

cc 21-30 

cc 31-40 

cc 41-50 

cc 51-60 

cc 61-70 

cc 71-80 

Person Codes 

I t e m  code 

Person code 

I so tope  code 

Card number 

1 f o r  dose  f a c t o r ;  5 f o r  dose commitment f a c t o r s  

Dose f a c t o r  r i g h t  j u s t i f i e d  i n  f i e l d  (I, E o r  F 

format)  T o t a l  Body 

Dose f a c t o r  r i g h t  j u s t i f i e d  i n  f i e l d  ( I ,  E o r  F 

format)  G I  Tract (LLI) 

Dose f a c t o r  r i g h t  j u s t i f i e d  i n  f i e l d  (I, E o r  F 

format ) Thyroid 

Dose f a c t o r  r i g h t  j u s t i f i e d  i n  f i e l d  (I ,  E or F 

format)  Bone 

Dose f a c t o r  r i g h t  j u s t i f i e d  i n  f i e l d  (I ,  E o r  F 

format)  Lungs 

Dose f a c t o r  r i g h t  j u s t i f i e d  i n  f i e l d  (I,  E o r  F 

format)  Skin 

Dose f a c t o r  r i g h t  j u s t i f i e d  i n  f i e l d  (I,  E o r  F 

format)  L ive r  

Average c h i l d  4 .  

Maximum c h i l d  5 

Average teenager  6 

Maximum teenager  

Average a d u l t  

Maximum a d u l t  
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TABLE D-10 

(cont inued)  

I t e m  Code f o r  Dose Fac to r s  and Dose Commitment F a c t o r s  

H t r a n s p i r a t i o n  3 1 

3 A i r  submersion 

4 A i r  i n h a l a t i o n  

5 Depos i t ion  on ground 

6 Water immersion 

7 I n g e s t i o n  of food and water 

1 0 8 3 ’ 0 1 9  
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DOSE A N D  DOSE COMMITMENT 

NUCLIDE SELECTION 

P ROCE S S PARAMETER S 

V Xb ASG A = PROGRAM 

F i g u r e  D-7: Sample Deck f o r D O S E  Code (Normal S t a r t )  
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/ Vb FIN 

1 

/ TRI A / I N A  
Vb XQT CUR 

/VXb ASG A = PROGRAM 

/ V@b RUN 
4 - 
- 
d 

! 

Figure D-8: Sample Deck for DOSE Code (Restart) 
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V I I .  SITE DATA FORMAT 

Data d e f i n i n g  t h e  l o c a t i o n  and c h a r a c t e r i s t i c s  of sites f o r  power 

p l a n t s  and r ep rocess ing  p l a n t s ,  and p r i o r i t y  d a t a  f o r  p l a n t  s e l e c t i o n  by 

t h e  SITE code, are en te red  on d a t a  c a r d s  having  t h e  format shown i n  Table  

D-11 .  

TABLE D - 1 1  

PLANT SITE DATA 

FORMAT (2A6A3 , A 1  , 212 , 5A5,2A6A2 , A I ,  514) 

cc  1-15 

cc 16 
L 

cc 17-18  

cc 19-20 

cc 21-25 

cc 26-30 

cc 31-35 

cc 36-40 

cc 41-45 

cc 46-59 

c c  60 

cc 61-64 

cc 65-68 

cc 69-72 

cc 73-76 

CC' 77-80 

S i t e  name 

F lag  Symbol: 

F = f o s s i l  p l a n t  s i t e  
R = r ep rocess ing  p l a n t  s i t e  

FPC Power Supply Area Number d e s i g n a t i o n  i n  which 

s i t e  is l o c a t e d  

S i t e  ser ia l  number w i t h i n  PSA 

Maximum number of p l a n t s  a t  s i t e  

P r i o r i t y  number f o r  p l a n t  %1 

(I t 2  

#3 

#4 
Name of r i v e r  o r  o t h e r  water r e c e i v i n g  l i q u i d  

e f f l u e n t  

F l ag  symbol: 

is  not  w i t h i n  s tudy  area (used f o r  p l a n t s  i n  "air 

envelope" area). 

River  Mile a t  s i t e  l o c a t i o n  

S i t e  l a t i t u d e ,  degrees  

S i t e  l a t i t u d e ,  minutes  

S i t e  l ong i tude ,  deg rees  

S i t e  l o n g i t u d e ,  minutes  

11 II II 

11 11 II 

f f  I 1  II 

a s t e r i s k  (*) i f  p o i n t  of e f f l u e n t  
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V I I I .  LIVING PATTERNS FORMAT 

Liv ing  P a t t e r n s  d a t a  are u s u a l l y  fu rn i shed  on t a p e  i n  ca rd  image 

format,  t h e  t a p e  be ing  produced by d i r e c t  r ead ing  of d a t a  ca rds .  

f o r  t h e  t a p e ,  and f o r  t h e  i n p u t  c a r d s ,  is  shown i n  Table D-12. 

Format 

TABLE D-12 

L I V I N G  PATTERNS FORMAT 

A. F i l e  No. 1 (Card Deck 1) - Centro id  Loca t ion  

FORMAT (6 ( I3 ,4  I2,2X) ) 

c c  1-3; 14-16 e t c .  Cen t ro id  Number (6 p e r  ca rd )  

c c  4-7; 17-20 e t c .  L a t i t u d e  (deg rees ,  minutes) 

cc 8-11; 21-24 etc. Longitude (deg rees ,  minutes) 

cc 12-13; 25-26 e t c .  Blank 

B. F i l e  No. 2 (Card Deck 2) - Food Consumption Data 

FORMAT (A3,12,15,7110) 

cc 1-3 Cent ro id  t y p e  i d e n t i f i e r  

(URB = Urban, RNF = Rura l  Non-farm, RUF = Rura l  Farm) 

Food Category Sequence ( a  d i g i t  from 1 t o  35) 
Card type  i d e n t i f i e r ,  t o  i d e n t i f y  type  of d a t a  

fo l lowing .  

of food consumed per  household; t ype  2 s i g n i f i e s  

d a t a  on pe rcen tage  of  food consumption which is 

home-produced. 

( i n  groups of 10)  Food consumption o r  home pro- 

duc t ion  d a t a ,  by food ca t egory .  

c c  4-5 

cc 6-10 

Type 1 s i g n i f i e s  d a t a  on q u a n t i t i e s  

cc 11-80 

Notes : 

Food type  c a t e g o r i e s  are l i s t e d  i n  Table  D-13. Data f o r  seven  food 

c a t e g o r i e s  may be  inc luded  on one ca rd ;  t h u s  f o r  35 food c a t e g o r i e s  

as used, 5 " type  1" and 5 " type  2" c a r d s  are r e q u i r e d  f o r  each of 

t h e  t h r e e  c e n t r o i d  types .  The "ca tegory  sequence" i d e n t i f i e r  



TABLE D-12 
(cont inued)  

(columns 4 & 5) serves as a "counter" t o  i d e n t i f y  t h e  ca tegory  f o r  

which d a t a  are presented .  

A l l  " type 1" c a r d s  are ar ranged  i n  t h e  deck ahead of t h e  " type 2" 

Both type  1 and type  2 ca rds  are ar ranged  s e q u e n t i a l l y  by ca rds .  

c e n t r o i d  type.  

C. F i l e  No. 3 (Card Deck 3) 

F i l e  No. 3 c o n t a i n s  f o u r  types  of d a t a  c a r d s ,  a r ranged  i n  t h e  

fo l lowing  sequence: 

1. 

2 .  A l l  o t h e r  c a r d s ,  a r ranged  by c e n t r o i d :  

A l l  "type 4" c a r d s ,  a r ranged  by c e n t r o i d .  

a.  one " type  1" c a r d ,  

b. 5 " type  2" c a r d s ,  

c. a l l  " type 3" c a r d s  f o r  t h e  c e n t r o i d .  

Card type  formats  are as fo l lows:  

CARD TYPE 1 

FORMAT (213,2X,3A6,1X,412,1X,412,1X,A3,1X,18,1X,14,1X,2A6,1X,211)  

cc 1-3 

cc 4-6 

cc 9-26 

cc 28-31 

cc 32-35 

cc  37-44 
cc 46-48 

cc 50-53 

cc 54-57 

cc 59-62 

cd 64-75 

Centro id  number 

Card type  

Cent ro id  name 

L a t i t u d e  of c e n t r o i d  

Longitude of  c e n t r o i d  

Year 2000 popu la t ion  of c e n t r o i d  

Food consumption ca tegory  

Longitude { source .  

L a t i t u d e  

River  m i l e  ( i f  a p p l i c a b l e )  of d r i n k i n g  water 

source  

River  name ( i f  a p p l i c a b l e )  

Locat ion of d r i n k i n g  water 
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TABLE D-12 

(continued) 

cc 77 Drinking water source code 

1 = river 
2 = ground 

3 = both 

4 = surface water 
cc 78 Drinking water treatment 

. 1 = no treatment 
2 = filter 

3 = chemical 

4 = both filterrand chemical 

CARD TYPE 2 (5 per centroid) 

FORMAT (2L3,lX,I2,lOX,I3,lX,I4,3X,12I3,1X,2A6) 

cc 1-3 Centroid number 

cc 4-6 Card type 
cc 8-9 Activity identifier 

cc 20-22 Centroid of activity 

cc 24-27 River mile (if activity on river) 

cc 31-66 3 card column for each month of year - 
hours per month 

cc 68-80 River name 

The activity identifiers contemplated f o r  use are as follows: 
1 Swimming 

2 Boating & water skiing 

3 Fish in g 
4 Waterfowl hunting 

5 Upland game bird hunting 

l 0 8 3 b 2 5  
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TABLE D-12 

(cont inued)  

CARD TYPE 3 (Varying number p e r  c e n t r o i d )  

FORMAT (13,lX,I2,2X,4(2(12,1X,13,1X),I2,2X)) 

cc 1-3 Cent ro id  number 

cc 5-6 Card type  

c c  9-10 Food type  i d e n t i f i e r  

cc 12-14 Cent ro id  number Source 1 

cc 16-17 Pe rcen t  of t o t a l  consumption - Source 1 

cc 19-21 Cent ro id  number - Source 2 

cc 23-24 

cc 27-42 

cc 45-60 

cc 63-78 

1 

Percen t  of t o t a l  consumption - Source 2 

Repeat of 9-24 f o r  d i f f e r e n t  food 

Repeat of 9-24 f o r  d i f f e r e n t  food 

Repeat of 9-24 f o r  d i f f e r e n t  food 

A food type  w i l l  appear  i n  card  type  t h r e e  i f  a d e f i c i t  exists f o r  

t h a t  Centroid (cc  1-3). A d e f i c i t  e x i s t s  i f  p roduct ion  is less than  

10% of consumption, and a s u r p l u s  e x i s t s  if produc t ion  exceeds con- 

sumption by more than  10%. 

CARD 4 (Varying number p e r  c e n t r o i d )  

FORMAT (13,2(1X,I2)8(1X,212) 

Card type  4 i n d i c a t e s  t o  t h e  u s e r  t h e  pe rcen t  of each food consumption 

ca tegory  t h a t  i s  r a i s e d  on i r r i g a t e d  land .  

r i g a t e d  no d a t a  w i l l  appear .  

I f  a food type  is  no t  i r-  

Card t y p e  4 w i l l  b e  t h e  f i r s t  t y p e  of c a r d s  t o  appear  i n  F i l e  3. 

The card  layout  i s  as fol lows:  

Cent ro id  number cc 13-14 Pe rcen t  i r r i g a t e d  cc 1-3 
cc 5-6 Card type  cc 15 Blank 

Card sequence number c c  16-79 Repeat of 11-15 cc 8-9 

cc * 11-12 Food type  i d e n t i f i e r  as  needed. 

1 0 8 3 b Z b  
D-48 

7m’ 3 



TABLE D-13 

FOOD TYPE CATEGORIES 

1. 

2 .  

3. 
4 .  

5 .  
6. 

7. 
8. 

9 .  

10. 

11. 

1 2 .  

1 3 .  

14.  

15. 

16. 

17. 

18. 

19.  

20. 

21.  

22 .  

23 - 
24.  

25.  

2 6 .  

27 - 
28. 

30. Processed  Ocean F i s h  

31. S h e l l  F i s h  

32. Fresh  F i s h  

33.  S p o r t s  F i s h  

3 4 .  Upland Game  B i rds  

35. Secondary Water 

Fresh  Berries 

Processed Berries 

Fresh Tree F r u i t  

Processed  Tree F r u i t  

F re sh  Melons 

Fresh T r o p i c a l  F r u i t  

Processed T r o p i c a l  F r u i t  

Fresh  C i t r u s  F r u i t  

Processed C i t r u s  F r u i t  

Fresh Po ta toes  

Processed Po ta toes  

Fresh  Root Vegetab les  

Processed Root Vegetab les  

Fresh Green Leafy Vegetab les  

Processed Green Leafy Vegetab les  

Fresh Other Above-Ground Vegetables 

Processed Other Above-Ground Vegetab les  

Grain & Grain  Products  

R ice  & Rice Products  

Wheat & Wheat Products  

Fresh  Milk 

Processed  Milk & Milk Products  

’ B u t t e r  

Fresh  Whole Eggs 

Beef & Lamb 

Fresh  Pork 

Processed Pork 

P o u l t r y  

29. G a m e  Bi rds  

1 0 8 3 ’ 0 2 1  
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APPENDIX E 

HERMES SUBELEMENT GLOSSARIES 

A end ix  E is  a g l o s s a r y  of impor tan t  terms used i n  t..e v a r i o u s  sub- 

element programs of t h e  HERMES code. 

element,  i n  t h e  same o r d e r  as t h e  l i s t i n g s  i n  Appendix B.  The terms w i t h i n  

each subelement are i n  a l p h a b e t i c a l  o r d e r .  

These d a t a  are provided ,  by sub- 
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S I T E  Glossary 

I A W f  

IKA% 

INDE; 

IN0 

IPRI 

IS I T E  

T$c)r:T 

KT' 

KFOS 5 

mAME 

KOMPAR 

KPLPJT 

KR 

KYR 

LOAD 

LWR 

U.JJ 

MAXF S 

.w 

XAME 

XF3S 

NFOSS 

ORDER 

S I T E  

- Ctorage f o r  s i t e  name, s i t e  type,  s i t e  number and s i t e  p r i o r i t y  

number. 

- N a m e  and s i t e  number of s i t e d  p l a n t .  

- Indexes of p l a n t s  when s o r t e d  by y e a r  b u i l t .  

-. Number of p l a n t s  b u i l t  a t  a s i t e .  

- P r i o r i t y  numbers f o r  a s i t e .  

- N a m e ,  type  and number o f  a s i te .  

- P l a n t s  s o r t e d  55- year  b u i l t .  

- Alpha F 

- Alpha FOSSIL 

- Alpha names PWR, BWR, FOSSIL, LMFBR 

- Alpha le t te rs  W ,  F ,  L.  

- S t o r a g e  f o r  p l a n t  load  f a c t o r  type  and y e a r  b u i l t .  

- Alpha R 

- Year of problem, where 1 = 1970. 

- Load f a c t o r  t y p e  f o r  a p l a n t ,  1 - b a s e ,  2 - peak. 

- Counter t o  determine which LWR'S are PWR's o r  BWR'S. 

- T o t a l  f o s s i l  p l a n t s .  

- T o t a l  f o s s i l  s i t e s  

- T o t a l  number of p l a n t s  t o  b e  s i t e d .  

- S t o r a g e  f o r  p l a n t  names. 

- T a l l y  of f o s s i l  p l a n t s .  

- T a l l y  of f o s s i l  s i tes .  

- Subrout ine t o  o r d e r  numeric d a t a .  

- Subrout ine  t o  s i t e  p l a n t s .  

. 
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SITE Glossary 

SORT 

TITLE - Case title 
WPLAiiT 

- Array that is ordered in Subroutine ORDER 

- Storage f o r  p l a n t  capacity i n  gigawatts. 
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MOPOSH Glossary  

ARP 

HOURS 

INDEX 

INPUT 

KFLAG 

D E R  

KPLAI?T 

KSD 

KSDSAV 

KS ITE 

KSTART 

KSTOP 

KT I X  

I KY EAR 

KYR 

KYRLST 

LCHECK 

LSTART 

LWR 

m4xP 

- Average r e a c t o r  power f o r  a p l a n t .  

- Hours i n  a pe r iod .  

- Indexes of p l a n t s  when o rde red  by p l a n t  f a c t o r .  

- Subrout ine  t o  r ead  card  d a t a .  

- Flag  t o  i n d i c a t e  t h e  p e r i o d s  when a p a r t i c u l a r  p l a n t  does no t  

o p e r a t e  due t o  low power demand. 

- Counter f o r  t h e  number of p e r i o d s  t h a t  a p l a n t  o p e r a t e s .  

- Sto rage  f o r  p l a n t  l oad  f a c t o r  t ype  and yea r  b u i l t .  

- Flag  f o r  f i r s t  pe r iod  of r e f u e l l i n g  shutdown. 

- Saves r e f u e l l i n g  shutdown pe r iod  f o r  r e f e r e n c e .  

- S i t e  number f o r  l o c a t i o n  of p l a n t s .  

- Desired s t a r t  t i m e  f o r  t h e  pe r iod  when a b a s e  p l a n t  o p e r a t e s  

a t  100% of i t s  power. 

- Number of p e r i o d s  t o  cons ide r  when checking f o r  t h o s e  p e r i o d s  

i n  which a p l a n t  does n o t  o p e r a t e .  

- Number of p e r i o d s  t h a t  a b a s e  p l a n t  o p e r a t e s  a t  (1) 100% of 

power, and ( 2 )  less than  100% (but  above z e r o ) .  

- 
Year index  of problem where 1 is 1970, 3 1  i s  2000. - 

- Check t o  s t o p  execut ion .  

- Per iod  number f o r  s tar t  of  100% power ou tpu t  by a b a s e  

p l a n t .  

- F i r s t  pe r iod  of o p e r a t i o n  f o r  a base  p l a n t .  

- Counter t o  de te rmine  which LWR's are PWR's and which are BWR'sk 

- T o t a l  number of p l a n t s  i n  problem. 
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MINP 

MINPR 

MINPWR 

NAME 

NSD 

ORDER 

PF 

PFMAX 

PFMON 

PLANT 

POWER 

PSTORE 

PWR 

PWRS 

PWRTOT 

RPCHKl 

RPOWER 

RPTOT 

RPWR 

RPWRM 

RPWRP 

RPWRS 

SORTER 

MOPOSH Glossary  

- T o t a l  number of p l a n t s  o p e r a t i n g  i n  y e a r  of i n t e r e s t .  

- Minimum power below which a g iven  p l a n t  w i l l  n o t  ope ra t e .  

- Minimum power below which a b a s e  p l a n t  w i l l  no t  o p e r a t e .  

- P l a n t  name 

- Flag  t o  i n d i c a t e  t h o s e  pe r iods  i n  which a b a s e  p l a n t  cannot  
s h u t  down because of h igh  power demand. 

- Subrout ine t o  o r d e r  a numeric a r r a y .  

- Annual p l a n t  f a c t o r s  f o r  a p l a n t ' s  l i f e .  

are cons idered  base  loaded.  

Monthly p l a n t  f a c t o r .  

P l a n t  f a c t o r s  f o r  a l l  p l a n t s .  

Energy demand f o r  each pe r iod .  

Energy s u r p l u s  p e r  p e r i o d  

T o t a l  p l a n t  power (1 i s  1000 megawatt p l a n t ) .  

Annual energy s u r p l u s  f o r  r e g i o n  cons idered .  

T o t a l  energy demand f o r  a l l  pe r iods  i n  which 
loaded p l a n t  o p e r a t e s  

P l a n t  maximum power f o r  one pe r iod .  

P l a n t s  o p e r a t i n g  w i t h  an annual  p l a n t  f a c t o r  above t h i s  l i m i t  

eak- given 

T o t a l  energy produced by one p l a n t  i n  one month. 

Temporary s t o r a g e  t o  compute power f o r  a b a s e  loaded p l a n t .  

Temporary s t o r a g e  f o r  a p l a n t ' s  power. 

Maximum energy f o r  a 1 gigawat t  p l a n t  i n  one month. 

Maximum energy f o r  a p l a n t  f o r  one pe r iod .  

The a d d i t i o n a l  energy a v a i l a b l e  i n  one y e a r ,  i f  a l l  p l a n t s  
ope ra t ed  a t  f u l l  power. 

Subrout ine t o  c a l c u l a t e  p l a n t  f a c t o r s  f o r  each p l a n t  and o r d e r  
a l l  p l a n t s  by p l a n t  f a c t o r .  

\ 0 8 3 b 3 3  
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MOPOSH Glossary 

TITLE - Case title. 
TOTPWR 

TPOWER 

TPWR 

WPLANT 

- Total energy demand for one year. 
- Total energy produced per month 

- Temporary storage f o r  total energy produced in one year. 

-Fraction of one gigawatt plant. 

\ 
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RADREL Glossary  

AGE 

AGER 

BUF 

BUFIS 

BUFOUT 

DATINP 

EQPART 

HEAD 

HLF 

IBUF 

ICDA 

I020 

IDEOF 

11, IJ 

I M  

IMON 

I N  

INAI 

INEkPL 

INWI 

- P l a n t  age  used f o r  c a l l i n g  DOSIS. 

- P l a n t  age  range  v a l u e s ,  y e a r s .  

- Temporary d a t a  b u f f e r .  

- Temporary d a t a  b u f f e r  f o r  r a d i a t i o n  releases and p l a n t  

c h a r a c t e r i s t i c s .  

- Data s t o r a g e  f o r  b u i l d i n g  r a d i a t i o n  releases a r r a y  f o r  

w r i t i n g  t o  t ape .  

- Subrout ine  - r e a d s  card  i n p u t .  

- Subrout ine  - sets drum addres ses .  

- Subrout ine  - w r i t e s  f i r s t  f o u r  f i l e s .  

- I s o t o p e  h a l f - l i v e s ,  seconds.  

- Case i n d i c e s ,  i . e . ,  number of s i tes ,  number of i s o t o p e s ,  etc.  

- Subrout ine  - c a l c u l a t e s  drum addres ses .  

- Drum addres s  t a b l e  f o r  l o g i c a l  u n i t  20. 

- Larges t  drum addres s  f o r  l o g i c a l  u n i t  20. 

- I s o t o p e  index f o r  a i r  o r  water releases. 

- Month index. 

- Month index on MOPOSH d a t a .  

- Logica l  u n i t  number of MOPOSIi i n p u t  tape. 

- Index of a i r  i s o t o p e s .  

- N e w  p l a n t  d a t a  keyword 

= NEW PL, read  new p l a n t  d a t a  from MOPOSH tape .  

# NEW PL, u s e  p l a n t  d a t a  on restart t a p e .  

- Index of water i so topes .  

IOUT - Logica l  u n i t  number of restart output  t ape .  

1 0 8 3 5 3 5  
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RADREL Glossary 

I P  

IPL 

IPLAN 

IPLANT 

IPLTY 

IPLTYP 

IPMON 

I R  

IREST 

- P l a n t  index. 

- P l a n t  t y p e s  a v a i l a b l e .  

- S i t e  number of p l a n t  on MOPOSH d a t a .  

- S i t e  number of p l a n t s  (ordered) .  

- P l a n t  type  of p l a n t  on MOPOSH d a t a .  

- P l a n t  type  of p l a n t s  ( o r d e r e d b y  s i t e s ) .  

- Month on p r e v i o u s  MOPOSH r e c o r d  read.  

- Current  matched s i t e  number. 

- Restart o p t i o n  keyworii. 

= RESTAR, read  restart d a t a  t a p e .  

# RESTAR, do n o t  read  restart d a t a  t ape .  

IRP - Current  matched r e p r o c e s s i n g  s i te  number. 

I RT - P l a n t  type  used f o r  c a l l i n g  DOSIS. 

IRTDCK - Data a v a i l a b i l i t y  check on drum. 

IS - S i t e  index.  

ISOURC - Source map d a t a  t a p e  keyword. 

= NEW SO, w r i t e  new source  map d a t a  t ape .  

# NEW SO, d o n ' t  w r i t e  source map d a t a  t a p e .  

IWRITE - Write res tar t  t a p e  o p t i o n  keyword. 

= WRITE, write new res ta r t  d a t a  tape.  

# WRITE, d o n ' t  w r i t e  new restart d a t a  t ape .  

LUD - Logica l  u n i t  number of restart i n p u t  t a p e .  

N A I  - Number of a i r  i s o t o p e s .  

XAiJ - Number of words w r i t t e n  i n  a i r  release record.  

m - Number of months. 

NOSITE - S i t e  number of each p l a n t .  

+ number, p l a n t  n o t  ass igned .  

- number, p l a n t  h a s  been ass igned .  

1 0 8 3 b 3 b  E- 8 



RADREL Glossary  

NPP S 

NREC 

NE@ 

NS 

NSITE 

NS ITRP 

NSS ITE 

NT I 

NTP 

NUMSIT 

NWI 

WIN 

NWOUT 

PF 

PFMO 

PFMON 

PFMR 

PLAD 

PLAM 

PLANTS 

PLAT 

PLOD 

PLOM 

- Number of t o t a l  p o t e n t i a l  p l a n t s .  

- Records wri t ten c o u n t e r .  

- Number of  t o t a l  r e p r o c e s s i n g  p l a n t s .  

- S i t e  index. 

- Current  s i t e  number. 

- S t a r t u p  sequence of r e p r o c e s s i n g  p l a n t s .  

- S i t e  number of each p l a n t .  

- Number of t o t a l  i s o t o p e s .  

- Number of t o t a l  o p e r a t i n g  p l a n t s .  

- S i t e  number of r e p r o c e s s i n g  p l a n t s .  

- Number of water i s o t o p e s .  

- Number of t o t a l  words of d a t a  w r i t t e n  t o  drum. 

- Number of words t r a n s f e r r e d  from drum t o  restart t a p e .  

- P l a n t  f a c t o r  used f o r  c a l l i n g  DOSIS. 

- P l a n t  f a c t o r  read  from MOPOSH d a t a .  

- P l a n t  f a c t o r  o f  p l a n t s  (ordered by s i tes ) .  

- P l a n t  f a c t o r  range  v a l u e s .  

- S i t e  l a t i t u d e  i n  d e g r e e s ,  e.g. 41". 

- S i t e  l a t i t u d e  i n  minutes ,  e .g . ,  30'. 

- Subrout ine  - r e a d s  monthly p l a n t  f a c t o r s .  

- S i t e  l a t i t u d e  i n  d e g r e e s , ( d e c i m a l )  e .g . ,  41-50". 

- S i t e  l o n g i t u d e  i n  degrees  

- S i t e  l o n g i t u d e  i n  minutes .  

PLON - S i t e  l o n g i t u d e  i n  degrees  (decimal) .  

1 0 8 3 ' 0 3 1  
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RADREL Glossary 

PLUSY - P l a n t  s t a r t u p  y e a r  on MOPOSH d a t a .  

PLSUYR - P l a n t  s t a r t u p  y e a r  f o r  a l l  p l a n t s  (ordered by s i t e s )  

PLTLN - Other  s i t e  informat ion  

Word 1 = l a t i t u d e ,  degrees  

Word 2 = l o n g i t u d e ,  degrees  

Word 3 = s t a c k  h e i g h t ,  meters 

Word 4 - f i r s t  p l a n t  s t a r t u p  year  

PRVML - River m i l e  of each s i t e  l o c a t i o n .  

PRVNM - River name of each  s i t e  l o c a t i o n .  

RELAIR - Subrout ine  - r e a d s  a i r  release from drum and writes t o  t a p e .  

RELWAT - Subrout ine  - r e a d s  water release f o r  drum and w r i t e s  t o  t a p e .  

RESTAR - Subrout ine  - writes restart d a t a  t ape .  

RMFRIS - Radia t ion  release rates  t o  water and a i r  from t h e  MFR 

r e p r o c e s s i n g  p l a n t  a t  Morr i s ,  I l l i n o i s .  

RPURIS - R a d i a t i o n  release rates t o  water and a i r  from a Purex 

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

RTYPE - P l a n t  type used f o r  c a l l i n g  DOSIS. 

TITLE - T i t l e  f o r  t h i s  case. 
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D O S E  GLOSSARY 

ACTINV - R e s u l t s  from Activa s u b r o u t i n e  

ACTIVA - Subrout ine  used t o  c a l c u l a t e  a c t i v a t i o n  p roduc t s  

AGE - P l a n t  age  

- Var iab le s  used i n  c a l c u l a t i n g  c o n s t a n t s  i n  

BETA f u e l  f a i l u r e  p r o b a b i l i t y  equa t ion  

BU - Burnup of p a r t  of f u e l  

BUG - Goal f u e l  burnup 

BWR - Boi l ing  water r e a c t o r  

BWRA - Advanced b o i l i n g  water r e a c t o r  

BWRD 

C ,  C 1 ,  C2, CA 

CFLOW -Flow t o  coo lan t  c leanup system f o r  LMFBR 

- B o i l i n g  water r e a c t o r  gas  de l ay  volume 

Cons tan ts  used i n  numerous s u b r o u t i n e s  f o r  removal performance 

CHAR -Subrout ine  s i m u l a t i n g  cha rcoa l  de l ay  bed 

CLAD -Ac t iva t ion  p roduc t s  coming from c l a d  

CLUPS -Radionucl ide material he ld  up by coo lan t  c leanup system 

CMPNT -Subrout ine t o  c a l c u l a t e  decay f o r  a component where holdup 
of a l l  i s o t o p e s  i s  t h e  same. 

COLANT -Subrout ine t h a t  does m a s s  ba l ance  on coo lan t  

COLTNK -Subrout ine f o r  c o l l e c t i o n  t ank  

CONC, CONCP Concent ra t ion  of i s o t o p e  i n  coo lan t  

COOL -Act ivat ion p roduc t s  coming from coo lan t  

COOLIN -Sum of a c t i v a t i o n  and f i s s i o n  products  e n t e r i n g  coo lan t  

CORR - Corrosion rates 

CRY0 - A subrou t ine  which could b e  used t o  i n c l u d e  a cryogenic  gas  
t r ea tmen t  system. 

E-11 
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D 

DEGAS 

DELA 

DELAY 

DENIN 

DFF 

DFLOW 

DOSIS Glossary 

- D i f f u s i o n  c o e f f i c i e n t  

- Subrout ine  f o r  d e g a s i f i e r  

- Subrout ine  f o r  d e l a y  of gas  stream 

- Delay t i m e  i n  v a r i o u s  components 

- Subrout ine  f o r  d e m i n e r a l i z e r  

- C a l i b r a t i o n  f a c t o r  on d i f f u s i o n  c o e f f i c i e n t  

- Flow t o  c o o l a n t  cleanup d e m i n e r a l i z e r  

DIST1, 2 ,  3, 4 ,  - D i s t i l l a t i o n  f a c t o r s  f o r  v a r i o u s  BWR streams 

DLUT1, 2 - D i l u t i o n  f a c t o r s  r e s u l t i n g  from steam g e n e r a t o r  l eakage  f o r  
PWR systems 

DOSIS - Main program name 

DRNTNK - Subrout ine  f o r  d r a i n  tank 

EFF - Component removal e f f i c i e n c y  

EFFC - Removal e f f i c i e n c y  of LMFBR c o o l a n t  c leanup system 

EFFD - Removal e f f i c i e n c y  of LWR c o o l a n t  c leanup system 

EVAP - Subrout ine  f o r  evapora to r  

F - Release f r a c t i o n  from f u e l  

FGASIN - Func t iona l  v a l u e  of t o t a l  gas  release 

FGDBF - F i s s i o n  gas d i f f u s i v i t y  burnup f a c t o r  

F G I N I  - F r a c t i o n  of i s o t o p e  i n  t o t a l  gas  release 

FFRC - Calcu la t ed  f u e l  f a i l u r e  rate (used i n  i t e r a t i v e  c a l c u l a t i o n ) .  

FFRS - S p e c i f i e d  f u e l  f a i l u r e  ra te  

FILTER - Subrout ine  f o r  l i q u i d  f i l t e r  

FINV - F r a c t i o n  of i s o t o p e  i n  t o t a l  l i q u i d  release 

1 FLOSAV - 
Liquid  f lows  throughout systems FLOW - 

FLOW 1 , 2 , 3 , 4  

FLOWIN - 
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D O S I S  Glossary 

FLRDFQI - Subrout ine  f o r  f l o o r  d r a i n  t ank  

FREON - Subrout ine f o r  f r eon  abso rp t ion  gas  t r ea tmen t  system 

. 
I N V I N  

INVOUT 

INVSAv I 

I S O R  

ISOT 

ISOTOP 

G - F i s s i o n  product  gene ra t ion  r a t e  

* Radionucl ide flows at  va r ious  p o i n t s  i n  t h e  program 

GASINV - T o t a l  gaseous r e l e a s e  of an i s o t o p e  

GFILTR - S u b r o u t i n e  f o r  gas  f i l t e r  

HOLDUP - S u b r o u t i n e  f o r  holdup t ank  

Ism 1 Indexes on i n l e t  s t reams used i n  s e t t i n g  up flows 

JSTRM t o  t h e  va r ious  t a n k s  

K l ,  2 ,  3 -Decay c o n s t a n t s  

KA,B,C -Decay cons t an t s  

LHR -Linear hea t  rate o f  t h e  axial segment of  f u e l  be ing  cons idered  

LHRM -Maximum l i n e a r  hea t  r a t e  o f  t h e  f u e l  i n  t h e  radial co re  
segment be ing  cons idered  

LHRMA - M a x i m u m  core  l i n e a r  hea t  rate 

LIMIT -Number of r ad ionuc l ides  be ing  cons idered  

LMFBR -Liquid meta l  f a s t  b reede r  r e a c t o r  

LMLIQ -Subrout ine f o r  LI4FBR l i q u i d  releases 

LOAD -Component l o a d ,  f o r  use  when component e f f i c i e n c y  as a 
f u n c t i o n  of l oad  i s  a v a i l a b l e  

E-13 
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DOSIS Glossary 

NEUTNK -Subrout ine  f o r  n e u t r a l i z e r  t ank  

NRELF -The number of  f r a c t i o n s  t h e  core  i s  d iv ided  i n t o  f o r  
r e load ing  

NSTRM -The number of i n l e t  s t reams 

P -The f i e 1  f a i l u r e  p r o b a b i l i t y  i n  t h e  radial  segment be ing  
cons idered  

P1,2 

PCBWR 

PCLMR 

PCPWR 

PCOBWR 

PCOLMR 

PCOPWR 

PD 

PF 

PFLOW 

PHASEP 

PINV 

-The f r a c t i o n  of t h e  f u e l  i n  each a x i a l  power s t e p  

-The cons tan t  f o r  c l a d  a c t i v a t i o n  f o r  BWR 

11  11 I 1  W B R  I1  11 - 

11  11 I 1  I1  
l' PWR 

coolant  I' It  BWR 

I t  I 1  'I  LMFBR 

- 11  

11 - 1' 

I 1  I1  - 11 

11  It  PWR 11 I 1  11  

-Power d e n s i t y  (MW/MT) 

- P l a n t  f a c t o r  

-Sum of flows wi th  r e a c t o r  coolan t  concen t r a t ion  

-Subrout ine  f o r  phase s e p a r a t o r  and c e n t r i f u g e  

-Amount of pa ren t  

PINVM -Amount of metas tab le  pa ren t  

PROB - P r o b a b i l i t y  of f u e l  f a i l u r e  a t  goal burnup 

PROPT - P r i n t  op t ion  v a r i a b l e  

PVBWR -The cons t an t  f o r  BWR v e s s e l  a c t i v a t i o n  

PVLMR - ' I  LMFBR v e s s e l  a c t i v a t i o n  

PVPWR - M  PWR v e s s e l  a c t i v a t i o n  

I 1  

11 

PWR - P r e s s u r i z e d  water r e a c t o r  

PWRA -Advanced p r e s s u r i z e d  water  r e a c t o r  
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DOSIS Glossary 

R - Read l o g i c a l  u n i t  

RECYC 

RELF 

RODF 

RTYPE - Reactor  t y p e  

SLUDGE - Material h e l d  up f o r  s o l i d  t r ea tmen t  

SMALL 

SMLINV - Resu l t s  of s m a l l  c a l c u l a t i o n s  

- Por t ion  of t r e a t e d  radwastes  r e t u r n e d  t o  coolan t  

- Number of r e l o a d  f r a c t i o n s  

- The f r a c t i o n  of  t h e  core  a t  each rad ia l  power considered 

- Subrout ine  f o r  f i s s i o n  product  r e l e a s e  

SOLID1-9- Rates  o f  r ad ionuc l ide  r e t e n t i o n  for s o l i d  waste  hand l ing  

SPBWR - The s p l i t  of gases  o f f  t h e  BWR coo lan t  

It LMFBR coo lan t  

" PWR coo lan t  

I 1  II I 1  11 SPLM - 
SPPWR - II 11 I 1  11 

S P C O N l  - A v a r i a b l e  a v a i l a b l e  f o r  use  i n  s p e c i f y i n g  an i n p u t  s t ream 
coolant  con c e n t r a t  ion  

STANK - Subrout ine  for t h e  s t o r a g e  t ank  

TANK1-4 - Subrout ines  f o r  a number of t anks  

TFLOW - T o t a l  l i q u i d  flow 

Gas s t ream r a d i o n u c l i d e  rates a t  va r ious  p o i n t s  i n  program 

TGAS I N  

TGASO 

T G I N  

T G I N 1 - 5  

T G I N V  ) 

Time f o r  decay c a l c u l a t i o n  
TIME 

Liquid s t ream rad ionuc l ide  r a t e s  T I N V  \ 
TINV1-4 J 
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To ta l s  used f o r  normalizing 1 
T9TG 

TURNOV - Delay t i m e  i n  coo lan t  

V - Volume 

VDELA - Decay subrou t ine  where holdup f o r  r a d i o n u c l i d e s  vary 

VDELAY - Delay t ime as a func t ion  of i s o t o p e  

VENT - Subrout ine c a l l e d  f o r  ven t ing  tank t o  gas system 

VESSEL - Act iva t ion  products  from v e s s e l  

VOLUME - Volume 

w - Write t o p i c a l  u n i t  

YLMFBR' - F i s s i o n  y i e l d  i n  LMFBR 
4 

YLWR - F i s s i o n  y i e l d  i n  l i g h t  water  r e a c t o r s  
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ACCUMl - Subrout ine  - models t h e  MFRP h igh- l eve l  l i q u i d  waste system 

accumulat ion tank .  

ACCUM2 - Subrou t ine  - models t h e  MFRP low-level l i q u i d  waste system 

accumulat ion tank .  

AIR(  ) *  - V a r i a b l e  - t r a n s m i t s  t h e  s t a c k  e f f l u e n t  from BLEACH through 
** 

REPARE argument l i s t  [pCi / sec l  

AIRMFR( ) - V a r i a b l e  - t r a n s m i t s  t h e  s t a c k  e f f l u e n t  from MFR through 

REPARE argument l i s t  [pCi /sec l  

B (  1 - Var iab le  - f r a c t i o n  of i s o t o p e  I which f lows t o  MFR a s p h a l t  

b l ende r  system from t h e  s e p a r a t i o n s  p rocess  [ I .  

BLEACH - Subrou t ine  - models aqueous r ep rocess ing  p l a n t s  which can 

accommodate LWR and/or  FBR f u e l .  

BLENCR - Subrout ine  - models t h e  MFRP a s p h a l t  b l ende r  f o r  low-level  

l i q u i d  wastes. 

- Var iab le  - f r a c t i o n  of i s o t o p e  I which f lows  t o  MFR waste 

c a l c i n e r  system from t h e  s e p a r a t i o n s  p rocess  [ I 
- Var iab le  - parameter  de f ined  i n  each s u b r o u t i n e  t o  char- 

a c t e r i z e  i s o t o p e  removal e f f i c i e n c y  [ ] 

- Var iab le  - parameter de f ined  i n  each s u b r o u t i n e  t o  char-  

a c t e r i z e  load  dependence of i s o t o p e  removal e f f i c i e n c y  

(no t  p r e s e n t l y  used)  [ I 

CALCIN - Subrout ine  - models t h e  MFRF' waste c a l c i n e r .  

CANAL - Subrout ine  - accumulates  i s o t o p i c  inventory  c o n t r i b u t i o n s  t o  

low-level  l i q u i d  waste e f f l u e n t  stream from BLEACH 

CFLOW - Var iab le  - r e p r e s e n t s  cumulat ive flow c o n t r i b u t i o n s  t o  low- 

l e v e l  l i q u i d  waste e f f l u e n t  stream i n  BLEACH [ l i t e r s / s e c ]  
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CINVF( ) 

CINVL( ) 

COMPNT 

CONCEN 

CONDEN 

CONDN2 

CONDNF 

CONST 

CONSTO 

CONSTl 

CONST2 

CONST3 

CONST4 

CONST.5 

CONST6 

CONST7 

- V a r i a b l e  - c o n t a i n s  cumulat ive v a l u e  of i s o t o p i c  inventory  

i n  BLEACH l i q u i d  e f f l u e n t  [pCi / sec]  

- V a r i a b l e  - c o n t a i n s  cumulat ive v a l u e  of l i q u i d  e f f l u e n t  

i n v e n t o r y  from FBR f u e l  r e p r o c e s s i n g  [pCi /sec]  

- V a r i a b l e  - c o n t a i n s  cumulat ive v a l u e  of  l i q u i d  e f f l u e n t  

i n v e n t o r y  from LWR f u e l  r e p r o c e s s i n g  [pCi /sec]  

- V a r i a b l e  - d e f i n e d  i n  each  s u b r o u t i n e  as s i x  c h a r a c t e r  

alphanumeric name f o r  t h e  s u b r o u t i n e  

- Subrout ine  - models t h e  low-level l i q u i d  waste system 

c o n c e n t r a t o r  i n  MFR 

- Subrout ine  - models t h e  d i s s o l v e r  of f -gas  system con- 

denser  i n  BLEACH 

- Subrout ine  - models t h e  v e s s e l  o f f -gas  system condenser 

i n  BLEACH 

- Subrout ine  - models t h e  MFW a s p h a l t  b l e n d e r ,  o f f -gas  

condenser 

- V a r i a b l e  - f r a c t i o n  of g a s  f low e n t e r i n g  CONDEN which 

i s  n o t  condensed [ 3 

- V a r i a b l e  - f r a c t i o n  of f low from CALCIN t o  SCRLTF [ 1 

- V a r i a b l e  - f r a c t i o n  of f low from PROCES to ACCUMl [ 1 

- V a r i a b l e  - f r a c t i o n  of  f low from PROCES t o  ACCUM2 [ 1 

- V a r i a b l e  - f r a c t i o n  of f low from PROCES t o  SCRUBF [ 1 

- V a r i a b l e  - f r a c t i o n  of  f low from EVAPF t o  TANK1 [ 1 

- V a r i a b l e  - f r a c t i o n  of f low from EVAPF t o  SCRUBF [ ] 

- V a r i a b l e  - f r a c t i o n  of f low e n t e r i n g  SCRUBF which i s  

t r a n s f e r r e d  t o  ACCUM2 [ 3 

- V a r i a b l e  - f r a c t i o n  of  f low e n t e r i n g  SCRUBF which is  

t r a n s f e r r e d  t o  SILVRF [ ] 
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CONST8 

CON ST 9 

COOL 

COOLF 

CTANK 

CTANK2 

CTANK3 

CTIME 

DATAIN 

DECAY 

DELA 

DELAY 

DISOLV 

ELIMl 

- Var iab le  - f r a c t i o n  of  flow e n t e r i n g  BLENDR which is 

t r a n s f e r r e d  t o  SCRBF2 [ ] 

- V a r i a b l e  - f r a c t i o n  of flow from CONDNF t o  SFILTR [ ] 

- Subrou t ine  - a l g o r i t h m  i n  BLEACH t o  compute inven to ry  

changes r e s u l t i n g  from p rep rocess ing  c o o l i n g  t i m e  

- Subrout ine  - a l g o r i t h m  i n  MFR t o  compute inven to ry  changes 

r e s u l t i n g  from p rep rocess ing  c o o l i n g  t i m e .  

- Subrou t ine  - models c a t c h  tank  f o r  low-level l i q u i d  

t r ea tmen t  system i n  BLEACH 

- Subrou t ine  - models c a t c h  t ank  f o r  evapora ted  low-level 

l i q u i d  waste i n  BLEACH 

- Subrou t ine  - models c a t c h  t ank  f o r  h igh - l eve l  l i q u i d  

t r ea tmen t  system i n  BLEACH 

- V a r i a b l e  - prep rocess ing  coo l ing  t i m e  i n  e i t h e r  COOL 

o r  COOLF [days]  

- V a r i a b l e  - c o n t a i n s  t h e  i n t e g e r  v a l u e  1, used i n  test  

t o  de te rmine  i f  f low v a l u e s  should b e  p r i n t e d  o u t .  

- Subrout ine  - a l g o r i t h m  i n  MFR t o  compute inven to ry  

decay du r ing  p rocess  module hold-up t i m e s .  

- V a r i a b l e  - c o n t a i n s  t i m e  used f o r  decay equa t ions  i n  
COOL, COOLF, DECAY, DELAY [ s e c ]  

- Subrou t ine  - a lgo r i thm i n  BLEACH t o  compute inven to ry  

decay dur ing  p rocess  module hold-up t i m e s .  

- Subrout ine  - models f u e l  d i s so lu tCon  f o r  p l a n t s  simu- 

l a t e d  by BLEACH 

- V a r i a b l e  - v a l u e  of removal e f f i c i e n c y  f o r  i s o t o p e  I ,  

used i n  most p rocess  module s u b r o u t i n e s .  

- Var iab le  - l i m i t  f o r  exponent i n  decay equa t ion  (-70) 

t o  a s s u r e  t h a t  exponen t i a l  a l g o r i t h m  i n  1108 does n o t  err 

code o f f  f o r  small  exponents [ I 

\ 0 8 3 b 4 1  
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EVAP - Subrou t ine  - models low-level l i q u i d  waste evapora tor  

i n  BLEACH 

EVAP 2 - Subrou t ine  - models h igh - l eve l  l i q u i d  waste evapora to r  

i n  BLEACH 

EVAPF - Subrou t ine  - models h igh - l eve l  l i q u i d  waste evapora to r  

i n  BLEACH 

FHOLD - Var iab le  - prep rocess ing  c o o l i n g  t i m e  f o r  FBR f u e l  [days ]  

FILTER - Subrou t ine  - models vessel o f f -gas  system f i l t e r  i n  BLEACH 

FLOSAV - Var iab le  - r e t a i n s  v a l u e  of i n i t i a l  f l ow f o r  comparison 

w i t h  e f f l u e n t  f low rates [lit+trs/sec] 

FLOW - Var iab le  - c o n t a i n s  v a l u e  of stream flow t o  s u b r o u t i n e  whose 

CALL s t a t emen t  f o l l o w s  [ l i t e r s / s e c l  

FLOWIN - V a r i a b l e  - c o n t a i n s  v a l u e  of stream flow t o  s u b r o u t i n e  whose 

CALL s t a t e m e n t  f o l l o w s  [ l i t e r s / s e c ]  

FLTRF 1 - Subrout ine  - models sc rubber  gas  f i l t e r  i n  MFR a s p h a l t  

b l ende r  system 

FLTRF2 - Subrou t ine  - models f i l t e r  i n  MTR p rocess  of f -gas  system. 

FTONS - Var iab le  - m e t r i c  t o n s  of f a s t  f u e l  a v a i l a b l e  t o  a l l o c a t i o n  

r o u t i n e  i n  REPARE [ tonnes ]  

FUEL - Var iab le  - a swi t ch  v a r i a b l e  i n  BLEACH, f u e l  = 1 f o r  

LWR p rocess ing  and 2 f o r  FER p rocess ing  [ 1 

FULL - V a r i a b l e  - a swi t ch  v a r i a b l e  f o r  f u l l  p r i n t o u t ,  s e t  

e q u a l  t o  i n t e g e r  3 .  

G (  1 - Var iab le  - t h e  f r a c t i o n  of i n p u t  i nven to ry  t o  PROCESS which 

goes t o  t h e  iYFR p rocess  o f f -gas  system 

13 i ) - V a r i a b l e  - f r a c t i o n  of i npu t  i nven to ry  t o  t h e  v e s s e l  o f f -  

gas  sc rubbe r  which f lows  t o  HEATER [ ] 

HEATER - Subrou t ine  - models t h e  v e s s e l  o f f -gas  h e a t e r  i n  MFR 

EOLD - Var iab le  - t h e  v a l u e  of a d j u s t e d  c o o l i n g  time (time-90 days) 

f o r  MFR p rep rocess ing  d e l a y  a l g o r i t h m  [days]  
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I A  - V a r i a b l e  - DO loop  index ,  e q u a l s  number of l i q u i d  e f f l u e n t  

i s o t o p e s  i n  normalized s u b s e t  [ 3 

I B  - Var iab le  - DO loop  index ,  e q u a l  number of a i r  e f f l u e n t  

i s o t o p e s  i n  normalized s u b s e t  [ 1 

I C  - Var iab le  - DO loop  index ,  e q u a l  t o  g r e a t e r  of I A  o r  I B  [ 3 

ICASE - Var iab le  - i n t e g e r  c o u n t e r  t o  u s e  i n  p r i n t o u t  as case number [ ] 

ICHECK - Var iab le  - i n t e g e r  swi t ch  v a r i a b l e  used i n  r o u t i n g  l o g i c  

w i t h  m u l t i p l e  e n t r y  s u b r o u t i n e s .  

ILISTA( ) 

ILISTW( ) 

I N V I N (  ) 

INVINF( ) 

INVINL( ) 

INVONE( ) 

INVOUT( ) 

INVSAV( ) 

- V a r i a b l e  - l i s t  of Master L i s t  index  numbers t o  b e  inc luded  

i n  normalized a i r  e f f l u e n t  s u b s e t  [ 3 

- Var iab le  - l i s t  of Master L i s t  index  numbers t o  b e  inc luded  

i n  normalized water e f f l u e n t  s u b s e t  [ ] 

- Var iab le  - i s o t o p e  inven to ry  v a r i a b l e  [pCi / sec ]  

- V a r i a b l e  - i s o t o p e  inven to ry  v a r i a b l e  [pCi / sec ]  

- V a r i a b l e - i n i t i a l  i nven to ry  f o r  FBR f u e l  [ C i / T e ]  

- V a r i a b l e  - i n i t i a l  i nven to ry  f o r  LWR.fue1 (precooled  

90 days) [CL/Te] 

- V a r i a b l e  - i s o t o p e  inven to ry  v a r i a b l e  [pCi / sec ]  

- V a r i a b l e  - i s o t o p e  inven to ry  v a r i a b l e  [pCi/sec.] 

- Var iab le  - i s o t o p e  inven to ry  v a r i a b l e  [pCi / sec ]  

INVSTl( ) - Var iab le  - i s o t o p e  inven to ry  v a r i a b l e ,  stream 1 [pCi / sec ]  

INVST2( ) - V a r i a b l e  - i s o t o p e  inven to ry  v a r i a b l e ,  stream 2 [pCi / sec ]  

IONX - Subrou t ine  - models low-level l i q u i d  waste i o n  exchanger 

i n  BLEACH 

ISOAIR( ) - Var iab le  - i s o t o p e  inven to ry  f o r  a i r  e f f l u e n t  s u b s e t  from 

normal iz ing  computation [ ] 

ISOTOP( - Var iab le  - H o l l e r i t h ,  alphanumeric names f o r  i s o t o p e s  on 

Master L i s t  [ ] 
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ISOWAT( ) - Var iab le  - i s o t o p e  inven to ry  f o r  water e f f l u e n t  

s u b s e t  from normal iz ing  computation [ ] 

K1( 1 - Var iab le  - decay c o n s t a n t s  f o r  i s o t o p e s  on Master L i s t  

K2( ) - V a r i a b l e  - decay c o n s t a n t s  f o r  PINVA i s o t o p e s  [sec-'1 

K3( ) - V a r i a b l e  - decay c o n s t a n t s  for P I N V B  i s o t o p e s  [sec-'1 

KEY - V a r i a b l e  - swi t ch  v a r i a b l e  f o r  punched c a r d  o u t p u t ,  

1 f o r  no c a r d s ,  any th ing  else f o r  c a r d s  [ 1 

KONST - V a r i a b l e  - f r a c t i o n  of flow from DISOLV t o  PUREX [ 1 

LIMIT - V a r i a b l e  - i n t e g e r  do loop  l i m i t  f o r  c a l c u l a t i o n s ,  

se t  equa l  t o  number of i s o t o p e s  i n  Master L i s t  [ 1 

LOAD - Var iab le  - d e f i n e s  load ing  e f f e c t s  on e f f i c i e n c y  f o r  each 

s u b r o u t i n e  [ ] 

M - Var iab le  - number of dual-purpose r e p r o c e s s i n g  p l a n t  sites [ 3 

MFR - Subrout ine  - c o n t r o l  s u b r o u t i n e  f o r  MFRP model 

MFRAIR( ) - Var iab le  - i s o t o p e  inven to ry  f o r  MFR e f f l u e n t  t r a n s f e r r e d  

through b lock  common [pCi / sec ]  

NAME - Var iab le  - c o n t a i n s  3 c h a r a c t e r  H o l l e r i t h  name f o r  t ype  of 

s p e n t  f u e l ,  LWR o r  FBR 

NOBLDF - Subrou t ine  - models nob le  gas  removal equiprcent f o r  

MFR and BLEACH 

NONE - V a r i a b l e  - swi t ch  v a r i a b l e  t o  i n d i c a t e  no p r i n t o u t ,  

set e q u a l  t o  1 [ 3 

NORMAL - Var iab le  - swi t ch  v a r i a b l e  f o r  normal iz ing  c a l c u l a t i o n s ,  

NORMAL = 1 bypasses  c a l c u l a t i o n s  [ ] 

OPTION - V a r i a b l e  - name of p r i n t o u t ,  c a l c u l a t i o n  o p t i o n  d a t a  

namel i s t  [ ] 

P (  1 - V a r i a b l e  - stream s p l i t t i n g  f r a c t i o n  i n  DISOLV and CONDEN [ 1 
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PART - V a r i a b l e  - swi t ch  v a r i a b l e  f o r  p r i n t e d  o u t p u t  of summary 

d a t a ,  set equa l  t o  2 [ I 

PFILTR - Subrou t ine  - models f i n a l  o f f -gas  f i l t e r  i n  BLEACH 

PINVA( ) - V a r i a b l e  - i nven to ry  f o r  p a r e n t  A i n  decay a lgo r i thms  

[ a toms/sec]  

PINVB( ) - Var iab le  - i nven to ry  f o r  p a r e n t  B i n  decay a lgo r i thms  

[atoms/sec] 

POWERl( ) - V a r i a b l e  - exponent f o r  daughter  in decay a lgo r i thm 

I 1  

POWER2( ) - Var iab le  - exponent f o r  p a r e n t  A i n  decay a l g o r i t h m  [ 3 
POWER3( ) - V a r i a b l e  - exponent f o r  p a r e n t  B i n  decay a l g o r i t h m  [ 3 

PROCE3 - Subrou t ine  - models MFR s e p a r a t i o n s  p rocess  

P ROPT - V a r i a b l e  - namel i s t  v a r i a b l e  f o r  p r i n t o u t  o p t i o n s ,  

3 = f u l l ,  2 = p a r t ,  1 none [ ] 

PUREX - Subrou t ine  - models BLEACH s e p a r a t i o n s  p rocess  

R - V a r i a b l e  - l o g i c a l  u n i t  f o r  card  r e a d e r ,  i n t e g e r  [ 1 

REPARE - Subrou t ine  - c o n t a i n s  l o g i c  f o r  f u e l  a l l o c a t i o n  t o  

MFR and BLEACH, and normal iz ing  a l g o r i t h m  

S - Var iab le  - stream s p l i t t i n g  f r a c t i o n  i n  EVAP and EVAP2 [ 1 

SAIR( ) - Var iab le  - a i r  e f f l u e n t  i nven to ry  s u b s e t  from normal iz ing  

a lgo r i thm [ ] 

SAIRMF( - Var iab le  - MFR e f f l u e n t  i nven to ry  s u b s e t  from normaliz- 

i ng  [ 1 

SCRBF2 - Subrou t ine  - models MFR a s p h a l t  b l ende r  system o f f -gas  

scrubber  

SCRUB:! - Subrou t ine  - models BLEACH v e s s e l  o f f -gas  system sc rubbe r  

SCRUBF - Subrou t ine  - models MFR process  of f -gas  sc rubbe r  

SCRUBR - Subrout ine  - models BLEACH d i s s o l v e r  of f -gas  sc rubbe r  
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SFILTR 

SFLOW 

SILVER 

S ILVRF 

SINV( ) 

SINVF( ) 

SINVL( ) 

SITE 

SR( ) 

STACK 

STACKF 

STOTA 

STOTMF 

STOTW 

STJNITA 

SUNITW 

SUNTMF 
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- Subrout ine  - models MFR f i n a l  of f -gas  f i l t e r  

- V a r i a b l e  - accumulates flow through s t a c k  from each 

t r ea tmen t  system [liters/sec] 

- Subrout ine  - models o f f -gas  s i l v e r  r e a c t o r  i n  BLEACH 

- Subrou t ine  - models o f f -gas  s i l v e r  r e a c t o r  i n  MFR 

- V a r i a b l e  - i s o t o p e  inven to ry  f o r  BLEACH a i r  t o t a l  e f f l u e n t  

[pCi/ s e c ]  

- Var iab le  - i s o t o p e  inven to ry  f o r  BLEACH a i r  e f f l u e n t  from 

FBR p rocess ing  [pCi / sec ]  

- V a r i a b l e  - i s o t o p e  inven to ry  f o r  BLEACH a i r  e f f l u e n t  from 

LWR p rocess ing  [pCi / sec l  

- Var iab le  - number of t o t a l  r e p r o c e s s i n g  sites r e q u i r e d  [ 1 

- Var iab le  - f r a c t i o n  of i nven to ry  which i s  t r a n s f e r r e d  

from SCRUBR t o  SILVER [' 1 

- Subrout ine  - accumulates a i r  e f f l u e n t  c o n t r i b u t i o n s  from 

each t r ea tmen t  s y s t e m  i n  BLEACH 

- Subrout ine  - accumulates MFR e f f l u e n t  from i n d i v i d u a l  

t r ea tmen t  system c o n t r i b u t i o n s  

- V a r i a b l e  - t o t a l  i nven to ry  f o r  BLEACH a i r  e f f l u e n t  

[ pC i/ s e c  1 

- V a r i a b l e  - t o t a l  i nven to ry  f o r  XFR e f f l u e n t  [pCi / sec ]  

- V a r i a b l e  - t o t a l  i nven to ry  f o r  BLEACH l i q u i d  e f f l u e n t  

[pCi / sec  1 

- Var iab le  - User i n p u t  normalized v a l u e  f o r  BLEACH a i r  

e f f l u e n t  s u b s e t  [ ] 

- V a r i a b l e  - u s e r  i n p u t  normalized v a l u e  f o r  BLEACH water 

e f f l u e n t  s u b s e t [  ] 

- V a r i a b l e  - u s e r  i n p u t  normalized v a l u e  f o r  MFR e f f l u e n t  

s u b s e t  [ ] 
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REPARE Glossary 

SWATER( ) - V a r i a b l e  - water e f f l u e n t  i nven to ry  s u b s e t  from normal- 

i z i n g  a lgo r i thm [ I 

TANK1 - Subrout ine  - models evapora to r  c a t c h  tank  i n  MFR c a l c i n i n g  

system. 

TANK2 - Subrout ine  - models c o n c e n t r a t o r  c a t c h  tank  i n  MFR a s p h a l t  

b l ende r  system 

TIME - Var iab le  - swi t ch  v a r i a b l e  t o  de te rmine  whether decay times 

are i n p u t  o r  c a l c u l a t e d  [ ] 

- Var iab le  - i npu t  decay t i m e s  f o r  each s u b r o u t i n e  [ s e c ]  TIMEIN( ) 

TONFBR - Var iab le  - m e t r i c  t ons  of FBR f u e l  t o  be  reprocessed  

[ tonnes]  

TONLWR - Var iab le  - metric t o n s  of LWR f u e l  t o  be  reprocessed  

[ tonnes]  

TONS - Var iab le  - t o n s  of f u e l  [ t onnes l  

TONSIN - Var iab le  - t o n s  of f u e l  i npu t  t o  MFR o r  BLEACH [ tonnes ]  

TONSUM 

TOTA 

- Var iab le  - t o t a l  t o n s  of equ iva len t  LWR f u e l  [ t onnes ]  

- Var iab le  - t o t a l  i nven to ry  of BLEACH a i r  e f f l u e n t  [pCi / sec]  

TOTMFR - V a r i a b l e  - t o t a l  inventory  of MFR e f f l u e n t  [pCi / sec ]  

TOTW - V a r i a b l e  - t o t a l  i nven to ry  of BLEACH l i q u i d  e f f l u e n t  

[pCi / sec l  

UNITA - Var iab le  - u s e r  i n p u t ,  normalized v a l u e  f o r  t o t a l  BLEACH 

a i r  e f f l u e n t  [pCi / sec]  

UNITMF - Var iab le  - u s e r  i n p u t ,  normalized v a l u e  f o r  t o t a l  MFR 

e f f l u e n t  [pCi / sec]  

UNITW - Var iab le  - u s e r  i n p u t ,  normalized v a l u e  f o r  t o t a l  BLEACH 

l i q u i d  e f f l u e n t  [pCi / sec l  

VOG( - Var iab le  - f r a c t i o n  of PUREX i nven to ry  t r a n s f e r r e d  t o  

v e s s e l  o f f -gas  system [ 1 

VOLOXR - Subrout ine  - models p r e - d i s s o l u t i o n  o x i d i z e r  t o  remove 

v o l a t i l e s  i n  BLEACH 
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REPARE Glossary  

VOLUME - V a r i a b l e - e f f e c t i v e  volume of p rocess  module t o  compute 

holdup time from volume/flow [ l i ters]  

w - Var iab le  - l o g i c a l  u n i t  f o r  p r i n t e r ,  i n t e g e r  [ ] 

WATER ( ) - V a r i a b l e  - i s o t o p e  inven to ry  f o r  dual-purpose l i q u i d  

e f f l u e n t  [pCi / sec ]  

wHL( - V a r i a b l e  - f r a c t i o n  of PUREX i nven to ry  t r a n s f e r r e d  t o  

t h e  h igh - l eve l  l i q u i d  waste system [ 3 

WLL( - V a r i a b l e  - f r a c t i o n  of PUREX i nven to ry  t r a n s f e r r e d  t o  t h e  

low-level l i q u i d  waste s y s t e m  [ ] 

XTRADF - Subrou t ine  - models a d d i t i o n a l  f i l t e r s  f o r  f i n a l  o f f -gas  

i n  BLEACH 

t 

* paren theses  deno te  s u b s c r i p t s ,  a t  t h i s  w r i t i n g  t h e  maximum v a l u e ,  

u n l e s s  o the rwise  noted ,  is  f i f t y .  

** b r a c k e t s  c o n t a i n  t h e  u n i t s  f o r  t h e  v a r i a b l e ,  i f  t h e  b r a c k e t s  are 

empty, [ 1, t h e  v a r i a b l e  i s  a d imens ion le s s  decimal f r a c t i o n .  
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FIGURE Glossary  

- 

DIFF 

FEAT 

FOCON 

FOOL 

FOPRO 

FOSTE 

FOUSE 

FSIZE 

HOME 

I D  

IPOP 

KANSAS 

KILL 

KIOWA 

WINN 

KMO 

KNEBR 

RSDAK 

KWISC 

KFOOD 

KFOPRD 

KFOTP 

KST 

KSTA 

County t o  c e n t r o i d  convers ion  index. 

- Var iab le  t h a t  measures magnitude of  food product ion  over  food 

consumed. 

- Food consumed i n  one yea r  p e r  f ami ly .  

- Food consumed i n  one week p e r  f ami ly .  

- I n t e r m e d i a t e  s t o r a g e  v a r i a b l e .  

- Food produced i n  one y e a r  i n  pounds. 

- Food convers ion  f a c t o r  from X t o  pounds. 

- T o t a l  food consumed. 

- S i z e  of f ami ly ,  

- Home product ion  f a c t o r s .  

- Food consumption ca t egory .  

- Centro id  popu la t ion  i n  100's. 

- Food produced i n  one yea r .  

- Food type  index  t a b l e  (73 food t y p e s ) .  

- Food type  index  t a b l e  (35 food t y p e s ) .  

- End f l a g  f o r  food produced d a t a .  

- S t a t e  index t a b l e  read  a t  execu t ion .  
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FIGURE Glossary 

KWHAT - S t a t e  index t a b l e  ( i n t e r n a l ) .  

LOC 

LV - -4 Read b u f f e r .  

SURDEF 

TOTAL 

- L a t i t u d e  and l o n g i t u d e  of dummy c e n t r o i d s .  

- Surp lus  o r  d e f i c i t  food. 

- T o t a l  of f r e s h  and processed  foods .  
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TRANS Glossary 

CTR 

DIST 

DLN 

DLT 

FR 

FT 

LTR 

M I N I  

MLN 

MLT 

NCT 

NCTR 

NFT 

NSTRT 

NT IME 

- Centro id  number. 

- M a x i m u m  sea rch  d i s t a n c e .  

- Degrees l o n g i t u d e  

- Degrees l a t i t u d e  

- Centro id  from which shipment i s  made. 

- Food type  be ing  sh ipped .  

- Centro id  number, read  when i n p u t t i n g  l o c a t i o n .  

- Logica l  c o n t r o l  v a r i a b l e  read  a t  execu t ion .  

. FALSE - Detail d i s t a n c e  c a l c u l a t i o n s  p r i n t e d .  

. TRUE - Detail d i s t a n c e  c a l c u l a t i o n s  no t  p r i n t e d .  

- Minutes long i tude .  

- Minutes l a t i t u d e .  

- Contro l  v a r i a b l e  read  a t  execut ion .  Number of loops 

through s e a r c h  b e f o r e  checking t i m e  e l apsed .  

- Number of c e n t r o i d s  read  a t  execut ion .  

i n p u t  a t  execut ion .  - Last food t y p e  t o  b e  t r a n s p o r t e d  

- F i r s t  food type  t o  b e  t r a n s p o r t e d  

- T i m e  d e s i r e d  t o  sea rch  b e f o r e  s e a r c h  d i s t a n c e  i s  ha lved .  

Inpu t  a t  execut ion .  

OUTAPE - Logica l  c o n t r o l  v a r i a b l e  i n p u t  a t  execut ion .  

. TRUE - S o l u t i o n  t o  output  t a p e  C and p r i n t e r .  

. FALSE - P r i n t  s o l u t i o n .  

- Percent  of c e n t r o i d  d e f i c i t  s a t i s f i e d  by t h e  s u r p l u s  c e n t r o i d .  
PT PER I 

- Percent  of t h e  c e n t r o i d  s u r p l u s  shipped t o  t h e  d e f i c i t  cen t ro id .  
PRCT 

TITLE - T i t l e  of cases be ing  so lved .  
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ARTRAN Glossary 

ACCUM - Subrout ine  

ADVTAP - Subrout ine  

A I N  - P r i n t  key meteorology d a t a .  

AIRACC - Array f o r  monthly a i r  concen t r a t ion .  

AIRCON - Calcula ted  v a l u e  f o r  a i r  c o n c e n t r a t i o n  f o r  each loop.  

A L M l  -1 

Radioac t ive  decay c o e f f i c i e n t  r e p r e s e n t a t i o n s .  
ALMBDA - ALM2 - I 
ALMY 

ARTRAN - Main program. 

1 - Temporary s t o r a g e  a r r a y s  f o r  long  term ground concen t r a t ion .  A w l  , 

BLMDA - Decay c o e f f i c i e n t  

BUG - N a m e l i s t  

CHIBAR - Calcula ted  v a l u e  of x. 
‘ITYLA) - Storage  a r r a y s  f o r  l a t i t u d e  and l o n g i t u d e  of c e n t r o i d s .  CITYLO 

C I N  - P r i n t  key-centroid d a t a  

CLMBOA - Radioac t ive  decay - v a r i a b l e .  

- Constan ts  f o r  w e t  d e p o s i t i o n  of gases .  co1 ] 
c02 J 

CONCEN - Subrout ine  

COMMIN - A u s e r  set minimum v a l u e  f o r  c o n c e n t r a t i o n  t o  be  cons idered .  
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ARTRAN Glossary 
D 1  
D2 
D 3  1 Drum c o n t r o l  word a r r a y s  
D4 - 
D5 - 
DORY - Dry d e p o s i t i o n  c o e f f i c i e n t  

DEBUG - Process  key f o r  debug run  d a t a  - 
Subrou t ines  DELWET - 
Calcu la t ed  v a l u e s  of long term ground d e p o s i t i o n .  DEP2 

D E E  - Dry d e p o s i t i o n  e x p o n e n t i a l  

DISMAX - User set m a x i m u m  d i s t a n c e  t o  be cons idered .  

DIST - Calcu la t ed  d i s t a n c e  s o u r c e  t o  c e n t r o i d .  

Conversion f a c t o r s  degrees  t o  k i l o m e t e r s  DLO - 
DLA -1 

Calcu la t ed  v a l u e s  of Qrtesian c o o r d i n a t e s  d i f f e r e n c e .  DLON DLAT - -1 
DRYCON - Calcu la t ed  v a l u e  of d r y  d e p o s i t i o n  c o n t r i b u t i o n  f o r  each  loop .  

I DRYDEP - 
DRYTIM - 
DUMY - 
DV - 

DWET - 
EQPART - 
ETIME - 
ETIMEF - 

FARWAY - 
FRAIN - 

GNOMON - 
GNDTOT - 

H - 

In t e rmed ia t e  v a l u e s  f o r  d r y  d e p o s i t i o n  

A dummy v a r i a b l e .  

Depos i t ion  v e l o c i t y .  

Wet d e p o s i t i o n  c o e f f i c i e n t .  

Subrout ine  

Timing r o u t i n e s .  } 
Array of v a l u e s  of sou rce  t o  c e n t r o i d  d i s t a n c e s .  

Frequency of p r e c i p i t a t i o n  

1 long term ground c o n c e n t r a t i o n s  
Arrays f o r  accumulation of monthly v a l u e s  of s h o r t  and 

1 
- Stock h e i g h t  v a r i a b l e s  HE 
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I C I T l  
ICITZ 
ICITY 

I CY 

I DRUM 

I N  1 
IN2 
I N  3 
IN4 

I N C l  

INTO 

INU 

IS 

I SEASW 

ARTRAN Glossary 

Cont ro l  v a r i a b l e s  and a r r a y  f o r  s e t t i n g  DO loop l i m i t s .  - I 1  
- Incrementing v a r i a b l e  f o r  c e n t r o i d .  

- Drum a r r a y  v a r i a b l e  

- Logica l  u n i t  d e s i g n a t o r s  f o r  i n p u t  d a t a  t a p e  decks.  :I - 

- S e p a r a t i o n  v a r i a b l e  f o r  drum f i l e s .  

- Incrementing v a r i a b l e  f o r  a r r a y  p o s i t i o n .  

- Incrementing v a r i a b l e  f o r  n u c l i d e .  

- Incrementing v a r i a b l e  f o r  source .  

- Winter o r  summer season v a r i a b l e .  

ISEC - S e c t o r - i n d i c a t i n g  v a r i a b l e .  

I so - Subrout ine  s o u r c e  v a r i a b l e .  

ITYPE - Designator  v a r i a b l e  f o r  o u t p u t  r e c o r d  type.  

IWX - Incrementing v a r i a b l e  f o r  s t a b i l i t y  type .  

Array f o r  s t o r a g e  of daughter  d e f i n i t i o n  d a t a .  KDAVGl+ - 

L1 
L2 
L 3  
L 4  
L 5  
L6 

Array p o s i t i o n i n g  v a r i a b l e s  used  i n  debug run.  

MAXCIT - Maximum v a l u e  f o r  drum. 

PIAXMON - DO loop l i m i t  f o r  month i t e r a t i o n .  

MAXNUC - DO loop l i m i t  f o r  n u c l i d e  i t e r a t i o n ,  

MAXSRC - DO loop l i m i t  f o r  source  i t e r a t i o n .  
. 

Drum s t o r a g e  v a r i a b l e s  MAXWAY - 
M A X I -  
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ARTRAN Glossary 

MDAUGT - Array f o r  daughter  d a t a  

METEOR - Subrout ine  

MINI4ON 

MINNUC 

MINSRC 

MNCITY 

MON 

- DO loop s ta r t  f o r  month i t e r a t i o n .  

- DO loop s t a r t  f o r  n u c l i d e  i t e r a t i o n .  

- DO loop  start f o r  source  i t e r a t i o n .  

- DO loop  lower l i m i t  f o r  c e n t r o i d .  

- Incrementing v a r i a b l e  f o r  month i t e r a t i o n .  

Arrays f o r  mother d e f i n i t i o n  d a t a .  MOTHRl - 

MXCITY - DO loop l i m i t  f o r  c e n t r o i d  i t e r a t i o n .  

NAME .i - P r i n t  v a r i a b l e  f o r  N a m e l i s t  OPERAT. 

NEWMON 

N I N  - Card r eade r .  

- Array f o r  changing d a t e  d a t a  on source  t a p e .  

NOPRINT - 
NOUT - 

NOUT25 - 
NSTRT - 

NU 

OPERAT - 
- 

OUTT - 

PLANT1 - 
PLANT2 - 
POPUL - 
Q 
QD 

QR 
QS 
QW 
QZ 

- 
- 

QEFE - 
- 
- 
- 
- 

\ 

P r i n t  key f o r  ou tpu t .  

P r i n t e r  

Output t a p e  deck. 

Drum s o r t  v a r i a b l e .  

Nucl ide incrementing v a r i a b l e .  

Namelist f o r  normal ope ra t ion .  

Subrout ine  

Card i n p u t  a r r a y s  f o r  debug. 1 
Namelist f o r  change t o  c e n t r o i d  p o s i t i o n  d a t a .  

Inpu t  & c a l c u l a t i o n  v a r i a b l e s  f o r  sou rce  s t r e n g t h .  1 
J 
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ARTRAN Gloss ary 

RAIN - P r e c i p i t a t i o n  rate. 

RECOVR - Key f o r  restart .  

RECYCL - Subrout ine.  

REXP - Radioac t ive  decay e x p o n e n t i a l .  

SDA335 -1 
Summer c r i t i c a l  h e i g h t  v a r i a b l e s .  SDA8 - 

SDALVL - J 
-l 

S igma- 3 var i a b  les SIGMA - 
SIGM 

SIGZ - Subrout ine  

SIN - Key f o r  p r i n t  of s o u r c e  d a t a .  

Summer n i g h t  c r i t i c a l  h e i g h t  v a r i a b l e s .  i SNT335 - 
SNT465 - 
SNT8 - 
SNTLVL - 

> 
Source l a t i t u d e  and l o n g i t u d e .  SORCLO - 

SORT - Subrout ine  

STAB - S t a b i l i t y  ca tegory .  
\ 

Summer c r i t i c a l  d i s t a n c e  v a r i a b l e s .  
SUMDAY 
SUMNIT Ii 
TEND - Study year  v a r i a b l e .  

TEST - Subrout ine  

TUSMDA -1 
Cr i t i ca l  d i s t a n c e  v a r i a b l e s .  TUWWRA - - I 

TLTWNNT - J  

WDA335 - 
WDA465 - 
WDA8 - 
WDALVL - 

Winter  day c r i t i c a l  h e i g h t  v a r i a b l e s .  I 
WEA - I n p u t  a r r a y  of  m e t e o r o l o g i c a l  v a r i a b l e s  f o r  debug. 
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ARTEZAN Glossary 

Wet c o n c e n t r a t i o n  v a r i a b l e s .  
WETCON - 
WETDEP - 
WETTIM - 
WEXP - Wet d e p o s i t i o n  e x p o n e n t i a l  

Winter c r i t i c a l  d i s t a n c e  v a r i a b l e s .  W I N N I T  - 
WNT335 

Winter n i g h t  c r i t i c a l  h e i g h t  v a r i a b l e s .  

WNTLVL - 

W E T  - Temporary s t o r a g e  a r r a y  f o r  ou tpu t .  

wx - Meteoro logica l  d a t a  a r r a y .  

ZEROUT - Subrout ine .  
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AA 

L A T  

ALON 

AR 

ARIVM 

ATOW 

BD 

BEGM 

BS 

BSED 
- L  

C 

ccs 

ccw 

CENT CN T I 
co 
CODEM 

CRRR 

D1 

D2 

DECAY 

DELAY 

DIS 

WTRAN GLOSSARY 

- List of centroid areas 
- Latitude (degrees) 
- Longitude (degrees) 
- Centroid area 
- List of river miles 

- Function governing air-to-water isotope transfer calculations 
- River bed isotope concentration 

- Beginning river mile 

- River bed sediment rate 

- Subroutine to calculate river bed deposition and scouring 

- Concentration of dissolved isotope 

- Concentration of suspended isotope 

- Concentration of dissolved isotope 

- Centroid name 

- River code 

- Mainstream code 

- River code 

- Upstream depth or data type indicator 

- Downstream depth 
- Subroutine for calculating radioactive decay 

- Ground water travel time 

- Fraction dissolved 
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WTRAN Glossary 

DIST 

DM 

DMD 

DOSE 

DOSIS6 

DRNK 

DUM 

DX 

EL 

ENDM 

EXPO 

F 

F1 

FBEG 

FEND 

FIN 

FLDRPT 

FLOOD 

FLREAD 

FOUT 

FT 

FTM2, FTM3 

GNDM 

H 

HL 

-Distribution coefficient (ratio of fraction of isotope 
dissolved to fraction suspended on sediment) 

-Downstream mile 

- Downstream mile 
- Subroutine for reporting radionuclide concentrations 
-Subroutine for input of RADREL data 

- Drinking water type 

- Dummy variable 

-Length of river section 

-River section length 

-Ending river mile 

-Exponent in stage calculation 

-Decay term 

- Monthly flow 
- Upstream flow 

- Downstream flow 
-Upstream flow 

-Subroutine for flood calculations 

- Flood flow 

-Subroutine for flow data input 

- Downstream f low 

-Array of flow data 

-Conversion factors 

-Subroutine for determining ground water calculations 

-Dummy array 

-Decay constant for radionuclide 
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I1  

ICNT 

I M P  

IPOP 

I R  

IREACT 

I R I V  

IRUN 

I SAVE 

ISODEF 

ISTART 

J A  

JFLOOD 

JPGNDW 

JPOP 

J R I V  

JRIVT 

JUMP 

K 1 4  

KCENT 

KCNT 

KEOF 

K.F 

KFLOOD 

WTRAN Glossary 

- I s o t o p e  p o i n t e r  

- Cent ro id  number 

- River p o i n t e r  

- L i s t  of c e n t r o i d s  t o  r e p o r t  

-Program flow i n d i c a t o r  

- S o u r c e  r e p o r t  i n d i c a t o r  

- L i s t  of r i v e r s  t o  b e  r e p o r t e d  

-Runoff r e p o r t  i n d i c a t o r  

- F i r s t  month of no r i v e r  bed d e p o s i t s  o r  s c o u r i n g  

-Subrou t ine  f o r  d e f i n i n g  i s o t o p e  d a t a  

- S t a r t i n g  index  f o r  s e a r c h  

- I s o t o p e  p o i n t e r  

-Flood d a t a  p o i n t e r  

-Number of d a t a  f o r  d r i n k i n g  water r e p o r t s  

- L i s t  of c e n t r o i d s  f o r  d r i n k i n g  water r e p o r t s  

- P o i n t e r  t o  r i v e r  r e p o r t  r e q u e s t s  

-Number of r ivers t o  r e p o r t  

S i g n a l  f o r  no r i v e r  bed sediment 

JUMP = 0 d e l e t e s  s ed imen ta t ion  c a l c u l a t i o n s  

JUMP = 1 i n c l u d e s  sed imen ta t ion  c a l c u l a t i o n s  

c I( 
-Dose r eco rd  t y p e  

-Popula t ion  c e n t e r  p o i n t e r  

- L i s t  of popu la t ion  c e n t e r s  

-End of f i l e  s i g n a l  

-Current r i v e r  index  

-Number of f lood  p o i n t s  
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KFLOW 

KK 

KMAP 

KOFF 

KR 

KREP 

K R I V  

KRIVT 

KRN 

KS I N K  

KSITE 

KSORCE 

KT 

KTYP 

KTYPE 

KUSED 

LB 

LC 

LCENT 

LF 

LFLOOD 

LFT 

L I S 0  

LIST 

LIST2 

LIST3 

WTRAN Glossary  

- River  p o i n t e r  

- L i s t  of c e n t r o i d s  found and n o t  r e p o r t e d  

- River p o i n t e r  

-End of f i l e  s i g n a l  

- River p o i n t e r  

- R e p o r t  t ype  i n d i c a t o r  

- L i s t  of r i v e r s  t o  r e p o r t  

-Number of rivers t o  r e p o r t  

- L i s t  of r iver numbers 

- C e n t r o i d  f o r  which ground water is  t o  be  r e p o r t e d  

- Dummy v a r i a b l e  

- C e n t r o i d  supp ly ing  ground water 

-Number of t r i b u t a r y  d a t a  sets on drum 

- Type of record  

- L i s t  of d a t a  

- S i g n a l  t o  i n c r e a s e  r i v e r  r e p o r t  p o i n t e r  

- I / O  s t a t u s  i n d i c a t o r  

' L i s t  l e n g t h  

- L i s t  l e n g t h  

- A  v a l u e  from t h e  FT a r r a y  

-Array  of f lood  d a t a  

-Array of f l o w  d a t a  

-Number of i s o t o p e s  ( l i m i t  v a r i a b l e )  

- L i s t  of river numbers 

- L i s t  of s o r t e d  s i t e  numbers 

- L i s t  of drum a d d r e s s e s  
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LM 

LOC 

LOOP 

M 4  

W T  

MDAU 

MFLOOD 

MF'LOW 

M I X  

MM 

MMAP 

MMT 

MO 

MREAC 

MS 

N 1  

N 2 1  

NA 

NCENT 

N D 1 ,  ND3, 

ND4, N D 7 ,  

NFLOW 

N I  

?XIS 

NISO 

bIM 

WTRAN Glossary 

- Number of months s t u d i e d  

- Current  p o s i t i o n  i n  t r i b u t a r y  t a b l e  

- Loop coun te r  

- I/O l o g i c a l  u n i t  

- L i s t  of t r i b u t a r i e s  

- Mother i s o t o p e  number 

-Count  of f l ood  d a t a  

- Subrout ine  f o r  t r i b u t a r y  flow c a l c u l a t i o n s  

- R e p o r t  i n d i c a t o r  f o r  t r i b u t a r y  mix p o i n t s  

- H o l l e r i t h  l ist  of month names 

- R i v e r  number a t  r a d i o n u c l i d e  sou rce  s i t e  

- T r i b u t a r y  r i v e r  number 

- L i s t  of days i n  each month 

- R i v e r  number a t  r a d i o n u c l i d e  sou rce  s i t e  

- L i s t  of r iver numbers 

-Program f l o w  i n d i c a t o r  

-I/O l o g i c a l  u n i t  

-Number of water i s o t o p e s  from atmospheric  d a t a  

- Number of popu la t ion  c e n t e r s  

-Drum p o i n t e r  a r r a y s  

-Number of f low d a t a  sets 

-Number of r i v e r  s e c t i o n s  

-Number of i s o t o p e s  

"List of water i s o t o p e  numbers ( s e r i a l  l ist f o r  a r r a y s )  

-Number of months 
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NMAP 

NP 

NPR 

NR 

NRAIN 

NREACT 

NRO, NRS 

NS 

NT4 

NTA, NTB, 

NTOPE 

NTOTAL 

NTR 

NTS, NTT, 

NTYPE 

NUM 

OBS 

OVERBD 

OVRBED 

PC 

PM 

POPCNT 

POPNO 

PS 

PTOBS 

QO 

WTRAN Glossary 

- Number of r i v e r s  inc luded  i n  c a l c u l a t i o n s  

- Number of r e a c t o r  sites 

- Number of p r i n t  l i n e s  p e r  page 

- Number of r i v e r s  

- Number of c e n t r o i d s  

- S e r i a l  number of  r ad ionuc l ide  sou rce  

- I/O l o g i c a l  u n i t s  

- Number of sediment d a t a  sets 

- Report i n d i c a t o r  

NTD, NTE, NTF, N T I ,  NTO - I/O l o g i c a l  units 

- Number of i s o t o p e s  cons idered .  

- Number of r e a c t o r  s i tes 

- I/O l o g i c a l  u n i t  

NTU - I / O  l o g i c a l  u n i t s  

- Program flow i n d i c a t o r  

- L i s t  of number of s i tes  on each r iver 

- Subrout ine  t o  check f o r  l o c a t i o n s  where c a l c u l a t i o n s  are needed 

- Input  overbed f lood  h e i g h t  

- Subrout ine  f o r  f lood  p l a i n  d e p o s i t i o n  c a l c u l a t i o n s  

- Percent  c l a y  i n  sediment 

- Percent  s i l t  i n  sediment 

- Subrout ine  f o r  reading  Liv ing  P a t t e r n s  Model t a p e  

- Count of popu la t ion  c e n t e r s  t o  be  r epor t ed  

- Percen t  sand i n  sediment 

- Popula t ion  c e n t e r  r i v e r  mile 

- Normal river flow 
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R - Array of runoff  d a t a  

R 1  - River code o r  r i v e r  name 

R2 - Rive r  name 

RAU - Decay time 

RBAS - Subrout ine  c a l c u l a t i n g  runoff c o n t r i b u t i o n s  t o  r i v e r s  

RBDPTS - Subrout ine  f o r  r ead ing  river s e c t i o n  d a t a  

RBED - Subrout ine  f o r  metric convers ion  

RBMILE - River  m i l e  

RC,  R C 1 ,  RC2, RCODE - River  code 

REACT - Subrout ine  t o  account f o r  r a d i o n u c l i d e  i n p u t s  t o  rivers a t  
sou rce  s i tes  

REACTA - R a t e  of r a d i o n u c l i d e  i n p u t  from s o u r c e  

REACTM - R i v e r  mi l e  a t  r a d i o n u c l i d e  s o u r c e  s i t e  

REND -River s e c t i o n  ending m i l e  

REPORT - Subrout ine  t o  r e p o r t  c a l c u l a t e d  d a t a  

R I ,  R I I  - I so tope  release r a t e  from source  

R I V ,  R I V C  - River  Code 

RIVEND - Report s i g n a l  

RIVM - River  m i l e  

RJ - Temporary s t o r a g e  

RM, RM1, RM2 - River m i l e  

RMAP - Subrou t ine  f o r  river map d a t a  p r o c e s s i n g  

RMB - River  m i l e  

RMILEM - River  m i l e  

RMK - L i s t  of r i v e r  m i l e s  

RMT - River  m i l e  

RNAME - River name 
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PREACT 

RSED 

RU 

RUN0 

RUNOF 

RUNPTS 

S 

s1 

s2 I 

SAU 

SB 

S EC 

SED, SEDP 

SEGM 

S I T E  

SORTF 

SRM 

WTRAN Glossary 

- Subrout ine  t o  r ead  and c o r r e l a t e  p l a n t  s i t e  l o c a t i o n  and 
i s o t o p e  release d a t a  

- Subrout ine  f o r  sediment c a l c u l a t i o n s  

- Annual r a i n f a l l  

- Subrout ine  f o r  runoff  c a l c u l a t i o n s  

- Rate of in f low of a i r -depos i t ed  i s o t o p e  i n t o  r i v e r  
from s u r f a c e  runoff  

- Subrout ine  t o  c o r r e l a t e  a tmospher ic  code l o c a t i o n  
d a t a  t o  r i v e r  b a s i n  d a t a  

- River  s u r f a c e  

- Upstream suspended sediment 

- Downstream suspended sediment 

- Decay t i m e  

- Sediment r a t e  

- Decay t i m e  

- Subrout ine  

- River  l e n g t h  

- D m y  v a r i a b l e  

- Subrout ine  f o r  d a t a  s o r t i n g  

- River  m i l e  

SSB, SSSB, SSSSB - Depth of r i v e r  sediment 

STAGE - Overbed river h e i g h t  

STAGEC - River  depth  a t  start  of f l o o d i n g  

STAGE0 - Normal r i v e r  depth  

SUM - Sum 

SUR, SURF - River  s u r f a c e  

SYM - I s o t o p e  symbol 

T1, T2, T3, T 4 ,  T5, T6, T7 - T o t a l s  
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TAU 

THICK 

THRU 

TM, TMILE 

TRIBU 

UM 

UMD 

v,  VOL 

w1, w2, w3, 

WATSUR 

- Decay t i m e  

- Overbed d e p o s i t  t h i c k n e s s  

- F i n i s h e d  s o r t i n g  s i g n a l  

- R i v e r  m i l e  

- Subrout ine f o r  c o r r e l a t i n g  d a t a  f o r  t r i b u t a r y  s t r eams  

-Upstream r i v e r  m i l e  

-Upstream r i v e r  m i l e  

- R i v e r  s e c t i o n  volume 

W4 River s e c t i o n  dimensions 

-Water s u r f a c e  

1 0 8 3 S 1 2  E-44 



DOSE Glossary 

A 

ACCUMF 

AKEY 

ALOS s 
AMWATR 

APEAR 

AR39 

AR4 1 

ARRAY 

BA140 

B E G I N  

BONE 

BUTTER 

C 

C14 

CALC 

CARD 

CE141 

CE144 

CENTER 

CENTRD 

C058 

- Logica l  u n i t  f o r  t a p e  assignment.  

- Accumulation c o e f f i c i e n t  used i n  FORAGE t o  compute d e p o s i t i o n  
loss through decay. 

- Word t o  s t o r e  i n  d i c t i o n a r y  t a b l e  (DT) t o  i d e n t i f y  t a b l e  be ing  
w r i t t e n  t o  drum. 

- Table  con ta in ing  d e p o s i t i o n  c o n c e n t r a t i o n s  f o r  c rops .  

- Contains consumption of d r i n k i n g  water i n  l i t e rs  f o r  each 
person type  by popu la t ion  t y p e .  

- Month of appearance f o r  food c rops .  

- I s o t o p e  i d e n t i f i e r  f o r  Argon-39. 

- I s o t o p e  i d e n t i f i e r  f o r  Argon 41. 

- Array t o  con ta in  t a b l e  i n  GET and PUT. 

- I s o t o p e  i d e n t i f i e r  f o r  Barium-140. 

- I n i t i a l  index f o r  d i c t i o n a r y  s e a r c h  i n  GET. 

- T i t l e  f o r  bone dose  r e p o r t s .  

- T i t l e  f o r  b u t t e r  dose  c o n t r i b u t i o n s .  

- I s o t o p e  c o n c e n t r a t i o n s  i n  food crops .  

- I s o t o p e  i d e n t i f i e r  f o r  Carbon-14. 

- Subrout ine  

- Logica l  u n i t  f o r  ca rd  r e a d e r ,  d e f i n e d  i n  PARAM. 

- I s o t o p e  i d e n t i f i e r  f o r  Cerium-141. 

- I s o t o p e  i d e n t i f i e r  f o r  Cerium-144. 

- Logica l  u n i t  f o r  l i v i n g  p a t t e r n s  t ape .  

- Centro id  number f o r  food source .  

- I s o t o p e  i d e n t i f i e r  f o r  Cobalt-58. 

C060 - I s o t o p e  i d e n t i f i e r  f o r  Cobalt-60. 
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CODE - I n t e g e r  v a r i a b l e  f o r  swi tch ing  codes.  

COMB - Combined concen t r a t ions  f o r  food c rops .  

CONC - Food crop  concen t r a t ions .  

CONCZ - Food crop concen t r a t ions .  

I 1  I t  I1 CONC3 - 
11 1 1  1 1  CONC4 - 
11 II 1 1  CONC5 - 

II I 1  CONC6 - I t  

CONCFA - Concent ra t ion  f a c t o r s  f o r  p l a n t s .  

CONST - A real cons t an t  used i n  MULTI. 

CORE - Sto rage  f o r  b ina ry  inpu t  d a t a .  
-i 

C R 5 1  

CROP - Subrout ine  

- I s o t o p e  i d e n t i f i e r  f o r  Chromium-51. 

CS134 - I so tope  i d e n t i f i e r  f o r  Cesium-134. 

I'  -137. 11 I I  CS137 - ' I  

I 1  Copper-64. I 1  1 1  CU64 - 
D 

D 1  - FPRSRT argument 

D2 - 
D3 - 
D4 - 

- Table f o r  d i e t  d a t a  f o r  each person  by popu la t ion  type .  

1 1  1 1  

11 II 

t i  II 

DATE - Date of r e p o r t  from parameter  i npu t  card .  
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DAYS - Time  f o r  decay c a l c u l a t i o n .  

DC - Temporary s t o r a g e  f o r  dose  v a l u e s .  

DECAY - Decay t ime between h a r v e s t  and consumption. 

DECAY1 -1 
Subrout ine  DECAY3 DECAY2 - -I 

DECAY4 - J 

DF - Dose f a c t o r s  f o r  dose  c a l c u l a t i o n s  from ca rd  inpu t .  

DIET - Subrout ine  

DIETS - Table  f o r  d i e t  d a t a  from l i v i n g  p a t t e r n s  t ape .  

DOSERP - Subrout ine  

DRIVER - Subrout ine  

DRUM - Logica l  u n i t  f o r  drum s t o r a g e .  

DS1 - I  
Dose t a b l e s  f o r  r e p o r t s .  

DS 2 
DS 3 

- I  DS 4 

DT - Dic t iona ry  t a b l e  f o r  s t o r a g e  of a r r a y s .  

DUMMY - I n t e r i m  s t o r a g e  v a r i a b l e .  

DUMP - Subrout ine .  

E2 
E 4  
E7 I )  Array t o  s t o r e  dose  c a l c u l a t i o n  c o n s t a n t s .  
E 8  - 
E9 - 
EOF - V a r i a b l e  t o  i n d i c a t e  end of l i v i n g  p a t t e r n s  tape.  

ETIME - I n t e r n a l  c lock  r o u t i n e  f o r  t i m e  checks. 

ETIMEF - I n t e r n a l  c lock  r o u t i n e  f o r  time checks.  

EXP - Exponent ia l  f o r  decay c a l c u l a t i o n s .  

11 I t  11 I 1  EW2 - 
FE55 - I s o t o p e  i d e n t i f i e r  f o r  Iron-55. 
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FE59 - I s o t o p e  i d e n t i f i e r  f o r  Iron-59. 

FEMPTY - Entry  p o i n t  i n  FPRSRT. 

11 I I  I1  1 1  FFILE - 
FGET - I ?  11  11 I 1  

FILTBL - Argument f o r  FPRSRT. 

n D  - F i e l d  f u n c t i o n .  

FLOAT 

FM1 
FM2 
FM3 

- I n t e r n a l  f l o a t i n g  p o i n t  conversion f u n c t i o n .  

V a r i a b l e  formats  f o r  r e p o r t s .  

FMERGE - Entry  p o i n t  i n  FPRSRT. 

FMT - V a r i a b l e  format a r r a y  f o r  r e p o r t s .  

V a r i a b l e  formats  f o r  r e p o r t s .  FPIT3 - 

FOOD - Subrout ine  

FORAGE - Subrout ine  

FPRSRT - Subrout ine  

FRACT - Contains  f r a c t i o n  o f  monthly household consumption 
f o r  d i e t  by person type.  

FT - Temporary s t o r a g e  i n  GET and PUT. 

GET - Subrout ine  

H - Table  f o r  h a b i t  d a t a  i n  POPFIL. 

HABIT - T a b l e  f o r  h a b i t  d a t a  i n  MULT. 

HAFIZE - E f f e c t i v e  decay c o n s t a n t .  

HAFIZR - R a d i o l o g i c a l  decay c o n s t a n t .  

HARVES - Nonth of h a r v e s t  f o r  c r o p s .  

HARVST - Data f o r  month of h a r v e s t  f o r  c rops .  

KF - F r a c t i o n  of r ec r . ea t ion  hours  p e r  month t o  a s s i g n  t o  person  
types  i n  each c e n t r o i d .  
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I 

I1 

I129 

I131 

I132 

I133 

I135 

I2 
I 3  

IABS 

IADD 

I A W Y  

I C  

I C A L C  

ICENTR 

I CK 

ICODE 

I C O R E  

I D  

IDEBUG 

I DENT 

IDUMX 

IEND 

IERROR 

IFC 

IFD 

DOSE Glossary 

- Indexing v a r i a b l e .  

- Indexing v a r i a b l e .  

- I s o t o p e  i d e n t i f i e r  f o r  Iodine-129. 

" -131. 

" -132. 

I' -133. 

-135. 

II 1 1  11 - 
- I1 I I  I 1  

I 1  I 1  II - 
II I 1  1 1  - 

Indexing v a r i a b l e .  - - }  
- I n t e r n a l  f u n c t i o n  t o  de te rmine  a b s o l u t e  va lue .  

- Paging s w i t c h  f o r  r e p o r t s .  

- Array c o n t a i n i n g  r e c o r d s  t o  be  s o r t e d  i n  SORTER. 

- Table w i t h  l a s t  e n t r y  f o r  each n u c l i d e  i n  t h e  c o n c e n t r a t i o n  t a b l e .  

- Switch f o r  t i m e  check i n  DRIVER. 

- Popula t ion  c e n t e r  code t o  s e a r c h  l i v i n g  p a t t e r n s  f i l e .  

- Switch v a r i a b l e  i n  READER. 

- Dose t a b l e  index f o r  person  type.  

- I s o t o p e  index s t o r a g e  f o r  mapping indexes  between t r a n s p o r t  
codes and DOSE. 

- T a b l e  w i t h  l a s t  e n t r y  f o r  each t y p e  of person i n  t h e  d i e t  t a b l e .  

- Switch v a r i a b l e  f o r  c a l l s  t o  DUMP. 

- Popula t ion  types  from l i v i n g  p a t t e r n s  t ape .  

- Dummy swi tch  v a r i a b l e  i n  FOOD. 

- Dummy swi tch  v a r i a b l e  i n  FOOD. 

- V a r i a b l e  f o r  DOSE e r r o r  message i n  DRIVER. 

- Switch v a r i a b l e  d e f i n e d  by I C  t a b l e .  

II I 1  
I' I D  I' 

II - 
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I 

IFH - Switch v a r i a b l e  def ined  by I D  t a b l e .  

IFIRST - Switch v a r i a b l e  f o r  l i v i n g  p a t t e r n s  e r r o r  messages. 

IFT - I n t e g e r  s t o r a g e  i n  PUT. 

I H  - Habit  t a b l e  c o n t a i n i n g  d i c t i o n a r y  keys.  

IJMP - Switch v a r i a b l e  f o r  h a b i t  c a l c u l a t i o n s  i n  POPFIL. 

IMAGE - Variab le  t o  write c a r d  image f o r  parameter  card  e r r o s .  

I n t e g e r  v a r i a b l e  f o r  s u b s c r i p t  c a l c u l a t i o n s .  1 INDEX - 
INDEX1 - 
INDEX2 - 
INDEX9 - 
I N D X  - 
INFO - S t o r a g e  f o r  l i v i n g  p a t t e r n s  d a t a .  

INTAKE - I n t a k e  t a b l e  f o r  FORAGE. 

I O  - Array f o r  l o g i c a l  u n i t s ,  se t  up i n  P M .  
\ 

Report w r i t i n g  v a r i a b l e .  
I O P T l  - I 
IOPT2 - 

J 

IOTABL - Table  t o  se t  up l o g i c a l  u n i t s  i n  PARAM. 

IPAGE - Paging index f o r  r e p o r t s .  

IPATH - I n t e g e r  a r r a y  of p a t h  d a t a .  

IPRES - Switch f o r  p e r c e n t  of t o t a l  dose  c a l c u l a t i o n s .  

IREC - V a r i a b l e  t o  read  i n  b i n a r y  d a t a  in READER. 

ISC - Index f o r  f i r s t  non-zero c o n c e n t r a t i o n  d a t a .  

ISD - Index f o r  f i r s t :  non-zero d i e t  d a t a .  

ISECND - Switch f o r  dose  o r  dose  commitment c a l c u l a t i o n s .  

ISEL - Table  c o n t a i n i n g  i s o t o p e s  s e l e c t e d  f o r  c a l c u l a t i o n  by 
i n p u t  parameter  c a r d .  

ISH - Index f o r  f i r s t  non-zero h a b i t  d a t a .  

I S 0  - Index f o r  n u c l i d e  mapping between b i n a r y  d a t a  i n p u t  and master l i s t .  

ISONEW - V a r i a b l e  f o r  new month of h a r v e s t  c o n c e n t r a t i o n .  
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ISOOLD 

ISOTOP 

ISTART 

ISTOP 

I sw 

ITABL6 

ITABLE 

ITEMS 

ITOTAL 

ITS 

J CODE 

JTABLE 

KEY 

KEYS 

KNDEX 

KR8 5 

KR8 5M 

K R 8  7 

KR88 

L 1  
L 2  
L 3  
L4 
L6 
L8 

LA140 

LAST1 

LCODE 

- V a r i a b l e  f o r  o l d  month of h a r v e s t  c o n c e n t r a t i o n .  

- I s o t o p e  index  v a r i a b l e .  

- Index f o r  s tar t  of dose t o t a l s  r e p o r t i n g .  

- Index f o r  end of d o s e  t o t a l s  r e p o r t i n g .  

- Argument f o r  s u b r o u t i n e  index i n  TIMER. 

- Index f o r  heading swi tch  i n  SUMMARY. 

- Argument f o r  t a b l e  l e n g t h  i n  FPRSRT. 

- Number of items i n  each r e c o r d  i n  SORTER. 

- I n t e g e r  t a b l e  equivalenced t o  TOTAL. 

- I n t e g e r  equivalenced t o  TOTALS. 

- Dose t a b l e  index f o r  i s o t o p e  number. 

- Dict ionary  index  f o r  FPRSRT. 

- Centroid number i n  b i n a r y  d a t a  r ead .  

- Funct ion s u b r o u t i n e .  

- S t a r t i n g  a r r a y  v a l u e  f o r  most used d e p o s i t i o n  t a b l e s  i n  FOOD. 

- I s o t o p e  i d e n t i f i e r  f o r  Krypton-85. 

- I s o t o p e  i d e n t i f i e r  f o r  Krypton-85m 

- I s o t o p e  i d e n t i f i e r  f o r  Krypton-87. 

- I s o t o p e  i d e n t i f i e r  f o r  Krypton-88. 

- V a r i a b l e  a r r a y  l e n g t h s  used f o r  c a l l  t o  GET. 
- :I - 

- I s o t o p e  i d e n t i f i e r  f o r  Lanthanum 140. 

- V a r i a b l e  f o r  h o l l e r i t h  s w i t c h  LAST read  from f i n a l  
c e n t r o i d  parameter  ca rd .  

- Dose t a b l e  index f o r  organ type.  
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LD 

LEN 

LENCOM 

LENCON 

LENDIE 

LENDOS 

LENDSF 

LENGC i 

LENGDC 

LENGDF 

LENGTC 

LENGTE 

LENHAB 

LENLO S 

LGTH 

LIFEIZ 

LINES 

LIVER 

LL I 

LOC 

LOCAL 

LOCATE 

LOS s 

LSD 

LSTAT 

LU 
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- Length of d i c t i o n a r y  t a b l e .  

- Length of t a b l e  i n  READER. 

- Length of a combined c o n c e n t r a t i o n  t a b l e .  

- Length of a c o n c e n t r a t i o n  t a b l e .  

- Length of a d i e t  t a b l e .  

- Length of a dose  t a b l e .  

- Length of dose  f a c t o r s  t a b l e .  

- Lengtn of c o n c e n t r a t i o n  t a b l e s ,  i from 2 through 7 .  

- Length of dose  commitment f a c t o r s  t a b l e .  

- Length of s h o r t  term d e p o s i t i o n  c o n c e c t r a t i o n s  t a b l e .  

- Length of t o t a l  f o o d s t u f f s  c o n c e n t r a t i o n  t a b l e .  

- Lengtn of c o n c e n t r a t i o n  t a b l e s .  

- Length of h a b i t s  t a b l e .  

- Length of l o s s  f a c t o r s  t s b l e .  

- Length of c o n c e n t r a t i o n  t a b l e s .  

- Radio logica l  h a l f  l i v e s  f o r  i s o t o p e s .  

- Paging swi tch  f o r  r e p o r t s .  

- I d e n t i f i e r  f o r  l i v e r  dose r e p o r t s .  

- I d e n t i f i e r  f o r  GI-Tract dose  r e p o r t s  (Lower Large I n t e s t i n e ) .  

- Centro id  number f o r  d a t a  i n p u t .  

- Centroid number f o r  l o c a l l y  produced f o o d s t u f f s  swi tch .  

- Centroid number from l i v i n g  p a t t e r n s  t a p e .  

- Loss f a c t o r  t a b l e .  

- Length of s o r t e d  d i c t i o n a r y  t a b l e .  

- S t a t u s  word f o r  check of NTRAN o p e r a t i o n s .  

- Logica l  u n i t  f o r  I / O  s t a t e m e n t s .  
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LUNGS 

MAP 

MAPA 

M A P W  

MAX 

MERGE 

MD 

MN54 

MO99 

MOD 

MONTH .4 

MONTIiC 

MONTHD 

MONTHH 

MULT 
MULT 1 
MULT 2 
KULT3 

N13 

NA22 

NA24 

NB95 

N I  63 

NISHL 

NO 

NOCRD 

NO I N  
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- I d e n t i f i e r  f o r  lung  dose r e p o r t s .  

- Switch a r r a y  f o r  food c a l c u l a t i o n s  d e f i n e d  i n  STARTF used i n  FOOD. 

- Array t o  change a i r  i s o t o p e  i n d i c e s  t o  master l i s t  i n d i c e s .  

- Array t o  change water i s o t o p e  i n d i c e s  t o  master l i s t  i n d i c e s .  

- I n t e r n a l  r o u t i n e  t o  determine l a r g e s t  number i n  an a r r a y .  

- Subrout ine.  

- Middle index of a n  a r r a y  f o r  drum s e a r c h  i n  GET. 

- I s o t o p e  i d e n t i f i e r  f o r  Manganese-54. 

- I s o t o p e  i d e n t i f i e r  f o r  Molybdenum-99. 

- I n t e r n a l  r o u t i n e .  

- Month of c a l c u l a t i o n .  

- Month of c o n c e n t r a t i o n  d a t a .  

- Month of d i e t  d a t a .  

- Month of h a b i t  d a t a .  

Subrout ine.  - 
- Ij 
- I s o t o p e  i d e n t i f i e r  f o r  Nitrogen-13. 

- I s o t o p e  i d e n t i f i e r  f o r  Sodium-22 

- I s o t o p e  i d e n t i f i e r  f o r  Sodium-24. 

- I s o t o p e  i d e n t i f i e r  f o r  Niobium-95. 

- I s o t o p e  i d e n t i f i e r  f o r  Nickel-63. 

- Switch v a r i a b l e  i n  POPFIL. 

- Array index f o r  h a b i t  t a b l e  i n  POPFIL. 

- Card number f o r  c e n t r o i d  parameter  ca rds .  

- Number of r e c o r d s  p u t  i n  t o  SORTER. 

NONUCL - Number of i s o t o p e s  f o r  l o o p  l i m i t s .  
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NOPATH 

NOUT 

NTOTAL 

NTRtU 

NUM 

NUMDMi 

ORGAN 

OVRLAY 

PARAM 

PERCNl 

- Number of p a t h s  f o r  loop l i m i t s .  

- Number of r e c o r d s  o u t  of SORTER. 

- Number of r e t e n t i o n  f a c t o r s .  

- I n t e r n a l  drum and t a p e  u t i l i t y  r o u t i n e .  

- Maximum number of  h a r v e s t  months. 

- Dummy word f o r  l a s t  record  on b i n a r y  d a t a  t a p e s ,  i from 1 through 3 .  

- H o l l e r i t h  c o n s t a n t  f o r  r e p o r t s .  

- Equivalenced s t o r a g e  a r r a y  i n  DIET. 

- Subrout ine.  

- Percent  of t o t a l  p roduct ion  i r r i g a t e d .  

PERSON 4 -  Number of people  i n  a n  i n d i v i d u a l ,  age c a t e g o r y  f o r  a p a r t i c u l a r  
c e n t r o i d .  

POPFIL - Subrout ine .  

POPULT - T o t a l  p o p u l a t i o n  of a c e n t r o i d  from t h e  l i v i n g  p a t t e r n s  t a p e .  

PUT - Subrout ine .  

QUANT - Monthly consumption v e c t o r  f o r  l i v e s t o c k .  

QUANTl - Forage i n t a k e  f o r  animals .  

QUANT2 - Grain  i n t a k e  f o r  animals .  

QUANT3 - S t o r e d  feed  i n t a k e  r a t e s  f o r  animals .  

QUNTW - Water consumption f o r  animals .  

RATE - I r r i g a t i o n  r a t e  f o r  food crops .  

RATE1 - I r r i g a t i o n  ra te .  

RATIO - F r a c t i o n  of t o t a l  c e n t r o i d  popula t ion  i n  a p a r t i c u l a r  age 
ca tegory .  

READER - Subrout ine.  

REC - I n p u t  a r r a y  f o r  l i v i n g  p a t t e r n s  d a t a .  

REPEAT - Eumber of  months o f  h a r v e s t .  

REPORT - Logica l  u n i t  f o r  l i n e  p r i n t e r .  
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REREAD 

RESET 

RETENT 

RETNTB 

RICE 

RINF'O 

RNF 

RU103 

RU106 

RUF 

SET 

S K I N  

SKIP 

SORTC 

SORTER 

SR89 

SR90 

S RTKEY 

S TARTF 

SUMMARY 

T i  
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- Logica l  u n i t  f o r  r e read .  

- Entry  p o i n t  i n  PUT f o r  non-scratch area from drum. 

- P l a n t  r e t e n t i o n  f a c t o r s .  

- Dummy r e t e n t i o n  f a c t o r s  f o r  cows. 

- I d e n t i f i e r  f o r  rice dose r e p o r t s .  

- Real v a r i a b l e  equivalenced t o  INFO. 

- Acronym t o  i d e n t i f y  r u r a l  non-farm c e n t r o i d s .  

- I so tope  i d e n t i f i e r  f o r  Ruthenium-103. 

- I so tope  i d e n t i f i e r  f o r  Ruthenium-106. 

- Acronym t o  i d e n t i f y  r u r a l  farm c e n t r o i d s .  

- Entry p o i n t  i n  PUT t o  save  s t a r t i n g  drum address .  

- I d e n t i f i e r  f o r  s k i n  dose r e p o r t s .  

- Switch t o  s k i p  cont inued c a l c u l a t i o n  i f  remaining t i m e  i s  
i n s u f f i c i e n t  . 

- Subrout ine .  

- Subrout ine.  

- I s o t o p e  i d e n t i f i e r  f o r  Strontium-89. 

- I so tope  i d e n t i f i e r  f o r  Strontium-90. 

- Subrout ine.  

- Subrout ine.  

- Subrout ine.  

- Table  i i n  MERGE, i from 1 through 3 .  

TiCOUN - Constan ts  i n  MERGE, i from 1 through 3 .  

TILENG - Number of e n t r i e s  i n  t a b l e  i i n  MERGE, i from 1 through 3 .  

TABLE - Data a r r a y .  

TAPE - Subrout ine .  

TCHEK -Subrout ine.  
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TE132 

TIMER - Subrout ine.  

TIMET - Running tome s t o r a g e .  

TOTAL - T o t a l  dose  a r r a y  f o r  summary r e p o r t s .  

TOTALS 

- I s o t o p e  i d e n t i f i e r  f o r  Tellurium-132. 

- T o t a l  dose  times t o t a l  popula t ion  f o r  i n t e g r a t e d  dose  r e p o r t s .  

TRANS 

TRANSF 

TRANSL 

TYPE 

URB 

VECTOR 

WHEAT 

a 1 3 1  

X-133 

XE133M 

XE135 

XE135M 

X E 1 3 8  

Y I E L D  

Y IELDF 

Z 

ZERO1 

ZN65 

ZR95 

- T r a n s l o c a t i o n  f a c t o r s  f o r  food crops .  

- T r a n s f e r  c o e f f i c i e n t s  f o r  f o o d s t u f f s .  

- T r a n s l o c a t i o n  f a c t o r s  f o r  foods.  

- p o p u l a t i o n  type  by re la t ive  p o p u l a t i o n  c o n c e n t r a t i o n .  

- Acronym f o r  urban popula t ion  type .  

- Data a r r a y  f o r  m u l t i p l i c a t i o n  s u b r o u t i n e s  MULT2, MTLT3. 

- I d e n t i f i e r  f o r  wheat dose  c o n t r i b u t i o n s .  

- I s o t o p e  i d e n t i f i e r  f o r  Xenon-131. 

- I s o t o p e  i d e n t i f i e r  f o r  Xenon-133. 

- I s o t o p e  i d e n t i f i e r  f o r  Xenon-133m. 

- I s o t o p e  i d e n t i f i e r  f o r  Xenon-135. 

- I s o t o p e  i d e n t i f i e r  f o r  Xenon-135m. 

- I s o t o p e  i d e n t i f i e r  f o r  Xenon-138. 

- Yield f a c t o r  f o r  p a r t i c u l a r  t y p e  of crop.  

- Data a r r a y  f o r  c rop  y i e l d  f a c t o r s .  

- Argument i n  t i m e  s u b r o u t i n e s .  

- Subrout ine .  

- I s o t o p e  i d e n t i f i e r  f o r  Zinc-65. 

- I s o t o p e  i d e n t i f i e r  f o r  Zirconium-95. 
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