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SUMMARY , . . . . .. 

. . . . .  . . . . . . . .  . - .  
A  computer program, SUBDOSA, has been .developed. f o r  c a l  c u l  at ' i  ng e x t e r -  

n a l  'gamma and be ta  doses t o  i n d i v i d u a l s .  f rom ) the  a c c i d e n t a l  , . re lease o f  

r a d i o n u c l i d e s  t o  t h e  atmosphere. C h a r a c t e r i s t i c s  o f  SUBDOSA are :  

.Doses f rom b o t h  gamma and be ta  r a d i a t i o n  a r e  c a l c u l a t e d  as a ,  

f u n c t i o n  o f  depth i n  t i s s u e ,  summed and r e p o r t e d  as sk i n ,  eye, 

gonadal and t o t a l  body dose. ' .  . . . - .  

.* Doses a r e  ca . l cu la ted  f o r  r e l eases  w i t h i n  each o f  severa l  ' r e l e a s e  

t i m e  i n t e r v a l s .  Up t o  s i x  t ime  i ' n te rva ls  can be a l lowed and 

separate n u c l i d e  i n v e n t o r i e s  a n d  atmo-spheric d i s p e ~ s i o n ' c o n d i t i o n s  ' . 

. . a r e  cons idered  ' f o r  each ' t ime i n t e r v a l .  
. . . . . . 

Rad ioac t i ve  decay i s  cons idered  d u r i n g  t h e  re l ease  a n d / o r t r a n s i t  

u s i n g  a  c h a i n  decay scheme' w i t h  b ranch ing  t o ,accoun t  f o r  
. . 

. ' t r a n s i t i o n s  t o  and f r om i somer i c  s t a t e s .  
.. . 

e The dose f rom gamma r a d i a t i o n  i s  c a l c u l a t e d  u s i n g  a  numer ica l  
. . . , 

, . . . . . ,  

- i n t e g r a t i o n  techn ique  t g  account f o r  t h e  f i n i t e  s i z e , o f  t h e  plume. 
.. . , , . .  

e The program computes and 1 i s t s  t h e  norma l i zed  a i r  concen t ra t i ons  

a t  ground l e v e l  as a  f u n c t i o n  o f  d i s t a n c e  f rom t h e  p o i n t  o f  

r e1  ease. 



The computer program SUBDOSA has been developed f o r  t h e  purpose o f  c a l -  

c u l  a t i  ng the  dose t o  humans f o l  l owing acc identa l  atmospheric re leases o f  

rad ionuc l i des .  SUBDOSA c a l c u l a t e s  the  dose from a i rbo rne  rad ionuc l i des  

ex te rna l  t o  t he  body and does n o t  consider  t h e  dose r e s u l t i n g  from rad io -  

nuc l i des  deposi ted i n  t h e  body and i t s  organs v i a  i n h a l a t i o n .  Doses a r e  

c a l c u l a t e d  as a  f u n c t i o n  o f :  q u a n t i t y  released, du ra t i on  o f  release, atmo- 

spher ic  cond i t ions .  du r ing  the  'release, and .ho r i zon ta l  'd is tance from the . . . .  

. . .  .,., j: r e 1  ease p o i n t .  

The dose t o  organs o f  re fe rence i n  a d u l t s  f r o m  a i rbo rne  rad ionuc j  i.des 

ex te rna l  t o  t h e  human body i s  p r i n ia r i  1.y dependent. upon t h e  type o f .  r a d i a t i o n ,  

t h e  energy o f  t h e  r a d i a t i o n  and the  s p a t i a l  d i s t r i b u ' t i o n - ' o f  t he  a i rbo rne  

rad ionuc l i des  . . s u r r o ~ n d i ~ l g  t h e  human..recep~tor. . . . . .  The.energy, and. type o f  r a d i a -  
. . -  . :  

t i o n  a r e  c h a r a c t e r i s t i c  . o f  each .radionucl, i .de., S p a t i a l  d i s t r i b u t i . o n  o f '  a i r -  

borne r a d i  . . onucl ides  i s  determined by t h e  q u a n t i t y  : re1  eased, the  du ra t i on  o f  ' 
., .I . < .  

r e lease,  t h e  atmospheric cond i t i ons  preva i  1  i n g  du r ing  the  re.lease and , the  

d i s tance  between the  dose recep to r  and the  p o i n t  o f  re1  ease. 
. . . . _  . . . .  . . . :, 

The organs o f  re fe rence most f r e q u e n t l y  . ,  -considered i n  .ex terna l  dose 
/ : 

c a l c u l a t i o n s  a r e  the  sk in ,  l ens  . o f  t h e  eye ,and t o t a l  body. Corresponding 

t i s s u e  depths f o r  these organs used i n  SUBDOSA a r e  0.007, O . T  and 5 cm 
, .: . . . .  

r espec t i ve l y .  The male gonads a r e  l e s s  . . .  o f t e n  con i i de red  i ' n  dose'.cal cu la -  

t i o n s  'but when i u c h  c a l c u l a t i o n s  a r g  made w i t h  SUBDOSA, ' t h e  t i s s u e '  depth. i s  



DESCRIPTION OF MATHEMATICAL MODELS 

Mathematical models used t o  c a l c u l a t e  gamma and beta doses and  normal- 

i z e d  a i r  concent ra t ions  a re  descr ibed i n  t h i s  sec t ion .  The expressions o f  

gamma dose a re  discussed f i r s t  fol low.ed by t h e  beta dose and normal ized a i r  

concen t ra t i on  equat ions. 

TOTAL BODY TISSUE DOSE FROM GAMMA RADIATION 

The bas ic  equat ion  f o r  t h e  ex te rna l  t o t a l  body t i s s u e  dose r a t e  from a 

gamma emit t i 'ng r a d i o n u c l i d e  present  i n  an incrementa l  vol.ume o f  a  c loud i s :  

E y ~ B ( u k r ) .   ex^ (-pkr) 
dxdydz . . (1 d = Kk 2 Y . . 4 1 ~ r  

where: . . . 

d  incrementa l  dose r a t e  t o  t i ssue ,  f rom gamma r a d i a -  
Y 

t i o n  em i t t ed  f rom an incremental  c loud volume, 

dx, dy, dz a t  a  distan-ce r meters from the  p o i n t  

o f  i n t e r e s t ,  r ad l sec  

.3 x a concen t ra t i on  i n  incrementa l  c l oud  volume, ~ i / m  

E photon energy, MeVId i s i n teg ra t i on  
Y 

B (uk r )  dose bu i l dup  f a c t o r  f o r  a i r  

uk t o t a l  l i n e a r  a t t e n u a t i o n  c o e f f i c i e n t  i n  a i r ,  m - ' ,  

f o r  photons w i t h  gamma energy. i n  enermyy group k 

2 Kk dose convers ion f a c t o r ,  ( rad-m ) / ( C i  .set) per  

MeV d i s i n t e g r a t i o n .  

The cons tan t  Kk i s :  
n 

C i  . sec K = MeV 
k 

I . ,  \ -: 
100 q g o  r a  



. . .  
. . : . ( .  ' .  a "  . . . . . . . . . . .  where: . . . . . . . . .  . . . . . . . .  . , . . - c  

c . .  , (?) k mass absorp t ion  c o e f f i c i e n t ,  . . .  dm 2 /g  i n  t i s s u e  f o r  

. .  
.. ., average gamma energy, o f .  energy group k . .  - 

A quad ra t i c  expression i s  used t o  c a l c u l a t e  the  dose bu i l dup  f a c t o r .  I, / 
I 

where: . .. . . .  . 
. . . . . . . . . . .  . - , ,  - . ' (  

. A k  a n h d  a r e  emp i r i ca l  constants. . . . .  determi.ned. t o  f i t  bu i l dup  
" (1 )  f a c t o r  data o f  Berger. . .. : ... . . . .  I I 

. . . . ,  

S ince dose r a t e  i s '  a  f u n c t i o n  o f  y- ray .energy, t h e  gamma spectrum has 

-hein d i v i d e d  i n t o  encrgy groups. . The i n~ r -e~ l re r l l d l  dose f s cal culaeed sepa- 
4 

r a t e l y  as a  f u n c t i o n  o f  photon energy and i n t e g r a t e d  over t he  c loud volume 

t o  ob ta in  dose r a t e  f a c t o r s  f o r  each energy group. The dose r a t e  f a c t o r s  . 

a r e  coup1 ed w i t h  rad ionuc l  i d e  re1  ease t o  g i v e  indiv . jdual , .~dose ra tes .  The 

t o t a l  dose i s  c a l c u l a t e d  as t h e  t i m e . i n t e g r a 1  o f  dose r a t e .  

Before i n t e g r a t i n g  Equation . ( l ) ,  I t i s  f i r s t  necessary t o  descr ibe  

mathemat ica l l y  t h e  plume concent ra t ion ,  x: To 'obta in a  use fu l  expression, 

several  assumptions a r e  necessary: , . , . 

D i f f us ion  a long t h e  d i r e c t i n n  , a f  c l nud  t.rave1 can . I  be , ignored. 

V e r t i c a l  and l a t e r a l  crosswind concent ra t ion  i s  normal ly  . . d i s -  

t r i b u t e d  and the  standard dev ia t i ons  a r e  a f u n c t i o n  o f  atmospheric 

s t a b i l ' i t y ' , a n d  d i s tance  from t,he re lease p o i n t .  1 n  some d i s -  

pe rs ion  models, t h e  standard dev ia t i ons  a r e  wind speed dependent. 
. . , . .  

The dose recep to r  i s  a t  ground' l e v e l .  ' 

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

by a f a c t o r  dependent on the d is tance o f  t r a v e l  and i s  independent 

o f  t r a v e l  t ime and displacement f rom the  c e n t e r l i n e .  

The concentrat ion.  o f  radionuc' l  ides  i n  . t h e  c loud a t d i s t a n c e s  

beyond th ree  standard dev ia t i ons  in'. t h e  v e r t i c a l  .and 1  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 c a n t  and t h e r e f o r e  makes 1.i ttl e  



contri bq.ti.on to .  the dose ,. . rate.,, . . ,  , ~a,djo,nu.cl . .. , . . .  i*, concentka . . . tions, ., . . . ,  ,. . ,. . .  . : .  . .__ . .. . 

a t .  distances ,greater  than :800. .m. .i.n,.the di rect,ion o f  cloud, . . 

. . , .  . ,  < . .  . . .  , .. . . .... 
travel. can a1,so.. be. ignored. , . .. . .: , -. ' .y . .. . ,. b . . .  . . 

- , .  . , . , ,  . ,. . . . . . .  

Radionucl i de decay i s  calculated for each radionucl ide . - .  . . . . .. 

based on travel time to the exposure. poi-nt.. . .  . . . This . . 
concentration i s  used for  a1 1 downwind integration. : .: : 

. . points. ( i  .e. ,' over 2800 m from the exposure poin,t)'; I 
The blume concentration a t  a vertical  position z and la te ra l  position y i s  

' ( 2 )  given by: 

. t .  , .. . 
where: 

ih average wind  speed in direction of travel measured . ;  

a t  height of release,  m/sec 
i 

a z 0 crosswind vertical  standard deviati-on of cloud 
concentration, . m .  . .  

a -crosswind la te ra l  standard 'deviation of cloud 
Y 

concentration, m . :  

h hei,,ght. of re1 ease, m , ' 

, . 
. . 

. y la te ra l  displacement from cloud centerline of 
,i r.~crenietital element of cloud, m 

. , 

z . height of incremental, element. of cloud, . .- m 

' '  Q!.. r,ate of re1 ease from source, corrected. f o r  decay . 

durin,g t r ans i t :  t o  exposure point, curies;/sec.  ,.. .. . . 

Equation ( 3 )  does not include a factor  of two fo r  ground reflection. '  Deter- 

mination of o and oz i s  discussed in a subsequent section. 
Y 



The dose r a t e  f rom a1 1  riadionucl i des  w i t h i n  the  plume i s  obta ined by 

per forming a  space i n t e g r a t i o n  o f  Equation - ( l )  w i t h  x de f ined  by Equation ( 3 ) .  
c 

For a  g iven n u c l i d e  and d i s tance  from re lease p o i n t  t h e  dose r a t e  i s  

( rads/sec)  : 
:. 8 

Energy photon's i n  ' . . 

Groups Group k  . .  < .  . . 

where: 

D '  Dose r a t e ,  rad/sec 
Y 

AkR abundance o f  e - th  photon i n  energy group k, 

pho tons /d i s in teg ra t i on  

E Y k ~  energy o f  R - t h  photon i n  .energy . ? .  group . .  . k, 
. . . .  . . . . . 

MeV/photon . .  . . . 

. . .  
The Eose Kate  Fac tors ,  DRF, have u n i t s  o f  rad/sec i e r  c u r i e  ( a t  t h e  

d i s tance  of i n t e r e s t )  ~ e v l d i  s i  n t & r a t i  oh from photons i n  energy g r n ~ q - ~  k 

Equat ion (5 )  i s  i n t e g r a t e d  us ing  a  numerical  technique as descr ibed i n  

Reference 3. The dose r a t e  from a.11 nuc4 i des  i s  ,ob ta ined by adding the  

c o n t r i b u t i o n s  from a l l  nuc l i des  .present.  The t o t a l  ,dose i s  t he  t ime i n t e -  . . . . .  
f.  , , 

g r a l  o f  t h e  t o t a l  dose r a t e .  Since t h e  re lease . . . .  r a t e i s  . . .  t h e  o n l y  t ime depen- . 
. . 

dent parameter,' the  t o t a l  dose may be expressed as: 



where: . . . . 

. . Tr durat i ,on o f  re lease per iod.  
. . . . 

Of ten the  t o t a l  r e l e a s e  i s  g iven as i n p u t  and .  no t ime i n t e g r a t i o n  i s  

necessary. However, i f  t h e  t o t a l  re lease i s  n o t  known, i t  may be ca l cu la ted  

from knowledge o f  t h e  i n i t i a l  amount present  and t h e  nucl. ide decay schemes. 

The n u c l i d e  decay scheme used by SUBDOSA accounts f o r  cha in  decay inc lud ing  

t r a n s i t i o n s  t o  and from isomer ic  s ta tes .  The general equation f o r  such a  

scheme i s :  
. - . , 

d  M.  i 2 =x A.K.M.-A.M 
d  t J J J -  1 1  

j 

where : 

Mi r a t e  o f  re lease f o r  n u c l i d e  i a f t e r  decay f o r  t r a v e l  

t ime T, atoms/sec 

Mj 
r a t e  o f  re lease o f  parent  n u c l i d e  j , atoms/sec 

Ai decay r a t e  constant  f o r  n u c l i d e  i (sec - l )  

branching r a t i o  f o r  n u c l i d e  j decaying t o  nuc l i de  i. 
Kj 

Equation (7)  may be solved a n a l y t i c a l l y  t o  ob ta in  t h e  . ra te  o f  re lease a t  

any t ime t as: 

n  

. . 
. . where: .. . . 

. . 
n  posi  t ' ion  i n  decay chain o f  nucl  i d e  i 

hk physical  decay constant  f o r  chain member k  
. . 

Ak c o e f f i c i e n t  composed o f d e c a y  f r a c t i o n s  and phys ica l  
. . 

decay constants ..I . . f o r  nucl ides  i n  t h e  cha in  

k . . t h e , s u v a t i o n .  i s , o v e r  a.l l .nuclides o f  t h e : c h a i n  down 
. . 

t o .  n u c l i d e . ' i .  . , . 



When t h e  n u c l i d e  i n v e n t o r y  i s  g i v e n  as t h e  amount p resen t  a t  t h e  s t a r t  
1 

o f  t h e , r e l e a s e  pe r i od ,  i t  i s  necessary t o  i n t e g r a t e , o v . e r  . . t h e  r e l e a s e  p e r i o d  

t o  determine t h e  a c t u a l  r e l e a s e  f o r  Equat ion (6 ) .  I f  re l ease  i s  assumed t o  

be cons tan t  (excep t  f o r  'decay) M i  o f  E q u a t i o n  (7') "can be . r ep laced  . by: 
, , .  . .- 

Qi ( t )  . . 
Mi ( t )  = - T  r.  . 

. , .' , , . 
where: 

Q i ( t )  amount (atoms) o f  n u c l i d e  i presen t  a f t e r  decay 

f o r  t i m e  t 

Tr r e l e a s e  pe r i od .  

The r e s u l t i n g  equa t i on  can be so lved  i n  t h e  same manner as Equat ion .  ( 7 )  t o  

o b t a i n  a  s o l u t i o n  corresponding t o  'Equat ion  (8 ) :  
. . a .  , . 

where t h e  terms a r e  as de f ined ,  excep t  t h a t  Qi ' ( t )  i s  i n  u n i t s  

o f  atoms. T h i s  equa t i on  i s  e a s i l y  i n t e g r a t e d  over  t h e . r e l e a s e  p e r i o d  t o  

g i v e  t h e  t o t a l  r e l e a s e  f0.r use  . i n  Equat ion  ( 6 )  as: - ,  

The t o t a l  r e l e a s e  Qi(Tr) must be conver ted  f rom a toms" to  c u r i e s  f o r  use i n  

Equat ion  ( 6 ) .  I n  p r a c t i c e . t h e  decay c a l c u l a t i o n ,  Equat ion (8 ) ,  and t ime  

i n t e g r a t i o n ,  Equat ion  ( l l ) ,  a r e  performed i n  4 n i t s . o f  cu r iessec ,  i . e . ,  
~ ... . 

cu r ies - .d iv ided  by t h e  phys i ca l  decay cons tan t  f o r  the nucl ide.  Conversion 
. . 

t o  u n i t s  o f  c u r i e s l s e c  o r  c u r i e s  i s  t hen  'made by 'simply mu1 t i p l y i n g  t h e  

r e s u l t s  by  t h e  phys i ca l  decay cons tan t .  , . a ;  

Equat ion ( 6 )  g i v e s  t h e  gamma dose t o  t h e  su r f ace  t i s s u e .  The dose t o  

t i s s u e  below t h e  su r f ace  i s  c a l c u l a t e d  by a p p l y i n g  an a ' t tenua t ion  f a c t o r  t o  

t h e  dose r a t e  f a c t o r  o f  Equat ion (4 ) .  



i 
. . . . 1. : , . ,, 

. . . . . .  . , . 
' ~ n e r ~ ~  " . . photons , i n  . . .  . 

. . " . .  Gl;oup..k : ;,.' ' I ' . . 7 - .  . . .  , . < .  , :. .. . 

( 1  + ukd) (AkEyk)k (1  2)  

where t h e  terms a r e  as d e f i n e d  f o r  Equat ion ( 4 )  and: , 

D '  ( d )  e gamma t i s s u e  dose r a t e  a t  a depth d, rads/sec ,- 

' Y  

d depth i n  t i s s u e  of exposure p o i n t ,  cm . - . -  . . 

I . l i n e a r  t o t a l  a t t e n u a t i o n  c o e ~ f i c i e n t  o f  wa te r  , . , 
lJ k - 1 

..:. f o r  photons ..i n. energy group k, cm . ,. . . 

The r e s u l  t s  o f  Equat ion (12) ,  expressed as Dm ( d ) / Q 8 ,  a r e  used i n  ~ ~ u a t i o n  ( 6 )  
Y 

t o  determine t h e  gamma t i s s u e  dose a t  dep th  d. , . v . .  . .. . . - 

SURFACE TISSUE DOSE FROM BETA RADIATION 
' . 

The beta dose c a l c u l a t i o n  i s  cons ide rab l y  s imp le r  than t he  gamma dose 
- .  

c a l c u l a t i o n .  Because o f  t h e  s h o r t  range o f  be ta  p a r t i c l e s  i n  a i r ,  t h e  

rad ionuc l  i d e  c l o u d  may be assumed. tosbe s e m l - i n f i n i t e  i n  dimension. ' Wi th  

t h i s  assumption t h e  be ta  dose t o  su r f ace  t i s s u e  i s :  ( 2 )  

. , . .  . . . I  where: < .  . 
. . ,  . . .  . . 

t ime  i n t e g r a t e d  2 i  r:' c o n c e n t r a t i o n  a t  t h e  recep to r ,  
3 ... . .  

C i  .sec/m 
- 
Eg e f f e c t i v e  be ta  energy f o r  t h e  nuc l  i d e  be ing  con- 

s idered,  MeVId is i  n t e g r a t i o n  

-6 e rgs  d i s  ) . + .  (1.6 x 10 
0.229 = 3 e r  s (112) 

(1  293 g/m .) (1  00 gamm; rad 1 

The f a c t o r  o f  112 i s  t o  account  f o r  body s e l f  s h i e l d i n g  f rom h a l f  t h e  

r a d i o a c t i v e  cloud,. . The t o t a l  ,beta dose i s  t h e  sum o f  dose c o n t r i b u t i o n s  

f rom each n u c l i d e .  . , .  . - 



The t ime  i n t e g r a l  of  a i r  c o n c e n t r a t i o n  i s  c a l c u l a t e d  f rom t h e  i n s t a n -  
' :  ' 2 ,  

taneous a i r  c o n c e n t r a t i o n  o f .  Equat ion  ( 3 )  as:  ' I  . .  . ._ . 

The i n t e g r a t i o n  i s  per formed as f o r  t h e  gamma dose c a l c u l a t i o n .  S ince t h e  

exposure p o i n t  i s  assumed t o  be on o r  below t h e  c l o u d  c e n t e r l i n e  a t  ground 
2 l e v e l ,  t h e  term exp(-y  /2a ) i s  n o t  inc luded,  i n  e v a l u a t i n g  x/Q' f o r  t h e  beta 

Y  
dose c a l c u l a t i o n .  The f a c t o r  o f  2 i s  f o r  plume r e f l e c t i o n  about  t h e  ground 

p lane.  . . 
. . 

TISSUE DEPTH DOSE FROM BETA RADIATION 

Equat ion  (1  3 )  determines t h e  beta 'dose t o  su r f ace  ,ti To' determine 

be ta  dose t o  t i s sue ,  below t h e  surface,. t h e  e f f e c t i v e  be ta  energy a t  t h e  
. " 

g i v e n  t i ' s sue  dep th  . mus t  . .  be known. 

To c o r r e c t l y  de te rmine  t h e  e f f e c t i . v e  be ta .ene rgy  em i t t ed  by a  p a r t i c u -  

l a r  n u c l i d e ,  t h e  c o n t r i ' b u t i o n s  f.rom a l l , .  be ta  .peaks . o f  t h e  spectrum must. be' 

cons idered.  A  computer program has been developed t o  c a l c u l a t e  t h e  e f f e c -  
2  t i v e  be ta  energy a t  a  t i s s u e  depth o f  d  mglcm u s i n g  be ta  s p e c t r a l  d a t a  bs 

i n p u t .  I n  Appendix A  t h e  s p e c t r a l  da ta  used a r e  descr ibed  t oge the r  w i t h  

t h e  r e s u l t i n g  e f f e c t i v e  be ta  energ ies  a  a , f u n ' c t l o n  o f  t i s s u e  depth.  
. . . . 

The e f f e c t i v e  beta energy f o r  a  g i ven  emiss ion '  peak i .s c a l c u l a t e d  as 

t h e  i n t e g r a l  o f  t h e  be ta  spectrGm:. 

where: .. 

- 
Egi(d) e f f e c t i v e  be ta  energy a t : a ' ' d e h h . d  i n  ~ i s ' s u e  

f o r  peak i MeV/d i s i n teg ra t i on  

d  exposure p o i n t  t i s s u e  dep th  i n  mg/cm 2  



C 

P ( ~ , E ~ )  @ r a t i o  :of eff.ectiv.ei energy: a t  .a. t i ssue*  de-pth.,of ,.;,:. 

d  t o  t h e  e f f e c t i v e  energy a t  the  sur face 

Eo end p o i n t  energy f@'r t h e .  g i ven  .beta- emission : 
. . 

spectrum, MeV . . 

N  ( E )  ? r e l a t j v e  number ,of( be ta  par t i c les i .gmi t ted ;  in .  .the: : . 

, , . . .  . i n t e r v a l  from. E ',to: E+dF..,- . . . . . . . . . .  . . ... . . . . . .  , . 
, .:. . _. . - .  . , %  ::. ' . . 

The t o t a l  e f f ec t i ve  energy fo r  d nukl  i d e ' i s  :the sum'of t h e  i nb iv idua l " !e f fec -  

t i v e  energies weighted by the  peak abunda.nce. 
. . . .  . . . . . . . . .  :. . . - . . . . . . . .  . . . .  

Number o f  
Beta -.Peaks ., 

FJd) = C E 6 1 . (d)Ai ;. 

i .= 1  
. * . . 

where: . . . 
. 8 

Ai beta p a r t i c l e  abundance f o r  peak i, p a r t i c l e s /  
. . .  . . .  r..,, '. : ,, . . . . . . .  . . .  . . i 

A. , d i s i n t e g r a t i o n .  . . .  ,-. . . 
s , . .  * :  . . . . . .  , .e ., . . :  . t . . . . 

A f o rmu la t i on  o f  t he  beta e n e r g i  ... reduc t ion  . . .  f a c t o r  i n d i & t & s  t h a t  i t  . . . . .  i s  
. ' ( 4:.) .' .::: 

a  f unc t i on  o f  t i s s u e  depth a.nd beta end energy. Beta dos'~! i s  pro-  

p o r t i o n a l  ' to. 'beta energy. ( f o r  t he  s e m i i i n f i n i  t k  c loud assunibkion); thus 

the  beta energy reduc t i on  f a c t o r  i s '  equal t o  ' the  beta dose; reduc t i on  fac tors .  

The beta energy reduc t i on  f a c t o r  i s  g iven by: 
. . , . . . . . . , . . .  . . . 

. .A = 3,.-:.exp(l. - .vd /6) .  - i(vd/.6)(2 + I n  B/vd) ;-:... ,I': '!- , . 

A = 0 f o r  d  2 d./v . ; . " .  . . 

and : v e . f f ec t i ve  a t tenua ' t i on  c o e f f i c i e n t  f o ' r a  pe.ak' w i t h  
2 er~dpu i 1 1  1 ersergy E . cm /mg 0 ' 

2 . .  ; ;:. . . . . . .  . . 
d t i s s u e  depth, 'mgjcm 

0 
maximum energy of c h a r a c t e r i s t i c '  beta energy spectrum, MeV 

a,6 emp i r i ca l  constants dependent on Eo, dimensionless. 



The e f f e c t i v e  a t t e n u a t i o n  c o e f f i c i e n t  . v  f o r  t i ssue.  i s  g iven by: .: . ' . .  

. . . . .  . < 

The r a t i o  /r* i s  t h e  r a t i o  of t h e  ac tua l  average beta energy t o  t h e  hypo- 
B B 

t h e t i c a l  a l lowed average beta energy. Th i s  r a t i o  i s  1.0 f o r  a l lowed emissions. 

Values o f  a and 6 a r e  g i ven  i n  t h e  t a b l e  below. 

. . 

Values f o r  a and '& '  

0.10 2 Eo < -0.5 Mev , ' 0.2.60 2.0 

0.5 c Eo < 1.5 MeV 0.297 1.5'  
. . .  

1 .5  Eb < 3.0 MeV 0.333 1  .O 
. ..: 

For  va lues  o f  E, l e s s  than 0.10 MeV, t he  r e d u c t i o n  f a c t o r  i s  s e t  t o  zero. 

For  va lues o f  EQ g r e a t e r  t h a n  3.0 MeV, va lues o f  6 and a o f  1 and 0.333 
:., . .  . .. . . 

r e s p e c t i v e l y  a re  used w i t h  t h e  b c t u a l  va lue  ' o f  E ~ .  
! 

. . . . .  . I 

To determi'ne.. t h e  avera'ge beta energy. f o r  a  c h a r a c t e r i s t i c .  spectrum, 

t h e  shape o f  t h e  peak must be known. .For. a ]  lowed spec t ra  the, shape i s  . . 
) ' .  

g i ven  by: (5,6) 
. # 

N (E) dE = K-F (Z,W)(W~-I) ' /~ W 'E,-E)' dE ' , 

where: . . i . 

K  rn a r b i t r a r y  cons tan t  which cancels  o u t  i n  Equat ion (16) 

F(Z,W) Fermi f u n c t i o n  f o r  emi.ssions f rom an .atom o f  atomic 

number Z  . . 

W rn, t o t a l  energy o f  . t h e  beta p a r t i c l e  i n  un i ' t s  o f  
. i - .  

r e s t  mass . . 

E  k i n e t i c  energy. o f  beta p a r t , i c l e  i n  , un i t s  , o f  r e s t  
' .' _: 

5 

mass (W = E  + 1 )  
. . . . .  . . .. . . . - .!. C, . . . - . ,. 

. . . . ' I  



Z = atomic mas,s number . , .  , . . .  . . . . . .  . .  . . . . . . . . .  * . . . . .  . 8 , .  ..,' , 

. . . . . .  A Energy i s .  conver.ted t o  :r.est...mass uni.,ts by.  di.vi.di,ng .the. energy i n  MeV 

. . .  . . . .  . . . . . .  The Fermi f u n c t i o n  ' i s  evaluated 'as.'' 
L . . . .  . . ,, . 

'* . . ., . . . . . . . ,  . . - ,.:. : . . 

. . . .  - .  , .  .\ ' . . *  i c . .  .. , . ., 2. .; , . I . ~. 
r ( y . +  i y )  

' . . I  ." 
~ ( z , w )  . . = >(I + ; ) ( i & ) 2 ( ~ -  l ) e P  Fy . .: I r.(2y .. :+ I 1 2 . . ,  . ( 2 0). 

where: . . . . .  . . .  , . .  . . . . 

. . . .  y. = [I - ( c ~ z ) ~ ] ~ / ~  (dimensionless) : ' '.. - .. ', . . 

. 2  . . 

d = e /)lc 1. /I 37. ( d i m e n ~ i o h l ~ e k )  ' .'' ' 
.; ". . . .  . . i : : .  . . .  . . 

, . .  . :  . .  , , , 

e elementary charge, esu .... 
. . .  . . 

h P lank 's  constant ,  erg-sec 

c speed o f  l i g h t ,  cm/sec 
. <  . . . . .  , . 

y = ZW/p (d imensionless)  ... 
. . .  . . 

. . . .  .. -- . . . . . .  

R = 112 C X A ' ~ ~ ,  nhc lea r  rad ius ,  cm .. . . 
'. . . . . , 

. . . . .  

2 . . . .  
, P = (W b e t a i p a r t i c l e  momentum -, '- . . . . . . .  

A . atomic weight  

The data 1 i b r a r i e s  o f  computer program SUBDOSA i n c l u d e  data on 331 

f i s s i o n  products p lus  144 a c t i v a t i o n  products o r  t r ansu ran i c  elements. 

E f f e c t i v e  beta energ ies have'been c a l c u l a t e d  f o r  each o f  these nuc l i des  f o r  

t i s s u e  depths of 0, 7, 20, and 100 mg/cmL. . , .  The . . .  r e s u l t s  have been i n c o r -  
" .. ,, . . .  

porated i n t o  a data 1 i b r a r y  f o r .  u.se . . .  by SUBDOSA., . . . .  . . . .; 
', . 

4 

S K I N ,  EYE, MALE GONAD, AND TOTAL BODY DOSE 

I 

I 4 The consequences of  acc identa l  r a d i o a c t i v e  re leases  t o  t h e  atmosphere 

a re  o f t e n  determined- i n  t-erms: o f  do'se tb. sk in,  eyes, male gonads and t o t a l  



body. The s k i n  dose i s  t he  sum o f  t he  surface' gamma do's: and the beta depth 
2 dose a t  7 mg/cm ( th ickness  of o u t e r  sk in ) :  The eye dose i s % t h e  sum o f  the  

2 surface gamma dose and the  beta depth dose a t  100 mg/cm (depth o f  l e n s ) .  

The dose a t  a t i s s u e  depth o f  1 cm i s  rep resen ta t i ve  o f  the  dose t o  the  

male gonads. The t o t a l  body dose as ca l cu la ted  as t h e  gamma dose a t  a t i s -  

sue depth o f  5 cm w i t h  no beta c o n t r i b u t i o n s  inc luded.  The computer pro- 

gram SUBDOSA has been designed f o r  c a l c u l a t i o n  o f  these spec ia l  doses. 

NORMALIZED AIR CONCENTRATION 

The normal ized a i r  concent ra t ion  has been descr ibed f o r  gamma and beta 

dose c a l c u l a t i o n s  by Equations (3 )  and (14).  These e.qua.ti,ons i nc lude  a term 

f o r  r a d i o a c t i v e  decay f o r  a s p e c i f i c  isotope'. , F o r  hand c a l c u l a t i o n ,  values 

o f  x / Q '  which do n o t  i nc lude  decay a r e  des i rab le .  Such values a r e  'calcu.lated 
. 

as: 

Plume r e f l e c t i o n  a t  t he  ground plane i s  inc luded i n  ~ ~ u a t i o n  (21). 

Methods fo r  determin ing the  d i spe rs ion  parameters o and oZ i n c l ~ l i l e  
Y 

the  Hanford equat ions,(2'7) Su t ton ' s  Dr igg  ' s  equat ions (9) 

and t h e  curves a t t r i b u t e d  t o  P a s q u i l l  . ( 2 )  The Hanford equat ions are:  

2 2 2 
a = . a  [I - exp (-k T ) ]  + bT z . . 

where: 

t dura t i on  o f  t h e  re lease,  sec 

T . t r a n s p o r t  t ime  f rom t h e  p o i n t  o f  re lease t o  the4 recep to r ,  sec 

and a ,  b, c  , k, a,nd . ogih . a re>parameters whose va l  ues depend: upon atmospheric 

s t a b i l  i ty. 



The Su t t on  Model . .def ines ,,the' varian.c$s. .as :; . . , :  :; . . . .  . . . . . .  , , .  I .  . 
. . . . . . . .  . .: . . , , . . 

. . . . .  . . .  . . . :  . '  '..' , , . , . . . . . . . . . . .  . . . . .  . -  , .  . ,. . . .. , 

where C C,, and n a r e  parameters'whose va lues  a r e  dependent upon atmo- 
Y '  

sphe r i c  s t a b i l i t y .  C h a r a c t e r i s t i c  va lues o f  t h e  parameters f o r  t h e  Hanford 

and Su t t on  equations'. a r e  1 i s t e d  i n  Tables 1 and 2, r e s p e c t i v e l y .  

B r i ggs  r e l a t i o n s h i p s  o f  o  and o,, w i t h  d i s t ances  f o r  P a s q u i l l  Sta-  
Y 

b i l i t y  c l asses  ~ ' t h r o u ~ h  G a r e  l i s t e d  i n  Table 3. 

Graphica l  r ep resen ta t i ons  o f  o  and o, f o r  t h e  s i x  Pas.quil1 s t a b i l i t y  
Y 

c a t e g o r i e s ( * )  have been t a b u l a t e d  and i nco rpo ra ted  i n  a  l i b r a r y  f o r  t h e  - 
% .  

computer code KRONIC ( I 0 )  (Tables 4 and 5 ) .  

TABLE 1.. -Values o f  ~ e t e o c o l o g i c a l  Parameters . ::. . ... 
f o r  t h e  Hanford Model-. . '  

Modera te ly  S tab le  . Very S t a b l e  
Parameter . . , Cond i t i ons  . : . ; Cond i t i ons -  . . 

M I N I M U M  VALUES OF ( 0 2 )  

Assumed D u r a t i o n  .. 

o f  Release, min ( o c i )  

10 0.024 



TABLE 2. Numerical Values o f  Atmospheric Dispers.ion Parameters 
f o r  Neut ra l  and Unstable Atmospheres 

. . 

Paramete i  . Release Level . . '. Wind speed Unstable . . . . Neut ra l  

-Ground 1 m/s 0.35 0.21 

, .  ' 5 m/s 0.30 0.15 

10 m/s . . 0.28'. . . 0.14 

E l  eva t e d  1 m/s 0.30 0.15 

0.26 0.12 5 m/s 

E leva ted  1 m/s 0 :30 . . 0 . 1 5  .. 

0.1.2 5 m/s 
, . 

. ' 0.26 

i o .  m/s 0.24 . 0.11 

' 0  .'20 0.25 n . . 
. 

, TABLE 3 .  

Stab i  1 i t y  
Class 

Re1 a t i n n s h i  ps Between D i f f u s i o n  Parameters 
and Distance 

Hor i  zon ta l  V e r t i c a l  
Parameter, a -- Pa T ? ! " ! G E ~ ~  - 

- -ylm 
220 x / ( l  + 0.1 x )  200 x 

- 

( a )  x i s  d i s tance  i n  k i l ome te rs  



TABLE 4. Val ues o f '  o f o r  Pasqui.1 S tab i  1 i t y  Categories 
Y .  . .  ... 

Downwi nd 
D i  stance % . f o r  P a s q u i l l  Type 

iMeeters )  A B C D .E . . F 
100 2 1 1 6 .  . 1 2 i . .  8:O . ,6.0 . 3.9 

250 5 4 4 0 2 8 20 14 9.8 

TABLE 5. Values o f  o, f o r  Pasquill S t a b i l i t y  Categories 
. . . . . . . .  . . 

.. . . . Downwind 
.Distance . . .a, f o r  Pasqyil:q. Types . , , .  

( ~ k t e r s )  ' A ' ' B '  ' .  ' C  . D ' .. E . . F . '  . 
. . ,  

,100' 1 5 ' . 1'0 7.8 . 4.7 .'3 . 0 1 : . 4 .  : .  

. , . . 
250 43 : 26 . 1 8 '  10 , -  7.1 ' 4 .'o .: ' , 

500 140 57 . . 3 4  19 13 . . 7.6 . .  

1 ,000 670 140 64 3 3 22 .14 

2,500 2,000 580 140 6 2 4 1 25 . '  : 

1 OO', 000 2 , 0 0 0 .  2,000. .2.000 . .  '.450' 170 9 4 



. , , :. COMPUTER :PROGRAM ; . : 

I .  

The mode1.s descr ibed ' i n  .the'.:previous sec t  i.on ..hav.e. been i.ncorporated 

i n t o  - a  computer program f o r  use on CDC CYBER 74  computer.^ :   he main, program. 

SUBDOSA i s  executable w i t h  o r  w i thou t  two a u x i l i a r y  programs, BELI and BIVAR. 

BELI - a program f o r  p repara t ion . :o f  e f f e c t f v e  beta energy data. 

BIVAR - a program f o r  c a l c u l a t i o n  -o f  dose r a t e  f a c t o r s  f o r  a 

b i  v a r i a t e  p l  ume. 

SUBDOSA - main program f o r  c a l c u l a t i n g  do'se and normal ized a i r  

concent ra t ions .  
, . 

A 1 i s t i n g . o f  t he  program i s  g i ven  i n  Appendix B. I n p u t  card  p repa ra t i on  i s  

descr ibed i n  Appendix C and sample problems a r e  ill u s t r a t e d  i n  ~pp ,end ix  D. 

. A program f l o w  diagram j s  g iven i n  Appendix E. . . 

, . 

BEL I - 
The program BELI c a l c u l a t e s  e f f e c t i v e  beta energies f o r  each n u c l i d e  

as a f u n c t i o n  o f  t i s s u e  depth, Equations (1 5) through (20).  Beta spectrum 

data f o r  each beta peak (abundance and endpoint  energy) i s  used as i n p u t .  

Appendix A descr ibes i n p u t  data f o r  BELI and source references f o r '  t he  beta 
. . 

spectrum data, 

B I  WAR 

The program BIVAR c a l c u l a t e s  dose r a t e  f a c t o r s  by per forming the  space 

i n t e g r a t i o n  i n d i c a t e d  i n  Equation ( 5 ) .  A mod i f i ed  ve rs ion  o f  subrout ine  

PLUME from the  computer program RACER i s  used t o  perform the  nunrerical i n t e -  

g r a t i ~ n . ( ~ )  The ac tua l  i n t e g r a t i o n  i s  performed i n  the  f o l l o w i n g  order :  

y d i r e c t i o n  ( l a t e r a l ) ,  z d i r e c t i o n  ( v e r t i c a l )  and x d i r e c t i o n .  The f i r s t  

two i n t e g r a t i o n s  a r e  performed f o r  each p o s i t i o n  i n  t he  x d i r e c t i o n  (as 

l oca ted  t o  g i v e  s u f f i c i e n t  accuracy).  The r e s u l t i n g  double i n t e g r a l  repre-  

sents t h e  dose r a t e  per  u n i t  l e n g t h  o f  downwind plume per  c u r i e  o f  a nuc l ide .  

T.he i n t e g r a t i o n  i s  performed f o r  each energy group a t  each x p o s i t i o n .  I n t e -  * 

g r a t i o n  i n  t h e  x d i r e c t i o n  then g ives  t h e  dose r a t e  fac to rs .  



A1 1 i n teg ra t i -ons  .are performed by a.n e i g h t  p o j n t  polynomial i n t e g r a t i o n  
. _ .. ' 

. . subrout ine. . . .  ' ., . .  . . 

. , . . , , . . , % I # 7 . .  

where C i s  17,280 and Wi a r e  the  i i t eg ' ra ' t i on  weights a s  fo l l ows :  

Each i n t e g r a t i o n  range i s  d i v ided  i n t o  sec t ions  and Equation (24) i s  app l i ed  

t o  each sec t ion .  Th is  technique a l l ows  computing t ime t o  be minimized w i t h -  

o u t  1 oss o f  ',accuracy. 
. . . : . . .. 

The dose f a c t o r s  a re  au tomat i ca l l y  punched onto cards f o r  f u t u r e  use. 

They may be used d i r e c t l y   by t he  gamma dose ca lcu l .a t ion  i n  the  .program, 

SUBDOSA o r  they may be incorpora ted  i n t o  4 dose r a t e  f a c t o r  1 i b r a r y  (Appen- 

d i x  A )  f o r  d i r e c t  access by the  computer. 
, 

SUBDOSA 

The main program SUBDOSA c a l c u l a t e s  gamma doses, beta doses, and. nor-  

mal ized a i r  concent ra t ions .  The c a l c u l a t i o n s  i n  t h e  program a re  completed 

' as i n d i c a t e d  by Equations ( 1 )  through (14) uT t h e  prev ious sec t ion .  However, 

several f ea tu res  a r e  worth mentioning. . The program uses as many as th ree  data 1 i b r a r i e s  (descr ibed i n  

Appendix A) : 

1. Radionucl ide data l i b r a r y  - phys ica l  h a l f  l i v e s ,  decay 

f r a c t i o n s ,  e f f e c t i v e  beta energy as a func t ion  o f  t i s s u e  

depth 

2. Gamma energy 1 i bra ry  - photon energies and 'abundance 



3. Gamma dose P a t e  f a c t o r s  '-., as c a l c u l a t e d  by BIVAR f o r  use . 

i n  f i n i t e  c l o u d  gamma dose c a l c u l a t i o n  
- 

Data i s  i n c l u d e d  f o r  n e a r l y  500 r a d i o n u c l i d e s  which i n c l u d e  

f i s s i o n  p roduc t s  and a c t i v a t i o n  p roduc ts .  
, - 

Dose c a l c u l a t i o n s  a r e  performed f o r  each r e l e a s e  p e r i o d  and - 
summed t o  g i v e  t h e  t o t a l  dose, a f t e r  each success ive pe r i od .  

Depth dose may be c a l c u l a t e d  f o r  b o t h  gamma and be ta  exposure. 

D e f a u l t  va lues  o f  t i s s u e  depths a r e  0, 1, and 5 cm f o r  gamma 

doses dud 0, 7, 20, and 100 mg/cm2 f o r  be ta  doses. 

Combinations o f  be ta  and gamma dep th  doses may be 'summed t o  

s imu la te :  eye dose, s k i n  dose, dose t o  male gonads ,and t o t a l  

. .  ;bo.dy .dose. The s k i n  dose i s  ~. . t h e  sum o f  . su r f ace  t issu,e dose f r o m ,  . . 

. . gamma a .  . r a d i a t i o n  :%plus t h e  dose a t  0.007 . . cm ,. depth , . .  i n  t i s s u e  f rom 
. , 

be ta  c o n t r i b u t o r s .  The eye dose i s  t h e  sum o f  su r f ace  t i s s u e  . . , .  
. . . . . , :. 

dose f rom gamma r a d i a t i o n  p l u s  t h e  dose a t  0.1 cm i n  t i s s u e  f rom 
. . 

beta.  c o n t r i  biters." Both  gonadal and &a1 body doses  n e g l e c t  . 
. . 

c o n t r i b u t i o n s  f r bm be ta  r a d i a t i o n s .  ~ o w & e r ,  ' abso rp t i on  o f  
. .. 

$amma r a d i a t i o n  i n  t i s s u e  a t  t h e  .eorresd&dih . . j 'depths < i s  
. . 

accounted f o r  i n  t h e  dose. ca l cu l ' a t i on .  . . 
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APPENDIX A 

DATA LIBRARIES 



. . . . 

. . .  ,... DATA' . :LIBRA~I : ., ES .... ' . 

This.appendix describes data l i b r a r i e s  used by BELI and SUBDOSA. Inpu t  

l i b r a r i e s  f o r  BELI a r e  BISLIB (beta spectrum data)  and RNDBET ( rad ionuc l i de  

and beta energy data 1  i bra ry ) .  SUBDOSA uses RNDBET, GISLIB (photon data 

l i b r a r y )  and BIVLIB (gamma dose r a t e  f a c t o r  l i b r a r y ) .  A l i s t i n g  o f  each 

l i b r a r y  i s  inc luded a t  the  end o f  t h i s  appendix. 

. ,  . 

INPUT FOR BELI - BETA SPECTRUM DATA LIBRA~Y 

The program BELI uses 1  i b r a r i e s  BISLIB ,and p a r t  o f  .RNDBETi t o  c a l c u l a t e  

e f f e c t i v e  beta energies f o r  1  i bra ry  RNDBET. .. BELI compares the  nuci  ides  _.. o f  . . . 

each l i b r a r y  and ca l cu la tes  e f f e c t i v e  beta energies f o r  nuc l i des  present !  . i n  . . . .  . 

both 1  i b r a r i e s .  For nucl  ides  present  only, . i n  RNDBET, . . , e f f e . c t i v e  energi,es of 

zero a re  entered (zeros a re  entered f o r  o n l y  a  few nuc l i des  . , i n  the  ac t iva- .  . . .  
t i o n  product  sec t i on  o f  t h e  l i b r a r i e s ) .  

. . 

Data o f  t he  beta spectrum l ib rary . ;  BISLIB, i nc lude  t h e  maximum beta 

energy f o r  each peak and t h e  f r a c t i o n  o f  t o t a l  d i s i n t e g r a t i o n s  f o r  t h e  peak. 

Also inc luded a t  the  beginning o f  t h e  l i b r a r y  a re  the  l i t e r a t u r e  sources 

fo r  t he  data. A l i s t i n g  o f  BISLIB i s  g iven i n  Appendix B. 

The beta spectrum data f o r  each 'nuc l i de  a r e  conta.ined on f rom.1  t o  1.5 

cards. The f i r s t  card f o r  each n u c l i d e  has the  f o l l o w i n g  format:  

Col umn Format . ' ' Va r i ab le  

6-7 A2 . ~ u c l  i d e  name . 
... . :. ,." . .. 

8 11 'Nucl i d e  s t a t e :  1  -- isomer ic  . 8 .  . . 

. . .  , . . 2 ' - . g ro ,und . :  . .  . , 

9-10 . I 2  Number o f  beta . peaks..to. . be .read ,~ . . . . . . 

11-15 . F5.0 .Abundance.'of . . f i r s t  beta peak ( i f  a n y ) ,  , .! 



, . 
Co 1  umn Format 2.: Var iab le  

16-20 F5.0 Maximum . . energy o f  f i r s t  peak, MeV 

21 -25 F5.0 Abundance - o f  second peak ( i f  any) 

26-30 F5.0 Maximum energy o f  second peak, MeV 
. , \ .  2 .  . . 

., - .- , . 
.. .. . . 

. . . . . A . . . . 

61 -65 F5.0 Abundance o f  s i x t h  pgak' ( i f  any) 

56-70 F5.0 Maximum energy o f  i i k t h  peak, MeV 

76 I 1  Spectrum type:  b lank - a1 1  owed 
' .l -: unal lowed 

I f  the  n u c l . i d e  has more than s i x  beta peaks, addi ti onal cards are.  needed; 
The format  f o r .  a d d i t i o n a l  cards i s  14F5.0; w i t h  the  a'bundances and maximum.. . . 

beta energies submit ted i n  p a i r s  ( f0 . r  up to.se.ven pea.ks.) as;on t h e . f i r s t  r ' :  

ca rd  b u t  s t a r t i n g  i n  column 1.. A maximum o f .  .99. peaks may be supp l ied  f o r  .. : 

each n u c l i d e  (1 5 cards) .  : . .  
1 . .  . . .. 

, ? 

. . . a  . . 
. . . . 

RADIONUCLIDE AND BETA ENERGY DATA LIBRARY : 

Th is  data l i b r a r y  conta ins  data on rad ionuc l i de  decay schemes and h a l f -  

l i v e s  and beta energy as a  f u n c t i o n ' o f  t i s s u e  depth. Program BELI o n l y  con- 

s ide rs  the  l i s t  o f  nuc l i des  and ignores t h e  phys ica l  data.  -Program SUBDOSA 

uses' some o f  the hal f - l . i .ves and decay scheme data. . . . 

The order  o f  i so topes i n  t h i s  l i b r a r y  determines the  order  f o r  which 

data a re  supp l ied  i n  t he  . . photon p r o b a b i l i t y  1  ibrary..  . .  When the  order  o f  d a t a  

i s  changed i n  the  rad ionuc l i de  data l i b r a r y ,  corresponding changes must be 

made i n  t h e  photon p r o b a b i l i t y  l i b r a r y .  
' ._. ' . . . .. . 

The f i r s t  ca rd  image o f  the  rad ionuc l i de  data l i b r a r y  conta ins  the  

number o f  f i s s ~ o n  products i n  the  l i b r a r y  (.Format 13) .  There i s  one card 

f o r  each f i s s i o n  product .  The cards a re  arranged i n  an ascending atomic 

number order  w i t h i n  an ascending atomic mass sequence. The c u r r e n t  ' rad io-  

n u c l i d e  da ta  l i b r a r y  conta ins  331 f i s s i o n  products. , 



The ca rd  a f t e r  t h e  l a s t  f i s s i o n  p roduc t  ca rd  con ta ins  t h e  number of 

a c t i v a t i o n  p roduc ts  i n  t h e  l i b r a r y  (Format 13).  The te rm " a c t i v a t i o n  prod- 

u c t "  i nc l udes  a l l  r a d i o n u c l i d e s  t h a t  a r e  n o t  i n  t h e  f i s s i o n  p roduc t  p o r t i o n .  

o f  t h e  l i b r a r y .  There i s  one ca rd  pe r  a c t i v a t i o n  p roduc t .  ' The c u r r e n t  

l i b r a r y  con ta ins  144 a c t i v a t i o n  products .  

The fo rmat  f o r  each r a d i o n u c l i d e  ca rd  i s :  
. . 

. . 

Col umn Format V a r i a b l e  

1-3 . I 3  Atomic Mass Number .. 

4-5 12-  Atomic .Number . .. 
. ./ ' .. 

,6-8 A3 . Nuc l i de  symbol w i t h  i somer i c  s t a t e s  . 

i n d i c a t e d  by an a s t e r i s k ;  i . e . ,  KR*, 
. . l e f t  j u s t i ' f i e d .  

9  I 1  I n t e r g e r  t o  i n d i c a t e  i s o m e r i c - s t a t e :  . 
1  - i somer i c  s t a t e  
2 - ground s t a t e  

10-18 E9.2 Phys ica l  h a l f - 1  i f e  i n  days 

19-25 F7.4 I f  i n  i somer i c  s t a t e ,  f r a c t i o n . o f  
decays by be ta  emission; i f  i n  ground . 
s t a te ,  f r a c t i o n  o f  decays t o  an isomer. 

,. 
. . 

26- 35 F10.6 ' E f f e c t i v e  be ta  energy p e r  d i  s i  n tegra -  
t i o n ,  MeV 

36-45 F10.6 E f f e c t i v e  be ta  energy pe r  d i s i n t e g r a -  
t i o n  co r e c t e d  f o r  p e n e t r a t i o n  o f  , 5 7 mg/cm o f  t i s s u e ,  MeV 

46- 55 F10.6 E f f e c t i v - e  be ta  energy p e r  d i s i n t e g r a -  
t i o n  c o r  e c t e d  f o r  p e n e t r a t i o n  o f  5 20 mg/cm o f  t i s s u e ,  MeV . 

56-65 F10.6 E f f e c t i v e  be ta  energy pe r  d i  s i n t e g r a -  
t i o n  Cor rec ted  f o r  pene t ra t . ion  o f  
100 mg/cm2 o f  t i s s u e ,  MeV 

The r a d i o n u c l i d e  l i b r a r y  a v a i l a b l e  w i t h  SUBDOSA i s  c a l l e d  RNDBET and i s  

l i s t e d  i n  Appendix B. , 

PHOTON PROBABILITY LIBRARY 

The photon p r o b a b i l i t y  l i b r a r y  con ta ins .da ta  f o r  use by sub rou t i ne  

SUBDOSA i n  c a l c u l a t i n g  t h e  c l o u d  gamma dose. The f i r s t  c a r d  image con ta ins  
; ' . , 



t h e  number o f  ener.gy .gr.oups (Format- 13),.-for ..m ch ,da taaa a.re , gi,ven. i.n the, , 

1 i brary. .  The -second card l  con ta ins .  t he  .upper .energyi bound .for-.each ,gro.up . ., 
(Format  16F5.0) . s t a r t i n g  f rom t h e  lowest  energy group (number o f  - entr ies,: . i  s. 

number o f  groups minus one). The.nex t  cards conta- in dose convers ion . fac to rs  

i n  u n i t s  o f :  - . .  . < . . .  . . .  , . , . .  . .. .. . . .. 

2 radocm . . . .. . . % . .  . . 1 : .... , .  . .... . . . . - 'i. . .. 
C i  sec 

, .  . ... . . .  

One va lue  i s  supp l ied  f o r  each energy g roup  s t a r t i n g  f rom t h e  lowest 'energy. 

The dose convers ion f a c t o r  o f  E q ~ i a t i o n  (1  ) i ,n  t h e  t e x t  i s  ' the 1 i b r a r y  va lue  
< ' 

d i v i d e d  by t h e  average energy f o r  t he  group. The average-energy i s  ca lcu-  

l a t e d  as t h e  m idpo in t  o f  maximum ene'rgies as supp l led  on t h e  ~ e c o n d ~ l i b r a r y  

card. The average energy f o r  t h e  'first group i s .  213 o f  i t s  maximum energy 
and t h e  average f o r  t h e  l a s t  ener.gy.,group i.s 1.25 t imes- t h e  maxinlum f o r  t he  

n e x t  lower group. 

The photon probabi 1 i t y  and .gamma ' energy cards f o r  ea.ch nucl  ide:  .foil ow 

t h e  dose c o n v e r s i o n . f a c t o r  cards.,  There a r e  f rom one t o ,  t h ree  car,ds f o r  

each nuc l  i de" ' ( in  t h e  o rde r  o f  nuc1,ide:s. as i r i  t he ,  rad ionuc l  i d e  data 1 i b r a r y ) .  

The f i r s t  ca rd  for, .each nucl  i d e  has t h e  f o l l o w i n g  form,at,: 
, la 

Col umn Format Va r iab le  
, ? 

1-3 I 3  Atomic Mass Murnber 

~tom;'.c..nurnber . . 

NuclideLname . .. , . :  

N u c l i d e  sta,te: 1 . L  i somer ic  

. . 2. - ground .. 

Number q f  photon energ ies - t o  be read 

Abundance o f  ' f i r s t  photon ( i f  any) 

Energy:of f i . r s t .  photon, MeV . 

Abundance o f  second photurl ( i f  dny') , ' 
-, 

Energy o f  second photon, MeV 

. . 
, . . .  . . . , , . .  . .. .;- - . 7 :  (.. , 

61 -65 F5.0 ' Abundance o f  s i ~ t h ' ' ' ~ h o t o n  ( i f  any)  

66-70 F5.0 Energy o f  s i x t h  photon, MeV 



I f  t h e  n u c l i d e  has more than 6 photons, a d d i t i o n a l  cards a r e  supp l i ed  

i n  Format 14F5.0 w i t h  abundances andpho tb r i  k n e k g i e s  submi t ted  ; in . .  . .  p a i r s  ( f o r  

up t o  7 phqtons/card) as o n  t h e  f i r s t  .card.  A mg,xi.mum o f  99 photons may be 

suppl i e d  f o r  each n u c l i d e  (1.5 ' ca rds )  ." Simi lar.i ' ' t ies'a,re no t i cea 'b le  . in t h e  

da ta  s e c t i  0n.s o f  t h e  .photon probabi.1 i ty  1 i b r a r y  and' the'. be ta  spectrum 
. .:. _ . . 

1 i bra ry .  .. 
. . 

. . ,. 
Bu i l dup  and a t t e n u a t i o n  da ta  a r e  s t o r e d  a f t e r  t h e  photon data'. Con- 

s t a n t s  f o r  t h e  q u a d r a t i c  b u i l d u p  equd t i bn  [ ~ ~ u a t i o h ' ( 2 )  i n  t e x t ]  a r e  g i ven  

n e x t  i n  Format 8F10.0. The f i r s t  c a r d  g i v e s  va lues f o r  A f o r  each energy 
. . 

group ( i f  t h e r e  a r e  more' t h a n  e i g h t  groups, more cards a r e  . . needed), . Next  

t h e  va lues  o f  a a r e  g iven,  f o l l o w e d  by val'ue's o f  u l  (a &mmy v a r i a b l e )  and 
2 

va lues o f  p l a s t  ( t o t a l  mass a t t e n u a t i o n  c o e f f i c i e n t ' i n  a i r ,  cm /g ) .  

The photon probabi  1 i t y  1 i b r a r y  ava i  lab1 e w i t h '  SUBDOSA i s  c a l l e d  GISLIB 

and i s  l i s t e d  i n .  Appendix B. The 1 i t e r a t u r e  da ta  sou rces  f o r  GISLIB a r e  

l i s t e d  near  t h e  beg inn ing  o f  t h e  l i b r a r y .  The da ta  sources f o r  n u c l i d e s  

w i t h  a source code o f  0 ( f o r  o t h e r )  a r e  1 i i t e d  i n  Tab le  A - 1  by n ~ c l  i d e  

number (Columns 77-79 i n  GISLIB) . 
e? TABLE A-1. Photon Data L i t e r a t u r e  Sources 

Nucl i de 
Number Photon Data Source 

Nuc lear  Abs t rac t s ,  A b s t r a c t  #8968, p. 91 5 
(March 15, 1969) 

Nuclear  Phys ics A98 337-64 (1967) 

Nr lc lear Data Sheets, Sec t i on  A ('eb. ... 1968) . ,  . a 

, Phys,ical Review 154: 1116-25 (Feb. 20, 1967). 

Nuclear  Data Sheets - Sec t i on  A {Fe'b. 1968) 

A r k i r  f o r  F y s i k  34: 259-62. (1967) . , 

. . 
Nuc lear  Phys ics .A1 09:: 3 6 9 ~ 7 9  ..(1'968): ' . . . .! 

Nuc lear  Physic's 75:' 209-14' . ( I  965,) .:: - 

1 6 8 '  .. ..Physical Review 140B 1516-28 (Dec..:'20, 1965)"..- 
,. The Handbook of Chemistry and. ,Physic,s (1964-5), 

., ., . . 
pp. E74-5 



. . .. .. .. . .  . . . - , . , , '.. ' .- . 
, . rAsLE A-1 ; ; (,C$nt8ir,"ued) . , x  

- . . . . '2 " . . . ..- , ,: ,: , * - ,. -. ..", . ,  . Nucl-ide" ,- . . '. . . .: . . . .  .. .. . -  ., ,. . ,  ! & " -  . . ' I .. i 

: .  Number . . . ? .  " . . . .I? hoton. ::Data .,;So;urce . - - . r ' : ,,- . . . . 

17.2 N U C ~ ~ ~ V  . . ~ h ~ s ~ i c s ~ l $ 3 :  . -385-~05 (19.67). , . - .  . . 

182 Phys ica l  Review 143: ' 918~22  (March 18, 1966) - . . 

191 Nuclear Data Sheets - Sect ion A (Feb. 1968) 

Nuclear Physics A126: 273,-99 (-1-969) , a :  194 . . . . ., . . .: _ -. _.. 1 .  ' . - 1  1 

195 Nuclear  Physics A126: ?73-99.. . , . * . . .  . . ;  -(1969) . . \ .  ., : - . . - . .  . . . 

196 ~ u c l e a r  Data Sheets - * .  sect. iqn A,+ (Feb., 1968) . . 
. . . . .. . . . 

201. Nuclear Physics ~ 1 2 2 : ~  $57-566 I:.. (1  968). ., . - . >  
. . 

242 . . .  Nuclear Data sheets - se&i on -A  ' (Feb. 1968) ' 
, .. . . 

. s  . 
249 Nuclear  Physl c S  A1 13:- 581 . . -92 '(;1968) 

, . . i . !. -0 

259 I n f o .  comes from a r t i c l e  referenced i n  1968 
.Vol o f  Nuclear Abs,tractvs 

,2G1 . . Nuclear Data Sheets :,-r .Secti20n A 1 :. .+,521-602 ".. . . . . i  . . . .  

(August 1966) . . : , 
. . - .:.. 

26 5 ~ u c l  ear  phys ics  A1 24.: 199-21 1 (1.969) . , , . 
,. - - . - .. ' 

~ u c l  ear Physics A1 26: 428-30 l196.9) 

Nucl ear Physics A99: 547-76 (1  967) 

Canadian Journal  of Physics '44:. '.e.1f3i3-20 (June 1966)0 t  

Nuclear Physics A123: 481 -96 (1 969) 

Nuclear Physics A1 23: '481-96 (1  969) 

Physicd l  Review 172: 1253-6'1.. (Aug . 20., 1968) ..... 

P l lys ica l  Review 172: 1253-61 ('AU$: 20, 1968) 

A i r k i r  f6r ~ y s i  k 37: 203-1'2 '11 968') ., ' 

~ i r k i r  f6r Fys i  k 37: ' 203-12"(1968).: ' 

: Canadian Journal  o f  Physics 46: 2579-88 
(Dec. 1 , ,1968). . . ..: . . . . '1 

A r k i r  f o r  .Fysi k 37: - 1 1  (1968) . - . 

A rk i , r  fi;r Fys l  k 34:. :447-.534 (,I 967:). , , , 

Nuc lear  Physi:cs A1 19.: 53-64 c196.8) 

Physica l  Review-,167: ,1105-16 (,March 20, 1968) 

Physi.ca1 Review .-I 67: ... 11 05- I6 :(March 20, 1968) 

Nuclear .Physics 'Al'13: 33.-.56 ..f1.968) ; 

. , .  Physi.ca1.. Review 167.: 11.05-.I8 (.March, 20, 1968) 



TABLE A-1. (Cont inued)  I . _ _  . . 

. . , . .  
3 .. .. . " ., . , 

Nucl i de 
Number 

382 

, . Ph'oton.Data Source ' % ,- . >..: .I .. . b . 

The Handboak o f  Chemistry and Phys ics (i1.964-5,) , ;.;'.....:'' 
E 74-5 . , ; . j  ':' , 

Nuc lear  Data Sheets - Sec t i on  A (Feb. 1968) 
The 'Handbook,.of-.Chemi s t r y  ,and Physi 'cs ' (1'964-5) ,. '.'. 

E 74-5 . i '  ' .  . 8 .. . .. . . .". . 

, The Handbook o f  chernis,try and Phy,si:cs . . (1.964-5), :.: . . _. . . . . 
E 74-5 

. .. . .. , . 

The' Handbook o f  chemist ry  and phys i cs  (1964-5.); 
. , ... 

E 74-5 . . 
& .. .. . . . 

Nuc lear  Phys ics A123: 1-23 (1969) 

Nuclear  Phys ics 82: 614-24 (1966) '.' 

42 5 : phys i ca l  Review 1'47: 845-52 ( ~ u . 1 ~  22, 1966) 

437 Phys ica l  : Review 153: 1310--11 (Jan. 20, 1967) 

438 Phys ica l  Review 153: 1262-9 (Jan. 20, 1967) 
Nuclear  Phys ics A118: 78-96 (1968) 

440 Nuclear  Phys ics 84: 424-42 (1966) 

452 Phys ica l  Review 175: 1275-82 (Nov. 20, 1968) 

478 t The Handbook o f  Chemist ry  and Phys ics (1964-5) 
E 74-5 

I 492 Nuc lear  Data Sheets - Sec t i on  A (Feb. 9, 1968) 

493 Nuclear  Data Sheets - Sec t i on  A (Feb. 1968) 

494 ' 'Nuc lea r  Data Sheets - Sec t i on  A '.(Feb. 1968) 

4 96 Nucl ear  phys ics A84: 481 -504 

498 Nuclear  Data Sheets - Sec t i on  A (Feb. 1968) 

499 Nuc lear  Data Sheets - Sec t i on  A (Feb. 1Yb8) 

500 Nuc lear  Data Sheets - Sec t i on  A (Feb. 1968) 

Notes: 171 (,I 0 6 M ~ ~ 4 5 )  The . , i n f o  on t h e  f i r s t  12 y - r a y s ,  came 

f rom Table 1 o f  - - .  The Tab le  o f  I so topes .  The l a s t  two 

y - rays  seem t o  have come f r om some source t h a t  c o u l d  
. '. . ,  : " ' , ,  . . 

n o t  be i oca ted .  
, . . .. . 

402 " ( l  51 pmsl ) I n  The ~ a b i e  o f  1sotbpes mich".disa$?ee-' ' ' 

ment ove r  t h e  ~ r b b a b i  1 i t i e s  a t t i c h i d  t o -  t h e  bmission"" 
' 

. . ." : 
o f  c e r t a i n  y - rays  by t h i s  i i o t o p k .  ~ h e ~ e f b r e ,  f h 6  

p r o b a b i l i t i e s  l i s t e d  are  very  unce r ta i n .  



DOSE RATE FACTOR LIBRARY 

The dose r a t e  f a c t o r  . . . .  1 i .brary: is,..for .supp ly ing  dose r a t e  fac tors , ,  DRF, . . .  P 

as descr ibed by Equat ion (5 )  o f  t he  t e x t .  The f a c t o r s  a re  ca l cu la ted  by 

program BIVAR. 
. . '.. , 

Data f o r  t h i s  . l ; ibyary  a r e  s u p p l i e d  i 'n. sets w i t h  each s e t  con ta in ing  

DRF values f o r  one re lease he igh t ,  one wind speed and ,up t o  ten  d is tances.  

The f i r s t  c a r d  o f  t he  l i b r a r y  g ives  t h e  number o f  set 's conta ined i n  the  

l i b r a r y  (Format 15). The DRF se ts  f o l l o w  w i t h  t h e  , s t r u c t u r e  indica,ted below: 

Card Column Format Variable/Use 
. . 

. . 
1  1-1 0 F10.2 HDy h e i g h t o f  re lease f o r t h i s  DRFset.  " 

11 -1 5 I 5  MD, number o f  meteoro logicgl  s t a b i  1 i ty cate-  
go r ies .  Th i s  v a r i a b l e  was incl'u'ded f o r  ' 
f u t u r e  expansion on ly .  ., MD m u s t  be 1. :. 

16-20 I 5  MRD, number o f  d is tances f o r  which DRF values 
.are suppl i e d  ,..maximum i.s 10. : :. 

21-25 I 5  IEN, number o f  energy groups f o r  which DRF 
values a r e  submitted. This,number must equal 
the: number o f  energy groups as suppl i e d  on 
t h e  . f i r s t  ca rd  o f  t he  photon p r o b a b i l i t y  

. l  i brary .  The c u r r e n t  number i s  .12. 

2 1 - 1 0 :  8F10.2 RDy downwinddistances (meters) f o r w h i c h  DRF 
'1 0.-20 values are  g iven i n  t t l i s  s e t .  The number o f  

va lues submitted must correspond t o  MRD -above. 
I f  MRD i s ' g r e a t e r  than 8, two cards a r e  needed. 

, . 

3 1-10 8F10.2 DRF values f o r  a g iven re lease t ime and d i s -  
tance. One DRF value I s  g iven f o r  each energy 
group. Because the  current-number o f  energy 
groups i s  12, 2 cards a r e  needed f o r  each 
d i  s tance/ re l  ease p e r i o d  combination. 

The number o f  cards o f  i y p e  3 needed depend& on Lalues g iven '  f ~ r  MRD a n d  

a l s o  IEN, wtlcnever I E N  i s  g rea te r  than 8 (and l e s s  than 16).  

The dose r a t e  f a c t o r  l i b r a r y  supp l ied  w i t h  SUBDOSA i s  c a l l e d  BIVLIB 

and i s  l i s t e d  i n  Appendix, . . B .  . . .  Thedose r a t e  f a r t o r  se ts  inc luded i n  BIVLIB 
. . . . .  

a r e  1 i s ted  i n  l ab1  e A-q in-order: .  . . .  The dose r a t e  factor sets  may be c a l l e d  
. ." , .  - . .  . . . .  . < 

by number f o r .  each re lease p e r i o d  a i  . des. i red . when doing . . t he  gamma dose 
. . . . .  

c a l c u l a t i o n s .  
. . . .  . . < , .. . . .  . . a .  . 



TABLE A-2. Dose Rate  actor S e t s  i n  B I V L I B ' ~ )  

S e t  Re1 ea se  Wind Speed 
No. Height,  m m/'sec Di s p e r s  i on Model 

Pasqu i l l  F 

Pasqu i l l  E 

Pasqu i l l  D 

Pasqu i l l  C 

Pasqu i l l  B 

Pasqu i l l  A 

Sut ton uns t ab l e  . 

Sut ton  neu t r a l  

Hanford very s t a b l e ,  oeG = 0.024 

Hanford moderately s t a b l e ,  o,i = 0.024 

Hanford moderately s t a b l e ,  o s i  = 0.024 

Hanford moderately s t a b l e ,  o,i = 0.024 

Hanford moderately s t a b l e ,  o,! = 0.04 

Hanford moderately s t a b l e ,  o,i  = 0.04 

Hanford moderately s t a b l e ,  o,i  = 0.04 

Hanford moderately s t a b l e ,  o,i = 0.18 

Hanford moderately s t a b l e ,  o,i = 0.024 

Hanford moderately s t a b l e ,  o,i  =-0 .04  
- 

Hanford moderately s t a b l e ,  u,u = 0.06 - 
Hanford moderately s t a b l e ,  oeu = 0.024 - 
Hanford moderately s t a b l e ,  oeu = 0.024 

Hanford moderately s t a b l e ,  o,i = 0.024 

Hanford moderately s t a b l e ,  o,i = 0.04 

Hanford moderately s t a b l e ,  o,i = 0.04 

Hanford moderately s t a b l e ,  o,i = 0.04 

(a)  All  of  t h e  above sets con ta in  d a t a  $or t h e  d ' s t a n c e s  me te r s ) :  100, 4 200, 500, 103, 2 x 103, 5 x 103, 10  , 2 r 1 0 4 , s  x 10 , and 105. 





APPENDIX B 

PROGRAM LISTING 

This. appendix prov ides a 1 + s t i n g  o f  t he  computer program w' i  t h  informa- 

t i o n  use fu l  t o  t he  experienced programmer who may wish t o  modify t h e  program. 

The subrout ine and f u n c t i o n  c a l l i n g  sequences f o r  each o f  t he  th ree  

p a r t s  (BELI, BIVAR, and SUBDOSA) '.are shown i n  F igures B-1. and 8-2. BIVAR 

and SUBDOSA both use subroutines c a l l e d .  PASSIG.. These subrout ines '  a re  n o t  
. , ' .  . .. ... . . .  

the  same and should n o t  be2.i!nterchingkd; . . 
. $ 

...,. < 

The purpose o f  each program, subroutine,;and f u n c t i o ?  i s  d e s i r i b e d  
' . ?  : ,. ( . , - .  , . , . .?  > ( :. . .._? . 2.:. ' . ,. ..,.. ... I . .  . 5 . , - 

be1 ow: 

BELI 

BLIBE 

L IB  

SIM3NI 

FERMI 

GAMMA 

DEPTH 

B I VAR 

Program t o  c o n t r o l  c a l c u l a t i o n  o f  e f f e c t i v e  
beta energies a t  s p e c i f i e d  t i s s u e  depths 
(D  i n  statement 12 o f  BELI). 

Subrout ine t o  read 1 i b r a r y  (BISLIB) o f  
beta end p o i n t  energies. 

Subrout ine t o  read 1 i b r a r y  (RNDBET) o f  nuc l ides  
t o  be inc luded-  i n  output .  

Funct ion t o  per form Simpson 318 r u l e  numerical 
i n t e g r a t i o n  o f  energy o f  the  shape o f  the  
beta spectrum as de f ined by f u n c t i o n  FERMI. 

Funct ion t o  c a l c u l a t e '  k e l a  t i v e  abun&nce o f  
beta p a r t i c l e s  , o f ,  a; given. beta , energy .. .,. : f o r  
t he  spectrum being '  considered. 

Funct ion f o r  eva lua t i on  o f  t he    am ma' f unc t i on .  

Funct ion t o  c a l c u l a t e  the  depth dose reduc t i on  
f a c t o r :  f o r ; a  p a r t i c u l a r  beta spectrum. . , 

Program t o  c o n t r o l  c a l c u l a t i o n  o f  ,d$:s,e, ! r a t e  
. f ac to rs .  I.nput data i s read; subrout ine ,PLUME 
i s  ca l ' l  ed t o  c a l c u l a t e  dose ra te . ,as  ;a f u n c t i o n  

< . .  
o f  d is tance ( x  d i r e c t i o n ) ;  and jn - tegra t ion  
over d is tance i s  performed t o  g i v e  c:otal dose - 

r a t e  fac to rs .  . C.:. . ?  

.. . 

Funct ion f o r  i n t e g r a t i o n  accordtnrg t o  Bode's 
r u l e  f o r  i n t e g r a t i o n  o-f o rder  2 through 7. 
A l l  i n t e g r a t i o n s  i n  BIVAR and PLUME a r e  
seventh order  ( 8  p o i n t s )  . 



/ BELI I 
BETA DRF P 

FIGURE B-1. Calling Sequence for  FIGURE B-2. Calling Seq'uence 
BELl and B I V A R  f o r  SUBDOSA . 



PLUME Subrout ine t o  perform dose r a t e  f a c t o r  i n t e -  
g r a t i o n  i n  l a t e r a l  ( y )  and v e r t i c a l  ( z )  
d i r e c t i o n s .  

PASS I G Subrout ine t o  determine standard d e v i a t i o n  
o f  c loud  concent ra t ion  i n  l a t e r a l  and v e r t i -  
c a l  d i r e c t i o n s  (uy and uZ)  as a  f u n c t i o n  o f  
d is tance fo r  Pasqu i l l  d i spe rs ion  categor ies.  

SUBDOSA Program t o  c o n t r o l  and perform ' i nd i v idua l  
beta and gamma dose c a l c u l a t i o n s .  

BETADRF Subrout ine t o  c a l c u l a t e  beta dose r a t e  
f a c t o r s  f o r  each d is tance,  meteorological  . , . , c o n d i t i o n  and re1 ease pe r iod  spec i f i ed .  ". . 

GL I BE Subrout ine t o  read photon product ion  data .. 
l i b r a r y  f rom i n p u t  f i l e  GAMLIB. :, . 

DLIBE Subrout ine t o  read dose r a t e  f a c t o r  data ..% 
: .. 

l i b r a r y  from i n p u t  f i l e  DRFLIB. ,.. . . .  
' -. 

CHAINT : 

. . 
. , . . . . .  

. '. , . > 
8 .  

METIN .: . , .. 

. . .  - 
. ,  . 
PASS.IG. . . . . .  

- REPT. 
, 

. . 

SOURCE .; 

. . 
Subrout ine t o  read n u c l i d e  phys ica l  data :; 1. 

from i n p u t  f i l e  RNDLIB. . . 

Subrout ine t o  perform f i s s i o n  product  nucli,de, 
.decay c a l c u l a t i o n .  by decay chains. Th i s  .su;b- 
r o u t i n e  i s  a1 so used t o  determine the  t ime '.. 
' in tegra l ,  o f  re lease when re lease i s  t o  i nc lude  

-, ,.decay duy"ing the  re lease pe r iod  ( ITZ = 0  ,or: 1,). 
. . 

.... 
.. Subrout ine t o  read atmospheric s t a b i  1  i ty  c G d s  

.(Types 8-10). and ca l cu la tes  s t a b i l  i ty parim.eter 
. . .  . . . . . .  

.: uy and oZ .  . . .  , : . .  
. . . . . . .  ... 

, ?~ubr -ou t ine .  (Same as PASSIG above. ) :. 
. . . . . . . .  - s .. 

, , 

Sub rou t i ne  t o  prepare o u t p u t  r e p o r t s  and ' .  - '  ,.  . . . ! . . ,. 
.:.punched- card  output .  

. . . .  
,!- Subrout.ine t o  read. nucl  i d e  i nven to ry  cards. 
' L  .:: ( t d r d  Types 4-6.. )' . :  I 

" .  ; . . .  
, L . .,. , . . 

I ~ u b r o u t i  ne t o  determine uni.ts o f -  re1 ease : t i . y e s  . . .. ,: ' ' 

. . .  ... ' f o r  ou tpu t  repo r t s ;  ; ' I  , . . . : _  . . . .  
. . .  . . , . .  . . .  . .  , . . . I. . 

. . . .  
, f h<  programs,: subroutines, . . . , .:and functions,.. , are.. .. 1 i s t e d :  i n  F ig&es 8-3 , . , , 

A ~ ' ! .  . . . . . .  

through B-9. ~ h e ' o . r d e r o f  t he '  l i s t i n g s  i.s t he  sameas : t h e  order  given: i ' n  F ig-  

u res  B-1 and 8.2; Data l i b r a k i e s  f o l l o w  the  program l i s t i n g s  i n  the  order :  
- 

BISLIB (Beta spectrum data f o r  BELI) 

RNDBET (Radionucl i d e  and beta energy data l i b r a r y  f o r  BELI and 
SUBDOSA) 

GISLIB (Photon data l i b r a r y  f o r  SUBDOSA) . 

BIVLIB (Gamma dose r a t e  f a c t o r  l i b r a r y  f o r  SUBDOSA) 



FIGURE B-3. Program BELI L i s t i n g  
P W O G k A M  B F L I  7 3 / 7 3  OPT.1 F T N  U,U+HUOl  3 7 / 0 7 / 7 5  1 7 , 2 Q m 0 2 ,  PAGE 1 

Pgr)(;nAM B E L ! ( P I I N C H , O U T P ~ U T , ~ ~ ~ ~ . I ~ ! , R N ~ L I B , ' ~ A P E ~ = ~ ~ U ~ P U T , ~ L P ~ S = ~ ) E ~ ,  
1  Ia ,TAPEZS:aYDLI :3 )  

P ~ ' ~ E N S I O N  A V C ( I ~ I ~ ~ , E ~ ~ ~ U O . ) , F F ( ~ O U )  
O l . r E N s l n ~  I A R V  ( S )  
O I " € ' U f I O Y  A ( L 1  
D ! V E ~ S ! ~ N  R F A C ( U . ~ O O ) , B F ( U )  
L.3GICAL U t L .  
1 CTFSFR R F C e l E C S  
C ; ~ I M I I ~ ~ I / ~ E T A / I S O S I  O ~ U I , H L ( ~ ~ ~ ) ~ R E ~ ~ ~ O ~ ~ , R ~ ' ~ E ~ ~ ~ ~ ~ ~ O O O ~ , I H E S ~ ~ B ~ ~ O  

~ O ) , L ~ f ~ , L P C T ~ ~ l r ~ ~ ~ ~ L ~ ~ b ~ ~ ) ~ ~ ~ ~ ~ ~ 6 0 ~ ) p ~ ~ O ~ ( ~ ~ ~ ~ ~ ~ ~ ~ ( b ~ 0 ) ~ ~ b ~ ~ b ~ ' ~ ~  - 
C3q%Oh A T N *  ~ T ~ ~ ~ ~ O Y ~ ~ , E M ~ X , A ~ P W A , P I , G ~ P ? , A L V L ~ , R A ~ , Y ~  
E x r E Q f . ; P L  F E Q Y 1  
o p t &  ~ / O , , 7 . # 2 0 , . * 1 0 0 . /  
C i i T t ~ ) = X * * ( l . / J , l  
I L a v ( !  ) = r ~  
I ~ a r  ( Z ) = O  
C A L L  S ~ S T E ~ ~ C (  11s; [ A ~ Y I .  
CALL  Lie 

.CALL  ! ? L I E f  
4 1 . P t + h = l , / l 3 7 , '  

p I = 3 , 1 0 1 5 9  . . 
V A X f  f = 2 0  

. . Eq:,not 
L)f.L=,Ta?lE, 
" !1 ]= , '?0 t  

C L O D *  rJh! F I S S I O f J  PRORUCTS . . 
09 9 I$O=l,LFIs . . . , .  

I ~ c = ~ ~ I F ~ ( ~ ~ c ( I s o ~ . ~ ~ ) . ~ ~ o ~ T S B  
I F ( T C , F ' ? , ~ I ? B )  =GO T O  i n 3  . , 
I ~ ( I C ~ E ~ i , 5 5 i ) l  GO 713 2 0 3  

' GO T O !  . h .  

- .  . 
1 0 3  Q E C (  ~ S J ) = ~ ~ C ( I S O I . ~ ~ J D .  O ~ ~ z I  1 7 n ~ o o o n o o o o c i  - ' 

wECCIS' l ) :QtC(ISO.)  . O Y .  ~ u c o ~ c ~ o ~ O O ~ C O O O O O ~ ~  , . 
rill T O  3 0 5  . ,  7 

. . . . . . . . 
2 0 3  I c = ~ ~ I F T ( ~ + ~ : C ( . I S ~ ) ,  1 2 ) , . 4 ? 1 ~ . 7 i 6  ' .  , .  . .  . . , . 

I . F ( f t , t ' ! J , U ? S )  Gl? YC.. 1103 
b .  _ . . .  , .. ,. . 

. .  . . I . F ( : C , E I J . ~ S H )  G O  T C  SO3 . . 
. %EC ( T S U ) = q E c t  I S 0 1  , b ~ O e . , N 0 ~ . i 7 0 0 b O O 0 9 0 0 0 0 0 0 8 6  . . 

I S O I = K ' E C ( ~ S O )  5 5 0 0 0 0 0 0 0 0 0 0 0 U 0 0 8  ' 

ti0 10 3 0 3  
. . u 0 3  E ~ C :  I S ~ ) = ~ E C  r isrj), ~ C J O ,  ; N O T . ~ ~ I ~ O O O ~ O O O O O O O O O O B  * .  

. . GEC [ISi))=w€C! 150 )  , O ~ , ~ ~ ~ ~ J I I O ~ O O O U O ~ ~ ~ ~ ~ ~ O ~  . ' 
a '  . 

GP 1 0  ' 5 0 3  
5 0 3  ~ E C [ ~ ~ ~ ~ ) = ~ C C ( I S O ) . ~ ~ ~ ~ ~ ~ ~ ~ ~ ) T ~ ? ~ ? ~ ~ O O ~ ) ~ O O O O O ~ ~ ~ ~ ~  

~ ' C ( I S ~ ) = ~ ~ C ( I S O )  , 0 9 , 5 5 3 5 5 ? d 0 0 1 , b 9 0 0 C I ! @ 0 0 ~  



P R n C G J H  HFILI, " . '  ' 7'3/>'3'!' ,QP.T=~ , :  . . .  . .  . . FTV U,O+WUOl 0 7 / 0 7 / 7 5  1 7 , 2 ' J e 0 2 .  P A G t  L 
I 6. . . . : c 4 , ,  . ; F :  : ' : r . '  i . . .  , I  . . .. . 

' . .  . ( I , I  . . 
.. .:. .! : .  / . <I. , ,,:..-.,!::: .:.-, . . . - r  . .  . . . 

1 0 9  co!yJ.I!.:!.l~; - 6 .  

I F.(~!V<?'H'.T Y:, LE .;0 .GO T O  6 
0:@ . ..,5. l.9:= 1 , bpY?N,  . ., 
I g T r I v't S ~~r';(,,l 'S 0:) - 1 . ' 
I ' F O J ~ ~ ; = I F ~ Q  (.I's:o) i: 

E ~ : ~ x . = ~ E T . E . ~ . s ~ ~ , . T H . T + I ' ~ )  "" -. 
I F 'f c.?? X , L-E . t,:- g20, ) ' G 0 T O  5 

. EP,E~:.A,,~. . 
E r  (;lH ) : = . E ~ A x  
F ,=~~!T$YSJ  1.,~5.1)7t,r.e). 
F.F.J,I.4,) =,F 
A f ? )  =:,;<A r 
A TL!=,SC,?,,A T . ( L  i Y  (.jl S o  ) )  .; , 
~ T ' j h f c  j n b i  (HI_ (.ISOI) 1 ; .' . . , 
G d * . ! = j f ) 7 1 : ( , 1  ,- (ALPHA:* :~ 'T 'N)  et7) 
~ ( : v ~ . u ; : 4 : ~ ~ ! - i d a d f d  . 
Q d=', 5 - b  A L,? Ah * c tl,fi 1.t A 1 w ) 
+ ' " 

I . F ( I G . ~ ~ ~ , D . L E . O , )  R A T ! . I S O ) = ~  .o 
~ ; . : " ~ I : ~ = s ~ . ~ , J S ~ ~ ( F E ~ ~ I , A , E ? , Q E ~ . ~ ~ A K I T ~  1, I I :R) 
IF  r : r ~ , 2 1  9 . . ~ ,  ~ Q U  

21)u E ~ ~ " ~ ~ ~ J : ~ S ~ ~ . ) ~ . ~ : ~ I ( F E ~ M I , A , E R , R E L , M A X I T , ~ . I E R ) ,  
r F (  I :E.~) -  94, .3!15 , .. . ,... .: . 

~ ? ~ . E A . J ~ = . . F : ~ Y ~ ~ I ~ / ' ~ G E N ~ ~ ~ ~ u ' A : ~ ( I s ' o )  ' '  

, A v ~ ' t . 1 ; ' ~  I..:! A V E  
Q q !  u. '; I:=?, 4. . c, ; , . : , .. . .  , . .  . . . - ,, . . . 

. . 
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1 S U B R O U ~ I N F  HLIBE 
$ ~ ! ~ E O U T I N E  1 0  RFAD T ~ E  BETA E,ND P O I 4 7  L I B S A R V  .C 

C 0 0 1 
1311tGEW G E C ~ ,  A N $  

5 C @ ~ ~ O I J / L j E T A . / ~ I S O S ,  O ( U ) , M L ( ~ ~ O ) , R E I : ( ~ O ~ I , Y E T ~ N S ( Z , ~ O O O ) ~ I B ~ S U B ( ~ O  
I O ) ; L ~ I S , ~ A C . T , ~ J ~ , N ~ , ~ L E C ~ O O ] ~ ~ ~ E C ~ ( ~ @ ~ ~ ) ~ ~ ~ ~ R ~ ~ @ O ) , L A ~ ( ~ ~ ~ ) ~ ~ ~ T ( ~ ~ ~ ~  

G ~ I  T O  j o t )  
DO u n l  J J J = . ~ , ~ C H W T  

.I131 READ (S,UC2) N C Y Y T T  
1 0  U:v2 F t l R d A T  ( A 1  l 

G:I TO 25 12/1>/b9 
Jao R t b r w  ( 5 , 2 0 )  NPHCD,ISQS,N~~MT 

20 F n Q M h T  ( ? I S p b U X ,  I.2: 
I F ( T S 0 S  . L E D  ( 1 )  I S O S  = s W C D  

1  s T F ( ~ : C W T  . t r ,  0 )  GO re u 3 0  
LS C o l v 1 1 ~ U E  , l Z / l Z / b 9  

C. S F 1  UP I N U E K E S  FOR @ E A b [ ~ G  I N , L I B E .  
I a E S I J S ( 1 )  a 1 
Y ? r T u  : 1 

t?b C D O  LOOP 10  REAI) .  L I R E .  
99 1 0 0  I = l , : S O S '  
IE'J0': !4PblTr3 + 5 
cil 1 1 )  5 0 0  

511  90 5 0 2  J J J = l r N C M ? T  . . 
25 5832 WEAD ( 5 , ( r 0 2 1  h C n M T f  

sno I F ( ~ ~ Q S  .LT. PJPPT*) GO T O  6 0  
S t A O  ( 5 , 3 t , )  M A S S , L A T % O , t N P , , N P l C r ( ( b E T k h t S ( J r U ) r J 0 1 , 2 ) , ~ f N P ~ T ~ , f E N D ) ,  

1  Ntc.rccT, I F R b .  
j . 0 { " : 1 ~ ~ ~ 1 ( 1 3 ,  I ? , A ~ , I ~ , ~ ' . ~ E S . Z , I Z , ~ K , I !  ) . . 

3 0  ~ ' ~ F ' o ~ ( I . ) = I F G O  
I . F F ( ~ C H * T  .GI. 01. GO T G  5 4 1  .. . :, ' -  .,.: ,: l .,,, . . -  . .  . -, . 

1 . .. . . ,' .?. 7 . , ;:,:, . 
: , :.hc.&fw . f  . rqp*rh l  +'?~"Pc . . . -  . . 

> .. : . . . . I  

. . 
. 5  . . :.'IF$EsI!R'( I.+ 1 ) '=: NPHIFI . . 

. . . . '" "']F'(.fiPC . L P m  6 ) . G ( ]  T(I 3 1  ... . ,. ,. L .. . , . .. . .  : ? :  . .. ' 

35 . - .  . :. . 1 ~ ( 2 r ) o j  .,., 1.1, * J I ~ . ? T N )  G C  .'T;O 6 0 .  ' L : . .  " '  ' 
c' ... 

' . T ' ~ F G I $ ,  = 'h;pcc~Q + b .-  N P C  . ' . 

. . ' I C N D  s fi!fJHT% -1  
RECD ( S t 3 6 )  ( : ( H E T E N S ( ~ , . K ) , J ~ ~ ~ ~ ] ~ ~ ~ ~ ~ E G I N , I E ~ D )  I .  

3b  FO?I,uAT ( , l U C S a i ? I  ,, , . . - .  . .  . . . . . . . .: . . . . .. . :  ;, ,:.:< :' . . -  
U 0 S ~ ' C O N T I N U ~ ' '  

. . 

u e ' y ~ e i I ) =  r 4 4 S S .  
,. . L A Y ( I ) : ~ L P ~ ~ I  . . 
. @&C~(I.)= ANA . ... - , .  . .  . 

W Q l T E  ( b , 7 0 )  I Q  
7b F Q U M A T ( ~ U W O ~ L ~ A  EWO L:9Ern E W C E E C S  L I b I T r I 3 r l u W  ISOTOPES USED) 
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FUNCTION DEPTH 7 3 / 7 3  O P t n l  PAGE 1  F T N  U,U+RUOl 
. . 

0 7 / 0 7 / 7 5  17.i'9.02. 

I FUNCTION O E P T H ( E M A X , O D ~ J F O R R ~ ) ~ I S O ~  
C  T H I S  sUBROUTIYE C A L C U L ~ T E S  DD/OO FOR BkiTA EhEHGY EHAX AT A  DEPTH OF 
C 0 KG/C*Z, I F o t r I O  GT 0  FOR F o R B I O D ~ N  SI'ECTRA, 

I b r E G E a  R C C ~  
5 Y t A L  t lU 

C [ ! X ' ~ ~ ~ ~ J / R E T ~ / I S O S ~ '  X ( ~ ) ~ M L ( ~ O O ) ~ R E ~ ; ( ~ O O ) , B E ~ ~ N S ( ~ ~ Z O O O ) ~ I B E S U B ( ~ O  
! O ) ; ~ F ~ S ~ ~ A C ~ ~ ~ ~ ~ N Z ~ M L ~ ~ ~ O D ~ ~ W L C ~ ) ( ~ O I ! ) ~ I F C ~ ( ~ O O ~ ~ L ~ ~ ~ ~ O O ~ ~ ~ ~ T ~ ~ O O ~  

D A T A  3 A T ( 5 5 ) / 1 , /  
D A T A  4 A T I 7 1 ) / 1 , /  

1 0  ,OAT6 P A T ( l t ) / l , /  
OATb R A T ( 8 C l / l m /  
0 4 1 6  h A T f P C l / l , /  
DATA* 14AT(( !L) /1,17/  
OATA'K 'AT(UU) / l ,U2/  

t f  DATA ~ A T ( 9 1 ) / l 8 O U /  
u i t ~  a ~ ~ ( e i ) / 1 , 0 3 /  

' R Z T I O = l , O  
IF( IF I IWE@,GT. 'O)  R A t I O a R & T ( I S O )  
I F ( U A T I O , ~ E . O , l )  RATIOr1 ,O 

2 0 * A T ( I S O ) = r A T I O  
. 5 . .  

. . ... ~ F ( E H d X , L T , , 1 1 )  GO 1 0  U 

v: 
I F ' ( E * ( ~ x , L T ~ , . ~ Y  I;@ T O  3 
T F I E ~ A K , L T , I , S )  G O  TO 2 
I F ( E " d Y 8 G t . 3 , )  GO TO . 5  

25 I c = 1  .n 
A F H = , ) ~ ~  

w t r ;  T O  6 
- a 2 * s  

. A;PH=,207 
3 0 l i O  'lG 6, L;g-.cr. . . . . .  - 0 : . . . . .  . : .  . . . . -  a p:v = ,'2 6- ' ' , . . . , ,.;, : . \ -  

Gr! :TO 6 
u ' ~ ' ' w b k ~ ~  I .00 ,  E~~AX,MLR(ISO) ,RECH(ISOI 

j 5 1.00 ~,c&nh'l"c';~ B E T &  E ~ I E R G Y  t 1 1 ~ 8 . 5 , ~ ~  FOR I S O T O P  " 1 3 , ~ ~ )  
"IF'~E~AX:,.GT,,~) GO T O  J 
[ i . . ~  u = . o ' , .  i . r T . . .  

$ ... . ,;.! ;. ; ; :- .;,>; .. :,:: . . . . . .  ' . 4  
, . C . . _  ;7F'T:(lPk . , , '  

' 5  -P~IYT' zV.O.,F'MA.Y:,:~~LB( ISO)  ,wE$P::( I \ S O )  
~ . b  2 3 0  F ' ! ~ ~ ' ~ ? M ~ T . ( " . : ' P E T ~  'E 'NEHGY"FS:,~;~ 'CRE4tER THAN 3 .  FOR ISOTOP " 1 3 r P 3 )  

. .G . C! .yiJ'. ;;:: 
b ~ ~ ~ 1 ~ ~ 9 ~ ~ ~ 6 ~ ( ~ 2 ~ . - ~ : h ~ ~ 0 ] / , ~ ~ ~ ~ ~ - , 0 3 b ) * * 1 , 3 ~  

.? .. . o ~ ! j ' : : t ~ i ~ ~ i ,  0 -31  . , - 
. . . '  . . . . . . . . .  b;ikL)/c '. , .. . . . . . . %  

. . .  I J i  , 
.: : : ' .  <.. :  

r ) = E r p (  l',-.Dh]U') . . 
' J F ' ~ A , c E . ~  ."I 65 T O  7 . . 

. H='ExP(I;'-A) . . . .  . . .  
." , . . . . . . . .  CC '=? . iA l oG( . l  . ; / b )  : ; . . 

BWAC=),-H-A*CC 
5 0 GI! TU 8  

. . 7 bPAC=Om . . . .  . . . . . .  f: ' . .  .. .* 8 F ~ ? T ~ = A V ~ ~ ' ( C ~ C * ~ Q A C + ~ )  - , , ,  . <  . .. . . . , . . . 

. . . . .  . ., 
. , R ~ T ~ U t l  

EkD  
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s$~)ou~I: .NE: LIJ , . 
c THIS  SUSIJOU.VINE R E ~ D S  A IAS-ER L I S T  OF J U C L I D E  N A M E S  

I.NTF.(;ER .REC 
. . . . .  t ? E , h ~  LAH?@A. - 

c O : . ! ~ . ~ ~ Y / . ~ E T A : / I ' S O S ,  D ( U  , H L ( ~ o @ )  r ~ € C ! 6 0 0 )  , I ~ E T E ~ J S ( Z ~ Z O O O )  0 I b E S u t ) ( ' b O  
! ' O ~ ) , ~ F ~ - S , , L A ~ , T , Y I  , N ~ , M L ~ ( ~ ! ) o ) , R E C B ( ~ O O ~ ) ,  I F O ~ ( b 0 0 ) ~ ~ A l l ( b 0 0 ) , R A T ( b 0 0 )  . 

C R E d D  rISs .1 '04 PNOL?'UCT .Nh%ES . , 

Q F ~ D  ~?S;I uco - . . . . 
, 1 F i 1 S ~ A T ~ C I S )  . . . . 8. 

. . .  
9 ~ . 4 r i ' ( 2 5 , 2 )  ( ~ L ( ' J ) , S E C - ! J ~ , . J L I , ~ C D ) ;  . . , . '  

.2 F b q A u ~ l  ~ 1 3 , 2 1 ' ,  ~ 3 )  , 

C REuC 'ACI~~AJION PROOUCTS As0 TCIAFISU~IANI': NAMES . 
? ~ . A q . ( z s ;  1.) > L  ... 

' 5 r ' ., .!.! :.' 
. . .  > ' .  . < * .  

. - . :.- 
, i :, <.. . ' I  1 . .  l i ,  . .  

: ? : .  . : . .  
, . .  ' . i .  .:. . .  
! I . . . . 

. . . . . . .  . . .  
> . . . . .  

: .< . j : . 

, - I  
. . 

. C ._ : . i  . ;. . . I  
. . , . .  

. . .  % . - _  ,. . . .  3 . ,  , . .:;: . . ' , " +. . .  . - .  . . . . . . .  . . . . : $ > .  -.. : > . . .  - . . ... . . .  . . .  . . 
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C  ~ E T E Q M I ~ E  7 ~  COEFFICIENT w S I l 4 3 N I  
c o o ~ ~ o - ~ ~ ~ ~ ~ ~ - ~ o ~ ~ o o o ~ ~ o ~ o o o ~ ~ ~ ~ a ~ ~ o o ~ o ~ ~ ~ o ~ o o ~ ~ o o o o ~ o ~ ~ ~ o ~ o o ~ o o o o ~ w o o o o  
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. . FIGURE B-4. Program BIVAR L i s t i n g  

PROGRAM .B!vAP.,. .... 7 3 / 7 5  O p T c i .  ... :s~';;.  A': - : ; . . ' ; ; - .  . "  
. . .  . . . . 

- F T N  U,u+RuOl  0 7 / 0 7 / 7 5  18,S0.01r P A G E  1 
. 1- , . . . . . . .  :.. . , , $  .. <<'?.: 

- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... . ' . . . . .  ._..i . - ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  -- ... . . . . . . .  
1 PROGRAM ~ B I V A R ( I N P U T , C I J T P U T , P U N C H  h P E S = I N P U T , l A P E b o O U T P U T )  

P I * E U S I , O N  9 1 1 0 )  , U U A * ( 8 )  , A * ( b )  i ' B * ( b i I . Z * ( b )  , D H * ( b )  ,SM(b ,8 ) ,  K S O Y ( b )  
- D I " ~ F ! s I . C I E I ' ! C Y ~ ( ~ ) , C Z ~ ( ~ ) ; E M ~ ( ~ ) ~ D U M M ~ ( ~ ) , I T Y  ( h ) , w ~ t b H E ( 3 , b ) , b R F ( i . b )  

D I M E N S I O N  S I S Z ( b I r S T S Y ( 6 )  : $ : ' - I  . . 5 DIUEI.SION 'I ~ R Y  ( 5 )  . ., . . 
...... i . REAL h:SQD,KhNUf S,KSQM . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  

I ~ I T E G F H  T Y P F ~  
I N T E G ~ R  TVP!;,.GHOUPS ' 

.C ' C G n q ? b J ,  D R O X 3 5 7 r l h ) ,  NX161T , .X(S7) , G R O U P S t U B A R , T Y P E , A , 8 , C , D M , s I G T U B  
1 0  C.Ofttr0l i  KS(JD;CV, CZ,EN, TYPE3,Hr t tANDIS,  YP,SY ( 5 7 )  , ! 3 Z ( 5 7 ) ,  I N E X T  

1 0 0  F ~ R ~ . : A T ( ~ I s , z E I ~ . . ~ )  
..................... 2 0 0  F G R P ! A T ( ~ E ~ ~ , ~ ) : ' :  '.:. . . . . . . . . . . . . . . . . .  . . . . . - . .  . . . . . . . . . . . . . . . . . . . .  - .... ........... . -. 

3 3 0  C : C ~ ~ ~ A T . ( . J ~ O ~ ~ F . ~ O . ~ )  
. . UUO F n ? n A T t t l : t R R U B  Ir(l S T A B I L I T Y  S P E C I F I C 4 T I O N ,  I E M  = v 1 3 , / 1 1 0 S T A Y I L I T Y  

1s ' ' ' 1  . A -  8 .  C .D YSfJD S I G T U B  C Y  . . 
2  ' c Z  %!I) 

. . 

I A R V ( 1  ) = C  
. . . . . . . . . . . . . .  .-..: . .  I A Q Y ( ~ ) = O  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . -- 

,j : C A L L  SYST.EHCI(I l S , I r M Y )  
2 0 ~ o O '  FORYb,Tt=1101'J5,3U, l P 9 E l O . Z )  

6 0 0  FGQh4AT( ' !  E R 2 O W . I N  ~ I N D S P E E D / D I S T A N C E ~ S T A 0 I L I T V  S P E C I F I C A T I O N ,  I E R  . . . .  
<,I t= ' . !131 ' .  , ' 

. 9. 1. . , 

7 0 0  F O R M A T ( " O " T ~ , I ~  ~ I ~ J O  SPEEDS It, 9 F 1 0 . 3 )  
. . . . . .  . . . '  ; ........... 8 u U  FO!?)IAT(IIOIIPJ, I! DISTAr4C.ES . 11, l O F l O . 0 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a s 9 0 0  Fnwtid r (11911T.3," i ~ ~ A F ) I L I ~ I E ~  11, b ( ~ ~ h ,  1 x 1 )  
1 '300  F ~ ~ R I . : A T ( ~ : ~ A . ~ )  

9" 1 1 0 0  G0QMAT ( 2 S H 1 0 0 S t  RATC FACTORS FOQ , ~ A ~ J , S H  D h T E , A 1 0 )  
A . 1 2 0 0  F'ORYAT~~ ?HC WIMD SPEED =,F7.1,11H METERS/SEC)  . . . . .  

. v1 1 3 n 0  F O R ~ I ~ T ( ~ H O ~ = , F ~ , O , ~ ~  YP=,F8,0,1Pl ,?E9,2)  

... 3 0  l o 0 0  FRR!?AT ( 8 F  1C.U) ............................... . . . . . . . . . .  -. -.-. .. -- ............ ................ ......... - . . . . . . . . .  
1 5 6 0  F C ~ ~ A T ( F l 0 , 2 , u I 5 1 ~  

. . .  l h O O  Fc9~1.41  t "OElat) OF C P S E " / ~ * I ~ ~ )  . . 
1 7 0 0  F:b?!'.AT(5H PROX', 1 ~ 1 o E l o . 3 / ( 5 ~ ,  t ( ! E l O . 3 1 )  . . 

. . 

. . . .  1 9 0 0  F d P 9 4 T ( S Y  X . ,!OF l O . . @ / ( S X , I O F l O . ( r ) )  . . 
3 5 19CC F D R M P T ( 2 0 3  I E , . N X I N T ,  D R F ( 1 E )  , Z I 3 , 1 F t 1 U a 3 )  
.. -. 2'000  FOi7:140(" E!!D OF F I L k  - STDPt11 '  ................ -- ..... .................... -. . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  

a l o r r  F o o ~ b ~  ( ~ ! ~ o i + E ~ E ~ s ' t  H F . I G ~ T  =I~FI, i ,'I#' M E T [  R S ~ I )  
C;ALL 9 A I E ( C O )  . . .  
( ;Rn?rPS=l i? 

4 0  1  H . $ b D f 5 ; l O O l  NU@bK,t!Ef,NR,.HiYPF - . ' 
. '' IF( 'E(JF(S)I  20,1,01.  ' 

. .  1 6 1  COQT I h U E  . . . . . . . . .  ,...-. .... ...... .- .......................................... . . 
c VPF s F A c T ~ S  F O R  OFF'' CE~';T~'RLINE POS'I~IO~!, YP+X*YPF 

- 

. . _ . _ . .  _ C .  ' !~U99u r NVWYER OF s I V O  SPEEDS . . . . . . . . . . .  
4 5 C ~ I R  = - N U C R E Y  OF' R A D I A L  D I S T A N C E S  

. . C  Y = N E I G H B  OF R E L E ~ S E ,  METERS. CONVLHT TO CY FOR PLUME 
G E b D ( 5 , Z 0 3 1 ( R ( I l r J = l , ~ F )  

. . . . . .  ... . . . .  . - - .  ? E 4 0 ( 5 , 2 0 0 3 . .  [ L I C J ~ ? ~ I ) I I = ~ , C ~ U ~ ~ ~ H  L. 
C VET - = . ~ l J ~ 4 E ; 1  OF' .AT~!oSPHERIC S f  4Ec1LIT Y  C L A S S E S  

s o  . . .  I,pr = 0  
I F ( ~ I Q ~ L E . ~ . , ~ J ~ , ~ R ' . G ~ . ~ O )  I E Q n I t R t l  
I F  ~ ~ ~ ~ J ~ A ~ , L E . O , O Q . ~ J U U A K ~ L ; T ~ P I  I € K ~ l t R +  1 
I F ( T E Q . C T . 0 )  SO TO 8 

............ ......... - ..................... - . . . . .  . . . .  . . 
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0 9 / 0 7 / 7 5  18,50,01, PAGE . Z 

. > . . : .. :. , .. 

. . . . : I  . L .. . . . .  . . . . . . . . . . .  

00 2 I ~ l r ~ U 8 A a  
. . 55 . % IF ( IJHAM( I }  ,LT-.I .E-;o~'  IER~ IER?~ 

U O  3 I " l , '<M . . 2. -. . ,. . 
. . . . . .  3 ~IF(?(I),LT.~,E-~~) I F G ~ I E R + l  , 

I F  (MET,GT.b,.9W;qET .LF,?)  I E R z I E S + l ~  . .  
. 4 

. - .. .... -- .... ... ...... .... . . . . . . . . . . .  .. - I F  (YPF',GT, , 5 ) . . 1 ~ % ~ 1 € f i +  . 1 . A --. 
b o IF(IC~.GT.OI G O  TU 8 . . . .  

. . .  c(uoc( 
r t z l @ i ) , r ~  

c ? E b o '  A T ~ O S P H F Q I C  S T ~ R E L I T Y  D A T A ,  
' R E A D .  ~ O @ d , ~ ( ~ ~ ~ A ~ E ( C , J ) ! , I = ~ , 3 ~ , J ~ l , ~ L T l  

. .. 6s 1 ~ ~ ~ 4 )  . . . . . . . . . . . . .  - . . . . .  -. . . . . . .  

.On b .  I M Z !  DUET ., .. 

.REAr) (5 ,300)  ITV('.IR~~DUMMY' a 

I T Y P = I T Y  ( I M )  . * .  ' I F ( I 1 Y P a L T , l )  lEMsiEW+E . . 
70 ~ l F ( I T V P , G T . 9 )  I E M = l f M + l  . . 

--. . - . - - .- - .-JF(IEM,GT,O)-  CO..TO..b-- -----.--..-.---.-----.-.------.----. . . . . . .  ... 

I F ( I I V P , G T . 3 )  G O  TO1 b 
. . . . . .  . . . . . . . . . . . . . . . . . .  . . ' . I : ( ITvp.EO.L) G O  TO 5 

I F , I I T Y P , E ~ ; ~ ' )  G O  TCl 4 
. . . . .  7 S . IF (TTVP .E !J , J )  GO T C  105 .  . . " .  

., I E M = ~ E H + ~  . . 
... ........ 5 0  T O  b . .... S.." --- ................... - . . 

4 , d u f  I M ) ~ D U H M Y ( I )  
: j k ( l M ) ~ D U M H Y ( Z )  , . 

8 0  ch(1n):l~uklnv (3 )  . . 9D 
4 . . .  ' . . O H M ( 1 ~ ) a D U M H v ( U ]  . . ' 
' = " .  C F  f 1Tvp.En.  I )  R E A D  ,200 ,  ( g ~ ( 1 ~ , 1 1 , , 1 ~ 1 , ~ ~ ~ ~ ~ 1  

. ..... KSQM(lY)=()UMMY (5 ) - .  ........ r I -i .._ .. ..-.. . . . . . . . . . . . . . . . . . .  
6 0 .  TO 6 

8 s 5 C Y ~ ( I M ) ~ O U M M V ( ~ ~  
C Z ~ (  I M ) ~ D L I M M V ( Z )  

.... . . .  . . E N M ( I M ~ P O U M ~ Y ( S )  
* G I !  TO b - .  

: . 106 S T s Y l I Y I r D U H M Y  (1.1 ..-- . . . .  .. . . 
9 o . STSP~IMI~OU*HY(L) 

: . . . . .  . I .  . -  . . b  'C0N.T INUE.  1 . .  . . .  - 
I F ( ' I E M a E Q . 0 ) -  GO TO d 

. PRINT uooI I E M  - . . . . . . .  ... 
9 I . . . . . . . . . .  . , . . 

' t 3 7  I w t 1 , n E T  
..... .. ..-.... : ---s -.ER I N1. 500-1  .I TY-[ I ~ ~ L W ~ . C . ~ M W ~ I ~ H K C I . H A ~ X ~ ~ ~ ~ . U ~ )  r . $ . Y . . ( I f l ~ l . k . . - - - -  

1, C Y M ( I M ) ~ C Z M ( ~ ~ ) , E ~ H C Z M )  
. . 7 CONTINUE . - 

STOP 
4 I F ( I E p a G ~ . O )  P R I N T  eOOImIEM . . . . .  . . .  

1 '00  PUI!T 7 0 0 ~  Y U ~ A R ~ ( U ~ ~ A M C I ) , I ~ I , A )  . . 
. . . .  . .. ....... , PRIMT.  800,: .NRo ( R  (1  I # Is l . ,  10.1 ,... - - --.-..- .: 

PRy"1t 900,. M E T , ( ( M N ~ ~ C ! ' ~ I J ) , ~ ~ ~ , ~ ? , J . ~ ~ H E T ,  
P R I N T  ZlDd, 9 . . 

; .  . . 

I . F ( l E H ~ G T a O )  STOP . . 
. , 1 0 s  . c LOOP n~ ~ l t l O S P n E R 1 c  ST~HILITIES . . 

.I . .- - PIINCH 1500.r  ~ ( W I  MET  I ~ U ~ ~ R J  NRIGYOUPS 
. . . . . . . . .  .> . - ....................... .. .-.-.-.--- -_ -.---.----..-.-..--.-.- I----. . . . . . . . .  . . 

: (d., . . 
. . . . . . ... +: . . w- . . i .' . . . . - - -. ... -- ... - .. - .. - - . - . .- ......................-. -- - -- - ..... ... .- - . -. ... - .. - . .  - -. -- -. ..... - ... .-. - -. -- ... -- 



PROGRAM P I V A *  . 7 :3 / '73  7 OPfol:. : ..- . . . .- 
, F T N  4. lJ+R401 0 7 / 0 7 / 7 5  18.50.01.  PAGE 3 

i: . %. . . . . . i.. 
. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .................... ....... . . . .  . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -. -- ... ............ . . . . .  - - .- 

. . . .  . . 
' 0 6  1 5 ' I r 4 = l 1 ~ E T  

l Y P E ~ I T Y ( 1 H )  
TVP€3=TYPE-3  

1 1 0  PQ1hiT 11.001 . ( ~ ' N A M E ( ~ I I ~ ' ) ' , X ~ ~ , ~ ~ ' ) I O D  . . .  . . 
b ' = a , r , ( ~ ~ ) * ~ , E r r  

..... ................................... RERK.  ( IM) r 1 ,'Eu .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C=CM(IM)*~.EU 
~ ~ = t ) H b i (  I M ) . t l 0 0 ,  

1 1 s  . . " K S ! J D ~ K ~ O U I I C ~ )  . 
C Y = C Y t l ~ I ~ ) . l O O *  . c 7 = C L ~ r I ~ ) + l O o .  
E?J:EW!.:( I A )  ........ ........ ................... ............... . . . . . . .  .................. .........-. - - - - - 
IF (TVPEaC,E IJ )  G O  T O  1 1  

1 2 0  GU 10  ( q ~ l Q ) , r Y P . k  . . . . 

3 TYPE=? 
. . .  'Gf i  r?l 1 1  

l r '  l ? ? . F = l  '.. 
- - ..... ................... . . . . . . . . - . .  . . . .  . . . . . . . . . .  ...... ..... c C ~ O P  O N  W I ~ ~ D  SPEEDS.  

1 2 5  1 1  D? 1 111=1  , ~ ~ I # A R  ,; 

, .. s I c T i . l e = s n ( I r ~ , i u ) * i o o .  
U H A 3 ~ ~ . l H A M ( I U ) * 1 0 0 ,  

... . . PRINT.  1 2 0 0 ,  UdAY(I !J)  - ' 

C  LOOP, 9 N  D I S T A N C E S  , 

. . . . . . . .  1 3 0  . .  Dl) 1 3  I ~ ) = l , l . i k '  . . . . . . .  .-.L .. . . . . . . . . . . . . .  - -  . . . . .  .- . . - . . -  
r a ~ D 1 S = R ( I R ) 4 1 0 0 .  

. . . . .  YP~V~ANOIS*LPF 
-9" FRS=9, . 
4 . . .  U s v ( 1  ) = S T S Y  ( I U ~  . - 

1 3 5  S Z ( 1 ) = S T S Z ( I ~ l  . , 

-.... .. ... ..................... . .  .- ............................ -. ..... --- . .- ........ C A L I .  PLCHE -- - . - . - . - - . . - . 
C  LOGP OV C.'J€R(-V r J k 0 ~ p S  . ' 

... . . .  D O  1 2  I = l ,C ld3UPS . . - . . . .  . . 

D P F ( T ) = O .  . . .  
. . . . . .  .... . . . . .  . . .  l U 0  1 2  CO'dT IbIUE 

00  2 1 2  ? = l r N t I N T  
J = 7 t ( ~ - j . ) t l  -i --I - . . .  . . . . . . - . - . - . - . . - - . .  
K = . J + 7  

. . .  D ~ F F % = ( X ( K ) - . % [ J ) ) / ~ ,  . .. . 

, i d 5  D O  1 1 %  I E = \ I G H 9 U P S  
, . D R F ( I ~ ) = D H , F ( I L ) + D I F F x * F I N T ( D S D Y ( J , I . E ) # I I )  

1 1 2  CUAITI~IUE . . 

. . . . . .  . . - . .  212.  C ~ ~ I T ~ N U E  . ' . . . . .  .- ..... ..-............. 
Y P = Y P / t o n .  

. . .  1 5 0  P R I N T  1 3 0 0 ,  R ( I R ) I Y P ~ ( O R F ( I ) I I ~ I ~ G H O U ~ S )  
P l j kCH 1 4 0 0 ,  I D R F ( I ) , I = ~ , G P O U P S )  

. . ~. 
c END n F  LnOP,  ON D IST4 r rCE  

1 3  C ~ I ~ T l N U F  
- . C-.. ~ N D  nF L o o p  ON w 1 l u o . S r E t D  . . . . . . . . .  

155 1 9  C Q V T  I ~ I I I F  
t E.ND GF LPOP ON ATMOSPHERIC S T A R I L I T I E S  

1s C o g T I N u E  
P R I g T  1hOO 

'Gi) TO 1  



F f N  U,U+RUOl 0 7 / 0 7 / 7 5  1 8 . 5 0 ~ 0 1 ~  PAGE s U @ Q O ~ l l % k  PLUME ' 7 5 / 7 3  0 ~ 1 ~ 1  1 

. . . . . . . . . . . . . . . . . .  .. . . . . .  . .  . . . .  ... . . .  . . . . . . . .  - - -- . . .  .- . -- 
I SIJBROUT I N E  PLUME . , . . :  r ,  

C S U R ~ ~ ) I ~ T  Ih iE PLUME READS ~ ~ E T S ~ R O L O G I C A L  P A R A ~ E ~ E R S  AND CALCULATES 
C 0 J s F  3ATE P E k  CUidIE 'PER C M  OF DOwhh IND CLOUD FOY EACH ENERGY GROuP, 

D I M E ~ S I O ~ ~  1 ( 5 7 ) , Z L I * ( 2 2 3  ~ Y L I M ( ? ~ ) ~ E O / E A Q ( ~ ~ )  
0 7 / 1 6 / 7 0  DI "E.USION Z S U ~ ( ~ O ) , Z L I S ' ( ~ ~ ~ ~ ) ~ Y L I ~ ? ( ~ ~ ~ ~ ) ~ ~ ~ U ~ ~ ( ~ ~ )  

1 0  ,OIM€:JSIO~" O E P ( 5 7 )  ... . .: 
O I M E N S I o u  ~ ~ ~ ? ) , ~ ( ? Z ) ~ ~ ~ ~ ( ~ O ) P Z ~ ~ I ( ~ O )  . . 

. . . . . . . .  . . . . . . . .  . OINL*~~I~Q C A P A ( 1 h )  , l \ ~CA( l ( , ) , pkv ( l b )  , M U ( l b )  - - . .  -, - - -  -. . - . . . . - . . . - .  - . .  - 
~ ' h f ~ t , t . f i  TYPErTYPE3,GRdIJ ,PS,VERT ,POSIT  
I ? T E G E R  EYFPGY 

1 s  ? E A ~  %iJ,MkV,KSJO,+!AND1S 
-OCICAL ZDuH, YI)IIH,PPSS . 
CUYYI IN  D P D X ( S ~ , ~ ~ ) , ' ~ X P Y T ~ X ( S ~ ) ~ I ~ R O U ~ ~ , U ~ ) A R ~ T Y P E ~ A , ~ , C , D H ~ S ! G ~ U ~  

. . .  ................ ....... -- . C ~ ~ M Y O I ~  K ~ U ~ , ~ V , ~ Z , E ~ , ~ V P ~ ~ , H , ~ ~ & ~ J D ~ S ,  I P , ~ Y ( ' ~ ~ ) , S L ~ § ~ I , I ~ ~ E Y T  - -. -- - - -. ... 
OATA ( C A v A ( I ) , I p I , l ~ ) / e 9 , 2 , ~ , 2 . ~ ~ ~ 2 . f ~ , 1 e 5 ~ r ~ ' , 0 , l . 0 , ~ ~ t e 8 ~ v e ~ * ~ 7 5 r  

2 0 .  1 , & s /  
,OATA ( ~ L ~ ~ t 1 ~ , ~ t 1 , ~ ~ ~ / . o o o b , . 1 ~ ~ , , 1 s ~ , i . Z 8 ~ , i ~ ? 8 ~ , ~ 8 ~ 1 , . ~ 0 2 ~ ~ 2 1 ~ , ~  
l ~ O 8 3 7 , e ? 3 7 J ~ ~ O ~ 0 ~ ~ , 0 1 0 3 /  

O t r A  ( ~ U ~ 1 ~ ~ 1 ~ 1 ~ 1 ~ ~ / ~ & 9 1 ~ . ~ ~ 9 ~ e 1 7 ~ ~ ~ 1 5 Q ~ ~ 1 ~ U ~ e 1 0 6 ~ ~ 0 8 ~ ~ ~ 0 ~ ~ ~ ~ e ~ ~ ~ ~  
. .  .- ........... -. . . . .  . . . . . . . .  1 , o u q ,  ,0,U2,,0358/ .... . . .  . . . . . . . . . . . . . . . . .  

? 5 3 4 T A  I c b L L / O /  . . 
. . ~ ~ ~ T ~ ~ ( ~ E V ~ l ~ ~ ~ ~ ~ ~ l Z ) / 3 @ 3 . ~ ~ U ~ ~ ~ E , t 8 ~ Q ~ , ~ 5 ~ 2 7 ~ ~ b ~ ~ O ~ l ~ ~ ~ 8 ~ l ~ ~ ~ ~ ~  

9" . e I ~ , ~ S , 1 7 ~ S ~ ~ l b e l b ~ 1 5 m O U ~ 1 3 e 7 9 ~  
d 

0 ' .  
CF(ICALL..CT;OI GO T U  J 

. . 

-..-- ..................... 30 . . . . . . . . .  :. ............ GHOlJPS3 12 . -  . .  - . . . . . .  . - . . . . .  . . . . . . . . . .  . . .  . . 
.DO Z 1 = 1 , 1 2  ' 

2 f l l l ( t ) n M J I I l * l  . ~ ~ J E - J  
3 T C A L L = l C A L L + t  

P A S S ~ . F & L S E .  0 8 / 1 9 / 7 0  
3  5 ~ ~ P ~ S Q R T ( ~ * H + Y P * Y P )  

. . . . . . . . . . . . . . . . . . .  .-.................. . .  --- : L ~ ~ P X = 5 0 0 0 0 . + i ? . r H Y P  - : .. . . . . . . . . . . . . . .  
U J ~ H R X I S O Q O ~ + Z , ~ Y Y P  

, . .  . . .  U P ~ W O S  SOIIO.+L,~MYP ' . 
UPONEmlSOO. 

. ,  . .  0 0 C UPDIS .  I S  UPUIElO I N T E G Q P T I C N  DISTANCE,  . 
UPDTS:AMIkl ( 8 0 0 0 9 .  ,MANOISeUPMAX) 

. . . . . . . .  ,:. - i C.-DWNPIS I S .  3OnN*(I.r.lO:,.INTLGkAT I O L D I S T  ANCE,.. (Hnr...5E-.FcEGAT.IVE) .: . i-.. ... .... - . - 
D u N O I S ~ 4 ~ I N 1 ( B 0 0 0 O e  ,UPMAN) 

... . ' C TEST - UP*.lYD PLUS D i l w N r r I ~ D  OIS'TA~CES ZERO I M P L I E S  NO EXPOSURE 
4 5 I F (  UPDIS+D iuYDIS )  ! 3 1 1 3 , 1 5  

1 3  p ? I ~ r  I u ,  uPDIs ,?MUOIS  
1 U  F ~ U ~ A T ( "  N7 Y - I ~ l f E G Q ~ T I O N  I N T E ~ V ~ L .  IJPOIS ~ . ' l P E l O , Z ~ ~  METERS* 'DOkw 

: . . . . . . . . . . . . . . . . . .  I D I S  =f1EI0.2,'" H€TERS1' 1 .... . . -- . . - - . . - . - . - - .. 
s l o p '  .' . 

5 0  C  TEST - I F  OdCjOIS LESS TMAs 1 3 9 C n r  S K I P  3 0 w ~ k f ~ C  INTEGRATION.  
15 I F ( D ~ N O J S , L C ~ ~ Q O , )  61) 13 1 5  

' C  TEST - I F  .4At.11>13 LESS r H A h  1 0 0  CM, S K I P  UPHIND 1 ~ . ~ € 6 R A f I ~ h ( ,  
I +  ( M J N D I S , L T .  ! n u e  I G O  ~ 0  23 

:.. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . .  . . . . . . . .  .- . 



SUBROUTIFIE PLUME 7 5 / 7 3  O P T = l  FTN U,U+RUOl 

. . .  . . . . . . . . . . . .  
C  SET l jPv;T%D. I N T E G Q A T I O N  

5 5  x ( l ) = Y A N D . I S - . U ~ O T S t l O ,  
I F ( l I P T H R , C T , I J P D I S - 3 0 0 0 . )  GO TO l b  
x  ( ~ ) = r A . h l r l . ! s - u C ) ~ ~ R  
X ( 1 5 ) s : 4 4 N O I S - l J P T d O  

. . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . .  . . r c ( Z Z ) a l n . u o I s ~ u P . ~ ~ E  
bO ; . X . (291  = * A N D I S  

hlx1hlr=LI, . . 
.Gin TO 1 8  

l b  ~ F ( U ~ T 4 0 , . G f . U P 0 1 S - 1 ~ 0 0 , )  GO t o  1 7  . 
L(II)=VAVDIS-UPT;~O 

. . .  . . . . . . . .  65  . . . . . . . . .  1 f  ~S)=>!ANUISIUPON~ ............... . .  . . . . .  : . 

X ( 2 2 ) : l L N O I S  
~ x 1 & r = 3 '  
G O  T J  1 8  ' 

. . 1 7 '  ~ F ( I J ? Q N E , ( ; T . U P @ ' I S - ~ O O ~ ~  GO 10  1 0 1 7  
'0 ' . x  ( 9 )  = M ~ ~ ~ ~ I S - V P O N E  

. . . .  . . . . . .  ........ . ............ . . .............. . . . . . .  ........ ..... .:..:. % (  1 5 ) : h A ~ n 1 S  .- :.: ..:.. 
~ ~ X I N T : ~  . 
Gn.19  . i e  . 

1 0 1 7  r t q ) = v A t d o 1 s  
7 5 N X I N T s l  

18 I F I E ~ x T L : ~ ~ ( ~ x I N T ~ ~ ) + I  
. . . . . .  . . .  . . .  .... ... C . .  SET OOnt.1+41N\ru I Y T E I ; R A 1 I U N . . L I M I . l S  .- - 

X ( T ~ E ~ T ) = ~ ~ ~ P ~ ~ ~ S + U P O N E  
X ( I ; + E X T ~ T ) = ~ ~ ~ ~ ~ D I S + U P ~ ~ O  

a 8 0 X ( I : l € r T t  ~ u ) c ~ A ~ ~ ~ I S + U P T H R  - X ( I N E X t t Z l l = Y A Y D I S + D W N O I S  
L a  

t i u  T % T  = N X I N T + U  
. . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  .. . G ~ I  T~I ?5 . - 

21 X ( l ) = M 4 Y D I S  
8 5 NZI~IT=O 

G O  Ti1 l t i  . . ,  
2 s  Cl1.NTIhUF. 

C  CALCclLATE X - G R I D  P o S I T I ~ N S  
. . .  3 1  CI INTILUE ... . . . . . . . . .  ... -. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . .  

q 0  Of1 3 3  I r l , Y X I . " i t  
. . . . .  . J : 7 r ( I - l l t l  ! . , .  . 

Y=J+7.  
. . .  . . . .  . . .  . . L t I F F X = ( X ( K ) - X ( . J ) ) / 7 .  ..:. 

U b  32 L = 2 , 7  

,; 95- ... P U S 1  I:7* (1.01 1 .- ..... .... -- 
X ( P c ! S I ~ I = X ( P O S I T - l  I t D I F F Y  '.. 

. .  . . . . . . . . . . .  32 C 3 y T I N U E  - . . . . 
3 1  CONTI t iUE . . 

c C A L C I J L A T E  T R A V E L  T I ~ E  T O  E A C P  POSITION' 
: .  1 0 0  ' I h . E ~ T , = ? * r l X . [ h ] T t l  

. . . .  , ?CI 3u I = l , l " t E K T . . i ,  -, . . . .  ...... 
T ' ( I l =  ~ t I I / U 8 h ~ .  . 
D F P r I I = l . O  



PAGE 3 . .  . . . . . .  . . . . . . . - . . . . . . . . . - . .  . SURROUTIUE PLUEE . 7  3 / 7 3  , O p t 8 1  FTN U,U+RUO~ 0 7 / 0 7 / 7 5  18,50.01, 
. . . .  

. . . . . .  .' . 
. . . . . . . . . . . . . . . . . . . . . . . . . .  ..... ,... , ...,. ,. ........ ............ . .  . . . . . . .  .................. .......................... ..................... . . . . . . . . . . .  

. ERRSO., . . 
CALL E ASSI.G.(ERR) 
I F ( E R E ) '  3,8,5R,UO 

. . .  . 1 1 0  3.E CONT14UE ' : 

. *  . .  : . . . .  . - 8 .  ' 

. . . .  .... - ...................... , .... p q l ' N ~ . . - l O c ) ~ r - . S ~  ................ 05/19/.70--.----.-- 
0 5 / 1 9 / 7 0  1 0 0 6  FORMAT(" SY : " l O F l O ~ Z / ~ : "  " I O F l b , ~ ) )  

.... PRINIT 109,7, SL. . :.;. . ' 0 5 / 1 9 / 7 0  
-1 1'5 . 1 0 0 7  FORMAT(" S Z  8 1'10F10.,2/I ' ' .  N L O F 1 0 s 2 ) )  0 5 / 1 9 / 7 6  . 

. . .  .. GO t O  5 2  . - .. . . . . 
c E W o R  WE.WRN FROM YASSIG - OISTANCE T O O  LONG FOR L IBRAFY D 4 f 4  

...... u a  . p a  I Y T . - 4  1  ,. 1 V P t j . .  ........-.-------. .................. -.- ...................................... - -. 
u!  FORMAT(I1 :IfjRAQY DISTANCE DATA TO SNORT FOR PASOUILL TYPE n I z )  

.... . . . . .  1  2 0  G O  T O  38 
US IF ( T V P E , E P , ~ ' )  GO TO 3 9  

I F ~ ( T v ? I , E Q s Z , )  G,O :TO 5 7  
C  . ~ ' i l l T .0 t4  EQJATION 

..... ;-- 00.  n.6 . 5: 1 . 1 NE xT. ........................ -.- ................. 

i.., 1 2 5  XPOKH c(x~I)/100.)**ll.-E~**s~.f1*ul7 
. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  .Sy(I):,:.y*;pO~W ..: 

S.Z(I)::Z*XPOcR ., . > ..< I 

. . . . . . . . . . .  . . . . . . . .  - . . . .  - 4 6  C O N T I I i I J E  . . 

PR INT  4 . 0 0 6 ~  SY Ot!/25/70 
..................... -.;Jo :..PuI.N~. -. 0.07,. SL-.-. -:--.-..-: ............. 0 8 / 2 5 / 7 0  .. 

GO TO -52. . . 
. . . , 

. . . . . . . . . . . . . . . . . . . . . . .  . C .  H&tdFORD. ., 
. . .  S" , I  4 7  816A,8C*DH*S1GTlJB 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  s: AL~~A~, , .~*PI .GA. /  ( s I G T U E I * ~ )  . . 

.. no .u.8 l a l ,  INEXT .. -4 3 5 
............ '. - --.,.-,.. ~ x p o . ~  11.) /ALPHA .............. . 0 6 / 2 9 / 7 0  ..... 

I.F(E'XPC,LT', , 0 0 1 ) .  GO 1 2  1 3 7  0 6 / 2 9 / 7 0  
: S . ~ . G Y Z D E I G ~ + [ T ( I ) - A L P H ~ * ~  l . - E X P C - T ( I ) I A L P A  
GD~'T0.  ,247 O b / 2 9 / 7 0  

. . . .  . . . . . .  . . .  1 4 0 .  . . . 1 4 7  SIC~.Y2=1,Z~1~ODs 0 7 / 1 6 / 7 0  
-247  CONTT.NLE . .  . . . O b / 2 9 / 7 0  

.............. 3 y ( l  1 ~ S L I ~ T ~ S I G V ~ )  -. .. - .......................... - - 

:- EUPO:KS7D+r(f ) * * z  0 6 / 2 9 / 7 0  
. . . . . . . . . . .  . . ' IF(EX?O.LT , ,001) GO T i1  3 L ? .  . ' 

I .  ' 
0 6 / 2 9 / 1 0  

, I Q S .  5 1 G t Z ~ A h  ( 1  , , ~ , E x P ( - K S Q D * T ( 1 ) ~ r * 2 ) l + B * T ( I )  
. . . . . . . . . . .  ' GO T 0 . & 2 7  : 

I 
. . 0 6 / 2 9 / 7 0 ,  

s 4 : 7  ~TGZZ=~I.?. I~Q~, - - .  0 7 / 1 6 / 7 0  
..................... . . . . . . .  , ... a u T . - . C O N T  INUE ...- 0 6 / 2 9 / 7 0  .- , 

I t r  

S Z ( I l r S J R T L S 1 G Z Z )  
.................................. . . . . . .  . . . . .  1 5 0  ..Us .C.ONf INUE 

. P F I N T  l.O:O,br ..Sf., '  O7/16/ .70 
. . . . . . .  PRINT. 1 0 0 7 . ~  s z  . . 0 7 / 1 6 / 7 0  

G O  TO 5 2 .  . 
49 DO. 50. I Z t Z , I N E X t ;  1 ' ................................................... ...................... . . - . - . . - .  .......................... 

.- 1 5 5  2 CI Z  9 = S.2 ( li ) 1.9 ? 
~sY'( I :Z)=SY(1.1*1o.0. 

5 0  CONTIhrUE 
5 Z ( l ) : S T ( 2 )  - SY( l )nSt ' . : (Z)  ; 

. . . .  .............. .............. ........... ---- .... . , , - 



. . F T N  U . U + Y ~ O ~  0 7 / 0 7 / 7 5  l ~ o S O o O 1 o  PAGE u  ! jUEiROlJ l INE PLUME : . 73 / . 73  O P T = l  . 

.... . . . . . . . . . . .  . . .  . . . . . . . . . . .  ..... . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  .............. . . . . . . . . . . .  . . . . . . . . . . . . .  - . . .  . . . . . .  -- - - 
1 6 0  P R I N T :  IOCIO, SY . 

PRIIJ'~' 1.o:n7, SZ 
t CALCIJLATE *ahiP P R I N T  t/Q VILUES '  0 2 / 2 6 / 7 1  

52 on 1.52 I:.!, I N E ~ T  O Z / L ~ / ~ I  
E v ~ = ~ v P i * 2 1 / ( 2 ' . * S V ( I ~ * * 2 ~  3 2 / 2 6 / 7 1  

. . . . . . . . .  ................. - 165 ......... . E ~ P = (  H*t2) / ( 2 e * ! j Z ( I  ) * a ; ! )  - ....-............... ... - ..... . 0 2 / 2 6 / 7 1  . . . . . .  
E ~ ~ ~ ~ ~ ~ ( I ) = E ~ P ( - ~ Y P - E Z P ~ ~ ( Z . * ~ ~ ~ ~ ~ ~ ~ ~ U R A R * ~ Y ~ I ~ * S ~ ( I ~ ~ * ~ ~ E ~  0 2 / 2 6 / 7 1  

152 C.OYTINUE . 0 2 / 2 b / 7  1  
PDIh 'T  5 3 ,  ( t O L E 4 Q ( I ) ~ I ~ l r I N E X T l  0 2 / 2 6 1 7 1  

53 FOFIWAT("O,E/O \ALLIES AT EACH DOwNwINO P O S I T I O N  A R E ~ ' / ( 1 P 1 0 E 1 0 e 3 1 )  O L / Z b / 7 1  
1 7 0  C 

. t .  . . . . .  ................. . .  . .  , . .- . 
t CALCULATE DOSE FACTORS F O ~ '  EACH '  POPITI(IN A N D  ENERGY 

00 1 1 0  I r = l , I r ~ E x l '  
.. S I G Y = S v r  1 x 1  

1 7 5  S I ~ Z Z S Z ( I X )  ' ' 0 1 / 1 2 / 7 1  
c f n d b ~ 1 . s - x r r x a  

. . .  . . . .  . . . .  . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  O z A R S ( 0 )  
C SET L I W I T S  F O R  Z - I N T E G R A T I O N  STARTING A T  + 3  SIGMA 2  bkJO WORKlNG DOdN, 

Z L 1 ? ( 1 1 = 3 . * S 1 ~ 2  
1 8 0  t 1 ~ 1 t i l n O  

C 
I f ( ~ , L t o 1 0 l 0 )  GO TO 5 8  

. . . . . .  ............................ I F ' ( s IGZ ,LT .O I  GO . T O  50  ..... ......................... . . . . . . . . . .  . . . . .  . . .  - .  ..-.. 
u u = u * * o  
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. . . . . . . .  2 ! F ( S I C ~ . L T O D ~ ~ )  GO 1 0  55 . 
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. . . . . . .  . . . . .  . . . . . . . . .  . . . . . . . . . .  ..................... - ......................... .- .... ...... I F  ( S I G Z , G T , D S O )  . G O  TO 5 U  - . . . . . . . . . .  -. -- 
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. . . . . . . . . . . . . . .  . . ZL 1 t 1 ( 3 ) = D l S  
ZL IM (2 ) :S IGz  

. . . . . . .  1 9 5  G O  TO 62  ...... ............... .. . - . . . . . . - . - . . . . .  - - -. 
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ZL.I'-'(4.1=.(lo ' . , , 
2 0 5  Z ~ I t l ( 3 ) s D u  
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I F  ( Z P 0 2 , S T 9 Z M I O )  ZMIC=ZPO2 

2 7 5  . 90 2 6 2  ~=I,NZINT . 
.?b? Z P Y ( . J ~ =  Z L I n ( b Z I N T - J * l )  
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1 6 3  0b 0 3  J Z = ~ , N Z I ~ T  1,. ' ' 
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6 7  CONTINUE . . . .  
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. . . .  GO 10  .96. . .  0 7 / 1 6 / 7 0  
...' >.)'.Q(1 -FIV I h r T  = 3  ' -:. 2 . . . . . . . . . . .  . . . . . . . . . . .  . .  ... ......................................... . . . . . . . .  
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Y P M A . X = . V P + S ' Y ~  
. I F  (YPFIAx.L-T~.?F(AX) YMaXoYPlllAx . . . . . . .  
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. . .  4 1 S . NYI,Fi t=3 . . 
1 0 9 7  ;N=NY 1.hT.tl 
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on 3 0 7  J S ~  , N Y  INT 
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GC: TO . l o 3  
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..... ......... ..... D A T A  ( S I C ~ ( 1 , I ) , I = l , ~ O ~ / l O O ~ ~ Z ~ 1 E 3 , : ~ ~ t E 3 ~ 5 ~ ~ t 3 ~ 7 ~ 5 E 3 ~ l ~ O 5 t ~ ~ l ~ ~ Z E ~ ~  

1 ~ 2 e E J , 2 e 9 t ~ , ~ ~ 5 € ' ~ , b ~ 1 E U , 9 e 3 E ~ , l e 1 ~ ~ ! ~ , 1 e 5 S E 5 , 2 e 2 E 5 , 3 . U € 5 , ~ e 5 t 5 ,  
2 6 . 2 F 5 , 8 * 2 k . S r l  . l E b /  

. DATA ( S I G Y ( Z , I ) r I = 1 , 2 0 ) / 1 0 0 . , l ~ b E 3 , 4 . E 3 ~ S e 5 E 3 ~ 7 e b E 3 , l e O 6 E ~ p  
1 9  l l ~ ~ 8 E ~ , ~ e 1 5 E ' , ~ ~ ~ E U ~ ~ e b E 4 , b ~ 3 E ~ , 8 e ~ t U , 1 ~ 2 E 5 , l ~ b ~ E 5 , ~ ~ b E 5 ~ 3 e 5 E S t  

2u,7E5,b.IlE.Sr8.5E5/ 
. . . . . .  _ ......................... . @ k t &  ( S I G ~ ( ~ , I ) , I = l t ~ O ) / I ~ O ~ , I ~ 2 E 3 , ! ~ 7 5 ~ 3 , 2 . 8 ~ E 3 ~ ~ ~ E 3 , 5 ~ 5 ~ 3 , 7 ~ b E 3 ,  

1 1 e 6 ~ F U , 1 . 5 5 E ~ , 2 e ~ i ~ t 3 e 3 E U , U , 5 t : U , b e ~ t . ~ , 0 e S ~ U ~ l e 2 E 5 , 1 e 8 5 E 5 , 2 e 5 E 5 ,  
2 3 , U E 5 , ~ . 7 E 5 r b e S E S I  

1 5  bATA ( ~ T G Y ( ~ , I ~ , I = l , ~ O ) / 1 0 O . t t J ~ O ~ ~ 1 , i ! E 3 , 1 . 9 ~ E ~ ~ ? ~ b 5 E 3 t 3 ~ ~ ~ ~ t ~ e l E ~ ~  
1 7 . ? C 3 ~ l , 0 ~ F ~ ~ l . ~ E ~ ~ Z ~ 2 ~ F . ~ , 3 e 1 E ~ , U , 2 t ~ ~ ~ , 7 € ~ ~ ~ e l € ~ , l , 2 5 E S ~ l ; 7 E 5 t  
7 ~ * 3 E 5 , 3 * t 5 , 4 . l E S /  

. . . . . . . . . . . . . . . .  . . .  D A T A  f S I C ~ ( ~ j r 1 )  , I = 1  ~ ~ 0 1 / 1 0 ~ . , b 0 3 e , U i ~ d , , 1 4 5 0 , , ~ ' , ~ ~ , ~ , 8 ~ ~ ~ 3 e 7 t 3 ~  - . -  

~ I ~ ~ e 2 E 3 t 7 . S k 3 , 1 . ? O E ~ , I e b ~ E 4 ~ Z e Z E U , 3 e E U , U ~ l E U , 5 e 7 € U , R e @ F . 4 , l ~ l 8 k ~ ,  
2 0 t?.l.,,hES,2, 1 F 5 , Z e 0 E 5 /  + .  

, I)~T'A ~ ( ~ ~ ~ ~ ~ ( b ~ l ) , I = 1 , ~ 0 ) ~ 1 O 0 , , ~ 9 0 ~ , b ( 0 , ~ 9 8 0 , , 1 ~ 5 0 , , 1 8 5 0 . , 2 ~ 5 0 , ,  
/ ', . . l ~ a ~ 0 . , , ~ 2 0 0 , ~ . s , ~ 1 0 0 , ,  l e 1 E u , 1 . 5 3 E ~ , 2 , l E ~  , 2 . P E U , U , E U , b , I E . U , 8 , 2 t ~ ,  l e 1 2 E 5  

2 , l . , u A € 5 t 2 , E 5 / ~  
. . . . . . . . . . . . .  , -0A.TA ~ ( S I G Z ( ~ ~ I ) ; I ~ ~ , ~ O ~ / ~ O O . ~ ~ ~ O O , , ~ ' ~ ~ O , , ~ ~ O O , ~ ~ . E ~ ~  I e35EU,2 .7EU,  

2 5 l b . . 7 k ~ , ? . E 5 , 1 l * ? , E 5 /  
OA.TA t S I G Z ( 2 ~ I ~ ~ ~ I = I , 2 0 ~ / 1 O O e ~ 1 , , E ~ , ~ . 1 ~ ~ O e ~ ~ 5 5 0 e , 3 7 ~ ~ e , 5 7 O O e , 8 b O O , ~  

S" ~ ~ . ~ ~ E ~ , ~ ~ u E ~ ~ ~ ~ ~ E ~ , ~ ~ ~ E S ~ ~ ~ E S ~ ~ * Z ~ E ~ ~  
N 
w [ 1 ~ ~ - ~ ' ~ f ~ 1 ~ ~ ~ ~ 3 ~ , 1 ) , 1 ~ 1 , ~ 0 ) / 1 0 0 , ~ 7 ~ 0 ~ , ! 1 ' ~ 0 ~ , 1 7 ~ 0 ~ , ~ ~ ~ ~ , ~ 3 4 0 ~ , , 4 6 0 0 ~ ,  

. ~ ~ U @ ~ ~ . , ~ ~ ~ ~ . ~ ~ ' . ~ F ~ U ~ ~ ; ~ E U , Z ~ ~ E U ~ ~ ~ U E U , ~ . U E U ~ ~ ~ E U , R ~ ~ F : U , ~ ~ I ~ ~ ~ ,  I e U u E 5  
. . . . . . .  3 0  . . . . . . . . . . . . .  . ~ ~ . a , . , ~ 5 - , ' ;  . . 

0.A.T.A. .(.SIrJL(.u;, Ilrll=l r , Z : O ) ~ 1 0 0 , , ~ 7 0 , , b e n . ,  10~0,,l~O0,t1900,,(?503e,, 
, l , 3 3 ~ ~ . , . ~ 3 0 ~ , , b 2 O ~ , , ~ b O O , , 9 5 0 0 e ~ l , I 5 E ~ ~ l e U E ~ ~ l e ~ E U ~ ? e 2 E U ~ 2 e b S E U t  
2 3 . F F ~ t 3 .  IF ~1,4.,5kU/ 

@ATA , ~ ~ I G Z I S ~ I ) , ~ = ~ ~ L O ~ / ~ O O e t 3 O O e ~ ~ ~ O e t 7 ~ O ~ , 9 ~ ~ e ~ t 3 O O . ~ l 7 O O . ~ ~ ~ O O e  
3 5 ~ 1 , 2 ~ ~ ~ ~ ' ~ ~ r ~ l 0 . 0 : ~ , ~ r ) 0 O ~ , ~ 1 O O ~ ~ 7 2 ~ 0 ~ , 8 ~ 0 1 ) e ~ 9 ~ O O ~ , l ~ l 7 E U ~ 1 ~ 3 ~ U ~ l e 4 t U ,  

. . . . . . . . . .  . . . . . . . . . . . . . .  21.55EU,.t .7Ed/, 
, . 

: ; . . ' i t . .  

DATA.. ( . ~ 1 ~ Z : b ' t I ) , I = , l , ' ~ 0 ) , / . l O . 0 " . ~ , l ~ O ~ , ~ ~ c l ~ r ~ O 0 ~ ~ 5 ~ 0 , ~ 7 h 0 , , 1 0 0 0 . , 1 ~ 5 0 ~ r  
.. 1.1'770. , 2 5 0 0 ,  ,~OOO.,3.5O.U.. rUlOO.,~7O'O,,!jSOO. , b 4 0 0 e , 7 2 0 0 e ,  7QOO. ,BbOUe,  

z Q 0'0 0, / 
U 0  DA'TA ( D I S T ~ ~ ) r I = I , . ~ O . ) , ~ / . O . t l . E U r  l e 5 t U p ~ e S E U , 3 o 5 E ~ I , S e E ~ , 7 e E 4 , 1 e E S ,  

1 l ~ e 5 E 5 , Z e 5 E ~ j , 3 e 5 E 5 ~ ~ e E ~ 5 r 7 e E 5 ~ l ~ E ~ , l e S E b ~ 2 e S E b , 3 e 5 E b , 5 e E b , 7 e E b ~ l e E 7 /  
................................ C-. C A L ~ U L A ~ ~  S Y  bND S Z  FOR .EACH X P O S I T I O N  DESIWED 

1'0 A'T C: I 
. Ei?Q=O,. . .  

05 D.0 . 19  I = 1 ,  I 'hEXT 
1  lF( IDA.TA.GT.Z.0)  GO TO d 
2. I F ( s ~ I ( ; Z C T Y ' P , ~ ~ , I D A T A ) )  0 , 0 , 3  

. . . . .  . . .  3 ~ I ~ F ~ X ( I ) ~ D I S T ~ , I O 4 T 4 1 )  b r 5 , U  
U ' ~ D A T  A = ~ D A ~ A + ~  

5 0  G O  TO 1  
5 S Z ( I ) = S I G Z ( I Y P E ~ , I D A T A )  

G O  T O  9 
6 I F ( I n A T A , F . O , l )  GO TO 5 



0 7 / 0 7 / 7 5  1 8 a 5 0 a 0 1 .  PAGE 2 
. - . . I - . . - ,  

S u S P O u T t Y E  P A S S X G  . 7 3 / 7 3 ,  ? p . ? f . l . . .  . . . . .  f t N  u , u + R U O l  
. . 

,. . 
....... . . . . . .  . . . .  . . .  , 

~ S Z . I = S I , G Z I T ' V P E ~ , I ~ A T P - I ) ~  .. ;, 
5 5 S Z Z ~ S ~ C Z ( T V ~ ~ ~ , . I D A T ' ~ )  . . .  ;: ; . 

D l = n 1 S T ( I D 4 T . A - ' 1 )  , . , 

.o ? n D I 9'7 (.I D A,T'A 1 . . .  . - 
S ~ , ~ I ) . ~ S ~ ~ ~ + ( X ~ ~ I ~ I - O I ) * ( ' S Z Z - S ~ I ) ~ ~ O Z ~ O I I  

. . . . . .  ................... . . .  . . . . . . . . . . .  ................... ................ . . . . . . . .  Go 1s 9 . . -- .-- - - . 

b 0  .4 E a ~ = l ,  0  
' I F ( T O A T A , G T , ~ O I    ID AT.^=^^. . " , .' , , 

. - 
.. . . .  S Z ( I ) = S I C Z ~ T V P E S - ~ I O A ~ ~ : A - ! : '  . . . ;  - .  . 

9 C O N T I N U E  
1 1  I F ( I D A T . A , G T , Z O )  G O  TO :! , . 

. . .  ..,, . . . . .  ............ - - - .  . . .  . b 5  . . . . .  IF ( s ~ ~ y ' (  TYPE~, ' , I .DPTA) 1 18, 8.8,&5 r- ' .  < .  
- 

1 5 ,  I F . l X ( I ) - D I S f  ( I D b T A l )  1 6 , 8 S ' , l U  ' . . . . . .  
... t .  <I 1 8  I ~ A T . A ' Z I % A ~ L + ~ ~  . i < . . .  .) . , .  

G@ r3 1 1  " 

. , 
. , : .  ... . . . . A  : 6 

* .  ' . 
1 5  S V ( I ) . = S I G V ~ T Y ~ ~ : ) , ' I ~ ~ A ~ A ~ . : ~ ~  . - .  ., . 

7 0  ' GO T O  19  . . . . t .. ' I . ., . . . . .  l t  IF ' ( IOATA,EO- . ,~ , ) .  ,GO T O - - ~ E  -5 --.- - ..... ............ ..... . . - . - - - . - . - . . . - . . .  . A . . .  . > . . 
S ~ . , , ~ S ~ . G V ( ~ Y P E S , I D A T A - ~ $  .. ! 

. . . .  S , V Z ~ S I ~ V ( T Y ~ E ~ , , I O P T A ~  . - -  . -----. . - . 
~ ~ ~ D I s T ( [ . @ A T A - ~ ; )  - . . , . 

. .  . . . . . . . . . . . . .  . . . . . . . . . .  . . .  75 DZ=:D'IST ( E D A T A )  , . . 
. . . .  S V ~ I ~ I ~ = S V I ~ ~ ~ X ~ I ~ - . ~ ~ ~ ~ ~ ~ Y ~ ~ - ~ ~ Y I . ~ ~ I D Z ~ ~ ' ~ )  

. . .... ...... . _...._........... ....................... - ............ GO TO 1 9 .  .. -. - . - 

.. v r  ' 

113 EDQz1.O 
... . . I .F ( I -OA7.6 , r ;T .20 )  - I D K T P ' ~ ~ ~  . ~. 

8 3 9" S V ( I ) = S I G Y ( T Y P \ ~ , ! D A T A - ~ )  ! I  ,, . _  , *  . . .. , .  
. , i l . '  

W . . 19 C O U T I N U E  . ' ' . . .  - \  - 
. . 7 - . '  , . : t 

0 RFI‘U,!?N' 2 . . . . ,%. 
, . 

........ . .  ... . ~ . . . . . . . . . . . . . . . . . . .  ............. ........... ............ . . . . .  . . . . .  .:... - C;.NO . .  .;; .- . . . . - 
. . .  . . -  . . . . . . .  

I . . .  L '  . . ' .  . . 
' I  : . +  . ... . _. . . . .  . 



F l  GURE B-'5. P r o g r a m  SUBDOSA L i s t i n g  
. . .  . . 

PfiOGQAV SUbDOSA, 7 3 / 7 3  .OPT=l  F T N  U,UtMUOl  0 7 / 0 1 / 7 5  19 ,01 ,20 ,  PAGE 1 

. . .  . . 

. . . . .  -. .. -- -. .-......... - . .. - ............ - . . . . . . . . . . . . . . . . . . . . . . . . .  .- ........ - .. - . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
. . . -  . 

1 PoOGRAM S U ~ D O S A ( I ~ P U ~ ~ O U ~ P U T ~ P U Y C H ~ P N D L ~ B , G A ~ L I B ~ D R F L I B ~ B ~ T L I O ,  SUN0 .-  2 
, T A P F S : I N P ~ T ~ ~ ~ P E b = O U T P ~ T , ~ A P E Z S ~ D R F L . I R ~ ~ A P E Z h ~ R E T ~ I B ~ T A P E 2 8 ~ G A ~ L I 8  SUBD , . ' 3  
, , TAOE?Q=F)NOLIF.)  . .S UBD U  

D I f l F ~ S I O ~  f i T ( C ) , B D E P ( U ) i N B D I C U )  . SUBD 5 
" 5  * D l y F - N S I O N .  I A Q i  ( 5 )  S  U p P  R E  1 

- ...... -. -- ..-. - ... -. ....... - ....... .- . . . . .  C I M & % S I O N  ! O T M ~ ( ~ ~ ) , D E P T H ( ~ Z , ~ ) , T D E C  ( 3 )  .. . . . . . . . . . . .  ...... ' s u b 6  ......... b  . 

LOGICAL L I ~ A ~ ~ ; F L I R , G L I H , D L I B , F O R F , E E T A , D H F P ,  CHI~Q,GAMA 'SUBD - 7  
I ~ ~ E C E Q  R E ~ , C H A I ~ ~ S , S K I ~ , T ; R O I J P S  SUHD 8 
Qt AL L A ? ! ~ O A , M A ~ ~  SUHD . P  

1 0  . ~ Q M H . ~ ~ J / ~ : A I N C / ~ J F P , N A C . N T O T , N O F N ~ J C ( ~ ~ ) , S K I P ( V ~ ) , R A S S ( ~ ~ O ~ ~ ) ,  N E h L I B  . 1 , 

, ~ ~ ~ ~ ~ ~ ( S ~ ~ ~ ) . C ~ A I ~ S , D ~ F Q C T ( ~ S ~ , ~ ) ~ ~ U F S T ( S O Q ~ ~ ~ ) ~ R E C ~ S O O ~ , D ~ ~ O ~ ~  ' N E W L I B  2  
. . . . . . . . . . . . . . . . . . . . .  .......................... . . . . .  ,!~ETE~\;(so.CI,U) , i ~ R i l U l J S r ~ ~ L ( 5 0 0 )  , D R F ( 1 2 0 , 1  r b )  ,NMET,HHvNREL, I C L ( 5 0 0 )  N L r L I Y  3 

' c ~ ~ ' ~ E I F I / Q ( . P T ' c o ~ I / ( ; ~ Q s E ( ~ o ,  I , 6) , f !DOsEtUO, 1  , b )  , S C O S E ( 1 O r 1 ,  b )  , T D O S E ( l O O  RCPTCUM Z  
. '1 r 1  , ~ ' ) : , ~ H , @ , ' ~ ~ ' D ~ ~ F C , ~ I G ~ , ~ P S , N G S , N R E ~ N G E , N S D I  , C H I 0 ( 1 0 , 1  , h )  , E D O S E ( l O ,  1: Q E p T C O n  . 3 

15 ' Z ~ ~ ) , I R P T ~ T I ~ L L ( ~ ~ ) ~ H T N ~ , ~ O ) ~ R T ~ ( ~ O ) ~ G ' ~ ~ ~ ~ ~ ( ~ O ~ ~ ~ ~ ) ~ T O E P P ~ ~ E P  . REPTCOM . U 
~ ~ ~ ~ ~ ~ / ~ E : ~ C O ~ ~ / ~ V ~ ' ~ ~ ~ I ' , ~ ) , ~ ~ ( ~ O , ~ , ~ ) , U H A R , H , ~ ~ I N , O R F ~ ( ~ O ~ ~ ~ ~ ) ~ N ~ ~ N ~ ~  MkTCOM . 2 

~ Q ( ~ o I , ~ E ~ ( ~ ~ , ~ . ~ , ~ o w F ( ' o I  .:. 'M E T c u n ' 3  
. . . . . . .  - . . . . . . . .  - ....... ' C ~ ~ , ~ ~ ~ ~ O ! ~ / L O G I C / L I H A R V ~ ~ L I ~ , G L I R , D L I B , . F D Y F  , ~ ~ ~ A , D G F P , C ' ~ : I ~ ~ , G A M A  L O G I C  . - . .  2 

. . D A T A '  l P E t > / n , , l , , 5 , /  . S.U 6 1) 1 4  
' 2 0  0 4 1 4 '  RDClJ/O,, 7. ,20,, l o o , /  SUB0 1 5  

. . . . . . .  ~ A T A  ~ ' ~ T D T ~ I I C I ) , I = l , 1 2 ) / , 3 . S , , 2 J , , l ~ ~ , l 6 ~ , 1 3 ~ , 1 0 , , 0 8 1 ~ r O h R , ~ 0 5 b ~ ~ O Q  SU9D .: 1  b 
' 18 , ,002 , .03e /  .SIIYD . 1 7  

" ~ ~ E L ' T ~ S I ~ I ~ : ~ ! . ~ / ~ E X T , N R E L , D , R T , U F A R , ~ , L I B , L B L I ~ , L G L I B , L D L I H , L F D P F ,  -SUBD : 1 8  
. . . .  . . . . .  ~ , L R ~ T A , L D P ' F P ' , L C ~ I O U , L G A I ~ A , , N R ,  KIh :T ,NkET,  I T L p N D P T H ,  fC t 'P ,hbDoNGDe . 'SU'HD . . :19. . . 

2 5 ~ ~ ~ S ; ~ G S , I ~ P T , ~ ~ G , ~ J G G , H D E P , N S D I , N ~ E ,  A!GE,INX,NDRF . .s.tieo ' 2  0 
1 0 o . : F i > R Y A T ( l 3 n b , L 2 )  SUbD . 2 1  

9" Z O O  F C ' R M P T ( I H ~ ,  1 , 3 ~ b , r i ! )  'SU.b0 2 2 
2 5 0 n  FO!?flb.T(, l ' \FNO' OF INPUT.. FILE. AT T I T L E  C A R D  REAG")  SUYD 2 3  

6 0 0  F ( I R M ~ T ( " ~ C % ' D  GF I h P U T  ... F:ICF' A T  N A M E L I S T  R E A D " )  SU8D Z U 
'30 71)o' ' $ C I ~ H ' A T ( , ~ E I  o.; jj: . . . . . . . .  . . . . . . . . . . . . . . .  . . SU@D . , . 2 5  

?!9: F D X ~ A T ' ( " 0 N U ~  ~ A C C U L ' A T I ~ N  S P E C I F I E O ,  LGAMA, LBETA, L C F I O Q  = " 3 1 5 )  ';. SUED Z  b  
s ~ ~ , ' F c Q ! . ! . I T . ~ ~ ~ ~ ) ~ w . G ? s ' . I N .  NAAELIST  INPUT, ' C H E C K  C U N T K O L  I N T E G E R S ~ )  - 'SUSD 2 7 

I n . ? ? :  FS:9~ 'A t ( "Ot :FXT OUT' O'F RAVGF." I~O) 9 .  SUBD 2 R 
1 2 3 0 '  ~ U , ? 7 ~ A T  ( t . A l O )  :. 5  11 6 0  -:29 

. 3 5  1 S s 0  F O R ~ ~ ~ T ( ~ ~ F . X ' E C ~ J T I O ~  TIMF F O R  T H I S  C A S f  WAS "Fb,3, t1 SECONDS1') SUbD , 3 0  
. . . . .  . . . . . . . . .  ~ S O O  ~ : o . i ; ' i r b ' r ( ~ ~ ~ , l ~ ~ 1 0 . ~ )  . .  - .. : :SUBD .' . :.,31 

1 h O O - . F ( ! ~ ; ~ A T ' ( 1 0 C 7 . Z )  ' *. SURD 2 . 3 2  
C  TH.CSt. 3 S T A T E ' d E h l S  SUPPHESS. D I A G i J O S T I C  ;I5 F O R  S H A L L  ARGUMENTS I N .  SUPPRE . . .  2 

. . C  , : F , ~ . I * ~ c T ~ I G ~ I ' F . x P ~ ( A . ~ G )  . y H E e E  . 'ARC I S  LF.SS TH.'iN-700 S l lPPRE . 3  
0  - I ASY ( . I  1 20 SUPPRE 1 , 0  

IA~.Y.C~!)=O S O P P ~ E  . S  
. . .  . . . .  ... . .  C A L L  SYSTCUC ( 1  1.5, 1AP.Y). . . . . .  . . . . . .  - . . . . .  'SIIPPRE 6 

1  LI 's.A~.v='. FAL'SE, S l l  R D  3 3  
CALL. SECON:Ol r I M E 1 )  SUSD 3 0 

a 5  . B L I H ' = , 6 A L S E ,  S u b 0  3 5 
'- . rJLIR=,F,ALSE. S U.8 D  .3 6 

DL?¶=.FALSE.,  SUtiD .3 7 
. . . . . .  . . .  . . . . . . . . . . . . . . . . . . .  F DRF = .-F h L S E ,  . . . . . . . .  - SUBD 

. H F ' T A = , F A L S F ,  S  1l.R I) 
3 6 
3 9 

S O  ' . I J ~ F ~ . = , ~ , A , L S E .  SUHD 0  
. C'HIQO=;FALSS, S.U h D  ~ 1 .  

G A V A = , F A L S E ,  S l l k D  U  2 
IEk:O SUHI) 3 



PROGRAY SUBDOSA ' ' 7 3 1 7 3  OPTof F T N  U,U+RUOl 0 7 / 0 7 / 7 5  19,01,20,  PAbE Z 
-. 

. - . .................... .- .......... .. _ _-_. _ -.. - .............. . . .  -. . .  . -  .. 

~ ~ ~ ~ ' ( 5 ~ 1 0 0 )  T I T L E  .. SUB0 
... 55 I F ( E O F t 5 ) )  2 1 3  SUB0 U 5 

2 PRINT 5 0 0  , ,. . .  SUB0 0 6  
GO td' 98 ' -. SUED 4 7' 

3 P Q I h l  20.0, T I T L E  ' . SU.BD ' U 8 - .... ........... .- ...... - ... - .- .. - - . .. . C-.-SCr D = R . . . . .  :- -- -........-.. S U 6 0 .  .. .- .......- OQ: . - -  
' 69 C REn'5 NAMELIST  I W u . 1  . , s u e 0  5 0' . . . . . . . . . .  . . . . . . . . . . .  . NEAD(Sa INPU1)  . . . .  - SUBD 5 1 

. . .  . . .  I F ( E O F ( 5 ) )  UPS '  .' SURD 5 2  . . . .  . - . . . . . . .  .... 4 3 ~ 1 . ~ 1  6;oo . . . .  . . - .  SURD 5 3  ., . . 2 0  TO 99 ... SUB0 54 
. . .  65 ... C.-- E D 1  INBUT ... . . . SUBD. 5s  - 

. , 5 l F ( L I S , G T a O )  .LIRIUV~~?RUE. , SUPD . S b  . 
- ' L I 9 a O '  SUBD 5 7  

. . .  ~F(L~L.IB..GT.O) :BLI'B=.-RL~E. SUBD 5 8  
'1 8L.I B'S o . . . . . . . . . . . . . .  -- ,I suao 5 9 

7 0 : F ( L G L I ~ # G ' T ~ O : )  . GLIR=aTRUE8 . SUB0 b 0 
....... .-.- ........................ t G L I B r O  ....................... .. ... SUB0 . bl 

, I F ( L O L I H a G T a O )  DLIB=aIRUC,  . . SUBD b 2 
. . . . . . . .  I F I L F P Q F , G . T ~ O I  FORFSrTRUEm . - SUB0 ' b 3 

]F,~LRETA.GT.O) flErAt,TSUE, SUCID b ll 
7 5 .... . . . . .  IF(LDRFP,GT,O)  DRFP:.T?UI-:., . .  .: . . ' . ' .  L . . .  SUED.. b 5 .- _' 

' C F  (LFHI.OQ.GT .Ol. C Y . I O A m ,  TRUE, . e s u e 0  ..... 6 6 .  
................ t F  (~GAHA.GY,O]  . ' G A M A = . r 2 u E  ,- S U ~ D ' . .  6 7  - 

6F=n ,  . . S U B 0  6 8  
. . BF=o'.  - ,  , . . . . . . . . .  SU B'D b 9 

, ., t . .  

S" 9 0 :F ( G A M A )  GF51,. . . S U H D  7 0 
. . 

, .  . . . > .  W . . . . . . . . .  f F ( R E T 4 )  A F o l ,  ' . . . . .  . . . . . . . . . .  . " s l j e ~  7  1 
N .  ' NIYCNREL . i. s u 0 0 '  7 2 

..... . . . .  ------- 'Go. .... Q . . . J R : ~ . . . s ~ R  .--- SUUD ----. 7 3. --.. - 
I;.( I.Ol=D'( IR). . . .  . . s u b 0  7  4 

. . . .  . . . . . . . . . . . -  S . -  . 9 C3NTINUE . ' . . . . .. SUB0 75  '~ 

%45T.=1 SUBD . 76 
. . . .  . . . .  .... ;Ld=NMET . . . . . . .  . - - .  , . . . . . . . . . . . . .  -- . . . . . . . . . . . . .  . .- SU@D - . '  7  7  

I ' F . ( N ~ X T , , L , T a , ~ 8 ~ ~ a ~ E X ~ ~ G r , q )  G D " f 0  88 . . > . ,  . . . . '.' * 'SUHD ' 7 8 
... ... . . . .  . . - . . .  .... . -.-- ............ 'TO (10.  1.1, l.lr.LO,Zl..,. &L,NEXII... . .  SUBO -2- 79 - 

9o C STA** 'OF CALCULATION OR .NEW S . O ~ ~ C E : ~ N V E N ~ O R I E S  . , , -, . .  , . . . 
. . 

' SUB0 ' .  8 0  
. . . . . . .  - ...... . lO.. fF(LI i3A.RY) CALL L I E N ' . :  . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . -. . . . SU,o ' ' 8 1  ; 

I F ( G C 1 B )  CPLL G L I B €  SUBD : 6 2 
.. . . . . . . . .  .. .. ................... .., ..-.... I.. REAO(5, 1 2 0 0 )  ( ..MET (! 0 l.),, I n 1  ,.YREL.) - .-,. ..I.:-- SUBD : 8 U 

I t t F D R F )  GO TO 1 2  - 
: . . : s u ' e ~  8 s 

...... . . .  ... 
I!; d F ( I ) L 1 8 ) . .  CALL--0L18E- SUB0 .---. 8b: .- 

0.: 1 1 2  I R = ' ~ , ~ J R  
i -  .. SUB0 8 7 

. - . . . . . . . . . . - .  .- . . . .  SUB0 .. 1 1 2  Y ~ I R ) : D t I R )  ' 
:, ........ 

6 8 
IF(NExT.. 'E0,3) GO TO 1 8  SUHD .. 0 9  ' 

. . . . . . . . . . . . . . . . .  ........... . . . . .  . - - . . . . .  .... , . . . . . . . . . .  21 2 .  CALL' s.OuRCE .: - S u b 0  0 0  . 
l o o  G C  10  1 8 .  SURD 9 1 

-- . .. . , . 1 2 .  I F ' ( G ~ ~ ~ I  G O .  7.0. 312 ..-...-..-A-.. ...-. sub0 9 2  . . . . 

I F ( N E x T , E Q , ~ )  GO TO 1'0 . . . . 'SU tiD 9 3 
GO TO 2 1 2  . . 

. . SUbD 99 - 

3 1 2  CONT INuE SUUo 95 
. . . . . . . .  10s e P E A D  DHF F R O M  C A R D S  SUBD 06 

' Do ~ ~ I N ~ I P ~ W E L  . , "suPD 97 . . 
. . --.- - . -. . . . . .  .- . . . . . . .  . . . . . . . . . . . . . .  ., ----.-.- . . 



PRnGQAM SUYOOSA . 7 3 / 7 3  0PT:l F T t l  4 , 4 + R U O l  
, . . . .... 

.......... ..................................................................... .- ........ ......................... 

0 0  1 4  I Y r l , N 3 E T  
DO 1 5  IR* ; l ,NS 
I l z ( I Q - 1  ) r G Q O I J P S + l  

i l n  I .?=I ~ + G R O U P S - ~  . 
~ E A C ! 5 , 7 0 0 )  ( D Q F , ( I , I M , I N ) , I * I l , I Z )  
I F ( '  N ~ T  D R F P )  GO. ~0-.1. -3 

0 . .  

, P R I ' J T  15OO,.t0QF(I,I~,I~),IoI1,12) 
1 3  COYT I t ~ i l E  

1 1 5  ' - .  1 4  COYTIWUE '. . , . .  15. C ~ J % T I ~ + U E  
I F ( N E x T , E ~ , ~ )  GO TO 18  

.............................................. cn T O  2 1 2  ................................................... - ..... - . . . . . . . . . . . . . . . . . . . . . . . . . . .  
19' IFfLUx;GT.O) G O  TO 2 6  

1 2 0  C A L L  H E T I N  
I r f 5 E T A )  C A L L  B E T A O R F  

. . G 9  TO 25 . . . .  
C READ E 0 Q  VALUES FROM CARDS 

..... ................................................ 2 6  DO 2 7  I N = ~ ~ ~ ? E L . .  
1 2 s  R E A D  1 6 0 9 ,  ( C H I O ( I , l p I N ) , I t l , N R )  

Dcl 2 7  I a = l * N 9  
~ Q F d ( I ~ ~ l r I ~ ) ~ C ~ I ~ ( I W , l , I N ~ * w Z Z 9  

2 7  C ~ N T I ~ U E  
G!, TO 2 s  

. . . . . . . . . .  130 ... ..,..... .......... . .21  C A L L  .SOURCE .......................................................... ..... . . .  
20 C P N ~ I N I J E  

C  C A L C U L A T E  U N I T S  F O H  R E L E A S E  T I M E  

S" 2 5 ' C A L L  u ~ I T S ( R T % , Q T H , N R E L # R T # ~ )  
C  E D I T  I N P I I T  W 

W 1 3 5  I F ( h * E L , L E r 6 )  I k Q a I E R + l  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I F r N Q E L * G . r . b )  I E R = 1 t H t 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . .  . - 

I F ( ~ ~ , L ~ . O , O Q . N Q , G t w l O )  I E R : I E H + l  
I F ( . I E H w G T w O l  GC) .TO 9 7 .  

C  0 0 ' L O O P  O V  T I S S U F  DEPTHS 
1 4 0  DO 3 9  I D E P T M = l , N G D  

DO 3 0  I E = l , G S O U P S  
. . . . . . .  . . . . . . . . . .  - -  . . .  T D ~ P = T D E P ( I D E P T H ) * T O T M U ~ I E I  ..- 

3 9  D E P ~ H ( I E , I O t P T ~ ) ~ € X P ( - f O T M ) * ( l w + T O t ~ )  
c O D  LOOP ou HELEA.SE P E a I o D s  

1 0 5  T T P s O ,  
.TTG=0, . . 
0 0  7 0  I V = l , N Y i L  
DO. 31. 1:1.~.TOT ' ............................................... .......................................................... 

3 1  ' " A S S ( I t 7 ) a O .  
150  0 0  32  I = l , C H A I N S  

32 S ~ I P ( I ) = O  
c E L I H J N a T E  UNUSE? C H A I N S  

' I S O T o P = o  
. . . .  . ' D C  . 35  1(.:1, C H A I V S .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  , . . . . . . . . . . . . . .  . . 

155 'L I.M=NOFNUC i K )  
I F ( S K . I P ( K ) . " J ~ O )  GO TO 3 9  
00 3 5  1 = 1 , L I " l  
L : I S O T O P * I  

. x ,  1 F ( ~ A ~ S ( L 0 1 ~ ) . G ~ w l w E - 5 0 w A N D . L A ~ B D A ( L ) G ~ w l - 3 0 )  GO TO 3 4  

0 7 / 0 7 / 7 5  1 9 . O l W ~ O w  PAGE 3 

. . . . .  
SIJUD 
S U 8 D  
SUBD 
S U b D  
SUYD 

--. S U 6 D  
S U B 0  
S U 8 D  
S u b 0  
SUBD 
S U b D  

. SUBO 
S u b 0  
s o a D  
SUHD 
SURD 
SUBD 

. . S U B 0  
s u e 0  
S u b 0  
SUB 0  
S U ~ D  
J U 5 D  
SUHD 
SURD 
SLltlD 
S ' J ~ O  
SUdO 
SUBO 
S U B 0  
S J d O  
SUMO 
SURD 
suao 
SIJRD 
SUt lD 
SUtSD 
S 0 8 D  

. SURD 
SUYD 
S U 8 D  
SUBD 
SUHD 
SUbD 
s,ue.o 
SUfiD 
S U 6 D .  
S i J 6 0  
SUSD 
S U b C  
SIJ3D 
S u b 0  
S U b D  



PGOGRAV SUBDOSA 9 3 / 7 3  OP?;=l P I N  4 ,4+RUOl  0 7 / 0 7 / 7 5  1 9 e 0 1 e 2 0 ,  P A G E  4  

. . . . . . . . . . . . . . . .  - . . . . . . . . . . . .  - . . . . . . .  ...... . . . . . . .  . . . . . . . . . . . . . .  . . .. -. . : . < .  . . .  
1 6 0  3 3  CCNTINUE ' . . - ;  Ls:,. A ~ :  --.  ;uao' 1 5 1  . . ,. . 

. . . . . . . .  . . . . . .  S K I P . ( U ) = L I Y  . . .  -. - S U B 0  . 1 5 2  : 
1 5 3  3 c  I S n T O P = I S O T O ~ + L I M  s uqo 

35 C C N T I N U E  s u:!3 D 1 5 4  
: .  . C I i ' i [ T . I A L I : Z E  ARRA.VS . s .  - .... S  U B  D 1 5 5  

1hf - .' 3Jh;Nal :... ; 1 5 6  . . -. . . . ............. ..... .. . .... ....... . 
. . .  DO :.3Y IM:1, M N N  S U B 0  ' 1 5 7  

s u a ~  . l s e  . . . . .  on 36 IR:~, 30 . . . . . . . . . . . . . .  . . . . .  . . .  
T O O S E ( I R , ~ ~ ~ I N I = O .  S u a D '  1.59. 
T o O S E ( ] H + 7 Q l  I n ,  I N ) *  . . .  . . . . . . . . . . . . .  - .. ... S U B 0  1 b d  

1 7 0  3b G D ' l S E ( I R , I Y , I ~ ) = O .  S u e 0  l b l  .. 
- ,  . .. . .  . . . . . . . . . . . .  ,.: ..:.. . 0 0  3 7  I R E L , ? O  . .- .. - .  1 6 2  .- . . 

. rD!JsE(I.R+3O,IM,IN]=Om S U B 0  1 6 3  
~ ~ . : B D ~ s E ( . I ~ ( , x M , I ~ ) ~ o , .  . . - . . . . SIJHI) . 

. - -  1 6 4  
39 C O ~ T I ~ U E :  . . S U B 0  1  bS 

1 7 5  . I F [ . , ~ Q T , G A ~ A ~  ~ 0 . 1 0  53 S U b D  1 6 6  
. . C Cb,Cl!,ATE GAMP,A DOSE FOR C U ? R h N T  F E R I O D  A T  EACH D I S T A N C E  . S U B 0  1 6 7 '  

. . . . . .  ... ...... ....... . . . . . . . .  . . . . . . . .  . . . .  '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ o ~ o t j . 5 1 .  IA=I,NR . . . .  - - - - s u b o  1be 
IF [ I T Z ~ E Q , O I  T T G ~ T T G + ? T  t t t ~ :  S U b D  1  b9  
T T = R ( f R ) / V 8 4 9 + T T G  I ; I _ _  S U B 0  1 7 0  

1 8 0  C 4 L L  C ~ A I N T ( ~ , T T P I N , - O I  S U B 0  ' 1 7 1  . . 

N~oNFPI~  .. . . . .- . . . . S U b D  1 7 2  
..Do u t  ISVI,NTOT SUHO 1 7 3  

. . . . . . . . .  . - . . . . .  --____ 5.. ;.IF ib!ASS.( I r . I N J . . G . ~ . , . l . , E j 3 0 ~ ~ $ ~ ~ J ~ U ~ S ~ N ) ~ E X P - ( ~ . L A M B D A . C I . l  *.Z.ll---. SUBD..- 1 7 U  , - - - 
01  . C O * T I N U E  SUaD 1 7 5 .  

185 . . . C C 4 L C u L A T E . T I ' i E  I N T C C R A L  O F . C L C u D  CONCENTRATfON G A M 3 A  .. SCJSO 1 7 6  
9 " .  I F  t I T ? * E Q . . 2 1  GO TO 1 4 2  SUYD 
W 

1 7 7  
P T T = R T ( I N )  , .. S U B 0  1.78 

; = A L L  C Y 4 I N t ( 7 , T l , 7 , i l  . s u p 0  1 7 9  
... . . . . . . .  . . . . . . .  --.. 2 0  -u'Z, I = N ~ ; : U T O T L  ... ...------.-I---..--...----- S U B 0  180 . :  . .- 

I PO K F C A ~ S S : I , : Y I , . L T ~ ~ ~ E - ~ O ~  GO ~ 0 . 2 2  su5d 1 8 1 '  
. . .  ~ A S S ( I ~ Z ) ~ ~ A S S ( I ~ ~ ~ * ~ ] : . ~ ~ X ; P ( ~ L A Y B D A ( . ~ ) * ~ ~ ) ~ / ( L A M ~ D ~ ( I ) * T ? )  S U 8 D '  .. 1 8 2  

42- C O ~ ~ I N U E ,  . .... . SURD: 1 8 3 , '  
. - . lU2  C O M T I N U E  . . . .  ; . . . . . .  . SUBO '; 1 8 4  

C C b L C U L b l t .  'GAMY4 DOSE S U B 0  . 1 8 5  : 
-.--..-.. .. .- -. . 1 9 5  . IS@TOP:CI : :-1. . SUBO': 1 8 b  ' . . . .  ..... -- -. 

00 :U8  % f . l , C . H 4 I N s  S U B 0  1 8 7 '.. 
. . . . . . . . . .  ; LIH=NOFN~JC c t f )  !_ . . . . .  .. s i ieo  1 9 8  

I F ( 5 N I P ( K ) , N E , O )  GO TO 4 7  SUHO. 1 8 9 .  
. . . . . . .  . . . . . . . . . . .  . . . . . . . - . . . . .  . . . . .  .- . . . . . .  ,; - .- . . u 5  I r l , L l ! l  , ..: s u e ~  1 9 0  

2 0 0  L s T s O T U P * ~  SUHD 
. . 

1 9 1  
! ( - -  ..... .. . . 1 r (?Ass  (t ,  7J . L J . , ~ ~ ~ . ~ ~ ~ D L ~ I & . ~ S Q ) - I ~ O - - X D - U . ~ -  .-.-sum . -  172::. ...-- 

30 24 : I M s l  ,NYET.  
. . 

SUBD 1 9 3 .  
. . . . .  .... . . . . . . .  . .... . . .  . . :O 2 3  . I E a l  ,GROUPS'  ., .. . . -. - -. - S U B 0  . .- 1 9 4  

D I 0 [ 1 R - l ) * 1 2 + 1 € - .  . S U B 0  , 1 9 5  
............ . 2 0 S GO 4 3  I D E P T H = I , N G D  .'.,.. .; . . I  . . .  S U b D  . . .  1 9 6  ' 

. . t D + [ I D E P T H - , l ) * l O + I R .  s u 6 D . -  1 ?7 
..... ...... . ...... . . , . . - - _ - -  a 3  ....fiDOsE ( I D ,  I?!, I N I P G D O S L U B ~ ~ ~ ~ . ~ ( L L U - ~ B U R S S ~ . L ,  I U d D . R F . . ( . U r I f l d N . . S U B D  : - 1 9 8  - - - - .- - 

Ilt o F P T M ( I E , I D E P T H )  . . S U B 0  1 9 q  
. . .  ..... .......... . . . . . . .  (rU COY:IYUE, ' .  . -  - - SUBD. 2 0 0  

SOBD' 2 0 1  . 2  1 0  US C n V - I N U E  
~7  ISO-QP=ISOT~IP+LIM S L J ~ D  . zor 

. : .  . u n  to"-INUF. ..: * .  ,. , >.  , S U ~ D  !O! 
- . .  . .. ... . .............. .: -- -a -. --- - .- - 



F T N  U,U+RUOI 0 7 / 3 7 / 7 5  1 9 , 0 1 , 2 0 ,  P A G E  5 

.. . . - . . . . .. . - ... . .. . .. - . . ..... . .... . . -. . . - . , - - . . . - . . .*. . .. -.. - . 
0 0  5 0  L n N 1 , U T C f  SUBD 2 0 4  
1 F f Y 4 $ S ( L ' , 7 ) , l T e l , E ~ )  ~b 7 0 . 5 0  SUaD 2  0  5 

2 1 5  09 u 9  I * = l , $ Y E T  SUBD 2 0 6  
00 U Q  I E = l , G k U U P S  SUYD 2 0 7  
1 1 = ( 1 2 - 1 ) * 1 2 + ~ E  SclbO . , 2 0 8  

-- . - -- - .- 00.. u s  IGEP.TU=;  st^^.-- --.- S ~ J ~ D  20 Q . .. --  ..... . .. ... 

I D s ( 1 O E P T h - 1 ) * 1 6 + I Q  S U 8 0  2  1 0  
2 2 6  49 G O O S E ~ I D ~ T ~ , . I N ~ ~ G D O S E ( ~ D ~ I M , I N ) + M A S ~ ( L , ~ ) * B U H S T ( L ~ I E ) * D R F ( I I ~ I ~ , I N  SlJBD 2 1  1  

. l ) * O E P T H ( I E , I O E P T n )  SUt iD,  2 1 2  
59 C O N T I Q U E  ' SlJriO 2 1 3  
5 1  C O ' J t I r i u E  SUk30 2 l u  

.... - .. - . .. -. . .52  COtJ? 1t:lIE . . . . . . .. . . . .. - . - . - . - . - . . . - . . . - .. . . - .. - .. - - . . . . .- . - - - . . - . - .- .- . . . . . . . - . . . . . . . . . . - . SUB0 .... 2 1 5  . .... . . .. 
2 2 5  5 3  IF(;JOT,RETA) G O  1 0  6 2  SUtiD 2 1 6  

c C A L C U L A T E  a t T n  s o s ~  . SURD 2 1 7  
C 00 COOP O N  D I S T A N C E  FOR BETA DOSE SU6D 2 1 8  

Dn b l  I R = l , N H  - SUBD 2 1 9  
I F ( I T Z e E 3 . 0 )  T T R = T T B + Q f ( I N )  SUHD . 2 2 0  

2 3 0  .. -. - .. .. T T : R ( I R ) / ~ ; B A F : + T T B  . .. . .  . ..... ... ... . .... . ........ ..... .- . SUbD - 2 2 1  . . . - . .- 

GILL C " A I ~ ~ 7 ( ; r T T ' , t ~ r O )  SlJeD , 2 2 2  
N l = N F P + l  SUED 2 2 3  
0 0  50 I = N l , N ' U T  SUYO 2 2 1  
I F ( , ~ A ~ S ( I , I r l ' ~ e G ~ , l , E - 3 0 )  M A ~ S ( I , ~ ) : M A S S ( I , I N ) ~ E X P ( - L A ~ B D A ( I I * T T  SUBO,  2 r? 5 

2 3 5  5 U  COYTIFilJE S u e 0  . 2 2 6  
. . . . . . -. . . . .. . . . . C. C A L C U l  r T E  T  IMt: I ' I T E G S A L  OF. CLOUD CONCENTWAf lON - BETA . ... SUeD 22'2 

l F f I T Z . E J . 2 )  G O  1 0  1 5 5  51160 2  2 H 
TT=PT ( I k )  SUHD 2 2 9  

F" C A L L  , C H A I N T ( 7 , T T t 7 , 1 )  SUHD 2  3 0  
W 
VI 2 ~ 0 -  00 s s  I = ~ ~ , . V I T O T  SUBD 2 3  1  

I F f ~ ~ S S ( I , 7 ) e L T e 1 , E 1 5 0 )  GO TO 55 S u b 0  , 2 3 2  
. . . . . . - - .- .- . -. . . .. . . -. . . - . . . - -, - .. . .. . . . . -. . - . . . . W A S S ( I ~ 7 l ~ ~ h S S t ~ , ~ ) t ~ l . - E X P ( - L A M M D A ~ I ~ * T f l ~ / ~ L A ~ B D A ( I l * T T l . . ~  SUPD :.. 2 3 3  . . 

5 5  COYTThlUE SUHU . 2 3 4  I 

i5S C O Y l I % U E  s u t r o  2 3 s  
2 u 5  , C C A L C u L A l t  +ETA DOSE SLlYD 2 3 6  

I S O T O P = O  S U ~ O  2 3 7  
Do 5 9  K = l , C H A I N s  S u b 0  2  3 ti 

.. : . ... LIB=NOFNUC ( X I  ' - . . .  :... ... -. ... ....... . SU@O 2 3 9  . . . 
I F ( S K T P ( K ) , ' 4 E , O )  GO TO 58 SUHD 2UO 

2 5 0  .. DO 5 7  I = l , L I Y  SUdD 2 u  1 
L = ~ s O T O P + I  SUBD 2 4 i! 
~ F ( ~ ~ ~ s ( L ~ ~ ) ~ L ~ , ~ . E ~ ~ O . O R , L P ~ B D A ( L I . L ~ . ~ ~ )  G O  T O  57 SUOD 2 4 3  
DO 5 6  I ! A = ~ , N Y E T  SUHO 2 u u  

-. . . . . - , . - - . . .. - - . . . . . - . . . . . . . -.. - .. . . DO St! N D E P T d = l , N S O  . . . .  . . . . ... . . . - . . . SUBD . 2 4 5  . .. 
25s I D = ( N O E P T H - ~ ) * ~ O + I Q  SUBD 2 4 6  

I P E P T H = N S C I ( N D E I J T H )  SUB0 2 4 7  
B D ~ S E ( I D , ~ N ~ I N ) ~ ~ D O S E ( I ' D , ~ M ~ I N ) + M A S S ( L ~ ~ * E E N L D E H *  SUB0 z'J@ 

. I V , I N ) * L A V B D A ( L )  SU8D 2  9  
5 b  CQtJTThJUi' SUUO 2 5 0  

. .  . . . 2 6 0  . . . .. ... 5 7  CONTI!rUE ... S u b 0  2 5  1  
58. ISOTSP=ISOTUP+LIM SUB0 2  5 C 
5 0  CO'JT I t r ! Jk  SUaD 2 5 3  

011 bO L=NI,,NTOT SlJY D 250 
l F ( ~ A S S ( L , 7 1 e L I , l e E ~ ~ O )  GO TO 6 0 , .  SUB0 2 5 S 

2.65 DO 1bO I * = l r k M E T  SU8D 2 5 6  

c.> 
, . 



9) 
PROGRAH SUBDOSA 7 3 / 7 3  - DPT:l - . - .  .. ..... - F T N  u , ~ + R u O l  0 7 / 0 1 / 7 5  19,0,1 , Z 0 ,  PAGE b 

. , . - : . :  . - .  - . .  - ,;' .x 
. . 

. . -- .- . . . . . . - . -. - . - . .. . . - .. - . - . . ... - - .---. .. - . - - -. . - . . . . .- . -- ---- . -. . - . . . . -. - . - -- . - . .. 

0 0 " l b O  MDEPTc lo l  ,NBD SUBD 2 5 7  : 
ID I (NOEPTH~J  )rl O+I.A .. .. ..... . .. . .. . . . SUBD . 2 5 8  
I D E P T ~ = N B ~ I ~ N o E P T H )  SUBD 2 5 9  
R C ~ S E ( I D ; I ~ , I N ) ~ B D O S ~ ~ ( ~ O ~ ~ M ~ ~ F ~ ) + M A S E ~ L ~ ~ I * ~ E T E N ( L ~ I D E P T H ) * D R ~ R ~ I R ~  S u e D .  2bO 

z 7 o . I M , I N ) * L A M ~ ~ A ( L )  SURD 2 6  1 
.: . . -  . . . .. .... . - . . 1 6 0 .  CONTINUE . -  . .. ----.-.-.,..- 2 - . A  .-.-.- . . . '  - . . -  SUB0 .. . .  2 6 2  . - 

bD CONTIVUE SURD 2 b 3 
6 1  CONTINJE SUt3D 2 b 4 .  

c EMD OF D O S E .   CALCULATION,^ ~ D D  G A Y M A  N G  T O  B E T A  NB FOR SKIN DOSE. SUBD. 2  6  5 
215 6 2  IF(NSS.LE.O,AND;NGSeLE.Ob GO- 1 3  b b  SUHD 2  6 6 

c ca,cu.bTE SKIN DOSE .. ? , . 4.. . SUB0 Z 6 7  
-. . . . .  . -  . . 0 0  I R = ~  , r d A  . ..... ' . SUBD ...- 2 6 8  , 

. .. I D G = ( ~ G S - I ) * ~ O + I ~  SUHD 2 6 9  
I I ~ o = ( N B s - ~ ~ ~ ~ O + I R  - . .- suuo, 2 7 0  

2 8 0  DO . b ~  I * :~ ,NMET S1Jb.D 2 7 1  ,: 
S D O S E ( I R , I M , ~ N ) ~ G D ~ S E ( I D C , I M ~ I ~ ) ( ~ G F + B D O S E ~ I D B , I M ~ I N ~ * B F  SUBD. 2 7 2 .  

b u  CONTIYUE s u m  
.. . 

2 7 3 .  
. . . . . . . . - . .. . . . . - .- - .. . . - - -. . - .- .- - -. - - 6 s  CuNTI 'JUE .. . -. SUBD.  . - 2 7 U  : . - .. . 

b b  I F ( & B G , L E . 0 . A N D , N G G e L E e ~ 3 )  0 0  TC 1 7 0  SUP0 - 2 ? 5 . .  
285 . C CALCULATE GENETIC DOSE . S u e 0  2 7 6 .  

DO 6 9  I Y = l , N R  . . .. . . . . SURD. 2 7 7 . .  . .  . 

. . I , ~ ~ : ( r r G G - l ) k l 0 + 1 R  . .. , . . S  u.0 D 2 7 0 .  
1 0 Q ~ ( ? l B G - l  ) * I O * I Q  SU0D 2 7 9 :  

-. : - - - - - . . D O  68  ..... I M a t  .NrlET SUB0 2 8 0  . -- ... . 
2 9 0  C ~ ~ ~ ~ ( I ~ , I ~ , I N ) = G D D ~ E ~ ~ D C , I M , I N ~ * G F + ~ D O ~ € ( I D ~ , I M ~ I ~ ~ * ~ ~  S u e 0  2 8 1  

68.  :ONTINUE,  . .. ... SUbD 2 8 2  
m .  6 9 .  SON1 I N U E .  SUB0 2  8 3 
W 
Q) 1 7 0  ~ F ( Y C E , ; ~ ' E , O , A N D , N B E , L E , O )  GO T O  7 0  SUB0 2 8 U  

c CAL'CtlLATE E Y E  D O S E . .  s u e 0  a e s .  . . 
2 0 5  - 0 0  .ZbQ 1R;l ,NU SUB0 . 28b , .  . -. . . . . . 

. J O G s ( N G E - l ) * l O + I R  SURD 2 8 7 ,  
l O a a I M B E = l ) ~ * l O + I R  . . SU6D 2 6 8 .  
,:O t b q  I H r l  ,NMET SUHD 2 b 9 . :  
E P O S E ( I R , I M ~ I N ) ~ ~ D U S E ~ ~ O G ~ X M ~ I N ~ C G F + B D O S E ~ I O B ~ I ~ ~ I N ~ * B F  . SUB0 2 9 0  

suso 2 9  1 3 0 0  l b 9  CONTINUE 
.. . - . . . - . . . . . . . - .. . .- - . -- - - - 2 4 9  C O N T I ~ ~ ~ J E  .. Ln - . SUBD ... 2 9 2  . .- . - . -- . . . . 

. . 7 0  COYTINUE SURD 2 9 3 :  
. . 71. ; IF . (GAMA)  GO f G 7 2  SUBD 2 9 u :  

I : 
l F ( b 3 E ~ A l  GO T O  7 2  SUHD 2 9 5 ,  

! I  
. . 3 0 5  . .. . . . I r ( c t + I O Q )  GO TO 7 9  . . .. . . . .- . .-- .. SU@,D-. 2 9 6  

GS 1 0  9 5 .  SURD.: 2 9 7 .  
C- SUN DOSE OVER ALL.. RELEASE.-.PERUIDS .... SUt5D ...  298.'. . .... 

72  DO. 78 I 4 a l , N Q  
. . 

. - > . : . " % .  , . ,  , . . . ., s a b o  2 9 9  
DO 7 7  I Y o I , N M t t  . . SUBD 3 0 0  

3 1 0  I F  ( V H E L ~ L T . ~ ~  GO. T O  7 7  SUB0 3 0  1 .,. 
T ~ ~ s E ( I ~ , I ~ , ~ I ~ G D ~ ~ E ( I ~ , I ~ ~ ~ )  . . . - .. .. SUB0 3 0 3 .  
T @ O ~ E ( ~ ~ + ~ O ; F ~ ; ~ ) P G D O S E ( ~ R + I ~ , I M I ~ )  SUBD 3 0 3  

, - - . - -. . . . . . . . . . . . . . T " I J S E ( I ? + Z O ~  I.*.' E ~ = G D U S E ( I P + C O ~  I M r  1) ..-- .. . - SUB0 . ... 304 . . - -, . . . . . . . . . . . 
1 2 U ~ E ( 1 ~ + 3 O , I f l ,  l . )=9DOSEEi1C) i  .[n,:13.1, SUtiD 3 0 5 ' .  
T C O s t  ( I ~ * U n ; l ~ r l ) = 9 0 ~ J S E ~ I R + ~ . d , I ~ ,  1 )  S U b D.. 3 0 6  
r n o s E ( l ~ t 5 n , l ~ ~ l ,  I l=I4P!lSE r I C I O ~ O ,  T M , ~  s t 160  5 0 7 
fmOSECIR*h0,1p4a l ) = S D O S E ~ I Y t 3 C ! , I k , l )  SURD 3 0 4  

.:.SUbD 3 0 9  .... T D ~ s E ( I U + ~ ~ , T ~ ,  c ) = s I ~ ~ s E ; T P , I ~ , !  
. .  .. 
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....... .............. .......................... . . . . .  ................. -. ...... ........ .. 

TDOSE(IQ+RO,IM,~)=GNDOS(IR,IM,I) 
320 T ~ ~ S E ( I ? + 9 O , I ~ r l ) = E O O S E ( I W , I ~ , l )  

DO I N = ~ , N M E L  
011 7 d  J J = I , h G D  
I D ~ ( J J - 1 ) + 1 0 * 1 + 3  

. - ....... -. - - ........................ -. ............. 7 4 .  ~ ~ o ~ E ( 1 0 ,  l M r  I : J ) i T D U ! $ E ( I D , I M ,  I N - l ) + G O J S E ( I D , I # , I Y . )  
125  DO 7 5  J J = l , N P O  

1 0 = ( J J - I ) * l U + f R  
I O T = I c t 3 0  

' 7 5  T ~ ~ S C ~ ~ ~ T , I ~ , I N ) = T O O S E ( I D T , I M , J N - ~ ! + R D O S E I D , I , I  
T 0 0 ~ E ( I ~ + 7 O , ~ I ~ , I N ) = ~ D O ~ E ( - I R + 7 O , I M , I N ~ l l + ~ O O S E ( I R , I ~ , I N )  

. . . .  ................ 331) . . . . . . . . . . . . . . . -  T ~ ~ ~ ~ : ( I ~ + A ~ , I M , ~ N ) = T O O S U ( I ~ + R O , ~ H , I N - ~ ) + G N O O S ( T R , ~ M , I N )  -. 

T D d S S ~ I R + Q O r I ~ , I N l = T D O S E ( I Q + ~ O ~ I ~ , I ~ . ( * 1 l + E D O S E ~ I , ~ ~ S ~ ~ . I ~ ~  
7 6  C O N l I q J E  
7 7  C.[lslT I ? I l JE  
7 6  C I I N T  I Y I J E  

335 7 9  I F ( , h O T , C H I 0 9 l  C O  T O  8 3  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - ............. I F ( ! ~ O P T d . C T . O P  G O  T O  83  . . . . . . . . .  - . . . . . . . . . . . . . . .  - . . . . . . - .  

C C i L C ? I L A T E  * 3 P l r i L [ Z E D  A l f ?  C O ~ C E N ; ~ ~ A T I O N  
I F ( , % O l , R E T A )  C A L L  8 E T A D R F  
no e? IU=I,\REL 

3UO 0 0  8 t  I q = l , N M E T  
DO 811 tR:l ,N? 

. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C * I Q ( I Q ,  IM,lN.)=OHFB(IR,I%,IN)/,229 .. - ... 
80 C O X T I ~ ~ L I F :  
A 1  C O v ~ I r l i l E  

w 3 4 s  5 2  C 0 q T I N u E  
w C P S I N T  R E S U L T S  
U 9 3  C A L L  Q S P r ( 1 R F t )  

. . . . . . . . . . . . . . . . . . . . . . .  .- ..... -. C A L L  S E C O ~ J @ ( I I Y E ~ )  . . .  . . . . . . . . .  
S E C = T I " E ? - T I ~ E I  

JSO P R I * t T  1 3 0 3 r  .SEC 
G O  Ti) 1 . 

. . c r q r ~ t  E ~ W O H  t , ~ ~ ~ ~ ~ ~ ~ ~  

C 
. . C NO DOSE C A L C U L A T I O Y  S P E C I F I E D  . . 

35s 96 P R I N T  8110, LGAMA,I.BETP,LCHIOQ -. . 
GO TO 9 9  

C; J'-JPIJT E R R O R  - Nl+'ELIsT 
9 7  * Q l . \ I T  9 i iO  

G o  T O  3 9  
............. ................... 3 6 0  c F E X T  OUT OF R A ~ ~ G E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 8  * R I N T  1 0 0 0 ,  ,NEXT 
0 9  STOP 

END 

SURD 
SUHD 
SUEiD 
SUYD 
SUB? 
S U B 0  
S U 8 0  
S U B 0  
S U B 0  
S U b D  
SUED 
SUBD 
s u e 0  
S U B 0  
SUkID 
SUt lD  
S U B 0  
S U b D  
SUiii) 
SUBO 
Sut!D' 
SURD 
SUUD 
S'JBD 
SUHO 
SUBD 
SUMD 
S U B 0  
SUEiD 
s L l e 0  
svna 
S u b 0  
SUCID 
SUBD 
SUAD 
S U B 0  
SUBD 
SCIRD 
SUhO 
S U B 0  
SUED 
SUBO 
SUYD 
S u b 0  
SUBO 
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SUBD 
METCON, 
nk fcon  
LOGIC 
sueo,. 
sueo 
SUBO: 
SlJYD 
s L i r \ o .  
S U b D  
S U G ~  
SUED 
S u b 0  
SLJBD 
suau 
SUBD 
SIJHD 
SUED 
S U B 0  



SUBROUTINE C q A I N T  
. . 73 / .73  O P T o l  FTN 4,U+RUOl 0 7 / 0 7 / 7 5  '19.01.20. PAGE 1 
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: I  ---- . . . _.. . . . _ __. __ . , . _. , . ,,___ , ,  - . - . . - . . . . . . . . . . . . 
1 

... 
SURROUTIrJE - C H ~ I Y T ( L O C , T ~ € T A , P O ~ I ~ , I ~ ~ T )  SUB0 9 0  1 

C SUBROIITI!IE C H A I Y T  DECAYS F I S S I O N  PRODUIZTS I N  MASS ARRAY P O S I T  FOH A T SU8D 9 0 2  
C T r E l h  AND STORES RESULTS I N  MASS ARRAY I..OC, SUYD 9 0  3 
C .. . . . SURD 9  0  4 

5 D I * E t i S l n %  E.XPO(8)  SUB0 9 0 5  
- . . . --. - . . .- C O ' ~ ~ Q N / ' M A I N C / ~ F P ~ ~ ~ A C ~ N T O T ~ N O F N U C  ( 9 6 . )  -- .. . N E N L I B  . 1 . . .. 

~ ~ ~ ~ P D A ( ~ ~ ~ ) ~ C ~ ~ I ~ S ~ O ~ F R C ? ( ~ ~ ~ ~ ~ ~ ) ~ R U ~ ~ ~ T ~ ~ O O ~ ~ ~ ) ~ R E C ~ ~ O O ~ ~ D ~ ~ O ~ ~  N t N L 1 8  2 
a 3 F T E N ( S O O o ~ ) . , G ~ O U ~ S ~ ~ L ( S . O O ) , D W F ( 1 2 O ~ 1 ~ b ~ ~ N ~ E T ~ ~ ~ ~ ~ V U E L ~ I C L ~ ~ O O ~  ~ ! ~ N L I B  3 

4 E A L  LAMg0AtMAS.S SUBD 9 0 7  
1 0  :.. I N T E G E R  C H A I ~ l S , S K I P , p O S I T  SUED 9 0 6  

J S O ~ U P ~ O  SUGD 9 0 9  
-- . - - - . . . .- - . .. . . . - . .. . - - . . - . - - c---DO. L O O P  oh \ ~ U M M B E R  OF ... CHAINS ....- - SUBD . 9 1 0  . . ......... . 

DO 1 1  KtJ ' ,CHAIh i ! j  . SUED 9 1  1 
L IY=!JOF~.JUC ( K  S U ~ D  9 1 2  

15 I F ( S N I P ( K ) , N E . C )  GO T O  1 0  SUFD 9 1 3  
J=O SUdD . 9  1 4  

C DO Lr )Op UN I s O ~ O P E S  IQ THE C P A I k  . SUeD 9  1 5  
---- - -. ... .. . .- . ... D 0 ' 9  l r i  ,LIY -.  - .. -. S U ~ D  .. 9 1 6  .. . .. .... . . - 

I S O T O P ~ I S O T O P I I  SUB0 9 1  7 
2 0  . J=J+l  . . . . .  . SUB0 9 1 8  

I F ( L A * ~ 0 ~ ( I S O T O P ) e L T a l a € ~ 3 0 )  G O  TO 6 SUhD 9  1 9  
. . E X P O ( J ) = E X P ( - T H E T A * L A ~ U D A ( I S O ~ O P ) )  S l l k O  9 2 0 '  

IF( INT,GT,O)  ~ E X ~ O ( J ) ~ ( ~ , - E X ~ O ( J ) ) / ( T H E T A ~ L A ~ I ) D A ( I S O T C P ~ )  sl l  R D  9 2  1 
- . .  ..C-. TRANSFER O C 1  CHAIk  LIE~!BEH .J . ... . -  . -  ... .. - .  . - .  s u e ~  . Q L Z  

2 5 G L I  1 0  ( . l ,Z , . . Jo4 ,S1~,7) ,J .  SL'RD 9 2 3 
C F I R S T  C H A I N  t?EtiBC:? , . - -  SUGD .', . 9 2 0  

5" 1 A I = ~ A S S ( I S O T O ? , P O S I T )  SUbD 9 2 5  
. W w M A ~ 8 ( I S O T O P ~ L U C ) ~ A l * E X P O t l )  SUB0 . 9 2 6  

SO TO 9 ,  ' . SUeD 9 2 7  
- 3Q . C . .  sEt0b .D CHAIbr NttFBER. . .  .. . . . . - . .. . . .. - . . - . . . . . . . . . . .  S U E D .  9 2 6  . - . . . . . . -- 

2 ~ 2 = @ K F ~ C T ( 1 5 O T O P ~ l ~ ) * L A ~ B D A ( I ~ O T O P ~ ~ l ) * A l / ( I ~ ~ 8 D A ( I S O T O P ~ - L 4 ~ l l D A ( I S O  SUB0 9 2 9  , 

.. 1 1 2 0 - 1 . ) )  . . S U B 0  9 3 0 
A ~ = ! ~ A s S C I S O T O P , P ~ S I T I - ~ ~  S U ~  9 3  1 
1 b S ~ ( I S O T O P , L 0 . C l ~ A 3 * E X P O ( 2 ~ ) + A ~ 2 ' * E X P O (  1 )  S U 6 D 9  3 2 

35 G O  TO' 9  SUED 9 3 3  . 
C ..... f H I R r !  CHAlF i  MEFaER .. . . .. .. ....- SUB0 9 3 4  . . .. . 

3 ~ ~ ~ ~ : D ~ ~ ~ c T ( ~ ~ ~ T ~ ~ ~ ~ ~ * L P ~ ~ D A ~ I ~ o T o P - ~ )  SUYD 9 3 5  
, ... A U = ( ~ ~ L E + A Z * D P . F ~ C T ( I S @ T O P , ~ ! ) * L A ~ ~ D ~ ( ~ S O T D - ~ ~ / L A A I S D T O -  SUHD 9  3 3 

l L A ~ ; 0 4 ( I S U T @ P - Z ) )  SUdD 937 
: : , . -  ...... . u o  .... .... . . .  . .  A ~ = A R L E * A ~ / ( L ~ ~ H D A ( I S ~ T O P ) - L A ~ ~ B O A ( I S ~ ~ U P - ~  1 )  S u b 0  9 3 b  

A ~ = M A S S ( I S O T O ~ , P D S I T ) - ~ U - A S  SUYD 9  39 
I .:. - : M A S S  ( I S J T O R ~ L ~ C ~ ~ A ~ ~ E X P ~ ( ~ I . ~ A ~ L E X P O ~ : ! ~  t A 4 * E X P O ( L l  S u e 0  9 4 0  .- - 

G O  TO '9 SUYD 9 4  l 
c F O U R T Y  . C ~ A I N  Y E Y Y E R  S U ~ D  9  u 2 

5 Q AALE:O6FWCT( I S O T O P , ' ~ ) * L A M ~ D A ( . I S O T C ~ P - I )  SUbD 9 '43  
.. - .. . . . ~ a ~ E ~ = D % F H C T ( 1 S u T 3 P 1 2 ) * L A ~ B D A ( I S O T O P . a )  SUB0 . 9 0 4 

A ~ = ( A R L E * A U ~ S ~ N ~ ~ ~ A ~ + D Y F R C ~ ( I S O ~ O P ~ ~ ~ * L A D I S D T O ~ A ~ L M ~ D A  SURD 90s 
.: 1 ( I s ~ T O P I - L A ~ U C ! P . (  I S O T O P - 5 ) )  ' .  SUYD . 9 u 6  . - . 

A C ~ ( ~ . R L E ~ A ~ ~ B A K ~ ~ ~ A J ) / ( ~ A C R D A ( I ~ S ~ T O ~ ' ~ - L ~ ~ ~ ~ A ( I S O ' T ~ ~ ~ ~ ~  1 SUdD 90  7 
5 0 A ~ ~ A ~ L E * ~ ~ / ( L A ~ P D I ( I S O T O P ) - L A ~ ~ ? ~ ~ A ~ I S ~ ~ T ~ ~ - ~ ~ ~  SUY 0  9  U 8 

AlO='~ASS(ISOTOP,PnSIT)-A9-AB-A7 SUB0 9 '4 9 
~ A ~ S ( I S O T O P , L ~ ~ C ) = A ~ ~ * ~ X P O ( I ~ ) + A ~ * E X P ~ ~ ( ~ ) ~ A M * E X V O ( ~ ) + A ~ * E X ~ O ( ~ ~  SUY3 9 5 0  
60 YO 9 SUB0 95 1 

- .. . -- - - . - . . - . . . . . . . . . . . . . .. . . .  - 
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. . . . . . . . . . . , . . - .. . . . . . .. . . . . . - . . . . . . - - -. .. 
C F I F T H  CHAI~ HEMREP 

5 A P L E t ~ ~ F R C T ( I S O T ~ Q , l ) * L A C 1 W D A ( I S O T O P * ~ l )  
F tA*€QsDSFWCT(  lSl1T3P,Z l *LAMi ]DA( ISDTOY-3)  
C H ~ G L V = P K F ~ C T ( I S ~ ~ ~ P , ~ ) * L A ~ ~ D A ( T S L ~ T I ~ V - ~ )  
A ~ ~ ~ ( ~ H L E * A ~ + ~ A ~ E ~ * ~ U - C ~ ~ R L V ~ A ~ ) / ( ~ ~ . ~ B ~ A ( I S O ~ D P ) - ~ A M ~ D A ( I S O ~ O P ~ ~ ~  

. l  ) .. . . .. . - . .. - . . - ... ... - - . . . - -- . - - ... - .  . . . - .. . 

' A l 2 a ( ~ f i L E t A t i  ~ B A ~ ~ , ~ ~ A ~ + C Y A ~ L ~ ~ A ~ ) / ( L A ~ ~ D A ( ~ S O T O P ) - L A M ~ D A ( ~ ~ O ~ ~ ~ ~ ~ ~  
1 )  
' A l 3 r ( A P L t * A 9 +  B A ~ E R * A C ~ ) / f L A ~ C ) D A ~ I S O T U P ~ ~ L A ~ B D b ~ 1 S O T D P - 2 l ~  
~ l ~ ~ A R ~ E * b l O ~ ( L A ~ 3 D L ~ I B U T O P ) - t A M a D A ~ I S O T O P - l ~ )  
~ ~ ~ ~ ~ A S S ( I ~ O ~ ~ ~ ~ P ~ ~ S I ~ ? - A ~ U - A ~ ~ - A ~ ~ - ~ ~ ~  

.-..-.-- -- ~ - - - - - i ~ L S S ( 1 . S 5 ~ f l ? ~ L O C ) = A l S * E X V O ( S ~ ) + ~ 1 4 * C : X F ' O ( ~ ~ ) + A S 3 * ~ K P O ( 3 ~ ) * A 1 2 * E X P O ( 2 ~ ) *  . 

1 4 1 1 * E X P O ( I )  
... . , G O  7 0  9 - - - 

c SI .XTH C H A I N  H E A R E S  
b ARLE=[l*FWCT( ISOTDF,  1 ) * I A M 8 D A ( I S ~ t D P ~ l )  - 

3 A ~ f R = D ~ F R C T ( I S O T O P c L ) r L A M B D A ( I S O T O ~ - Z )  
- .. - . . . . . - . - . . . . - .. . . . C H A R L V ~ O W F ~ C T ~ I S O T O P ~ ~ ) I L ~ M I O A ( I S D T C ~ P - ~ ) - -  .. .. .. - .. ... . .. . . . . . - . 

~ l 6 ~ ~ A b L E t A l l + R A ~ ~ ~ * A 7 + ~ H A R L Y t A U ) / ( L A M ~ D A ( I ~ O ~ O P ) - L A ~ ~ D A ~ I S O T D P - 5 l  
. . 1 )  

~ ~ ~ S ( A B L E * ~ ~ Z + R A ~ E ~ * ~ ~ + C H A R L Y * A ~ ~ / ( L A ~ ~ D ~ ( I S O ~ O P ) - L A M ~ D A ~ ~ S O T ~ P - U ~  
1 )  
A ~ 8 o ~ A b L E * ~ 1 3 + B A K E R * ~ P + C H A R L Y * 4 b ~ / ( L A ~ ~ D A ( I S D T O P ) - L A ~ 8 D A ( I S O T ~ P - 3 )  

- . , - . . . - . . . . - . 11  . ' 

~ ~ ~ ~ ( A B L E * A ~ U + B A N E ~ * A ~ ~ ) / ( L A ~ B ~ A ~ I S O T O P ~ - L A ~ ~ D A ( ~ S O T O P - ~ ~  1 
A ~ ~ a ~ P L E * A ~ 5 ~ ( L A ~ b ~ ~ ~ I S O T O P ) - L A M B D A ( I S O T O P - l ) )  
~ ~ ~ ' ~ . ~ A ~ S ( ~ S @ ~ O P , ~ O S I ~ ~ - A ~ O - A ~ ~ - A ~ R ~ A ~ ~ - A ~ ~  
~ A S S I I S D ~ U ~ ~ L O C l = A ~ l ~ E Y P O ( b ) + A Z O * E X P O ~ ~ ) + A l 9 t E X P O ( U ) 4 A l ~ * ~ X ~ D ~ 3 ~  

l+Al7*tXPO(Z)+AlbbEXPO(I) 
GO 70 0 . . -. . - . . . . . . . -. . - . . . - . . . . . -, . . . , . . . - . 

C SEvEVTI i  C W I k  M E M H t R  
' I '  ABLEaDmF Q C T  (ISOICPI 1 I*LPMRDA( !dOTOP- l )  • 

. ~ A K E H S C K F R C ~ ( I S O T C I P , ~ ' ) ~ L A M B D A ( X S O ~ O P - ~ )  
C ~ A R ~ Y ~ D ~ F ~ C T ( I S O T ~ P C ~ ~ * L A ~ ~ D A ( I ~ D ~ D P - ~ )  
A Z ~ ~ ( A ~ L E ~ A ~ ~ + B A K E ~ * ~ I  ~ + C H A R L , Y ~ A ~ ~ ~ ~ ( L A M B ~ A ~ I ~ D T ~ P ~ - L ~ ~ B D A ~ I ~ ~ T ~ P - ~  

. . . . - . . .. . . -. - - - - . - - . - . - 1 ) )  , . . .- . . . . . . . . - . . . - . . 

. A ~ $ ~ ( A ' ~ L E * A ~ ~  ~ + R ~ ~ E R * A ~ ~ . + c H A R L Y * A ~ )  / (LAMBD'A ( 1 ~ 0 1 0 ~ ) - L A M C ~ D ~ ( I S O T ' O % S  

. . . .. . . . 

s u e D  9 5 2  
SURD . 9 5 3  
SUHD 9 5 4  
SUHD 9 5 5  
SUB0 950 
SUYD 9 5 7  
SUHO 9 5 8  
SUP0 9 5 9  
SUYD q 6 0  
SURD . 9 6 1  
s u m  9 6 2  
SUP0 9b3 . 

S U ~ D  9 6 4  
S u b 0  . -  9 6 5  
SUB0 Qbb 
SlJBD 9 6 7  
S'U 0 D 9 6 8  
s u a D  . 9 6 9  
SURD 9 7 0  
SUHD 9 7 1  
SUP0 9 7 2  
SUtlD 9 7 3  
SUB0 9 7 4 
SUHO . 9 7 5  
S u b 0  ' 9 7 b  
SUYD 9 7 7  
SUB0 9 7 8 
SUB0 9 7 9  
s u n 0  9 8 0  
SUBD . , 9 8 1  
SUbD 9 8 2  
SUBD 9 8 3  
SUBD 9 8 0  
SUB0 9 8 5  
SUB0 9 8 6  
SUB0 , 9 8 7  
s u a ~  9 8 8  
SU6D 9 8 9  
SUED ., 9 9 0  
SUBD 9 9  1 
s u e 0  9 9 2  
S U B D . - - 9 9 3  
SUB0 , 9 9 4  
SUBD . 9 9 5  
SUB0 9 9 6  
SUBD 9 9 7  
SUBD 9 9 8  
SUID  .. . .  9 9 9  
SURD 1 0 0 0  
SUB0 1 0 0 1  
SUbD 1 0 0 2  
SUPD 1 0 0 3  
SUSD i o o e  
SU6D ... 1 0 0 6  
SUP0 1 0 0 7  
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1 SUSRDIJTIVE O L I R E  S u b 0  355 ' 

D I * E t J S I O N  W O ! l O ) r D ~ D ( l Z t 1 0 )  . . . S U B 0  3 5 6  
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1 ~ 1 ~ 6 ) ~ ~ ~ 5 O ~ ~ J t i D r N ~ G ~ ~ G C ; ~ N B S , N G S , Y d E ~ h l G ~ , N 6 D I , C H I ~ ( l O , 1 ~ 6 , ) , E : D O S E ( I O ~ 1  
~ I ~ ) ' ~ I G ~ T , I I T L ~ ( ~ ~ ) ~ M T N ( ~ O ) ~ R T ~ ( ~ O ) ~ G " J D O S ( ~ ~ ~ ~ ~ ~ ! , ? D E P ~ ~ D ~ P  

C O H M ~ N / l , O G I C / L I S A F V t H L I R , ~ L ; L I L 3 ~ D L I ~ , F D R F I a E T A , D ~ F P , C F I O Q ~ G A ~ A  
......... L O G r C n C  H t T A ,  GAf i4 ,CHIOO 

, D b T A  h O 6 p / O . , T . o Z O . , l J O * /  
3 4  1 &  EtJA!3F, S%JWk( 'EYE ~ t ,  I!SUI& 'I / 

' D A T A  F I V A ~ F / ~ ~ Y L . T A  0  MG ( I , I tRETA 7 Y G  " . " t ) E l A  2 0  MGI1,"BETA 1 0 0 M F 1 ' /  
O b y ~ .  ChhtlF./~~Gt%iF~A (I CHIl,ll l;4El!~A 1 .  CMI1,nGAtlMA 5 CHI!/  

C 
. -. c I H P T  OFTERMI!JES TVPE OF REPI~HTS 'TO BE . J H I N T t ' ~ .  . . . . . .  ..... 

C 
c , 1WP.T = 1 FOR DETA1LF.D 4EPORTS. 
t 
C :PPT : 2 .FOR S U ~ M A H Y  REPORTS ( c u ; ~ U L ~ T I V E  DOSES ONLY) ,  
.c . ,, 

c 1RPT r 3. FOR. &~I;F REPORT (DUSL;. AT E N 3  U f  L A S T  R E L E A S E  P E R I O D ) .  
C ' .  
C I P p l  r 1 . I S  OEFAULT VALLIE., 
c 

C A L L  O A l E ( D O 0 )  
I F ( I R P T , L E , O , ~ R , I H ~ ~ . G ~ . ~ )  l a r l u i  
GO TO ( l O r ' l O r l O ) r l R P 7  

C . O t l A I L E D  R E F O M 1  L IC  DOSES. 
c 
C 00 COOP ON S T A € ! ~ L I T Y  S E T S  : 

1 0  I F ( . N O l ; ~ A ~ A , A t d ~ , , M O T . f 3 E T A )  60  1'0 2 6  
00. 1 9  IH=l,!J! '  . . 

. . . . . . . . . . . . . . . . .  ...... C.  00 LOOP O?r R E L t A S E  PERIODS,  -. . . . . .  
- .  CO 16 I u = l , E ; r t J  

PETtGT 1 0 0 ,  T l l L F , C D D  
P R I N T  2 0 0 ,  R T I ~ ( J N ) , K ? H ( I N ) , M E T ( I ~ ~ I W : , H , ( R ( I ) , I = ~ ~ , N R )  
I F ( . N O T , C A " A ~ ~  G O  1 0  1 j  
00.. 1 2  I G n 1 , r J t i D  

. . . . . . . . .  I Y = ( I G - l ) * 1 0 t . l  . .  . . . .  
I E = I B + ? d n - l  
PfiIr.r,T 3 n ? ,  T O ' ~ P ( I G ) ~ , ( G ~ ) O S , E ( I I ~ ~ ~ ~ I N I ~ I I = I B ~ I E )  
IF ( I ~ P T , E Q . ~ I  60 T O  1.12 
VUrgCH , 1 7 0 0 ,  T J T L E ( l ? t G V A t ~ E ( T G )  
P,L'klCt' 1 6 0 0 ,  (GDGSE (111 I C f r  l N ) ~ I I = I R ~ I E ' )  . . 

......... 112  CCA:TIh:1JE . . 
I F I T N , E r J , l )  GO 1 0  12  
P 2 I h ! T  L O O ,  ( t D U S E ( I I , I M , I N l r I I = I H ~ I € )  

1  z C ( I ~ ~ T  1 r . u t -  
1 3  I F ( , : J ~ T , H ~ T ~ )  GC T O  1 s  

C. P P I ' I T  tAFTb DSISt  

-. 
sued 
SUHD 
sutio 
SURD 
SUGD 
FIETCOM .--. 
METCUM 
REPTCOH 
EEPTCOH 
RFPTCOM 
L U G  I C  
sue0 
SL'HO 
S U 9 0  
SIJCjO 
S U b D  
SUMO . 
SUrjO : - 
suar) 
SUUD 
StJHD ,, 
S u b ?  
S U ~ @  , 
SlJclD : 
SUbD I 

SU.HD . 
SI.lhD ~. 
. s u b 0  . 
SU.5D : 
SUkO 
.S i~ t j  0 
SUHD 
SUdD 
ScrbD 
S  U  h.D 
Scrt3:U . 
SIJHD 
SUt!l, 
SUbb 
SUt'O. 
S  U H.0 
S U b D  
SU@D 
SUUD 
SUbD 
SUhO 
SUYD 
SUbD 
S U P 0  
SU'JD 
SlJbD 
sutin 
SLlbD 



SUBuSlJTI%E 4 E P '  7 3 / 7 1  O P T c l  F I N  ~ , U + k 4 0 1  
. . .  

. . . . . . -- 
- LJC l u  I?=! ~ I J Y ~ V ;  

5s I f = (  I H - l : ) * l o * t , T .  ,; . . . . .  * .., . 
1 2 = 1 1 + ~ ~ Q - l  . A;: i:. .., 
ID:~RDI(IS) 
PRI ' -J r  5 0 O ~ ; t ) ~ ~ P ! . I 3 ) , I - R D O S € ( I I ~ t ~ , 1 ~ ) ~ ~ I ~ f I , I 2 )  

.. .. , . .  . . .  . .  . .  I F ~ ~ ~ P T , E . ~ , I ~ ; c o ' T o  114.  . ...- . . -- . . . . .. . . . -. . . . . - . 
6 o P~.INCU 1700 ,  TITLE(~),BNPHE(ID) 

~ 1 1 ~ ~ 9  lb .00,  ( ~ 3 U 0 S E ( I ~ , I M , I ~ V ) n I 1 t f l , 1 2 ~ ;  ;; , ;: j 
114 c o y 1  I . !J IJ~ 

T F ( I % . E Q , ~ )  GO T O  1 4  
1 1 = 1 1 + 3 0  

. . . . . - . . . . . . . .. . . . . . 65 . .. . . - ... .. . T 2 = 1 1 + 3 0  . . . . - . . . . . .- . . . - . . . . . . . . . . .. . . . . 
PfirwT 000 ,  ( T O O S E ~ I I ~ I M , I Y ) , I I ~ I ~ , ~ Z ) ~  

f u  COlvTT: l~!~ 
C Pa[%T S K I N  DOSE 

1 5  I F ( ~ ! ~ S ~ L T , ~ . A ~ D , ~ G S , L T , ~ ~  GO TC I 6  
7 0  P Q I N T  600 ,  (SQOSEl:!,IM.,Ihl), I e l  ,h'R) 

- ... - - - . . . .- . - - . . . . ... . . . . . . . . .- .. -. . . .. . . . .. . . . . . . I F ( I R P r . E ~ , 1 1  6 0  TO l i b  - .  . - -. . . . . .- .. . . . .- . . . . 

,'PLI'JC,I 1730 ,  T I T L E (  1  I O S N A M E  
P ~ I ~ ! C H  1bOOl  ( S D O S k ( l o l ~ r I ~ ) , I f l , N ~ )  

I l b  C O h 1 T I ; j U E  
7  S IF(JN.CO,I)' G O  T O .  f h  

I 1 = 7 1  ; 

- . . . . . .:: s. . . .. - . . .. . .. . .. ..... .. . .. . .. - .... . 12:.70+NQ . . . .-- . . . . . . . 
2 R I ' i T  uoa ,  ( T D Q 5 E I I , I d s T K ) j ,  I=Il , I 2 1  

C P u r . 1 ~  E Y E  D O S E  
w 8 o . 16 IFI~YE,LT.I.AND.NFE,L-,I) GO 7 0  17 
VI 
IU - Y R I % T . 7 0 0 ,  fE00Sk  l I e I f i o  I . Y I I 1 ~ l i * l R l  

I F (  IRcT.FC, 1 )  ;C T O '  1 1 7  
.- - . . . . . . .. . -, . .. . . . . . . . . . . ., Pl,rNCn. 1 7 0 0  j T I  PLk ( I )  , € N A q E  ... . . 

Y ~ j f i i C H  I~oo,  (LEOS, [ I , l W ,  I ~ ) , I = ~ , ' ~ w I  
8 5 . . , 1 1 7  .CkQ!u7 I h U l  . 

l F ( T ~ f , E D , l )  G O  TO 1 7  
.. . . .  . ( I 1 = 0 l  . ; . , 

I > = q , , + N n  
.. .... . . P k . 1 ~ 1  UOO., (TOUSE ( l , l M .  I N l . , l a . I l , f ~ l . .  .- -.., . .. .. - ... ... 2.. . 

90 c P Q I k l  G E h E t I C - O U S E .  . . . . . . 
. . 1 7  11 ( N R G ~ L T , ~  . A ~ ~ C ~ . N G G , L ~  ,ii G U  T O .  l i e '  

RRINT 8 C i O ~ ( G Y D C ~ ( I , I ~ n ' i N ~ r 1 ~ l r Y R I  

. ( _  
_ _  -. .. . IF (IIJ.CO,~).GU T O  1 1 8  

i l a 9 1  . . I .  

; .) --.s- - .  . - - . . I  2 = 8 f ~ + N I ) '  ..,... ; .... L-.- -.- -- . 1. 

P F I ~ T  U O ~ ~ ( T O ~ S E ( I ~ ~ ~ , ~ N I , ~ ~ I ~ ~ T ~ )  . . 
. .  . . . 1 1 8  I ~ ( , W O T . j t T ~ e 4 N D ; , ~ r ) T e ~ 3 A H b ?  Go 1 0 .  18  . . . ' _  .. . . . . . . . 

C i l h l T  1 5 n o  
. . . . I: ( r : ~ S e L . 1 . 1 ~ , A ~ ! ) . , N G S e L . T , 1 ~  GO T 0 - 2 1 n  , , . , ,  . .  

1 0 0  F i l \ r ,  f 2 Q 0 ,  I r tE?(* lGS),EDEP/NRS) 
. .  . ....... . .  ,218 I F  ( ~ 9 E e L T . l e ~ ~ D , . ~ ~ E . i ~ . ~ )  5 1 8  . .. . .. .. . -  

VHTNT 1 JO!), , . IOE'( ' lGL:) ,WOFP[YHE)  
. 3 1 9  I F ( M J ~ , . L . ~ ; ~ . A ~ ~ D ~ ~ ~ ~ G , L , ~ ~ ~ . ) . G O  TO 18 

P U ~ N T  IUOO,.. T ~ I E J ( ~ ( ~ G )  , w ~ E P ( % R I ; )  
1 0 5  1 9  C P N T l ~ ~ ~ J E  

1 3  C.I~NTTXI.I~ 
....... .. . . .  . ... .. . . . . .  . .  , . . -f i ' 
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Sueo 1 0 5 8  
S U ~ O  1 0 5 9  
s u e 0  1 0 6 0  
SUB0 1 0 6 1  
SUdD 1 0 6 2  

. SUBD . .  1 0 6 3  . . . - -. . 
SiJEr) l O b U  
Sl lkO 1 0 6 5  
SUBD l o b 6  
S u b 0  l o b 7  
SUbD 1 0 6 8  

. -. s l r a o  .... 1 0 6 9  . .  . . . .. . . . . .. 
SbBD 1 0 7 0  
sue? . 1 0 7 1  
SURD 1 0 7 2  
SlJljD 1 0 7 3  
SURD 107U 

-.... SUHD ... 1 0 7 5  .. . . .  
SUHD 1 0 7 6  
s U  BD 1 0 7 7  
SUBD 1 0 7 8  
SUqC 1 0 7 9  
S u b 0  1080.  

.- SUtrD 1 0 8 1  - 
SUnD . 1 0 8 2  
S U ~ D  1 0 e ~  
s u b 0  1 0 8 4  
SUBD IOBS 
SUir 0 l 0 8 b  

- S u b 0  . 1 0 8 7  . .- . 
SllHD 1 0 8 8  
s u e 0  1 0 8 9  
s u b o  1 0 9 0  
s u b 0  1 0 9 1  
SUbD 1 0 9 2  
SUtJO -...... l C 9 3 .  - 
SUB0 1 0 9 4  
SUkO 1 0 9 5  
SUHD 1 0 9 6  
s u m  1 0 9 7  
SL I I~D .  1 0 9 8  
S U ~ O  1 0 9 9  ... .. 
SUB0 . 1 1 0 0  

. . 
s u e 0  ' 1 1 0 1  
SUHD . 1 1 0 2  

. . S.UH0: 1 1 0 3  
sunh 1 1  0 u  

-- SUP0 110s .. .. .. 
SUBD 1 1 0 6  
S u e 0  1 1-07 
SUrjO 1 1 0 8  
s u a o  1 1 0 9  
SUHD 1 1 1 0  

- .  - .  
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. - - - . . - . . . . . . .. . . . . . . -. . . . . . . . . . . - . . ... . ..--- .... .-.-. -- . .... . ... . - - . . . . . .. . . - . - -. -. . .. 

C  PRINT CHI /O  VALUES SUFD 1 1 1 1  
2 0  I F ' ( , ~ ~ ~ T , c H I u ~ )  5 0  T O  3 0  . . s u m :  1 1  1 2  

SUbD 1 1 1 3  f'P!blT 1.00*T11,E,ODD 
1 1 0  ' P R T ' ~ ~  900 ,  H , ( ~ ( x ) , I = ~ , N R )  . . ..  sue^ l l l u  

. nl) 2 2 ,  T r c = l  ,,NU. suao 1 1 1 s  
-. -. . . . , - . . .. - . . - - .. . . . . -. - - . . . . . - - - -. . . - . . -. . . . . ~0 21  I N = ~ , & I N  : : . .-......-..-.....-----A- SURD. 1 1 1 6 . - .  ..-- . . - 

PUINT 1000 ,  N T M ( I ~ ~ I , R T W ( T N ) ,  MET ( I M o I N ) ,  ( C H I O ( 1  , I M , I N ) , I r l , N R )  SU8D 1 1 1 7  
2? COhrT1v9E . . .  S u b 0  1 1 1 8  

1 1 5  P q I Y !  1 1 0 0  SURD 1 1  1 9  
? :  22 CONT?!4dE . SUbD 1 1 2 0  

c H;EADING F O ~ . * ~ A T  F O R  DETAILED'  D O S E - R E P O R T  SUHD 1 1 ~ 1  
. . .  ~ 1 0 0 . F 0 7 Y A ~ ( " 1 M 1 3 A 6 , A 2 ~ ? 9 d , 1 1 D A ~ E  " A I O )  .. . SlJbD .. . 1 1 2 2 ;  

Z O O ' F r ) R ~ A T ( 1 * 0 u 3 0 # , ~ . 1 ~ l ~ S F :  F 0 9  11F4,1,A5,1 R t L E A S t  P E R I O D ,  S T A B I L I T Y  "P ' lO /  SUHD . 1 1 2 3 .  
1 2 0  1  ; C ~ S E  TYFEI I '  S O X  ' , l t ~ l ~ T ~ l r r ~ t ,  M E T ~ W S ~  i O X ,  "RELEASE H E I G H T ~ ~ F S . ~   sun^ 1 1 . 2 ~  l 

. , 2 1 "  ~ E ~ E R S " t 2 O X , 1 0 F l l e 0 )  SUBtl . 1 1 2 5  
C G A k l P 3 4  D!ISE FOF!ILT SUdD ;. l l i ? o -  

3 C O  F ~ Q K A T ( ~ ~ O ( ; A % N L  I!F'3.0," C M l l b ~ ,  l P 1 0 E l l e 3 )  SUB0 1 1 2 7  
-. . . . . . . . . . -. . C  C . u t t l ~ C ~ i I v E  DOSE FORClAT . .. .. . S Q 6 D  . 1 1 2 8  

1 2 5  . P c I ~ '  FC IQMAT( I *  T C I T ~ L  DOSF THIS ~ V P E " 1 ~ 1 0 C l l . ~ )  . . 
SUEI) . 1 1 2 ' 7 .  

C aETA DOSE FORblA' ~ u 9 r . j  -.. 11'30 
5 0 0 '  F0QVAt ( l 1 ' n6ET4  "F4.0,t1 MG/CMZ "1PlOE.l1. ,3) '  ' SUB0 1 1 3 1  

C S K I N  pOSt FJRa'lAT, SUSD .: 1 1 3 2 .  
D GO' FbPEirri ( i l o S ~ I Y ~ l I  b X , l P l O E I  1.31 S U 3 4  , .  1 1 3 3  

1 3 0  . C E Y E  , OcSt F ~ R W A ~  . . . . 8 . .: S U b D  . . 11314- 
7 n n .  F ~ ) R Y A T ( ' ~ ~ E Y ~ ' ! ~ ~ x ~ ~ P ~ O E ~ ~ , ~ )  SiJbl) 1 !35  

c GE.%ETIC D O S E  FOiMAT suan . 1 1 3 s  

Cf 6 ~ i O  F O C ; . ( A T ( ~ ~ O G ~ E I ~ : , J I C " ~ ~ X ,  l P l O E i l . 3 )  SUbD . 11 37. 
V) C C r I I O  T I T L E ' F U ~ ~ 2 T  S . ~ P D  . 1138. 
W 

' 1 3 5  Q 3 o  F ~ R * A T ( U O X , ~ ~ ~ O R M A L ~ Z ~ D  A T ?  CO~~CENTPATION" ,  SU8.D. 1 1 3 9  . 
- . . - . . . . . . . . . . . . ... . . . . . . . s / "OPERIOD ' S T A B I L I T Y  "40Xr "D ISTAYCE, .  HETERS"10X"RELEASE HE S'JtcD 1  l U 0  

I l G 4 T  " F S . 0 ~ ' 1 ~ ~ t T E R S " / 2 1 X , 1 @ F 1 1 e O )  S l ~ t i O  ll'Jl 
1 0 0 0  F @ P " A T ( I x . ~ F ~ ~ ~ ~ ' I ' A ~ ,  1 X , A l O ~ l P 1 O E 1 l e 3 ~  , SUt5 0. 1 1 4 %  
11~03 .  FOR'*AT ('/I ' SU b D 1 1 4 3  

1 4 0  1 2 0 0  F ~ r ; n i r ( " .  S ~ l ~ ~ ~ b ~ ~  I S "  F5.1,"  C M  GA:IMA DOSE +"F'j.O," MG/CYZ BETA SVaD.  .., 1l'J'J. 
1 hOsE," ' ]  ' ' SOHD 1 1  4:s 

. .  . 1 3 0 0  F C 3 Y l ~ f l  E Y t  DOSE 1s' " .. FS.l, l f CM GAYMA DOSE +f1F5,0," MG/CMZ BETA SCtiD . l l o b  
1  uOSE..~~) ' ' SUMO 1 1 4 7  

1U00 F . ? ? ? A T ( ~ '  GEh'IElIC ... D,OSE . I S l ~ F S , l , ~ f  CM. GA.IWA DOSE +11F5.0,t1 :4C;/CM2 B E T A  5LJHI.I f l d Y  
1 0 5  1 b 9 ~ E . " ) '  ' SUSD 1 1  0.4 

1 5 a o  F ~ Q M A ~ O / ~  SUSD . 1 1 5 0  
1 6 0 0  F t ! R % A r (  1  Ot-P,.3) ' . , d u d 0  

a . .  
1 1 5 1  

. . . .. 1 7 0 3  , F L J R ~ A T ( A ~ , A ~ O , ~ ~  111) .. ' . .. . . . . - . . . . . . . . . . . . . . . . -. . . . . ,  
SUdD .. 1 1 5 2  

3 0  R F t u R k  , . . . .  . . SUED 1 1 5 3  . . 1 5 0  k ~ d .  Sut jo  1 1 5 4  
. . 

a .  
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... ......-. . 
I S I . I ~ R O U T I ~ I ~  SOURCE SUHD 6 7 4  

C 5 'UBk i l l JT INE SOURCE CUYT?OLS L I B R A R Y  W t A D I N 6  AkD gELEASE R A T E  SPEC!FICA SURD 6  7  5 
C SUB0 6 7 6  

D!'+lliqf3IuN T I f L ( l U )  SirBD b 7 7  
5 D I w f i q S I u ' i  O L J A I I T V ( ~ O ~ )  SUbD 6 7 8  

- - . -  . . . . . . . . . . . . . . . . . . . . .  I),IWEEUSI:IN N A H ~  ( t , n u \  ,M [ & o n )  . -  . . . .  . . . .  .... SURD . 6 7 9  
, C 0 ~ ' ~ 0 h / ~ V A I ~ C / r 1 F P , ' I A C ,  N ~ O T ~ Y O F l J U C ( 9 b l  , S K I P ( Q b )  ,MAS!3(500,7) t NE.NL I8  . I  

~ ~ , A ~ ~ ~ ~ A ( S ~ ( ~ ~ ~ C ~ ~ I ~ ~ S ~ ~ ~ ~ ~ C T ( ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ ~ S ~ ~ ~ ~ ~ ~ ~ ~ ~ C ~ ~ O ~ ~ ~ ~ ~ ~ ~ ~ ~  N t . k L I B  . 2  
' a P F T t : N ( 5 C I O ~ U l ~ C Q f l l l P S , ~ L : 5 C . O l ~ D k C ( 1 2 O ~ 1 ~ b ) , N ~ ~ T ~ H H ~ N ~ E C r I C L ( S O O I  NLWLIR  . 3 

1 0  R F  A C  LAHI !?~A, .MASS SUBD a @  1 
I~ITEGER RkC ' s (1.8 0 b e 2  . . . .  . . . .  . . .  . . . . . . . . . . . . .  IIJTF$ER CHPIkS,bKIf '  .- . 'SUBD .. i b 8 3  . . . . . .  

c . ' . .  . SURD b 9 U  
I F O a d A T ( I 3 )  . . . SUkD . . - b e 5  

15 ' P Q I N T  300 SURD . . 6 6 6  
SC.0 F I !Pp .AT ( " l " )  . ;. 0 SUHD b 8 7  

U ' D t ;  j 7 , l C J = l  ,NREL - .SIJH,D 6 8 8  
. . . . . . . . . . . .  . . . - . . . . . . . . . . - . . . .  R t A D  l O C ,  T I T L  .......-... .. . -.-- . - .. - .............. . SUdD ...... b 0 9  

P 2 I L I l  ZqO, T I T L  SUHD , 6 9 0  
2 0 1 0 3  F ~ R M A T ( I J A ~ , A + ? ~  SURD 0 9  1  

2 0 1  F O Q r A T ( " 0 " 1 3 6 b , A Z )  . . :+ . . ScltJD ; 6 9 2  
. . . . .  . . . . .  . . :  . . ou 1 0 4  ~ = i , ~ v r i t r  . .: .SURD 6 9 3  

... 10i f l A S S ( I t I N ) a O ;  ,SURD ; 694 
. . . .  . . . . . C ' .  . . . . .  -. . . . . . .  .- . . . . . . . . . .  - ......... . . . . .  -. . . . . . . . . . . .  - . . . .  - , S U E D  6 9 5  

I? 5 c WFAD OIIVCLI~E I N ~ E ~ T O ~ Y   FRO^ C A R D S  SURD 6 9 6  

. . 1.0 W E  AD 1,  tiU:!jEU . . SU8D . b Q 7  

.? R E ~ O '  11 ,  I ~ ~ ~ ~ ( I ~ , ~ ~ I ) ~ Q J P N T Y I I ) I I ~ ~ , N U M B E R )  SUB0 ; 6 9 8  
w ' ~ ~ ' F G R ~ ~ T ( U ~ ~ ~ ~ I ~ ~ ~ ~ U ~ ~ ~ ) I  SUED b y 9  
a . P P I N T  6, - I N  SUbD : 7 0 0  

.. - 30. 6 FIIR~!AT (""" ~ L J C L I O E . .  IN~ENTO:?~ JN CUHIES FOR RELEASE TIME .VIZ) .- S U ~ D  ........... 7 0 1  
. . 

P Q I b i T  7, ~ ~ ~ a n t ( 1 ) , ~ ~ 1 ~ , 3 v ~ h I f v l I ~ ~ I c I ~ ' N U h B E R )  ' 1 . . SUYQ 7  0  2 _ ? , F ~ R H A T ( 4 ( 2 X A 3 , I 3 r ' l P k ~ O . 2 1  1 . . .: S U a 0  7 0 3  
C SUbi) . 10U.  

. C  T ' Y  l f l  I ~ ) E ~ T I F Y  NUCLIDES 2 5 ~ ~  FHOPI C A R ~ S  SlJbD . 7 0 5  
S S  GO 1 6  I = l , N U * B E R  SbHD , 7 0 b  

. . . . . . . . . . . . . . . . . . . . . .  -.-.. .. ................................. 0 0 ' 1 3  J = l  ,!TOT ...... SUbD ...... 7 0 7  .. 
I ~ ( ~ ~ ~ ~ E ~ ( I ) , C Q , R ~ C ( J ~ ) ~ I , ~ D . ~ ( ~ ) . E Q ~ ~ L ( J ~ ~ )  6 0 ' 1 0 . 1 5  . . SUfiD 7  0 8  

. . . . .  . . . . . . . . . . . . . . .  . . . .-. .' 1 3 '  CONTINUE. : - . '  ' S u b 0  5 0 9  , .  - 
. . . . . .  

C .; SUP0 . 7 1 0  
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. . . .  . . , . . ,  < 
- .  

The p repa ra t i on  o f  i n p u t  cards f o r  SUBDOSA i s  descr ibed i n  t h i s  appen- 

d i x .  The i n p u t  t o  P a r t  11, BIVAR,, i s  discussed f i r s t  fb.l.lowed by i n p u t  

t o  PART 111, SUBDOSA. No i n p u t  c a r d s a r e n e c e s s a r y  f o r  P a r t  I, BELI, s ince 

data are  iupp l3ed as data li b r a r i b s  genera l  1  y s to red  on d i s k .  T ~ Q  fea tures  

and opera t ion  o f  BELI a re  descr ibed i n  Appendix A. 
. . .  

. . : .  . 
,. . . . 

PART I 1  - BIVAR 

Program BIVAR c a l c u l a t e s  dose r a t e  f a c t o r s  as a  f u n c t i o n  o f  energy 

(descr ibed i n  t e x t ) .  The c u r r e n t  vers ion  uses the  energy groupings of 

photon p robab i l  i t y  1  i bra ry  GISLIB (Appendix A). 

I n p u t  t o  BIVAR i s  by card sets.  Each s e t  w i l l  command dose r a t e  f a c t o r  

c a l c u l a t i o n s  f o r  a l l  combinat ions o f  up t o  s i x  atmospheric s t a b i l i t y  cate-  

gor ies ,  e i g h t  wind speeds, and t e n  downwind d is tances.  The program v a r i e s  

d is tance,  keeping .wind speed . . and atmospheric s t a b i  1  i t y  constant. .  Wind speed 

i s  v a r i e d  w i t h i n  each ' s t a b i l i t y  . . category. The dose r a t e  f a c t o r s  c a l c u l a t e d  

a re  au tomat i ca l l y  punched onto cards f o r  use by SUBDOSA o r  f o r  p repa ra t i on  

o f  a  dose r a t e  f a c t o r  l i b r a r y .  

S i x  types o f  cards a r e  used as i n p u t  t o  BIVAR as described i n  Table C-1. 
. . . . . . .  , .  ' 

PART 111. - SUBDOSA 

The program SUBDOSA uses NAMELIST f o r  i n p u t  o f  c o n t r o l  va r i ab les  and 

some data. The f i r s t  card  f o r  each case i s  a  t i t l e  ca rd  fo l l owed  by the  

NAMELIST cards. , A d d i t i o n a l  cards depend on values 'submitted f o r  c o n t r o l  

var iab les .  A  diagram o f  i n p u t  l o g i c  i s  g iven i n  F igure  C-1. The f i g u r e  

shnuld be used w i t h . t h e  d e s c r i p t i o n  o f  card  types and va r iab les  g iven i n  

Table C-2 when prepar ing  i n p u t  t o  SUBDOSA. ' ~ i h e n s i o n e d  va r iab les  a re  i n d i -  

cated by t h e i r  dimensi:on, .i n parentheses. f o l  l o w i  ng t h e  v a r i a b l e  name. 



TABLE C - 1  . " BJYAR. Tnput Cards 

Card Format Var iab le  Use 
. . . .  * -  .. . :  . . . . .  

s .. 
1 I 5  NUBAR 

f 
.:winif speeds-to consider.  Maximum i s  8. 

I 5  MET Atmospheric . s t a b i l i t i e s  t o  consider. Maximum 
. . .  i s .  6. . . 

I 5  .. NR Distances t o  consider. ,  ..Maximum ' is 10. 
. . - . . . .  . . . .  

E10.3 H , ,Release he ight  i n  meters.. . . .  " : . , .  
, . 

E10.3 Y PF . . Rati,o o f  l a t e r a l  o f f - c e n t e r l i n e  d is tance t o  . . , downwind' d istance.  Th is  value o f  YPF i s  used 
f o r  each downwind d.istance. :; .. . . *  . .  

2 8E10.3 R Downwind d is tance from re1 ease po in t ,  meters. 
The number o f  R '  va lues must correspond t o  NR. 

3 8E10.3 UBAM Average wind speeds i n  meters/sec. ' The .number .'- 

of UBAM values submitted should correspond t o  
. . NUBAR.. ' . . .  

. ., . . 

4  - 4(.3A6) MNAME. ' T i t l e s  f o r  atmospheric s t a b i  1 i't'i.es. . 'Three . ': 

6 charac ter  words a r e  r,ead per stability. The . 
, . 

number ' o f  t i t l e s  should correspond t o  MET'. 

5  . I10  1T.Y. .. I n tege r  t o  indicate, :  method o f  determi n.i,ng. 
ir drid uz. 

. ,. Y .. . . . . . . .  

ITY - 
, i .  

..., 1  . 
2 
3 

' 4  
5 ,  
6 
7 
8 
9 .. 

S t a b i l i t y  Type ., 
. . .  

Hanford. Model 
Sutton' Model 
Not. ,Used . . . . . . .  

Pasqu i l l  A "  
Pasqu i l1 .B , .' , . ,  

Pasqu i l l  C" 
Pasqu i l l  D 
Pasqu i l l  E 
P a s q u i l l  F . . .  . . 

7E10.3 DUMMY Values read depend on value o f  ITY. For ITY = 
1 (Hanford Model ) i n p u l  i s :  ' . . .  

. . .  . . . .  DUMMY ( 1 )  = a 
. . 

DUMMY (2 )  = b .. , . . . .  " .. 
. * . .  

DUMMY ( 3 )  - L 
. DUMMY.(4)=d.  , .  . - .  . , 

DUMMY ( 5 )  = k2 ... 
, . ( ~ l s o  f o r  ITY = 1, a card  6 i s  .read.) ' . 

. . . . .  . . For 'ITY '= 2 (Sut ton Model ) :  - .  

. . ..: DUMMY (1 )  -= Cy . . . . 

. . DUMMY (2  1 = C Z  ,, . . . . , . . . DUMMY' ( 3  = ' n  . 

6 8E10.3 SM Values o f  a e i  a r e  submitted f o r  each wind 
speed. A card  6 i s  needed f o r  each card 5 
w i t h  ITY = 1. 



START OF CASE 

. . 

NAME LI ST INPUT 

END OF INPUT 
FOR THl S CASE 

FIGURE C-1 .  I n p u t  Logic f o r  Program SUBDOSA 



Card Type 

1  

NAMEL I ST 

NAMEL I ST 

NAMEL I ST 

NAMEL I ST 

NAMEL I ST 
.... 

NAMEL I ST 

NAMEL I ST 

NAMEL IST 

NAMEL I ST 

NAMEL 1 ST 

NAMEL I ST 

TABLE C-2. SUBDOSA Inpu t  Cards 

Col umn Format Var iab l  e/Use 

1-80 8A10 TITLE, t i t l e  f o r  c u r r e n t  case t o  be p r i n t e d  
i n -  r e p o r t  heading. 

In teger .  , , NEXT, i n p u t  c o n t r o l  i n tege r . "  
1  f i r s t  case, i n i t i a l i z e  ' var iab les .  
2 i n p u t  a l l  bu t .da ta  l i b r a r i e s  RNDLIB and 

. . 
. . GAMLIB (DRFLIB may be read) .  

3 read new meteorologi.ca1 cond i t i ons  o n l y  
(DRF and/or '  XIQ):. ' 

. . 

4 change NAMELIST var.i:a,bles on ly .  
5 read new n u c l i d e  i nven to r fes  on ly .  
6 stop, end o f  run.  

I n tege r  LIB, c o n t r o l  i n t e g e r  >O, read r a d i o n u c l i d e  
data l i b r a r y  (NEXT = 1  ); 50, do n o t  read 
t h e  l i b r a r y  . .. 

I n tege r  

I n tege r  , 

, 

I n tege r  

I n tege r  

I n tege r  

I n tege r  

F l o a t i n g  
Poi n  t 

LGLIB, c o n t r o l  i n t e g e r  >O, read gamma energy 
1  i b r a r y  (NEXT = 1  ) ; i0 , '  do n o t  read the  
1  i bra ry .  

,;LDLIB, c o n t r o l .  i n t e g e r  > O ,  read dose r a t e  
f a c t o r s  from data 1  i bra ry  (NEXT = 1  ,. 2, o r  
3) ;  <0, do n o t  read t h e  l i b r a r y .  

, . 

LBETA, c o n t r o l  i n t e g e r  >O, do beta dose , 

c a l c u l a t i o n ;  50, no bc t i l  do2e c a l c u l d l ~ i o n . '  

LGAMA, c o n t r o l  i n t e g e r  >O, do gamma dose 
c a l c u l a t i o n ;  <0, - no gamma dose c d l c u l a t i n n .  

LCHIOQ, c o n t r o l  , : ,  i n tege r ,  >0, ca l  r.111 a t e  and 
p r i n t  X I Q ;  SO, - do n o t  p r in t l ,X /Q.  

NREL ,. number o f  re1  ease per iods,  maximum i s 
6. 

- . .  .. 
RT(6) re lease  t imes i n  seconds. 

I n tege r  NK, number o f  d i  stances t o  consi der, maximum 
i s  10. 

F l o a t i n g  D(10), downwind d is tances (meters) a t  which 
P o i i ~  t dose i s  t o  be ca lcu la ted .  

I n t e g e r  NMET, number"of: weatli'er s t a b i  1 i t i e s  t o  be 
considered f o r  each i n p u t  per iod.  NMET i s  
n o t  c u r r e n t l y  i n  use and i s  se t  t o  1. 



TABLE C-2. (Co-ntfinued) 
. .. ~ ~ , ~ i : i . b l . e / ~ ~ ~  '.: -.:,. ':...". '. , . ' Card Type Col umn Forma.tZ;':. .. . - . .  n . . - ,  

. . .. . . . 
NAMEL I ST 

i ' .  
' F l o a t i n g  . UBAR, w ind :  speed in"mefers /sec.  .., , 

P o i n t  ' ' . 
I 

NAMEL IST F loa t i ng .  H, t i e i gh t  o f  re lease .  p o i h t  above - :  ' 
P o i n t  . , . l eve l ,  .meters; 

NAMEL I ST ~ n t e g e r . '  ITZ, k o , n t r o l  i n t e g e r - ' t o  : i nd i ca te  when n u t l ' i d e .  
decay i s  t o  be cons idered.  ITZ = 0, f o r  

. .  i n ven to r - i es  s p e c i f i e d  a t  s ta , r t  o f  acc iden t  .. , 

w.i t h  decay co.nsidered t o  s t a r t  o f  each 
r e l e a s e  p e r i o d  and d u r i n g  t r a v e l  t o  exposure 

' . p o i n t :  ITZ = 1,  f o r ' i r i v e n t o r i e s  s p e c i f i e d  '. 

a t '  s t a r t  o f  each p e r i o d  w i t h  decay d u r i n g  
r e l e a s e  and t r a v e l ,  ... ... ITZ = 2, f o r  inven-  ,.. 

, .  t o r i e s  s p e c i f i e d  as  ' t ime '  i n t e g r a l  o f  r e l e a s e  
d u r i n g  each re l ease  p e r i o d  w i t h  decay con- . .. 
s i de red  d u r i n g  t rave l '  o n l y .  . . 

I n t e g e r .  :NBD, number' o:f t i s s u e  depths t o  cons ider  
f o r  be ta  do.se c a l c u l a t i o n .  The s tandard 

. . 
be ta  energy ' 1  i b r a r y  has da ta  f o r  t i  ssue". 
depths o f  0, 7, 20, and 100 mg/cm2. If 
o t h e r  t i s s u e . d e p t h s  a r e  t o  be cons idered,  
a  new 1  i , b ra r y  must .be supp l i ed  w i t h  da ta  . . 
cor responding t o  t h e  ti s.sue depths d e s i r e d  

. , (Appendix A).. Maximum f o r  NBD i s  4. 

NAMEL I ST 

NAMEL I ST 

. .. 

NAMEL I ST 

. : 

NAMEL I ST 

NAMEL I ST 

I n t e g e r  NGD, number:of  t i s s u e  depths t o  be cons idered  
f o r  the'.gamma dose c a l c u l a t i o n ,  maximum, i s  
.3. The program uses d e f a u l t  va lues o f  0, 

- . 1  ; and .5  cm t i s s u e  ..depths. Other va lues 
- .  . may be used b y ' i n p u t  o f  v a r i a b l e  TDEP below. 

 loa at in^ BDEP (4 ) ;  be ta  dose t i s s u e  depth s p e c i f i c a -  
Poi  n t  t i  on t o  be used w i  th,.NBDI below. BDEP i s  . .. . . . 

-used o n l y  f o r  r e p o r t s .  U n i t s  o f  BDEP 'are 
mg/cm2.. . . 

F l o a t i n g  TDEP ( 3 ) ,  t . issue depths f o r  gamma dose c a l -  
P o i n t  c u l  at i .on, cm: Va.! ues. s t o r e d  i n  da ta  s t a t e -  

ments a r e  0, 1, and 5 cm. 

I n t e g e r  -, NBDI  ( 4 )  , index  t b  i n d i c a t e  t h e  r e l a t i o n  
between t h e  be ta  energy l i b r a r y  data s e t s  
( t i s s u e  dep ths)  and t h e  be ta  dose se ts .  For 
example, t o  i n d i c a t e  a  7  mg/cm2 depth as 
t h e  f i r s t  be ta  dose s e t  NBDI(1-) =.;2 s i n c e  
7 mg/cm2 i s  t h e  second be ta  energy 1  i b r a r y  
data se t .  The number o f  va lues submitt.ed 
must be a t  l e a s t  equal to.NBD. 



TABLE, C-2,. : 

. . . . .  
(Cont i nued ) 

. I:.:' 

NAMEL I ST 

NAMELIST . 

NAMELIST . 

NAMEL I ST 

NAMEL I ST 

NAMEL I ST 

NAMEL IST 

NAMEL ISP 
. . . . .  

NAMEL IST 
. . 

NAMEL.. 1 ST ' 

2 1-10 
11 -20 . 

.. , 

I n tege r  NBE,, index t o , i n d i c a t e . t h e  beta t i s s u e d e p t h ,  . . . . .  L . . 
t h a t  con t r i bu tes  t o  :eye. dose. 

I n t e g e r .  ., . NGE, index t o  i n d i c a t e  t h e  gamma t i s s u e  
dep.th t h a t .  c o n t r i  bu.tes . . t o  eye dose. 

' . " 

In tege r  NBG, index .  t o  i ndi,cate the  beta t i s s u e .  depth 
. t h a t  con t r i bu tes  t o '  genet ic  dose. 

I n tege r  NGG, i n d e x ' t o  i n d i c a t e  the  gamma t i s s u e  
.dep th  t h a t  con t r i bu tes  t o  genet ic  dosc. 

I n tege r  . NBS, index t o  i n d i c a t e  the  beta t i s s u e  depth 
. t h a t  c o n t r i b u t e s  t o  s k i n  dose. 

I n tege r  NGS, index t o  i n d i c a t e  thegamma t i s s u e  
depth' t h a t  con t r i bu tes  t o  s k i n  dose. 

integer : LFDRF,. conf ro l  i n t e g e r  > O  t o  i n d i c a t e  DRF 
values a r e  t o  be read from cards (ove r r i des  
LDLIB). <O.,.'do - n o t  ' read DRF from cards..  .;-".,. 

, I n tege r  LDRFP, c o n t r o l  i n t e g e r  f o r  p r i n t i n g  DRF 
values. >0, p r i n t  DRF values; <0, do n o t  
p r i n t  DRF val  ues . 

I n t e g e r  NDRF(6), index i n tege rs  t o  be used when DRF 
values a r e  t o  be read from a  data 1  i brary .  
One value i s  submitted f o r  each re lease 
p e r i o d  (NREL t o t a l  )". The value submitted 
corrcsponds t o  t h c  DRF s c t  ( i n  t he  DRF 
l i b r a r y )  t o  be used f o r  t h c  r c l c a s c  per iod .  

I n tege r  INX, c o n t r o l  ' i n t e g e r  t o  ' i n d i c a t e  X / q  values 
a r e  t o .  be r,ead from cards. ,INX > 0, read 

. . . . .  .. X / Q  f rom cards..  INX 5 0, do n o t  read, X / Q  . . 

' I n tege r  . ,IRPT, ou tpu t  contro1" integer .  IRPT = 1 ' f o r  
standard ou tpu t  repo r t s .  IRPT = 2 f o r  stan- 
dard r e p o r t s  p lus  punched card  ou tpu t  o f  
dose' va I ues. . . 

Integer KINT, N O F P T H n ~ t ~ , ~ s e d ~ s t t . h i s t . i m e .  

6A10 MET(6), at~iicrspheric s ta ls i l  i t y  t i t l e s  for. 
. , each r e l e a s e  per iod.  . .  . . 



TABLE G 2 .  . (Cbn t i  nued).. 

Card Type Col umn Format 
. . . . Va r i ab l  e/U.se . . ' . . . 

1-10 8E10.3 DRF(120,1,6) va lues submi t ted  i n  se t s  f o r  
11 -20 each r e l e a s e  pe r i od .  Data w i , t h i n  each 

r e l e a s e  p e r i o d  s e t  a r e  f o r  d i s t ances  c o r -  
responding t o  va lues  supp l i ed  f o r  D. Two 

.. . .. + -  )-.... .ca~ds~.a re .~needed f o r  each d i s t a n c e  con ta in -  
71 -80 i n g  DRF va lues f o r  each o f  t h e  12 energy 

groups. 

1-80 8A10 TITL, n u c l i d e  i n v e n t o r y  t i t l e  ca rd  f o r  c u r -  
r e n t  r e 1  ease p e r i  od . 

1-3 I 3  NUMBER, number o f  n u c l i d e s  t o  be read f o r  
c u r r e n t '  i n v e n t o r y  se t .  

1-3 A3 NAME (500) ,  name o f  f i r s t  n u c l i d e ,  i . e . ,  
KR* (* i n d i c a t e s  i somer ic  s t a t e ) .  

4-6 I 3  ~ ( 5 0 0 ) ;  a tomic we igh t  o f -  f i r s t  nuc l  i d e .  

7-20 E14.0. QUANTITY ( 5 0 0 )  c u r i e s ,  o f  f i r s t  nuc l  i de .  

21-23 ..A3 NAME f o r  second n u c l i d e .  

M, a tomic we igh t  f o r  second n u c l i d e .  

QUANTY, c u r i e s  o f  second nuc l ide. ;  

Four n u c l i d e s  a r e  en te red  p e r  ca rd  w i t h  20 
columns f o r  each as i n d i c a t e d  above. 

CHIQ(lO,1,6) va lues  o f  X I Q ,  one ca rd  sub- 
m i t t e d  f o r  each r e l e a s e  pe r i od .  Each ca rd  
con ta ins  X I Q  v a l  ues corresponding, t o  d i  s- 
tances D. 

T h i s ' c a r d  con ta ins  da ta  used t o  c a l c u l a t e  
X I Q  va lues.  

ITYPE, i n t e g e r  t o  i n d i c a t e  method o f  d e t e r -  
m in ing  a and a,. 

Y  

ITY - 
1 
2 
3 
4 
5 

. 6 . .  
7 
8 ?  
9 

S tab i  1  i ty  Type 

Su t t on  Equat ions 
Hanford Equat ions . 
Iripu l of ;r~d gz ' 

Pasqui 1  
P a s q u i l l  B' 
P a s q u i l l  C 
P a s q u i l l  D  
Pasqui 11' E  
P a s q u i l l  F  



TABLE. .C-2.;:. (C.oriti.n~ied.) . . . . . . . . . . . . .- ... 

Card Type Column Format, Va r tab l  etUse . :. I _ . .. -.) ~ 

. -. . . .+ ., . .. , , . . - ~, 

8  6-11 ' 15, IPR, , con t ro l ,  ,.i,nteger . f o r  p r i  n t i  ng v a l  ues .o f  
. . . . a  . and a,. . IPR > 0  f o r  p r i n t i n g ,  va lues;  

I?R < -. 0, doL nqt  p r i n t ,  va lues.  
,. . 

11-20 . 7F10.2- ' DUMMY(7'). Values read  depend on t h e  va lue  
of 'ITYPE: . ' . Fo r  ITYPE = 1  , Sut ton  .,equations, 
, i n p u t  i s :  ' .,. 
DUMMY (I ) = cy 
DUMMY ,(2). = .  C, 
DUMMY ( 3 )  = n 

'For '  ITYPE.'= 2, Hanford equat ions;  i n p u t  14: 
DUMMY (1  ) = ]  a  
DUMMY (2).  ='.b': 
DUMMY ( 3 )  = c. 
DUMMY (4)  = d  
DUMMY (5 )  = k2 
DUMMY (6)  = . a e i  

' .  . DUMMY i s  n o t  used f o r  ITYPE > - 3'. . 

9 1-10 8E10.2 SY(10,1,6) va lues o f  a  30 be ,read when 
11-20 ITYPE. = 3 on c a r d  8.; va lues  a r e  :submi t t e d  

corresponding t o  va lues  o f  d i s t ance  D. 

b 

71 -80 
1-10 . . 

11 -20 

10 1-10 ' 8E10.Z3, SZ(10,1,6) va lues  o f  a t13 be r~edcl wher~ 
11 -20 ITYPE = 3  on c a r d  8. 6a lues a r e  submi t ted  

corresponding t o  va lues  o f  d is tance ,  D. . 

.; . i 

. :  . * .  

71 -80 .. . 

'1 -1 0  
11-20 

I n p u t  under ' the N A M E L I S T ' ~ Q U ~ ~ ~ ~  c o n s i s t s  o f  one or more cards w i t h  

v a r i a b l e s  1  i s t e d  by t h e i r  names as i n d i c a t e d  above. The f i r s t  NAMELIST 

c a r d  must be blan,k i ,n  column 1  w i t h  $INPUT i n  columns 2-7, f o l l o w e d  by a t  

l e a s t  one b lank,  f o l l o w e d  by data; i tems.  The da ta  i tems a r e  separa ted  by 

a  comma, and t h e . l a s t  da ta  i t ems  must have one o f  t h e  f o l l o w i n g  forms: 



V a r i a b l e  name = cons tan t ,  where t h e  variab.1e.name.ma.y be e i t h e r  

subsc r i p ted  o r  no t .  

A r r a y  name = s e t  o f  cons tan ts  (separated by commas). The number 

o f  cons tan ts  must be equal t o  t h e  number o f  elements i n  t h e  a r r a y  

and t hey  must be i n  t h e  same o r d e r  as t h e  a r r a y  i s  i n  s torage,  

i . e. , t h e  f i r s t '  ~ u b ' s & i ' ~ t  ctianges most r a p i d l y .  

Subscr ip ted  v a r i a b l e  = s e t  o f  cons tan ts  (separated by c o m a s ) .  

T h i s  fo rm r e s u l t s  i n  the. s e t  o f  cons tan t s  be ing  p laced  i n  con- 

s e c u t i v e  a r r a y  elements, s t a r t i n g  w i t h  t h e  element des igna ted  

by t h e  subsc r i p ted  v a r i a b l e .  The number o f  cons tan t s  supp l i ed  

must be equal t o  o r  l e s s  than  t h e  number o f  a r r a y  elements 

between t h e ' g i v e n  element a i d .  t h e  l a s t  element i n  t h e  a r r a y .  

.The NAMELIST v a r i a b l e s  r e t a i n  t h e i r  va lues  th roughout  execu t ion  o f  . t h e  

program and need n o t  be r e s p e c i f i e d ,  w i t h  t h e  f o l l o w i n g  excep t ions .  c o n t r o l  

i n t e g e r s  L I B  and LGLIB a r e  s e t ' t o  ze ro  p r i o r  t o  t h e  s t a r t  o f  each case. 

Also, when DRF va lues  a r e  t o  be read  f rom a  da ta  l i b r a r y ,  t h e  d i s t a n c e  

va lues o f  t h e  l i b r a r y  r e p l a c e  va lues submi t ted  f o r  D. I t  i s  impo r tan t  t o  

remember t h a t  X I Q  va lues submi t ted  by c a r d . i n p u t  w i l l  n o t  .correspond t o  

d i s t a n c e  va lues  used b y . t h e  program (un less  v a l u e s  submi t ted  as ,  D a r e  t h e  

same as those  i n  t h e  DRF 1 i b r a r y ) .  





SAMPLE PROBLEMS 

. . .  . . .  .. . ' .  . . .  . . . . .  , - 
Two sample problems a r e  presented . t o  . i l l u s t r a t e  preparation of input 

cards f o r  BIVAR and SUBDOSA. No input cards a r e  heeded f o r   program'^^^^. 
- 

. .. , . . 

The f i r s t  sample problem i s  f o r  e a l c u l a t i o n ~ o f  d o ~ e ~ r a t e  fac tors  u s i n g ~  

program BIVAR. Dose r a t e  fac tors  a r e  calculated f o r  ~ a s q u i l ' l  Type F and 

Hanford moderately s t ab l e  meteorological condi ti .ons, a  w4nd speed of 1  'mlsec, 
5 a ground level release.and downwind distances of from 100 t o  10 m. . Input 

cards f o r  this 'problem a re  shown in Figure D-1. A l i s t i n g  of the  output. 

cards produced by BIVAR i s  given i n  Figure D-2. 

NOTES : . . .  

The f i r s t  output card gives'  ( i n  order)  the  re lease  height,  number of 

s t a b i l  i  t i e s  (MET), number of wind  speeds ( N U B A R ) ,  number of distan.ces 

(NR) and the number of photon energy groups (GROU.PS)s: 

The remainder of the  output cards give dose r a t e  f ac to r s ,  two cards 

per downwind distance.  

A l i s t i n g  of the printed output i s  given i n '  ~igure"D-3. 
.. . . . , . . .  

NOTES : .. . 

Included i n  the output l i s t i n g  a r e  .,valu.es . . . . .  u s e d f o r  oy ( S Y ) ,  o, (SZ), 

and x/Q for  each X-grid in teqrat ion posit ion.  
. . 

The dose r a t e  fac tors  a r e  the  l a s t  12-numbers of the. l i ne ,  beginning 
.. . 

w i t h  D=. . .. . . 

The second sample problem i l l u s t r a t e s  use of SUBDOSA t o  ca lcu la te  gamma/ 

beta skin and eye dose f o r  two re lease  types.  ,  he . f i r s t  . . re lease  i s  1  cur ie  

of 8 5 ~ r  released a t  ground level under , pasquil . 1' Type F st'abi l i  t y  c o i d i  t ions ,  

wind speed o f  1 mjsec, and f o r  a r e 1 4 e e s e ; ( ~ ~ ( 1 ' )  = 1) s e i ) ;  The doses ,.' 

5 a r e  calculated f o r  the  standard 1 0  " d d ~ ~ w i n d ~ ~ d i s t ~ n c e s '  from . 100 . t o  10 111. 

The second calcula t ion i s  f o r  re lease  of various qu.anti'ti6s ,of four noble 



gas nuc l i des  i n  t h r e e  re lease per iods.  Both c a l c u l a t i o n s  are  t o  be performed 

i n  the  same run. I npu t  cards are  l i s t e d  i n  F igure  D-4: 

NOTES : . . . . 

e The f i r s t  c a r d  i s  t he  t i t l e  card f o r ,  re lease o f  1 c u r i e  8 5 ~ r .  

The nex t  t h r e e  cards a r e  the  NAMELIST cards f o r  t h i s  c a l c u l a t i o n .  
. . 

The parameters L IB and LGLIB are  s e t  p o s i t i v e  t o  cause the  main data 

1  i b r a r i  es t o  be read from appropr ia te  f i 1 es. 

' LULlB = 1 and LFDRF = 0 ( n o t  s p e c i f i e d )  i n d i c a t i n g  gamma dose r a t e  ' :  

f a c t o r s  a re  t o  be read f rom i n p u t  f i l e  DRFLIB ( i n  t h i s  example L i b r a r y  

BIVLIB i s  assigned t o  f i l e  DRFLIB through an "ATTACH" CYBER c o n t r o l  

card) .  

a LBETA, LGAMA, and LCHIOQ a re  s e t  p o s i t i v e  t o  cause c a l c u l a t i o n  o f  , :  '. 

beta and gamma doses and normal ized a i r  concent ra t ion .  

NREL = 1  and R ( l )  = 1  i n d i c a t e  one re lease pe r iod  o f  1  sec d u r a t i o n  

( p u f f  re lease )  i s  desi red.  

NR = 10 i n d i c a t e s  t h a t  10 downwind d is tances  a re  t o  be considered. 

Values o f  U  need n o t  be supp l ied  when dose r a t e  f a c t o r s  a re  read f rom 

DRFLIB s ince d is tance values a re  supp l ied  w i t h  the  dose r a t e  f a c t o r s .  

I n  t a c t ,  d is tance va l ues submitted i n  NAMELIST would' bc over r idden by 

t h e  DRFLIB value. 

ITZ = 2 i n d i c a t e s  t h a t  n u c l i d e  decay du r ing  t r a n s i t  on l y  w i l l  be 

considered. 
. . .. 

The parameters NBD = 2 and BDEP(1) = 7., 100. i n d i c a t e  t h a t ,  two beta 
2 

t i s s u e  depth dose c a l c u l a t i o n s  a re  des i red  ( a t  7 and 100 mg/cm ) .  

NGD' = '  2 and TDEP(1) '=  O., 5, i n d i c a t e  t h a t  two qamma t i s s u e ' d e p t h  dose 

c a l c u l a t i o n s  a re  des i red  ( a t  0  and 5  cm t i s s u e  depth).  
- - 

a NBDI(1) = 2,4 i n d i c a t e s  t h a t  t h e  e f f e c t i v e  beta energy data a re  t o  be 

taken from t h e  second and . . f o u r t h  p q s i t i o n  . o f  t h e  e f f e c t i v e  be ta  energy 
. .. 

1  i b r a r y  (RNDBET, Appendix. A).. 
. i ,  ,'. 



The parameters 'NBE = 2 and: NGE := 1 ,  i n d i c a t e - , t h a t  t h e  eye. dose 'i's. to . .be 
.2 t h e  sum o f  t t i e  second'.beta t i s s u e  dep th  dose::fl O O m c  - )  ,andi. t he. f i  rs t  

r ,.. . . . 
gamma t i s s u e  depth dose ( 0  cm). . , . ., , , A  . . . ,  . 

S imi1,ar ly  ,NBS = 1, 'and NGS =. 1  . i n d i c a t e  t h a t i 6 h e - : s k i n - d o s e  i s  ' t o  be t h e  
!' sum o f  t h e  f i r s t  be ta  t i s s u e  depth dose (7  mg/cm 2 .  ) and t h e .  f i r ~ t - : ' ~ a m m a  

: ' t issue '  depth dose ( 0  a n ) .  , . . . . - . . ,  'A 

. . 

LDRFP = 1  causes ' p r i n t i n g  o f  .gamma .and be ta  dose : r a te  . f a c t o r s  ., 
. .. , 

N D R F ( ~  ) = 1  i n d i c a t e s  t h a t :  t h e  f i r s t  s e t  o f  dose' r a t e  f a c t o r s  on' f i l e  

DRFLIB a r e  t o  be used f o r  t t i e  gamma dose c a l c u l a t i o n .  
. . 

The nex t  c a r d  i s  a  t i t l e  c a r d  f o r  atmospheric ' s t a b i l i t i e s  ( c a r d  Type 2 ) .  
, . ' . 

I '  . . 

The n e x t  t h r e e  cards s p e c i f y  1  c u r i e  o f  8 5 ~ r  f o r  . . r e l e a s e  i n  . p e r i o d  . 1  

( c a r d  Types 4-6). 
. . . '  ' 

The l a s t  c a r d  . . f o r  t h i s ,  c a l c u l a t i o n  Type 8 )  i n d i c a t e s  t h a t  P a s q u i l l  . .  . 
Type F s t a b i  1  i ty . .w i  11 be used f o r ,  t h e  be ta  dose and normal . . . .  i z e d  a i r  con- 

c e n t r a t i o n  c a l c u l a t i o n s  and t h a t  t h e  va lues o f  o and oz a r e  t o  be 
Y 

p r i n t e d .  
' 

The second c a l c u l a t i o n  f o l l o w s  w i t h  a  t i t l e  ca rd .and  one NAMELIST card.  

The NAMELIST c a r d  i n c l u d e s  va lues o n l y  f o r  t h e  parameters t h a t  .are t o  be 

changed f rom t h e  f i r s t  c a l c u l a t i o n .  ( L I B  and LGLIB a r e  s e t  t o  zero  be fo re  

each case t o  a v o i d  'unnecessary re read ing  o f  da ta  1  i b r a r i e s .  ). 

NOTES : 

NEXT = 2 t o  a l l o w  change o f  a l  l v a r i a b l e s  b u t  no l i b r a r y  r e d s .  

Parameters NREL = 3  and RT(1) = 1800., 27000., 57600. s p e c i f y  t h r e e  

r e l e a s e  pe r i ods  a r e  t o  be cons idered  o f  d u r a t i o n  30 min, 7.5 h r ,  and 

16 h r .  T h i s  corresponds t o  r e l ease  ove r  1  day i n  t h r e e  pe r i ods  0  - 
1/2 h r ,  1/2 - 8 hr ,  and 0 - 24 h r .  

ITZ = 1  i n d i c a t e s  t h a t  decay w i l l  be c a l c u l a t e d  f r om t ime  zero  t o  t h e  

s t a r t  o f  each re l ease  p e r i o d  and d u r i n g  t r a n s i t .  



NDRF(1) = 1 , 1,3 i n d i c a t e s  Pasqu i l l  Type F dose r a t e  f a c t o r s  w i  11 be 

used f o r  t he  f i r s t  two re lease per iods and Pasqui 11 Type D f o r  the 

t h i r d  per iod.  

The next  card  (Type 2 ) .  g ives  the  s t a b i l  i t y  t i t l e s  f o r  each re lease 

per iod .  

Next f o l l o w  three sets of inventory  cards (Types 4-6),  one s e t ' f o r  

each period. The c u r i e s  o f  each nuc l i de  represent  t h e  t ime i n t e g r a l  . :  

o f  re lease r a t e  w i t h  decay accounted. f o r  dur ing  re lease o n l y  (because 

ITZ = 1).  

The l a s t  t h ree  cards i n d i c a t e ' t h e  s t a b i l i t y  type t o  be used f o r  t he  

beta dose and normalized a i r  concent ra t ion  c a l c u l a t i o n s  and a lso ,  cause 

p r i n t i n g  o f  o and o, values used. 
Y . . 

Output f o r  t h e  second sample problem i s  shown i n  Figure D-5. The 

output  i s  sel f -explanatory;  the  execut io l i  t ime i s  p r i n t e d  f o r  each case. 

The f i r s t  case took considerably longer than t h e  second case because the  

th ree  main' data 1 i b r a r i e s  were read' du r ing  the  f i r s t  case: 
. . .  



FIGURE D-1. F i r s t  Sample Problem I n p u t  



FIGURE 0-2. First sample Problem Card Output  
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. FIGURE D-4. Second Sample Problem. Input ' , ,  

U 
re* 85  2 7 . ~ ~  ~5 I R , Y E  1.55 3 a . 1 ~  1 5 5  
I ' ~ v F h l 3 R v  F O P  PEQI:C! 5 

Ll 

K R *  8 5  57.hdR A5 J R . U ~ ~  1 5 3  a ~ . 0 ~ k  1 3 5  
Q I 
0 1  

- 7  1 . 



'I 

. . . . 
10- ~C,.?',JLO-~H(*.?' 0-3~n'~~C~-315"~~~-31~'?~0-~b**~~~0~72i~"~10~~~l'~l0-~bb'~l0-~b0'i~~-3~.9*~l0~3lb*~ 
~0-il~'n10-3?Q'bL1~-4nu'~l~~- ~PII*\IO-~E$ ~~f0-3~~'S~0-3~b*~l~-~~I'91~-.~1~~~~~0- il?e~~9-3~~*Ll~-4~~'~ 

' 6i"- jwn* [q0-.jc,1'1vu- j[:c',1.90-312'1~9-?52 l'40-?cc* 190-.Jl5* 190-3r<'loi:-jL~ Isu-~s~'l~~.-j~~~*?~~~-:l$n*~ 
ucl-'i~;c*~oo- 70~0zuu- 31, 'tau-.(~n*?c~-3?~*?~~1~i~~'~v0-3~b'29o-i~i 'i9.j- jvi 'iyd-4in'fqu- j~n'n~u-~~~'~ . -- 
qo-~~~*~r0-i~1'n4u-.isn'11~u-~vl.'nc o-~su"\~0-i~n'54'0-7f L'S~U-301 'vQo-~~~'QQu-~~II*LYo-~L~~~so-~zc* I 
VI.!-~~~~R~II-~~~'~SU-~SU~I~I~-AZ 1 * 1c~-~1?'150-3b?*l50-3t~'tS1~-~l~'1~u-31S* lsu-~OL* 150-3e9*~5t5-350*n 
so- ~\e*lr;t~- lu~*~,r;:~-?no* IS~-~~~I'Z\~-'~\?'CS(V-~~~ *Z~U-~~~'CSO-~~~'~~U-~~~*CSD-'~I~'SSO-~P~*S~U-~~~'I 
sa- +bl e~~~-3~n'~~ij-3n~*~su-~50*n! 0- ~II~'~SII-~~\'~SO- 3?~'nS~~-3Z5'n~0-4z~'nsu-33 I 'uno-3bom  no-312's 
SI:-~~~*~,SO-~I~'~SO-Y~O*~~~O- 3n1 *~?r,0-3n~~'1n~-3b0'lnO-3~(~*ln~-~~~O'1n0-'4n~* \nd-jSi * I~U-~LS'ZSC-~I I :I 

... no->$so I~I~-~/Q'I~u-~oH' [nu-qsb' I~:I~-~~o*z~o-L in- n -ie ~n~~u-nu-n', 
I 00La3d 3Sv313e 3 7llnt~Svd All7lgvlS 

SuD17vj 31va 3SGa 

...... . . 



SbqPLF PQPYCtU 2 - QELEASE OF I C U R I E  O F  85 ' 0 4 f t  0 8 / 1 2 / 7 5  

[>0,9F. FOR 1.0 SEC, R F L ~ A S E  * ~ ~ 1 0 0 i  STABILIT'V P A S D l l l L l  k 
DOSE TvPE OIS:A'JCE, t.1 TE$S WELkASt U t l G * T  0. HETtUS 

100, 201). 500,  ~ n o o .  ~ n o o ,  soon,  l n o l l o .  20000,  50000 ,  1ooooa .  

BETA 7 ,  * G , C ~ E  Z,,:~F-O~ b. ( l~uE-oU 1.0uQF-ou s .ns5t -05 I . , o ~ s t - n g  F . 7 s s t - n o  1.121.t-ob u , q , n 9 ~ - 0 1  1 ,bb7k -07  7 . & u s t - ~ e  

B E T A  I 00, n t / c c ?  Q . Q ~ S C - O ~  ~ . Z ? I E - O ~  J ,P.QF-Q~ i .I l o f - o b  ~ . ~ s z t - o r  I . o ~ b t - o t  0 .  I 3 ~ e - o n  I , c r l u t - o e  6 .  ~ u d t - o q  z . e v 3 t - o u  

.. EVE , . . .  I ,001E-Ou 2.24dE-05 3.QC5C-Ob 1.1.69F-Ot. i (s.103t-07 I,! 3 I L - U T  ~ . 7 L i k - O 8  2 .114 t -08  7,SU5E-OY 3 , 5 0 2 t - 0 9  

. ... S K I N  n o s &  1 9  .O,C C *  Gt.*nb F O S ~  '7. ~ t / c * 2  FFTA DOSE. 
EVE C*nS€ I S  0,C CH 6 A Y M I  00SE t 190, * G / C " Z  WFTA DOSE.  

S ~ M P L E  P D O Y C C M  z a : t . i r s t  OF 1  C U R I ~  n~ *a 6 5  n r ~ t  0 8 / 1 2 / 7 ~  
b l . l M ' b L l L E ~  A I R  C ~ ' r t r ~ t Q A ' 1 U ' :  

. . .  . . - . - 
': PESIOD S t b l ) l ' ~ l r ~  . D I S '  A?4CiE, 't l F u S  U F C E A S F  ~ I E  16-1  0,"k I ~QS 

t o n ,  2?0.  S!IO, 1.000. > l l , ~ n .  . S I I ~ F .  1  i,q>t:o, 2 1 :,I I? , 5 0 0 ~ t 8 ,  l iJOu03. 
' : .l.O.SiC,. PISOII!L- F S,'R!nt-W l,)O?k-nZ 2 . ? * r i F - O ~  6,550F-Otr Z.ZuZt-OU 5.,'7'IUt-1'5 E,Ol'dk.-05 1,05V€-05 3.5V6t-Ob l . b ' 1 3 k - ~ I >  . . . . 

,' . ..... . :,' . . 
.... ;.. .' I ...,.. :. . . . . .  . . . . . . . . . . . . . . . . .  ....... . . . . .  . ..... . . . . . .  

EXECuTlOu Tl'E F Q ?  1-1s  CeSE * A S  7.573 S F E n N D j  . . 





I r v r o i O s r  T O R  DEQTOD 2 
hUCLIDE INVENTORY I N  CURIES FOR RELEASE T I r E  2 

.. - - . . - . . . . . . . . -  . . - KR.  R5 2,70Z+Ol . K Y  85 1 * 8 0 F * 0 1  . . x C  1 3 3  3,00E+OI- XE 1 3 s  : ,5uE+01 
0 

I r v L h r O q r  F O R  PFEIOD 3 
NIJCLOOE I N V F Y I O Q ~  IN Cl.lR1eS FOR RELEASE T I r E  3 

MR. A S  5*7bE+O(  y6i (15 J,BuC+O< I E  1 3 1  4,UOC+O1 U S  1 3 s  : i , 2 ~ E + 0 1  

. . . .  . . . . . . . . . - .  . . . . . . . .  S I C M f i  V bNO Z FOP S T L R I L l ~ V  - 1 .  . . - 
c I S T r u c E  FROM WELE43EI1OIWT PFTERS 

103. . zon.  500. l n 0 0 .  2000. Soon. 10000.  ZCO+O, 
S l G r r  v s a p  ?aq  18.5 36.0 66.5 153.0 280.0 5 0 5 . 0  

8 I C M l  2 I n U  5.1 7,b 13.5 2 1  ,U 35,O U 7,O 5 4 , 5  

. .  . . . .  3 . .  . . . .  - - . . . . *  
i I S T j N C E  FROM 'IELEPSE'POINT 9 E T E R S  

zoo.  500.  1000, 2000.  , ,  SOOO. . 10000. 200;0, 
37.0 72.0 ' ,132.0 310,o 570.0  . ~t 7 . 0  
I 9 . 0  : 3 3 . 0  8 . 7  52.5 95.0 l'JO.0 ! ~ J . O  

5,184E-OU 1,58Of*OU 5,IJUE-O5 1,3blE.OS 5 , 5 j 9 ~ - 0 h  . E,'J2aE-Oh 
S,IBUE-OU I.SOOE-OU 5.13UE-05 l . A b l L v 0 5  5.539E-0b L ~ b Z b t ' O b  
1.037E-OU 3,ObBL-05 1 ,05EE.-05' Z , ~ 7 5 E - 0 6  9 , l  SUE-01 3,814t-Of 

. . 



SAYPLE PROBLEM 2 - RELEASE I N  ) P E ~ l O O S  DAIE  0 8 / 1 2 / 7 5  

DOSE F O U  30.0  nIN, aELEASt  PCRIOU,  S T A 8 I L l T Y  PASUbILL F 
DOSE TYPE OISTAhCF,  v E T t s S  H C L E A S ~  C L I G * ?  - 0 ;  * c T E P S  

t o o ,  201).  sno .  1 0 0 0 .  ?eon, 5 0 0 0 ,  1 0 0 0 0 ,  2 0 0 0 0 ,  5 3 0 0 0 .  1 .00ooo.  

G A M M A  O , C M  ~ . ) ~ ~ I E - o u  ~ . R B S E - ~ S  z . Q ~ o F - ~ ~  1 , 5 5 1 ~ - 0 5  ~ . 2 h u ~ - n h  ) . ~ l b ~ - 0 b  I , U ~ O E - O ~  5 .703 f . - 01  1 . 2 5 ~ ~ - 0 1  3 . 5 9 ~ t - 0 8  

EVE 9 ,071F-OU 2,UnUL-OU 5 ,91UF-05  2 , 3 9 7 E - 0 5  1 , l o R E - 0 5  3 ,9071 -Cb  1 ,oaUt-Ob b ,5bZE-07  1 . ~ 2 2 C - O 7  u , 0 7 P t - O @  



SAMPLE PROBLEM i - ,?€CEASE I N  3 PERIOOS O A l t  G 6 1 l Z l 7 5  

G A ~ W A  0 ,  C* 1.52uE-03 7.7bbE-Oa 3 a i S 3 F - O I  1.752E-tU 9,331F-05 1.bU2t-05 1 ,baSt -05  b . 7 0 9 t - J b  1 . 5 9 l t - 0 h  
T n T r L  DOSE TM!S TYPF I .b ' jqE-n l  R.U'jUE-05 I n 6 . ? f l E - O ~  1 ,VO7t*CU I , V l b l  - n u  3.9bJE-U5 l m 7 i 9 f . - 0 5  7 m 2 l 0 t - ~ 0  1 n 7 1 7 E - ~ o  

-. ,. .... 
GA*MA 5,  C M  1,?@UE-03 b , 5 ~ O t - 0 4  Z.,Ol8E-OU ! ,UdhE-(U 7,VlhE-F5 3 . l O 9 t - 0 5  1 , ~ 3 ~ t - 0 5  S,b95E-Ob 1 . 3 1 9 ~ - b b  

TOTAL DOSE T M I S  7 V g  1,;89e-03 1,l)UE-OV 3.ObPE-OU l,bl I(C-CU L i . 6 ~ 7 1 - 0 5 .  5 , IRhr -05  l n S r 1 ~ t - 0 5  b , l d u t - l i b  l n ~ 2 U k . - ( : o  

BETA 7 ,  *G/CM? l r i Z 7 E - O I  2 , 9 5 4 t - 0 2  '5aIZUF-03 l , U b q t - ~ 3  U , ~ U ~ C . - O U  1,LSOt-OU .U,?Z7F-05 1,BZbC-uS U,8SbL-Ob 

T O T . L L  DOSE THIS TYPE 1 3 - 0 1  J , ~ Q ~ E - o ~  S,SUJF-ns 1 , S ~ U C - C ~  S , J . S ~ E - ~ U  I . ~ S ~ E - Q U  5.1 1 s t - 0 5  1,9h@c_-'15 s , i i ~ b t - ( . o  

160. MC/C*Z 8,oOlE-Of 1.91 JE-03 5.3ObE-OP 9 .U55 t - (S  f.lbnF-1l5 7 . 6 0 9 k . - b b  ?.'!>IE-Ob 1 .O lU f -Ub  2. l S u E - n l  
TOTAL DOSE T H I S  TYPE 9,573F-03 2,085E-03 s.)OUF-00 I ,O)nC-( U 3,4UZF-05 e,U99t*Ob 3 a ~ 3 b f  -56  1, 100t- l !o ~ o ) Z t t - ' ' l  

SUIC n o s t  19 0.0 C Y  m n - t r  nosf: 4 7. MC/CH,? HFTA DOSE. 
E Y E  onsF .IS 0.0 c r  G ~ M * A  D ~ S E  t IIIU. Hc-/cnZ s E r r  oost ' ,  

0 
1 
N N 



DOSE TYPE 
. . DOSE F C 4  1b.OHOURS aELEASt: PERIOOI STAHILITY PASOIJILL 0 

O I S T A N C E ,  ~ E T E ~ S  r ) E C F . A S E  ~ E l t i h T  0 ,  'ETkPS 
1 0 6 ,  2 1 ~ 0 .  5 0 0 .  1 0 0 0 .  20On. 5 U 0 0 ,  1 0 0 0 0 .  2000G.  5 0 0 0 0 .  

YE14 ! O n .  YG/C-Z 2 .03uE-03 s .602 t -Ou  I , 0 7 9 ~ - n u  j . 1 5 7 i  - 0  j 1 ,OhnE-a5 Z . lu?F -Ob  l , n u 3 t - o 7  2, ?u5C-0  1 u ,b l !J t  - b 6  
T n l A L  DOSE T H I S  TVPC. l , f U l E - O 2  2.,bU5E-115 U1663E-0U 1  ,SUbE-tl J U,51,12E-n5 I , O H U t - 0 5  3 , 8 7  tE -00  1 ,  S l u t - 3 6  Z . f O 5 k - 0 7  

. . .  
S Y  I N  n n s t  1;s 0 , ~  C H  CAMHA onsp + 1 ,  n G l c H 2  ~ F T A  nnst , 

. I V E  PnsF 1s a,a C M  GAMMA n p s t  t coo, nc/cwz H F I ~  rinse, 

P 
. PJ 

c.8 



. . . . . . .  . . -- 

PERIOD STb8IL:TY DIS7ANCEo eF,TFRS 
2 C L t A S F  ~ E l G h 1  O." ! .T t '?S  

Z O O *  5 0 0 .  t noc , 2 0 0 0 ,  snuo.  I ~ ~ O O O .  
? t I i i O ~ l ,  5 0 0 ~ : 3 ,  1 0 0 3 3 ? .  

100 ,  
30.0  M I N ,  P A S ~ ~ J I L C  r 5 , 8 j O E - 0 2  I , 300EI02 Z , Z a o ~ . O ,  b , 5 5 ~ k . ~ ~  Z * Z ~ E E - O U  5 , 9 u b t - 0 ~  ~ . U I ~ J F - O ~  l , ~ s " t . - o 5  ~ . 5 ~ a t - ~ ~ 5  1 . 6 9 3 t - 3 n  
7.SHOURS PASOUILL F 5.8 iOE-02 L.300E-02 2.2-UE-03 b,550€-CU Z,ZUZE-OU 5 . 9 u u t - 0 5  2 . * l u k - 0 ~  

I,of,9E-C5 J . 5 Y B t  -::, 1 .b93 t  - 3 e  

~ ~ . F M O U R S  P A S O ( I ~ ~ C  8 B . L I ~ ~ E - O ~  ? . ) ~ o E - o J  U . S ? R ~ . O U  1 , ~ U O E - O U  U . S ~ S F . O ~  I   it.-IIS 3 , ~ ~ s t ' - o h  ~ , a a p t - i j a  o ,  l25t-;IT 1 n 7 2 5 t - : ?  
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CODE FLOW DIAGRAMS 



APPENDIX E 

CODE FLOW DIAGRAMS 

This appendix gives general flow diagrams for program logic. Diagrams 

for BELI, BIVAR and SUBDOSA are given in Figures E-1, E-2, and E-3 

respectively. 



BELI 

GOOD 

I S  CURRENT N U C L I  DE 
NAME THE SAME I N  

L 

" Y " , d " >  8 -  ', BOTH L I B M R I E S  / I 

.-p- 

CALI. L I B  101 READ 
RADIONUCLIDE D4TA L I B R A R Y  

I SET EFFECTIVE 
BETA ENERGY TO ZERO 

. 

1 FOR CURRENT NUCLIDE I 

DO LOOP ON I B = NUMBER OF BETA ENERGIES 1' 
+ 

i CALL B L i 3 E  TO 
2EAD BETA ENDPOINT 

DATA L l E R A R Y  + CALCULATE AVERAGE BETA ENERGY 
(USES S I M 3 N I .  FERMl  A N D  G A M M A )  

I f l l T I A L I Z E  PZRAACTERS 

FOR CURRENT T I S S L E  DEPTH h D  
S U M  FOR NUCLIDE 

I 

ENERGIES FOR CURRENT 
NUCLI  DE. 

f 

P R I N T  DIAGNOSTIC / 

. . 

Flow Diagram f o r  BELI 



PRINT INPUT 
_. . 

DATA CARD ..:. _.. 

[ I N I T I A L I Z ~  VARIABLES I 

.> . .  . ., 

CALCULATE DOSE RATE FACTORS 
AS X INTEGRAL Of Y -Z  FACTORS 
IUSES SUBROUllNE F l N n  

PRINT RESULTS 

-- 

PRINT "END 

Y 
F I G U R E  E-2. F low Diagram f o r  B I V A R  



[FO? EACH X PO! ITION 

\\ CAL:UGE AND,PRINT 1 , a  

\ EIQ VALUE ; + 
1 0  LOOP ON I< = :!UMGERlOF X POSITIONS + *--I 

INI;IALIZE VAMABLES + 
SCT GRID POSITIONS 

. I 
I N  Z DIRECTION I 

+ 
3 0  LOOP ON .IZ = NUMBER OF Z POSITION 

SCT GRID POSITIONS 
' 

l U Y  DIRECTION 

DCI LOCtP ON I Y  . NUMBEfi OF Y POSITION5 

< Do LOOP ON I: : NU 
. . 

CALCULATE DOSE KiRNAC 
FOR CURRENT POSITION ' .  
ANDIENERGY 

CALCULAiE Y LINE INTEGRAL 
(USES FINTI . 

+ i 

DO LOOP 014 IE = NUMBER OF ENERGY GROUPS 

FIGURE E-2. (continued) 



. . . . .  
SUBDOSA : 

INPUT 
FILE? 

READ NAMELIST f . 

EDIT INPUT, 
SET PARAMETEqS 

READ A D D I T I O N A L  INPUT. 
SEE INPUT FLOW D I A G R A M  
I N  A P P E N D I X  A f I 

INPUT 

GOOD 

I N I T I A L I Z E  
PARAMETERE 

DO LOOP ON I N  = NUMBER'OF RELEASE PERIODS + 
INITIALIZE 

PARAMETERS I 
+. 

ELIMINATE UNUSED CHAINS 
. , . FROM DECAY LOGIC 

I 
I 

DO LOOP ON I R  = NUh\BER OF DISTANCES 

DECAY INVENTORY FOR 
TRAVEL T I M E  TO CURRENT 
P O S I T I O N  (USES'CHAINT) 

1 

.CALCULATE TIME INTEGRAL OF 
. RELEASE.OVER CURRENT RELEASE 

PERIOD (USES CHAINTI  

FIGURE E-3. Flow Diagram f o r  SUBDOSA . . 



YES .:.. 
. . 

DO LOOP O h  I = NUAIEER OFNUCLIDES Ih CHAli ;  

I < DC LOOP CXv I E  * NUhlRER CaF ENERGI  G'XOU?S ;W-- + 
/ 

<, DO LOOP.Oh IDEFTH = NUMEL'R OF CAMhlA TISSUE DEPTHS 

CALCUL4TE AAD S U M  GAMA\n 

EkEHiY AND TISSUE DEPTH 
I 

/ I 

Con 

ENERGIES. AND TISSUE DEPTHS 
. FOR ACTlVATlOM PRODUCTS. 

ADD CDNTRIBUTION 10 DOSES 

( DO LOOP O h  I R  NUMBER OF DISTARCES ^ . 

LOGIC OF G9h lh lA  D O j E  CALCULATION 
ABOVE I S  REPEATED FOR THE BETA DOSE I 
EXCEPT NO LOOP ON ENERGY I S  NEEDLD 1: 



SUAI APPROPRIATE BETA 
A N b  GAMMA DOSES TO 

G l V E  S K I N  DOSE 

SUM APPROPRIATE BETA 
A h 0  GAMMA DOSE TO GlVE 

I EYE DOSE I I 

SUAl APPROPRIATE BETA 
A h D  GAhIMA DOSES TO GlVE 

1 GENE/C DOSE 1 
PERIODS TO GlVE TOTAL DOSES 

LCH IOQ 

LBETA BETA DOSE RATE FACTORS 
>O? (USED TO CALCULATE XlO) 

CALCULATE X I 0  FOR EACH 
RELEASE PER1 OD AND DISTANCE 

CALL REPORT TO 
PRINT RESULTS 

FIGURE E-3. (Continued) 



DISTRIBUTION 

). No. o f  No. o f  
Copies Copies 

OFFS ITE OFFSITE " 

t 
209 F. T. ' B i n f o r d  

. . Hol i f  i e l d  Nat lona l  Laboratory 
A. A. Churm . . 

P.O. Box. X 
ERDA Chicago Patent  Group Oak Ridge, TN 37830 
U.S. ERDA 
9800 So. Cass Avenue 
Argonne, I L  60439 

P. G. Vo i l l eque  
ERDA Heal t h  Serv ices Laboratory 

( Idaho Fa1 1 s )  
Idaho F a l l s ,  ID  83401 

R. E. Baker 
NRC O f f i c e  o f  Regu la t ion  
Nuclear Regulatory Commission 
Washington, DC 20555 

C.  C. Gamertsfelder 
NRC O f f i c e  o f  Regu la t ion  
Nuclear Regulatory Commission 
Washington, DC 20555 

E. H. Markee 
NRC O f f i c e  o f  Regu la t ion  

K. E. Cowser 
Hol i f  i e l d  Nat iona l  Laboratory 
P.O. Box X 
Oak Ridge., TN 37830 

2 B. F. Maskewitz 
Rad ia t ion  Sh ie ld ing  In fo rma t i on  
Center 
P.O. Box X 
Oak Ridge, TN 37830 

I .  Van der Hoven 
Chief ,  A i r  Resources Envi ron-  
mental Laboratory 
Nat iona l  ,Oceanic and Atmospheric 
Admin i s t ra t i on  
Room 16258 
8060 1 3 t h  St .  
S i l  ve r  Spring, MD 2091 0 

Nuclear ~ e ~ u l a t o r ~  Comni ss ion  196 ERDA Technical  I n fo rma t i on  
Washington, DC 20555 Center ' ' 

P. 0. Strom ONSITE 
FIRC O f f  i c e  o f  Requla' t ion . - 
Nuclear Regulatory Commission 1 ERDA Rich land Operat ions O f f i c e  
Washington, DC 20555 

B. J. Melton'  
R.. L. W a t e r f i e l d  
NRC O f f i c e  o f  Regu la t ion  1 ' A t l a n t i c  R i c h f i e l d  Hanford 
Nuclear Regulatory Comrni ss ion  Company 

G. E. Backman 

F. Swanberg 2 Hanford Engineer ing Development 
NRC O f f i c e  o f  Regu la t ion  Laboratory 
Nucl ear  Regulatory Commission 
Washington, DC 20555 B. W .  Bent ley  

- R. 0.' Budd 



No. of .  
Copies 

1 United Nuclear Industr ies  

C. D. Corbit 

1 Washington Publ i c  Power Supply 
Sys tem 

F. E .  Owen 

75 Battel lc-Northwest 

D. A .  Baker 
C. E. Elderkin 
J.  P. Corley 
J .  G .  Droppo 
T. W .  Horst 
J .  R. Houston (10) 
H.  V .  Larson 
L. C.  Schwendiman 
J .  K. Soldat 
D. L .  'Strenge ('40). 
E. C .  Watson . (10) 
Technical' I-nformation Fi les  ( 5 )  
Technical. Publ i ca t ions  ( 2 )  




