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RACER - A COMPUTER PROGRAM FOR 

CALCULATING POTENTIAL EXTERNAL DOSE 

FROM AIRBORNE FISSION PRODUCTS 

FOLLOWING POSTULATED REACTOR ACCIDENTS 

I n  t h e  s p r i n g  o f  1967 t h e  USAEC D i v i s i o n  o f  Reactor Development and 

Technology (DRDT) i n v i t e d  severa l  l a b o r a t o r i e s  and companies t o  p a r t i c i p a t e  

i n  a  survey designed t o  compare methods o f  c a l c u l a t i n g  t h e  p o t e n t i a l  

environmental  r a d i o l o g i c a l  consequences o f  r e a c t o r  acc iden ts .  The p a r t i -  

c i  pants  were asked t o  c a l c u l a t e  t h e  t i m e - i n t e g r a t e d  a i r  concen t ra t i on  and 

t h e  t h y r o i d  and t he  whole body doses f rom an atmospheric r e l ease  o f  r a d i o -  

nuc l i des .  These doses were t o  be c a l c u l a t e d  a t  s p e c i f i e d  d is tances  f rom 

a  s p e c i f i e d  f r a c t i o n a l  r e l ease  o f  a  r e a c t o r  f i - s s i  on p roduc t  i nven to ry .  

Other s p e c i f i e d  parameters were: t h e  thermal power and o p e r a t i n g  t ime  o f  

t h e  reac to r ,  t h e  r a t e  o f  r e l ease  and t h e  h e i g h t  o f  re lease .  The same 

atmospheric d i s p e r s i o n  parameters were t o  be used by t h e  p a r t i c i p a n t s .  

A comparison o f  t he  c a l c u l a t i o n  r e s u l t s  showed reasonably  good agreement f o r  

t h e  t h y r o i d  dose es t imates  b u t  ve ry  poor agreement f o r  es t imates  o f  t h e  

e x t e r n a l  whole body dose. As a  r e s u l t  o f  t h i s  study, DRDT requested the. 

Paci f i c  Northwest Laboratory ,  B a t t e l l  e  , to.  s tudy e x i  s  ti ng who1 e  body dose 

c a l c u l a t i o h a l  methods f rom atmospheric re leases  o f  r e a c t o r  generated r a d i o -  

nuc l i des .  As a  r e s u l t  o f  t h i s  s tudy,  a computer program was developed f o r  

c a l c u l a t i n g  t h e  e x t e r n a l  dose t o  people exposed t o  a  pass ing c l oud  o f  r a d i o -  

n u c l i d e s  re leased  t o  t h e  atmosphere f o l l o w i n g  a  p o s t u l a t e d  r e a c t o r  acc iden t .  

Th i s  program, c a l l e d  RACER, i s  descr ibed  i n  t h i s  r e p o r t .  

I. PROGRAM OBJECTIVE 

The o b j e c t i v e  o f  t h e  program i s  t o  develop g e n e r a l l y  accepted methods 

which r e a l i s t i c a l l y  es t ima te  t h e  whole body dose t o  man f rom a i r b o r n e  

rad ionuc l i des  which may be a c c i d e n t a l l y  re leased  t o  t h e  atmosphere 

f o l l  owing a p o s t u l a t e d  nuc lea r  r e a c t o r  acc iden t .  'Several  tasks  were 

e s t a b l i s h e d  t o  accompl ish t h i s  o v e r a l l  o b j e c t i v e :  



1. To develo'p mathematical methods for  calculating the t issue dose . 

from airborne radionuclides accidentally released to  the atmosphere. 

2. To program developed ma'thematical methods for  solution by electronic 

data processing methods. 

3 .  To assess the e f fec t  on dose estimates of uncertainties inherent in 

existing values o f  fission yields and decay energies of radi onucl ides 

anticipated to  be re1 eased. 

4. To identify those 'radionucl ides which contribute to  90% of the 

whole body dose from an atmospheric release as a' function of:  

i r radiat ion history,  time of release following shutdown, and 
fractionation of radionuclide inventory experienced during release. . 

Tasks 3 and 4 were abandoned because of funding problems. 

Suggestions and comments were so l ic i ted  from those sc i en t i s t s  and 
engineers knowledgeable in assessing the environmental consequences 

of reactor accidents to  help the investigators determine tha t  the 

recommended methods and the computerized codes are useful t o  the 
nuclear industry. Coments and suggestions received are summarized 
in Appendix H .  

SUMMARY 

Mathematical methods have been developed or adopted and corresponding 

computer programs completed. These programs permit rapid and consis- 

ten t  estimates of whole body dose resulting from exposure to  a plume 
of airborne radionuclides accidentally released from a nuclear reactor. 

The method and computer program developed by th i s  study incorporates 

the desirable features of existing methods and programs into a single 

e f f i c i en t  prograrn. The desirabi 1 i ty of the incorporated features was 

determined a f t e r  analysis of the resul ts  of a survey of investigators 
experienced in the f i e ld  of environmental radiation dose calculations. 



111. MATHEMATICAL MODELS AND METHODS - TASK 1  &. 2 

I t  was decided e a r l y  i n  t h i s  study t o  attempt mathematical d e s c r i p t i o n  

o f  the  acc identa l  re lease i n  o rder  t o  make the  dose c a l c u l a t i o n s  as 

r e a l i s t i c  as p rac t i cab le .  An at tempt has been made t o  make the  program 

f l e x i b l e  enough so t h a t  'new models , as they are  developed, can be i nco r -  

porated w i thou t  extensive reprograming. Appendix A describes the  

mathematical models used i n  RACER. 

Various stages which have been p rev ious l y  i d e n t i f i e d  i n  t he  acc identa l  

re lease o f  r e a c t o r  produced rad ionuc l ides ,  inc lude:  

Source i nventory - choi ce ' o f  r a d i  onucl ides  , dacay schemes (photon 

energies) ,  q u a n t i t y  ( i n i t i a l  a c t i v i t y ) .  

Aerosol behavior w i t h i n  containment spaces. 

Leakage r a t e s  from containment b a r r i e r s  (mu1 t i p l e  containment 

e f f e c t s )  .. 

Atmospheric d ispers ion .  

Cloud s i z e  e f f e c t  on ex terna l  dose est imates. 

Bui ld-up f a c t o r s .  

Whole body dose from cloud. 

Each o f  t he  preceding stages i s  incorpora ted  i n t o  the  model and program 

t o  be described; however, t he re  a re  several  poss ib le  s t a r t i n g  places 

f o r  the. c a l c u l a t i o n  depending on the  i n fo rma t ion  one has a v a i l a b l e .  For 

example, i f  d e t a i l e d  i n fo rma t ion  on the t ime and space d i s t r i b u t i o n  o f  

each a i rborne rad ionuc l i de  i s  ava i l ab le ,  t he  dose c a l c u l a t i o n  would be 

p r i m a r i l y  a  s h i e l d i n g  problem and the  s t a r t i n g  p o i n t  would be a  des- 

c r i p t i o n  o f  t h a t  time-space rad ionuc l i de  d i s t r i b u t i o n .  Another s t a r t i n g  

p o i n t  might  be w i t h  the  re lease sate t o  the  atmosphere, o f  rad ionuc l ides  

a t  the  containment vessel.  Atmospheric d i spe rs ion  would then be a  



p a r t  o f  the  problem. With such a  s t a r t i n g  po in t ,  t h e ' r a t e  o f  re lease a , 

o f  each iso tope as a  f u n c t i o n  o f  t ime would be necessary i n  o rder  t o  
. . 

spec i fy  t he  source term. E a r l i e r  s t a r t i n g  po in t s  would i nc lude  descr ip -  

t i o n  o f  the  containment system ac t ion ,  aerosol behavior,  and behavior  

o f  f i s s i o n  products i n  the  reac to r  core. The' computer program, RACER, 

has been designed so t h a t  several  s t a r t i n g  p o i n t s  a re  poss ib le .  It a l so  

permi ts  t he  user t o  incorpora te  d i f f e r e n t  amounts o f  d e t a i l  i n  account- 

i n g  f o r  the  var ious  release, t r a n s p o r t  and d i spe rs ion  mechanisms between 

the se lec ted  s t a r t i n g  p o i n t  and the  dose c a l c u l a t i o n  r e s u l t .  A  b r i e f  

d e s c r i p t i o n  o f  the  program design i s  g iven i n  Appendix B and t h e  program 

f l ow  diagram i s  presented i n  Appendix C. 

Source In fo rma t i  on 

The s imp les t  way o f  us ing  the  code i s  t o  spec i f y  an i n i t i a l  f i s s i o n  

product  i nven to ry  i n  cur ies .  This  requ i res  a  minimum amount o f  i n p u t .  

The computer code w i l l  then f o l l o w  the  cha in  decay o f  t he  rad ionuc l  ides 
w 

s p e c i f i e d  and w i l l  determine the  r a t e  o f  re lease t o  the  envi rons accord- 

i n g  t o  the  l eak  r a t e  ( o r  r a t e s  i f  m u l t i p l e  conta iners  are  invo lved)  

spec i f i ed .  The spec i f ied '  inventory  o f  rad ionuc l  ides  can be generated by 

any code o r  taken from tab les .  To be used by t h i s  code, t he  i nven to ry  so 

s p e c i f i e d  must be entered on punched cards i n  a  s imple prescr ibed format.  

I npu t  p repara t ion  i s  described i n  Appendix F. Parent n u c l i d e  decay and 

bu i l dup  o f  daughter rad ionuc l ides  which occur w i t h  t ime w i l l  be ca lcu-  

l a t e d  u t i l i z i n g  i n t e r n a l  l i b r a r y  data on h a l f  l i v e s  and decay schemes. 

An a l t e r n a t i v e  t o  spec i f y i ng  the  i n i t i a l  source inventory ,  i s  t o  use the 

incorpora ted  program o f  generat ing an inventory .  This  program i s  an 

adaptat ion o f  t he  computer code R IBD .  ( 2 )  This  program provides a  simple 

method f o r  s p e c i f y i n g  the  sour,ce inventory  as a  func t ion  o f  i r r a d i a t i o n  

h i s t o r y .  It accourits f o r  on l y  two f i s s i o n  sources and uses o n l y  a s i n g l e  

nuc lear  i n t e r a c t i o n  cross sect ior; .  Tni~s, i t s  abi  1  i t y  t o  p rov ide  acct irate 

i nven to ry  data i s  1  i a i i c d  f o r  reac tc rs  t h a t  have a p ~ r e c i a b l e  ep i  thermal 

neutron i n t e r a c t i o n s ,  i . e .  f i s s i o n  o r  c a ~ t u r e .  I t s  l i m i t a t i o n s  becone 

of l ess  concern f o r  environnletital r a d i a t i o n  dose c a l c u l a t i c ~ i s  when com- 

pared w i t h  the  u n c e r t a i n t i e s  i nhe ren t  i n  the  o ther  stages o f  t he  

ca lcu? a t i o n .  



Source Inventory  

I t  i s  requ i red  t o  supply an i n i t i a l  inventory ,  e i t h e r  by c a l c u l a t i o n  o r  

by spec i f i ca t i on . '  Any number o f  rad ionuc l ides  can be s p e c i f i e d  f o r  the 

i nven to ry  c a l c u l a t i o n .  It' may be poss ib le  t o  determine i n  advance which 

nuc l ides  are  s i g n i f i c a n t  i n  the  dose c a l c u l a t i o n  f o r  a  g iven s e t  o f  

cond i t ions ,  however, i n  us ing t h i s  procedure the  user must be c a r e f u l  

no t  t o  i n a d v e r t e n t l y  over look a  n u c l i d e  t h a t  i s  r e l a t i v e l y  important  a t  

some o the r  i n t e r n a l  o f  the  dose c a l c u l a t i o n .  For example, i f  one assumes 

f r a c t i o n a t i o n  so t h a t  on l y  t he  noble gases are  re leased f o r  the  f i r s t  

few hours a f t e r  a  reac to r  acc ident ,  87Kr and 8 8 K r  a re  the  most impor tan t  

rad ionuc l  ides .  A f t e r  a  day o r  two, 133Xe and 35Xe become the  most 

s i g n i f i c a n t  and even tua l l y  a f t e r  many days, 8 5 K r  becomes s i g n i f i c a n t .  

F l e x i b i l i t y  i s  maintained i n  s o l v i n g  problems which assume d i f f e r e n t  

f i s s i o n  product  f r a c t i o n a t i o n  and decay t imes, by a  l i b r a r y  o f  informa- 

t i o n  i n  the computer code which conta ins data on 450 f i s s i o n  products 

which may be o f  i n t e r e s t  i n  r e a c t o r  acc ident  problems. This  l i b r a r y  i s  

open ended and the number o f  nuc l ides  t o  be used i n  the c a l c u l a t i o n  may 

be reduced by removing the unwanted nucl ides from the  l i b r a r y .  The data 

l i b r a r y  i s  described i n  Appendix D. With t h i s  v a r i a b l e  l i b r a r y ,  i t  i s  

poss ib le  t o  conduct parametr ic  s tudies,  and determine which nuc l ides  

are  o f  importance f o r  var ious  types o f  problems. 

Decay . .  Scheme . . . 

There i s  no s i n g l e  source which conta ins a l l  t he  s u i t a b l e  i n fo rma t ion  f o r  

the  nuc l ides  o f  i n t e r e s t  i n  r e a c t o r  acc ident  dose c a l c u l a t i o n s .  Most o f  

the bas ic  i n fo rma t ion  on decay schemes i s  ava i ' lab le  from tab les  such 

as those prepared by Lederer, Hol lander, and ~ e r l m a n ( ~ )  o r  Lando l t  and 

Borns t e i  n  . ( 4 )  The use o f  these data i n  r a d i o l o g i c a l  dose c a l c u l a t i o n s  

invo lves  in te rmed ia te  c a l c u l a t i o n s  f o r  i tems such as ob ta in ing  the e f f e c -  

t i v e  gamma o r  'be ta  energy per d i s i n t e g r a t i o n .  Useful  b u t  incomplete 

compi lat ions o f  data i n  a  form r e a d i l y  useable i n  r a d i a t i o n  dose calcu-  

l a t i o n s  have been prepared by Meek and G i l b e r t  ( 5 )  and Meek and Rider .  ( 6 )  



Aerosol Behavior 

It i s  n o t  d e s i r a b l e  t o  s e t t l e  on any one aerosol  behav io r  model a t  t h i s  

t ime.  So i n s t e a d  o f  i n c l u d i n g  any aeroso l  behav io r  model a  gene ra l i zed  

method o f  i n t e r f a c i n g  w i t h  aerosol  behav io r  codes has been supp l ied .  

Th is  method permi ts  use o f  e i t h e r  t h e o r e t i c a l  l y  de r i ved  o r  expe r imen ta l l y  

generated data.  Th is  a l l ows  t h e  code t o  account f o r  aeroso l  behav io r  

w i t h o u t  be ing  permanent ly t i e d  t o  a  s p e c i f i c  model. 

Terms d e s c r i b i n g  aeroso l  behavior ,  f i  1  t r a t i o n ,  and resuspension ( f o r  

nob le  gases produced f rom s e t t l e d  m a t e r i a l )  were cons idered necessary 

f o r  each b a r r i e r .  A t . t h e  p resen t  t ime,  few models t ake  c r e d i t  f o r  

aerosol  behav io r  e f f e c t s  i n  containment;  however, da ta  now be ing  gener- 

a ted  i n d i c a t e  these e f f e c t s  can be s i g n i f i c a n t . .  Th i s  i s  e s p e c i a l l y  t r u e  

f o r  the  f a s t  r e a c t o r  where t h e  p o s t u l a t e d  acc iden t  and subsequent 

r e l ease  i n v o l v e  l a r g e  q u a n t i t i e s  o f  sodium. There i s  no general  agree- 

ment, however, on aeroso l  models f o r  s p e c i f i c  a p p l i c a t i o n  t o  b o i l i n g  

water  r eac to r s ,  p ressu r i zed  wate r  r eac to r s ,  r e a c t o r s  w i t h  i c e  condensor 

systems, o r  sodium cooled f a s t  r eac to r s .  

The aerosol  behav io r  s e c t i o n  o f  t h e  code was developed f o r  a n a l y s i s  o f  

t h e  FFTF s i t e ,  s p e c i f i c a l l y  f o r  ana lyz ing  FFTF acc iden ts  where hypothe- 

t i c a l l y  t h e r e  cou ld  be dense Na-Pu aeroso ls  p resen t .  It became apparent 

d u r i n g  t h i s  a n a l y s i s  t h a t  i t  was i m p r a c t i c a l  t o  s e l e c t  any one aeroso l  

model because o f  t he  r a p i d  progress be ing  made i n  t h e  s tudy  o f  t h e  

behav io r  o f  Na-Pu aeroso ls .  Therefore,  t h e  code programmed i n  RACER, 

was designed t o  handle aerosol  behav io r  e f f e c t s  i n  a  gene ra l i zed  say. 

The l eak  r a t e s  between b a r r i e r s  and t o  t h e  atmosphere a r e  a l s o  programmed 

i n  a  gene ra l i zed  way. Leak r a t e s  and aerosol  removal r a t e s  a r e  en te red  

as a  f unc t i on  o f  t ime  on da ta  cards. The da ta  i s  i n t e r p o l a t e d  by t h e  

code t o  determine t h e  r a t e s  a t  t h e  t imes needed. 

~ e a k a g e  Paths 

One approach t o  model ing r e a c t o r  f i s s i o n  p roduc t  r e l e a s e  c a l c u l a t i o n s  i s  

t o  assume a  re l ease  f rom a  s i n g l e  containment vesse l .  The s i n g l e  leakage 

pa th  approach i s  t h a t  used i n  T I D  14844. I t  i s  assumed that.  the  f i s s i o n  



products available fo r  release are leaked a t  a constant ra te  t o  the 

atmosphere. This approach i s  not r e a l i s t i c  for  modern day reactor 
designs with the i r  mu1 t i p l e  containment barr iers .  The ef fec t  of 

mu7 t i p l e  containment barriers in reducing the source term should not 

be ignored. 

The model programmed i n  RACER considers the containment barriers to  be a 

system of s t i r r ed  vessels. Theoretically any number.of containment 
barriers could be assumed b u t  t h i s  code has been limited to  three. The 
analytic solution to  the containment problem beyond 3 barriers becomes 

extremely laborious to 'der ive and takes considerable computer space to  

program. Thus the l imit  of three barriers avoids excessive demands on 
computer s i ze .  The arrangement of the containment system for  a particu- 
l a r  problem i s  determined by the leak rates supplied as input. Any 

release rates  not specified are automatically s e t  t o  zero and related 

calculations ignored. This specification procedure was selected for  

i t s  simp1 i ci ty . 

Atmospheri c Di spersi on I 

The atmospheric dispersion of the released nuclides i s  described by a 

bivariate normal distribution model. This model was selected because of 
i t s  widespread acce'ptance and not necessarily because of experimental 

evidence that  i t  adequately describes plumes of released f iss ion products. 

The bivariate  normal model requires as input the standard deviation of 
cloud concentration in the crosswind la te ra l  and vertical  directions.  

Several methods for  estimating standard deviations are  in common use and 

three of these have been programmed, i . e . ,  Suttons parameters, the 

Hanford equations and Pasquill 's  curves. In addition, values of the 

standard deviations a rb i t r a r i ly  selected can be entered on punched 

cards as input. 

Cl oud dep9 e t i  on cal cul a t i  ons due to  ground deposi t i  on have not been 

included because of the large amount of computer space required and the 

long running time necessary for  a comprehensive calculation, However., 



a d e p l e t i o n  f a c t o r  as a  f u n c t i o n  o f  d is tance may be i nc luded  through a  

punched card  i npu t .  

Cioud Size E f f e c t  

The dose from gamma r a d i a t i o n  t o  t h e  whole body from a i rbo rne  r a d i o -  

nuc l i des  i s  a  f u n c t i o n  o f  severa l  var iab les ,  one o f  which i s  c loud 

concent ra t ion .  I n i t i a l l y ,  i .e . ,  a t  c l ose  i n  d is tances,  t h e  c loud 

plume s i z e  i s  smal l  so t h a t  i t s  concent ra t ion  changes r a p i d l y  w i t h  

crosswind d is tance f rom i t s  c e n t e r l i n e .  The c loud  s i z e  increases a t  

l a r g e  t r a n s p o r t  d is tances.  A consequence o f  t h i s  growth i s  t h a t  

v a r i a t i o n  o f  concent ra t ion  w i t h  d is tance f rom center1 i ne i s  such t h a t  

f o r  a l l  p r a c t i c a l  purposes the  c loud may be considered i n f i n i t e  i n  

s i z e  w i t h  a  concent ra t ion  equal t o  t h a t  a t  i t s  c e n t e r l i n e .  A t  these 

l a r g e  d is tances,  t he  c loud i s  descr ibed mathemat ica l ly  as a  hemisphere 

o f  i n f i n i t e  rad ius  and dose c a l c u l a t i o n s  a t  t h e  cen te r  o f  the  hemisphere 

are  r e f e r r e d  t o  as t h e  " s e m i - i n f i n i t e "  c loud dose. Several methods have 

been used t o  descr ibe the  c loud a t  c l ose  i n  d is tances  where the  c loud 

cannot be considered an i n f i n i t e l y  l a r g e  hemisphere. A major  reason 

f o r  t he  d i f f e rences  i n  t h e  t e s t  problem r e s u l t s  repo r ted  by Gammill and 

~ a n d e r ~ o v e n "  ) can be t raced t o  methods o f  c a l c u l a t i n g  the  dose from 

f i n i t e  s i z e  clouds. 

The model p rogramed as a  r e s u l t  o f  t h i s  s tudy u t i l i z e s  a  numerical  

c a l c u l a t i o n  over  t he  f i n i t e  s i z e  cloud. Because t h i s  method i s  t ime 

consuming , hence more expensive, t h e  "Semi -i nf i n i  t e "  c loud ca'l c u l  a.t.i UII 

has been incorpora ted  a lso .  Since i t  i s  l e s s  c o s t l y ,  the  s e m i - i n f i n i t e  

c loud dose c a l c u l a t i o n a l  method can be used a t  l a r g e  d is tances and f o r  

qu ick  computations o f  upper l i m i t  dose est imates.  

Dose Bu i ldup  Factors 

A major c o n t r i  b u t i  on t o  t h e  exposure dose f rom a i  rborne rad ionuc l  i des 

e m i t t i n g  low energy gamna r a d i a t i o n  may come f rom r a d i a t i o n  r e f l e c t e d  t o  

t h e  p o i n t  o f  i n t e r e s t  a f t e r  i n t e r a c t i n g  w i t h  surrounding n u c l e i .  The 

r a t i o  of the  dose w i t h  such r e f l e c t i o n  t o  t h a t  w i t h o u t  r e f l e c t i o n  i s  



c a l l e d  a  dose bu i l dup  fac to r . .  These bu i l dup  fac to rs ,  w i t h  a i r  as the  

surrounding medium, are  s t r o n g l y  dependent on energy o f  the  emi t ted  

gamma rays.  

The data se lec ted  f o r  c a l c u l a t i n g  dose bu i l dup  f a c t o r s  i n  t h i s  s tudy 

are  those ca l cu la ted  by Berger. ( 7 )  For a n a l y t i c  s o l u t i o n  the  model 

cons is ts  o f  f i t t i n g  the  bu i l dup  f a c t o r s  t o  a  quadra t ic  equat ion f o r  each 

o f  twelve energy i n t e r v a l s .  The optimum number and . d i s t r i b u t i o n  o f  these 

energy i n t e r v a l s  have n o t  y e t  been determined. 

I 

Whole Body Tissue Dose From Cloud 

The end r e s u l t  o f  t he  c a l c u l a t i o n  i s  the t i s s u e  dose, i n  rads a t  a  

downwind l oca t i on ,  de l i ve red  over  a  s p e c i f i e d  t ime, from gamma r a d i a t i o n  

emi t ted  by a  c loud o f  a i rborne rad ionuc l ides ,  the  d i s t r i b u t i o n  o f  which 

i s  described by a  b i v a r i a t e  normal equati'on. The l o c a t i o n  can be any 

p o i n t  downwind o f  the  re lease p o i n t  on o r  o f f  the  c e n t e r l i n e  o f  the  

cl'oud a t  ground l e v e l .  No r e s t r i c t i o n s  have been placed on re lease 

he igh t .  The pene t ra t i ng  dose, i .e . ,  dose .a t  f i v e  cent imeters,  and the  

dose t o  organs o f  i n t e r e s t  r e s u l t i n g  from i n h a l a t i o n ,  have n o t  been 

incorpora ted  i n  the  computer code. 

One o f  the major problems encountered w i t h  the  dose c a l c u l a t i o n  has 

been i n  achiev ing s u f f i c i e n t  accuracy i n  the i n t e g r a t i o n  over t h e  c loud 

volume. ' Several i n t e g r a t i o n  techniques have been t r i e d  i n c l u d i n g  

(1)  standard Gauss quadrature, ( 2 )  Gauss-Hermite quadrature and ( 3 )  a  

standard polynomial f i t . The standard polynomial f i t  was se lec ted  

because i t  performed bes t  f o r  several  t e s t  cases. ,Another advantage 

o f  the  polynomial f i t  i s  t h a t  t he  p o i n t s  f o r  eva lua t i on  o f  the  f u n c t i o n  

are  evenly spaced and the  end p o i n t s  o f  the  i n t e g r a t i o n  a re  va r iab le .  

This  a l lows the i n t e g r a l s  t o  be broken i n t o  several  smal ler  segments 

of vary ing  l eng th  t o  g i ve  an e f f i c i e n t  c a l c u l a t i o n ,  i .e .  smal l  i n t e r v a l s  

where the  f u n c t i o n  changes r a p i d l y  and l a r g e r  i n t e r v a l s  where the  

func t ion  va r ies  more smoothly. 
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APPENDIX A 

DESCRIPTION OF MATHEMATICAL MODELS 

. The mathematical d e s c r i p t i o n  o f  a  whole body. t i s s u e  dose f o r  exposure t o  an 

atmospheric re lease  o f  rad ionuc l i des  f a l l o w i n g  a  pos tu la ted  r e a c t o r  acc ident  

i s  compl icated by: t he  number o f  f i s s i o n  products produced, t he  re lease pa th  

phenomena i nvo l ved  i n  leakage o f  these f i s s i o n  products .from the  f u e l ,  

through t h e  containment system t o  t h e  atmosphere, t h e  unpred ic tab le  behavior  

o f  t h e  atmosphere and the  t ime dependence o f  t he  f i s s i o n  product  concentra- 

t i o n s .  I n  t h i s  study, t h e  problem has been reduced t o  t h ree  i n t e r r e l a t e d  

models: one f o r  the  f i s s , i o n  product  i nven to ry  c a l c u l a t i o n ,  one f o r  t h e  

re lease path c a l c u l a t i o n  and t h e  t h i r d  f o r  t he  dose c a l c u l a t i o n . .  For 

convenience the  expressions f o r  dose w i l l  be discussed f i r s t .  

Whole Body Tissue Dose 

The b a s i c  equat ion f o r  t h e  ex te rna l  whole body t i s s u e  dose r a t e  from a  gamma 

e m i t t i n g  rad ionuc l  i d e  p resent  i n  an incrementa l  volume of a  c loud i s :  

where : 

dY 
' 0  incrementa l  dose r a t e ' t o  t h e  whole body, rad/sec a t  a  

p o i n t  and t ime a f t e r  shutdown, from gamma r a d i a t i o n  

em i t t ed  from an incremental  c loud volume, dx, dy, dz 

a t  a  d is tance r meters from the  p o i n t  o f  i n t e r e s t .  

x c loud concent ra t ion ,  C i / m 3  

B(pr )  dose b u i l d u p  f a c t o r  f o r  a i r  / 

t o t a l  l i n e a r  a t t enua t i on  c o e f f i c i e n t  i n  a i r ,  m'l  f o r  

gamma energy E. 

K dose convers ion f a c t o r ,  ( rad.m2)/ (Ci -sec)  f o r  a  rad ionuc l i de  
h 

w i t h  an ' e f f e c t i v e  energy E y ,  Mev/di s i  n t e g r a t i  on. 



The 'constant K i s  : 

d i  s  5x9 m 
1.60 x Mev 

where.: 
Pa , ( 1  mass absorp t ion  c o e f f i c i e n t ,  cm2/g i n  t i s s u e  f o r  P 

gamma energy considered. 

Dose r a t e  i s  a  f u n c t i o n  o f  y- ray energy, t he re fo re  the  gamma spectrum has 

been d i v i d e d  i n t o  energy groups. The incremental dose i s  then ca l cu la ted  

separa te ly  f o r  each energy group o f .each rad ionuc l ide ,  i n t e g r a t e d  over the  

c loud volume and then summed t o  ob ta in  dose r a t e  from the  a i rborne r a d i o -  ) 

I 

nuc l ides .  The number and d i s t r i b u t i o n  o f  energy groups has n o t  been 

opt imized. Since the  number o f  groups 1 a rge l y  determines the  computer 

running t ime f o r  the  c loud dose ca l cu la t i on ,  i t  would be des i rab le  t o  use 

no more groups than i s  necessary t o  achieve the  des i red  accuracy. Tests t o  

determine the  number t o  bepused w i l l  have t o  be performed eventua l ly .  

To o b t a i n  the  c loud concent ra t ion  i t  i s  assumed t h a t :  

D i f f u s i o n  a long the  d i r e c t i o n  o f  c loud t r a v e l  can be ignored. 

L a t e r a l  and v e r t i c a l  crosswind concentrat ions are  normal l y  d i s t r i b u t e d  

and t h a t  the  standard d e v i a t i o n  i s  a  f u n c t i o n  o f  atmospheric s t a b i l i t y  

and t r a v e l  t ime. 

The dose receptor  i s  a t  ground l e v e l  downwind o f  the  re lease p o i n t .  

Cloud dep le t i on  by f a 1  l o u t ,  washout and r a i n o u t  can be descr ibed by a  

PacLur dependent on the  d is tance o f  t r a v e l  and assumed t o  be independent 

o f  t r a v e l  t i m e  and displacement from thc  c e n t e r l i n e .  



The q u a n t i t y  of rad ionuc l ides  i n  t he  c loud a t  d is tances beyond 3 

standard dev ia t i ons  i n  the  v e r t i c a l  and l a t e r a l  d i r e c t i o n s  i s  i n s i g n i f i  - 
cant  and the re fo re  makes l i t t l e  c o n t r i b u t i o n  t o  the  dose r a t e .  

Radionuclides a t  d is tances g rea te r  than + 400 meters i n  the  d i r e c t i o n  

o f  c loud t r a v e l  a re  a l so  ignored. 

The c loud concent ra t ion  i s  g iven by: 

I 

where ch = average wind speed a t  t he  he igh t  o f  re lease i n  d i r e c t i o n  o f  

t r a v e l ,  m/sec 

oy = crosswind l a t e r a l  standard d e v i a t i o n  o f  c loud concentrat ion,  m 

o ,  = crosswind v e r t i c a l  standard d e v i a t i o n  o f  c loud concentrat ion,  m 

y = l a t e r a l  displacement from c loud cen te r l i ne ,  m 

z = v e r t i c a l  displacement from c loud cen te r l i ne ,  m 

h = h e i g h t  o f  release, m 

Fd = radioact ' ive decay f a c t o r  

Q' = r a t e  o f  re lease from source, cu r i es l sec  

, The crosswind standard dev ia t ions ,  uy and u,, I I I ~ Y  be c a l c u l a t e d  by t h e  

Hanford model, the  ' ~ u t t o n  model o r  taken from curves a t t r i b u t e d  t o  Pasqu i l l .  

The i r  values depend on atmospheric s t a b f l i t y  i n  a l l  th ree  methods. 

The equat ions f o r  the Hanford model are: 

2 = ACT - a ( l - e  -T/a) I 
'ly 

where : I 

A = [C + d (aeG)] 



and a ,  b,  c ,  d, k and aeCi are parameters for  describing the atmospheric 

condition and T i s  the time 'of travel t o  point of '  i n t e re s t ,  sec. 

The Sutton model defines the variances as: 

where Cy, Cz and n are parameters describing the meteorological condition 
and x i s  downwind distance from the release point to  the c'loud position. 

Values of the atmospheric parameters in use a t  Hanford are  l i s t ed  in 

Tables A-I and A-11. 

The decay factor ,  Fd for  each nuclide a t  a distance x from the source i s  

calculated from the release r a t e  a t  the source, Q', and the travel time. 

An eleaborate decay scheme i s  used to.account fo r  chain decay including 
t ransis t ions to  and from isomeric s t a t e s .  The general equation for  such 

a scheme i s :  

where : M; ra te  of release for  nuclide i a f t e r  travel time T ,  atomslsec. 

M&*  i n i t i a l  r a t e  of release for  nuclide i , atomlsec 

h i  decay ra te  constant for  nuclide i (sec-I)  

K j  branching r a t io  nucl ide j decaying to  nucl ide i . 



The summation i s  over  a l l  nuc l ides  decaying d i r e c t l y  t o ' n u c l i d e  i. 

TABLE A-I  

VAL,UES OF METEOROLOGICAL PARAMETERS 

FOR THE HANFORD MODEL 

Moderately S tab le  Very S tab le  
Parameter Condi ti ons Condi t ions 

a m2 

b m2/sec 

c m2/sec 

d meters 

k ~ e c - ~  

Commonly Used Values f o r  ogG 

Assumed Dura t ion  
Average Wind Speed 

o f  Release, min 1 m/sec 2.5 m/sec 5 m/sec 10 m/sec 



TABLE A-I  I 

VALUES OF METEOROLOGICAL PARAMETERS FOR 

SUTTON'S MODEL 

Atmospheric Condi t ion 

Parameter Release Level Wind speed, m/sec Unstable Neutra l  
+ 

Y Ground 1 0.35 0.21 

5 0.30 0.15 

10 0.28 0.14 

Elevated 

Ground 

Elevated 



Containment Model 

The re lease r a t e  a t  t he  source; Q ' ,  i s  determined by a  " m u l t i p l e  containment" 

model. The r a d i o a c t i v e  i nven to ry  a t  the  onset o f  t he  re lease i s  ca l cu la ted  

on the  bas is  o f  i r r a d i a t e d . t i m e  power l e v e l  and t ime o f  i n i t i a l  re lease 

f o l l o w i n g  shutdown. 

The nuc l ides  are then a l lowed t o  leak through the  containment b a r r i e r s  w i t h  

f i l t r a t i o n ,  s e t t l i n g ,  p la teou t  and r a i n o u t  phenomena accounted f o r  i n  each 

b a r r i e r  as desi red.  The present' model has th ree  containment b a r r i e r s  w i t h  

removal phenomena accounted f o r  i n  each b a r r i e r .  Each b a r r i e r  a l so  has a  

f i l t e r .  A diagram o f  the  system i s  g iven i n  F igure A r l  showing the b a r r i e r s  

and leakage paths a v a i l a b l e .  Several assumptions a re  necessary t o  o b t a i n  an 

a n a l y t i c  s o l u t i o n :  

There i s  instantaneous mix ing  i n  each vessel .  

F a l l o u t  ra tes  and l eak  ra tes  may be considered constant  f o r  s h o r t  t ime 

i n t e r v a l s  . 
Nucl ides becoming a i rborne from mate r ia l  which has s e t t l e d  o r  p l a t e d  

ou t  come on ly  from the  mass present  a t  the beginning o f  the  i n t e r v a l .  

Nucl ides re leased from the  f i  1  t e r s  come on ly  from mater i  a1 present  on 

the  f i l t e r s  a t  t he  beginning o f  the  i n t e r v a l .  

These assumptions make t h e  system o f  d i f f e r e n t i a l  equations f o r  nuc l i de  

concentrat ions i n  each h a r r i e r  a n a l y t i c a l l y  so lvab le  and of t he  form 

where the  summation i s  over a l l  prev ious nuc l ides  i n  the  mass cha in  and a l l  

prev ious,  b a r r i e r s  ( i n c l u d i n g  amounts present  as fa1  l o u t  and on fi 1 t e r s )  , 

The A .  and R a re  f ~ r n c t i o n s  of i n i t i a l  nuc l i de  concent ra t ion  Q o, f r a c t i o n a l  
J 9 

l eak  ra tes ,  removal r a t e s ,  f i  1 t e r  e f f i c i e n c i e s ,  nuc l i de  h a l f - 1  i ves and 

f r a c t i o n a l  decay y i e l d s .  The re lease r a t e  Q; a t  t ime t f o r  n u c l i d e  i i s  

read i  l y  ca l  cu l  a ted  as : 
I 
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i. = R E M O V A L  R A T E  F O R  B A R R I E R  i , 'SEC-I 

F  = F I L T E K  F A C T O R  

FIGURE A-1. Multiple C o n t a i n m e n t  Model 



= mass o f  n u c l i d e  i. i n  b a r r i e r  j a t  t ime t, c u r i e  seconds 
where Mij 

L j  = leak  r a t e  from b a r r i e r  J t o  t h e  atmosphere a t  t ime t, sec-1 

3 = decay r a t e  cons tan t  f o r  nuc l  i d e  i , sec- I  

Fi = f i l t e r  f a c t o r  f o r  n u c l i d e  i 

Nuc l ide  Inventory  Model - 

The containment model uses t h e  i n i t i a l  n u c l i d e  i n v e n t o r y  as a  s t a r t i n g  

p o i n t  . The accurate c a l c u l a t i o n  o f  rad ionuc l  i d e  i n v e n t o r i e s  i s  complex 

and depends on many va r i ab les .  A more s o p h i s t i c a t e d  c a l c u l a t i o n  would use 

a  mu l t i g roup  cross s e c t i o n  model and a  d e t a i l e d  d e s c r i p t i o n  o f  core components, 

f u e l  and geometry, however; t h e  i nven to ry  o f  r a d i o l o g i c a l  l y  s i g n i f i c a n t  

rad ionuc l i des  o f  most reac to rs  can be descr ibed s u f f i c i e n t l y  f o r  dose 

es t imate  purposes by a  s imple one group cross s e c t i o n  c a l c u l a t i o n .  The 

present  model uses such a  c a l c u l a t i o n  w i t h  a  mu1 t i p l e  cha in  g r i d  *processor. 

The processor ca l cu la tes  n u c l i d e  concentrat ions r e s u l t i n g  from two f i s s i o n  

sources.  ( f o r  example, 2 3 5 U  and 2 3 9 ~ ~ )  w i t h  normal down-chain decay by be ta  

emission and isomer ic  t r a n s f e r s  and i n t e r c h a i n  coup l i ng  r e s u l t i n g  from n-gamma 

reac t i ons .  The general  d i f f e r e n t i a 1 , e q u a t i o n  f o r  a  n u c l i d e  i s  

( R a t e . o f  change o f  n u c l i d e  i )  = ( f i s s i o n  r a t e  source l ) ( y i e l d  from source 1  f i s s i o n )  

+ ( f i s s i o n  r a t e  source 2 ) ( y i e l d  from source 2  f i s s i o n )  

+ 1 (neutron capture r a t e  per  atom o f  "paren t " )  (atoms o f  "parents " )  

+ 1 (decay r a t e  o f  "parent l ' ) (atoms o f  "pa ren t " )  

- (decay r a t e  + neutron capture  r a t e  o f  nuc l ide) (a toms n u c l i d e  p resent )  

Parameters t o  be s p e c i f i e d  i n c l  ude r e a c t o r  ope ra t i ng  power, ope ra t i ng  t ime,  

f l u x ,  energy per  f i s s i o n ,  phys ica l  ha1 f - 1  i ves , d i r e c t  y i e l d s  from source 1  



f i s s i ons ,  d i r ec t  y ie ld  from source 2 f i s s i ons ,  neutron capture cross sec t ions ,  
average y decay energies per d i s in tegra t ion ,  average B decay energies per 
d is integrat ion and branching r a t i o s  t o  account fo r  various modes of t ransi  t ion 
t o  and from isomeric s t a t e s .  

Operation a t  several successive power levels  may be calculated by using the 
f ina l  nuclide inventory a t  one level as the  i n i t i a l  inventory f o r  the  next. - 

Shutdown periods, a re  accounted fo r  by chai n-decay calculations only (no 
f i s s i on  o r  neutron capture) .  



APPENDIX B 

. COMPUTER CODE 

The models descr ibed i n  Appendix A have been incorpora ted  i n t o  a computer 

code programmed f o r  the  Univac 1108 computer. The c a l c u l a t i o n s  are d i v ided  

i n t o  th ree  main subrout ines:  

1. SOURCE - f i s s i o n  product  inventory  c a l c u l a t i o n  o r  s p e c i f i c a t i o n  

2. BAFFLE - conta i  nment re lease c a l  cu l  atison 

3. EXDOSE - whole bodyat issue dose c a l c u l a t i o n  

The subrout ine SOURCE s p e c i f i e s  t h e  i n i t i a l  i nven to ry  i n  cu r i es  f o r  each 

nuc l ide ;  the  subrout ine  BAFFLE ca l cu la tes  the  r a t e  o f  re lease o f  each 

nuc l i de  as a f u n c t i o n  o f  t ime; the  subrout ine  EXDOSE ca l cu la tes  the  

absorbed dose i n  t i s s u e  i n  rads. The code f l o w  diagram i s  descr ibed i n  

Appendix D. 

SOURCE 

The subrout ine  SOURCE inc ludes  a mod i f ied  vers ion  o f  t h e  computer code 

R I B D  f o r  t he  f i s s i o n  product  inventory .  RIBD pe'rforms the  general ca l cu la -  

t i o n  as descr ibed i n  Appendix A. Nucl ide parameters a re  s p e c i f i e d  i n  a 

1 i b r a r y  separate from the  RIBD subrou!:ine. This  a1 lows any dzta 1 i b r a r y  

t o  be used ( w i t h  the  c o r r e c t  format)  so t h a t  any o ther  f u e l s  w i t h  one o r  

two f i s s i o n a b l e  nuc l ides  may be modeled such as 2 3 3 U  - 2 3 ' 9 P ~ .  The f i s s i o n  

decay y i e l d s  o f  the  l i b r a r y  must correspond t o  the f i s s i o n a b l e  elements o f  

t he  f u e l  being studied.  

A f i s s i o n  product  i nven to ry  c a l c u l a t i o n  does n o t  have t o  be made; f i s s i o n  

product  and a c t i v a t i o n  product  i n v e n t o r i e s  ( i n  c u r i e s )  may be i n p u t  on data 

ca.rds.. The d i r e c t  i n p u t  op t i on  has been inc luded t o  a1 low r e s u l t s  o f  o ther  

. f i s s i o n  product.  i nven to ry  codes t o  be used. 



The output  from SOURCE may be p u t  on tape (and saved f o r  f u t u r e  use) o r  on 

magnetic drums. The output  i s  the  a c t i v i t y  o f  each r a d i o a c t i v e  f i s s i o n  

product  and a c t i v a t i o n  product  i n  the  n u c l i d e  l i b r a r y  tat t he  s t a r t  o f  t he  

re lease c a l c u l a t i o n .  

The f i s s i o n  product  inventory  code w i l l  c a l c u l a t e  the  f i s s i o n  product  

i nven to ry  f o r  any decay t ime desi red.  Any decay t ime may be used f o r  the  

i n i t i a l  i nven to ry  f o r  t he  containment c a l c u l a t i o n .  I nven to r i es  f o r  as 

many as ten  decay times can be ca l cu la ted  du r ing  each run. 

BAFFLE 

The subrout ine BAFFLE performs a  m u l t i p l e  containment c a l c u l a t i o n  as described 

above. A few notes on the  c a l c u l a t i o n  fo l l ow .  

Data f o r  the  m u l t i p l e  containment model a re  supp l ied  t o  the computer by two 

methods: as d i r e c t  i n p u t  and as s to red  l i b r a r y  data. Data conta ined i n  

l i b r a r i e s  i nc lude  rad ionuc l i de  phys ica l  h a l f  l i v e s ,  branching r a t i o s  and 

f i l t e r  f ac to rs .  (Present ly  two f i l t e r  f a c t o r s  a re  s to red  f o r  each nuc l i de :  

one fo r  re lease from f u e l  and t h e  o the r  f o r  re lease through f i l t e r s . )  The 

f i l t e r  fac tors  f o r  a  group o f  nuc l ides  may be supp l ied  as i npu t .  The n u c l i d e  

groupi ngs are: 

1  . Noble gases: A r ,  Kr, Xe 

2. Halogens : C1, ~ r ,  I 

3. V o l a t i l e  Sol ids;  Se, Te, Cs 

4. A1 1  Others 

F i l t e r  f a c t o r s  f o r  i n d i v i d u a l  nucl ides may be s p e c i f i e d  by. updat ing the 

f i l t e r  l i b r a r y .  F i l t e r  f a c t o r s  a re  s p e c i f i e d  as the  f r a c t i o n  escaping the  

f i l t e r .  For example, a f i l t e r  w i t h  an e f f i c i e n c y  o f  99.9% would have a  

f i l t e r  f a c t o r  o f  0.001. 

The f i l t e r  f a c t o r  app l i ed  t o  the  nuc l i de  i n  the  f u e l  was designed t o  have a  

value o f  0  t o  1  t o  i n d i c a t e  whether o r  n o t  the  nuc l i de  was re leased from the  

f u e l  (1  f o r  re lease) .  Three f i l t e r s  a re  inc luded i n  the  model (one f o r  each 

b a r r i e r )  i n  a d d i t i o n  t o  a  pseudo f i l t e r  represent ing  re lease from the  f u e l .  



Presently, the f i  1 t e r s  a l l  use the same factors.  A possible change would 
be to  have separate f i l t e r  factors for  each f i l t e r .  

The 1 ibrar ies  currently include data f o r  450 f iss ion products plus 144 
activiation products (including several transurani um elements) . 

Data t o  be supplied as input include length of release, time increments f o r .  
re1 ease, 1 eak ra tes ,  s e t t l  ing rates  and f i  1 t e r  facto-rs (optional ) . .The 1 eak 
rates and se t t l i ng  rates  are entered w i t h  corresponding time points to cover 
the length of release. . 

The leak rates  and se t t l i ng  rates  are assumed to  be constant over the time 
increment specified for  the calculation. The rates  used are evaluated from 
the input data for  the time a t  the middle of the current time increment. A 

l inear  interpolation of the i n p u t  data i s  used. 

The output from BAFFLE may be p u t  on magnetic tape ( fo r  future use) or on 
magnetic drum. The output i s  in terms of curie*sec/sec for  each nuclide 
a t  the specified time intervals.  

EXDOSE 

The subroutine EXDOSE calculates the whole body t issue dose from the radio- 
nuclides released to  the atmosphere (as calculated in B A F F L E ) .  The dose i s  
calculated as the space and time integral of the cloud nuclide concentrations. 

The actual integration i s  performed i n  the following order: y direction 
( l a t e r a l ) ,  z direction ( v e r t i c a l ) ,  time and x direction. The f i r s t  two 
integrations are  performed for each position i n  the x direction (as located 
t o  give suf f ic ien t  accuracy). The resulting double integral represents the 
dose rate per UII i 1 length of downw'ind cloud per curie of a nuclide for  
specified energy groups. The integration is. performed for  each energy group 
a t  each x position. The release ra te  data i s  then used t o  calculate .the 



nuclide inventory a t  each position as a  function of time. The inventories 

are coupled with the dose rate- per length factors to  give the actual dose 

ra te  per length as a  function of time (summed over a1 1 energy groups). The 

process i s  repeated for  each 8 t i m e  points until the exposure time or 

release time i s  reached. Then the dose per length values are  integrated 

over the x direction to  give the total  dose. 

Cloud depletion factors may be applied to  the dose r a t e .pe r  length values. 
The depletion factors are  input as a  function of distance. The data input 

i s  interpolated l inearly to  determine the depletion factor for  each x 
position. 

The depletion factor represents the fraction of the cloud remaining a t  the 

downwi nd posi t i  on. 



APPENDIX C 

CODE FLOW DIAGRAM 

A genera l  o u t l i n e  o f  t h e  code o p e r a t i o n  i s  i n c l u d e d  here.  F i g u r e  C-1 

g ives  t h e  r e l a t i o n  o f  t h e  main program and subrou t ines  used by t h e  code. 

Several  smal l  subrou t ines  have been o m i t t e d  f rom F igu re  C-1, However, 

t h e i r  f u n c t i o n  i s  i nc l uded  i n  t h e  code f l o w  diagram, F igures  C-2 thru C-17 

The conta inment  c a l c u l a t i o n  i s  c o n t r o l l e d  through sub rou t i ne  BAFFLE. The 

subrou t ines  used by BAFFLE (FIRST, SECOND, . . .LAST) per fo rm t h e  mu1 t i p l e  

containment c a l c u l a t i o n  f o r  each member o f  t h e  n u c l i d e  cha ins .  Subrou t ine  

FIRST does t h e  c a l c u l a t i o n  f o r  t h e  f i r s t  member o f  t h e  cha in ,  sub rou t i ne  

SECOND does i t  f o r  t h e  second member, and so on u n t i l  a l l  cha in  members 

have been taken care  o f .  The subrou t ines  c a l c u l a t e  t h e  necessary c o e f f i c i e n t s ,  

exponents and n u c l i d e  re l ease  r a t e s .  A  s e r i e s  o f  equat ions s i m i l a r  t o  

FIRST i s  i nc l uded  i n  BAFFLE t o  handle a c t i v a t i o n  p roduc ts  ( s imp le  decay) .  

The s i n g l e  containment c a l c u l a t i o n  uses an e f f e c t i v e  decay cons tan t  

c a l c u l a t e d  as 

This  equa t ion  i s  i n d i c a t e d  i n  F igu re  C-5 For  n u c l i d e s  t h a t  a r e  n o t  a l lowed 

t o  l e a k  t h e  l e a k  r a t e  i s  m u l t i p l i e d  by  zero.  For n u c l i d e s  t h a t  do l e a k  t h e  

l eak  r a t e  i s  m u l t i p l i e d  by 1 .  The f a c t o r  ze ro  o r  one i s  en te red  as t h e  f u e l  

r e l ease  f a c t o r  which may n n l y  have the  va lues 0 o r  1 ,  

Several  parameters mentioned i n  t h e  EXDOSE p o r t i o n  of t h e  code a r e  descr ibed  

below. 

Parameter 

TYPE 

D e s c r i p t i o n  

an i n t e g e r  v a r i a b l e  f o r  s e l e c t i o n  o f  t h e  meteoro- 

l o g i c a l  c o n d i t i o n s  t o  be modeled: 1  f o r  Su t t on  

equat ions,  2 f o r  Hanford equa t ions ,  3 f o r  d i r e c t  

i n p u t  o f  ay and oz da ta ,  and 4-9 f o r  P a s q u i l l  

curves A-F. 



Parameter. Desc r i p t i on  

THRU a  l o g i c a l  v a r i a b l e  f o r  t h e  f i n i t e  c loud c a l c u l a t i o n  

t o  i n d i c a t e  t h a t  t he  c a l c u l a t i o n  may be stopped 

(THRU=true) . 

BURST(N,IE) Photon energy data f o r  n u c l i d e  N and energy group 

IE.  BURST i s  t h e  sum o f  hNAKI --. EKI - f o r  each 
r 

t~~ 

photon o f  average energy EIE where A,,, i s  t he  decay 

constant  f o r  n u c l i d e  N, sec - I  ; A i I  i s  t he  abundance 

o f  t he  K-th photon f rom n u c l i d e  N; and EKI i s  t he  

energy o f  the  K-th photon from n u c l i d e  N. EKI i s  
i n  group I E .  

YLIST i s  t he  dose kerna l  f o r  p o s i t i o n  (x ,  y ,  z) 
where I Y  i s  t he  index f o r  t he  Y d i r e c t i o n  g r i d  

and I E  i s  t h e  energy group index.  

ZLIST i s  t he  Y l i n e  i n t e g r a l  f o r  Z  g r i d  p o s i t i o n  

I Z  and energy group - I E .  ZLIST i s  c a l c u l a t e d  as 

Dose r a t e  per  cur i .e per  cm o f  downwind c loud a t  

X p o s i t i o n  I X  and energy group I E .  DRDX i s  

c a l c u l a t e d  as 

MASS(1) i s  the  c u r i e  seconds o f  n u c l i d e  I present  

a t  the p o s i t i o n  and t ime of i n t e r e s t .  



Parameter 

DRDX(I ,IE) 

DOSE 

D e s c r i p t i o n  - 

The semi - i n f i n i  t e  c a l c u l a t i o n  uses o n l y  one 

dimension o f  t h e  dose r a t e  a r r a y .  DRDx(1 ,IE') 

i s  t h e  dose r a t e  a t  the ' ,exposure p o i n t  p e r  c u r i e  

o f  a  n u c l i d e  w i t h  a  photon i n  energy group I E .  

T o t a l  dose r a t e  a t  t ime p o i n t  .I and X p o s i t i o n  

I X .  SUM i s  c a l c u l a t e d  as 

Time i n t e g r a t e d  dose f o r  X p o s i t i o n  I X .  DOSEDX 

i s  c a l c u l a t e d  as 

For  t h e  semi - i n f i  n i  t e  c l oud  c a l c u l a t i o n  t h e  

accumulated dose i s  c a l c u l a t e d  a t  each t ime  

increment  as DOSE. DOSE i s  c a l c u l a t e d  as 
.T 



FIGURE C - 1 .  Flow Diagram of Main Program and S u b r o u t i n e s  
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E X D O S E ;  C L O U D  D O S E  

I 

I 
I N H A L A T I O N  D O S E ,  

.INDoSE; I N C O M P L E T E  



S U B R O U T I N E  S O U R C E  

L I B R A R Y  O F  N U C L I D E  D A T A  

L I B R A R Y  FOR I N V E N T O R Y  C A L C U L A T I O N  

N D  N U C L I D E  I D E N T I F I C A T I O N  

1 I N I T I A L I Z E  P A R A M E T E R S  I 

I N V E N T O R Y  C A L C U L A T I O N  

S U B R O U T I N E  R I B D  

I I Y E S  

R E A D  N U C L I D E  

\ W R I T E  I N I T I A L  I N V E N T O R Y  / 

DO N E C E S S A R Y  DRUM OR 

T A P E  H A N D L I N G  O P E R A T I O N .  r . -  I 
R E T U R N  T O  M A I N  6 

FIGURE C - 3 .  Code Flow D i a g r a m  - 



S U B R O U T I N E  B A F F L E  

R E A D  N U C L I D E  D A T A  L I B R A R Y  

A N D  F I L T E R . F A C T O R  L I B R A R Y  

( $ I N I T I A L I Z E  P A R A M E T E R S  I 

R E A D  I N I T I A L  I N V E N T O R Y  \ F R O M  T A P E  OR D R U M  

\ R E A D  A N D  P R I N T  D A T A  D E S C R I B I N G  

\ C O N T A I N M E N T  S Y S T E M  T O  B E  M O D E L E D  / 

S E T  S P E C I F I E D  F I L T E R  F A C T O R S ,  F U E L  
R E L E A S E  F A C T O R S  A N D  S O U R C E  D E P L E T I O N  
F A C T O R S  B Y  N U C L I D E  C L A S S :  N O B L E  G A S E S ,  
H A L O G E N S ,  V O L .  S O L I D S ,  A L L  O T H E R S .  

DO N E C E S S A R Y  T A P E  OR DRUM 

O P E R A T I O N S  F O R  I N P U T  F I L E .  

I N I T I A L I Z E  O U T P U T  F I L E .  

C O N T A I N M E N T  

F I G U R E  C.-4. Code Flow Diagram 



\ R A T E  D A T A  / 
I 

DO L O O P  ON I = NUMBER O F  T I M E  I N C R E M E N T S  

I * 
( D E T E R M I N E  R E L E A S E  R A T E S  F O R  1 

B E G I N N I N G  O F  CURRENT T I M E  INTERVAL 
FROM R E L E A S E  D A T A  

I 

C A L C U L A T E  N U C L I D E  R E L E A S E  R A T E  

A T  CURRENT T I M E  

I 
P R I N T  R E L E A S E  R A T E  I N V E N T O R Y  

A N D  W R I T E  T O  T A P E  OR DRUM I 
D E T E R M I N E  R E L E A S E  R A T E S  FOR 

I 
M I D D L E  O F  CURRENT T I M E  I N T E R V A L  I 

I I 
C A L C U L A T E  E F F E C T I V E  REMOVAL R A T E  

C O N S T A N T  FOR E A C H  N U C L I D E ;  

L e f f  = A +  ( L E A K  R A T E )  ( 0  OR 1 )  

DECAY N U C L I D E S  ONE T I M E  
I N C R E M E N T  U S I N G  E F F E C T I V E  

REMOVAL R A T E  C O N S T A N T S  

I I N C R E M E N T  T I M E S  I 

I DO N E C E S S A R Y  T A P E  OR DRUM I I H A N D L I N G  O P E R A T I O N S  I 

R E T U R N  T O  M A I N  A 
FIGURE C-5. C o d e  F l o w  Diagram 



I I N I T I A L I Z E  P A R A M E T E R S  I 

\ R E A D  A N D  P R I N T  R E L E A S E  R A T E  / 
A N D  R E M O V A L  R A T E  D A T A  

I 

I C A L C U L A T E  I N I T I A L  L E A K  R A T E  I 

\ P R I N T  C U R R E N T  L E A K  R A T E  / 

W R I T E  T O  T A P E  OR DRUM C U R R E N T  u \ L E A K  R A T E ,  C U R I E - S E C / S E C  / 

DO N E C E S S A R Y  T A P E  O R  DRUM 
H A N D L I N G  O P E R A T I O N S  

0 
R E T U R N  T O  M A I N  

C A L C U L A T E  C U R R E N T  F R A C T I O N A L  L E A K  
R A T E S  FROM R E L E A S E  R A T E  D A T A .  
C A L C U L A T E  C U R R E N T  F R A C T I O N A L  R E M O V A L  
R A T E S  F R O M . R E M O V A L  R A T E  D A T A .  

FIGURE C-6. Code Flow Diagram 



DO C O N T A I N M E N T  C A L C U L A T I O N S  FOR 
E A C H  A C T I V A T I O N  P R O D U C T  P R E S E N T  
( S I M I L A R  T O  S U B R O U T I N E  F I R S T )  

I N C R E M E N T  T I M E S  s 
FIGURE C.-7. Code Flow D i a g r a m  - 



S U B R O U T I N E  E X D O S E  

R E A D  N U C L I D E  D A T A  L I B R A R Y  

R E A D  P H O T O N  D A T A  L I B R A R Y  

S O R T  P H O T O N  E N E R G I E S  I N T O  G R O U P S  
A C C O R D I N G  T O  S P E C I F I C A T I O N S  I N  

P H O T O N  L I B R A R Y  

C A L C U L A T E  B U R S T  ( i , j ) 
( S E E '  T E X T )  

w * 

R E A D  A N D  P R I N T  T I T L E ' S  
O F  S O U R C E  & B A F F L E  

C A L C U L A T I O N S  A S  R E A D  
F R O M  D R U M  OR T A P E  

R E A D  T I M E  I N C R E M E N T S  \ A N D  R E L E A S E  T I M E  
FROM DRUM OR T A P E  

C A L C U L A T I O N  
u 

I N I T I A L I Z E  P A R A M E T E R S  s 

FIGURE C-8 .  Code Flow Diagram 



S E T  C O N T R O L  V A R I A B L E S  

I 

4 R E L E A S E  \ Y E S  . r 
I M E  R E A C H E D  T H R U  = T R U E  -y 7 ~ '  

L O O P  O N  I X  = N U M B E R  O F  X - G R I D  P O S I T I O N  -- 
E A D  N U C L I D E  R E L E A S E  , D A T A  

1 
FOR C U R R E N T  T I M E  I 

I 

T E S T  D A T A  T O  S E E  W H I C H  
C H A I N S  M A Y  B E  S K I P P E D  

I 

Y E S  

I 

Y E S  D E C A Y  N U C L I D E S  T O  
I X  = 1 ) X  P O S I T I O N  O N E  I 

D E C A Y  N U C L I D E S  T O  

N E X T  X - P O S I T I O N  

FIGURE C-9. .- Code Flow Diagram 



I D E T E R M I N E  W H I C H  E N E R G Y  1 
I G R O U P S  T O  C O N S I D E R  I 

I 

I N I T I A L I Z E  S T O R A G E  - 
C A L C U L A T E  F O R  E A C H  E N E R G Y  G R O U P  I W 

SUM (I, I X )  WHERE I I S  
T I M E  I N C R E M E N T  I N D E X  

I 

C A L C U L A T E  T I M E  I N T E G R A L  A T  X - P O S I T I O N  I X  I F :  

T H E  i - t h  E X P O S U R E  T I M E  I S  W I T H I N  O N E  . T I M E  

I 

S E T  V A R I A B L E S  FOR 

N E X T  T I M E  P E R I O D  

2. 8 T I M E  P O S I T I O N S  A R E  F I L L E D  

3 .  T H R U  = T R U E  

T H E  I N T E G R A L  I S  D O S E D X ( 1 X )  

F A L S E  .4-0 

I 

,. , 
' -. * 

I N T E G R A T E  I N  X - D I R E C T I O N  

T O  G E T  D O S E  

P R I N T  D O S E  

I I 

DO N E C E S S A R Y  T A P E  OR DRUM 

H A N D L I N G  O P E R A T I O N S  

FIGURE C-10. Code Flow Diagram 



S U B R O U T I N E  SEMME; 

' DRDX ( I E )  

( S E E  T E X T )  

I N I T I A L I Z E  T I M E S  AND 

PARAMETERS;  I T I M E  = 1 

. . R E L E A S E  D A T A  

'3: .EL;IMINATE UNUSED C H A I N S  
. .. $. 

1 ,,,, 

I 

D E C A Y  NUCLIDES ron TIMC 

. i  E Q U A L  TO T R A V E L  T I M E  TO 

EXPOSURE P O I N T  . . 

I 

F I G U R E  C-11. C o d e  F l o w  Diagram,, 



C A L C U L A T E  X ( I T I M E )  
FOR CURRENT T I M E  

1 

C A L C U L A T E  ACCUMULATED DOSE FOR 
T I M E  = CURRENT T I M E  - 6 A T  B A S E D  
ON L A S T  8 DOSE R A T E S  C A L C U L A T E D .  

DOSE 

I T I M E  = I T I M E  + 1 

P R I N T  I N I T I A L  DOSE R A T E  

I N C R E M E N T  T I M E S  

v 
C A L C U L A T E  DOSE FOR L A S T  

6 T T M F  !NCREMENTS 
I 

I P R I N T  DOSE FOR L A S T  I 
I 6 T I M E  I N C R E M E N T S  

I 

RETURN TO M A I N  

FIGURE .C-12. Code Flow Diagram 



S U B R O U T I N E  PLUME 

I 

I N I T I A L I Z E  P A R A M E T E R S  s 
- 

A 

A N D  P ~ I N T  M t r E o n o L o G y  T Y P E  

AND P O S I T I O N  D A T A  

R E A D  AND P R I N T  

E X P O S U R E  T I M E S  

COUNT E X P O S U R E  T I M E S  AND 

ARRANGE I N  I N C R E A S I N G  ORDER 

S E T  M A I N  G R I D  P O S I T I O N S .  

< 
I .  

I N  X D I R E C T I O N  
1 I 

T R A N S F E R  ON T Y P E  

C 

I 

F I G U R E  C-13. C o d e  F l o w  Diagram 



I C A L C U L A T E  I N T E R M E D I A T E  I 

1 2 

S U T T O N  E Q U A T I O N  H A N F O R D  E Q U A T I O N  

R E A D  a ,  b ,  c ,  
2 - 

d ,  k , oeu  

x POSITIONS A N D  T R A V E L  I T I M E  I N C R E M E N T S  I 

3 

C A L C U L A T E  T R A V E L  T I M E  
T O  E A C H  X  P O S I T I O N  

I 

T E S T  E X P O S U R E  T I M E S  T O  B E  S U R E  
C L O U D  R E A C H E S  S E C O N D  X  P O S I T I O N .  

E L I M I N A T E  S H O R T  E X P O S U R E  T I M E S .  

R E A D  oy A N D  

D A T A  

-- 

C A L C U L A T E  a AND aZ  F O R  E A C H  
Y 

X  P O S I T I O N  

FIGURE .C-14. Code Flow Diagram 



- - 

L O O P  O N  I E  = N U M B E R  O F  E N E R G Y  G R O U P S  

I 

FIGURE C-15. Code Flow Diagram 
I 



DO LOOP ON I E  = NUMBER O F  ENERGY GROUPS 
I 

C A L C U L A T E  z I N T E G R A L ;  D R D X  (IX, I E ) ~  

READ CLOUD D E P L E T I O N  

FACTOR D A T A  

I N T E R P O L A T E  D A T A  TO F I N D  D E P L E T I O N  
4 FACTOR A T  EACH X  P O S I T I O N  

AND CORRECT DRDX ( I X ,  I E )  

P R I N T  DRDX 
... AND D E P L E T I O N  FACTORS 

. > '  '.+. 
FOR EACH X  P O S I T I O N  .. ~. .. . 

I . ,. 

( RETURN TO EXDOSE \) 

FIGURE C.-16. Code Flow Diagram 



S U B R O U T I N E  SEMME 

R E A D  A N 0  P R I N T  M E T E O R O L O G Y  
T Y P E ,  E X P O S U R E  P O I N T  D A T A  

A N 0  T I M E  D A T A  

1 4-9 

S U T T O N  E Q U A T I O N  H A N F O R D  E Q U A T I O N  P A S Q U I L L ;  C A L C U L A T E  

u A N D  uz FROM 
' S T O R E D  D A T A  

C A L C U L A T E  X/Q A T  
E X P O S U R E  P O I N T  

C A L C U L A T E  D R D X ( 1 E )  
FOR 

E A C H  ENERGY GROUP 

P R I N T  D R D X ( 1 E )  A N D  
E T E O R O L O G I C A L  D A T A  

R E T U R N  T O  E X D O S E  

FIGURE C-17. Code Flow Diagram 



APPENDIX D 

Data Libraries 

Three types of data l i b ra r i e s  are used by the code. 

1 . Isotope Library (used 4y SOURCE,  BAFFLE, and E X D O S E ) .  

2. Photon Probabil i ty Library (used by EXDOSE only).  

3 .  Fi 1 t e r  Factor Library (used by BAFFLE only, optional ) . 
The l ibrar ies  have been constructed in a general manner so that  data may 

be added or changed without d i f f icu l ty .  
I 

Isotope Library 

This l ibrary i s  used by SOURCE to  calculate the fission product inventory. 
Activation product half l ives  are included a t  the end of the l ibrary.  The 

order of isotopes in th i s  1 i brary determines the order for  which data i s  
supplied in the other l i b ra r i e s .  When the order of nuclides i s  changed in 

the isotope l ibrary,  corresponding changes must be made in the other 
l ibrar ies  to  be used. 

The f i r s t  card of the isotope l ibrary contains the number of fission prod- 

ucts in the 1 i brary (13).  There i s  one card for  each fission product, and 
they are i n  an ascending atomic number order within an ascending atomic 

mass sequence. The current isotope l ibrar ies  contain 450 f iss ion products. 

The card a f t e r  the l a s t  f ission product card contains the number of 
activation products (13).  There i s  one card per activation product. The 

current isotope l ibrar ies  contain 144 activation products. 

The data format i s :  



Col umn Format Variable 

Atomic Mass Number 

Atomi c Number 

Physi cal ha1 f 1 i f e ,  days 

Fission yidld from species one (235U),  % 

Fission yie ld  from species two ( 2 3 9 P ~ ) ,  % 

Absorption cross sect ion,  barns 

Fraction of  TI,^) captures t ha t  go t o  
isomeric s t a t e  

I f  in isomeric s t a t e ,  f ract ion of decays 
by beta emission; i f  in  ground s t a t e ,  
f ract ion t ha t  decays t o  an isomer. 
Average beta energy released per 
d i s in tegra t ion ,  MeV. 

Average gamma energy released per 
d i s in tegra t ion ,  MeV. 

Isotope name ( l e f t  adjusted) 

Isotope type: 1 - Isomeric Sta te  
2 - Ground Sta te  

Two isotope 1 i brar ies  a re  avail able: THERM f o r  thermal reactor  calculat ions 

and FAST f o r  f a s t  reactor  calcula t ions .  

Photon Probabi 1 i t y  Library 

This l ib ra ry  contains data f o r  use by EXDOSE i n  ca lcula t ing the cloud 

gamma dose. The f i r s t  card contains the number of energy groups (13) f o r  

which data i s  given in the 1 i brary (maximum of 16 groups). The second card 

contains the  upper energy bound fo r  each group (16F5.0) s t a r t i n g  from the 

lowest energy group (number of e n t r i e s  i s  number of groups minus one).  The 

next two cards contain the dose conversion f ac to r  f o r  each' energy group 

(8E10.0) in uni ts  of 

(rads in t issue)(cm2) 
cur ie  sec 



The next cards contain the photon probabi 1 i t i e s  and energies for  each 

nuclide (f iss ion products and activation products) contained in the isotope 

l ibrary in the same order. More than one card may be used for  each isotope 

depending on the number of different  gamma emissions involved. The f i r s t  
i 

card for  each has the following format: 

Col umn Format Vari able 

Atomic mass number 

Atomi c number 

Nucl ide name 
Isotope s t a t e :  1 - isometric 

2 - ground 

Number of photon energies to  be read 

Abundance of f i r s t  photon ( i f  any) 

Energy of f i r s t  photon, MeV 

Abundance of second photon ( i f  any) 

Energy o f '  second photon, MeV 

61 -65 F5 .O Abundance of sixth photon ( i f  any) 

66-70 F5 .O Energy of sixth photon, MeV 

If the nuclide has more than 6 photons, additional cards are needed. The 

format i s  14F5.0, with the abundances and energies submitted in pairs ( fo r  
u p  t o  7 photons) as on the f i r s t  card b u t  s t a r t ing  in column 1 .  A maximum 

of 20 photons may be supplied fo r  each nuclide ( 3  cards) .  

Buildup and attenuation data are. stored a f t e r  the photon data. Constants 

for  the quadratic buildup equation ( 0  = 1 + A(~JR) + ~ ( P R ) ~ )  are given next 

in format 8F10.0. The f i r s t  card gives values fo r  A for  each energy group 

( i f  there  are more than 8 groups, more cards are needed). Next the values 

of ,a are gl ven, fol 1 owed by values of a l  (a dummy vari able) and values. of 

p l a s t  ( to t a l  mass attentuation coefficient in a i r ,  cm2/g). 



The photon probabi 1 i t y  1 i brary i s  ca l l  ed ISOLIB. 

Fi 1 t e r  Factor Li brary 

This l i b r a ry  contains f i l t e r  f a c to r  data f o r  the isotope l ib ra ry  f i s s ion  

products. The f i r s t  card has the  number of fissi 'on products t o  be read 

(13) .  There i s  one card f o r  each nuclide w i t h  data i n  the fol 1 owing 

format. 

Col um'n Format Variable 

1-3 A3 Isotope name ( l e f t  adjusted) 

4-6 I3  Atomic mass number 

7-1 6 F10.4 Fuel release f ac to r  

17-26 F10.4 Fi 1 t e r  fac to r  
2 8 L 1 Logical variable t o  indicate  isotopes 

t h a t  are  resuspendable from f i l t e r s  o r  
s e t t l e d  material 

T - resuspendable 
F - not resuspended 

The f i l t e r  f a c to r  l i b r a ry  i s  called FILTER 

Control Cards 

When a CSC INFONET Uni vac 1108 i s  used, input cards f o r  each r u n  must be 

preceeded by DAT cards and an XQT card. When l i b r a r i e s  are t o  be used, 

the  input deck must contain a DAT card f o r  each l i b r e r y .  The DAT cards 

are  prepared as  follows: 

Card Library 

v DAT Library Name, 1' Isotope 1 i brary 

v DAT Library Name, 2 Photon probabi l i ty  l ib ra ry  

v RAT Library Name, 3 Fi 1 t e r  fac to r  1 i brary 

The symbol v i s  entered as a 7-8 punch. A DAT card must be supplied fo r  

each l ib ra ry  t o  be used immediately before the XQT card. The XQT card fo r  

the current  version of the code i s :  v XQT RACER.  



APPENDIX F 

Inpu t  Preparat ion 

The i n p u t  t o  each main subrout ine of RACER (SOURCE, BAFFLE, and EXDOSE) 

cons is ts  o f  a "packet" o f  cards. desc r ib ing  the  c a l c u l a t i o n s  t o  be performed. 

I n  each packet t he re  i s  a t i ' t l e  card, a " con t ro l  word" card, and data  

cards. The t i t l e  card conta ins 80 characters o f  alphameric da ta  and i s  t he  

f i r s t  card  o f  each packet. The t i t l e  card must be present  even though i t  
. . 

has no e f f e c t  on the  ca l cu la t i ons .  . The 'second card o f  each packet i s  the 

c o n t r o l  word card. The f i r s t  word o f  t h i s  card must be the  name of one of 

the  major subrout ines:  SOURCE, BAFFLE, o r  EXDOSE. The f i r s t  word must 

s t a r t  i n  column one .' Other words (descr ibed below) can be anywhere on the 

card and i n  any order  b u t  must be separated by a t  l e a s t  one b lank space. 

None o f  the  c o n t r o l  words can have i n t e r i o r  b lanks.  The remaining cards 

i n  each packet are data cards. 

Only one main subrout ine can be i n  the  computer core a t  a t ime,  due t o  s i z e  

l i m i t a t i o n s  on the  computer. Therefore, i t  i s  necessary t o  s t o r e  i n t e r -  

mediate data on tape o r  drum. Figure F-1 i l l u s t r a t e s  the  r e l a t i o n  o f  tape 

d r i ves  and drums f o r  the  f o u r  main subrout ines.  This  r e l a t i o n  a l lows the  

subrout ines t o  be c a l l e d  i n  any order .  For example, a t y p i c a l  run  may have 

the  f o l  1  owing c a l l  i ng sequence : 
-. 

SOURCE ( f o r  i nven to ry )  

BAFFLE ( f o r  'release) 

EXDOSE (gamma dose f o r  1 s t  meteorol og i ca l  cond i t i on )  

EXDOSE (gamma dose f o r  2nd meteorol ogl  cal cond.i l i o n )  

BAFFLE ( d i f f e r e n t  re lease o f  same inven to ry )  

EXDOSE (gamma dose f o r  1 s t  meteorol og i  c a l  c o n d i t i o n )  

EXDOSE (gamma dose f o r  2nd meteorol ogi  ca l  c o n d i t i o n )  

SOURCE (new inven to ry )  

e t c .  

D e t a i l s  o f  the  i n p u t  and opera t ion  of each subrout ine are descr ibed below. 

Appendix G conta ins two sample problems t o  i 11 u s t r a t e  i n p u t  p repara t ion .  



FIGURE F-1 . Code I n p u t - O u t p u t  D i  agram 

SO'URCE 

D R U M  

T A P E  
C  

C A R D  P R I N T E R  - ' P R I N T E R  



SOURCE I n p u t  

The sub rou t i ne  SOURCE s p e c i f i e s  t h e  rad ionuc l  i d e  i n v e n t o r y  a t  t ime  zero.  

The i n v e n t o r y  may be i n p u t  as c u r i e s  o f  p a r t i c u l a r  n u c l i d e s  o r  a  f i s s i o n  

p roduc t  c a l c u l a t i o n  ( sub rou t i ne  RIBD) may be made. The n u c l i d e s  a r e  

c l a s s i f i e d  as e i t h e r  f i s s i o n  products  o r  a c t i v a t i o n  p roduc ts  ; a c t i v a t i o n  

p roduc ts  a re  those n u c l i d e s  n o t  l i s t e d  as f i s s i o n  p roduc ts  i n  t h e  program 

1 i b r a r i e s .  Specia l  p r o v i s i o n s  a re  i n c l u d e d  f o r  s p e c i f y i n g  a c t i v a t i o n  

p roduc ts .  

The c o n t r o l  word ca rd  f o r  t h e  SOURCE packet  may c o n t a i n  t h e  f o l l o w i n g  words: 

Word 'Purpose 

SOURCE D i r e c t  c o n t r o l  t o  sub rou t i ne  SOURCE. Th i s  must be t he  
f i r s t  word on t h e  card .  

BYPASS Cause t he  RIBD f i s s i o n  p roduc t  i n v e n t o r y  c a l c u l a t i o n  t o  
be bypassed. I f  absent,  a  RIBD i n v e n t o r y  c a l c u l a t i o n  w i l l  
be performed. When BYPASS i s  p resen t ,  t he  c u r i e s  o f  
s p e c i f i c  n u c l i d e s  a re  t o  be i n p u t  on da ta  cards as spec i  - 
f i e d  below. 

L I B RARY Cause an i so tope  l i b r a r y  t o  be read. LIBRARY must be 
p resen t  i n  t h e  f i r s t  SOURCE packet  and i n  each SOURCE 
packe t  a f t e r  another  ma jo r  sub rou t i ne  has been run .  A 
1  i b r a r y  DAT c a r d  must be supp l i ed  f o r  t h e  i s o t o p e  1 i b r a r y  
(See Appendix D) . 

ACTIVATION Cause an a c t i v a t i o n  p roduc t  i n p u t  when BYPASS i s  absent.  
ACTIVATION i s  i gno red  i f  BYPASS i s  p resen t ,  i n  which case 
a c t i v a t i o n  p roduc ts  may be s p e c i f i e d  w i t h  f i s s i o n  p roduc ts .  

TAPE CdIJse SOURCE oic~tpu't t o  be w r i t t e n  on to  tape.  I f  TAPE i s  
absent, t he  o u t p u t  w i l l  be w r i t t e n  t o  drum. I f  TAPE i s  
used, a  tape must be assigned t o  U n i t  C.  

REWIND Cause tape U n i t  C t o  be rewound. 

BACKSPACE Cause tape U n i t  C t o  be backspaced one f i l e .  

The da ta  cards f o r  t h e  SOURCE packets  depend on t h e  c o n t r o l  words BYPASS 

and ACTIVATION. When. a  f i s s i o n  p roduc t  i n v e n t o r y  c a l  c u l  a t i  on i s  t o  be 

made (BYPASS absent) ,  t h e  f i r s t  da ta  ca rd  con ta ins  r e a c t o r  o p e r a t i n g  

parameters f o r  t h e  f i r s t  p e r i o d  o f  ope ra t i on .  Data on t h i s  ca rd  a re :  



Parameter Format Desc r i p t i on  

P F10.0 Reactor opera t ing  power i n  MW. 

t F1O.O Length o f  ope ra t i ng  pe r i od  i n  days. L 

T F10.0 Exposure parameter, T  = t a@,  where I$ i s  neut ron  
f l u x .  T  should n o t  exceed 4. 

0 F10 .O The absorp t ion  cross s e c t i o n  o f  t he  f i r s t  
f i s s i o n a b l e  species, barns. 

A F10.0 F i ss ion  r a t i o ;  i n i t i a l  r a t i o  o f  second t o  f i r s t  
species f i s s i o n s .  High values o f  A (10,000) 
suppress f i r s t  species f i s s i o n s .  

A F10.0 A c o n t r o l  number t o  s i g n i f y  whether t he  i r r a d i -  
a t i o n  h i s t o r y  i s  complete o r  whether a d d i t i o n a l  
ope ra t i ng  da ta  are t o  f o l l o w .  A zero  ( o r  b lank)  
s i g n i f i e s  t h i s  t o  be a  "one shot "  bu i l dup  a t  the  
power l e v e l  and f o r  t h e  t ime s p e c i f i e d .  A 
number g rea te r  than one marks t h i s  data ca rd  as 
the  f i r s t  i n  a  s e r i e s  d e s c r i b i n g  t h e  i r r a d i a t i o n  
h i s t o r y .  Add i t i ona l  cards con ta in  o n l y  P, t, 
and A i n  t h a t  o rder  ( 3  F1O.O). The l a s t  power 
l e v e l  must be non-zero. 

EN F  F10.0 Energy re lease per  f i s s i o n  MeVI f i ss ion .  I f  no 
value i s  s p e c i f i e d ,  200 MeVI f i ss ion  w i l l  be used. 

The card  f o l l o w i n g  the  l a s t  i r r a d i a t i o n  h i s t o r y  ca rd  conta ins  9  decay t imes 

i n  seconds ( a f t e r  shutdown) f o r  which t h e  f i s s i o n  produc t  i nven to ry  i s  t o  

be ca l cu la ted .  The format i s  9F8.3 f o r  t he  decay t i m e s .  Column 73 i s  used, 

t o  s p e c i f y  which decay t ime i nven to ry  i s  t o  be used as t h e  i n i t i a l  f i s s i o n  

product  i nven to ry  f o r  t h e  BAFFLE c a l c u l a t i o n .  The i n t e g e r  i n  column 73 

( f r om 0  t o  9)  corresponds t o  t he  decay t ime t o  be used as en tered  on the  

ca rd  f rom l e f t  t o  r i g h t .  A zero i n d i c a t e s  us ing  t h e  shutdown inven to ry ,  

a  one, t he  f i r s t  decay t ime on the  card, e t c .  To have t h e  n u c l i d e  i nven to ry  

punched onto cards, p lace  a  T  i n  column 75: A  T  i n  column 77 w i l l  suppress 

p r i  n t i n g  o f  y and B power r e p o r t s .  The f i  r s t  36 charac ters  on the  t i t l e  

ca rd  are p r i n t e d  a t  t h e  t o p  o f  each page o f  ou tpu t  f o r  t h e  f i s s i o n  product  

c a l c u l a t i o n .  

When ACTIVATION i s  absent, t h e  decay t ime card  i s  t h e  l a s t  card  o f  t he  

packet.  I f  ACTIVATION i s  present  (and BYPASS absent),  t h e  nex t  card  g ives 



t h e  number o f  a c t i v a t i o n  products  t o  be read  (13 ) .  The f o l l o w i n g  cards 

g i v e  t h e  c u r i e s  o f  t h e  a c t i v a t i o n  p roduc ts  w i t h  f o u r  n u c l i d e s  p e r  card .  

Twenty columns a re  used f o r  each n u c l i d e  as f o l l o w s :  

Co 1  umn Use - 
1-3 Character  name o f  t h e  n u c l i d e  l e f t  ad jus ted .  Isomers a re  

i n d i c a t e d  by an a s t e r i s k ;  i . e . ,  KR*. Format i s  A3. 

4  -6 Atomic mass number o f  t h e  n u c l i d e  r i g h t  ad jus ted  ( 1 3 ) .  

7 -20 I so tope  i n v e n t o r y  i n  c u r i e s  (E14.0). 

21 -23 Character  name o f  second n u c l i d e .  

e t c .  

The nuc l i des  s p e c i f i e d  must be taken f r om t h e  l i s t  o f  a c t i v a t i o n  products  

a t  t h e  end o f  th'e program l i b r a r i e s  assoc ia ted  w i t h  t h i s  code. 

When BYPASS i s  present ,  no f i s s i o n  p roduc t  i n v e n t o r y  c a l c u l a t i o n  i s  made. 

For t h i s  case, t h e  f i r s t  da ta  c a r d  a f t e r  t h e  c o n t r o l  word ca rd  g ives  t h e  

number o f  n u c l i d e s  t o  be read  (maximum o f  450; f i s s i o n  products  and/or  

a c t i v a ' t i o n  p roduc t s ) .  The fo rmat  i s  13. The c u r i e s  o f  each n u c l i d e  i s  

en te red  accord ing  t o  t he  same format  as s p e c i f i e d  f o r  a c t i v a t i o n  products  

above. 

The o u t p u t  f rom SOURCE i s  t h e  number o f  c u r i e s  of each n u c l i d e  a t  t ime  

zero  f o r  t h e  BAFFLE c a l c u l a t i o n .  The o u t p u t  i s  t o  tape i f  TAPE i s  p resen t  

on t h e  c o n t r o l  word card; o therw ise ,  ou tpu t  i s  t o  drum. Output t o  tape 

may be saved . f o b  f u t u r e  runs.  

BAFFLE I n p u t  
# 

BAFFLE c a l c u l a t e s  t h e  n u c l i d e  re l ease  r a t e  f o r  t h e  n u c l i d e  i n v e n t o r y  

supp l i ed  on tape  o r  drum. A diagram o f  t h e  t h r e e  b a r r i e r  conta inment  

model i s  g iven  i n  F igu re  A-1. A  s i m p l i f i e d  v e r s i o n  i s  al'so i n c l u d e d  i n  

BAFFLE t h a t  a l l ows  f o r  leakage f rom a  s i n g l e  b a r r i e r  w i t h  no f i l t e r s .  

C .  

The c o n t r o l  words ava i  1  ab le  w i t h  BAFFLE a r e  : 



Word 

BAFFLE 

BY PASS 

F-6 

Purpose 

D i r e c t  c o n t r o l  t o  sub rou t i ne  BAFFLE ( f i r s t  word on t he  
ca rd ) .  

Determine how t h e  re l ease  t o  t h e  atmosphere i s  t o  be 
c a l c u l a t e d .  I f  BYPASS i s  p resen t ,  r e l ease  w i l l  be f rom 
t h e  s i n g l e  b a r r i e r  system; i f  absent,  r e l ease  w i l l  be 
f rom a  m u l t i p l e  containment system. 

LIBRARY Cause a  f i l t e r  f a c t o r  l i b r a r y  and a  n u c l i d e  da ta  l i b r a r y  
t o  be read. LIBRARY must be p resen t  i n  t h e  f i r s t  BAFFLE 
packet  and a f t e r  each ma jo r  f u n c t i o n  i s  r u n .  

TAPEIN I n d i c a t e s  t h a t  i n p u t  f r om SOURCE i s  on tape  ( U n i t  C). 
I f  TAPEIN i s  n o t  p resen t ,  i n p u t  w i l l  be read  f rom drum. 

TAPEOUT I n d i c a t e s  o u t p u t  f rom BAFFLE i s  t o  be p u t  on tape ( U n i t  
D). I f  TAPEOUT i s  n o t  present ,  ou tpu t  w i l l  be p u t  on 
drum. A tape must be s p e c i f i e d  f o r  U n i t  D. 

REWINDIN Causes tape U n i t  C t o  be rewound. The word i s  i gno red  
i f  TAPEIN i s  absent.  

REWINDOUT Causes U n i t  D  t o  be rewound. The word i s  i g n o r e d  i f  
TAPEOUT i s  absent.  

BACKSPACEIN Cause U n i t  C t o  be backspaced one f i l e .  The word i s  
i gno red  i f  TAPEIN i s  absent. 

BACKSPACEOUT Causes U n i t  D  t o  be backspaced one f i l e .  The word i s  
ignored  i f  TAPEOUT i s  absent.  

The f i r s t  da ta  ca rd  a f t e r  t h e  c o n t r o l  word c a r d  always has t h e  same format. 

Column Format D e s c r i p t i o n  

1-9 F9 .O AT, t ime  increment  f o r  c a l c u l a t i o n  o f  r e l ease .  
AT represen ts  t h e  t ime between re l ease  r a t e  da ta  
p o i n t s ,  seconds. 

10 L  1  Log i ca l  v a r i a b l e ,  FREAD, s e t  t o  t r u e  (T )  when t he  
f i l t e r  f a c t o r  l i b r a r y  i s  t o  be read. 

11-15 I 5  Number o f  r e l ease  i n t e r v a l s  t o  c a l c u l a t e ,  n .  The 
t o t a l  t ime  o f  r e l ease  i s  then  nAT. 

1  G-20 I 5  Number o f  l e a k  r a t c  da ta  p o i n t s  t o  be read.  The 
minimum i s  1, and t h e  maximum i s  50. 

21 -25 I 5  For t h e  m u l t i p l e  containment c a l c u l a t i o n  (BYPASS 
absent ) ,  t h e  number i n d i c a t e s  t h e  number o f  1  eak 
r a t e s  t o  be s p e c i f i e d .  

26-30 I 5  For t h e  mu1 t i p l e  containment c a l c u l a t i o n ,  t h i s  
number i n d i c a t e s  t h e  number o f  removal r a t e s  t o  be 
s p e c i f i e d .  The maximum number i s  3.  



Col umn Format Description 

31 -35 I5 Control integer;  > O  when f i l t e r  factors are to  be 
input . 

36-40 I5 Control' integer;  >O when fuel release factors are 
t o  be input. 

41 -45 I5 Control integer;  > O  when source depleti on factors 
are t o  be input. 

46-50 I5 Control integer f o r  report printing; > O  when 
release rates  for  each time inte.rva1 are to  be 
printed. 

The f i r s t  time point for  leak rate  data must be 0.0 seconds. 

The f i  1 t e r  factors represent the fraction of a nuclide penetrating the 
f i l t e r s  (on the ba r r i e r s ) ,  the fuel release factors indicate whether or 
not the nuclide i s  released from fuel ( =  1.0 for  release and 0.0 for  re- 
tent ion) ,  and the source depletion factors reduce the i n i t i a l  inventory 
pr ior  t o  the s t a r t  of the calculation. The fuel release, factors are used 
for  both the single barr ier  release (BYPASS present) and the multiple 
contai nment model . 

If  the f i l t e r  factor control integer i s  greater than zero, the next card 
contains f i l t s r  factors fo r  the four groups of nuclides in the order noble 
gases, halogens, volat i le  so l ids ,  and. non-volatile sol ids (4  F 1 O . O ) .  A 

s imilar card i s  entered for  each factor  fo r  which the control integer i s  
greater than zero. For example, i f  a one appeared in columns 35 and 45, 

two cards wo~rld be .supplied: the f i r s t  would contain 4 f i l t e r  factors ,  
and the second would contain 4 source depletion factors.  If a l l  three 

control integers are zero (o r  blank), no factor  cards are read. The input 

of the three types of factors i s . n o t  dependent on the word BYPASS. 

A f i  1 t e r  l ibrary i s  included in the code for  use in BAFFLE.  The l ibrary 

contains fuel , re lease factors ,  f i l t e r  factors ,  and a logical variable t o  
indicate resuspensi on for  each nuclide. The 1 i brary i s  read ( i f  FREAD i s  

t rue)  prior t o  reading f i - l te r  factor  input data cards. Library factors 



I 

are used when input data are not given, Al.1 factors are s e t  to  1.0 when the 

l ibrary i s  not read and input data are not given. Fuel depletion factors 
are a l l  1.0 (no depletion) unless entered different ly on cards. To specify 
factors for  individual nuclides' ( ra ther  than groups of nuclides),  t h ?  

l ibrary may be updated prior '  t o  s ta r t ing  the r u n .  

Specification of the .leak rate data i s  dependent on the word BYPASS. If  

BYPASS i s  present, the next cards contain time leak ra te  data with format 

8F10.0. Each pa i r  of data entr ies  i s  a time (sec)  followed by the leak 

rate  (sec- l)  a t  that  time. Four data pairs are entered per card until  the 

number entered i s  equal to. the number in positions 16-20 on the f i r s t  data 
I 

card. This concludes the data fo r  the single barr ier  calculation. 

Specification of the leak rate data fo r  the multiple containment model i s  

more complicated. The f i r s t  data card ( a f t e r  the "factor" cards, i f  

present) gives the time points for  which the leak ra te  data correspond. 

The format i s  8F10.0; 8 times (seconds) per card in increasing order. Flow 

rates are speci fied next. 

Consider again the multiple containment model as numbered in Figure A-1 . 
The leak rates are indicated by two integers;  the f i r s t  integer represents 

the compartment the material comes from, and the second represents the 

compartment the material goes to .  For example, the leak rate  from barr ier  

one t o  barr ier  two i s  indicated by 24 (bypassing the f i l t e r ) .  For f i l t r a -  

t ion,  two equal leak rates  must be specified. For example, consider leakage 

from barr ier  one (#2 )  through the f i l t e r  ( # 3 )  t o  barr ier  two (#4 ) .  Leak 

rates  23 and 34 must be specified as equal. The leak rates are entered by 

placing the leak ra te  identification integer on one card (211), with the 

leak rates ( sec- l )  on the following cards (8F10.0) in the order correspond- 

ing t o  the times submitted on the p r e v i o ~ s  cards. These cards are repeated 

for  each leak ra te  to  be entered. 

The removal rates  are entered in a similar manner direct ly  a f t e r  the leak 

rates .  The removal rates are identified by a single character (1,  2, or  3) 

corresponding t o  the bar r ie r  the removal occurs in .  The identification 



number i s  en te red  i n  format  I 1  w i t h  t h e  removal r a t e s  on f o l l o w i n g  cards 

(8F10.0) corresponding t o  t h e  t imes en te red  p r e v i o u s l y .  

Any l e a k  r a t e s  o r  removal rates,  n o t  s p e c i f i e d  a re  cons idered  t o  be zero .  

Thus, t h e  c o n f i g u r a t i o n  o f  t h e  p a r t i c u l a r  containment system t o  be modeled 

i s  determined by t h e  l e a k  r a t e s  and removal r a t e s  submi t ted.  

The o u t p u t  f rom BAFFLE g i v e s  t h e  n u c l i d e  re l ease  r a t e  ( c u r i e  sec/sec) a t  

each t ime  p o i n t  ( i .e . ,  a t  each aT t ime  increment)  f o r  each n u c l i d e .  

EXDOSE I n p u t  

EXDOSE per forms a  gamma dose c a l c u l a t i o n  u s i n g  t h e  re l ease  da ta  generated 

by BAFFLE. The c a l c u l a t i o n  may be done u s i n g  t h e  s e m i - i n f i n i t e  c l o u d  

assumption o r  a  f i n i t e  c l oud  i n t e g r a t i o n  may be performed. The code 

c a l c u l a t e s  t h e  whole body gamma dose as rads  t o  t i s s u e .  

: Con t ro l  words f o r  t h e  EXDOSE sub rou t i ne  are:  

Word Purpose 

E XDOSE D i r e c t s  c o n t r o l  t o  sub rou t i ne  EXDOSE. Th i s  must be t h e  
f i r s t  word on t h e  card.  

SEMI I n d i c a t e s  t h a t  t h e  s e m i - i n f i n i t e  c l oud  assumption i s  t o  be 
used i n  c a l c u l a t i n g  t h e  gamma dose. I f  SEMI i s  absent ,  a  
f i n i t e  ' c l oud  i n t e g r a t i o n  w i l l  be performed. 

LIBRARY Causes an i s o t o p e  l i b r a r y  and a  n u c l i d e  photon da ta  l i b r a r y  
(ISOLIB) t o  be read. LIBRARY must be i n  t h e  f i r s t  EXDOSE 
packet  and on any packet  a f t e r  another  ma jo r  f u n c t i o n .  

TAPE Cause i n p u t  f rom BAFFLE t o  be read  f rom tape  U n i t  D. If 
absent, i n p u t  w i l l  be read  f rom drum. 

REWIND Cause tape  U n i t  D  t o  be rewound. 

' BACKSPACE Cause tape U n i t  D  t o  be backspaced. 

The f i r s t  da ta  card  o f  t h e  EXDOSE packets con ta ins  t he  f o l l o w i n g  i n f o r m a t i o n :  
/ 



Col umn Format D e s c r i p t i o n  

1-2 I2 Var i ab le  TYPE which i n d i c a t e s  t h e  t ype  o f  meteoro- 
l o g i c a l  model t o  be cons idered.  TYPE has an 
i n t e g e r .  va lue  f rom 1  t o  9 as f o l l o w s  : 

TYPE 

1  
2 
3 
4 
5 
6 
7 
8 
9 

Meteor01 og i  c a l  Model 

Su t ton  parameters 
Hanford equat ions 
ay & oz i n p u t '  
Pasqui 1  curve  t ype  A 
P a s q u i l l  cu rve  t ype  B  
P a s q u i l l  curve t ype  C 
P a s q u i l l  cu rve  t ype  D  
P a s q u i l l  curve t ype  E 
P a s q u i l l  cu rve  t ype  F  

I n t e g e r  v a r i a b l e  NDT t o  i n d i c a t e  t h e  r e l a t i o n  
between t he  BAFFLE t ime  increment ,  AT, and t h e  
EXDOSE t ime  increment .  The r e l a t i o n  i s  aT(EXD0SE) = 
NDT X AT(BAFFLE). If NDT i s  n o t  s p e c i f i e d ,  t h e  two 
t ime  increments w i l l  be equal ( n o t  used w i t h  SEMI). 

Log i ca l  v a r i a b l e ,  LP, s e t  t o  t r u e  f o r  p r i n t i n  o f  
i n t e rmed ia te  dose f a c t o r s  ( n o t  used w i t h  SEMI 7 . 
Log i ca l  v a r i a b l e  DK, t r u e  (T)  when decay i s  n o t  t o  
be cons idered  beyond re l ease  p o i n t ,  f a1  se o therw ise  . 
Log i ca l  v a r i a b l e  METIN, t r u e  ( T )  when meteor01 og i  - 
c a l  f ac to r s  a r e  t o  be i n p u t  f rom cards as c a l c u l a t e d  
f r om a  p rev ious  run .  When METIN i s  f a l s e  ( F ) ,  t he  
dose r a t e  p e r  c u r i e  p e r  cm f a c t o r s  w i l l  be c a l -  
c u l  a ted  ( n o t  used w i t h  SEMI). 

L u y i c a l  v a r i a b l e  METOUT causes da ta  t o  be punched 
f o r  use i n '  f u t u r e  runs.  When METOUT i s  f a l s e  ( F) , 
no da ta  cards a re  punched ( n o t  u s e d . w i t h  SEMI). If 
METIN i s  t r u e ,  METOUT i s  s e t  f a l s e .  

Log i ca l  v a r i a b l e  DEPLET which i n d i c a t e s  i f  c l o u d  
dep le t i on .  f a c t o r s  a r e  t o  be submi t ted.  When DEPLET 
i s  f a l s e  (F ) ,  no d e p l e t i o n  da ta  i s  r ead  ( n o t  used 
w i t h  SEMI). 

F10.0 Average wind speed, il, i n  meters/second. 

~ 1 0 . 0  Dis tance f rom re l ease  p o i n t  t o  exposure p o i n t ,  
meters.  

F10.0 He igh t  o f  re lease ,  meters.  



Column Format Desc r ip t i on  

41 -50 F10.0 La te ra l  displacement o f  exposure p o i n t  from plume 
center1 ine ,  meters. 

51 -60 F10.0 Length o f  re lease pe r iod  measured f rom s t a r t  o f  
acc ident  ( t ime  o f  exposure t o  each p o i n t  o f  t he  
c loud)  hours. The re lease t ime must n o t  be g rea te r  
than ( I ) ( n T )  where AT i s  the  t ime increment f o r  the 
EXDOSE c a l c u l a t i o n  and I i s  the  l a r g e s t  i n t e g e r  
l ess  than (number of  re lease i n t e r v a l s  from BAFFLE)/ 
NDT ( n o t  used w i t h  SEMI). 

The f o l l o w i n g  two parameters a re  used on t h i s  card o n l y  when SEMI  i s  on the 

c o n t r o l  word card. 

61 -70 F10 .O Boundary t ime;  l e n g t h  o f  exposure p e r i o d  measured 
f rom s t a r t  o f  acc ident  t o  passage o f  c loud,  hours. 
The boundary t ime should be greater  than re lease 
t ime p lus  t r a v e l  t ime t o  exposure p o i n t .  

71 -80 F10 .O Time increment f o r  s e m i - i n f i n i t e  c a l c u l a t i o n ,  
seconds. I f  n o t  s p e c i f i e d ,  the  t ime increment from 
the  containment c a l  cu l  a t i  on (AT) w i  11 be used. 

When a  f i n i t e  c loud c a l c u l a t i o n  i s  des i red  (SEMI absent) , the nex t  card 

conta ins from one t o  f i v e  exposure t imes (hours) measured from the s t a r t  of 

the  accident .  

The l a r g e s t  exposure t ime should be l a r g e r  than ( re lease t ime)  + ( t r a v e l  

t ime t o  exposure p o i n t )  + (400 + 2 P ) / i  where P i s  t he  perpend icu la r  d is tance 

from the  exposure p o i n t  t o  t he  plume c e n t e r l i n e .  The expression represents 

the  t r a v e l  t ime from the  exposure p o i n t  t o  the  downwind boundary o f  the  

cloud. The l a r g e s t  exposure t ime.  as ca l cu la ted  above i s  r e f e r r e d  t o  as the 

boundary t ime f o r  t he  f i n i t e  c loud model. 

The nex t  s e t  'o f  da ta  cards descr ibe the  meteorology and depend on the  

v a r i a b l e  TYPE and t h e  c o n t r o l  word SEMI. Consider f i r s t  t he  i n p u t  f o r  

SEMI absent. The i n p u t  i s  as fo l l ows :  



TYPE ' I n p u t  

1  One ca rd  c o n t a i n i n g  Sut ton equat ion parameters Cy, Cz, and n  i n  
format  3F10.0. 

2 One ca rd  c o n t a i n i n g  Hanford equat ion parameters i n  t he  order  a, 
b, c,  d, K2, and aei i  i n  format  6F10.0. 

3 This  mode i n d i c a t e s  values o f  oy and oz are t o  be i n p u t  d i r e c t l y .  

4-9 P a s q u i l l  weather condi t ions--no a d d i t i o n a l  cards needed. 

When TYPE = 3  and SEMI i s  absent, values o f  oy and o, are c a l c u l a t e d  from 

i n p u t  data. The f i r s t  card  conta ins  t h e  number (13)  o f  p o s i t i o n s  f o r  which 

values o f  oy and oz t o  be read (maximum of 20) .  The nex t  cards con ta in  

t he  d is tances  (meters) f o r  which the  ay and oz values correspond (8F10.0) 

i n  i nc reas ing  order .  The nex t  s e t  o f  cards conta ins t h e  oy values (meters) 

corresponding t o  t h e  d is tances (8F10.0), and the  l a s t  s e t  o f  cards conta ins  

t h e  values o f  oz (meters) corresponding t o  the  d is tances.  The program 

performs a  1  i n e a r  i n t e r p o l a t i o n  o f  the  data t o  ge t  values a t  t h e  necessary 

d is tances.  When da ta  i s  n o t  supp l ied  f o r  l a r g e  enough d is tances,  t h e  code 

uses the  values f o r  t he  l a r g e s t  d is tance given. 

When S E M I  i s  present,  t h e  above da ta  cards are the  same, except t he  i n p u t  

f o r  TYPE = 3  i s  s imp ler .  One card i s  necessary w i t h  values f o r  ay and oZ 

( i n  t h a t  o rde r )  a t  t h e  exposure p o i n t .  The format i s  2F10.0, and t h e  u n i t s  

a re  meters. When t h e  v a r i a b l e  DEPLET i s  t r u e  (T) ,  d e p l e t i o n  da ta  are read 

nex t  ( i f  DEPLET i s  f a1  se ( F) , the re  a r e  n o t  more da ta ) .  The d e p l e t i o n  

f a c t o r s  rcpresent  t h c  f r a c t i o n  o f  m a t c r i a l  ( o f  a11 n u c l i d c s )  remaining 

a i rborne  a t  a  g iven downwind p o s i t i o n .  The f i r s t  da ta  card f o r  dep le t i on  

f a c t o r s  con ta ins  the  number o f  f a c t o r s  t o  be entered ( fo rmat  13 ) .  The 

nex t  cards conta in  p a i r s  o f  d is tances  (meters) and corresponding d e p l e t i o n  

f a c t o r s  ( fo rmat  8F10.8)-- four p a i r s  pe r  card.  The data p a i r s  must be i n p u t  

i n  o rder  o f  i n c r e a s i n g  d is tances.  The d e p l e t i o n  data i s  i n t e r p o l a t e d  i n  

the  same manner as t h e  o ~ -  and oz da ta  descr ibed above. Y  

A spec ia l  op t i on  i s  i nc luded  f o r  o u t p u t t i n g  t h e  in te rmed ia te  dose r a t e  

per  cm pe r  c u r i e  f a c t o r s  on to  cards. . The cards may then be used as i n n u t  

on f u t u r e  runs t o  avo id  d u p l i c a t i n g  t h e  c a l c u l a t i o n  o f  t he  f a c t o r s .  This  



o p t i o n  i s  c o n t r o l  l e d  through t h e  1  og i  c a l  v a r i a b l e s  METIN and METOUT. When 

da ta  cards a r e  t o  be prepared f o r  f u t u r e  use, METOUT i s  s e t  t r u e  ( T )  and 

METIN f a l s e  ( F ) .  When fac to r s  a re  t o  be i n p u t  on subsequent runs, METIN i s  

t r u e  and METOUT i s  f a l s e .  A l l  o f  t h e  necessary da ta  cards a r e  prepared so 

o n l y  t h e  t i t l e  ca rd  and c o n t r o l  word ca rd  need be added t o  t he  punched 

o u t p u t  cards. The v a r i a b l e s  METIN and METOUT are  g i v e n  t h e  p roper  va lue  

on t h e  punched cards (T and F, r e s p e c t i v e l y ) .  The cards shou ld  n o t  be 

a l t e r e d  o r  rear ranged f rom t h e  o r d e r  i n  which they  a re  punched, except  t h a t  

t he  re l ease  t i m e  may be changed. A  val.ue i s  n o t  punched f o r  NDT; a  b lank  

f o r  NDT i s  i n t e r p r e t e d  as a  one. 



APPENDIX G 

Sample Problems 

To i l l u s t r a t e  the  use o f  t he  computer program, ' two sample problems are 

presented here. Both problems .are based on a hypo the t i ca l  r e a c t o r  acc ident  

i n v o l  v i n g  a bo i  1 i n g  water  r e a c t o r  (BWR) w i t h  pressure suppression conta in -  

ment. 

The f i r s t  problem w i l l  i nc lude  c a l c u l a t i o n  o f :  1  ) the  f i s s i o n  product  

inventory ,  2 )  re lease through the  r e a c t o r  containment system, and 3) the 

whole body gamma dose a t  several  downwind p o s i t i o n s .  The second problem 

w i l l  use da ta  produced by the  f i r s t  problem t o  c a l c u l a t e  the  whole body 

gamma dose from on ly  the  noble gases re leased from the  f u e l .  The hypo- 

t h e t i c a l  acc ident  f o r  these example problems ' invo l  ves rup tu re  of the  r e a c t o r  

pr imary coo l  i ng-water system. 

F igure  G-1 prov ides a diagrammatic representa t ion  o f  a BWR system w i t h  

pressure suppression containment. Release from the  r e a c t o r  pressure vessel 

i s  a t  a r a t e  L12 i n t o  b a r r i e r  one. The pr imary coo lan t  water vapor, w i t h  

t h e  rad ionuc l ides ,  i s  expe l l ed  through b a r r i e r  one t o  the  pressure sup- 

pression pool by leakage path L23 = L34.  The e f f e c t s  o f  f og  sprays and 

aerosol s e t t l i n g  are inc luded f o r  b a r r i e r  one as S1. The pressure s'up- 

p ress ion  p o o l  i s  considered t o  a c t  as f i l t e r  F f o r  t he  nuc l ides  as they 

pass through. 

The second b a r r i e r  i s  taken as the  space above the  pool,  w i t h  leakage on l y  

t o  the  o u t e r  containment b a r r f e r  L46 ( b a r r i e r  t h r e e ) .  Ledkdye t o  the 

atmosphere i s  considered t o  occur through two paths: d i r e c t  leakage t o  the 

atmosphere t-68 and leakage through v e n t i l a t i o n  system f i l t e r s  L67 and L78. 

F igure 6-2 i s  a diagram of t he  containment system as i t  would be s e t  up 

f o r  t he  'code showing the  . p a r t s  o f  t he  mu1 t i p l e  containment model (F igure  

A-1 ) which must be spec i f i ed .  

I n p u t  f o r  BAFFLE f o r  t he  f i r s t  problem i s :  



FIGURE G-1 . Pressure Suppression Containment Diagram 



OUTER 
(CONTAINMENT) 

FIGURE 6-2. Pressure ~ u ~ ~ r e s s i o n  Containment Model 
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Parameter Value 

Time increments 60 sec 

Pr in t  control variable F 

Number of increments 120 ( f o r  2 hr re lease)  
Time points (0 . O ,  . . 7200 sec) 

Leak ra tes  a t  time points se lec ted ,  (appropriate values, sec-I )  
L 1 2 ~  L23 ,  L 3 4 ,  L 4 6 ,  L67 ,  L 7 8 r  L 6 8  

Se t t l i ng  r a t e ,  S1 (appropriate values , sec-l  ) 
I 

Fuel re lease  fac tors  

Noble Gases 1 .O 

Hal ogens .5 

Volati le Solids .5 

A1 1 Remaining Fission Products .01 

Fi 1 t e r  factors  

Noble Gases 1 .O 

Halogens .05 

Volati le Solids .0005 
u 

All Remaining Fission Products .0005 

Note t h a t  the code does not apply the s e t t l i n g  r a t e  t o  noble gases. Input 

f o r  the  second problem containment calcula t ion i s  the same, except the 

fuel re lease  factors  and f i l t e r  factors  a r e  zero f o r  a l l  nuclides except 

the  noble gases. 

To iden t i fy  the  nuclides avai lable  f o r  re lease ,  the operating his tory  of 

the reactor  must be specif ied.  Assume the reactor  has been operating f o r  

one year  a t  400 MWth a t  the  time of the accident.  Also assume t h a t  the  

following act ivat ion products w i i  1 become airborne: l o 5  cur ies  of 59Fe 

and l o 3  cur ies  of 51Cr ( these  values a r e  purely hypothetical) .  

The input t o  SOURCE i s  then: 



' ' Reactor ' Parameters 

Power (megawatts) 400. 

Time (days)' 365. 

Flux Parameter (dimensionless r a t i o )  0.82 

Cross Sect ion (barns) 650. 

I n i t i  a1 Conversion Rat io  

A c t i v a t i o n  Products 

59Fe l o 5  cu r ies  

5 1 C r  l o 3  cu r ies  

The code uses both t h e  ca l cu la ted  inventory  f o r  f i s s i o n  products and the  

supp l ied  a c t i v i t y  o f  a c t i v a t i o n  products 59Fe and 5 1 C r .  

Decay times f o r  t he  RIBD ca lcu l  a t i o n  are: 

Time No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

T i  me 

1 rnin. 

2 rnin. 

5 min. 

10 min. 

20 min. 

1 h r .  

2 h rs .  

5 h rs .  

10 hrs .  

Time (sec) 

60. 

120. 

300. 

600. 

1200. 

3600. 

7200. 

18000. 

36000. 

The shutdown inven to ry  i s  t o  be 'used as the  i n i t i a l  inventory  f o r  re lease.  

The inventory  i s  a l so  t o  be punched onto cards t o  be used i n  the  second 

sample problem. Whole body gamma dose ca lcu la t i ons  f o r  t he  sample problems 

w i l l  be made a t  100, 300, 1,000, 3,000, and 10,000 meters. An e f f e c t i v e  

re lease h e i g h t  o f  60 meters i s  assumed f o r  a l l  re leases.  The c a l c u l a t i o n  

w i l l  be s e t  t o  get  t he  dose from t h e  f i r s t  two hours o f  released mate r ia l .  



6-6 

To accomplish t h i s  t he  exposure t ime must be a t  l e a s t  

2 h rs  + LDistance t o  Exposure Po in t  + 400 + 2* (s tack  h e i g h t ) ]  
(wind.speed)(3600 sec/hr) 

For a wind speed o f  1 m/sec and a 60 meter s tack he igh t ,  the  necessary 

exposure t imes are : 

Distance, Meters Exposure Time, Hours 

100 2.18 

300. 2.23 

1000 2.43 

3000 2.98 

. 10000 4.93 

Pasqui 11 Type F meteor01 og i  c a l  cond i t i ons  are  t o '  be used. A1 1 exposure 

p o i n t s  a re  below the  c loud c e n t e r l i n e .  In temled ia te  dose f a c t o r  cards are 

t o  be prepared f o r  use w i t h  the  second sample problem. Inpu t  f o r  both 

sample problems f o l l o w s .  The DAT cards necessary f o r  t h e  CSC INFONET 

system are  a l s o  inc luded.  See Appendix D f o r  a d e s c r i p t i o n  o f  t he  DAT 

cards. 

Note t h a t  f o r  t h e  SOURCE i n p u t  t o  t he  second sample problem, the  a c t i v a t i o n  

products a re  nuc l ides  number 449 and 450. Since the  code punches 450 

nuc l ides  (SOURCE c a l c u l a t i o n  one), two o f  t he  f i s s i o n  products w i t h  zero 

cu r ies  were replaced by the  two a c t i v a t i o n  products. Changes were necessary 

f o r  t h e  l a s t  two nuc l i de  cards on ly .  



COI'ITROL CAlcUS FOR CSC II.IFoNET UNIVAC 1108 COMPUTEUS - LAT TtIER14r 1 tN0TC.r - PEPRESENTS. A 7,8 PUNCH) - LAT ISOL IU r2  - XQT hAcLR 
* * * * a  CJACtI'LL F'HOHL.EM ONE DATA CARDS *tt** 

SOUI<CC CI,LCUL/,TIJN FOR f,WI< SAMPLE PI(0nLCMS 
SOUACE LIt(l<ARY ACTIVATION 

4001 3b5. .482 650. 0689 
6 d .  120. 300. 600. 1200. 3600. 7200. 18000. 36000. T T 
2 

FE 5 9  1.E5CR 5 1  1.E3 
H E L ~ A S E  FRO$ uHR SAFIPLE PROBLEM COIJTAINC~ENT SYSTEM (PROaLE~ ONE) 
BAFFLE LIBRARY 

60. 1 2 0 8 7 1 1 1 0  
1.0 .05 ,0005 ,0005 

1 
7.0E-4 5.6E-4 4 -  3.3E-4 3.OE-4 2.6E-4 1.8E-4 1 . 5 ~ - 4  

CLOUD G~MHA 00SE CALCULATION FOR E(~!R SAMPLE PROBLEM - 100 MLTEHS 
EXOCSE LIBkhRY 

9 5FFFTF 1.0 100. 60. 0.0 2.0 
2.18 

CLUUII GAMMA DOSE CALCULATION FOR BWR SAMPLE PROBLEM - 300 METERS 
EXDOSE 
9 SFFFTF 1.0 300. 60. 0.0 2.0 

2.23 . 
CLOUO GAMMA DOSE CALCULATION FOR O ~ R  SAMPLE PROBLEM - 1000 METERS 

EXdOSE 
..9 SFFFTF 1.0 1000. 60. 0.0 . 2.0 

2.43 
CLOUD GAMMA DOSE CALCULATION FOR BWR SAMPLE PROBLEM - 300U METERS 

EXDDSE 
9 5FFFTF 1.0 3000. 60. 

2.98 
CLGUO GAMMA DOSE CALCULATION FOR gk'R SAMPLE PROBLEM - 1 0 ~ 0 0 0  METERS 

EXUOSE 
9 5FFFTF 1.0 10000.' 60. 0.0 2.0 

4.93 
***** SAMPLE PROBLEM TWO DATA CAHDS ***** 
SOUi\CE FOR OWH SAMPLE PF:OBLEM TWO 
SOUkCE BYPASS LIeRARY 
460 
***b* THE NEXT 113  C A ~ D S  CONTAIN F ISSION PRODlJCTS AS CALCULATED FOR .***** 
***** PUOOLEM UNE. THE ACTIVATIOIJ PRODUCTS ARE AL)DLD I N  THE LAST TWO ***** 
***** POSITICJFIS~ 449 AND 450. ***** 
ZN 72  2.014+02GA 72  2 . 0 1 2 + 0 2 ~ E  72  0.000 21.1 73  1.91'1+02 
6A 7 3  1 .95~+02GE 73  0.000 GA 74  6.823t02GE 74 0.000 
GA 7 5  7.79a+02GE* 7 5  7.,799+02GE 7 5  1.560+03AS 75  0.000 
GA 7 6  1*950+03GE 7 6  0.000 AS 7 6  6.652+00SE 76  0.000 
GE* 7 7  1.053+04GE 77  l . l O l + o [ ~ A S  7 7  1.7Lj1+04SL* 77 5.714-02 
SE 7 7  0.000 GE 78  3.510+0'1AS 78  3.900t0QSE 70  0.000 
As 79  7*79U+O4SE* 7 9  7e800+04SE 79  9.922-01BR 79  0.000 
AS 8 0  1.560+05SE 80  0.000 ¶R* 80  1.145-03BR 80 4.514-03 
KR 80  0.0ti0 AS 8 1  2.437+05SE* 8 1  1.640ti14SE 8 1  2.602+05 
OR 8 1  0.000 KR 6 1  0.000 SE 82  0.000 OR 82 7.392+02 
I(R oe 0.000 SE* 03 7, sso I 01;s~  0 3  Q . 735 I 05u1l 89  1.349+06 
KR* 8 3  . 1.3'19+0hKR 8 3  0.000 SE 8'1 1.617.+05BR* 84 5.129+04 
UR 84  2.SGci+ObKI< 04 - 0.000 AS 8 5  1.252t065E 85 2.504tOG 
UR 8 s  3.511+06KR* 8 5  3.512+06KR 8 5  5.531t04R8 05  0.000 
SE 8 6  2 .51~+06B I<  8 6  S.O21+06KR . 8 6  0. 0.00 H t l *  86  2.491+02 
RB 8 6  2.416tOJSH 86  0.000 SE 8 7  , 6.575tOGbH 07 6.575+06 
KH 8 7  6.575+OhllU 87  0.000 SR* 87  5.414-O3SIi 87 0.000 
ijR 8 8  .7.221+06KR 8 8  9r238+ObRB 8 8  9.239+06Sk 08 0 0 0 0 0  
an 8 9  4,69b+OSKH 8 9  1.140+07RO 8 9  &.179+07SR 8 9  . 1.232+07 
Y *  8 9  2.465t03Y 8 9  0.000 OR 90  G.465t06Kil 90 1.293t07 
RE 90  1 .4y1*07~1< 90  4 . 0 8 8 + 0 5 ~ *  90  8 . 5 2 3 + 0 0 ~  90 4.156+05 

. Z R  90  O*UOU KR 9 1  9.0(;9+UCRB* 9 1  4.994+uhHU 9 1  9.971106 
SR 9 1  1.4cJ6+~7Y* 9 1  8.040+06Y 9 1  1.555+~721< 91  0.000 
KR 9 2  7.444+0i>Hn 9 2  . 1.5104 07511 9 2  1.637+07Y 92  1.637t07 
Z R  92  0.000 KR 9 3  3.632+UbR!l 9 3  1.2%7+0751( . 9 3  1.805+07 
Y 9 3  1 . t i 3 ~ + 0 f Z H  9 3  1.455+0lEJO* 9 3  3.234-01tJ1\ 9 3  0.000 
KR 94  2.0224 06Hl1 94  0.646+065R 94  1 . 6 6 4 + ~ 7 Y  94 . 1.906+07 
ZH 94 0.000 till* 94 4.169-031.ln 94  ' 5 .315 -08M~  44 OoOOU 



2.074+07 
0.000 
O.GOO 
1 566+07 
0.000 
0.000 
1.894+07 
0.000 
1.816+07 
1.672t07 
1.343+07 
0 * 000 
4.874+06 
6.682+06 
2.782+06 
5.519+01 
3.148+06 
0.000 
2.065+06 
8.293+04 
3.596+05 
1.921+05 
3.564+04 
0.000 
6,00U-,U5 
1.434*04 
0.000 
0.000 
3 .712t04  
2.228+04 
2'.092+04 
2.520+02 
1.046+04 
1*258+04 
1.338t011 
0.000 
0.000 
1*275+00 
1.225+05 
2.942+00 1 024+06 

0.000 
0.000 
1.214+06 
6.749+06 
0.000 
1.140+07 
1.609+07 
1.198+07 
2.L49*uY 
2,ssutcr i  
0.000 
S.974tOh 
0.000 
0 -no0  
4.475+05 
2.030+07 
1.967+n7 
1.939+07 
5.077t06 
1.982+07 
1 .006+07 
0 % Q09 
l .Y64+07 
7.933tOh 
1.081+07 
1.266+07 
0.000 
1.698t06 
0.000 
4.432+06 
0.000 
0.000 
1.308+01 
0.000 
0.000 
1.019+05 
0.000 
3.232+04 
4.281+02 
0.000 
5.695+0% 
4.710+02 
5.460-03 

-EM TWO) 



8.OE-5 8.OE-5 8.OE-5 8.OE-5 8.OE-5 0,OE-5 8.OE-5 8 ' .0~-2  
6 8  

4.OE-6 4.OE-6 4.OE-6 4.OE-6 4.OE-6 4.OE-6 . 4. OE-6 4 . 0 ~ - 6  
1 

7.OE-4 5.6E-4 ' 1 -  3.3E-4 3.OE-4 2.6E-4 1.8E-4 1.SE-4 
CLOUD GAMMA DOSE CALCULATION FOR BWR SAMPLE PROBLEM - 100 METERS 

EXLICJSE L I B R A R Y  ***** THE FOLLOWIIdG CARDS WERE PREPARED BY' THE COMPUTER FOR THE FIRST ***** 
***** F'ROGLEM. ***** 

CLOUD GAMMA DUSE CALCULATION FOR BWR SAMPLE PROBLEM - 100 METERS 
EXDOSE LIBRARY 

9 1FFTF'F 1.00 100.00 60.00 .OO 2.00 
2.180 -.OOO -.OOO -. 000 -.600 \ 

3B 
.1000+02 .4086+03 .6071+O3 .1206+04 .1604+OQ .2003+04 .2401*04 .2600+04 
.3829+04 .4857+04 .5806+04 .6914+04 .7943+04 . 8 9 7 1 + ~ 4  .1000+05 .1103+05 
*1206'05 .1309+05 .1411+05 .1514+05 .1617+05 .1720+05 .1931+05 .2143+05 
.2354+05 .2560+05 .2777+05 .2909+05 .3200+05 .3629+05 .405-/+05 .4&86+05 
.4914+05 .5343+05 .5771+05 .6200+05 
-5585-14 e3060-11 ,5194-11 e9f186-11 ,1791-10 ..3165-10 .5123-10 .7130-10 



e1648-11 ,2049-11 -3757-11 .5290-11 
mh498-29 ,2182-16 .5899-15 ,3364-14 ,2078-'13 ,1159'12 e3378-12 ,6451-12 
e1098-11 -1622-11 .2647-11 -3320-11 
. O O O O  ,5914-17 ,2156-15 e1303-14 ,9824-14 -6365-13 -2055-12 ,4169-12 
.7386-12 ,1268-11 .1887-11 ,2794-11 

***** UATA CARDS FOR THE REMAINING DISTAI.ICES ARE S I M I L A R  TO THE CARDS ***** 
***** FOR 100 METERS AND WILL 8E OMITTED. ***** 



APPENDIX H 

SOLICITED COMMENTS - 
o f  -- 

' OTHER INVESTIGATORS 

A b r i e f  summary o f  t h e  c a l c u l a t i o n a l  method and ques t i ona i re ,  designed 

t o  e l i c i t  comments and suggest ions regard ing  dose c a l c u l a t i o n s  f rom a  

c loud  o f  a i rbo rne  rad ionuc l  i des ,  were d i s t r i b u t e d  t o  f o r t y  i n v e s t i g a t o r s .  

The i n d i v i d u a l  ques t ions  and t h e  summarized responses rece ived f rom 

t h i r t e e n .  o f  these, a re :  

Quest ion  - 1  "Are t h e  proposed methods o f  s p e c i f y i n g  i nven to ry  

adequate f o r  present  and f u t u r e  problems as you 

now see them?" 

There were t h r e e  "No" answers t o  Quest ion  1. Two o f  these responses were 

concerned about t h e  need f o r  c a l c u l a t i n g  i n v e n t o r i e s  f o r  d i f f e r e n t  types 

o f  reac to rs  and d i f f e r e n t  types o f  f u e l  bo th  o f  which can be handled by 

separate s p e c i a l i z e d  c0de.s and used as i n p u t  source i n v e n t o r i e s  submit ted 

on punched cards. The t h i r d  "No" response argued f o r  c a l c u l a t i n g  t h e  

i nven to ry  i n  u n i t s  o f  Mev/sec t o  avo id  ambigui ty ,  however, t h e  t o t a l  energy 

o f  gamma r a d i a t i o n  em i t t ed  per  u n i t  t i m e  i s  n o t  a  measure o f  e f f e c t i v e  

gamma energy per  u n i t  t ime,  i . e .  one gamma r a y  per  d i s i n t e g r a t i o n  o f  1  Mev 

does n o t  have t h e  same.e f fec t  as 4 gamma rays per  d i s i n t e g r a t i o n  each w i t h  

an energy o f  0.25 Mev. 

Quest ion  2 "Does t h e  proposed containment model a l l o w  - 
adequate d e s c r i p t i o n  o f  containment system 

response f o r  r e a c t o r  designs and acc idents 

o f  i n t e r e s t  t o  you?" 

There were 6 "No" responses. Several  i n d i v i d u a l s  t h i n k  t he  account ing o f  

containment system response should be more d e t a i l e d .  S p e c i f i c a l l y ,  a  more 

d e t a i l e d  account ing was suggested f o r  t h e  " re lease from f u e l "  and f o r  t he  



e f f e c t  of '  r e c i r c u l a t i n g  f i  l t e r s  . The concent ra t ion  remaining a i rbo rne  

w i t h i n  each containment volume was f e l t  t o  be a des i rab le  ou tput .  One 

respondent f e l t ' t h e r e  was a need t o . i n c l u d e  the  e f f e c t  o f  sprays and 

reentra inment  f rom sump pools o f  a i rborne rad ionuc l ides .  

A t  t h i s  t ime more d e t a i l  cannot be inc luded and s t i l l  have a usab le -p rac t i ca l  

code. But as the  code i s  debugged and running t ime i s  reduced i t  may be 

f e a s i b l e  t o  p rov ide  a more complete and comprehensive method f o r  desc r ib ing  

containment system response. 

Quest ion  3 " I s  the proposed method o f  desc r ib ing  leakage ra tes  

adequate and acceptable?" 

There was o n l y  one "No" response. A l l  o the r  respondents f e l t  the  proposed 

method o f  desc r ib ing  leakage ra tes  adequate. 

Quest ion 4 "Have you made any est imates o r  parametr ic  s tud ies  

o f  t he  impact on environmental consequences o f  

account ing f o r  t he  e f f e c t s  o f  m u l t i p l e  b a r r i e r  

containment sys tems? ( i  .e . reduc t i on  o f  re1  ease 

.because o f  r a d i o a c t i v e  decay du r ing  t r a v e l  o f  
7 

an aerosol through successive conta iners  . ) " 

E igh t  i n v e s t i g a t o r s  answered "Yes". . Three of these had conducted s tud ies  

b u t  t h e i r  work was unpubl ished and considered p r o p r i e t a r y .  Three o thers  

had documented t h e i r  s tud ies  o f  the impact on environmental consequences 

o f  account ing f o r  the  ef fects o f  m u l t i p l e  b a r r i e r  systems. These documents 

a re  : 

"Consol idated Edison U n i t  No, 4 PSAR" and Pub l i c  Serv ice - Newbold I s l a n d  

PSAR both repor ted  by John ~ z e l ' i ~ o w s k i  

" S i t e  and Safeguard Requirements f o r  Radio i o d i n e  Contro l " '  MDAC PAPER 

WD 11.06 August 1969 by C.  A .  W i l l i s  

"Es t imat ion  o f  Rad ia t ion  Doses Fo l lowing A Reactor Accident"  ORNL 4086 

February 1968 by  F. T. B in ford ,  J. Bar ish,  and F. B. Kam. 



Question 5 . "Do you f e e l  t h a t  t he  model should account f o r  

removal mechanisms -- i n  containment, i .e. s e t t l  i n g ,  

p l a t e  ou t ,  f o g  spray, r a i n  ou t? "  

A l l  respondents f e l t  t h a t  removal mechanisms i n  containment should be 

accounted f o r .  Some were emphatic i n  s t a t i n g  t h a t  t he  e f f e c t  cannot 

be ignored.  

Quest ion 6 " I s  the  proposed genera l i zed method o f  account ing 

f o r  removal mechanisms adequate?" 

There were two "No" responses. The e f f e c t  o f  r e c i r c u l a t i o n  was t h e  concern 

o f  these i n v e s t i g a t o r s  as we1 1 as some o f  those who answered "Yes". 

R e c i r c u l a t i n g  cleanup can be accounted f o r  i n  the  code by ass ign ing  a 

s i n g l e  removal r a t e  f a c t o r  which i s  app l i cab le  t o  each conta iner .  To 

i n p u t  i t  as a separate f a c t o r  would probably mean i n t e r f a c i n g  soph is t i ca ted  

aerosol  behavior  codes w i t h  the  proposed code. This  may be e a s i l y  done i f  

the  more soph is t i ca ted  code i s  designed t o  p rov ide  the  i n p u t  t h i s  code 

needs, i .e., t he  removal r a t e  a t  s p e c i f i e d  t imes.  

ques t ion  --- 7 "Have you made any est imates o r  parametr ic  s tud ies  
o f  the  impact on environmental consequences o f  

account ing f o r  removal mechanisms w i t h i n  containment 

b a r r i e r s ? "  

I 

El  ever1 i r ~ v e s t i g a t o r s  have made est imates o f  t he  impact on environmental 

consequences o f  account ing f o r  removal mechanisms w i t h i n  containment 

b a r r i e r s .  Several document references supp l ied  by respondents are:  

"Est imat ion of Rad ia t ion  Doses Fo l lowing A Reactor Accident"  ORNL 4086 

February, 1968 by F ,  T. Binford,  J. Bar ish,  and F. B. Kam. 

' 'Accident Confinement System of t he  Savannah R iver  P lan t  Reactor" DP 1071 

August, 1966 by  W. S.  Durant, R. C .  Milham, Dr. Muhlbai r ,  and o thers  

"The SRL Meteorological  Program and O f f s i t e  Dose Ca lcu la t ions ' '  DP 1163 

R. E. Cooper and B. V .  Rusche, September 1968 



Quest ion 8 "Three d i spe rs ion  models a re  inc luded i n  the  

code. (See d e s c r i p t i o n  o f  code) Do these 3 

models p rov ide  s u f f i c i e n t  f l e x i b i  1  i t y  f o r  your  

problems?" 

There were seven "No" responses and i t  was c o r r e c t l y  po in ted  o u t  t h a t  t h e  

code incorpora tes  on l y  - one model w i t h  several d i f f e r e n t  means o f  determin ing 

i t s  parameters. Most comments were r e l a t e d  t o  the  need f o r  hand l ing  volume 

source, b u i l d i n g  wake, fumigat ion  cond i t i on ,  v a r i a b l e  wind and non un i fo rm 

d i s t r i b u t i o n  e f f e c t s .  

P rov i s ion  has been made f o r  d i r e c t  i n p u t  o f  se lec ted  values o f  the  parameters 

o and uZ f o r  des i red  d is tances and the code i n t e r p o l a t e s .  B u i l d i n g  wake Y 
e f f e c t s  w i l l  be incorpora ted  i n  t he  code. I nco rpo ra t i ng  the  remaining e f f e c t s  

i s  under s tudy.  

Quest ion  9 "Please comment on the  importance ( o r  l a c k  o f  

importance) o f  c loud d e p l e t i o n  e f f e c t s  on c loud 

dose and need f o r  i n c l u s i o n  o f  some way o f  

.account ing f o r  the  e f f e c t . "  

Opinion was about evenly d i v i d e d  between those t h a t  f e l t  c loud dep le t i on  

e f f e c t s  were impor tan t  and those that. f e l t  they were no t .  

gues t ion  " .-..,.?- ~ *,...-,- 10 "Should a  one group o r  mu1 t i g r o u p  c a l c u l a t i o n  I 

be performed? Why? How many groups?" 

Only one i n v e s t i g a t o r  f e l t  t h a t  one eneryy Group was s u f f i c i e n t  f o r  t he  

c a l c u l a t i o n .  Most i nvcs t i ga to rs  f e l t  5-10 groups would be des i rab le  f o r  

, t h e i r  ca lcu- iat ions . 

S i ~ c c  " i n t e r a c t i o n  crnss s e c t i ~ n s  and b u i l d u p  f a c t o r s  a re  funct ions o f  gamma 

r a y  energy", i t  seems des i rab le  t o  use mul t ig roup c a l c u l a t i o n s  f o r  some 

prohlems . The code now uses a  12 group c a l c u l a t i o n .  



Question 11 "Taylor's buildup formula i s  being used. Is th i s  

a sui table  choice?" 

Taylor's buildup formula appears to  be OK for  higher energies b u t  i s  
inadequate for  low energy buildup. As a resu l t  of the responses to  the 
questionaire Berger's values are now being used (see Appendix A ) .  

Question 12 "Proposed l imits  for  the space integration are:  
y direction + 3 oy 

-. 

z direction + 3 oZ - 
x direction 7 + 420 meters from exposure point except 

i f  exposure point i s  less  than 420 meters 
from the release point in which case the 
x integration extends from the release point 
to 420 meters downwind of the exposure point. 

Are these l imits  acceptable? (Please comment on t h i s  
choice of l i m i t s . ) "  

Only two investigators f e l t  these l imits  were inadequate. Actual 

integration l imits  are s t i l l  t o  be studied. 

Question 13 "Close to  a reactor containment building the external 
whole body dose from contained f iss ion products may 
overshadow the cloud dose. Do you make calculations 
a t  distances th i s  close? By separate code? Point 
or  extended source? Include shielding effects  o f  
containment and/or a i r ?  Buildup?" 

Two investigators reported tha t  they do not make th i s  calculation, two 
calculate i t  w i t h  t he i r  cloud dose code in use and the remaining nine 
calculate i t  using a separate code or by hand. 



Question 14 -. "The I C R P  suggested method (page 22 o f  I C R P  

P u b l i c a t i o n  2)  o f  c a l c u l a t i n g  maximum permiss ib le  

concent ra t ion  (mpc I s )  i n  a i r  i n c l  udes B r a d i a t i o n  

exposure as p a r t  o f  t he  ex te rna l  whole body exposure 

i f  the  B r a d i a t i o n  has an end p o i n t  energy g rea te r  

than 0.1 Mev." 

14a. "Do you do t h i s  i n  your  c loud dose c a l c u l a t i o n s ? "  

14b. "Do you i nc lude  exposure from Bremsstrahlung as 

p a r t  o f  t he  ex te rna l  whole body exposure f o r  6 

emi t te rs  such as 8 5 ~ r ? "  

14c. "Do you c a l c u l a t e  the  B dose as p a r t  o f  c loud 

dose c a l c u l a t i o n s ?  (how do you c a l c u l a t e  o r  

suggest c a l c u l a t i n g  the  B dose? S e m i - i n f i n i t e  

c loud? Dose versus depth? Skin dose? e t c . ) "  

The consensus i s  t h a t  the  dose from beta  p a r t i c l e s  can genera l l y  be ignored 

b u t  i n  any case where i t  i s  requ i red  the  i n f i n i t e  c loud assumption can be 

used t o  p rov ide  a ready answer. Only one i n v e s t i g a t o r  repor ted  accounting 

f o r  Brernsstrahlung. 

Quest ion  15 - Deleted p r i o r  t o  d i s t r i b u t i o n .  

Quest ion 16 "We propose t o  f o l l o w  I C R P  Committee I 1  recommendations 

f o r  making i n t e r n a l  dose c a l c u l a t i o n s .  Do you have 

o the r  methods t h a t  you use? (Please descr ibe  them and 

any observed di f ferences i n  r e s u l t s  between the  methods. ) " 

A l l  r epo r ted  us ing  I C R P  .Committee I 1  recommendations. A few have rev i sed  

b i o l o g i c a l  paramet-ers of I C R P  P u b l i c a t i o n  2 according t o  I C R P  p u b l i c a t i o n  

10 and o n l y  one i n v e s t i g a t o r  uses t h e  new I C R P  l ung  model. 
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