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DACRIN - A  COMPUTER PROGRAM FOR CALCULATING 

0RGAN.DOSE FROM ACUTE OR CHRONIC RADIONUCLIDE. 1NHALAT.ION , -  ' 

: : 

' J:.R:.'HOUS~O~,:'D. L. . ~ t r e n c j e ,  and E. .cI ~ a t s o r i .  ' - '  

. . .  . . .  . . .  . '  . . . .  . i ,.. ( .  . . . . . . 

. . . . . .  . . .  . . . . . . . . INTRODUCTION : , . , . . ,  ,,,. . . . ! .  . . . . 
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The 1  ung model, proposed" by ' the ' I C R P  Task Group on Luricj  dynamic.^, ( 1  3 2 )  

permi ts  a  more:.real. i  s t i c  ca l  t u l  a t i o n '  o f  r a d i a t i o n  dose . to . ' the '  human. r e s p i r a -  

t o r y  t r a c t ,  from' t he  i n h a l a t i o n  o f  r a d i o a c t i v e  'aerosol s  tha.n does- t h e  i n i t i a l  

ICRP 1  ung model . ( 3 )  As i s  t he  case w i t h  most models t he  more c l o s e l y  the  ; 

. . 
model., approaches . . . . .  rea1.i t y  . the  more . . .  complex , the ,mathematics desc r i b i ng  the 

. . . . .  

model become. , The present  case i s  no except ion.  Th is  increase 
.. * I :. , '  . . . .  . : . 

i n  complexity, has. remov.ed the c a l c u l a t i o n  o f  t he  dose t o  an o.rgan f o l l o w -  .;.. . . . .  :,. . . . 

i n g  inha:lati.o.n o f  a ,  . . r ad ionuc l i de  , . . ,  f rom the,, convenient  rea lm o f  t h e  s l i d e ,  . . .  : , ,  
. . L . ' .  

r u l e  . and , .  . . simp1 . ... e  . <  "desk t op "  ,cal . . &lator. Th i s  i s  p i r t i c u l a r . l y  . . t r u e  when . . c a l  . . - 
c u l a t i n g  the'  . . . .  r , i d i a t i o i  dose' t o  i n t e r n a l  o r g a n s  o t h e r  than t he  '1 ung. ' The . . .  

. . 

computer program . presented : h e r e  has been designed t o  q u i c k l y  a n d  e a s i l y  . ., ' 

compute the  .,. e f f e c t i v e d d s e  , t o  . t h e  resp i ra to r y  t r a c t  and o the r  organs and ' , 

t i s sues  o f  i n t e r e s t  ... f o l  . . . . .  l ow ing  ' e i t h e r  ' acu te  o r  ch ron ic  inha'l  a t ' ion o f  a  
: . . .  , . . . 

r a d i o k t i v e  aerosol .  A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  mathematical 'models 
. . .  . . 

use'd i n  t h e ' c o d e  i s  Presented i n  ~ ~ ~ e n d i x  A.  . . . . 
. . .  



The computer program, DACRIN, permi ts  r a p i d  and ' cons i s ten t  e s t i -  

mates o f  the  e f f e c t i v e  r a d i a t i o n  dose t o  the  human r e s p i r a t o r y  t r a c t  and 

o t h e r  organs r e s u l t i n g  from the i n h a l a t i o n  o f  r a d i o a c t i v e  aerosols. The 

program i s  an outgrowth o f  the  development o f  a  mathematical model f o r  

t he  organ dose ' f o l l o w i n g  the  bas ic  precepts o f  the  ICRP Task Group on Lung 

Dynamics and a  simple exponent ia l  model f o r  r e t e n t i o n  by an organ o f  i n t e r -  

' e s t .  As an ad junc t  t o  t he  organ dose model, mathematical models descr ib -  

i n g  atmospheric d i spe rs ioh  have been inc luded f o r  the purpose o f  eva lua t i ng  

doses r e s u l t i n g  from e i the- r  acc identa l  o r  chron ic  atmospheric re leases o f  . 

rad ionuc l ides .  
. .. . . 

The program w i l l  c a l c u l a t e  the  e f fec t i ' ve  r a d i a t i o n  dose . to  a n y Z o f  
. . 

18 organs and t i ssues  from i n h a l a t i o n  o f  any one or"combi'nation ' o f  rad io - .  

nucl  ides  considered by the  ICRP. A maximum o f  10 organs may be se lec ted  

f o r  any one case ( r u n ) .  I n  add i t i on ,  up t o  f i v e  m u l t i p l e  i n take  i n t e r -  

v a l s  and 10 t ime in te r ' va l s  measured from the  l a s t  in take,  may be se lec ted  

f o r  each case. Organ doses from i n h a l a t i o n  can be ca l cu la ted  by spec i f y -  

i n g  e i t h e r  ' the q u a n t i t y  o f  a  rad ionuc l i de  inha led  o r  t he  q u a n t i t y  re leased 

t o  t h e  atmosphere. I n  t he  l a t t e r  case,. the  du ra t i on  o f  release, the  re lease 

he igh t ,  wind speed, atmospheric d i spe rs ion  parameters arid downwind d i s tance  

a t  which the  dose i s  t o  be ca l cu la ted  must a l so  be specif:ied. As many as 

10 d is tances  may be s p e c i f i e d  f o r  each case. 

I n p u t  t o  the  code, i n  i t s  s imp les t  form, cons i s t s  o f  a  few program 

c o n t r o l  var iab les ,  t h e  d u r a t i o n  o f  i n h a l a t i o n  exposure, v e n t i l a t i o n  r a t e ,  

t he  t ime i n t e r v a l  w i t h i n  which t h e  dose i s  del  ivered,  the organs o f  i n t e r -  

es t ,  t he  q u a n t i t y  o f  the  rad jonuc l  i d e  inhaled,  i t s  s o l u b i l  i t y  c l a s s  and i t s  

p a r t i c l e  s ize.  I n p u t  t o  t he  code i n  i t s  most complex form, r e s u l t s  from 

invok ing  an atmospheric d i spe rs ion  111ode1. I t  i s  then necessary t o  i n p u t  

a  number o f  a d d i t i o n a l  parameters, t h e  exac t  number being determined by 

t h e  p a r t i c u l a r  atmospheric d i spe rs ion  model se lected f o r  ana lys is .  Data 

l i b r a r i e s  accessed by the  code prov ide  most o f  t he  basic  data requ i red  t o  

complete the  c a l c u l a t i o n s .  



Output o f  t he  code cons i s t s  o f  the  e f f e c t i v e  ra.dia. t ion dose t o ,  the+_ 

se l  ected organs a t  se l  ected t ime i n t e r v a l  s ,  f o r  each rad ionuc l  i d e  i n h a l  ed 
.. . ." ,. 

as i n d i c a t e d  by t he  i n p u t .  . . . 
, . .  

Model s  and Methods 

The model .of the  r e s p i r a t o r y  t r a c t  adopted by the  Task Group on Lung 
. .  . 

Dynamics forms the  general bas i  b f o r  t h e  mathematical model s  devel oped t o :  

c a l c u l a t e  the..dose f rom the  i n h a l a t i o n  o f  rad ionuc l ides .  . . . .  , I n  , t h i s  model, 

t he  r e s p i r a t o r y  t r a c t  i s  d i y i d e d  i n t o  t h ree  reg ions ,  t h e  nasopharyngeal , ' 

(NP] , the  t racheobronchia l  (TB), and t h e  p l  umonary (P) .  The schematic 

represen ta t ion  o f  t h e  r e s p i r a t o r y  t r a c t  used i n  t he  d*evelopment o f  the  . 

mathematical model f o r  t he  d e p o s i t i o n  and c learance o f  i nha led  r a d i o -  

nuc l i des  i s  shown i n  F igure  1. Depos i t ion  i s  assumed t o  va ry  w i t h  t h e  

aerodynamic p r o p e r t i e s  o f  t he  aerosol  d i s t r i b u t i o n  and i s  descr ibed by 

t he  t h ree  parameters D3, D4, and D5. These parameters represent  t he  f r a c -  

t i o n  of  t h e  i nha led  m a t e r i a l ,  QI, i n i t i a l l y  deposi ted i n  t he  NP, TB, and P 

regions, r espec t i ve l y .  Each o f  t he  t h r e e  reg ions  o f  depos i t i on  a r e  f u r -  

t h e r  subdiv ided i n t o  two o r  more subcompartments. Each subcompartment 

represents  t h e  f r a c t i o n  o f  m a t e r i a l  i n i t i a l l y  i n  a  compartment t h a t  i s  

sub jec t  t o  a  p a r t i c u l a r  c learance process. Th i s  f r a c t i o n  i s  represented 

by fk, where k  i n d i c a t e s  t h e  c learance pathway. The q u a n t i t y  o f  m a t e r i a l  

i n  t he  TB reg ion ,  f o r  example, c l ea red  by process ( c )  i s  then represented 

by t h e  product  fCD4QI Values o f  t he  ( f k )  and t he  c learance h a l f  t imes 

Tk f o r  each c learance process f o r  t h e  t h r e e  s o l u b i l i t y  c lasses  b f  aeroso ls  

used i n  t he  code a r e  those suggested by t h e  ICRP,(*) see Appendix A, Table 

A-5. Values o f  the  depos i t i on  f r a c t i o n s  D3. D4, and D5 as  f u n c t i o n  b f  

a c t i v i t y  median aerodynamic diameter i n  the  form o f  a  graph have been 

pub1 ished. ) Routines t o  generate these values d i r e c t l y  f rom the  AMAD 

have been inc ludeb  i n  t he  code and y i e l d  e s s e n t i a l l y  the  same values as 

those presented by the  Task Group f o r  t he  range o f  p a r t i c l e  s i z e  d i s t r i -  

bu t ionc  considered by t h a t  group. 

The r e s p i r a t o r y  t r a c t  'model was incorpora ted  by %.VOI 1 lequ& i n t o  a 
. .  . .  

s imple metabo l i c  model f o r  a c u t e  i n h a l a t i o n  expqsl res.  (4)  The mobel was . . 

P programmed i n t o  a  computer code c a l l e d  AERIN. : I n  t h i s  model, t r a n s p o r t  

of a  r a d i o n u c l i d e  from the  r e s p i r a t o r y  t r a c t  lymphat ic  system and G I  t r a c t  . , 



.. . 
. , , '  . 8 

FIGURE 1.. ' Schematic Diagram o f  t h e  Task Group Lung Model 
-,. -- < .  . 



t o  o the r  organs and t i s sues  where s i g n i f i c a n t  accumulat ions o f  the  i nha led  

rad ionuc l i des  occur, i s  assumed t o  take  p l ace  v i a  the  blood. Th is  t r ans -  

l o c a t i o n  from the r e s p i r a t o r y  t r a c t  and l ymphat i c  system t o  t he  b lood has 

been descr ibed  i n  some d e t a i l  by t he '  Task Group. O f  t h e  m a t e r i a l  c l e a r i n g  

from t h e  r e s p i r a t o r y  t r a c t  through t h e  G I  t r a c t ,  a  constant  f r a c t i o n ,  fl 
t h  i s  .assumed t o  be ' taken up by t he  b l o o d ;   hat moving t o  the  n organ o r  

t i s s u e  i s  assumed t o  be a constant  f r a c t i o n ,  fpn o f  t h e  amount e n t e r i n g  t he  
t h  .. b lood stream a t  any t ime t. .Once i n  t he  n organ, t h e  a c t i v i t y  i s  assumed 

t o  c l e a r  t he  organ (and t h e  body) a t  a  constant  r a t e ,  A .  ' ~ o i l l e ~ u ~ ' ~ i  pro-  
. . 

grim, AERIN'~), ca lcu l 'a tes t h e  quan t i t y  o f  a  r ad ionuc l  i d e  present  i n  and 

the dose 'received..by. organs o f  . i n t e r e s t  a s  a f u n c t i o n  o f - ,  t ime  fol lowi 'ng 
. , . "  

acute exposures .' 
. . .. . 

The present  code extends p rev ious  codes based on t h e  Task .Group .Lung 

Model t o  i n c l u d e  c a l c u l a t i n g  organ doses r e s u l t i n g  from chron ic  i n h a l a t i o n  

exposure. A schematic p resen ta t i on  o f  t he  DACRIN metabol ic  m o d e 1 . i ~  shown 

i n  F igure  2. A mod i i  f o r  the  dose t o  t he  G I  t r a c t  f rom rad ionuc l i des  

mov!ing through i t  ' is  n o t  inc luded  i n  t he  p resen t  ve rs i on  o f  the  code, 

a1 t'hough,some have, been. made i n  t he  code f o r  the.eventua1 addi -  
I .  

t i o n  oY a G I  t r a c t  dose model. '. . . . . 

The, c o n t r i b u t - i o n ' t o .  t h e  pulmonary l u n g  dose from daughter nuc l i des  

formed the re  i s  computed i n d i r e c t l y  by u t i l . i z i n g  weighted values o f  t h e  

e f f e c t i v e  energy emi t ted  by the  daughter nuc l  ides i n  t h e  chain.  Weighted 

values were c a l C u l i t e d  -for each o f  the  decay chains t a b u l a t e d  by t he  

ICRP'~'~) f o r  res idence h a l f  t imes o f  1  day, 50 days and 500 days." ~ h e s e  

values were inc luded  i n  the  organ data l i b r a r y .  
. . .  . . . , . . . ,  ' 

Normal i z e d  a i r  concen t ra t ions  a t  des i r ed  d is tances  as c a l c u l a t e d  by any . . .  

atmospheric d i spe rs i on  model can be used as i n p u t  t o  DACRIN. The b i v a r i a t e ,  
no'kmil d i s t r i b u t i o n  model , however, was i n c o r p o f t e d  i n  t he  code betause o f  

i t s  wide use and acceptance. A s . p a r t  o f  t he  i n p u t  t o  t he  b i v a r i a t e  model', 

the  s tandard d e v i a t i o n  o f  the c loud  concent ra t ion  i n  t h e  crosswind 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  i s  needed. Of  t he  several  .methods i n  comnon use 

f o r  es t ima t i ng  these standard dev ia t i ons ,  t h r e e  have been se lec ted  and 
programmed, i .e. , Su t ton ' s  parameters, t h e   anf ford equations, and values . ' 
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. . DESCRIPTION.OF MATHEMATICAL MODELS 

Th is  ;ppendix desc r i bes~ha thema t i ca l  models used t o  c a l c u l a t e  i n h a l a t i o n  

exposures and i n t e r n a l  doses from the  atmospheric re lease  o f .  rad ionuc l  ides.  

. . .  Atmospheric D ispers ion  Model s  
. .  . . ... 

The atmospheric d i spe rs i on  of i ad ion ' i c l  i des  i s  f r equen t l y  desk r i  bed 

mathematical l y  by a  b i v a r i a t e  normal d i s t r i b u t i o n  model . The standard dev i  a- 
, " ,  

t i o n s  o f  the  c loud  concent ra t ion  i n  the  crosswind 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  can be est imated f rom any o f  the  severa l  methods i n  common use; i . e . ,  

Su t t on ' s  parameters, Hanford equat ions, o r  Pasqu i l l  s  curves. Using t h i s  *',.: 

model , the  a i r  "concen t ra t ion '  a t  ground l eve1 i s  g iven,  by: 
. . . , . . 

I . . 

2 -  -qT exp (-y2/2 o2 - h2/2 o z )  X = . o o u  
* Y Z h  Y  ( 1 )  

where: . - .  . . . .  . . . . 

x ground l e v e l  a i r  concen t ra t ion  a t  t he  coord inates x  and y, 

C i /m 3 

x  downwind d is tance  measured from p o i n t  of  release, meters 

. y . crosswind d is tance  measured h o r i z o n t a l l y  f rom c e n t e r l i n e  

of c loud, meters 
t 

Q apparent, r a t e  o f  re1 eas.e. .a t  recep to r ,  Ci /sec ( a )  

o  * crosswind l a t e r a l  standard d e v i a t i o n  o f  c loud  concen- 
Y .  

t r a t i o n ,  m 

o  crosswind v e r t i c a  I '  standard d e v i a t i u r ~  O F  c loud  coneen- 
Z 

t r a t i o n ,  m c .  - 
uh . average wind speed a t  t he  he igh t  o f  re lease  i n  d i r e c t i o n  

of t r a v e l ,  m/sec 
. . . . ,. . . 

h he igh t  o f  re lease,  m 

( a )  apparent r a t e  of r e l ease  a t  recep to r  i s  t h e  r a t e  of re lease  a t  t h e  
source co r rec ted  f o r  r a d i o a c t i v e  decay du r i ng  t ime o f  t r anspo r t  t o  
recep to r  
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Accidental Release 

The time-integrated a i r  concentration i s  convenient t o  use when calculat-  
ing doses resu.1 t i  ng from accidental. re.) eases,  of -short duration:: A1 so, . . 

use of the cloud. center1 ine a.ir -concent:ration. resul t s  in a,. maximum e s t i -  . . . . , . 

mate of t h i s  quantity thereby maximizing the resul tant  dose.. The . . center- 
... . . . .  

. l i n e  time-integrated a i r  concentration i s  given by: 
. . .  . . 

. . ,. 3 .  . . . . . .  . :  Q 
. . . '  . , . 

. : .E,= ' 2  2 
. . noc a i .. exp (-h../2o,) . . . 

y z h '  
9 .  . . . . .  

. . .  where: . - Lv . . . . . , . . . .  : .  

Eo time-integrated ,a i . r  concentration a t  ground. 1 evel. , .  . , 

beneath the center l ine of the cloud, Ci.sec/m 3 

.Q : total  re1 ease from source, curies .  . . , . 

The crosswind standard deviations, o and o,, for  s table  atmospheric. 
Y . , 

conditions a re  calculated by the Hanford model ( 1  ,2) as follows: . . , . 

. . . . . . <  . . 

where: T transport  time from point of release to  point o f  

:. ' i n t e re s t ,  sec . . .  

and: A = c + d ( o g E )  
. . . . 

a ,  b, c ,  d ,  k and (oRu) a re  parameters describinq the atmospheric 

condition. Tab1 e A-1 summarizes suggested parameter val ues 

fo r  use in DACRIN.,. . . . .  . . . . .  
. . . -  , . . . .  .,. . - .  '" . 



TABLE A-1. Values o f  Meteoro log ica l  Parameters 
f o r  t he  Hanford Model 

Moderately S tab le  Very S tab le  
Parameter Condi t ions Cond i t ions  

ASSUMED DURATION 
OF RELEASE, MIN. 

AVERAGE WIND SPEED, m/sec 
1 ' 2.5 5 10 



Crosswind standard dev ia t i ons  c a l c u l a t e d  f o r  uns tab le  and.neutra1 con- 

d i t i o n s  w i t h  Su t ton ' s  parameters are :  

where : 
. . .  

11 9 d L~~ru>pl~cr: i c 5 l;ab I1  ,I ty I ndcx 
. v i r t u a l .  d i f f u s i o n  parameter : in. t h e  h o r i z o n t a l  cross-  

wind d i r e c t i o n  
' 

Cz v i r t u a l  d i f f u s i o n  parameter i n  t h e  v e r t i c a l  crosswind 
^ I I .  , . 

d j r e c t i o n .  
< .  .', . - 

~ e p r e s e n t a t i v e ' v a - l u e s  o f  the  parameters n ,  C and C, are. . tabuldted . . . .  i r i  ' 
. ,  . y  . . . . . .  (1 . . 

. .  % .  . . 
~ a m G ' ~ f 2 .  . . 

. . . . .  . . ! 

Numerical v a l u e s o f  o and oz . i n  use a t  Hanford representa t ive  of 
Y  

Pasqui 113'::s' curves and -'i ncorporated ' i 'n t he  code are . * ' l  i 's  ted  i n  Tab1 es : A-3 

and A-4'.".. . . . . . . . 

~ n h a l a t i o n  Dose Model 

The mathematical model f o r  c a l c u l a t i n g  the  dose t o  an organ o f  i n t e r e s t  

v i a  i n h a l a t i o n  us ing  the  I C R P  Task Group Lung Model, TGLM ( 3 y 4 )  i s  cons iderab ly  

more complex than t h a t  u t i l i z e d  by the  l ung  model i n i t i a l l y  proposed by t h e  

I C R P .  I n  t he  TGLM, the  r e s p i r a t o r y  t r a c t  i s  d i v i d e d  i n t o  th ree  regions,  t he  

nasopharyngeal (NP), t h e  t racheobronchia l  (TB), and the  pulmonary (P). The 

schematic rep resen ta t i on  of t he  r e s p i r a t o r y  t r a c t  used i n  the  development o f  

t he  mathematical model f o r  the  d e p ~ s i t i o n  and clearance o f  inha led  r a d i o -  

nuc l i des  i s  shown i n  F igure  1  o f  t he  t e x t .  Depos i t ion  i s  assumed t o  vary  

w i t h  the  aerodynamic p r o p e r t i e s  o f  the  aerosol  d i s t r i b u t i o n  and i s  descr ibed 

by t h e  th ree  parameters D3, D4, and D5. These parameters represent  t he  f r a c -  

t i o n  o f  the  inha led  m a t e r i a l ,  QI i n i t i a l l y  deposi ted i n ' t h e  NP, TB and P 

regions,, r e s p e c t i v e l y .  Each of the  th ree  regions of. depos i t i on  a r e  f u r t h e r  

subdiv ided i n t o  two o r  more subcornpartments, each represent ing  the  f r a c t i o n  



TABLE A-2. Numerical Values o f  Atmospheric ? i .spers ion Parameters . 

f o r  Neut ra l  and Unstable Atmospheres 

Parameter Re1 ease Level  Wind Speed Unstabl  e Neut ra l  

C; Ground 1 m/s 0; 35 0.21 

5 m/s 0.30 0.15 

10  .m/s .O. 28 0.14 

E l  eva t e d  1 m/s 

5 m/s 

10  m/s 

Ground 1 m/s 

5 m/s 

1 0  m/s 

E leva ted  1 m/s 

5 m/s 

10  m/s .. 

- - 



TABLE A-3. Values o f  ay f o r  P a s q u i l l  S t a b i l i t y  Categor ies 

. . . . . . . .  . . I .  , ....... . . !  . ;  . 5.. f . - p , . l .  . ;e' , . 
DISTANCE . . . .  

METERS A - B Y C  - D E F 

: : .loo:. . . . .  

'.'' 1 50 

.. r250 

'> .350 

' 5.00 
!,' 7,013 

i i ooo 
1,500 

23,500 

3,500 

5,000 
. . 
7,000 

10; 000 

1 5..; 060 



. . 

. .  . 

TABLE A-4 .  Values o f  o, f o r  Pasquill  S t a b i l i t y  ca tegor ies  . . 

' DISTANCE . o, f o r  Pasquill  Type 
Y . . METERS A B . C - . .  D - E . -. F,  

100 . 1'5 , 10 . 7 .8  4 .7  3 . 0 , .  1 .4  
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o f  m a t e r i a l  i n i t i a l l y  i n  a  compartment t h a t  i s  sub jec t  t o  a  c e r t a i n  c l e a r -  

ance process.  T h i s  . . .  . f r a c t i o n  , .  i s  I .  represen ted  by f j ,  where J  i n d i c a t e s  t h e  
. . . '  ..; ..... ' .  

c l ea rance  pathway. The q h n t i t y o f  m i t e r i a l  in the"^^ r e g i o n ,  fd r  example, 

c l e a r e d  by process ( c )  i s  t hen  represen ted  by t h e  p roduc t  fcD4QI. Values ' 

,of t h e  ( f  j ) ,and t h e  cl,eari in,ce h a i f  t i m e s ,  T j  f o r  each c learance  p r o c e s s  f o r  _ _- / - .  
. . 

t h e  th;ee t r a n s l o c a t i o n - c f a s s e s  , ;. o f  ae roso l s ' used  i n  th8computer :  &de a r e  

shown i n  Tab le  A-5.  ( 4 )  V a l u e s  o f  t h e  d e p o s i t i o n  f r a c t i o n s  D3;l14, and D5 
' . .  

as f u n c t i o n  o f  ' i c t i v i  t y  'median aerodynamic d iameter  :i.n t h e  f o rm  o f  a  graph 
( 3 )  .' 

have be$ pub1 i shed .  -. . 

The, r e s p i r a t o r y  t r a c t  .model h3.s been ' i n ~ s r p o r a e e d .  . . i n t o  the simple 

(5,) ~ r a n s ~ o r t  o f  t h e  r a d i o n u c l  i des  f r om t h e  & s p i r a t o r y  me tabo l i c  ,model. 

t r a c t ,  " lymphatic systems, and G I  t r?ct  t o  o t h e r  orgarls  a r ~ d  t i s s u e s  .. ., wl~rr~e . 

s i g n i  fica:r$ accumulat ions o f  the  i n h a l e d  rad ionuc l  i d e  . .. occur,  i s  assumed 

t o  t ake  p l a c e  via, .the b lood.  T h i s  t r a n s l o c a t i o n  from. t he  r e s p i r a t o r y  

t r a c t  and::lyn~phatj.c system t o  t he  b lood  has. ..been descr ibed  i n  cons iderab le  

d e t a i l  .(!) O f  t@e mater ia l ,  c l e a r i n g , * f r o m  t h e  r e s $ i r q 5 p r y  t r a c t  . . . .  th rough 

t h e  G I  t r a c t ,  a   ons st ant f r a c t i o n  is,assume.d.:to be takenoup by the .  . . b lood. 

Uptake by t h e  nth organ o r  t i s s u e  i sassumed  t o  be a  cons tan t  f r a c t i o n  
t h  o f  the  amount e n t e r i n g  t h e $ b l o o d  stream a t  any t ime.  + Once. i n  t he  n  

organ, t h e  a c t i v i t y  i s  assumed t o  c l e a r  t h e  organ and t he  body a t  a  

cons tan t  . r a te .  . . -, , 

N o t a t i o n  f o r  t h e ' e q u a t i o n s  , .  found i n  ' t h i s  s e c t i o n  i s  As f o l l o w s :  
. ' 

. . .  . . -. , 
. . 

D (T ) . i s  the,dose eq ,u iva len t  i n  rem rece i ved  by t h e  n t h  o r g a n . o r  I n  1  
t i s s u e  by t i m e  TI d u r i n g  con t inuous  i n h a l a t i o n  o f  a  r a d l o -  

a c t i v e  ae roso l .  . ' 

i s  t h e  dose equ i va len t .  i n  rem r e c e i v e d  by t h e  n t h  organ o r  

t i s s u e  by t i m e  T2 f o l l o w i n g  t h e  t e r m i n a t i o n  o f  cont inuous 

i n h a l a t i o n  o f  a  r a d i o a c t i v e  aeroso!. 

Q I ~ ( ~ I  i s  t h e  q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l  i n  pCi p resen t  i n  

t he  n t h  organ o r  t i s s u e  as a f u n c t i o n  o f  t i m e  d u r i n g  con- 

t i n u o u s  i n h a l a t i o n  o f  a  r a d i o a c t i v e  aeroso l .  



' TABLE A-5. Values o f  the  Clearance Parameters 
: .  , . . .  f o r .  the  Task Group Lung Model., . . . 

COMPARTMENT 
TRANSLOCATION. CLASS . 

D W .  Y 

. . - 
( a )  Metabol ic  pathways from, lung. 

( b )  Removal h a l f  t ime  in 'days f r om compartment v i a  pathway j .  

( c )  ~ r a c t i o n  removed f r o m  compartment v i a  pathway j . 

QZn(T2) . i s  t h e  q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l  i n  uCi p resen t  i n  

t he  n t h  organ o r  t i s s u e  f o l l o w i n g  t h e  t e r m i n a t i o n  o f  con- 

t inuous  i n h a l a t i o n  o f  a  r a d i o a c t i v e  aeroso l .  

En 
* -  i s  t h e  e f f e c t i w a b s o r b e d  energy pe r  d i s i n t e g r a t i o n  i n  

f o r  t h e  n t h  organ o r  t i s sue .  ziGGa 
'n i s  t h e  mass i n  grams b f  t h e  n t h  organ or t i s s u e  ove r  which 

t h e  dose i s  t o  be averaged. 
. . 

0 i s  t he :  b i o l o g i c a l '  removal r a t e  cons tan t  f o r  t h e  j t h  sub- 

compartment oa f  t h e  r e s p i r a t o r y  t r a c t ,  sec-' . 
- 1 

X ' i s  t he  r a d i o l o g i c a l  decay co.nstant o f  t h e  n u c l i d e  o f  i n t e r e s t ,  sec . 
,' 
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. . 

A 2 • i s  t h e  t o t a l  removal r a t e  cons tan t  f o r  t h e  ' k t h  subcompartment 
' J - 1  b .  o f  t h e  r e s p i r a t o r y  t r a c t ,  sec . Note: A .  = A .  + A.  

J J 

A: , i s  t h e  b i o l o g i c a l  removal r a t e  cons tan t  f o r  t h e  n t h  organ o r  
. . , . 

t i s s u e ,  sec-' . -. .. . 

An ... • i s  t h e  t o t a l  e f f e c t i v e  removal r a t e  cons tan t  f o r  t h e  n t h  
-1 . b  o rgan  o r  t i s s u e ,  sec . Note: An = An + A .  

s r . . 
I 

2 
.' i s  t h e  f r a c t i o n  o f  m a t e r i a l  i n . t h e  b l o o d ' t h a t  reaches t h e  

. .  .organ o r  t i s s u e  o f  i n t e r e s t .  

1  
'.. i s  t h e  f r a c t i o n  o f . m a t e r i a 1  i n  t he  G . I .  t r a c t  t h a t  reaches 
. . 
? .  .. t he  b l  ood . 

Po 
. i s t h e r a t e a t w h i c h t h e r a d i o a c t i v e a e r o s o l  i s i n h a l e d  

. , ' i n  uCi /sec.  

. f j  . i s  t h e  f r a c t i o n  o f  t h e  m a t e r i a l  i n  a  d e p o s i t i o n  reg ion ,  

. NP.9 e t c . ,  t h a t  c l e a r s  by t he  j t h  pathway. 

k . i s  t h e  f r a c t i o n  o f  t he  i n h a l e d  m a t e r i a l  depos i ted  i n  t h e  

k t h  compartment of  t h e  r e s p i r a t o r y  t r a c t .  

k  = 3 f o r  t h e  nasopharynx (NP) compartment. 

k = 4 f o r  t h e  t racheobronch ia l  (TB)  comPartrnent. 

k  = 5  f o r  t h e  ~ u l r n o n a r v  ( P )  and l v m ~ h  (LM) compartments 

1  . i s  t h e  t o t a l  uptake t ime, sec. 
. . 

T2 i s  t he  t ime  i n t e r i a l  f o i l  owing terrnir-iation of up,taka, rru .  
, 

, . 

Devel op i  ng t he  equat ions  t o  . desc r i be  t h e  1  ung c l  earance model was . . 

d i v i d e d  i n t o  t w o  p o r t s .  ' The f i r s ' t  p a r t  i s  co l~cer l ied  w i  t l ~  descr: ib ing 

the  organ burdens and t he  organ doses i n  t h e  t ime  i n t e r v a l  d u r i n g  which' 

t h e  i n h a l a t i o n  o f .  radionuc.1 i des  . i s  t a k i n g  p lace .  The second part,.  . 

r e q u i r i n g  a d i f f e r e n t  s e t  o f . e q u a t i o n s ,  descr ibes  t h e  organ burdens and 

., . t h e  ,organ doses f o r  t h e  con t iguous  t ime  i n t e r v a l  f o l l o w i n g  t h e  cessa t i on  . 

o f  r ad ionuc l  i d e  i n t a k e .  
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~ i r i n ~  uptake, ' t he  equat ions f o r  computing t he  q u a n t i t y  . . o f  rad io - .  . . 

n u c l i a e  i n  t he  e i g h t  subcompartments ( j )  of t h e  t h r e e  compartments ( 'k) 

of  t h e  r e s p i r a t o r y  t r a c t  have t h e  form:  

The equat ions f o r  the  .removable. q u a n t i t y  i n  t he  pulmonary lymph nodes.are 

compl icated by t he  f a c t  t h a t  bo th  equal and unequal r a t e s  f o r  t r a n s f e r  

paths i n t o  arid o u t  o f  t h e  system are  invo lved .  Th i s  i s  due t o  t h e  depen- 

dence o f  t r a n s f e r  r a t e  upon t h e  s o l u b i l  i t y  c l a s s  o f  . the.  r ad ionuc l  i de .  

Thus, two equat ions a re  needed t o  compute the  q u a n t i t y  i n  t he  lymph 

compartment. 

For t he  case A f X ;, i..e. , Class ,Y so l  u b i  1  i t y  i n  t h e  c u r r e n t  vers,ion 
h  1 

o f  the  model : L 

. . . .  .. . 

and f o r  t h e  case Ah=hi, i . e . ,  C lass D and W i n  t h e  c u r r e n t  ve r s i on  o f  t he  
.. , model : 

Wi th  t h e  i r e c e d i n g  equa t ions ,  t h e  equat ions desc r i  bin'g t h e  q u a n t i t y  o f  
t h  rad ionuc l  i d e  i n  t he  n  organ a s  a  f u n c t i o n  o f  t ime  d u r i n g  uptake can ' ' 

. 

be de r i ved  by: . --- - 

. . where:, . . . . 

L i s  t he  c o n t r i b u t i o n  t o  t he  organ burden from m a t e r i a l  pass ing 

through t h e  l ymphat i c  system, 

and: 
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The l ymph  pathway c o n t r i b u t i o n s  t o  the. nth organ burden f o r  t h e ,  two 

s i t u a t i o n s  a r e  c a l c u l a t e d  as f o l l o w s :  

. . 
f o r  Ahfhi 

f o r  Ah=Ai (g,) .;:" 

h\h\f i f  
where: C h  = 

The c a l c u l a t i o n  o f  t he  dose equ i va len t s  t o  organs burdened by t h e  

rad ionuc1, ide a r e  based on t h e  f o l l o w i n g :  1 
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where t h e  cons tan t  i s  a combinat ion of  t h e  convers ion  f a c t o r s :  

. . The dose t o  t h e  pulmonary l ung  a t  t h e  end o f  i n h a l a t i o n  i n t a k e  o f  a r a d i o -  

n u c l  i de i s  determined by : 

where: M i s  t h e  mass o f  . t h e  l u n g  i n  grams 
P  

For  t h e  nth organ o r  t i s s u e ,  t h e  dose i s  computed by: 

Reissued October 1975 



. r. . .._ ...  . . o r :  - .  . ,  . . . . . .  . . 
9  " 

. . , 8 .'I 

. . 'n . . ,  , . .  . . \. . .. : 
, ... . ' /. . . . :  

where : - A  T 1  n 1  A = n  'n 

and C .  and C h  a r e  as p rev ious l y  def ined.  
J l .  

, Now f o r  t h e  t ime f o l l o w i n g  cessat ibn o f  rad ionuc l i de  i n h a l a t i o n ,  t he  

equat ions used t o  c a l c u l a t e  the  r e s p i r a t o r y  t r a c t  burden become: 

where: Q . (T  ) i s  t h e  r e s p i r a t o r y  t r a c t  subcompartment burden a t  a  t ime 
25 2 

T p  f o l l ow ing  t h e  te rm ina t i on  o f  i n h a l a t i o n  uptake. 

Reissued October, 1975 



Qlj(T1) i s  t h e  r e s p i r a t o r y  t r a c t  subcompartment burden a t  the  end of 

i n h a l a t i o n  uptake f o r  a t ime TI. 

The burden i n  t he  nth organ a t  t ime  TB can be descr ibed  by: - 

o r  by: 

where : 

Reissued October, 1975 A. 15 



' b '  b '  : "" 

C; = f i ~ h ~ i ~ l h ( ~ l )  

The pulmonary l ung  dose from i n h a l a t i o n  o f  a  rad ionuc l i de  f o r  a  t ime 

T  fo l l owed  by no a d d i t i o n a l  r a d i o a c t i v e  i n t a k e  f o r  a  t ime T2 i s  determined 
1 

- A  .T l - e  j 2  where: B . = 
J A 4 

J 
and DID(T1) and A j  a r e  the  same as p rev ious l y  de f ined by Equation (11 ) .  

. .  . . . 

The e f f e c t i v e  d o s e  t o  t h e  nth organ as a  r e s u l t  o f  i n h a l a t i o n  l p t a k e  f b r  
.. . a  t ime  T1 fo l l owed  by no a d d i t i o n a l  r a d i a a c t i v e  i n t a k e ,  f o r  a  t ime Tp i s  de te r -  

., . .  
mined by : .. . a 

Dn = Dln(T1) + 5.92 x - (Bi - B,) 
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a l so ,  f o r  Ah * Ai: 

Dln(Tl) i s  determined by Equat ion  (121, 

Ql n(T1 ) i s  determined by Equat ions (8,9a) 
. $ .  . . 

. . .  

and f o r  = . , . . . . I 

- .  - .  

Dln(T1 ) i s  de te rmined  . - b y .  Equat ion  (13 ) .  . , . . .  . . .. . . .  : 

. . 
Qln(T1 ) i s  determined by Equat ions  (8,9b) ... . 

. . ... , 

' '  Cb ': G = 
: .. (Ai - A")  

P r o v i s i o n  i s  made i n  t he  code t o  c a l c u l a t e  t he  dose equ i va len t  t o  

t he  pulmonary 1 ung as, a - r e s u i t  o f  p r imary  depos i t ion ,  i .e., t h a t  o c c u r r i n g  

d i r e c t l y  on t he  l u n g  sur faces d u r i n g  i n h a l a t i o n  and a l s o  f o r  secondary 

depos i t ion ,  i .e . ,  t h a t  occu r r i ng  as a r e s u l t  p f  s o l u b i l i z a t i o n  and redepo- 

s i  t i o n  i n  t he  1 ung t i s s u e  i t s e l f ,  i n  t h i s  ' respec t  t h e  pulmonary l u n g  i s  

t r e a t e d  as any o t h e r  organ. 

Weighted values o f  the  e f f e c t i v e  energy o f  daughter rad ionuc l ides ,  

ci were c a l c u l a t e d  us ing  t he  I C R P  equations (6) f o r  t h r e e  b i o l o g i c a l  c l c a r .  

ance h a l f  t imes of 1 day, 50 days and 500 days. The e f f e c t i v e  energy o f  

the  ith daughter i s  determined by: 

Reissued October,  1975 



where: 

P# n  
and : 

. . 

i t h e  r a t i o  of  t h e  number of d i s i n t e g r a t i o n s  o f  daughter 
atoms t o  t h e  number of  d i s i n t e g r a t i o n s  of p a r e n t  atoms 

.' . 

i n  t h e  l u n g  over  a  t ime  t. 

A, t h e  e f f e c t i v e  decay cons tan t  o f  t h e  paren t ,  t h 6  s u b s c r i p t ,  
zero,  r e f e r s  t o  t h e  pa ren t .  

A i t h e  e f f e c t i v e  decay cons tan t  o f  t h e  ith daughter i n  t h e  lung .  

Ti t h e  e f f e c t i v e  h a l f  l i f e  o f  t h e  ith daughter  i n  t h e  lung .  
. . 

T; . 
t h e  r a d i o a c t i v e  h a l f  1  i f e  o f  t h e  i t h  daughter .  

t t h e  t i m e  o f  i n t e r e s t  over  which t h e  dose i s  t o  be. c a l c u l a t e d .  

E t h e  t o t a l  energy absorbed. i n  t h e  organ pe r  d i s i n t e g r a t i o n  o f  
t h e  r a d i o n u c l i d e .  

RBE . . t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  o f  t h e  r a d i a t i o n .  

n  t h e  r e l a t i v e  damage f a c t o r  f o r  r a d i o n u c l i d e s  depos i t ed  
i n  t h e  bone. 

,.. ' 

. . 
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COMPUTER CODE 

The model s  descr ibed i n  Appendix A  have been incorpora ted  i n t o  a  com- 

---::pu'ter c o d e  programmed . f o r  t he  CDC CY BER 74 Computer.. . , 

. 
MA I N  . . 

MAIN i s  t he  main program and c a l l s  t h e  o t h e r  r o u t i n e s  as needed t o  

perform the  c a l c u l a t i o n s  requested by t he  user .  The da ta  l i b r a r y  r ead ing  

subrout ines a r e  c a l l e d  by . t he .  main program and a l l  o t he r  i n p u t  da ta  i s  read 

i n  t h i s  program. I n p u t  da ta  t h a t  i s  r equ i red  i s  exp la ined i n  d e t a i l . i n  

Appendix F. I f  the  c a l c u l a t i o n  o f  E/Q values i s  c a l l e d  f o r ,  t h i s  program 

c a l l s  any requ i red  subrout ines t o  a s s i s t .  Maximum f l e x i b i l i t y  i s  prov ided 

i n  t he  genera t ion  o f  E/Q values. The code a l l ows  t he  use o f  Hanford Model 
' .  . . 

equat ions, ~ u t t o n  Model equat ions,  da ta  taken f rom P a i q u i l l  curves for 

oz  and o  t he  i n p u t  o f  o  and oz o f  t he  users cho ice  o r  t he  i n p u t  o f  E/Q 
Y '  Y  

values d i r e c t l y .  I f  the  a c t i v i t y  median aerodynamic diameter i s , i n p u t  f a r  

t h e  aeroso l ,  t he  r o u t i n e  t o  generate t h e  d e p o s i t i o n  f r a c t i o n s  i s  ca l ' led.  

1.f . f i s s i o n  products  i n p u t  has been. spec i f i ed ,  t he  r o u t i n e  t o  .per form a  

ch8in.decay f o r  the  t ime d u r i n g  which t he  nucl i 'des a r e  i n  t r a n s i t  f rom t h e  % 

r e lease  p o i n t  t o  the  r e c e p t o r .  i s  c a l  led.  The ORDOSE subrou t ine  i s .  then ' . 

c a l l e d  t o  c a l c u l a t e  t h e  doses . t o  t he  organs chosen. 
. . 

ORDOSE 
i 

. . , subrou t ine  ORDOSE c o n t r o l s  t h e  r o u t i n e s  t h a t  generate t he  necessary . 

.va lues f o r  the  organ dose c a l c u l a t i o n .  . A l l  p r i n t i n g  o f  t he  . i nd i v i dua l  . 

nuc1:ide c o n t r i b u t i o n s  t o  t he  or.gan.dose values as we1 1  as the. t o t a l s  i s  . 

accompl i shed i n  t h i s  r o u t i n e .  A1 1  values re tu rned  by. c a l l  ed subrout ines, 

ORDOT1 , ORDOTZ, QLUNT1, QLMIT1, a d  QNT1; a r e  nonnal i z e d  t o  a  u n i t  uptake 

ra te . .  . .. , These values a r e  then mu1 t i p 1  i e d  by t he  ac tua l  uptake r a t e  t o  . . a r r i v e  

a t  t h e  ac tua l  dose t o  t h e  organ. ou tpu t  page format  i s  determined i n  t h i s .  . , 

r o u t i n e  by the  number o f  organs chosen a t  execut ion t ime  (up t o  a  maximum . '' 



o f  10).  Where no data e x i s t s  f o r  a nucl. ide-organ combination, a blank 

shows on the  ou tpu t  page f o r  t h a t  combination r a t h e r  than a zero. 

.- 
DEP 

Subrout ine DEP i s  used t o  c a l c u l a t e  the  compartment depos i t i on  f r a c -  

t i o n s  Dgy D4 and D5 when the  a c t i v i t y  median aerodynamic diameter i s  i n p u t  

i ns tead  o f  the  f r a c t i o n s .  The e r r o r  f u n c t i o n  i s  i n teg ra ted  numer ica l l y  

over  appropr ia te  l i m i t s  t o  produce the  necessary f r a c t i o n s .  

. . . .  . . . !  .. " 

S IMPS,  . .  -. . . ' 

Funct' ion S IMPS performs the  numerical i n t e g r a t i o n  o f :  t h e  e r r o r  f unc- 

t i o n  us ing .  Simpsons rule..  
. . I .  

ERFXP ' 

. . . . z ;  
- X  ~ u n t t i o n ~ ~ ~ ~ ~ i s  t h e e r r o r f u n c t i o n :  e t h a t i s i n t e & - a t e d b y S I M P S .  

- .. , . .. 

. . .  . , 

PASSIG, 

Subrout ine PASSIG  i n t e r p o l a t e s  on a t a b l e  o f  s to red  Pasqu i l l  da ta  values 

o f  o and oz a t  f l x e d  d l s l d ~ l ~ e s  and produccs the  values o f  P a c q ~ ~ i l l  n and 
Y Y 

Oz f o r  t he  d is tances o f  i n t e r e s t .  The o and oZ data i s  i n  t he  form o f  data 
Y 

statements f o r  each Pasqu i l l  atmospheric s t a b i l i t y  c l a s s  A through F a t 1  
\ 

7 20 d is tances  from re lease p o i r ~ l  o u t  t o  10 metcrs. 

UNIT 

Subrout:ine'Uni t 'converts i n p u t  ' t ime i n  seconds t o  more convenient u n i t s  
.1 

deperidlng on- Ltle 11agni tude o f  t hc  value i n p u t .  The. appropr ia te  u n i t s ,  i .e., 

m i n ~ ~ t e s ,  hours, ,days, etc . ,  a re  a l s o  re tu rned  f o r  use i n  t he  p r i n t e d  ou tput .  

CHAINT' 
* .. ' '  

, , . . . . .. . , . . 

subrout ine  CHA~INT . , .  a  . * cha in  debay on a l l  f i s s i o n  product  decay 
. . 

cha.ins ryom,which nucl. ides f o r  cons ide ra t i nn  have been chosen, The t ime 
. a .  . .  , . . 

over  which the decay i s  performed i s  t h e  source t o  receptor  t r a n s i t  t ime .  



ORDOTl 

F l i n t t i  on ORDOTl ca lcu la tes  the  dose t o  :an organ f o r  the t ime T, . 

dur ing  which i n h a l a t i o n  o f  a c t i v i t y , o c c u r s  a t  a  u n i t  r a te .  
. . 

ORDOTZ 

Funct ion ORDOTZ ca lcu la tes  the dose t o  an organ du r ing  a  t ime Tp 

fo l l ow ing  i n h a l a t i o n  o f  a c t i v i t y  a t  a  u n i t  r a t e .  The equations used, take 

i n t o  account any cont inu ing  movement o f  ma te r i a l  from the r e s p i r a t o r y  com- 

partments and the lymph t o  the organ f o l l o w i n g  the  te rminat ion  o f  the  inha- 

l a t i o n  o f  rad ioac t i ve  mater ia l .  

QLUNTl . . 

Function QLUNTl ca lcu la tes  the  a c t i v i t y  i n  each l ung  subcompartment 

f o l  lowing continuous i n h a l a t i o n  a t  a  u n i t  r a t e  f o r  a  t ime TI . 

QLMITl 

Function QLMITl c a l c u l a t e s ,  the & a h t i  ty o f  a  ' nuc i  i d e  present i n  the 

pulmonary lumph, t h a t  i s  removable, f o l l o w i n g  continuous uptake a t  a  u n i t  

r a t e  f o r  a  t ime TI . 

Funct ion QNTl ca lcu la tes  the q u a n t i t y  ' o f  a  nuc l ide  present i n  an organ 

fo l l ow ing  continuous uptake a t  a  u n i t  r a t e  f o r  a  t ime TI. 

The r e s u l t s  from the preceding th ree  r o ~ ~ t i n e s .  a re  used i n  the  calcu-  

l a t i o n  of the dose fo l low ing ceasat ion o f  i n h a l a t i o n  uptake. 

LIB6 - 
Subroutine LIBB reads the b i o l o g i c a l  data from the l i b r a r y  and con- 

v e r t s  some o f  the values i n t o  u n i t s  more r e a d i l y  used by the o ther  rou t i nes  

i n  the  program. 



L I BK - . . 
: .  ' 

Subroutine L I B K  read? .. . t h e ,  nuclide radiological  data 1 i  brary, . . .  converts 

some of the  values t o  other un i t s  and, generates the f ract ional  decay yie ld  
.. . . 

ar ray  f o r  use in the  f i s s i on  product chain calcula t ions .  





APPENDIX C 

CODE FLOW DIAGRAM 
I 

A general out1 i n e  o f  the  code operat ion i s  inc luded here. The rel 'a- 

t i o n s h i p  between the  main program and subrout ines used by the  code i s  

shown i n  F igure  C-1. The code fl 'ow diagram.shown i n  F igure C-2 through 

C-12 covers the'  l o g i c  i n  t he  main program and subrout ine ORDOSE i n  some 

d e t a i l .  C ~ d e  f l ow  diagrams f o r  t h e  a u x i l l  i a r y  rou t i nes  are n o t  shown, 

however, t h e i r  f u n c t i o n  i s  inc luded i n  the  blocks a t  t he  appropr ia te  p1ac.e~ 

wi t ,h in  t he  f l o w  diagrams. 

. .  FIGURE C.12. Code Flow Diagram . . .  



P R O G R A M  
: M A I N  

INITIAL'I.ZE 
V A R I A B L , E S  . . , . .  

* . - 

+ . . 

/ 8 .  . . .  . . .  \ R E A D  TITLE A N D  
N A M E L  I ST,  . . . .  . .  . . .  

V A R I A B L E S  FOR 
j 

T H I S  CA.SE \ . . ,  , . 

N E X T  C> 

C A L L  L I B K  
TO R E A D  L I B R A R Y  

ERROR,  C O U N T  A N D  
N U C L I D E  M A S S  

+ 
FIGURE C.2. Code F low Diagram 

. . . .  
> .  

. . . . 
I N V E N T O R Y  

. . . , .  

P R I N T  

N U C L I D E S  

I N C R E M E N T  I N P U T  
ERROR..COU?JT 

I 

1 E X A b l I t d E t 4 U C L I D E  
- 1 , 1. I N P U T  A N D  ELI 'F~ INATE 

U N U S E D  FI.SSION P R O D U C T  
DE-CAY C H A I N S  

- 

E X A M I N E  N U C L I D E S  
I N P U T  FOR A C T I V A T I O N  

P R O D U C T S .  

a 

.COUNT N U M B E R  O F  
U P T A K E  . T I M E S ,  . '  

D O S E  T I M E S '  A N D  
D I S T A N C E S  . I 

I 

T O  C O N V E R T  T I M E  
I N  S E C O N D S  TO 

FIGURE C. 3. Code Flow Diagram 



1 
I 

C H E C K  T H E  . . 

R E M A I N I N G  N A M E L I S -  
V A R I A B L E S  
F O R E R R O R S  ' 

10 
. . . . 

3 2 1 .  4 T H R U  9 0 ' :  

R E A D  E / Q  
V A L U E S  

w * C A L L  P A S S I G  
C A L C U L A T E  o y  A r i D  o Z  

V A L U E . ~  U S I N G  T H E  
S U T T C N  M 3 D E L  

C A L C U L A T E  o y  A N D  o Z  . T O  I N T E R P O L A T E  . 
ON T A B L E  O F  V A L U E S  U S I N G  T H E  

P A S Q U I L L  V A L U E S  H A N F O R O  M O D E L  

, o  
. . 

P R I  NT.' V A L U E S  . . . . 

. . 

. . 

C A L C U L A T E  
E / Q  + 

V A L U E S  
1 

. . 

. ,. 

. . ~. 

I 
O F  oy A N D  o Z '  

I I 

.; 

0 .  . . 
. . .  

. , FIGURE C;4. Code Flow Diagram 



FIGURE C.5 .  Code Flow Diagram 



I 
L I 

. . 
C A L L  O R D O S E  

TO C . 4 L C U L A T E  T H E  

. '. . . 
....%. ..., i I s , . . I  . . .  . . 

l N C R E M E N T ?  % 1:: 
T I M E  ; % ,  . , .  . . 1 '  . 

, . .I 
. . . . . . . . . . .  I , .  

... . . .  _I.. 
. . . . . . . .  

------ 
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' . : 

FIGURE C.6. Code Flow Diagram - 



2 
. *  . . .  , . , . . . . . 

. . 
, . 

( :DO L O O P  O N  I'=NUMBER O F  UPTAKE TIMES )t 
> .  . . 

:"I 
. . ,  

I 
C O N V E R T  A C T I V I T Y  , . . I 
T O  M I C R O C U R I E S  ' 

I N H A L E D  P E R  . .. , 

I 
<, S E C O N D  ( P o )  I 
_ .  .. , '  .'. 

I 
- ~ 

C A L L  U K D U S E  
I .  

T O  C A L C U L A T E  T I - i E  I 
D O S E  T O  S E L E C T E D  

O R G A N S  
I 

? 
I 
I 

.*. ., 1 N . C R E M E N T  
T I M E S  . , 

I 
* I 

I 
-------- J 

? 

3 

-w2 
FIGURE C. 7. :code Flow 'Diagram 
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S U B R O U T I N E  . . . . . . . . . . . . . . . .  . -. . . . . . . . . .  . . . .  
O R D O S E  . ... , 

% .  

. . . t 

1 
. a .  . . . . . . . . . . . . . .  . . . . . . .  

. . 
. . 

I N I T I A L I Z E  
V A R I A B L E S  . . . t . , 

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

FIGURE C.8. Code Flow Diagram ' 
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D O  L O O P  O N  M O R G = N U M B E R  O F  O R G A N S  ---.- - --.-. 1 
. A . . .  . ,  I 

O R G A N  B U R D E N  A T  (, T H E  r!:FOF ) 
I N H A L A T I O N  U P T A K E  

C A L C U L A T E ' T H E  N O R M A L I Z E D  D O S E  E Q U I V A L E N T  
T U  T H I S  O R G A N  D U R I N G  T H E  T I M E  

O F  I I d H A L A T I O N  U P T A K E  
( U S E S  F U N C T I O N  O R D O T l l  

C A L C U L A T E  T H E :  N O R I , I A L I Z E D  D O S E  E Q U I V A L E N T  
T O  T H I S  O R G A N  D U R I N G  T H E  T I M E ,  

F O L L 3 Y I l t C  T ! I E  T E R M I N A T I O N  O F  I N H A L A T I O N  U P T A K E  
' .  ( U S E S  F U ? 4 C T I O N  O R D O T 2 )  . I 1 

C . . ' !  
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APPENDIX D 

. . DATA LIBRARIES 
. . 

Two. data 1 i bra r ies  a re  used by the  code. . , 

. . 
1. Isotope Data L i b r a r y  

2. Organ Data L i b r a r y  

The data i n  t h e  1 i b r a r i e s  i s  s e t  up such t h a t  a d d i t i o n a l  data o r  changes 

t o  e x i s t i n g  data may be made w i t h  l i t t l e  d i f f i c u l t y .  

ISOTOPE DATA LIBRARY 

The data i n ' t h i s  1 i b r a r y  i s  used by CHAINT i n  performing t h e  chain 

decay o f  f i s s i o n  products s p e c i f i e d  i n  the  i n p u t  data. H a l f - l i f e  d a t a f o r  . . 

a c t i v a t i o n  product nuc l ides  i s  inc luded i n  t h e  second h a l f  o f  t h i s  1 i b r a r y .  

The l i b r a r y  has been taken from t h a t  o r i g i n a l l y  s e t  up f o r  a reac to r  f i s s i o n  

product  inventory  code c a l  l e d  RIBD,(' ) hence n o t  a1 1 o f  t he  data i s  requ i red  

by t h e  DACRIN code. The RIBD code cou ld  be added a t  a l a t e r  date t o  gen- 

e r a t e  a f i s s i o n ,  product i nven to ry  f o r  i n p u t  t o  t h i s  code. 

The f i r s t  card image o f  t he  iso tope l i b r a r y  conta ins the  .number o f  

f i s s i o n  products. i n  t h e  l i b r a r y  i n  I 3  format i n  the  f i r - s t  t h ree  columns. 

There i s  one card image f o r  each f i s s i o n  product arranged in .  a'scending 

atomic number order  w i t h i n  an ascending atomic mass sequence. Cur ren t l y  

.the . l ibrar .y  conta ins data an 450 f i s s i o n  products. 

The card image a f t e r  t he  l a s t  f i s s i o n  product card image conta ins t h e  

number o f  a c t i v a t i o n  products i n  I 3  format i n  the  f i r s t  th ree columns. There 

i s  one card image f o r  each a c t i v a t i o n  product n u c l i d e  and the re  a r e  c u r r e n t l y  

144 a c t i v a t i o n  product nucl  ides  i n  t h e  1 i brary. 



COLUMN 

1-3 

4-5 

FORMAT j :  . VARIABLE 

Atomic Mass Number --. 

Atomic Number 

Physical  h a l f - l i f e ,  days 
.* 

*F iss ion  y i e l d  from species one ( 2 3 5 ~ ) ,  % 

*F iss ion  y i e l d  from species two - ( 2 3 9 ~ u ) ,  % 

*Absorpt ion cross sect ion,  barns 

*Frac t ion  o f  (n,a) captures t h a t  go 

t o  isomer ic  s t a t e  

I f  i n  i somer ic  s t a t e ,  f r a c t l o n  o f  

decays by beta emission; i f  i n  ground 

s ta te ,  f r a c t i o n  t h a t  decays ' to  an isomer 

*Average beta energy re leased per  

d i s i n t c g r a t i a n ,  MeV 

*Average gamma energy rel'eased per 

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

Iso tope name ( l e f t  ad jus ted)  ' . . 

* Isotope type: 1 - Isomer ic  s ' tate 

2-Ground s t a t e  
. . 

*Not used by code. . 
. . 

. . 
ORGAN DATA LIBRARY 

Th is  l i b r a r y  conta ins  h o s t  o f  t he  data requ i red  by ORDOSE t o  c a l c u l a t e  
. . 

t h e  e f f e c t i v e  dose t o  an organ. Data. i n  t he  1 i b r a r y  i s  ,based on recommenda- 

t i o n s  of. the  ICRP. ( L 3 , 4 , )  
. . 

. . 

The f i r s t  card  image conta ins  t h e  t o t a l  number o f  data card ima,ges 

i n  t h e  1 i b r a r y  i n  I 4  format  ' i n  t he  . f i r s t  f o u r  columns. - -The present  l i m i t  

i s  1200 card. images. There i s  one card  image f o r  each radionucl ide-organ 

combinat ion, (where data e x i s t s )  , arranged i n  ascending organ number w i t h i n  -.. 

an ascending atomic mass sequence w i t h i n  an ascending atomic number order .  

There a r e  c u r r e n t l y  1136 e n t r i e s  i n  t h i s  l i b r a r y .  . . 
. . 



COLUMN FORMAT 1 .  . , % 

. . .  .. . VARIABLE 

1-3 I 3  Atomic Number . . 
r 416' . :  

13 Atomic  ass , Number 
I. I 

7 I 1  \ Isotope type: b lank - ground s t a t e  

C 

U -/ 

1 - Isomeric s t a t e  

8-9 A 2 Element name 

10-1 1 I 2  Organ code number 

E8.3 Physical  h a l f - 1  i f e ,  days. 

E8.3 ~ i o l o ~ i c a l  ha1 f - 1  i fe  i n  t h e  organ o r  . . 

t i ssue ,  days 

E8.3 *Frac t ion  o f  t h a t  mater ia l .  taken i n t o  the  

body by i n g e s t i o n  t h a t  i s  r e t a i n e d  i n  

the  organ, f, i n  the  i n i t i a l  ICRP lung 
. .  . 

model. 

E8.3 **Fract ion o f  t h a t  taken i n t o  the  body by 

i n h a l a t i o n  ' t ha t  a r r i v e s  i n  the  organ, fa 

i n  t h e  i n i t i a l  ICRP lung model. 

E8.3 The f r a c t i o n  o f  t h e  n u c l i d e  i n  t h e  blood 

reaching the  organ, f2 

E8.3 E f f e c t i v e  absorbed energy per  d i s i n t e g r a - '  

t i o n  o f  t h e  rad ionuc l i de  and daughters i n  

t h e  organ, E, MeV ( i n  t h e  case o f  t h e  

lung t h i s  i s  f o r  a 1 day h a l f  residence 

t ime)  

E6.2 Weighted value o f  t h e  e f f e c t i v e  absorbed 

energy per  d i  s integrat ' ion '  o f  t h e  r a d i o -  

n u c l i d e  and i t s  daughters i,n t h e  lung 

f o r  a 50 day h a l f  residence t ime 

66-71 . . E6.2 Same as previous f i e l d  except f o r  a 

500 day h a l f  residence t ime i n  t h e  lung. 

* Used f o r  e x t r a c t i n g  fly t h e  f r a c t i o n  ingested reaching the  blood. 
** Not used by code. 



~. REFERENCES FOR APPENDIX D . . i - 
- - .  . .. , . , . 

. . 

. 8 

1. Mathematical B a s i s  o f  computer Code RIBD, R. 0.  ~umprech t ,  DUN-4136, - 
Douglas Un'i t e d  Nuclear,  I nc .  ;' Rich1 and, MA, June 1968. 

. . . . 

2 .  ~ecommendations o f  t h e  I n t e r n a t i o n a l  Commission on Radiologic 'al  
P ro tec t i on ,  ICRP P u b l i c a t i o n  2, Permagon Press, 1959. 

3 .  Recommendations o f  t h e  ~ n t e r n a t i o n a l  Commission on ~ a d i o l b ~ i c a l  Pro- 
. t e c t i o n ,  ICRP P u b l i c a t i o n  6, Permagon Press, 1962. 

. . 

4. The Metabol ism o f  Compounds o f  ~ l u t ' o n i u m  and Other Ac t i n i des ,  A Report  
prepared by a  Task Group o f  Committee 2 o f  t h e  I n t e r n a t i o n a l  Commission 
on Rad io log i ca l  P ro tec t i on ,  ICRP P u b l i c a t i o n  19, Pergamon Press, May 1972. 



ISOTOPE. DATA LIBRARY 

R I B L I B  
Z N  2 9 1 B L I B  
GA 2 R I B L I B  
GE 2 S I B L I B  
Z N  2 9 I B C I B  
GA 2 Q I B L I B  
GE 2 9 I B L I B  
GA 2 R I B L I B  
GE 2 S I B L I B  
GA 2 9 I B L I B  
G E * l  R I B L I B  
GE 2 I X B C I B  
AS 2 Q I B L I B  
GA 2 i I B L I B  
GE 2 R I E L 1 8  
as  2 PIBLIB 
SE 2 9 I B L I B  
G E * l  Q I R L I B  
GE 2 K I B L I B  
AS 2 Q I B L I B  
S E * l  Q I B L I B  

, A S  .2 R I B L I B  
SE 2 R I B L I B  
A S  2 e I B L r e  

, S € ' * l  S I B L I B  
S E .  2 R I B L I B  
B Q  2 R I B L I B  
AS 2 R I B L I B  
SE 2 R I B L I B  
B R * l  R I B L I B  
BR 2 Q I B L I B  

. .... K R ,  . 2 R I B L I B  
AS 2 R I B L I B  
S E f l  R I B L I B  

, S E  2 R I B L I B  
8 %  2 R I B L I B  
KR 2 Q I B L I B  

82 36 0. 0 . . . 45. .I .*. ... . . . KR.,2 R I B L I B  4 3  
' 8 3 ' 3 4 7 e 9 8 6 ~ - ' ~ ~ 3 ~ ~ ~ ~ ~ ~ ~ - ~ l ' l . 2 ~ ~ ~ - ~ 1  i . 0 0 0 1 ' ~ ' > 5  0.200 SEW1 R I B L I B  4 4  
83341. 73'6E.-0.21 800E-OI8.SO 0.E-02 - .. - . . . . . . . . . . - 6 9  - l.OOp, ' S E  2 R I B L I B  .. 45_ .  
R3351.000E-010; BeGOGE-020. 0. l.OCOe34 0.010 BR 2  S I B L I B  4 6 

U.  U41. . . . ,, . . - - . -. . .. KP?.l %.IBCf!!-. . .. 4 7 
KR 2 R I R L I B  4 8  '- 

8 4 3 4 2 e 0 8 7 E - 0 3 6 . 1 9 0 E - 0 2 3 . O O O E - U 2  - - .4 9 SE 2 9 I B L I B  49 
8 4 3 5 4 ~ 1 6 7 E - 0 ~ 1 ~ 9 J 3 t - 0 2 1 e O G J E ~ O 2  1. - 7 1  3.396 B R s 1  Q I B L I B  5 0 
8 ~ 3 5 2 . 2 2 2 E - 0 2 9 ~ 2 U O E - G l 4 ~ 3 O O E - O i  1.23 1.863 8R 2 S I B L I B  5 1 
8 4 3 6  0. 0. 1 4  ,714 KR 2 R I B L I B  5 2 

86 36 0 6  , KR 2 R I R L I B  6 1 
8 6 3 7 7 . 2 2 ~ ~ - 0 4 6 .  0. 0.56 R B * I  Q I B L I B  6 2 
8 6 3 7 1 ~ 8 7 0 E  012 ... 9 3 0 ~ - 0 5 2 . 3 0 0 ~ - 0 ' 5 '  - 6 6  0.097 .I?.? 2 S I Q L I B  . . . 6 3  

.,I 8638  0 .  0. .La6 I. ss 2 2 1 ~ ~ 1 0  6 4  
87341.85??-042.700F 009.200E-01 3.73 SE 2 S I c J L I B  . 6 5  



e q ' i  2 r e L r e  
KR 2 9 I B L I B  
R B . 2  3 I R L I 9  
SR-I  q I e L I a  

, S R  2  R I B L I B  
9 R  ,... 2 t ? x 5 L 1 8  
K 2  2 . 9 I B L I S  
C3 2 R I 3 L I B  
S2 .2 R I R L I B  
b Q  2  q I 5 L I B  
K ?  2 . S I B L I B  . 

Y* 1 'iISLI9 
Y 2 9 1 1 3 L I 9  
BR 2 3 I B L I B  
UP 2 S I O L I ' 3  
R 9  2 I.BCI.B.-.. 
SR 2 R I S L I B  
V 4  1 2 I B L I B  
Y 2  S I R L I R  
Z Q  2 R I B C I B  
.KR i R I S L I B  

... . , @ B L 1  . S E B L I B  
RB 2 R I B L I B  

'SR 2 R I B L I B  
Y* 1 R I B L I B  
Y  2 - R I f 3 L I B ,  
ZR 2 Q I B L I B  

' - K.9 .A. Q.xg.!?Ie 
Sf3 2 i I B L I 3  
s d  2 8 r a L I B  
Y 2 Q I B L I B  

. Z R  2 R I B L I B  
' Uk' 2 R I B L I B  

W 2, 91-ELI! 
S d  2 R I B L I B  
Y  2 Q I R L I S '  
ZR' 2 RIBLIB 

.-N?+'1. R T B L T B  
- N a .  2 Q I B L I B  

. . K Q  2  R I B L I B  
R 9 ' 2  R fFC1K.' 
S R  2 R I B L I B  
Y . 2  R I O L I B  

' 2 ? . 2  S I B L I B  
. , N 9 * 1  R I B L I B  

2 9 I t 3 L 1 2 . -  
. HO 2  S I B L I B  

KR '2  1310LIB. 
Qi3 2  ? I 8 L I 8  

; S R  2 2 I B L I B  
Y  2  S I B L I B  
29 2 R I B L I B  
N 3 * 1  RIRLIB'." 
N 3  2 R I B L I B  
HC 2 R I O L I B  
Y  2 S 1 ' 3 L I S  
Z ?  2 i I 9 L I B  
N a  2  S I O L I B  

. HO 2  ~ 1 9 i 1 ' a  
~ 4 ' 2  S I R L I B  

. RB 2 R I B L I B  
S R  2 R I B L I S  
Y 2  S I 3 L I 9  
2IR 2  R I B C I B  



9 7 4 1 6 .  FL4: - 4 i C .  .Oe G.75 
97415.CGO?-72,;. 0 . . 4 7  ,673  
9 7 4 2  I.. 0. ?. 
9 8 k U F a 9 4 - F . - 3 4  .2 I e C O G E - C 1  1 .99  
9 8 4 1 3 . 5 7 i i - I ?  , 164  1 .00GE-C l  1. 1 . 3 1  2. 

.. .... 9 8 4 1 1 , . 8 ( i b t - 3 2  3. 2.845E Ci: . 1 .26 1.2 
9 8 4 2  2.516 2 a 8 4 5 E O O e 1 5  
9 9 4 0 1 a A 5 2 C - ~ l 5 3 * 0 5 E E  9OZ..U53E OU 1.55 
9 9 4 1 ? a 7 3 6 F - 0 3 ? . 0 5 C E  U03.050E G @  1 . 3 6  - 2 6  

' 4 9 9 4 2 2 . 7 5 0 5  C S  e 9 2  . 4 1  6 .124 
99452.5GOE-3 10.  . C. \ ~ 1 4 2 3  

... 99'137..*6.65€ .O7Q... .,.. 6 . 22. . .. . Jnc  
9 9 4 4  t .  0. 

100412.CA3F.-0.36.3COE 007.1OSF C S  3 .39  1.05 
1 0 0  42  0. 0. .2 
100432 .95AE-O4C*  0 • I.<* . 1 1 4  
1 0 0 4 4  0. G. 

.. . .  1 0 - 1 4 1 . 6 a 9 4 . . ~ 1 ~ . . - 3 ~ 2 ~ 5 ~ ~ ~  J 9 2 a 9 5 C E  C 0 1.33 
101422 .C14E-022 .50CE 012.95EE G t  . 4 2  1 . 6 4 9  
1 0 1 4 3 9 . 7 2 2 E - C 3 0 .  C a - 4 7  0 .362 
1 0  1 4 4  C ,  0. 
1 0 2 4 2 7 a 4 f l l E - J 3 4 e 2 G Q E  Li05.99GE C 3  e 4 4  1.3 
1 0 2 4 3 5 . 7 8 7 = - 5 5 3 ,  C .  1 . 7 9  
1 0 2 4 4 .  o *  0 0 . .  1.4 . . . , . .. . . . - 
1 0 3 4 3 5 a 7 8 7 F - 0 ~ 1 . 5 5 0 F  0U2.835E 0 0  1 . 0 3  
103444.COUE+'11.45GF C02.935E 9 0  a 9 9 5  e 0 6 3  3 . 4 8 9  
1 0 3 4 5 3 a 9 5 9 i - $ 2 0 ,  0. 0.040 
1 0  3 4 5  0. 0. 155 .  . C 7 1  
1 0 4 4 2 1  . i l i E - ~ ? 3 1 ~ 8 O O E  OS5.93GF C C  i . i l f l  1. 
1 0 4 4 3 1  - 2 5 0  F - 5  20. 0. .. . ,. .93 3.1 . 
1 0 4 4 4  0. C .  .7 
1 0 4 4 5 3 . C 5 5 E - C 7 3  0. 3CC.  . 0 0 1 3 . U 3 ~ 2 . 1 3 1  
1 0 4 4 5 4 . J € ' l F - 3 k O .  0  4 t .  .9H 0 .013  
1 0 4 4 6  C. C .  
10542b.63dc-J46.0C0E-015.6C3E G O  2 . 5 r  
1 0 5 4 3 5 . 5 5 E E - U . ~ 3 . 0 0 0 E - i l 1 1 ~ 3 ; 3 C j E  G C  ?.a9 
1 0 5 b 4 !  .946K-C 10. 0. .2 e269C.42 a 7 6 8 8  
1 0 5 k 5 3 * 4 7 2 E - J ~ O .  0. G a 1 2 9  
1 0 5 4 5 1 . 5 0 0 5  C O O .  . C. 2 . 1 t O F * 0 4 . 7 1 5  0. - 1 7  0 .032 
1 0 5  4 6  0 .  .-I 

U .  

1 0 6 4 4 3 . 6 5 3 E  023 .990Z-314 .570E OC.1. . 0 1  
1 0 6 b 5 7 . 1 6 7 E - C 2 .  ,, , . . .. . I. . 3 5  2.627,.  
1 0 6  4 5 3 e k 7 2 F - 0 4 0 .  0. 1 .40  a 2 2 2  
1 0  6 4 6  0 .  0. 
1 0 7 4 3 1 . C ~ 2 ~ - 0 3 1 . 6 0 0 F - O 1 3 ~ 6 O O E  3 6  2 . 7 1  
1 0 7 4 4 2 . 9 1 7 E - 0 3 , 4 . 0 0 0 E - 0 2 0 .  1 . 6 7  - 1 4 4  
107451'.5@7E-020. 0. . L Z  0 .324  

c .  ..... 1 .0746?*555 .E .  090.0 . .  .... . . . . . , . . . . . - . -, - 0 1 4  
1 0 7  4 7  0. 0. 3 5 . 0.0100e 
1 0 8 4 4 ~ a 1 2 5 E - 0 3 8 . 0 0 G E - C 2 2 ~ 1 i ; O E  Z C  5  Q . 0 5 9  
1 0 8 4 5 1 . 9 5 R E - 0 4 0 .  C .  1 . 7 4  0 .553  
1 0 8 4 6  0. 0. 12.2 0 1 6  
l O R 4 7 1  R 2 5 i  0'30. C. e 9  1 .605  

N B L l  Q I B L I S  
N 9  2 R 1 3 L I O  
fl0 2  R I B L I B  
7 R  2  S I B L I 7  
N B * ~  RIBLIB 
N!3 3 R I B L I R  
HO 2  R I B L I B  
ZR 2 S I B L I B  
NB 2  Q I B L I B  
MO 2 Q I B L I B  
TC'I  R I B L I B  
TC 2.  Q I B L I B  
RU 2 R I B L I B  
NB 2  I I l 3 L I 3  
M C -  2  Q I B L I 3  
TC 2  S I B L I 9  
RU 2  2 1 9 L I B  
N 9  2 7 . 1 9 L I 3  
no 2 3 I B L I a  
TC 2 S I R L I B  

.RU 2  R I 9 L I Q  
Y O  2  2 I e L I 9  
T C  2  I I S L I B  
RU- 2  S I B L I B  
TC 2 Q I e L I a  
RU . 2  R I B L I B  
R H L l  ? I B L I R  
RH 2  S I B L ' I B  
H 0  2  9 I B L I 9  
TC 2 ' q I B L I B  
RU. 2  I I 3 L I B  
R H L ' l  9 I B L  I B  
RH 2 9 I O L I E 1  
P 3  2  P I B L I 9  
ro 2  2 1 9 ~ 1 3  
T C  2 $ I S L I B  
RU Z R r e L I a  
R H * ~  R I R L I a  
QH 2  R I B L I B  
PD ' 2  R I R L I B  
RU 2 R I B L I B  
QHL' l  R I B L I 9  
RH 2 R I R L I B  
PO 2 R I B L I S  
TC 2  R I B L I B  
RU 2  R I B L I B  
RH 2 R I R L I B  
PO 2  P I 3 L . 1 8  
A G .  2  9 I R L I B  
R U  2  3 1 7 L I B  
RH 2 X I B L I S  
PCI 2  R I r 3 L I 9  
AG*1 P I B L I B  
A t  2 P I S L I B  
C D  2  2 1 ~ ~ 1 8  
RH 2 S I P L I R  
P O L l  9 IBL113 
PO 2  R I S L I B  
AG+1 P I B L I B  
A G  2  Q I 3 L I B  
PO 2  R I e L I B  
A G * ~  RIBLIS 
A G  2 R I B L I B  
CO 2 i I R L I B  
P D C l  Q I B L I B  
PO 2  4 1 3 L I 9  



PG* 1 R I R L I B  1 9 3  . 
A G  2  9 I B L I B  1 9  9  
C O + I .  R I E L 1 3  20 0 
co '2 RIBLI~ 20 1 
FO 2 Q I R L I B  20 2 
A G  2 I I B L I B  23 3 
C3 2 2 I f i L I 3  2J * 
Pi3 2 R I S L I 3  2 0 5  
A G ' 1  2 1 9 L I 9  26 6 
A,G i X I B L I B  20 7 
c o 4 1  SISLIB 2 0 9  
cn z RIBLIB 20 9 
IN 2 . 2 1 ~ ~ 1 ~  2 1  3 
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PROGRAM L I S T I N G  . . 
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I t i = 0  
n ~ ~ = - i  
I P C G E t l  

1 0 0  RELO 1050. r I T L E 2  
4tGO . ( S ,  INPUTJ 

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

n3i IN 35 
M L I N  36" ' " 

H k I t i  
n i I N ,  ' "' 

HA I N  
MAIN 
MAIN 
M i  IN, 
n; ;N 
n n  I N  
MAIN 



. . . . . . .  . . . . . . .  ................... . .  . ,  . . 
PROGRAM MAIN 7 4 / 1 1  OPTzO TRACc FTN 4.2*P38J 1 2 / l b f ? i  ~-.*G.zG. ' 

,+' . . 

. .  . ........ KnSE=I  ................ .......................... H B I N  * b  
IF ( e X T . G T . J . A N 0 . N E X T . L c . c )  GO T O  1 1 3  nn IN . 7  

6 C  . . . . . .  FRINT 9OC,llEXT . . .  . . . . . . . . . . . .  M A I N  + 8  .. 
STOP . . MA I N  - 9  

. . . . . . . . . . . .  ..... . . . .  . . . . . . .  11C GO TO 1120,130,270.81G~.NiXT MA1.N Y C  
C  READ N U C L I 3 i  OAT4 LI3P.PRY . M& I k  3 1  - 

........ 12E ... CONTINUE .................... ... - . S Z  
6 5  CALL L I B K  .Ma I N  5 3 

. . .  . . . .  . .  . . CALL L I B 8  . . . . . . . . . . . . . . . . . . . . . . . .  H G I N .  5 4  
1 3 0  0 0  ICO I= l .CHAINS ,MPIN 

- - 
J > 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . - . . .  . ..... ........ . . . . . . . .  S K I P l I ) = O  ....... , H A I N  ;b 
1 4 0  CGNTINUE ' MAIN 2 7  

-. ..? 0 -- I E P -  INITIALIZE 0  NVCLIOT..nASS ARsAv.... .............. ... .... ............. MA I N  50- -- -- 
c Ha I N  5 9  

................................ ...... ........ . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .DO 150 I = I * N T O T  .., H A I N  60 
MASSII,Z)=C. M A I N  b 1 

. . . . .  ... ................. ........ . . . . . . . .  . . . . . .  . . . . . . . . . .  1 5 0  HASS I I t l ) = J i O .  ,- , IN 02. 
7 5 ' -  Nl=NFP n 4 I N  6 3  

............ ....... - . . . - - .. . - - NZ=:dTOT - - -- - -- -- -- HA I N  ?.. 
C  R i A J  N U C L I ~ ~ :  INVENTO?Y"FI?OM C A ~ O S  !li I N  6 5  

........... .-........ REAO 850.  I lUnBiR ..................... HA I N  66 ................................... 
READ 8 8 0 .  I N A H E I I )  .~II).ISLII) tOUANTY(1) 9 f = l t N U M d E R l  ,HA I N  6 7  

a'?... LI~=ZBZ M A I N  
PRIFiT 55*IP*ti~00y 

........................................................... . . . . . . . . . . . . .  ............... 
i 9  

-- .- . . -- - .- -. - . . .  PRINT 855, ( L I a T  (1, *1=1*.?? 9 f  9 f  7'---.-.. ;----- 
PRINT 8 6 0  MA I N  

- IPIGitIPltF+i~. I S T A Z T = I  " .  . . . .  ....... - -  u - .  . . . . . . . .  MAIN ...... . . . T I  .... .... ................... 
85 1 6 0  nn IN r 2 

. . .  - - ISTOP=qINO INUMBER*LIH) ............................. .............. . . . . .  ........... .. ,MUIN. .  73 
0 0  1 7 C  I= ISTARTr ISTOP,b  ' M A I N  7 4  

-. - - -- JSTO*PlIRO 11+591STOP)  MAIN 7 5  ... -. . . .  
1 7 0  P t I N T  87d, l ( r ~ t 4 E l J )  . n l J )  . I ~ L ~ J ) ~ O U G N ~ Y  IJ) .J=~;JSTOP)."-"'-.--"""'.- ' .MAIN i 6 

I F  lISTOP.LQ.NUM3fR) 65 TO l a 0  . . . . . . . . . . . . . . . . .  - ................... 90  ........ ......... G I N  7 7  ...... . . . . . . . - . . . . . .  
ISTA.2T=ISTSP+I  M A I N .  7  8  

........... .......... - -. - PRIhT UZG*  I P ~ ~ ~ ? ~ O Y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  ...................... ...... ...... H A I N  7 9  
L I H - L I H  + 3 3 0  , . . M A I N  06 

- - -. .- - - -- -- -. - - .......... . . . .  c;o.-ro 1 6 0  -. .- ... . . HAl"---i81 
' 

95 C HA I N  8 2  . . 

... . - - c TRY TO IOEI;TIFY NUCLIDES REP0 FROM CARDS ....... .............. ..... 
i 8 C  0 0  210 I=l.NUMaE? 

CI 

C . I F  CAN NOT IOENTIFY N U t L I D t  -STOP . . . . . . . . . . . . . . . .  - . 
PRINT 8 9 0 9  N A M E l I ) * M l I )  
I€?= ~ i k + i  

C  CONJERT CURIES T O  CUSIE-SEC 
ZOG M P S S l J . 1 1 = 0 U L N T V l I ) / L A 4 B D A ( J )  - ~ ... - ... - .......... -. . .- - ...... 

ICLI J)=ISLII) 

,. 
I F  I I S L I I )  . G E . l . P N D . I S L l I ~ . L ~ . 3 )  GO TO 2 1 0  ............... . . . . . .  

"' C I F  NO SOLUEIL ITV I N O i X  ON r j U C L I D  F K I N T  OFFENDER, 

1 1 0  . , ,  , ,  .": I F  (~CC(I).fL.l.CH9.lGl 1 7 l . l * : , 2 1  GO TO 1LO 
PRINT l o b 0 1  t l ~ H E 1 1 )  dili) t I C L I 1 )  

- - - I E R = I t R * l  .... ..... .. ........... 
210 COtiT'NlJE 

. . . .  C . E L I 4 I N L T E  UNUSED CHAINS 

M A I N  33 .... -. . . . . .  M41N ....... 8b.. ....- 

- - . ... ...... . . . .  "fl* I N  - ;;. 
n s  IN . . 

: . MAIN . . 
H A I N  -. 

6 9  . 
3 0  

MP I N  
MPIN . 
MA I N  
MAIN 
MP I N  
'nu  Sh ' 

r i h I ~  
Mh.IN 
M- I N  
nA I N  
M A I N  ,, 



FISPHD - F P L S E  IF tro FISSII)N P ~ : O ~ I U C T S  PRCSLNT 
ACTP%O = F d L S L  IF NO A C r l V b T I O N  PRODUCTS PCiSENT 
ACTPHO- .FPLSE. 
F l S P d :  .FALSE. 
ISOTOP=D . . .  
DO 235 K=I.CHAINS 
L ~ ~ = ~ K ) F N U C  ( K )  . . .  - ...... - .. - ............... - - ..... 
I F  ( S K I P ( I 0  .NE.o)' G O  TO 240 
0 0  226 I = l r L I M  . . .  
L= ISGTOP+I  
I F  ( W S S  ( L . l ) . G T . l . E - 3 3 . L H i r . L A ~ B S A ( L ) . G T . l . k - 3 G )  
CONTINUE 
SKIP ( K ) = L I M  . . . . .  - .. . . . . . . . . . . . . . .  ..... - .... .- . . 
GO TO 2 4 0  

HA I N  1: 2 
MA,lN . 1 i 3  
M A I N .  I;+, ' 

' M A I t r '  1 G j  

. - MA111 " 1 L b  
n k , I t i  1.7 

..... -. ..... - ..... MLItd . lG6 .. 
' M A I N  1 6 9  .,. 

. . MAIN 110 . -  -, . 
H A I N  . lii 

6 0  T O  2 3 0  MAIN ; 1 1 2  . . .. .. 
MA I N  1 1 3  

- - . .... . . . . . . . . . .  . .  MA114 1 1 4  
MAIN ' 1 1 5  

............... FISPilD=.TSUE.;" "" ..............-.. ....... - 3 CONTINUE . . . . . .  .. . . .  ........................ M i  I N  1 1 6  
1 3 0  M& IN ( ----- & I 7  

.. .. - - - - - - . . .  ....................... 2~ I s o ~ o ~ = ~ s o r o p t ~ ~ a .  ._ _ . . . . . . . . . . . . . .  MAIM 1 1 8  ......... ......... ........ .... 
2 5 0  CONTINUE M A l N ;  1 1 9  

-- 00 260 L = N l r N Z  MA IN - 1 2 0  
I F  ( N 4 i S  ( L  r l )  .LT.I .E-~O.OX.LAI(~D?(L) . L T . l .  i - 3 0 )  GO T O  2 6 0 ' - '  M L I N  1 2 1  

.1.35.. ---- .. ........ ..... ACTPI~D=.TRUE -.., . , . . . . . . . . . .  - .................. - - . . -  - - .............. ML 1.N 1 2 2  -- . . . .  . ..-. . 
260 CONTINUE MAIN . 1 2 3  

- - -. 
C cout rT  aos?.-?lMEs, ,D IsTAN=Es ?... A.!o " V A K r  r*'!is ..-. .... : M* IN 1 2 5  -_! .A .. ....- ................. .. ---...- 
2 7 0  " '  NUPT-0 . Mh I N  . 1 2 5  

...... .----.-.----*.. .... - - .  NR=O nf i I I4 'L. .- 1 2 6  .. 
NOT=O MA It i 1 2 7  

-...... . - - - -. - - - - - - - I F ( N E X T * L T * 3 )  GO f O  2 7 5  .- .... . . . . . . . . .  Mb I N  128..- ....... ..... . .. ................ -... ...... 
PF.INT 8 2 3 s  IPAGEr  DOY M k I N  1 7 0  

- . . .  ......... I I J A G ~ = ~ P A I ~ ~  t, 1 - , ,.., .- ,. . . . . . .  - ........ - . - . . . . . . . . . . . . . . . . . .  H'IXN. 1 7 0  ................ ..........-........ 
2 7 5  0 0  320 I = i t i O  ' M P I N  ' 1 3 1  

1 4 5  .- .-.. I F  ( @ ( I ) )  2 9 = * 2 5 0 * 2 8 C  . . . . . . . . . . . . . . .  . M6 I N  .......... 1 3 2  . ... 
2 8 0  ' ' NR-.I MAIN 1 3 3  
295 I F  IWSTIH(I)) 3 1 0 . 3 1 0 r 3 0 0  . . .  . M A I h  1 3 4  . . ' . . . . . . . .  

, 3 0 0  NDTZI  MA I N  1 3 3  
. . .  . . .  31C I F  !NUPT.GE.S.03.1.GT.SS OR.UPTIMi(I).LE.J.I GO TO 3 2 0  , HA I N .  136 

15C NUPT=NUPT+ 1 MA i N  1 3 7  
. .  . .. . . . . . . . . . . . . . . . .  .... .... . .  .. . ... - . . .  - ........ - . .  - .-.. U P T I ~ E ~ N U P T ~ = U P T I M E ~ I ,  -. - - - - .- - .- M A I N  1 3 6  

3 2 0  CONTINUE * & I N  : 1 3 9  
. . .  . . . . . . .  . . . . . . . . . .  ...... . . . . . . . - .  . . . . . .  CLLL U N I T  ( O T L H . D T L N , N U P T ~ U P T I M E ) ~ ,  , MA IN ..-. lkO 

. IO=O 'M~IN . ,  i*1 . . 
. .. 1 5 5  . . . H A I N ' . .  . ls2 -. . . . . . . . '  0 0  3 3 ~  I = l r Z J ,  , , . ,  . . . . . . . . . . . . . . . . . . .  

3 3 0  KORGl I )=O :YA I h  1 4 3  

3 5 0  CONTINUC 
I F  (1O.GT.C) GO TO 330 
PEINT 913. OEGLNS 

1 6 5  I c R =  E 4 + 1  
35C I F  (UB.CR.LT. 1.E-32) IE*=IE;.+l 

I F  ( 9 2 P T i ( i ) . L t . O . )  I E 3 = I E R * l  
I F f V c 7 . L T .  G.02.NET.GT.10) I E R = I E ? t I  
I F  ( L I l l r L E r t 2 0 )  GO TO 355  

1 7  0 IFAGS=IPPGC t 1 
PNINT HZ31 IPAGE.03Y 

MAIN 1.4 . . . . . . . . . . . . . . . .  MAI ,,?... . 145 . 

M A I N  ' lcb . . . .  
M P I t l  i C 7  
MAIN. , 1.8 
n P l N  " 1 4 9  . . - 
MAIN 1CJ 
MAIN ' 1-1- " . 
ML I N  1 3 2  
MAIN . '  1 5 3  
M4 I N  1 >lr 
HL I N  1 5 5  
M 4 l N  1 5  6 
HA,Ih 1:7 
HA IN. ,  . . 1;s 



FTN 1.24P38S .12 /16 /74  1+.-0.25. 

. . . . . .  - . . .  . . . .  . . . . - .  3 5 5  PRINT 9 2 0 . U 3 A R ~ B P A T E ~ N C T  ............ . - M k I N .  1 = 9  
IH=r (  MA I N  id  

. . .  . . . . . .  . . .  PRINT 356.IH M k I N  i b i  , . -  
1 7 5  3 5 t  FOC.iAT ( 1 H  .'H='. I j* ' METiRS-) .. M4 I N 1 b 2  

... . . . . . . . . . . .  I G C = n i T  . . . . . . . .  . HAIN 1 6 s  -. 
IF(!lCT.EQ.SJ GO TO 8 1 5  M A I N  l b k  

... ... . - . . .  I F  (HET.GT.3) I G 0 = 3  . . . . . . . . . . .  MhSN 1 6 5  .-: 
GO TO ( 3 5 0 , 3 3 9 ~ 3 9 0 ) .  I G D  . WAIN 1 6 6  

. . . . . . . . . . . . . . . . . . . . . . . . .  .....- ,180 3 6 0  IF (AH.LE.C.I I E R = I t 3 + 1  . . .  M i i N .  1 6 7  
I F  (3li.LE.L.) I E R = I E R + l  MA I N  1 0 8  

. . . .  . . . . . . . . . . . . . . . . .  ...........:. .. . . . . . . . . . . . .  . . .  I F  (CH-LE. C . )  I E R = I E Z + i  : .- M A I h .  1 6 9  
I F  (OH.L<. f .) I E Q = I E 3 + 1  . MA I F (  1 7 0  

-- - - - - - . . .  .... IF tKSQ0.LE.t.) I E R = I E S + l  MAIN 17.L- .. .-.....-- ..- ........... 
1 8 5  . I F  ( S T U B ( 1 )  .LE.G.) I i R = I i R + l  MAIN l i 2  

- - - . .. ... PRINT 9 3 0 s  AH.BH.CH.OHIKSQO~STUB(~).  ?!&IN._-r.. 1 7 3 .  ................. ...........-..-.... . 
I F  (NUPT.EQ.1) GO TO 3 9 0  M A I N  1 7 ~  

- - - - - 0 0  3 7 0  I = 2  sNUPT . . .-. ...... . .-.MA I N  .__ ....... 17-5. .--...... ...... . ....... ... 
IF (STUS(I .LE.I.E-~~I STUS(  i ) = s r u s i ~ - i )  . HAIN 1 7  6 

1 9 0  .... - - .- -- ... . - . .- - - I F  I S ~ A T L ~  I 1  .LE..J.) . ~ B ~ ~ T E l I ) = B ~ A T i ( I : l )  .MAIN 17_7_- 
370 CONTINUE H A i N  1 7 8  

-- - - - - GO TO 3 9 0  ......... ........ H A I N  1 7 9  .... ....... .... ........ . 
3 8 0  I F  (CZ.LC. C . )  I E R = I E R + l  M L I N  1 8 0  

. -- - - -- I F  ( C Y * L i *  3 . )  I E R = I E R + i .  M A I N  1 8 1  .......... .. - ....... ..... ........... . . . . . .  
I F  (EN.LE.C.1 I E R = I E R + l  . . MAIN 1 8 2  

.. . . . . .  -- -- - -- PRINT 943. CYSCZSEN M i  I N  ---.183.-- 
IF (oI&n*GT ] ...o Ep 

- - ... 3 9 0  MA I N  1 8 k  
....... .- ................. - - - ..... -. .. - - .. - - .... IF ( 0 5 . ~ ~ .  c.1 GO 1 0  4 0 0  .... . MA IN . la%- .  .............. 

I F  (&.GT.Z.) GO TO 4 0 0  -'MAIN i d 6  
................... . . . - . . .  - . . . . . .  .. . . . . .  20 0 I F  (OJ-GT* C .  J..GO-TO 6 0 0  1. -.: MA I N  1 8 7  

IE&=IEZ+I nn IN 1 8 8  
- ? O O  PRINT ~ J ~ * ~ I A # * D ~ V O ~ * D ~  .... :...MAIN 1 8 9  

I F  (1?(11 .L z.C .) 1:2=1ER+l MAIN 1 4 0  
....... ...... . . . . . . . . . . .  io' s.-------- ----.-.. I F .  ( O O S T I H ( 1 ) . L E - J * )  I t R = I E R + l  _ ....... .... M k I h  1 9 1  

. PRINT 95Cv N.31 ( R ( I 1  r I = l , N R l  MA I N  1 9 2  
. .  PRINT 96;. NUPT* ( u F T r M ~ f I ) * I = i * N U p T ~  .................. .............. M L I N  ....... 193.. ..... .......... 

PRINT 970. N 3 T ~ ( 0 0 S T I M ( I l ~ I = l ~ N O T l  . , M~ IN  1 9 k  
' I F  ( I E P * L T  0 1 )  GO 1 0  . k l O  . . . . .  ......... t4.G Xt.4 1 9 5  . . 

" .  PRINT 1020. I E R  MA I N  1 9 6  
~ -. . 

-.210 STOP ._ ... ...................... ............... .......... n'A I N  --.----. i*?- ...- ............ ..... 
k 1 0 : ' - .  CONT W U E  MA I N  1 9 8  

. . . .  ........ - - - ................................................... ....... 'J"B=1/U~AR,. .......................... ....-. .... MJlIh 1 9 9  .--. 
1GO;rciT U P I N  2CO 

- . GO TO ( 6 2 0  945 O r 5 4 3 t 4 8 ~ t 4 8 O r C 8 O  . 4 d O r ~ 0 ~ t * ~ J * 5 9 0 ? r . - M E T  . . ,, . MfilN ..... zul-.-.- 
2 15 C 

.' 
HANFWC HOVtL  , . MAIN 2,Z 

........ ..... . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  ..... . . . . . . . . . . . . . . . . . . .  .................. - -. ...... - -.  420 -, CONTINUE - -- - MA IN ?d3 
. .  0 0  6bS I U =  1.NUPT MA I h  23 4 - .  

- . . . . . . . . . . . .  ................... ..... . . . . .  . . . .  0 0  430 13=1,NR :.. MAIN 2 5 5  ......................- ....-....-..... ufi IN.- .-. -. 
TT=Z( IH)+OUB 2; 6" --. 

220 - - -. - - - - - - . EXPO=KSP,,.T,2 TTZ=TT'TT - -  MAIN . . .  .......... . . . . . .  ..... . . .  26 7 . ....... . ... -. ... 2 0 8  - - -  
- - - . EXX-EXP (-EXPO1 . . . . . . . . . . . . . . . . . . . . . . . .  . . ......... . . . . .  ... . . . . . . . . .  

MA l h  2 2 9  
OM;= 1.-EXX - ' U a I N  "210 ' .  . - - ~ .  

SZ2=3i+TT.+OYE*AH 
SIGZ ( X R . I U l = S U R t ( j ~ 2 S ,  
BA=CH+ OH*; TU.3 ( I U I  
APH=.5'BA/ ( S T U B ( I u I + * Z l  ' 

S Y 2 = 8 P ~ I T T - . G P H * ( 1 . - t X P ( - T T / A P H ) ) )  



. . .  .................. 
PaOGRAM M A I N  . 7 4 / 7 4  ' O P T = O  TRACE FTN b.Z+P3dO " I Z / l o / 7 b  lq.Gil.2;. 

. . .  . . .  . . .3 

Md I N  215--- . - . . .  .... . . . . . . . . .  . . . . . .  -. .. . .... - - - - - - SIGY (I?. I u ) = s a z T  s - .  _ - .- 
23C L 3 0  CONTIIlUE MP I N  217 

. . . .  4 4 0  CONT I h U E  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  M w i l i  . 2 1 5  ... -. . . . . . . . . . . . . .  
GO TO 5bil  t l n l w  213 

C SUTTON MODEL , , . . . . . . . . . . .  . . . .  MLIN 226 . .  ..... . - 
4 5 0  CONTINUE WAIN. ' 2 2 1  . . . .  

2 3 5  SQ2=1./SQ4T 12. ) -  . . MAIN 222 - - A - .  

0 0  47C I R = l . N R  H A I N  Z i  3 
S I G Y ( I 3 .  1 ~ = C Y * S O 2 * 1 R l 1 R ~ * * 1 f  .-.5*EN)) . . M E I N  . 2 2 4  , . . . . . . . .  
S I G Z ( I 4 ,  1)=CZ*SQ2*(R(1R)**(ii-.5*CN)) M A I N  225 

. . . . . . . .  . . . . . . . . . . .  JO 460 I U - Z r N U P T  . . . . . . .  - . . . . . . . . . . . .  . M A I N  . 2 2 6  
240 SIGZ ( I R ,  I U ) = S I G Z  ( I R r i )  MA I N  227 

. . . . . . .  --- .... . SIGY (19. IU)=SIGY(IR*~). MA IN 2 2 0  
i 6 0  ' CONT INUE M h I N  22 3 

.. ......... . ... ........ 47.0.. C O N T ~ N U E - .  ,--.._-. MAIN 2 3 ~ .  . . . . . . .  . .  . ... .............. 
GO T O  5 4 0  MP IN 2 3 1  

...... --: .. ?LE : , . PASQYICb CUsVES FOR-.SIGMa . Z  .- ._.-. . . .  . .-- ... I N .  232 .-----.. 
480 TTH3=MiT-3 Y !a. 1 b! 233 

.-- 0 0  49G I R = I * N R  -. : I N  2 3 4 .  
x ( I R ) = l O O . * R ( I R )  MA I14 235 

+90 CONTINUE , . ,. , . . . . . . .  . . . .  . . 250 .-.:- ..... M A I N  2 3 6  . .  .. 
ERR: 0. MA I N  237 

....... ........ . . . . . . . . . .  . ..... . . . . . - . . . .  ..................... - - . - . , ... - . . -  CALL t=ASSIG ( I T M 3 * N R * E 4 4 ?  ..; MAIN'. 2 3 8  ---.- 
I F  I E 2 7 )  510.51i?,500 M A I N  2 3 9  

.- 5"0-.. MRITE " 3 * 9 8 0 ?  ,-MET -- - ............ .... .. .- - - .. 1 N .. -. --.ZkG--- -- ___ ......... . 
5 1 0  CONTINUE M 6 I N  2 4 1  

....... ..... 255---:: .-- - JO 5 3 c  I R = I * N R  ..: - .. .......... .... . +"'IN. 
CO 5 2 0  I U ~ L I N U P T  MA I t ;  i s ;  

- - -. . . , . . . . .  ....... ~ l G ~ ~ I ~ * I U ~ = ~ Z ~ I ~ ~ ~ ~ O O -  2 s k  ............. ....... ...-.. .....-.... 
SIGY ( I i . I U ) = S Y ( I R ) / l O O .  MA I N  2-5 

. . . . . . .  .... ....... . . . . . . .  .. ... ZE"T - -- --'2 520 CONT1t:UE . . . . . . . . . . . .  - - .- .- - I N .  Z i S  
5 3 0  ' CONTINUE - MA I N  2.1 

-- -- 
. . . . . . . . . . . . . . . . . . . . .  . ...- -.. ............... C P 2 I N T  SIGMA Y AN0 SIGMA Z VALU:S I F  I P 4  .Gl 0 M A  IN .. -. $:", ...- .--. 

' 5 4 0  I F  (1Pi.I 560.560.550 M A I N  
5!C, WRITE . ( 6 r 9 9 0 )  - . M A I N  . 2i0 ........... - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  

WRITE (6 .1090)  R ~4 I N  2 5 1  
WRITE ( 6 , 1 3 1 ? )  U3A2R;(lSIGZ~I~~iU).IR=1~lOJrIU=lrNUFT) . . M U I N .  25 2:,3 2 . .... ?€= ... ."... ..... .-...... 
Y R I T i  (6 .1070)  MA I h  
M R I T L  ( 6 9 1 0 0 0 )  Q MAIN ..... ..::!. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
WRIT: , ( b , i G i O )  U9AR~I(SIGY(IR~IU),IR=lrlOl ( I U s l r N U P T )  ' ' "  " ' HA I N  -3 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  .... . . . . .  560. CONTINUE M r i I N ,  ,. 2 5 6  
2 70 C CALCULATE LOP M A I N  257 

. ' '  

30  580 I K = l . N R  j7t I" =I,I, UPT - .'MA I k .  258 
.- - -- - - -- - .- -. - - . . . . . . . . . . . . . . . . . . . .  . . . .  . M A  IN. .2,,3. 

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

o ~ t i o r t = ~ l  GY (IP,IU)'SIGZITR, TIII*IIBAR*~. 1415927 ,- ,, ' MA I N  200 . . .  . . . . . . .  . . R A I N  " '  2 u i  CXPO=(-. 4 * ( H / S I G Z ( I S . I U )  lC'2) 
275 - . ~ O U (  IK.IU) =EXPIEJWU)/D:NOII MPSN z c z  

5 7 0  CONTINUE M A X ~ .  " ~ b 3  
5 8 0  CONTINLIE MA I N  2 0 4  

I F  (IPU.GT.0) PUNCH 849, ( l E O Q ( 1 e J )  . I = l r l 3 )  .JL-IvNUPT) ' t lL I N  265 
GO TO € 0 0  MAIN 206 

280 5 9 0  2 E A n  (5 . R C S )  I ( E O Q I I I J ) ~ I = ~ ~ ~ O )  .J= l *NUPT)  MA IN 2 0 7  
6 0 0  C0NT::lUE M A L N  2 c  8 

C PF;INT EOa VALUES I F  1PP.GT.G 1:d 263 
I F  (1OF.LE.J) GO 1 0  6 2 0  MA I N  2; 5 
PRINT 820. IPAGEPJOY M i I N  2 7 1  

286 P R I I I T  A Q 3 i l , ( d ( I )  . I = i r N 4 )  MA i N  2; 2 



.... ................ . . . . . . .  
PROGRAM ~ A I N  7 5 / 7 4  OFT=O TRAC; 

- -- IPAGE= I P A G E t 1  . ..... - . - . . . . -  
DO 610 IU=l.NUPT 

....... ... P k I I l T  1040 s UPTIME ( I U I  I ~ O O ~ I R ~ X U I  t I R = l . N R l  
6 1 0  CONTINUc 

290 C STAZT GOSi CALCULATION 
C p E ~ F & H i  D O S i  CALCULATION 

. . . . . .  -. C MAIN 0 0  LOOP ON 3ISTANCES -................ 
6 2 0  DO 720 I R = l . N R  

. . 

M I  I N  . . . . . . . . . .  z i 3  . . . . .  
MA,IN Zi'b 

. M A I N  21 5 
H k I N  27 b 
ma IN 2 7 7  .. 

. H~IN 2 7 8  
. .- . MAIN ...... 2 7 9  . .  

. U A l N  2 9 0  
K R = I R  MAIN 2 6 1  

2 9 5  TT'? ( I R I  /UBAR MAIN 2 8 2  
. . I F  l .NOT.FISP001 GO TO 6 3 0  . - . . . . .  nr 114 2 8 3  .. 

CALL CHAIN1 (2.TT111 MAIN 2 8 4  
.. -. .- -. - . - ... . -- . - 6 3 0  I F  (-NOT.ACTPRO) GO TO 6 5 0  . . . . .  . . - MAIN . 2 8 5  

DO 640 IS5-N1,NTOT MAIN 2 6 6  
. , 3 0  ............ I F  I M A S S ( I S O ~ 1 l . L T . I . E - 3 0 1  GO TO 6 4 0  . .  - .. - .. - . - - .... -. % I N  . 287.. . -. -. . -. -. . - 

HAS5 (ISOr21=HASS ( ISOI I I *EXP ( -L lM3DA I I S O ) * T T )  MA I N  2 8 8  
....................... . . . . . . . . . . . . .  .......................................... ........ .............. 6 4 0  CONTINUE . - HAIN Z a g  

6 5 0  0 0  660 1SO'l.NTOT N A I N  29C 
-- .-.... ............. 66C S M A S : ( I S C ) = n ~ s s ~ I s o * ? ?  i. H A I N  

3 0 5  . 0 0  710 I & l r N U P T  , -  H A I N  2 9 2  
................................ BOU=BRATE(IU)+EOQ~I~*IU)/UPTI~L(IU)_. .................................... M I I N  ........ 2 3 3  ................ 

I F  (.NOT.FISPRO) GO TO 6 8 0  M i  I N  291. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TLN=OTLN (1"). ..... ................................................................ .:. MAIN .... ....:..33.1 ................. 
3 1 5  KUPT=IU MAX# 3C2 

.- .. - . - ................ -- -. .... 'CALL ORDOSE .....- 1.- . .. .-.-: ........ ............. . -- .- .......... 
c'--- ' EN0 OF CASE 

M A I N  3 5 3  
Mi4 I N  5;s 

. . . . . . . . . . . . .  7 1 0  COhTINUC . M i l h  ....... 3 c 5  .. ..-.--.. . 
7 2 0  CONTINUE HA I N  32 6  

....... 320 ........... 725 FOevAT("  S T A a T  (jF NEXT CASE'j . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -. "" 9 1 4 1 7 4 -  . .  ..I1 ........... WkITE( 11 7251 
9 / L / 7 -  1 2  

- -. - -- - - - - DO 7 2 9  729 K O ; l t I O  Ibl,NOT- - ----- 9/4/7.  . ... ..... . . . . . .  ...........". . 9 / 4 / 7  u... .. 1 3  
. - .  

........... 325 . . . . . . . . . . . . .  KOG-ORGANS (KO) 9 / + / 7 u  1 5  . . .  ....-....... H R I T i ( l r 7 2 8 J  T I T L E ~ ~ ~ ~ ~ I O ~ K O G ~ ~ S U M O O S ~ I R S I C ~ K O ~ ~ I R = S ~ N R ) '  ' ':- 9,4/7* .l.6- 

. . . . . . . . . . . . . . . . . . . .  ..... - . . . . . . . .  7 2 8  . F o * ~ A T ( A * * ~ x * I ~ ~ I ~ * ~ ; E ~ * ~ )  . . . . . . . . . . . . . . . . .  .- ,.9/*/7ir . .  1 7  ..-- -- .... 
7 2 9  C O N l I N U i  9/ ,4/7b 1 8  
C R E T i J V  TO START FOR NEXT CASE . MAIN 35 7 . -- . - . - -. . 

....... . CALCULITL H ~ I G H T E D  DOSi VALUES OVER TOTAL F ~ E L E A S E ' P ~ Z I ~ O ~ " - " ' -  I4 A  IN -. 
-- . . - - - . - -- 

. . . . . . .  330 . . . . . . . . . . .  I F  (NUPT.LT.2) GO TO 1 0 0  . . . . . . . . . . . . . . .  - ................................. I N  ..-....-. 310 ................ 3; 9  
. L F t 4 T ~ 2 ) = 1 S F A C E l I O l  MAIN 
L F ~ T l 7 ) = I i i E L O ( I O l  H A l h  3 1 1  ......................... MF?tT(Z)=ISFBCE(IO) . " '  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......... 312 ............... 

- - - - . . -. ' NFnT ( 2 )  =ISPACE I 1 0 1  335 .. JFHT 171~IFIELJ~I01 . . . . . . . .  . . . . . . . . . . .  ... ................ . ~ A I N  3 1 3  
M A I N -  3 1  b 

.-.......... . . J F ! l T l 2 l = I S P A C E ~ I O l  . . . . . . . . .  . . . . . .  ni ; Ih 
0 0  76C IU=Z1NUPT 

315 
MAIN 3 1 6  

F A C = U P T I n i  ~ I U l / ~ U P T I H E ~ I U l ~ U P T l M i l I U - 1 l ~  . . . MG I h  . . . . . . . . . . . . . .  317 
DO 753 1 D = l t ~ O T  11P 111 3.1 a 

- .......... - ...... 31.n - UU 740 KO-1.10 . . n~ 1~ 3 1 9  - 
" DO 730 II~=I.N~ .- n ~ ~ l r  320 

I R I U = I R  t I I U - 1 ) ' i O  n i l t i  3 2 1  



. . .  
PROGRAM M A I N  7 4 / 7 L  OPT-0 13AC5 

I R I U r I R  4  ( I U - ? ) ' t o  ........... - ... .- . % I &  .- 3 2 2  
S U M O S S ~ I R I ~ ~ I O ~ K C ) ~ S U H ~ O S ~ I F . I U ~ ~ J ~ K O ~ * F A C ~ L . U ~ C G S ~ I R I U H ~ I ~ ~ K O ~ ~ -  H A I N  32 3 

I F A C )  HA I N  .32C - .. 345 ' . . . .  
735 CONTINUE - H A I N  ' 325 

. . 7C0 CONTINUE H A I N .  3 2 6 - -  . . 
75G CLNTZNUE H A I h  327 

. . . . . . .  :. . .  - 769 CON1 INUE ... ... 1 8 . . . ., 
350 ' CALL U N I T  (CTLM.CTLk.N2l.OOSTIH) ' H A I N  3 2 9  

I L I N E = i O  H & I N  339 . . . . . . .  ......... --. . . . 
0 0  8CG 1 u = I s N U P T  WAIN.  33  1 
DO 730 I R = 1 1 & P  . . .... ............ . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  - .  HA I N  3 3 2  
I R I U = I S  + I I U - 1 ) ' 1 0  HA I N .  333 

.. . . . .  . - . . . . . . . . .  . . ....... 355:- . I F  (iLlNE*,.DT * 3 . L C * b I )  GO TO 7 7 0  _ M h I N  334 
I L I N i - i .  H A I N  335 
PCINT 1 0 8 0  IIFAGEI'JOV.D:L~~(IU) .OTLN( IU)  .- ....... ............ .................. .............-...... I N  3 3 6 . L  
HKIT~ ( b t i r . q , c )  ( ORGANII. J).I=~.~I, J=~,Io')' ................................... MAIN 337 

-- n h L r E  I P A G E = I P A G E * l  c6,110c, R,IR,.. .................................................................. HA%. .,-..- ................. .....-........ 338 
3  60 l i d " '  HA I N  339 

. .- . - -- - --- - - -. - . TL IN.S=IL!NC*~ 
.s- , . . - . . . .  - . . . . . . . . . . .  .A ze'-- ilAIH.. .17?... 3*0 . M A I N  . 

. 0 0  7-90 I O = I . N O t  Sui 

-- WCITE ( 6 s l l l . O - ) .  C T , M ~ I O ) ~ C T L N ~ I ~ ~ ~ ~ S U H O O S ~ I Q I U ~ , X O ~ K ~ ~ K = , l ~ l , O ~  ............... .......... ....- 
7 8 0  " CONTINUE 

3 6 5  79C". I L I N E = I L I N E * N O T  H A I N  . 3wk ........................................................................... . HAIN . . . 3 . - . . . . . . . . . . . . .  ............................... * > 
8 0 0  CONTINUE ........ . GO T O  100-' ... . .  ..................... " ........ n4 1.N 3 4  

H A I N  3 i 7  

.... ...................................................... . ............... c y o p  O!!. E'!?.?f-F=L!. -. . - - . . - - - - - -. -. . * , .. - - - - - - - - - - - - - . - M A I N - - ,  t'! 
U . 3 i Z  - ' 2TGP ti;:?: -I. - 

- - - - -. C . . . . . . . . . . . . . . .  ..-. . ................... ...... 
.C- "' 'ORGAN-DOSE CALCULATION 3NLY 

M A I N  
HA IN ........ 

8 1 5  IF( IER.GT.2)  GO 73 0 1 9  .... .- - ......... - .......... 
FRINT. 9 6 0 . l ~ U P T . ( U P T I 1 E l f ) . I = i , N U F T )  . ' . " .  "........... 

3 7 5  PRINT 9 7 0 s h J T ~  ( G 3 S T I U ( I )  * I = l . N U T )  

...... - . .  

MAIN 
nA l N  
MA I N  

' n n 1 ~  
n a I N  . . .  nhlN , :  . . .  

HA I N  . . . . .  
MA I N  " " '  

3 8 5  - - -- ....... -. . . . . . . .  - -- .-.... 817 CONTiNUE . .  -. ...... -. . . . . . . .  .- . " ................... . . .  - MAIN .. - - 3i S..--.-- CALL ORDOSi ' HA.IN. 36. 

I;n T O  I D O  . . . . .  . . ' ~ Mi,IN., 366 
0 1 9  f ~ ~ = 1 6 k - i  H A I N  . 3 6 7  - 

P K I N T  1 0 2 0  s I t 4  MA TN Job 
390 s I bP HA IN 3 t 9  

C na l l v  3 7.1 
8 2 0  FORMAT l l H 1 1 " P A G E ' r I S ~ 1 1 3 X ~ 4 9 / )  M L I N  3 7 1  - 
8 3 5  FOKYiT ( 1 H  . " O I A i  =',F3.3," MICCOHETE55"/1H ."03 =".F9.7/1H .-Ob = MAIN 3 7 2  

I- .F9.3/1H " 0 5  ='.F9.3) MAIN 373 
3 95 l l f10 F ~ % ~ A T  ( 1 0 i 7 . 3 )  HA I N  3; C 

85C FOr?XAT ( 1 3  1 M A I N  375 
8 5 5  F O Y U 4 T ~ I H I ~ " ~ ~ G C ' ~ I S ~ 4 j X ~ " " * * ~  INPUT 0 4 1 2  * + * + + " r ~ 4 X s A 9 / / / )  WAIN 310 
8 5 6  F0R'lt.T ( l H 0  17A10)  9 / + / T -  1 9  
8 6 6  FOQHIT ( I H C  .>3X."YUCLIDr d E L L 4 S  I N  CUl r IES" / / )  H k I N  377 



- . ........ ............ 
PkOGRAM M A I N  7 C / 7 4  OPT=O TRACi  FTN *.2+P391 1 2 / 1 6 / 7 *  ,1*.65 - 2 2 .  . . .  

' . 
8 7 0  FORMAT(1H . 2 X ~ b ( 2 X ~ A 3 r I 3 r I Z ~ i P ~ l l ~ C ) )  . . .  . . .  . . . .  ..... .. . - . . - - . . 400 - 378 ..: 

. 880. FORMlT ( 4 l P 3 ~ 1 3 r I Z 1 E i Z . O ) )  ME I N  3 i i  
. . .  . . .  . . . . . .  890 FORMAI ("OUliKNOWtI ISOTOPc - 'A3.13) I N  360 

900 FORMAT I" I N J A L l U  J A L U i .  FOQ NEXT - "16.) M l i I N  3 0 1  

. . . .  n .  . . 710 FGRYAT (' NO ORGANS S P E C I F I E D  - OiGANS". lOIZ) M A I N  3 6 2  

. . C05 926 FORMPT(lHO// / lHGr"UBAR = " l F b . l / l H  ."dkAT< ='.5F9.0/lM r " l L T  = " . 1 3 ) , M A I N  3 8 3  
930 FOHY AT (' An="F7.1/' BH="FY. 5/' CH="F7.1/". OH="F.7.1/' KS93 .=zF9.0/_ M A I N  3 3 b  -.-= - .- .. . . 

1- STUa( l )="F7.31  MA I N  3 b 5  
. . . . . . . .  9CO FORYAT ( "  CY ="F6.3./' C Z  ='F6.3/" EN + 7 6 . 3 )  . . . . . . .  : M l i I N  3 8 6  . . .  

950 FORALT (' "13;" OISTANCES. NETERS"lGF1O.J) MAIN 367 
410 , 960 FOkHAT ( i H  ~ 1 3 . "  UFTAKE T I ~ E S I  SZCONOS ' r l P 5 E l d . 3 )  . . . . . .  M z I N  . . . .  3 8 8  . . . .  ..... 

970 FORMAT ( 1 H  . I 3 r "  OOSE TIMES. SECONDS ".lPlOC10.3) MAIN . 3 6 3  . 
.. 980 FORHAT ( 5 7 H G L I M I T S  OF STORE0 S I G Z  OATA iXCEEOEO FOR METEOROLOGY TY M A I N .  393.. 

1 P E * 1 3 )  . MA I N  3 9 1  
. . . . . . . . . . . .  - ......... 990 FORMAT (//60X."SIGXA Z VALUES') MAIN . .  3 9 2  .:.. . . . . .  

415 ' 1 0 0 0  FORMAT (13HoAVEKAGE W I N D I ~ C X ~ ~ + H S I S T A N C E  FROM RELEASE PO IN^ METEZS M L I N  3 4  3 
... f / t 3 H  SPEED* M/SEC,IOFlD.C/) . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . MLiN. .  .. -. 3 9 i  .. .- . . . . . .  

101.0 FORMAT ( 1 H  ~ F 1 0 ~ i ~ 2 X ~ l O F l 0 ~ 0 /  ( 1 H  ~ 1 Z X ~ l O F I O . O ) )  MA I N  3 9 5  

. -  1 0 2 3  'FO?M&l I' i E R  = ' i 3 r "  ER90RS I N  INPUT DATA. - STOP') MAIN 390 
' . 1 0 3 0  FCRMAT ( l H t r 5 i X 1 " E / 9  VALUES"/IHOI 'UPTAK MAIN 3 4 7  

-.--- .420 ......... .. 1 TIHES / OISTANCES'/lH . 2 X . ' ~ S ~ C O l i J S ~ ' l f X , ~ ~ l M E T E ~ S ~ ~ ~ i O F 1 3 3 0 ~  . MAIN 3 9 6  ....... 
' l o b 0  FORMAT (1HG v1PE1 0.3r15X. lO- iC.3/  ( i n  r i P t l J  . 3 . 1 5 X * i O i i O . 3 ) )  . MQ:N 3 9 9  

... 
................................... < .  ....... ................ 1 0 5 0  FORMAT(8AlC) MAIN, ."GO 

1 0 6 0  FORMAT ( -  IM?~OPE~( S o L u a x L x T y  INDEX SPECIFIEO FO~(  ".~3.13.12) ' "  - '  .'MAIN l r ~ l  - - 
. . . - - 

- -- . - . 1 0 7 0  FORMAT 1//60X.'SIGYA Y VALULS'I -- - MAIN 
425 - 1 0 8 0  FOXMAT I l H i r " ? A G E ' r I S ~ 4 2 X . " O 3 S E  COMMITMFNT FLOP! uPTAI<E'.c,x;A~/ MAIN . 4 6 3  

........ - - - - - - - - - - - - -. - - - - - - 1 l H  .WX."ArlC3AGiO OVE? 1\ TOTAL R L L i A S E  FFRIOO OF ' ~ F ? . l ~ I X ~ A 6 / 1 H ? .  M i I N  4 C i  ... . ... ... .. . ... -.. . 
ZCSX.'TLSK GXOUP ON LUNG DYNAMICS MoDcL" ' /~H .5bYt-nSC-A(Y On%: I N  EZM. M k l N  ...i .. .- j. - 
$ - I / )  .............. .- . - ............. n41'4.. . . . . . .  4C.6 

1 0 9 0  FORnAT ~'oDIsTANcE/'~~x'ORGANS CONSIOEREJ ARE'/'.-OOSE' 11n; -1) ( MAIN 4G7 

'!? .. l A b r A 5 1 )  . . . .  - ....................... - ...... -- - . - . . . .  - MAIN A 5 8  
i i ' b o .  FORMAT (-o'-F~.D.-' METERS-/ )  MAIN 4 c 3  

. . . .  1 1 1 0  . FcRnaT . I -  ::FS. l* 1 X A S . ! P l J E l I ~ . )  .......... ............... - ........ - - . - .. --... ........ 1". --. 9 @. .-----. 
EN0 'MAIN 4 1 1  



FTN i . 2 r F 3 8 0  1 2 / i 6 / 7 ;  1..39.*;. 
. . .  

. . 
SUBRSUTI NE L I  3 8  . .--. 
L I B ?  R E A J j  AN OkGAN JLTA L l a X A P Y ,  , : 

COK'liJN N F P . N L C ~ ~ T O T . * J F N U ; ( ~ ~ ) . . ~ < I ~ ~ ~ L ~ . ~ A S S ( ~ C ~ . ~ )  .LAMBOA(~;OI 
l C H A I N S ~ O K F ~ C T l S S 0 ~ 3 )  .?.i515:0) .ML l6C?) . ICL (b?O) 

COX3ON I@G(123C) .ENG( lZE0.3)  . ~ 1 1 6 5 ~ ) ~ i ~ i ~ ( 6 5 0 ) . 1 i ~ ~ ( 6 0 0 l  

- .- . . . . . - - . ClJM'lQd O O ~ T I M t 1 7 ) . 0 3 ~ 0 ~ ~ 0 3 . U P T ~ M 1 1 ~ )  . I S q l b : i i )  
COnq3N aP:TE(S) * X ( l L )  l X l l O I 1 s Y  11;) * s Z ( 1 4 ) . G I A M  

: COMMON S V ! 0 0 S ~ 5 : . 1 C ~ 1 0 ) . T I T L ~ 2 ~ 8 1 , N 3 T r K 0 F ( G 1 2 0 ~  .TLH*TLN 
COM.?ON 1 P I G ~ t O ~ t A N l 2 ~ 1 0 )  

. . COXYON/NCY/OKGN:Y 12s  2 5 )  . .. 
REAL L A M ~ I O . L A ~ ~ O A I M A S S  
INTEGER CHAItIS.SKIP - . . .. - - . . - . . . . . . . . . . .. . . . . . 
LOGICAL FISPSDIACTPRO 

- - - . . - . . - - C O H ~ O N  ~ ~ ~ ~ J R O . P I S ~ R O ~ K R * K U P T . * ~ ~ ~  . . . . ...-. . 
COMMON L 1 3 T t 7 )  

. . . - - - . LOGICAL S<IPO C'  R c A O  813LOGICPL 3AT11 .'ISRIRI. . . . ' ...... . . 

. L I 5 3  . 2 
L i t l o  3  
C  SMh 2 
C amti 3  
C  J Htr 
C  UMh 

S .  
5 

cur t t i .  ..,. 6  . '  
. C OMN 7 
COMIJ . .  8 
COMN 9 
COMN 1 0  
C  UMN 11 
COMN.. . . 1 2  . 
CUMN ' 1 3  
COMN, . . . .,.. , 
9 / 9 / 7 4  ' . 1 
L I B =  .: 5 ----..-------. 
L I  8 a  6 

1 ', .FOkYAT ( I i t 7 A 1 0 1  ..20 . . ., -. - - - -. -- - . .- - . . . 1 9 /  a 7s . ---- .- . - 
2' F C ? ~ A T ( ~ I ~ ~ I I ' , A P I I ~ ~ ~ E ~ . ~ . ~ E ~ ; ~ ~  - " '  '"'.- L i B a  8 

.. ' 3 F04YAT I' LIBRARY DATA S E W - N C E  C2RCR "1'. " 2 1 3 ; 1 1 ~ A 2 r I 2 ~ 6 ~ 1 0  . S )  . L I  88  - .  . ... . -.< .... 
' SKIPC=.FALSE. 

Li88 9..- 
1 0  

. . . . .. . - . - . - - - -. , - . .. - . - - - . . . - .. . . L I B 8  o0 lGJ I=!r610.C. . . . . . . . ..... ... . . . L18a,  11 l o o  ~ e r c t r ) = o  l z  
25 '.' ' .  KRN-0 ..... .- 

KET=O " 

.-' . ' . .. - . . . . . . . . . . . -. -- . - -. - . . - .. . . - - - . . -. . .. . . - - . L = a = .  13.. . - 
L i  8 a  ik 

35 . . . . . . . . . . . 1 1 0  I F  ( K I S - K I S T 1  1 5 O t l Z O ~ i b O  . . . .  . 
120 I F ( < t l - K N T )  l ~ J ~ 1 3 0 . 1 ~ 0  

. . 1 3 0  I F I I O - I O T )  l j O r 1 5 0 * 2 1 0  . . . - . - - - . .. . . . - . . . . . . 
C '  LIBRCXY OLTA SEOUENCL IkROR 

l j ?  PRINT 3. K 5 r K I S ~ K M r i L T ~ 1 3 1 T Z ~ T 3 ~ F H , F A ~ F P 2 . E F F 1 ~ E F F 2 ~ E F F 3 ,  
40 - .  STC? 

. . 1 6 0  I O T - 1  
KET=KE 

. . .. .."., 
K I S T = K I S  
KfIT=KH - .. . . . . . . . . 

45 IF(IO-~) t 5 0 . 1 1 u . i ~ ~  
170 IFl!i3N.GT. C )  I E N O I K J I = K R N  

SKIP&.FALSE. 
0 0  1 9 0  J=11NTOT 
: I F l I ( i . t < E . M A l J )  .3U.KIS.NE.MLt J )  ) GO TO 1 9 J  

5 0 I F I Y M )  1 7 3 1 1 7 S r l d O  
1 7 5  I F l K f l * 2 . E O . I S M l J ) )  G3 TO Z i O  

Gu TO 19; 
1 8 3  I F I K M . i Q . I S H ( J ) )  GO TO 200 
1 9 0  COtITINUE 

C  ISOTG?E NOT I N  F.130 L I 3 ? A X Y  
sK:PO. .TkUE. 
6 0  TO J O J  



. . .  

.. - -- . .- . . . -. 
SUJROUT'INE L 100' . -'. " 7 1 / 7 4  OPT-C TRACE FTN k.2+P380 '12/ .10/74 1..38.*5. 

. . . ' .  

. . . . . . . . . . . . .  . . . . . . . .  . . .  . . . . . . . .  c NEW ISOTOPE - ... - . . . . . .  . .  .- -. LI aa .- c ._ 
2 0 0  KJ=J ~i aa s 7 

. , .... :60 . I e E G ( K J 1  = R N + l  . . . . . . . .  . . .   LIB^ -. ' * 8  . . '  . . 
F I ( K l l = F Y  . . L I  Bil * 9 

. . . . . . . . . .  .... 210 I F ( S K I P 0 )  GO TO 300 . - . . . . . . . . . . . . . . . . . . . . .  ... ' L ! B d - .  5d 
. - .  . 1 0 1 - I 0  L l a 3  5.1 

.- -. KRN=KRN+l . . .. .... . . . . .  . .. - _. . :. .LIBB - 52  
65 IF(T3.LE.O.l GO 'TO 2 2 0  LI aa 5 3 

. .  . . .  . . . . .  . . . . . .  . . . .  L A ~ B I O ( K 9 N ~ = . 5 9 3 1 ~ / ~ 9 6 4 0 0 . ~ i B )  r ..: . . .  : ". ' L l d d .  54 
GO TO 2 3 0  . C i B 3  j 

. . . . . . .  . . . . . . . . . . . . . . . . .  220 Lh4dIO(KRN )=d .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............ . .  L I B a .  5 6  
2 3 0  FYAPtKRNl=FW , - . L I B 3  5 7 

. ...... 70 ...... : . FAI3(KRN)=FA .................. - . . . . . .  ..... . . . . . .  -- .. L I a B  5 8  
F2P(  KRN)=FP2 

. . 
L l  a d  : 9 

- - - IOKG.(KFNI= I 0  . . . . . . . . . .  . . . . . . .  . . . . . . .  . . .  . . . . . . .  .....-.. . . . - - . .  ...... ..... - L I B 6  6 0  
E);G(KXNIII =EFFI"' L i  BJ 01 

. . .  - - EhG(I(I?NsZ)=iFFZ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LIBB . . . . . . . .  ... . . . . . . . . . . . . . . . . . . .  ... 6 2 
75 ECG(KRN. 31 =EFF3 L i  B a  6 3 

IF(EFFZ.LE.0.) ENG(KRN*2)=:FFL . . . . . . . . . . . . . . . . . .  - .  .. ........ C I B B  6 4  -- . - -- ... - ......... - ..... - .- . - . .  - .. 
I F l i F F 3 . L E  -0.1 E N G ( K R N * 3 I = E F F I  LI BB 0 5 

. 300 COtdTINUE - - . . . . . . . . . . . . . . .  . .  . ..-... ................ .......... . . L I B 8  ..P6 
IENO (KJ I=Ki?N . .  L I B 3  - 6 7  

. . . .ec. ... . . . .  . .......... ........... .... -..-- .............. ...... RET"'?'. .:. - - - -  : .-. ..: .: .-., b 8  
END . . LI ~a 69 

. . 



S u u a w T I t i E  LI~K L I B K .  . . . .  2  . . . . .  - -. ......... 
C  L I O %  R ~ f i 0 S  AN ISOTOFc SAT1 L I a k A d Y  ., L I B K  3  

. . . . . . .  CUH3ON NFP.NfiCtNTOT. NOFNUC (56) .SKIP ( 9 6 1  rHt iSS 16CO*2) .LAHBOA(61C) t C 3 I N  , , - -  2 
I C H A I ~ I S ~ O K F ~ ~ T  ( 4 5 0 ~ 3 )  r H I C . ( b J C ) . ~ ~ ( ~ G C  l . I C L ( 6 C 5 )  COHh 3  

L 5 COM.I(N MA(cOO) . L A ' ~ B I O ( ~ ~ O C )  1 F W ~ T l 1 2 0 J ~ r ~ A I % ~ 1 2 0 0 ~ 1 F 2 P ~ 1 ~ J ~ )  .COMN . '! . -  . 
COMnW I O Y L ( 1 2 C C ) t c N G L  12Z0.3) r F I ( t t 0 )  . ~ ~ C G ( ~ ~ O ) ~ I E N O ~ O J O I  COrlN o .- . . 

. . . .  -- --- .- - CCHM31u O O S T I n ~ i O l  * 0 3 ~ 0 i ' . O j t U P T i H r ( 5 )  .I:H(CLG) ..--.CONN o . . .  ....... ....... . ... , . -  
COMMON B ? A T E ( 5 ) r 3 ( 1 0 )  .XLlO).SY (1;) * S Z ( l O )  r O I A M  . . 'COIN . 7 

. . . . COW9W S U n J O S l 3 G r 1 0 ~ 1 0 ~ ~ T I T L ~ Z ~ 8 ) ~ N O T ~ K O R G ~ 2 ~ ~ ~ T L H ~ T L N  . . . C S I N  . . 8  . . 
1 0  COHHJN. I P A G E I O R G P ~ ~ ( ~ . ~ G )  .'COIIN 9 

. . . . . . . . . . . . . . . . . . . . . . . .  ...... ......... C O H M W / N A H l O 2 G N A ~ ( 2 * 2 5 1  . - : C O I N  1 3  . . . . . . . . . . . . . .  
. .COUN 11 REAL LAHBIO.LA?IB7P.MASS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... INTcGER CHAINSISUIP . . .  C O W  1 2  ...... . -. 

L O G I C A L  FISPi+O*PCTPaO COIN, .  1 3  
. . . .  . .  . . . . .  ....... 15 connm ACTPSO.~ISPSO*KR~KUPT *OOY CoHN 

OIHSNSION FRACT(C30) LIBK Y 

LOGICAL E R ~ O R  ~ i a ~ .  ' . _  D - ,  . . .  . . . . . . . . . . . .  
C  L I B K  7 .  

. . . . . . . . . . . . . . . . .  - - . . C.. R I a D  OATa L I B R P a Y .  . -  -. * . - , - - -- . . - - . . . .  .. ....... L I B K .  8 .  
READ ( 2 9 r i )  NCO . L I 8 K  9  

.... . . .  . .  1 FORMAT(I3) LI~K 10. .  :.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R L A 0 ( 2 9 * 2 )  IWL ( J )  , H A ( J ) , L A I B O P I J l  .FP.ACT(J  R E C J I S J J N C  L I d K  11 

. . . . . . . . . . . . . . . . . . . .  . 2  FOKMAT ( 1 3 1 1 2 1 E 9 . 3 ~ 3 2 X * F 5 . 3 * 1 7 X * A 3 r I i )  . L I E C  .......... l2 ............. ................................... 
REAOI29.1) N2 L I  BK 1 3  

. .........,...... ............. . :  . ... .....:.. -. ?5 - - -  -- NI=NCD+ 1 - L.. L i  BK. l b  ...... ...... . 
NAC=NZ , ' L ' i B K  1 5  

.......... .....-...... - . -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - N2=N2*NCQ .................... ..................... L I B K  1 6  : 
N F P r t c O  4.. 

. . . '  L i a r . ,  , A. 

r .  NTOT;N2 ....... ................... . I _ .  .................. ...... L I  EK 1 8  ' 
30 REAOl29.102) (MLLJ) r H A ( J )  ~ L A M ~ D A ( J ) * R E C ( J ) * I S M ~ J ) ~ J = N ~ ~ N ~ )  L  I B K  1 9  

1 0 2  FORMAT ( 1 3 ~ 1 2 ~ E 9 . 3 ~ 5 4 X ~ C . 3 * 1 1 ~  . . . . . . . . . .  . . . . . . . . . .  - - -- .. ......... .......... . . . . .  L I a K  . 2 0  .-.- ' 

0 0  2 3 2  L=N1.N2 , L I a K .  2  1 
. . . . . . . . . . . . . . . . . . . .  . . . . .  ............ - .  . . . . . . . . . . . . .  I F (LP? I90A IL ) .LT . l .E -30 )  GO TO 2 0 2  L I B K  f 5. 

L A M B ~ A  ( L ~ = . 6 5 3 1 C / 8 6 C 0 O O / L A H B J A  ( L l  L  i B K  

-35 .>. . . . . . . .  ................ . . . . . . . . . . . . . . . . .  2 0 2  .CONTINUE , . . . . .  . . .  . . . .  . . . -  . . L I d K  2 4  
ERROZ=.FALSC. L I  YK 2 5  

............................ . . . . . . . . . .  ............. .- nP=@. ".", ......... L I B % .  2 6  L -..- . 
CHAINS=O , L i a r (  2 1  

0 0 .  3 I = 1 * 9 6  , - ..... .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . I .  ' 
....... . . . . . . .  i 1  BK . . Z ? - .  

3  N O F N u C t I ~ = C  " L I n K ,  2 3  
C  CILCULATE LbMSOA I N  S E C - I ,  ,. . . . . . . . . . . .  , .  : C I, aK . . . . . . . . .  . . . . . . . . . . . . . . . .  3 0  

0 0  1 ?  J t i t N C J  L:i BK 3 1  

-. . .  ..... I F  (LAHBOA~ Jb.LT.1.E-30) GO 13 SO . . . . . . .  L I  JK. 3  2  .... .. ........................ 
LAt lBOf i (J )=  .6931ClLAHaDA(J)/864!C. . ' " " '  ' .' i l  0 ~  33 . ...... 

!tS . . 40 I F  i H F H L  l J 1  1 b . f . 6  1 L I ? K  3 C  
Y HP=ML( J) 1 . ': . L l d K  ' 3 5 

G N E W  ~ P S S  CHAIN ' L I d K  36 .  . .  - . ' L I d K ,  3 7 %HAINS=CHAINS*I 
C COUNT NUnBER OF NUCLIJCS I N  T H I S  CHAIN . . L I B K  

.............. 
3 8  ,L IBK ' . . 33 - -. - " " . 

50 " 5. NOFNIX ~CHAINS)=NOF~IUC 1CHAINSI +1 
. . .  . . . .  . . . . . . . . . .  GO 1 3  8  

. . . a  
:' L I a K  i J  
. LIuK 

-" . c1 . -  . . 
" " 6 CRRO+ .TXUE. . 

'PRINT 7 s  J '. L I B K  L 2  . . . . . . . .  
' L I B K  ' s 3  7 FORMAT("3L:BRAQY LNTI~Y ' I~ , '  I S  OUT OF PLACE") 

55 8' 0 0 ' 9  'L-1.3 . . . . . .  " ' L I r l K  
.. ............ . '  L I J K  

-6 
' 9 OKFFCT(J*L)=O.!I 4 3  

, 1 0  COliTINUE ' L I a K  * 6  



. -  . . . .  - . . .  
SUBROUTI ME L I B W  

. . . . . .  

. . 
7 4 / 7 6  , OPT=G . TRACE FTN b.ZtP3BO 1 2 / 1 a / 7 4  1*.34.45. 

i .. - .... -. - . . . . . . . . .  IF(Ef?RCQ) STOP . . . . . . . . . . . . . . . . . . . . .  ' L 1 0 u '  4 7  - .  
C I S * = I  MEANS ISOMEPIC STATEt=Z MEANS GPOUNO S T I T E  :L IB& s 8 

.......... 60 . . . . . . . .  ISOTOP=0 L l d U  s 9 . . 
JO 1 5  U = l s C H A I N S  ~ 1 d K  50 . 

. LIN=NOFNUC 1U) . . . . - . . . . . - " " . .  L I B K  , 5 1  . . 
J. 0 L I B K  2 2  

:,J= J * i  , . . . . .  . . . . . . . . . . . . . . . . . .  . . ...... . . . . . .  ~ i a r  . 55 
I S 0 T i I P : I S O T O P ~ l  L I  BK 5 6 
I F I J i i O . 1 )  GO TO 1 3  . . .  ............ . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L I 3 K  5 7  
I F ( I s M ( I s O ~ O P )  .EO.Z) GO TO ' t i  LI~K . 5.8 

70 - - . . - - - - - ..- - .. ~ R C T  ( 1 s o ~ o p . 1 )  =FPACT ( 1 ~ 0 ~ 0 ~ - 1 ) .  .... --_ ,--: LIBU s g  -- 
GO. TO 1 3  LPBK 6 2 

. - - - - - - - - - - - - . - . - - - - - - - - - - - - - - . . - - - - - . - IF(IS~(ISO~OP-I).LI).~) GO 10 i z .  ............................................. L I ~ ~ . . ~ . . . . ~ . . ~ ~ . . . . . . . . . . . . . .  
75 I F ( 1 S Y  ( ISOTOF-2)  .EP,E) GO TO 13. ' L I  BK 6 4 
- OKFRCT (ISOTOP~2)=F4ACT(ISOTOP-2) , LIB'(,.- 65.. 

GO TO 1 3  . L I W  6 6 
1 2  O K F R C T ( I S O T O P . Z ) = l . - F R A C T ( I S O T 0 P - 2 )  .......... ..--..-.... ....................................... LIB'(  b 7  .................................... 

IF (J.EO.~.O~. ISM (ISOTOP-3) .EP.Z) GO TO 1 3  L L  dK 6 8  
60 OUFRCT I I S O I O P ,  3) =F?,ACT(ISOTOP-3) 

.T.13 IFILA"BDA(ISOTOP) .LT. J=O 
........ ........ L 1 a u  6 9  -: ........................... . . - . - . . . .  .................................. 

. L I a K  7 0 

-- 1 4  CONTINUE CONTINUE-- ............ .." .. LIB'(-. -.-71--.- 
. L I  I K  7 2  



. . .  
SUBROUTINE DEP 7 ~ 2 ~  OPT-o  I ~ A C ~  FTN c.2*P.3BG 

SUBGOUTINE 3 6 P  ! 
. . . . . . . . . . . . . . . . .  - . . . .  

C OEP CALCULCTCS THE RLSFIHATCiY T .ACT O i S O S I T I O h  FACTORS FROM THE 

. . . . . . . .  C ' t lCTIVITY. W I O I A N  L T M O S P r i k I C  3I;S:TEZ OF PN PERCSOL O I S T Q I 3 U T I O N  
COnrtOi.( t4FPrNAC,kT5T.h i lFNUC(9 i )  . S K I P  ( 5 0 )  ,!iCSSI6(.L.2) .L& ic iJ l ( j ; i J )  , 

5 1CHPINS.DKFk.CT 1450.3) rCtlC(bL!C).3L(i;C).ICL ( 6 0 2 )  
CO'IMCN M L ( ~ ~ O ~ ~ L ~ ~ B ~ ( , ( ~ ~ ~ ~ ~ ~ F ~ ~ T I ~ Z B G ) ~ F A I P . ( ~ ~ V G ) ~ F ~ P ( ~ ~ O C )  

- . - - - .... - - ... - - -- .. ' COMMr3N I O R U ( 1 2 0 G ) ~ E N G l ~ Z O O ~ 3 l ~ F 1 ~ b C . O ~ ~ i B i G ( 6 C (  ... 
COMlOV 0 0 S T I M  l l o l . 3 3 ~ G b , i r 5 t U ? T I M i i 3  ) t ISM(E:G)  
COMaCu4 e .?A; i (5 ) .< (10)  r A ( 1 0 ) 1 i Y  ( ~ L ; ) , S Z ~ ~ C ) . O I P H  

10 COM!i2'4 S U H ? O S 1 5 E ~ l C .  lill, T I T L ~ 2 1 B ~ t N O T ~ K 0 . 3 G i 2 C ) ~ T L H ~ T L N  
. . .  . . . . .  CCJHlw IPAGi.OiiGP:4(2.1;) . . 

C O ' I 3 O N / N A ~ / O R G N A ~ l 2 . 2 3 )  

OLP . 4 ... 
COHN 2 .  
'COHN , 3 . .'. . 
COMh 4 

r* 

COMN . -.j- ... 
C OMN D 

COMh. 7 .  
.CJMN . B  
COMN 9 . . . .  
C OflN 1 il 

' REAL LPYSIGvLAM63P.MASS - - - - - - .- -. - - - -. -. - . . . . . . . . . . . . . . .  . . . . . .  . ... .. . . .  . .  .. - .  COMN 11 
IYTEGE? CHLIIJSISKIP COMN 1 2  

1 5  LCCICPL FISPGOIACTPRO - - - . . . . . . . .  . . . . . . . . . . . . . . .  ......... . . .  ......... ............ . . .  1;.  con^. l a . . _  
C03M.N ACT~PJ,FISPRO,K~, KUPT.OOY C OMN, 1 (, 

. . . . . . .  .. .-- . . . . . . . . . . .  ......-.. - ......... O'S ... .. .-i? .......... ... - .. - - - - .... - - ... - ..... - ....... - ...-... 
0 1 P  7 - - 

- .... .... ..20. . .. orJ=* 1 .:.. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . 
sp=2+. OLF 9 

. .  oFL=ALOGlO (OP) . . . . . . . . . . . . . . . . . . .  .:.. .................................................. ............................................ . .  ......... 1 0  ........ : .... 
SFL=ALOGl@ I S P )  O f P  11 
XL=PLOGl Z ( J I A H )  ........................................................................ -.......... ................ ....................-.........-.--. 'XP= (XL-OPL)  /SPL o:p. 1 2  

DcP 1 3  

-, 25 FF=SI"FS'-S.S *XP*GELTA*ERFXP) . . . - . . . . . . . . . .  ........................... .: . . .  .- 14 ... ....... ... - ..-.. 
FAC=SP4T ( 2  .*3.1(,15927) DLP 1 3  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......................................... 05=1*-FP/F&C .......... l b . - -  ...... -..: 
D F r t .  JL; A I  

SF=3.45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..................... O=F. .......... .18'... . . .  ......... 
OFL=ALOGlO IOP)  O f P  1 9  

-- SPL=ALOGlO (SP) . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . .  .................. ........ -. oCF ............ 25 ...... O f P  
X P = ( X i - D F L ) / S P L  " 2 1 
FP=SIMPS(-5.0 vXPIDELTA*ERFXP) . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . .......... 0: o-.p P 2 2 
03=FP/FAC 23 

35 . . . . . . . . . . . . . . . . . . .  Db=.O8 . . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
REfUICN 

"P '  - . . ;;.- , . - . . 
OcP 

.... . . . . . . . . . . . . . . . . . . . . . .  ....... ............... ...... ,EN?. ..................... :, ... . . ...... . ' o c  P . . - '6.- .  - 



' . FUNCTION ERFXP(A3GI . . . . . .  
C ihFXP I S  THi ERROR FUNCTION 

EX=-.5* tARGo*2) . . . .  
' ' 'ERFXP=LXP(tX) 

5 RETURN 
EN 0 

FTN ?.Z*P38C 1211b/?u 1*.29.23'. 



- . . . . .  . . .  - . . .  
FUNCTION'SIMFS 7 4 / 7 4  OPT-0 TRACE F I N  l . Z + P 3 8 1  1 2 / 1 6 / 7 6  1-.29.13. 

. . 

. . . .  . . . . . . .  FUhCTION j I*PS(P.a,D:LTA,Ff03D.) 
C.. A  i k O  8 t5j.i: M I N  &NO dAX OF THE O L F I N I T E  INTEGRAL . 

. . C OELTA I S  THE P i l . Y I s s 1 3 L ~  OIFFEiLI ICC: 9 E T L l i i h  TWO S U C C ~ S S I U ~  SUMS. 
N= 1 

.. H= ( 3 - A ) /  2. 5 . .  
F J A V = H * ( F G O t G G I A ) + F C ~ @ 9 0  ( 8 1 )  

. . . .  ., - C.. A ~ P X I H U ~  OF ZC.i9 P D I H T S . W i L L  aE USE0 HHEN L = l i  . . . . . . : . .  
0 0  3 5  L = i . l i  

1 0  s=o.il 
1 0  ; 0 0 2 0 K = l r N  

ZD S=S*FCCOZ: (A t (2 .O 'FLOATlK)  - l .O)*H)  
F I = F J A V + 4 .  P*HCS 

SI np: 2 
S l U P S .  3 
SI MPS 6 .  . 
SI MPS . S  
SIMPS 6 . . .  
Sl nFS 7  
s r n p s  . .  8 .  . 
S I  H i s  9  
.S'iWPS ' 1 0  
SI'MPS ii 
SI HPS 12  
S I  HFS 1 3  

I F I L - 3 ) 2 6 r 2 6 . 2 3  
2 3  COtiTINUE 

IF(DELTA'-ABS~ t F I - 6 A R )  / F I J I  30.4UrrO 
2 6  CONTINUE , 

30 8AR=FI '  . . . . . . . . . . . . . . .  
F J L V = ( F I * F J A Y  )/S.O 

- . ... N=Z+N H/ 2. 11 . . .  ........................ - .- - ... 

... ....-. 3 5  CONTINUE . -  . . . . .  - . . . . . . .  
SO s I n P s  =FI f3 .0  

- . . . - . . . . . . . .  .. s i m p s  ..-.. . I 8  ...........:. 
. S I  HPS 1 9  

...... -. ... -. ................. S IMPS ........ 2 3  -. 
SI n p s  . 2  1 

. - .. - .......... - ............ s i m p s  : ..-... 2-2 - ............. 
S I  MFS 2 3  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ....... -................ ............................ RETUrn. ,. S.I?PS 2S 
END SI HPS 23  



SUBROUTINE PASSIG ' 7 4 / 7 c  OPT:; T ~ A C E  FTN c.2*P3d3 

SUBROUTINE PPSSIG(TYPE,NUMrEk31 PPSSIG 
C  PASSIG IN lERPOLArES STORED PASPUkLL C U J V i S  FOit SY AND ,SZ FOC i l P i  T V P  P A S i I G  
C  AND kU'l 1 POSiTXONS P A  SSIG 

COMMON llFPrNACINIOT,NOFNUC ( 9 0 1  r S Y I F ( 9 b l  r % A S S ( b C L r 2 1  t L A Y B D A ( a 3 O I r  C ~ M N  
lCHAINf .3KFRCT( i59 .31  ~ R ~ C ~ ~ C O ~ ~ ~ L ( O C C . ~ ~ I C L ~ ~ O ~ I  C U ~  
COM'lC84 ~ A ~ t O O l ~ L P ~ 3 ~ ~ ~ l 2 9 3 ~ t F W ~ T ~ 1 2 5 O ~ 1 F 4 I C ~ 1 2 C ~ ~ ~ F 2 F ~ i 2 ? O l  . C  OMN 

- .  COM4CN I O 3 G ( l Z l i O  I . t ' ~ G ( 1 2 0 3 . 3 1  t F l ( 6 O Q l  , I B i G ( b 0 0 l t I E h D ( a 1 1 0 J  . . C38N .. 
CONMW ~ o s ~ I ~ ~ ~ o ~ , o ~ ~ o ~ ~ o ~ ~ u P ~ I H c ~ F ~ . I s ~ ( ~ ~ s o )  COHN. 
CO4MON 9RILTL(51.1(10) t X ( 1 0 J  *SY ( 1 3 1  ~ i Z ( i l J  * D I A M  COnN . 

' COrl!lCbV SLD(LOS(50~lt~1OJrTITLi2(6lthJT~KOkG(20l~TLH~TLN C  28N 
COMflaJ I P A G ~ ~ O R G A N ~ ~ I ~ J )  . . . . - .  ,. . -. . , ,COHN . 
C O H ~ ~ O N / N A ~ / O I ? G N A V ( ~ . ~ ~ )  CO NN 

-. - . . . .  - - REAL L ~ ~ a I C * L ~ M B J A , ~ A S S  . . . . . . . . . .  .... ........... . . . . .  COMN ., 
I H T E M 4  CHAIhS.SKIP COMN 

- - - -. LCGICAL F I S P ~ O I A C T P ? ~  . . . . . . . . . . . . . . .  - - . . . . .  -. . .  -- . . . . .  COHN - ,  

c o n n m  PCTPRD.FISPP.D.KRtKUPTtDOY conw 
. . .  ..... ............. INTZGER TYPE . . . . . . . . . . . . . . . . .  ............................. P k S s I G .  b  

D I M E M i O N  SIGY(b.ZO) . S I G Z t b 1 2 0 1  1 0 1 S T ( 2 0 1  PASSIG 7  
C  'DISTANCES TO UHICH SY AND SZ D A T l  CORRESPOND. -- . P*ssIG.-..-, 8. . - - .- . - 

20 DATA J I S T / C . G 1 1 . E 4 ~ l . 5 f C ~ 2 . 5 i 4 . 3 . 5 E 4 ~ 5 ~ E 4 ~ 7 . E 4 l E 5 1 ~ 5 2 5 E 5  P 4 S S I G  
--. 1 3 . S E 5 ~ S . E 5 r 7 . E 5 ~ l . r 6 . 1 . 5 C 6 s 2 . 5 E 6 . 5 . E b ~ 7 * E b ~ l . E 7 /  P A s s I G  .... 1 0  ................ ....- ..............-........ 

C  S I G n b  Y  OPTA - 1 F 0 7  TYPE 1. 2  FO.3 TYPC B. ETC. P i S S I G  11 
..... ................ ObTA ( S I G Y  (1 .11.1=1.2C1/20. .2 .75~3.3 .3 i3 . i .1E3.8 .3E3,1 .15Ec.1 .54E~ PASSIG ;; ................................... 

1.2.iiVC413.C5~1~4.7t4.6.3i4r8.7r4~1.i~E5~l.i6iS~2.ZE5.3.32i5~4.-E5t PLSSIG 
2 5 . 9 5 i 5 . 3 . E 5 s l . l S f b /  . p A G . . . . .  - .  . 2 5  --- .. 

- . DATA (SIGY (2.I1.I=1r20l/90.~1.95E3.2.75E3~~.;rE3r6.E3~d.3E3~1.lZi!,. PASSIG 1 5  

- - - - - - - - 1 1 . 5 6 ~ b , 2 . 2 5 ~ ~ , 3 ~ b E 4 . C . 9 i 4 ~ 6 . b i + . 8 . B E b 1 . 1 U 5 1 E 8 E 5 2 . b 5 3 4 5 5 4  PASSIG .... ... ... .-.. ...... ..... .. 
2.6C5:&.1E5.8.2E5/ . PZSSIC 

o-- - - - - - - . - - - .  .... 0 1 7 6  (S IGY (3.11 . I=1*201fYU. ~ i i i ! b ~ 3 ~ l i 8 ~ 3 ~ 2 . 9 E 3 4 E 3 3 7 5 E 3 1  PPSSIG 
1 0 4 E ~ ~ l . S 1 E b ~ 2 . ~ 4 E ~ ~ 3 3 3 E 4 ~ 4 ~ 5 C 4 ~ o ~ i t ~ ~ 8 ~ 4 4 1 1 9 1 8 7 2  PASSIG 
25€5.4.fE5.k.ZE5/ PA'SSIG - - - - ----. --- .  -~ . . ...... ... ...... 

DATA (SIGY ( i . 1 1  .1=1.20)/90. . 8 ~ 2 E Z ~ i i i 8 i 3 , 1 . 9 i 3 2 6 3 3  3  9 PASSIG 

.............................. l.SE3.1.EC. 1. 6 E v ~ Z . 1 7 E 4 ~ 3 . E 4 ~ 4 c r J 5 ~ 4 ~ S S 5 i 4 7 9 E 4 1 2 1 E l 2 ~  2 2  PLSSIG 
2.3.€5.b.IES/ P I S S I G  

35 - - - - - .............. D A T A  ~S1GY~5~11~1=1.201/90..6.1E2,8.8E2.1.bE3.1.9E3.2.6E3.3.bi3.5. P A S I I C  :f .. . .... ............................ 
l O C i 3 ~ 7 . 3 E 3 ~ l . 1 S i S ~ 1 . € E 4 . 2 ~ Z 2 E ~ ~ 3 ~ E 4 ~ ~ ~ 2 E ~ ~ 3 ~ 9 E C ~ 9 ~ 2 i ~ ~ 1 . 2 l c ' 5 ~ l ~ 6 ~ t  PASSIG . 

-- .-+ - - - - - - - - - - 25,2.25ZS.3.i5/ P i S S I G  2 6  . . ... .. 
DATA (SIGY ~ 6 ~ I ) ~ I : 1 ~ 2 0 1 / 9 G ~ ~ 4 ~ Z E 2 ~ C ~ 8 E 2 ~ 3 ~ 4 E 2 ~ 1 ~ 1 9 E 3 ~ 1 ~ 7 7 E 3 ~ Z ~ b E 3 ~ ,  F i S S I G -  

. . ...... . . - - - - - - - - - - - - . .. - ...... - ......... 1 3 . 4 E 3 ~ i ~ 9 E 3 ~ 7 . 8 i 3 ~ 1 ~ 0 7 E ~ ~ l i ~ S E i ~ 2 . E ~ ~ 7 2 E 3 9 5 E 4 6 . 2 i 4 3 E l l  PaSSIG PASsIG ..-...29.... 2 8  
22E5.i.fE5.2.E5/ - . ~- . . c s r ~ n i  i onrn - i F O ~  TYPE n, 2  FOR TYFE 8. ETc. - - - - - . . P i S S I G  3  0 .. .. ....... ..-. ...... ......... 

- . .O&TA ( S I G Z ( l r 1 )  ~ I = I . Z G I / 1 O C .  t 1 . 4 E 3 t 2 . 2 E 3 r 3 . 8 i  7  FASSIG "-- - t ' ' t t t t t  ' 

- - -. - - -. - - - 14.6Zirl.C8~5~3.1SE5~b~OES~9*-iiO/ PASSIG 3  2  . .. .-... .- . ..... 
OITA (SIGZ(~.II . 1 : 1 . 2 0 0 / 1 0 ~ . ~ 1 . 0 8 E 3 ~ 1 .  JbE3,2.5FE3.3.5E3t5.1E3t7.;E PPSSIG ' 33''-----' 

- . SSIG -'--." 
2,-1. .-I./ 

DATA ( S I G Z  ( 3 ~ 1 1 . 1 = 1 ~ 2 0 1 / 1 0 0 .  .7.35211.Ob~3,1.7E3.2.3E3r3.2E3tr.*EJ. PASSIG 
16.1E3~8.9~3~1.42E~~1.95E4~2.b5C4~3.b5E~.5.E4~7.4E4~1.15E5~1.6E5vZ. P A S S I G - - ' - . '  
22€5.2.4L5.4.<5/ P 4 S S I G  ............. 

DATA (~IGZ(SrI)tI:lr2Jl/13C.rC.6iZr6.6E2.1.C2E3.1.37E3,1.85~3r2.Ct' PGSSIG-.'--.-' 
13.3115E3.4.Zi3.5.BE3.7.1c3. 8 . 8 ~ 3 , 1 . l E C 1 1 . 3 7 € 4 1 1 . 7 2 : b r 2 . 3 ~ i ~ Z .  7 j E i . v  PAS31G 
2 3 , 3 i * r 3 . 9 E 4 * L . 6 € 4 /  PASSTG - ' 

DCTA ~ S 1 G Z ~ S . f ~ . 1 = 1 . 2 0 1 / 1 0 3 .  ,3.51Z,5.E2,7'16EZ9.92,1.331.b532 PaSSIG 
1 ~ 1 5 ~ 3 t 2 ~ ~ E 3 r 3 ~ 8 E 3 ~ 4 ~ 7 E 3 ~ 5 ~ 5 E 3 ~ ~ ~ ~ E 3 ~ 7 ~ 9 E 3 ~ 9 ~ 6 E 3 ~ 1 ~ Z 1 ~ ~ t i ~ 3 ~ f 4 r 1 ~ 5 C  PLSSIG . 
2 i 4 , 1 . 7 t 4 , l . B i E 4 /  P l S S I G  

DATA ~ S I G Z ~ 6 r I ~ , I = i r 2 ~ ) / l O C . ~ Z . 3 E Z , 3 . 2 i 2 t i i 9 E 2 3 C 2 3 . 2 1 . 1 3 l  PASSIG - "  
1 . 4 E 3 ~ l . a E 3 r 2 . ~ E 3 ~ 2 . a o t 3 ~ 3 ~ ~ t 3 ~ 4 ~ E 3 ~ 4 ~ B 5 E 3 t 5 , E 3 E E 3 7 1 7 3 E 3  P4SSIG 

1 



SU3t?OUTINE P A S S I G  7  OPT=O TZPC' F T N  s.2+6393 1 2 / 1 6 / ? +  1 - . 2 3 . 2 ~ .  

. . . . . . .  - - 28. bE3*9 .3E3 /  . . . . . . . .  . . . .  ........ . . . . . .  . . . . . .  
. .  I O A T A = l  

. . . . . .  60: .-.. C  
C  CALCULATE SY CND SZ FOR EACH X P O S I T I O N  O L S I R c O  

P A S S I G  . .  4 7  ... . 
. P h S S I G  4  8 

P L S S I G  b-3 ... 
POSSIG 5 J 

. P L S S I G  5 1  , .. 
P L S S I G  5 2  

. ..... - - . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  .. .. I F ( = I G Y ( T ~ F t ' . i u A T 4 ) )  7 * 7 * 1 6 1  PL.SSIG 5 3  -. 
65 1 0 1  I F ( S I G Z ( T Y F i . I O A r A ) l  7 . 7 1 2 3 1  P A S S I G  5 4  

. . . . . . .  2 5 1  I F L X ( 1 ) - O I S T ( I O & T P ) )  413 .2  - -  P,iS,SIG 2 5  . -  
2  I O A T A = I J A T & * l  P L S S I G '  5 6  

.... ........-. . . . . . . . . . . . . . . . . . .  . . . . . . . . .  GO TO 1 - P n S S I G . . .  5 7  
3  S V ( I l = S I G Y  (TYPE. IOAfA)  P A S S I G  5 8 - .  - - -  

7 0 ..... . -. .. - . - ............. - ............ S ~ ( I ) = S I G ~ ( ~ Y P E * I J A ~ Q )  .......................... . . . . . . . . . . . . . . .  P P S L I G  59 
. G O T O ?  P A S S I G  60  

P A S S I G  ..... b l . .  ....... 
P A S S I G  Q Z  

..... ........... ............. 5. .... ; - . . . . . . . . .  S y 2 = S I G y  'TYPC* I D  AT&) ..........-... ...-.. P A S S I C  6 3  
571:FT67 r r v v ; , r n r r n +  

. . PA-SSIG b4 
- - - - - - - - - - . - - - .- - - . - - . . 'SZPSICZ(TVPE.IQAT~) .. .... . " T(IOATA-l) 

....... .......... . . . - . .  P A  SSIG 65.. 
P A S S I G  bb 

- -. 0 2 = O I S T  I I D P T A )  .. . . . . . . . . . . . . . . .  .............. y ( ] y ( ( ) ) ( y ) / (  - - - - ' '  "' 

P A S S I G  6 7  
P A S S i G  6 8  

80  - S Z ' ( I ) = S Z l t  ( X ~ I ~ - D I ~ * ~ S Z Z - S Z 1 ~ / ~ 0 2 - 0 1 ~  . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  - - .................... ..-......-..-..... P A S S I G  6 9  . PASSIG"..- ' . ,O' . ' . . ' '  
5 .CONTINUE 

.. RETUiiN .... ........... . . .  . . . . . .  ... - . . .  . . - . . -. -- - - - - . - - -- .- . - - - - ERR= " - " 
P u S S I G  71 
P A S S I t  7 2  

R i T U W  .-. END ". . . . .  . . . . . . . .  . . .  .'.. . . . . .  ....... . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . ;;. 



. . . . . .  
SUSkOUTINE CHAINT 7 4 / 7 5  OPT=O TaAC: FTN S.2*P330 1 2 / l b / 7 *  1+.32.55. 

. .  - 
- -. SUBFOUTIKE C H A I N T ( L O C r T H E T P , P 3 ~ I T l  CHAIN1 2  . . . . . . .  . . . . .  .............. .... 

C  SUBQOUTINE CHAIf42 DECAYS NUCLICES I N  MASS AZRAY LOC FOR A  T I M c  THCTA CHAINT 3  

. . . . .  . . c STORES ~ S U L T S :  114  MASS ~ k a l  POSIT , ,  C H A I N 1  
C  ChAIl4T 5 

#. .... 5 ,  OIMENSION :XPO(U) CHAINT b 
COMMON NFP*NACvhTDT,HOFNUC(9o) . S K I P ( 9 b )  . '?1ASS(600~2)  * L A r ( B O A ( i l O ) r  CbHN 2  

. - -. - .- -- -. .- .- -. -. iCHAI I IS*OKFC:CT(450r3)  *hZC ( b S 5 )  e M L ( 6 C 3 ) , I C L ( b C L )  C  OWN .- -.-a 
COXMON M L ( o [ I C ) ~ L A H B I O ( ~ ~ C ~ )  . F U ~ ~ ( ~ ~ ~ ~ ~ , F A ~ ~ ( I ~ G O ~ . F ~ P ( ~ Z D O I ~  COMN * 
COMMON I O Z G ( 1 2 O C ) r E 1 I G ( 1 2 C O r 3 ~ r F l ( i i C ) r I 3 ~ G ( b ~ 0 ) ~ I E N D ~ 6 3 G l  C  OMN 5 . .  

1 0  ' . COM4CN O O S 1 I M ~ l C ) ~ 0 3 r O i r G ~ ~ U P T 1 M : ~ ~ ~ r I ~ ~ ~ b L ~ O ~  , . C  UHN b 
. . .  . . . . . .  .......... ...... COMMCN B L A T E ( 5 ) r I ( l G ' ) , X ( 1 C ) r S Y  ( iL ) .SZ( l ; )  r i I I A M  CO"N 7 -  

COMqON S I P ( S O S ( 5 C r i C r l f )  r T I T L E 2  (8),14OTrK33G(2G) ~ T L H I T L N  C  ONN 8 
.- .- .- - - -- - -- COMMON I P I G i r 0 9 6 4 N ( 2 ~ 1 G )  . . . .-. . ................... . .  .....- .. C O W  9. 

COMMON/NAM/ORGNP3 (2125) COMN LO 
.... .......... 15 REAL LAMaIO*LAMBDAlHASS . . . . . . . . . . . . . . . . . . . . . .  ._-_-. . . . . . . . . . . .  ............. ............. COMN 11 

INTLGEX CHAINS .S<IP C  ONN 1 2  
........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .......-....... .- -. ...... - - . . . . . .  LOGICAL FiiPR0,ACTPRO CoHN . .  -.- 1 3  

COMMON ACTPROrFI jPaOr ICI rKUPT.03Y C  QrlN 1'4 

. .  . ........ ..... . . . .  ................... . . 2o " INTEGER POSIT - ...... . .- - -. -. -- - - CHAINT 8 
ISOTOP=O C h P I  h T 9  " 

. . . . . . . . . . . . . . .  . .... ...... ........- - ...... - - ......... - - ... c .  .Do LOOP ON NUnBcR OF CHAINS.. CHAIN1 . 1= 
0 0  11 K=l ,CHAINS Ck AINT 11 

t LIH=NoFNUC (K )  - - - - - - - - - - C H A I N 1  1 2  IF(sKIp(K)~NE~o) Go To.lo. ........ - . .  cHAINT. 13 .... ....... ..--.-. .... ... ... . .  

J= 0 DO- LOOP ON ISOTOPES IN .." ' - -- .- _.?= -- -. .. ................. . . . . . - . . .  CHdINT.  ..I% 
CHAlNT , 1 3  

- - - -- - - - - - - DO 9  I = l r L I M  . . . . . . . . . . . . . . .  - ........................ CHAiNT ..... .16. ...-.... . ............. .... .... .. 
ISOTOP=IS~TOP+~" CHAI!iT -. . ., 
J=Jt l  ..... .......... 3.0 -.-.- .. If ( L L M a D A ( I S O T O P ) ~ L T ~ 1 i E ~ 3 t l  '8 ' 

. CHAINT cHLINT 1 8  - 
1 9  

. . .  ..... ...................... . .  .. .- .- .- - -- EXFO (J)=EXF (-LAM3JA ( I S C T O P ) * T H ~ T A )  - CHAlNT 2 4  . .. ........... .. c . TXANSFEI ON CHAIN n i n 3 ~ 2  J CHAIN1 2 1  

............ . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  - -....--. - GO TO ( l r 2 , 3 * 4 r 5 r b r 7 ) s J  , ,., - CHAINT 2 2  
-C F I R S T  CHAIN MEMtIi i? CHAINT 2 3  

35 .- .- . . . . . . . . . .  ................. . ....... 1 A l t X A S S  (ISOTOP,POSITl  . . . . . . . . . .  . . .  - CHAINT .2'4. 
M A S S ( I S O T C P ~ L O C ) ~ A I * E X P O ~ l ~  " ' - -  : . CHAINT 2 5  

' .  GO TO 9  ... .................................................................. . CHAINT ....... ....... - ..... - ......-.. C.-. 
CHAIN nCnSER ,cAAihT 

26  
27 

, 2  ~ A 2 = 0 K F R C T ( I S O T O F ~ I ) * L A ~ S O A  ( ISOTOP- I , I *A l / (LAMBDA (1SOTOP)-LAMaJA ( I S 0  CHAINT . , 28.. ..... . .  .................. 
. 1TOP-1) 1 C r l A I N i  2  3 

. . . . .  ... . . . - . . . . . . . .  li3=HASS ( I S  0TOP.POSIT) -A2 ' .  ?HAIN1 . . 3 0  
~ & S S ( ~ S O T O P ~ L O C ~ = A ~ * ~ X P O ~ ~ ) ~ A ~ * E X F O ~ ~ ~  ' " '  ' ' ' . CHAINT 3  1 

. . GO 1 0 ' 9  CHPINT 3  2  
" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CH PLNT .-  ̂ 
3 A B L ~ ~ O K F Z C T ~ I S O T 3 P r l ) * L A H B O A ( I S O T O P ~ l l  CHAIWT 

A4:(AaLE+LZt3KFR;T ( I S C ~ O P ~ 2 1 L L ~ M 3 0 ~  ( I S C T O P 2 * A l / I L A 3 0  I l O P  C d A i N T  
  LAM BOA ( ISOTOP-2) )  CHAiNT 

P ~ = ~ ~ L E * A ~ / ( L A N B ~ A  ( ISCTOP)  -LAHBOA( ISOTGP-1) )  CHAIN1 
Ab=MASZ( 1SOTOPrPlSIT) -4 '4 -A5 ' CHAIN; 
M A S S P I S O T O P ~ L O C ) = L b + t X P O ~ 3 1  +AS*EXF0(2)  + A 4 * C X P O I l l  CH A I N i  
GO TO 9 CHAINT 

FOIIRT'H OIAIN ~ E M B F ; ?  C l l A I h T  
4 A3Lt:aKFRCT (ISOTOP.l~~LAWRDA(ISOTOP-1) CHAIN1 

BAKE+OKF3CT (13CTOPr2)'LAM3DA ( I S O T J P - 2 )  CHAIN1 
A 7 ~ ( A S L ~ A ~ t R I K E 2 ' P 2 * D < F K F C T  ( I S C T O P v 3 ) * L 4 M O A  I S O T O P A ~ J L A B A  CnAIN; 

.1 I ISOTSP)  -LAVOOA(ISOTOP-3))  CHAINT 
A 8 = ( A ~ L t * A ~ t 3 A K i 3 * A 3 ) / ( L A M 3 J A ~ I S O T i ) P ) - L A i ~ D A ~ I S O T O P - 2 ~ )  CHAINT 



S U 3 R O U T I N E  C H A I N 1  7 4 / 7 4  ,. OPT=O TRACE F T N  u . Z t P 3 8 i  1 2 / 1 0 / 7 k  . 1 - . 3 2 . 2 5 .  

A 9 = A B L t  * A 6 / ( L A M B O A ~ I S O T O F ) - L A M 3 D A ( I ~ O T O P - 1 J  J  
P I O = Y A L Z ( I S J ' ; ~ P . P U ~ i T J - A 9 - J B ~ A I  

C C ! ILLS  ( I S O T O P r L O C J ' A l E ~ E X F u ( ~  J * A 9 ' E X P 0 ( 3 b & & * L X P L ( Z J  * A 7 * i X l ' V l l ~  
GO T O  9 

C  F I F T H  C H A I N  HE*BER 
5 P R L E = O K F I C T ( I : O T O P ~ ~ J * L A M ~ O A ~ I S O T O P - 1 J  

i3AKEH:DKFRCT ( I S O I O F  ,2 ) *Lb .13OA ( I S O T O P - Z J  
65 CHAt iLV-3KF i tCT  ( I S O T O P ~ 3 ~ ' L A M B O A ~ I S O T O P - 3 J  

A l l =  ( A ~ L E * A 7 t B A K E I 0 L . ~ ~ * C ~ & Z L ~ ~ ~ 2 J / l L A M B U A ~ 1 S 0 1 0 P ~ - L A M 3 0 ~ ~ 1 S 0 T ~ P - 4 ~  
1 J  

Al2:  ( & 3 L E * A 8  * B A K E k * A 5 t C H A s L Y C & 3 I / ( L A H a O A  I I S C T O P J - L A f l B D A  ( I S G T O P - 3 J  
1) 

.- .?o A l 3 -  ( C B L E * A 9 +  B A K E E * A 6 J  1 I L P M 3 O i  ( 1 S O T O P ) - L A ~ B O A  ( I S O T O P - 2 1  1 ....... ...... . . .  
A14=A9L:*AiO/~LAM8O:(ISOT3P~-LAM~34~ISOTOP-lJ~ 

. . . .  - - . - . . . .  - - . .  ,Ai3:HA5S ( I S O T O P , P O S i I  J  - A l 4 - A l ; ( - A l 2 - A l l  
M L S S ( I S C T O P , L O C J = A ~ ~ ~ E X P O ~ ~ J ~ A ~ C * E X P O ( ~ J + A ~ ~ * E X P O ~ ~ ~ + A ~ Z * ~ X P ~ ~ ~ J *  

. . . . . . .  r h l l u E ! 4 P O i i $ .  
7 s  t : i~  11-I P . - -- . -  - 

- C - . S I X T H  C H A l l i  M E a B E a  . . . . . . . . . . . . . . . .  ...... . . . . . . . . . . . . . . . . . .  
. 6  A 3 L E = J K F k C T ( I S C T O P ~ 1 J * L A Y 3 D A ( I S O T O P - l )  

. , .. ' B L K f Z i i J K F R C T  ( I S I J T ~ P . ~ ~ ' L L M ~ O P  ( I S O T O P - Z J  
. . I :  . CHLRLY=DKF3CT ( I S O T G i ~ 3 J * L A ? ( 9 D A ( I S O T O P - 3 1  

_ . .  _ _ _ .  ~ 1 9 =  ~ A G L ~ ~ J ~ ~ + ~ ~ : Z E ~ A ~ ~ ) . ' ( L ~ ~ : ~ J A ( I S O T Z P )  ~~LAMDOC(ISOTOP-2):  
A 2 G = A 3 L t C 4 1 5 /  ( L A Y a 3 i  ( I S O i 3 F l  - L i M f 3 A  l I S G T 3 P - 1 1 )  

- - -- - A 2 1 = 8 A S S  ( I S O T O P I P 3 S i T ~  - A Z O - A 1 9 - A l 8 - A l 7 - A 1 b  ......... . . .  ..... ....... 
?(ASS ( I S O T 3 P , L O C ) = A 2 1 * L X P C ( E J  t A 2 0 C E X P 3 ( S J  + & 1 9 * E X P O ( h ~ t A 1 8 * i X F O ( 3 ~  

go . _.  . . . .  i * A 1 7 * c X P 0 ( 2 J + A l 6 * E X P O ( i )  
GO TO 9  

. C  SEVENTH C H A I N  YEMaEP 

C H A I N T  c 7 
C ~ A A ~ T  - 8  
Crt A l N T  * 9  
C H A I N T  3 C 
C d A I N T  5 1 
C H A i N T  5 2  
C H L l N T  i 3 
C H A l N T  5 4  
C H A I N 1  5 5  
C H A I N T  5 b 
C t l A i t I T  > 7  
CM A I N T  5 8  
CHAINT .  . - 5 9 ,  
C M A i N T  6 0  
C H A I N T  6 1  
CMAINT  b 2 
. C H ~ L H I '  b~ 
C H A I N 1  6  4 
C H A I N T  ... 
C d l t I N T  

65 . 
66 

C H A I N T ,  , 67 - 
CHILINT 6 8 
CHAINT ,  6 9 
C H A I N 1  " 7 0  
C I I A I N T  7 1  , 
C H A I N T  7 2  
. C H A I N 1  7 3  
C t i A I N T  7 4  
SHA:::: - 

7 :  . - 
C H A I N T  7 6 
CnA:NT, -. 7 7  ,, 

C H A I N T  7 8 
C i r A I N l  7 9 
CHAINT  8 3  
C H P i N I  8 1 
C d i i ~ l .  8 2  
CHALNT . - . . . .  
C H A I N T  

8 -. - 
8  4  

A 2 2 =  ( A ~ L E * M I ~ * B A K E F * A ~ I + ~ H A R L V * A ~ J /  (LAMBDA I S O T O P J L A M 3 O A l S O T P - b  C i l A i N T  ............ 
1)) C H A I N 1  

A 2 3 = ~ A B t E * A 1 7 * B A K E ~ . C 4 i Z * C H ~ R L Y ~ A ~ ~ / l L A H 3 O l I S O T O P J - L A O A I S O T O P -  C A A I N I  . . . .  
' . ' 1)) C H A I N T  

A24=  ( A B L E * a 1 8 * B A K E K 1 4 1 3 * C H A R L Y + A 9 J /  ( L A n a u A  ( I S O T O P J - L A M ~ O A ( I S O T ~ ) P - ~ ~ C ~ & ~ N T  .............. 
1 J J  , C l 4 I I N T  

4 2 5 -  ~ A ~ L E * A ~ ~ * ~ A ~ E . ~ . * A I ~ * C H ~ R L ' ~ * A ~ C ~ ~ ~ L & U A ~ S O T O P ~ - L A B A ~ S T U P -  C H A I N 1  
1 3 1  1.  

A26: ( A ~ L E * A ~ C ~ B A K E ~ * A ~ ~ J / ( L A Y B O A  ( ~ S O T O P J - L A H ~ D A ( I S O T O F - Z ~ )  
A27=AaLE1A21 /  (LAHaCAC I S O T O P I  -LAH3OA ( I S O T O P - 1 J  J  
A 2 8 = f l L S S ( I S O T 0 , F ~ D O S I T l  -AZ7-AZir-k?5-A2u-A23-A22 
MLSS ( I S O T O F , L O C J = L Z a ~ E X P O ~ i )  t A Z 7 ' E X P 3 ( O J  * A 2 b * E X P D t ~ ~ * A Z 5 * ~ X ? O  I b J *  

l A Z * * i X F J  ( 3 )  t A 2 3 ' ~ X F 3 ( Z ~ + J 2 2 ' E X ? O ( l )  . . 
GO TO 9  

8 J=O 
9  C O N T I N U E  

CkA' iNT 
C H A I N I ,  
C H I I N T  
C H A I N 1  
C H A i N T  
C H A I N T  
C H A I N T  
C H Q i N T  
CH'AiNT 
C H A i N T  1 6 1  
C H A I N T  1 i Z  
C H A i N l  1CS 



SUBRCUTINE C H A I N 1  , 74 /74  OPT=l  TRbC5 FTN C.ZW38G 12/lo/74 17.32.55. 

. . . . . . .  ......... 115 .............. C RETURN TO INDOSE .. .- ............... - ........... . . .  CHAIN; .... 104. ... 

. ,P. 
RETURN t i  1 C 5  

. . . .  . . . . . . . . . . . .  - ........ EN0 . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . .  . . . . . . . .  .CHbLNT iC6. 
. . .  . . . . .  

. . ................ . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I. . '.'. 



SU9ROUTINE OROCSE 7 4 / 7 i  OFI=O TkACz f T N  4 .Z tP380 1 2 / 1 b / 7 .  1-.3d.;z. 

C  oiucsc: 3 
C  THI; R C U l I t I E  C I L C U L 4 T i S  T H i  0 0 5 ~ ;  TO S;L iC l tS  CkGANS UUt  TO 0;iJuSc 4 

C  I N M L A T I  04 OF S L L E C T i J  RLO;ONUiLIOES. O i O d Z i  3 

OiOOS= 
CORN 
COMN 
c o n #  
CUHN 
COMN . 
C3Mk , .  
c OMN 
c o a n  . . 
C  OHN -. 

1 5  R C & L  L A M ~ I U ~ L L ~ ~ J A ~ H E S S  . , . - . , , . . . . . . . . . . . . .  . COMN . 11 . . . . . . .  
INTCEZ U(AINS,SKIP c O,MN ii 

, . .., , I.OGTGAl FISPRD.ACTPSB C ONN 
CUflMUN A L I  i ' K U t P i 5 b ' K U ~ h d ~ U U l J I  t U U 1  

l a  
LPdm : 14 

20-. -- - . C C ~ ' I f f l / C O . t b / A i A M j r & L 3 ( 9 ) r A ? L ( Y ) r C ( S J r F T I Y I t N S O L r U H E J i ( Y ) ~  . . .  cunu . .. ? 
I O f l E J 2 1 9 )  t O H E t d l s O U F N 2 ~ T l t  T Z ~ V P N ~ ~ I V P L ~ ~ T I ~ ~ Q L U T ~  ( 8 1  *OHASS ( 2 5 )  COHO 3 

OIWfNSION . . . . .  O O S C ( : ? ~ ~ ~ ) ~ A L L B ( ~ ~ ~ ) ~ F ~ ~ ~ ~ ) ~ I B L N K ~ ~ C V ~ ~ I F M ~ ~  OaOOSi . 3 .  . . .  
l K F M T ( 2 l )  r I S P A C E ( l 0 )  vTLHZ(1Z)  0200SS 1 0  

OI ' lEF6ION I S O L ( 3 )  : 0d00SE 11 . . . . . . .  
OAT4 I S O L / "  ( 5 )  "," (W) 't" ( I )  "/ ' 0.3JGS: 1 2  . . . . .  

.2.= ...... ... OATA ( I F 3 1  ( 1 )  . I = l . E ) / " ( l H  9 - 9 "  " ~ - X ~ l X " ~ " 4 3 ~ 1 3 ~ ~ ~ " l P E 9 . 2 t t ~ - ~ 2 X " /  OnOOSL 1 3  -.... .......... 
OAT6 (KFUT ( i l  .1=1.2 i )  / " ( i n  ."." " .~X." ," iH; iAbI"~"2HG- 'a , *12Xt" ,  O ? D O 5  i Cr 

i ' L l t i 3 0 S E : ' t ' r i X r ' r " * H T I . ( i " r " / l M  r " r "  "*"Xr"r-4 'HNUCL't-3HIOE."r '3X."r  OZOOS: ,, ,, - 
- ,  ................ 

2"4HIOAY".'ZhS) t'."4XX,"10 I ~ 6 t " t t ~ S l " t " / l H  1 - 1  ORJOSt 1 6  
0A7A ISP4CC/"4b"r"41-~"30"r-31"r"26"r~21~t"16-r~ll"~-Cl'r-i"/ O:O$Si 

30 OITA . (  ( A L L E I 1 ~ J ) ~ I = 1 ~ 9 ) t J = 1 ~ 3 ) / 3 * 8 ~ J 2 3 t - ~ ~ ~ . O l 2 E 5 1 6 J : - 2 ' 0  OSDGSE 
1 7  . 
1 0  

. . - .- - - . -. -. 12~1.605E-5t8~023~-~t2~':~~E-5r3~623i-C~i.Jl2i-5~i.6CSi-7~8.~23E-bt 030,X.i -*--,.l? ., 
23'1. 6055-7 .S. 523Z-412.G26 i -5 t  B.CZ3E-ir.4.012E-5 ,i.bC5r-8.8.623E-6. O3DOSE 20 

& : 3 2 ' 1 . 6 E f - d r 3 . 0 2 3 E - 9 /  . . . . . . . . . . . .  OR03Sc .... 2 1  .>..... . .  
DATA 1 ( F ( i . J )  ~ 1 ~ 1 ~ 9 ) ~ J ~ I ~ 3 ) ~ 2 + . 5 ~ ~ 9 5 t ~ 3 5 ~ ~ Y ~ 2 * 2 1 1 9 2  O i D J S 5  2 2  

35 . . . . . . . . . .  l.l:r2~.4r.~~i.~.Glt~99ttGlt.99ttJ3~2*.4~~15~~S/ 0*03SE -. . :t . . . 
OATA (0~3SS(~)~I=1t25)/7.ELt4.3E.~t3D1.t17Ci'.t153.t702~.~i.E;)~ O3JOSE 

-- - I 1 C C ~ ~ ~ ~ O ~ t ~ ~ . r 8 ~ ~ 6 i ~ @ i ! ~ l 5 ~ i ~ t 3 ~ E ~ t 2 3 ~ ~ 2 ~ . t 7 ~ . ~ 3 O ~ . ~ 2 O ~ ~ . ~ 2 ~ ~ . ~  ................. .... . O+Ooj= .:-- .. . 2 j  . ----A a 

211PC..13f. r 1 5 0 - r 0 .  9 0 . l  C i ' J Z i  26 

. . . . . . . . . . . . .  . . . . . . . .  C  I N I 7 I ~ L I Z E  V  A k I A B L i S  - .  . . . O X O i S i  2  7 
40 ounw- r! ,G,;duSi - -  z B .  - . . 

. . . . . . . . . . . .  ISO=O . . .  . . . .  . . . .  . .  . . . . .  OiD.3SF 
I L I N E = 6 0  

2 9  
. .O.<LIJS~ 30 

- KRKUPT=KX t (KUPT-11'10 . . . . . . . .  ........... . -  .. . . . . . . .  O ? G o j  3 1  
c SET TI L W A L  T O  THE LUGCENT UPTA<E oiDosr . 32 . -F..---. 

bfi. . . . . . . . . . . . . . .  ~ ' ~ G I I P T  ~ 4 i i  KIIF r~ . . . . .  . . . . . . -  
0 0  93 I = l * N O T  

04JCSk 33 . , .-, , ,. 
O?D?Si 3 4 

T L b i Z ( I ) - ( 1 O S T I M ( I I  t UPTIYt (KUPT)J /Pf+LDO.  . . . . . . . . . . . . . . . . .  . . . . . . .  . . . l>?,iICj:i 3 5 
90 C,OIiTINUE oXoLa- . 36 .." '. 7 - :  

ro 00.  100 I = 1 , 1 0  .. . ......... . . . . . . . . . . .  . . .......... O 2 0 0 S f  3 7 
DO IGD J = i . i t  " " '  " 

OnOC.S2 3B 

O O S S ( I r J l = O .  . . . . . . . . .  
SU"JOS(KRKUPTt1t J ) = C . D  

1 0 0  COkTIPiUE . . .  
' C SET UP OKGAN NP!iFS FU2 P i I N T  OUT 

,. - -  . . 

o i o c s r  3 9  
O.?OL'Sf - '  '-.-. 



. . 
SUBHOUTINk OROCSL 7 S / 7 L  0PT.C IZACE FTN b.2tP38C 1 2 / 1 0 / 7 b  1*.38.52. 

- - - - - - - - -. . .  .. . .  Lo4G=LOPG+I ,,.,-. , , ,, . . . . . . . . . .  .- ... - . . . .  .- ... .- ....... -. - - . . .  - ... . .  . . .  . .. ... . O*OOSE 6 6  .-  
.DO i C 3  J = l r 2  ' O iOJS= CT 

....... ......... . . . . .  . . . . . .  . . . . . .  b 0  1 0 5  ORGAN( J , L O ~ G ) =  o~G~~A~((J.I) . . G < O t S i  *8 . . 
?', , 

1 0  L CONTIlrUE OiOJSE *9 
I F H T  IL09G+7)=- )a  , , . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . .  O3UOPt 5-0 . ,.. , ,  

. . NORG=LCRG 0.; JOSE 5 1 
-- - ....... -- . .  - -- -- . - ....... ...... I F  ( F  ISFRO) GO TO 2 0 0  OiOOS- c 2  . 

65 IF tACTFRO) GO TO 7 0 0  .OltJOSf 5 3  
U R I T i ( b . 1 1 ~ )  KUPT . . .  - . . . . . .  . . . . .  O i O S ~  5* 

1 1 0  F 0 R M i T l i H O ~ " t t O  F I S S I O N  PROOUlS Oi l  ACTIVATION PRODUCTS S P E C I F I E ~  F O  O i O J S i  . 5 5  
. . i R  CASE"* I3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . .  O R J J ~ '  f 6  

GO TO 3000 OrDCiSZ - 7  
7C 

, F LOOP.ON NUCLIDE CHAINS .... OiOrJSE 5 9  
2 0 0  50 '  6 0 0  ICH=I .CHAINS O i J 3 5 c  f 9 

- - - -- - - - - - - - - 8ypAss cHAfhs .......... o i o o s  6G ..... --- --.--. .- LIJl=NOFNUC ( I C H )  . ............. - .-. . . . 
C ---. O i O d S i  6 1  

. ... - - 5. - - - -. - - - - -. - - IF(SKIP(IcnJt .EQ:,a!  GO_ T0..3!!0 -..----- 0.350s= 6.2 .... ........ .. .. ... ... 
. . IS~ISO~LIM 0.ZOOSE 63 

-- -- GO TO BOO 330. DO 5 0 0  K=l;LI" -- -. -- - 017OGS5:,--6S 
0 2 0 0 S E  6 5  

- - - - -. . I s o = I S O  l 1 .... ................. ....... .... .. ... IF (HAss(Iso~*) ..LE*G. ) .Go T.o .$o .6..--- -- o x o o s =  6 6  
.0?.00SE 6 7  

C 80 
0 3  OCSE 6 8 ............. . 

C OPUGHTEli NUCLIOE S O L U B I L I T Y  INDEX l iAS NOT'BEEN S P E C 1 F I i O " a S . - - ' - '  OsOOSE"..... 69--'----"------' 
Oi0OSE - - - . - - . -- . - C THE SOLUi3ILI lY, ,~INDEX, OF , T t ( ,  PARENT--- - -. - - - - -. . . -- - -. - -. 

00 3 0 2  J = I 1 K  0 . 4 ~ 0 ~ ~  . 7 1  
. .  ..... .............. .................................................................. 0 . ~ 0 ~ ~ .  72  If ( I C L ( I S O ) . G T * O )  GO T.O.:??.!! ................ ....................... 

I C L ( I S O ) = I C L ( I S O - J )  . 017oCs: 7 3  
..... ................ 3 0 2  ;g;;";;.3;.I .ic...... ................................................................................ o i o o s  .7" .......................................... 

OXOOSE 7 3 

30 3  NSOL=ICL FOR!4AT ( IHO (ISO). 
YO S O L U B I L I T Y  CLASS NUPIS{< FORRtIS lr.fqUND-!--.-,--- O i J C S  7 6  . . . . . . . . . . . . . . . . . . . . . .  ... .. 

0?03SE 

. -  - - .  

C ( b ) = A L a  ( 6 ) ' F T  ( t ) + O f / A L L  ( 6 ) ' F l ( I < O )  
' C ( 7 1  = A L B ( 7 1 w f l  1 7 ) ' 0 5 / A L L  ( 7 ) * F l ( I S C )  

C ( B I = A L B ( B I * P L B ( ~ ) * F T ( I )  *FT ( Y ) t O $ / A L L ( B )  
C ( 9 ) = C ( 8 ) / A L B 1 9 )  
V u ~ 1 i r l - Q L H 1 t l  ( O ( r i r i ' ~ 1  

: 0 0  306 J = l , 8  
3 0 6  V P L U T I ( J ) = O L U N T l ( J )  
C ORGAN LOOP 

DO 430  MORG=l r20  

0l300Sc 
Ok OJSE 
OKOUS- 
0 i d ~ ) S C  
OdOUSC 
0%00Sc 
0,OOSc 
o ~ o c i s r  
O<OdSE 
O i O O S i  
O ~ O O S C  



1 1 5  c TEST  OR ORGAN INCLUSION . . .  
I F  tKORGlHO?G).EO.J J GO TO LC0 . 

. . c TEST mb. OIGAN-NUCL IDE COHBIWATION 
L O ~ G - L O ~ G  r 1 
IFtLl.EQ.O.OK.LZ.fQ.0) GO 1 0  3 1 2  

1 2 0  0 0  31C I O = L l r L 2  
-. Kkh= I 0  .. . . . . .  .. . . . . . .  . . . .  . . . . . .  - -. - - - - - -. - 

I F  t I J % G ( I O )  . i Q . H L l G )  GO TO 3 2 0  
310  CO!ITINUE 

C NO L17GAN OATA A U A I L A B L E  FOR T H I S  kUCLIOE - BLANK THE DOSZ 
1 2 5  - 3 1 2  0 0  3 1 5  I T 3 : l s N J T  . . . . . . . . . . . . . .  

I B L N K ~ I T H ~ L O R G I = ~  
- 3 1 5  OOSf ( ITPl .L02G)=" ' -. ............. . . . . . . . . . . . . . . . . . . . . .  - . . . . - . .  - ... ............ 

- GO TO b o o  
. . ,  .- 3 2 2  A L P M O = L A M B I O ~ I O )  +LAMBOA ( I S O )  .. . . . . . . . . . . . . . . . . .  

1 3 0  Un:t4l=i. - EXP 1-PLAHO'TI) 

- PRG=LLL I J ) + T Z  . . . . . . .  .......................... ... . . .  . . . . . .  .................. O * D ? S i  ...131--..-... --- 
O3E J 2 1  J) =1. - EXP ( - A ~ G I  O < D O S  1 3 2  

. . . . .  . ........... . . .  .. ....... - . . . . .  . . .  1 4 5  . - . . .  IFtA?G.GT. lOGO.)  O ? E J Z I J ) = I .  - - .- - -. - 
375 CClaT I N U E  ' O i D O S i  

. . . .  . . . . . . . . .  GO TO 3 8 5  . . G . ? ~ J S <  
C A 0 0  LUNG DOSE DUE TO PRIVARV O E P O S I T I O N  0.40CS't 

. . . . . . . . . . . . . . . . .  . . .  . .  . . 155 3 6 0  SU32=C. ' 0 3  0 C S f  
IF t ITM.GT.1 )  GO TO 3 7 0  . . - O.<,OCSC 
s u n i = o .  . .  0 3 0 0 S i  -. - . .. . . .  . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . .  
DO; 3 6 5  J = 5 t 8  - '  ' ' ' ' 

-. 

365  SU,Ml=:U31 r ~ . ~ ~ ~ - : ~ ~ ~ N G ~ K Z N ~ N S U L ) / O ~ A S S I ~ O ~ ~ G ) + F T ( J ) ~ O ~ / A L L ~ J )  
1 6 0  - "  i + ( T t  - OH:JL~J)IALL(J)) 

. . . . . .  . . - 3 7 0  IF tTZ .LE.9 . )  GO TO 3 8 0  
. 

' 0 0 3 7 5  J ~ 5 . 8  
3 7 5  SUY2.=SUM2 ~ ~ Y ~ ~ - ~ ' E N G ~ K ~ ~ ~ N ~ G L ) / O ~ A S S ~ ~ O ~ G ~ ~ F T ~ J ~ ~ O J / A L L ~ J ~ " ~  . . . . . . . . . . . . . . .  

I + C H E J l  t J ) + G d ?  J 2  ( J )  
1 65 ' 390  O O S ~ ~ I T H ~ L ~ . ~ . G ) = H A S S ~ I S ~ ~ ~ ~ ~ * L P H ~ O A ~ I S O ~ ~ ~ S U ~ ~ ~ + S U H ~ + O ~ ~ O ~ ~  

3 3 5  SUf l30S (K?X'X?T r I T Y r  LOIG)=SUYCOS t K I K U P T r I T A r L G d G )  JOSE t I T E I r L 3 K G )  
C E N 0  OF T I H E  LOOP 

3 3 5  CCNTINUE 
C E N 0  OF ORGAN LOOP 

1 7 0  ' . r J G  C O ~ T I N U E  
C . SET UP TO N Z I T E  OATA FC: ONE NUCLIDE 



- -. 
- SU~POUTINE OaOCSi  7 1 / 7 4  OFTrO TRACE FTN b.Z*?38d ' 1 2 / 1 0 / 7 -  1~ .38 .32 .  

. . . .  . . - 
. . 

.- I F  ( I L I N E  NOT 1.LE.bCI GO TO 52.0 . . . . . . . . . . . . . . . .  . . . . . . . .  . ,- .. - . . . . . . . .  - . O a O o j =  .... 1 0 0  ....... 
C . YRITE N r Y  PAGE H i P S E 4  OSOCSf It1 

...... . . . . . . .  WRIT=(6,*13) IPL:ErDOY,TLnrT~N 0  1 2  -. . . 
1 7 5  410 FORM-T ( l H 1  ~ " P 4 G i ' r  15t31X,."UOSE TO Z E L i C T i O  CaGANS CF I t I T  E2EST V I A  OkOCS: 1 6 3  

. . . . .  l I E H h L A T I O I ~ ' ~ 3 2 X , 4 9 / 1 H  *I~QXI'TASK GiOUP CN LUNG DYNAMIC3 L(OOtL'/ OltOOSr 1 b *  - -  . , , 

,r' 2 1 H  .UiKv"DUKATIDN OF I N H A L A T i O N " r l F E 9 . 2 1 1 X t A 6 / l H  r ibXr -OSGAN DOSE OsOOSL 1 6 5  
31H ?iY"//) ' .. ... - . -. - .... - . - ... - .......-. . . . . .  .- - . .... . . . . . . .  OiOC": l o b  

KFMT ( 2 )  = ISFACE (NCIRGI O~ZOCSL l o ?  

, . 180 KFMT ( 1 1 )  =KFHT ( 2 1  0 1 0 0 3 i  1 0 8  , 

W R I T E ( t r K F t i T )  ~ ( 3 R G A N ( r ( r N ) r ~ = i r Z l r h = l r N 3 r 7 G l  Oc.005E 1 6 9  

. . .  .... I F M T ( 2 l = K F r ( T ( 2 )  . . . . . . .  . . OYOOS5 1 7 0  , 

IPAGE=IPAGE+l  O?OOSZ lii 
.. .... .... . ..- . ..... .. .. . . . . . . . . . .  ....... . . . . . . . .  . ...............-.. - - - - - -. I L I # E = I O  - ---. - .- - -- O T ~ J O S L  : 172. : 

1 8 5  qZO 0 0  550 I T M = l r N O T  OdOOSE 1 7 3  
...... .........-..... ..............-.. ............ 0 0  430 I = I * N O R G  ........................................................... o*oos: i j+ 

IFMT ( I  t 6 ) = " r ~ 1 i . 3 0  . OkOOSc 1 7 5  
b 3 3 ' I F ( I a C N K ( I T H r I ~  .EQ.1) IFHT(1*6),=",5XrAb-, --_-- . ., , .... .............. ............................... O ~ o c s ~  1 7 6  

IF(IT~(.GT.I) GO TO 1 6 0  OkSJS: t i ?  

.!go_ IFMT (1 1 ="I IHO I" ..... .. ................. 
IFHT ( 4  ) 3,'. 

.................................................................. 0 2  30s; ---- 1 7  a _ -  .- . .- - 
OiOCSC 1 7 9  

WSITE(br IFNTJ,  REC(ISO).ML(ISOJ . T L H Z ( l )  ( 3 0 S E ( l * I l  tI=i;NORGI , -.,, .............. .................................. ozocs r - .  1 8 0  
GO TO i 5 0  0 3 0 t ~ i  l a 1  , 

95-.- S4O I F M T ( l l = ' ( l H  r '  IFr(T (& j=-A6r-  O i i O O S ~  1 8 2  . - . . . . . .  .............. .................................................................... Daoas< ..... ............ 
. . 

-. -- IF(*TH.GT.2) MARK= ".- ............. -. . .  ... MAHK=ISOL( NSOLI 0 2 D b s c  - . lab,  ........ ... . ... ..-... 
02OL 'S i  1 8 5  

.........-...-. ... WRITE (6. I F ? T )  M13K.TLHZI ITMI; (JOSE(ITN.IJr  I'I.NORG?__. ,.-: 0i00s5 --.-- I'36 . ..................................... 
550 CONTINUE. O i D G S i  l b 7  ' - - - -. 

?OF ~LL:~E=IL~NE*NDT*I  ......... .................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  oncJL5= .... A O M .  ............ 
Ce. ' ENO'OF F P  CHAIN LOOP ' . .  OaOCSt 1 6 9  

560 ,COt!T INUE ... - -, - - .... - . . . - .  - .. . - ..... . . . . . . . . . . - . . . .  .- .. ... . 
OF FP LOOP 1 9 1  

.- . . . . . . .  265 .. . . . . .  IF(ACTPRD) GO TC . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .O,IOjS~. O d 3 3 S t  - 1 9 2  1Y3 . . bS0 CONTINUE . . . . . .  

- ....... . . . . . . . .  . . . . . . . . . . . . . -  -...... D'O LOOP OVER ACTIJ*TION PROoUCrS " .;;;:; ...  ;;; ............ GO TO 2 0 6 0  

7 0 0  . I S T 4 2 T = N F P * l  . . - ' O i O S <  1 9 b  ..... .. . .  DO 10oO IS=ISTAkT*NTOT " ............ - ......................... . o  ,{JGsz. 197 . .. ........... ... .......... 

CONTINUE 
C ( i l = A L t ) I l  J * F T d l J * 0 3 / I L L ( l )  
C ( 2 ) = A L B 1 2 1 * f  T ( Z l D 0 3 / ~ L L ( 2 J * F l ( I S l  
C ~ ~ J = A L ~ I J I + ~  r I J ) @ O L / A L L ~ ~ ~  



. 
S U ~ ~ ~ U T I N E  ORJCSE 74/74. OPT=O T q A C f  F T N  c . E * P 3 8 J  , 1 2 / 1 6 / 7 &  1 - .33 .52 .  

4 

C ( 7 ) = A L B  (7) .FT(7) .0S/ALL ( 7 J . F i d I S J  
2 3 0  C ( 8 ~ = A L 8 ( 9 ) ' A L B 1 3 ) w F T l B ~ . . F T  ( Y J ' O s / A L L I 6 l  

' C ( 9 ) = C ( 8 ) / A L 9 ( 9 J  
. V O L ~ T ~ = Q L M I T I  dOU9!4V) . 

00 7 9 6  J = 1 1 8  
. . 

7 0 6  V O L U T l  ( J ) = U L U N T l ( J J  
. , . 2 3 5 - . .  .:.. . . . . . . . . . . .  C  ORGAN L O O P  - 

.DO 9CC M 0 2 6 = 1 * 2 3  
C  T E S T  FOK SsGAN I t i Z L U S I O M  . . 

I F ( K O R G ( M G ? G )  .EQ.CJ GO TO 9 0 3  
C T E S T  FOG ORGPN-NUCLIOE C O U 8 I N L T I C N  OAT& . . . .  

2 4 3  . L 0 4 G = L 3 R G  + 1 
. .- - . - .... - ........ - .. . . . . .  . . . . . . . . . . . .  . . .  0 0  9 1 6  I G L l * L Z  . ., -. .- 

YP.N=10 
.... .... ..... I F  (IOGG(,IO).EQ.PIORG) GO TO 8 2 0  -. - - 

8 1 0  C O N T I N U E  
.. . . .  zi5 C  NO O?GAI4 OATA FO2  T H I S  t 4 ' J C L I O i  - BLANK DOSE ARRAY .., , , . 

0 0  8 1 5  IT!l=11NOT 

- -. - - -- -. - - -- -- . ...-.- .... ... .. - . . .  ... .. . .- I B L ' < K ( I T M *  L O R G J = l  ..._- - 
8 1 5  O O S E ( I T M r L 0 2 G ) = '  ' 

. .  25d.. GO TO 9 0 0  . . .. - - . - . - 
8 2 0  ALUYO= LAHBIO(IOI +' L A ~ B O A ~ I S ~  ' - -  . .'.. 

.... . . . . . . . . . .  - - OMiN1=1 .  - E X P t - A L A M O ' T l ) , -  - -  . . . . . . . .  ................. ..... ... 
V Q N T l = O N T l  ( K Z N )  

-. - - - - 0 1  ' 3 .  0 ~ 0 0 ~ ~  . -2- l . .  - .  --.- ...... . . .... ....--... 
C T H  FOLLOWING TWO CAZOS Y E 2 t  A 3 0 i O  TO ALLGM CHANGING T H i  .YASS OF 9 / + / 7 ;  . 3  
C 2 5 5 .  . ............. THE LUNG T O  5 7 0  6 2 A H S  I F  A  L L P H A  E M I T T E Z  O O S c , I S  B E I N G  COYPUTEO. 9 / + / 7 *  ....... 4 . . . . . . . . .  

OMCF=i .  9 / C / 7 i  5 
............. I F  (YOIG.EQ.B.ANO.ENG(K3N*NSOLJ .GT.lO.) O 3 C F = l .  7 5 4  , , . 9 / 4 / 7 *  , .. , 6  . . .  

6' LOOP OV=S DOSE T I 4 E S  O i O C S t  2 - 2  
. . . . . . . .  . .. ..  . . . . . . . . . . . .  . . . . .  . .. ... . .  . . . . .  - -. - - 0 0 ' 0 9 5 ,  I T M = ~ ~ N D T  - - - - Okocsc zv3 

766 5 2 1 2 .  DZOCSr  2-(r , .- ~ 

1 2 = 3 O S T I M ( I T M J  
C' ZERO.OUT JOSE T I M E  FOR P Z I N T  OUT I F  L E S S  THAN I'SEC 

DO 8 2 5  JZ1.9 - ............ . . . . . . . . . . . . . . . .  - . . . . . . . . . . .  
ARC= A L L  ( J ) * T Z  
OHEJZ(  J)-1. - E X P ( - A R C )  , - . . . . . .  . . . . . .  . . .  
I F  (A3G.GT. 1OSJ.J O q i J 2 ( J ) = l .  

.- . .- ............. . . . . . . .  . . .  f!2S CONTINU: 
8 3 0  I.FIITY.GT.~) GO T O  a46  

0 1 -  3 i 1 0 0 T l  (K ; i t l rSJSG)  
' . ' 8.eG .'IF (T1.hE.C ) GO 70  

. . -  .02= C k 0 0 7 2  ( K i i N I ! 4 3 4 G ~ I S )  . . .  
8 C 5  IF(YO,%G.EP.8J GO T O  965 

- . - -- -. . O O S t ( I T X , L O R G J =  ~ A S S ( I S . Z ) * L A M J U A I I S J  ( 0 1  1521 . . .  
GO TO 8 8 5  

C A.30 LUNG 3 0 S E  FO.? THAT O E P O S I T E J  J i Z i C T L V  . . . . . .  
8 6 0  SUNZ=I .  

1 F I I T N . G T . l J  GO TO 8 7 0  ... 
SUsYi=O.  
OC 365 J=S .B  . . .  

, 365 S U Y l = S U H l  t ! j . 9ZE-L ' fE iG(KRNINSCL) /CYASS (?(OKG).FT(JJB O i / A L h  ( J J  
 TI - OYEJL(J)IALL(JI) OdCF 



. . . . . . . .  
SU3kOUTINE ORDCSE'  ' ' 7 4 / 7 L  OPT=O T3ACE FTN 4 . 2 t 2 3 9 J  12 /1617.  1*.38.52. 

.. . . . . . . .  . . 

.- .- 879 IF(TZ.LE.O.1 GO TO 8 8 9  , ....... ........ . . . . . . . .  . . . .  O k J 5 S i  . 279 - 
0 0  875  J - 5 . 8  t i J C S -  2 7 1  

. . . .  - . . 87S SUM2-5UHZ * .5.9ZE-SeCNG( KRN.NSCLl/OHA5S (40CGI*FT ( J O A L L  I *  JRJOS: 2 7 2  - 
1 4 0 H i J 1  ( J l * L ' + i J Z ( J )  l OdCF 9 / 4 / 7 i  8 .  

. . .  9' 2 9 0  . . 883 O O S ~ ( I T Y ~ L ~ ~ G ~ ~ ~ P S S ~ I S ~ Z I ~ L A Y ~ O A ~ I S ~ * ~ ~ U ~ ~ + S U H ~ ~ O ~ + O ~ ~  O?OGSf 27S , . , 

885 S U H ~ ~ S ( K C ( K U P ~ ~ I T M ~ L O ~ G J = S U ~ O J S ~ K H K U P T ~ ~ T N ~ L O K G I  + D O S ~ ( I T H * L ~ R G I  OdOOSi 275 
- . - . - - ... - - - - - -. .. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  C €No OF T I  LOOp - .  OdDOSi . . -276.-- . .  . . . .  8 9 5  CONTINUE 0 2 0 O S i  277 

C END OF C2Gl)E LOOP . . . . . .  . . . . . .  . . . . . .  . . . . . . . . . . . . . . .  . .  ........... 
2 9 5  ' . '  9 0 0  CONTINUE 

-. 0203Sc. 2 7 8  
O i J i J S l  2 7 9  

C SET UP TO W3ITE 'JPTA FO2 ONE NUCLIDE -. - - OnOOSf 2 0 0  .............. ...... . ......... .. 
I F  ( I L I N C  t NOT t 1.LE.60) GO TO 3 2 0  '- - ' OiiOCSE 2 6 1  

. . ......... C .. - -- -. - .- . WRITE WRITt(6, NEW *lc,, P4GE IPPGLtoOlrTLH,,L HEAOE.3 );(.-. - .  o . i o O s <  232 
.02.0CSi: 2 3 3  

....... 3 0 a  .... KFNT ( 2 )  =IS FACE ( ~ 9 3 ~ )  ............... .................. -.- ............ 0.200s- ....... 2x94 
K F n T ( 1 1 )  =KFMT ( 2 1  . OiOGS: 2 6 5  

. .. - - - - - - - - - -. - - WRIT: ( 5 * K F * T l  ( ( 0 3 G A N ( M r N I  *H=lr21*N=1*F(ORG!,, ....... . ..... ........ .. . . . . .  . oaocs: ..-256 
I F M l  ( 2 I = K F H T I Z l  OilOGSi 2d7 

- . - . . - . - 305' ... ~~y~pR~t~:;-!!~ . 
o ~ o o s ~ ~ - - - 2 ~ ~  
O<OOSi 2 6 9  

- - - - - - - - - - 920 -oo 9 jo  ITn=l,NOT .-- - -. --- oaoos i  2 x 1  . I L I N C = 1 0  ..- ... .... . ...... .......... ... . -  . O<oiSE . ' 291'-.-"' -----. 

. - . . . . . - . . . .  - . . . . . .  - .......... .. IFnT n+6)='*Ell.3' ..................... "'-" ........... . "' ........ 0 0  930 I = l r N O R G  O i J C S c  292 
OiOcSi 

293---".. '  

. . 
310 930 I F  ( IaLNK ( I T H * I I . E P . I I  IFMT(I+61="*5X.At,-  . -.- ........ . - .... - ...--.... - - ... .- - ...... - . 0 ~ 0 0 s ;  2 5 4  

A I F ( I l U . G T . 1 1  GO TO 9bO 0;,30~< 2 9  j-'--- 

- -. - - - - - - -. - - - I F H T  ( I )" ' (  IHC ,' ...... ... ..... .... .... ...- . ..-.....- . .  - .. IFq, (') 13*" ;;;:;. .: -.f ;;. 
--..- .31 5-.--. WRITE(o , IFHTI  Z E C I I S I  s,r(&(IS,l l T L H Z ( l l  e (00SE ( l ~ I l r I = l . ~ N O R G !  .--. . ,- .. .-.. .. ... .. . .. ............ GO T O  950 OaOCSE .-.258 

. . OZOCSi 2 3 9  
940,. I F U T  t 1 l = " ( l H  ,' - - - -. - - - - . - - -. - . - - . - -. - . .- I = P  . . . . .  . . . . . . . . . . . . . . . . . . . . .  . ...... . - - ... O S O C S  3 t J  oiJCS;: ' - 3;l 

HAZK=ISOL( WSOL 1 .............. - ....... - .. - ... - .. - .. . . . . . . . . . . . .  . . . . . . . . .  ' O i D C S i  3 2 2  
IF( ITH.GT.2.OZ.LSOL.E(1.01 HA*K=' '.. , O ? O I J S ~  3 ~ 3  

. . .  . .......... . . . . . . .  320 ............. -. W R I T Z ( 6 r I F H T l  r ( A i K ~ T L H Z I I T % l  * ~ O O S E ( I T H r I l  r I=1.N04G) , - . O?OCSE 3 i 4  
950 CONTINUE . - .QZOCS: 3;5 

I L I N E = I L I N E t N D T + l  ..... - . - .. - ... - .... - - - - - ... . OF ACTIVATIOh PROOUCT LOOP . . . . . . .  -. .... . . .  . . .  01?00S= 0,530s;-' . .-.337 3C.6 -. 
............. . . . . .  - ... 325 ..... ..., -.. . . . . . . . . . . . .  . . . . . . . . . .  1 0 0 0  CONTINUE ' . . . .  - - . . . .  O2OO2t 3 G 8 .  

c S U H Y A ~ Y  P ~ G E  OUTPUT 030GSE ' 323 
2GOO W R I T E ( b r 2 0 D l )  IPAGE.KUPT*KH.T ITLE2vOOY . . . . . . . . . . . . . . . . .  

. 2 0 C 1  F O ~ ~ A T ~ 1 H 1 r " P A G E ~ ~ I 5 r l X ~ " ~ ' ~ I 2 r " r " ~ I 2 1 " l ~ ~ 8 X ~ 8 A 1 0 r i 7 X ~ A 9 l  . ' 

0 i O C S f  310 
. . . .  5 / 3 3 / 7 c  

-.. 1 

Y k I T i ( 6 * 2 3 1 0 1  TLH. TLN - -. - o a o o s i  . . ............... .. 
2C19 FORMAT ( I H l  r i L X * " J O S E  TO SELECTCO ORGANS 'OF INTEREST V I A  1NHALPTI.ON.OXOSSZ 

330 1-/1H ,48X.'TPSK G2OUP JN LUNG OlNf iMICS MOOiL'/IH ,46X. .OiOCSt 
Z'OU4ATION GF I N H A L A T I O N " . I F E 9 . 2 ~ 1 X * A 6 / 1 H  r57X*"ORGhN LOSE I N  RCM'/ 0 1 0 0 3 I  
1 1 1  . . . .  W R I T E ( b r K F H T l  ( t O i ; A N ( I v J l . I = l . 2 l  .J=l1NORG1 ' 

IFMT (1 l = " ( I H O  I' . . . .  I F H T  (4 1 ="* P61-  . . . . 

HALL="ALk " 





. . . .  . . . . . .  FUNC~ION O ? O U T ~ ( < ~ N . N C ? G )  o ? o G r t  . . .  t 
C OROOTI .CALCULPTLZ  T M d  4 O i q A L I Z c D  DOSE TO AN J R G A N  OUXING T M f  T I M E  O i 0 0 T i  3  

. . .. C OF UPTAKE T l .  ." OZOT'11 4 
O ~ O G T i  

"c- a;iE TME CCEF. F O Z  THE S:;PI.;A~ORY T;~A:T CLEARANCE ' ' o i o s r l  
" A L A M T  I S  T H i  E F F E C T Z J i  R i r c O J a ~  C3NSTA l iT  FCR T H E  ORGAN 0 + 3 0 T 1  
'ALL' ARE T H E  E F F L c T I U E  R C ~ J Y A L  L 3 N S T A N T S  FO* THE LUNG C O V F k 4 T H i N T  O k O O l l  
"On tN1 '  I S  (1 - E X P ( - P L 4 M O  T i ) )  O i O O T l  
" T i "  I S  THE U P T P K I  T I M E  . . O i D C T 1  
'NSOL' I S  Tr(5 S O L q J 3 1 L I T V  I N D E X  O ? O O T i  
"F2P' I S  THC 3 L O t 3  TO OXGAN F . 3 A C T I 9 N  : O l O O T l  
"FT"  ARE TH: P . r S P I 2 4 T O i Y  T i L t T  GLIAEANC: ,PATHHAY F i l L C T I O N S  OK 0 3  1 
"ALB' L R E  T d E  0 1 3 L O G I C L L  E M t V A L  L 3 N S T A N T S  FO* THE LUNG . .  ' O i O G T 1  
"EtiG" I S  T H i  E F F L C T I V Z  c h i ? ; J  FCR T H E  NuCL IOC I N  TM: OCGAN 0 2 G O T i  
-OHASS- IS THL O ~ G A N  N A S S  0 ~ 0 0 ~ 1  1 6  : . . . .  
"03.04.05" ARE THE F X A C T I O N  I N H v L E O  O f P O S I T I O N  FACTOES , O i \OOT l  1 7  
"OMEJI" IS (i - E X P ( I L L * T I )  o ~ o G T ~ , . ,  1 8 .  ......... 

. .  COMMW N F P t N L C ~ h T O T r H C F N U Z 1 9 6 )  * S K I P  1 9 6 )  .MASS(bOO.21 r L P H 0 0 A ( 6 1 0  8 , .  COMN 2 
l C H A I N S t O K F ~ C T ~ i 5 ~ ~ 3 ~ . r ~ E C ( a ~ C ~ t 3 L l B C O ) r I C ~ ( i C ~ ~  3 - 

COMHON M A l ~ 0 1 I . ~ A M O 1 3 1 1 2 f J )  . F U ; T I I Z O O ) . F A I ~ ? ( ~ Z ' ~ O )  . ~ 2 ~ [ 1 2 5 3 ) ' - ' - - '  " . "~D l l ( k  4, - - - .- - . - . - - - . . - -  . . 
COMMON IO?G~ 1 2 ~ ~ ) , ~ ~ ~ ( 1 Z ~ 2 , 3 )  , F i l i 3 6 )  ~ 1 9 i G ( € C O ~ ~ I E N O ( b O O ~  . . - . . .  COHN ..-.. . - , j  ................ 
C O H 5 f f l  OGSTI " (1 ; )  . 0 3 . C i t O j ~ U P T i M l ( 5 1  , I S n I i i O E l  C OMN 6 
c o n n o r r  ~ F ~ ~ T ~ ( S ) , ~ ~ ~ ~ ~ ~ . X ( I G ~ . S Y I L ? ~ , S Z ~ ~ ~ ~ ~ O I ~ ~  C O ~ N  . 7 . .  c"nN ......... 8.. . ; .......... 
COMWON S U ~ ~ I J S ( S S ~ I I ) , I ; )  . T I T L E ~ ( ~ I , N ~ T ~ I ( O ~ C ( ~ J ~ * T L H ~ T L N ~ ~ ~  " " ' ' . 

. . .  . . . . . . . . . . . .  C O H H W  = F A G E * O R G a N  ( 2 9 1 9 )  . .  CoMN . 9-2.  
COM'4OFJ/N49/0dGNL4(212j)  C OMN 1 3  
R E ~ L  L L M R I O I L A H ~ ~ A * M A S S  . , . . . . . . . . . . . . . . . . .  COHN . . . .  1 1 . .  . 
I N T E G E t  C h a I % S , S < I P  COMN 1 2  
L O G I C A L  FILP30,;CTFXD . . c ' c r s !  . - -. . - . . . . . . . . .  ? 3 
conron ACTFRC,FISPTO,I(R* KUFT, DOY c o n ~  icr"" 
C O M ~ O N / C O N O / A L A ~ O I P L ~ ( ? )  , A L L ( 9 ) , C ( 9 l t F T ( 9 )  * N S O L * O M E J l ( 9 )  , CUM* . . .  2. :.- -. 

~ O M ~ J ~ ~ Y ~ ~ ~ ~ ~ N ~ ~ ~ ~ E N ~ ~ ~ ~ ~ ~ Z ~ J Q N T ~ ~ U Q L M T ~ ~ J Q L U T ~ ~ ~ ~ ~ O M A S S ( ~ ~ ~ ~  CJMO 3 

-. . . .  
, 00 '30 i r 1 . 7  - - - - . '  . o r l o c i i  2  5 ...... ................ .. . .... 

IF(NSDL.E?.I.AH~.(~.~~.~.O~.I.~Q.~~) GO 1 0 ' 3 0  . . . .  . .  030GT1 
6---.---.- 

& F I R S T - F I R S T  * C l I ) * t w - 2 - ( Y  - 3 M E J I I I ) / A L L ( I )  ) / ( A L L ( I ) - A L A H O ) )  ..... ................. . . . . .  . .  OdOOT1" . " .2  ........ " . O % O O T i  2 7  
, 3 O  CDt iTI t4UC ' 

. S C C 3 N J = C ( a ) * l  W - Z - Y / ( A L L ( 9 ) - A L A ~ O ) * O M i J 1 ( 9 ) ~ A L L  ( 9 ) / t A L L ( 9 1 -  ......................... . . O R 0 0 1 1  2 9  , . 

IALAYS) ) /ALLIP) 
. . 

. O. IOCT1 3 0 
' I F ( N S O L . L L . 2 )  GO TO i O  .................... ...... . . .  . . .  O k J C T i  3 1  

. . C .  ' ' . A L L ( B J . N E . A L L ( 5 )  OZDGT1  " 3 2  
" 

55 . T H I R O = - C ( d ) / ( A L L ( Y ~ - A L L ( 9 1  )* ( ( V - ~ ~ E J ~ ( ~ ) / A L L ( ~ J ~ / ( A L L ( ~ ) - A L . I O )  ' . 6 < 0 ~ 1 1  3 3  
1 - l Y ~ 0 H E J 1 ( 8 ~ / A L L ~ 8 ~ l / ( A L L ~ B l - A L A ~ O ~ l  ; 0i i )~ ;T:  39 

. . . ,  GO TO 1 0 0  ' - 0 ; t O C l I  3  5 
. C A L L ( 8 )  . E C . A L L ( 9 )  ' O i O O T 1  - 3 6  ' -  

- s o  10 T t i I i O = C ( 9 1  / ( A L L ( 9 ) - A L A y 3 ) * * 2  , ( ~ M ~ J ~ ( ~ I / A L L ( ~ ) - V + ( A L L ( ~ ) - A L A H O )  , O . iSOT1  37 . . .  " . . . . .  . . . . . .  . ........... 
. i /AL ; (9 ) "2  '(1. - E X P ( - P L L ( 3 ) * T l ) ' ( d L L ( 3 1 * T l  t i . ) ) )  

0,303T1 ---38 

1 3 0  O R O O T 1 = 5 ~ 3 2 i - 9 * ~ N t  (KRN*I1SOL) * F Z P . I r ( F . N ) / ~ H A S S M O R G * F I R S T  S E N  . 0 . i 0 0 T l  39 . . . . . . . . . . . . . . . . .  ........... 1 T H I R D )  iJST 

CN3 , , .  ........ . . . . ' . u i u o r l  . - - -  . 

. . . .  ........................ . . . .  . . 



. . . . .  
. . .  

FUNCTION ORDOT2 7 r / l r  OFT=t  TaAC: FTN r .2 tP38:  1 2 / l o / 7 r  1*. 38.+7. 

' FL'NCTION OR3212 (K?N,YO'i;,ISO) O i 3 C T 2  
C O U O T 2  CALCULATES T H  N32.NALIZTO OCjC 1 0  AN CCGPN OUCING THE Tint O T ~ W Z  
C FCLLOYlNG TF4.qINATION OF UPTAKL 1 2  . UkJOT.2 
C C - . J i T 2  
C "C" ARE THC C O F .  FO? %ES?iRPTOXY TRLCT CLEdRANCt O-'.OJT2 
C "ALAMO" I S  THE EFFrCT1VE REMOVAL COI.STA!iT FOR T H C  ,OkGAN 0 ~ 5 3 T 2  

.- C "ALL" ARE THE EFFECTIVE .?.<nOVAL C3NLTANTS FCC THE LUhG CO'4PAZTHLNIS 02.00T2 . ... 
C "03CNl"  At40 "CYEN2" ASE (1  - L A P I - A L L q O o T 1 ) )  AND ( 1  -EXP(-ALL.13.T2)) C<ilOTZ 
C "OetJi"  ANO"O3_JZ" 1112: ( 1  - ~ X P ( - A L L * I ~ ) )  LNiJ ( 1  - E X P ( - J L L o 1 2 )  . .  '0- .JGT2 
c "TI- IS THE U ~ T A K E  T I M E  o ; - ~ ) u r 2  
C "12" I S  THE 3 2 S E  TIME FCLLOHING UPTLKE 0-,0312 ... 
C " N i O L V S  THE S O L U 3 I L i T Y  I N J E X  0 1'0.L 1 2  
C "F2P" I S  T n i  2LOOD TO OXGAN I t i O i X  . . 0;.30T2 . 
C "FT" A2.E THE 2rSPIRATOPY TdACT C L E ~ K L N C E  PITHWAY FRACTiONS 0.<3012 
c - A i o - , ~ ~ t  THE a r o L o c i c n L  ~ E I I O ~ L L  I:O~STLNTS FOR TnE LUNG ..... - - . . . . . .  . O?DOT2 

. O i 0 0 f 2  
CllMMl7N liFP,NkC.NTQTlNQF:!UC(96) . S K I P ( 9 6 )  r *ASS(6 tG.21 tLAHB0Alo:C). CJMN ,-. . . . . . . . .  

I C H P I r 1 5 r 3 K F R ~ T l L 5 0 . 3 ) . ~ i C ( 6 ~ 6 ! . n ~ 1 6 C ~ ~ . I C L l o ~ ~ ~  a c u m  

. . I ' r T i G i l t  FII;PiD,ACTPRa CHAINSISKIP . . . . . .  - . . . . . . . . . . . . . . . . .  

. . CLMH'3;i ACTF?O.FISPRD,KR.KUPT.DOV 
C C M ~ 5 N / C O ~ C / A L A Y O ~ 4 L a ( 9 ) . A L L ( 9 ) r C ( J ) , F T ( 9 l r N S O L , O M C J l ( 9 ) ,  

l , O n i ~ 2 ( 9 )  , 0 r ~ ~ i i , O d f n z , T l , T z . v a t r r i . v o L ~ T i , ~ a ~ u r i ~ a l  ,OHASS t 2 j )  .... 
F I l tST=OMiNZ/LLAHD ' V Q d T l  

-. . . SECC)ND=O. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F b I  9=1. 
' IF (HOD(1,Z  ) .Ea.O.OR.I .EP. I )  FGiB:F I ( ISO)  

~ F ~ N ~ O L ~ E O ~ ~ . A N O ~ ~ I . E Q Q ~ ~ O Z ~ I ~  i0.7)) GO TO 3C 
-* S ~ C O N O = S ~ C O ~ ~ D  t A L 3 t I )  / ( A L L l I ) - P L ~ . I O ~ + ~ O M ~ N Z / A L A M O - O ~ c J Z ~ I ) /  

l A L L ( I ) ) ~ V Q L U T l ( I ) ' F G I a  
3C CCNTINUE 

1 - OiiENZ/ALAXC) . 'O iJCTZ 
02DOT2=5.9i i - ,  LNG(KRN.NSOL)/CYASS ( M 0 h i b 0  ( F I K S T  t F L P I K ~ N )  : 0 i ~ d 1 2  

1 .* . (SE,COl.IO J H I ? J  t FCUZTH)) O i 2 0 T Z  
RETURN ' O i U C l Z  
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11 

- - - .- -- 0 0  50 I = 1 . 7  Q N ? ~  . . . . . . .  l9 ............ .. ......... ... ..... ....... .. 
IF(NSOL.EP.l.ANO.~I.iP.b.OR.I.P.7l~ GO TO 5 0  ' ' ' "  ' ' " P N T l  2  0 
SUN=SiM 4 C ( I l  ' (OMcNl/ALAMO - I O ' ! C J l ( I l  - 0 M i N i ) / ( n ~ L ( I ) - + L A f l 0 ) )  P d T 1  , . . . . . . . . . . . . . . . . . . . . . .  

" 5 0  CCNTINUL P N T l  
2 1  
2 2  

. . .  .. .......... .... .- .... -. ...... -.- I F  (NSl3L.LL.L) GO TO 7 2  aNT1. -- ..25. 
C" - T H I S  CASE , I S  FOR H H i N  A L L I 8 )  NOT iQUAL TO A L L ( 9 )  " P h T l  2 6  

... b.o ... . . . . . .  - -. -- SUM=SUM - C ( e ) / ( A L L  ( a j - A L L ( 9 )  ).( (Or (EJ l (9 ) -OMENi )  / ( A L L ( ~ ) - A L A M O ?  :;;: , ,, ,. -.. 28--  2  7  . . 
1 - ( O M E J l ( B )  - O M E N l I / ( Z L L ( B ) - A L A * O ) )  . - 

GO T O  1 ~ 3  . . . .  . . . . . . .  ... . . . . . . . . . . . .  T  1 2.9. 
C  THIS CAS: I S  F a 4  ' ~ L L ( ~ ) = A L L ( ~ I  ' 3 0  

- .- -. 
7C S U M = S U * - C ( B ) / ( A L L ( ¶ ) - A L A M J J ' * Z  + (ZXP(-&LAMOCT1) P3 I1 3 1  32 -: - ..... . . . . . .  .. . . . . .  

1 - E X P ( - A L L ( ' ? ) * T l )  ' ( ( A L L ( 9 ) - A L L M O )  '11 t 1.)) 
' 

45 1 0 0  PNTl=SUM ' F2PtKRN)  Q h T l  . . 
RETUW ' . . 0 : iT l  

3 3  .. 
3 k  

EN0 . . . . .  . . . .  . . . .  a. r 1 3  3 
. . 
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APPENDIX F 

INPUT PREPARATION 

The i n p u t  data requ i red  f o r  t he  c a l c u l a t i o n s  f a l l s  i n t o  th ree  general 

". 
categor ies:  (1  ) Program c o n t r o l  var iab les ,  (2 )  Parameters associated w i t h  

atmospheric d i f f u s i o n  and d i spe rs ion  and ( 3 )  Parameters associated wY t h  

the  organ dose c a l c u l a t i o n .  The m a j o r i t y  o f  t h e  data requ i red  by the  code 

, i s  conta ined i n .  two data l i b r a r i e s  t h a t  a re  accessed by the  code (see 

Appendix D) thus e l i m i n a t i n g  much t ime .consuming p repa ra t i on  o f  i n p u t .  
. . , . .  

Program c o n t r o l  va r i ab les  c o n s i s t  o f  parameters t o  c o n t r o l  the read- 

i n g - o f  the data l i b r a r i e s ,  the  op t i ona l  p r i n t i n g  o f  some input .  and i n t e r -  

mediate.data and the  type o f  atmospheric d i spe rs ion  c a l c u l a t i o n  t o  be 

performed, :.if any. The atmospheric d i spe rs ion  c a l c u l a t i o n  can be by-passed 

.by  s e t t i n g  MET = 0; i n  t h i s  case, t he  values entered f o r  t he  ' radionucl  i d e  

a c t i v i t y  become the  t o t a l  q u a n t i t y  i nha led  r a t h e r  than the  quant i  ty re leased 

t o  the  atmosphere. 

The remainder o f  t h i s  appendix descr ibes i n  d e t a i l ,  t he  i n p u t  var iab les ,  

t h e i r  use and the  manner i n  which they a re  i n p u t  t o  t he  program. 

DATA CARD DESCRIPTIONS 

CARD 1  - T i t l e . c a r d  

COLUMN FORMN . VARIABLE USE 

1-72 12AG TITLE 2 words entered here a r e  r e p r i n t e d  as a  
t i t l e  on t h e  summary page. Each case 
requ i res  a  t i t l e  card  o r  b lank card. 

CARDS 2 t o  N - Namelist  Data Cards (one o r  more namel is t  cards) .  

. The minimum data f o r  each case cons i s t s  o f  one t i t l e  card  ( ca rd  1 )  

one o r  more cards us ing  t h e  Namelist  format  (cards 2  t o  N ) .  . .The f i r s t  

Name1 i s t  ca rd  (card  2) must be b lank i n  Column 1, $INPUT i n ,  columns 2-7, 



f o l l owed  by a t  l e a s t  one b lank , , f o l l owed  by data i tems. The data i tems 

a r e  separated by a  comma, and the  l a s t  da ta  i t em must be fo l l owed  by a  8 .  .. 

The da ta  i tems must have one o f  t he  th ree  f o l l o w i n g  forms: 

1. ' V a r i a b l e  name = . c o n s t a n t ,  where t h e  v a r i a b l e  name may be e i t h e r  
.i 

subscr ip ted  o r  n o t .  
. . . . .  
. . 

2. ~ r r a y  name = s e t  o f  cons tan ts  (separated by commas). The number 

o f  cons tan ts  must n o t  exceed t h e  number o f  elements i n  t h e  a r r a y  

and they  must be i n  t he  same order  a s  t he  a r r a y  i s  i n  storage, 

i .e., t h e  f i r s t  s ~ . ~ h s c r i p t  changes most r a p i d l y .  

3 .  Subscr ip ted v a r i a b l e  = s e t  o f  cons tan ts  (separated 'by commas). 

T h i s . f o r m  r e s u l t s  i n  the  s e t  o f  cons tan ts  being p laced i n  consecu- 

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 designated by the  

subscr ipted, v a r i a b l e .  Again;the number o f  elements i n  t h e . a r r a y  

between t h e  g i ven  element i n  t he  a r r a y  and t h e  l a s t  element i n  

the  a r r a y .  

The 'name1 i s t  v a r i a b l e s  re ta i .n  t h e i r  va lues  throughout t h e  execut ion  

o f  t he  program and need n o t  be r e s p e c i f i e d  un less  a  change i s  wished. The 

name l i s t  i n p u t  v a r i a b l e s  a r e  shown i n  t h e  f o l l o w i n g  l i s t :  

TABLE OF NAMELIST VARIABLES 

I. PROGRAM CONTROL VARIABLES 

VARIABLE .-.... ARRAY S TZE USE VALUE UNITS VALUES 

NEXT ' (1  Next Case Opt ions None 1 t o  4 

IPR (1  Con t ro l s  p r i n t i n g  None 0 o r  1 
o f  u, valuc; (no o r  yes)  

I PU ' ( 1 )  Con t ro l s  punching o f  E/Q None 0 or  1 
values on cards (no o r  yes)  

IQP ' ( 1 )  ' . c o n t r o l s  p r l n t i n g  None 0 o r  1  
o f  E /Q va lues (no o r  yes)  



VARIABLE ARRAY SIZE DESCRIPTION 

MET (1 1 Selects atmospheric 
d i spe rs ion  model t o  
be used 

:I I I 

VALUE UNITS VALUES . . 

None 0 t o  10 

11. ATMOSPHERIC DISPERSION VARIABLES 

A. GENERAL 

VARIABLE ARRAY SIZE DESCRIPTION VALUE UNITS VALUES 

. (1) H Re1 ease he igh t  meters .' .any 

R(K) , (10) Radial  d is tance meters a n y ,  . 
' . .  

t o  receptor  

U BAR (1 ) Wind speed 

B. SIMPSON-FUQUAY (MET=l) 
. . 

VARIABLE .ARRAY SIZE DESCRIPTION 

STUB(J) (5 ) Metero log ica l  
parameters, (ogi3) 

AH ' ( 1 )  Meteoro logical  
parameter, a 

B H ' . ,  . ( I  ) Meteor01 og i ca l  
parameter , b 

(1 ) Meteoro log ica l  
parameter, c 

(1 ) Meteor01 og i ca l  
parameter, d 

KSQD (1 ) Meteorologic  1 
parameter, k !I 

m/ sec 

VALUE UNITS 

r a d  ian-m/sec 

sec 

VALUES 

a nY 

VARIABLE ARRAY SIZE D,ESCRIPTION ' VALUE UN-ITS VALUES. 

CY (1 ) Su t ton ' s  l a t e r a l  None any 
d i f f u s i o n  c o e f f i c i e n t ,  Cy 



VARIABLE . ARRAY SIZE DESCRIPTION VALUE UNITS VALUES 

CZ ( 1  Su t ton ' s  v e r t i c a l  None a ny 
d i f f u s i o n  c o e f f i c i e n t ,  C, . . 

( 1  Su t ton ' s  power 
c o e f f i c i e n t ,  n  

None . . 

D. ANY OTHER MODEL DESCRIBED BY o, AND oy (MET=3) 
L 

- 

VARIABLE ARRAY SIZE DESCRIPTION VALUE UNITS VALUES 

SIGY (K,I)  (10,5) Standard d e v i a t i o n  o f  meters a  nY 
l a t e r a l  plume growth, 
oy a t  t he  Kth d i s tance  
f o r  t he  I t h  i n h a l a t i o n  
uptake t ime.  

SIGZ (K,I) i0,5)  Standard d e v i a t i o n  o f  meters ' .  a  nY 
v e r t i c a l  plume growth, 

. , 
. . oz a t  t he  K th  d i s tance  

f o r  t h e  I t h  i n h a l a t i o n  
uptake t ime. 

E.  PASQUILL (MET=4 through 9) 

No spec ia l  ,atmospheric d i spe rs ion  v a r i a b l e s  requ i red .  
.. , 

111. ORGAN DOSE VARIABLES 

VARIABLE ARRAY: SIZE DESCRIPTION VALUE UNIT.S . ' . VALUES 

D 9 . . '  . (1  ) F r a c t i o n  o f  aeroso l  None . any . 
. . i nha led  deposi ted i n  

nasal  passages 

(.I > F r a c t i o n  o f  aeroso l  None . . any 
i nha led  deposi Led in 
t rachea and bronc h i a  

(1 )  F r a c t i o n  o f  aeroso l  None any 
. .  . i n  ha1 ed depasi t e d  i n 

pulmonary r e g i o n  



VARIABLE ARRAY SIZE DESCRIPTION VALUE UNITS VALUES , 
e 

I .  ., D I A M  (1 1 Mass median aero- Pm any 
dynamic diameter o f  
inhaled mater ia l  . . 

BRATE ( I ) ( 5 )  Ven t i l a t i on  r a t e  o f  cm /sec a  nY 
3 

receptor dur ing the  
I t h  i nha la t i on  uptake 
t ime 

( 5') The leng th  o f  t ime sec . any 
dur ing which i nha la t i on  . . 

uptake takes place 
! 

,DOSTIM(J) . ' (10) The leng th  o f  t ime sec .. any 
f o l l ow ing  the tem. ina- 
t i o n  o f  i nha la t i on  
uptake f o r  which the . . . .  . 
dose i s  t o  be ca lcu la ted 

! 
ORGANS (L ) Selects the organ's f o r  None 1  t o  . I 8  ( 1  0) 

which t he .  dose i s  t o  be ( in teger )  
ca lcu la ted (see the . . 

organ 1  i s t  f o r  numer i ca 1  
code) , . 

. . NEXT 
. - . . 

Next i s  a  va r iab le  c o n t r o l l i n g  the dose c a l c u l e t i o ~ s  t h a t  i n s t r u c t s  
.. . 

the  program what t o  do a f t e r ,  the name1 i s t  data has been read. . It cont ro ls .  . ' '  . . 

. .. 1 i brary  read ing  and quant i  t a t i  ve i so top i c  i n p u t  data.  here are  4 opt ions . '  

corresponding t o  NEXT - 1,2,3,4. 
. . .  

NEXT = 1 Reads i n  l i b r a r i e s ,  zeros ou t  i so top i c  
quan t i t i e s  and reads . i n  a  se t  o f  isotope 
quan t i t i es .  

NEXT = 2 Zeros ou t  e x i s t i n g  isotopes and reads i n  a 
new se t  o f  isotope quan t i t i es .  



NEXT = 3    so topic q u a n t i t i e s  a r e  kep t ,  o t h e r  v a r i a b l e s  
may, he changed. 

NEXT = 4 ~ n d  o f '  j o b .  No f u r t h e r  c a l c u l a t i o n s  a r e  done., 
Prov ides f o r  normal e x i t .  

Any o f  t h e  namel i s t  v a r i a b l e s  may be changed when NEXT = 1, , 2  o r  3.. 
. . . . 

NEXT must be s p e c i f i e d  as 1  i n  t h e  f i r s t  case so t h e  l i b r a r i e s . w i l 1  be 
.. ' 

read.  .. , 

I 

I MET , . - 
. .  . 

' I  . 
MET i s  a " v a r i a b l e  used t o  s e l e c t '  t h e  atmospher ic  d i s p e r s i o n  model t o  

I . .. 

. .  . c a l c u l a t e d  t h e  . . . E / ~  . va lues .  Thcrc a r c  11 o p t i o n s  a v a i l a b l e  corresponding 
to 'MET = 0,1,2,3 .,.... 10. 

MET = 0  By-passes atmospher ic  d ' i spers ion  p o r t i o n  o f  t h e  code. . . , ' O n l y '  

program c o n t r o l  and organ dose n a m e l i s t  v a r i a b l e s  a r e  requi red.  

MET. = 1  Simpson-Fuquay Model f o r  s t a b l e  a tmospher ic  ' c o n d i t i o n s ;  

The un ique namel i s t  v a r i a b l e s  r e q u i r e d  f o r  t h i  s  case , .Ge  
. . .  

shown .under I I. B. . . 

. . 

MET = 2 S u t t o n l s M o d e l  ... . f o r  n e u t r a l  and u n s t a b l e  atmospheric ' . . : .  
. . .  

cond'i tJons. The unique name1.i s t  v a r i a b l e s  r e q u i r e d  

f o r  t h ' i k  case a r e  shown under 1 I . C .  
. . .  

Met = 3 Any o t h e r  s i t u a t i o n  where t h e  va lues  o f  a and a, a r e '  
Y  

known. .'' The un ique namel i s t  v a r i a b l e s  r e q u i r e d  f o r  t h i  i 
case a r e  shown, under I I. D . 

MET = 4 ~ a s q & i l ' s  . . Model f o r  a tmoseher ic  c o n d i t i o n s  u A " t h r o i g h  

t o  9 "F" .. :MET = 4 corresponds t o  c o n d i t i o n  "A",  e t c .  No' 

unique"name1 i s t  v a r i a b l e s  a r e  . r e q u i r e d  f o r  t h i s  'case. 

The va lues  f o r  oy and o, a r e  i n t e r p o l a t e d  f rom b u i l t - i n  . . . . 

. . 
da ta .  . . 

. #  

MET = 10 l n p u t o f  E/Q va lues  d i r e c t l y .  No unique n a m e l i s t  v a r i a b l e s  

a r e . . r e q u i r e d  f o r  t h i s  case. .. . 

. . . .. 



CARD N + l  - Number o f  Radi.onuc1 ides  Card 

COLUMN .FORMAT . VARIABLE USE . . 

1-3 . 13 NUMBER Cont ro ls  the  number o f  r a d i o -  , .  
nucl  ides  (maximum of.. 600) t o  
be read from subsequent i n p i t  
cards. . .. .... . ,, . 

. . . ,  

CARDS N+2 t o  M - Radionucl i de  Data Cards 
. . 

COLUMN FORMAT VARIABLE USE 

A 3 NAME The name o f  an element selected 1-3: : 
. .  . 

f rom the  Isotope Data Labrary 

The mass number o f  t h e  selected . 
r ad ionuc l i de  

. . 7-8 I 2  ISL The s o l u b i l i t y  c l a s s  'o f  t he  
n u c l i d e  (l=D, 2=W,,. 3=Y) 

QUANTITY 9-20 E12.0 The t o t a l  qua.nti ty  o f  t h i s  
rad ionuc l i de  re leased t o  the  . . 

atmosphere o r  i f  MET=O the  ( . .  . , .  . 

t o t a l  inhaled.  

The format shown may be repeated 3 t imes on each card . s t a r t i n g  i n  

columns 21, 41, and 61 f o r  a d d i t i o n a l  nucl  ides.  
0 .. . . 

CARDS M+l  t o  K - E/Q Value Inpu t  Cards .(used o n l y  w i t h  MET=I,O) ' 
. . 

. . 
, . .  . 

COLUMN 
: . . 

FORMAT VARIABLE 

1-70 : 1-OE7 . 3  EOQ E/Q values f o r  up; t o '  t en  
downwin'd d i  stances 

. . .  

One o f . t h e s e  cards i s  requ i red  f o r  each uptake t ime spec i f i ed ,  o n l y  

i f  MET=10 i s  used. 



NUMERICAL CODE ORGAN 

TOTAL BODY 

BODY WATER 

KIDNEYS 

L I V E R  

SPLEEN 

BONE 

FAT 
LUNGS 

ADRENALS 

TESTES 

OVARIES 

S K I N  

B R A I N  

MUSCLE 

PROSTATE 

THYROID 

PANCREAS 

HEART 





. . 

APPENDIX ' G  .. 

SAMPLE PROBLEMS 

To i l l u s t r a t e  the use o f  the computer code, two sample .problems 

a re  presented here. One using the d i r e c t  i nha la t i on  op t ion  and one . . ... . _. . .  . . . ,  . . , .  . . 

using the Simpson-Fuquay s tab le  atmospheric d i f f u s i o n  model opt ion,  t o  

s imulate the  i nha la t i on  of radionucl ides released t o  the atmosphere. 

The f i r s t  problem includes i a l  cu l a t i on  o f  the e f f e c t i v e  do.se t o ,  . .. 

ten  d i f f e r e n t  organs o r  t i ssues from the chronic i nha la t i on  o f  a  mix- 

t u re  o f  f i s s i o n  products f o r  f i v e  dose times f o l l ow ing  the terminat ion 

o f  uptake. 

The second problem w i l l  make use o f  the  atmospheric d i f f u s i o n  

model b u i l t  i n t o  the program t o  ca l cu l a te  the dose t o  fou r  organs a t  

two dose times f o l l ow ing  passage o f  the c loud produced by the shor t  t e n '  

re lease t o  the  atmosphere o f  a  mix ture  o f  t ransuranic nucl ides.  

Input  f o r  the f i r s t  problem i s :  

Name L i s t  
Parameter 

NEXT 
MET 

UPTIME 

DOST I M 

Value 

1  
0 

Remarks 
. . .  

Program con t ro l  var iables.  
See Appendix F. 

Respiratory t r a c t  d i spos i t i on  
f ac to r s  f o r  one micrometer 
p a r t i  c l  es. 

Time of uptakes i n  . seconds . 

(one year)  

Dose times i n  seconds (zero 
t ime no t  al lowed by data. 
checking por t ion '  o f .  program). 



Name. L i s t  
Parameter Val ue Remarks 

Organs Considered: 
Whole Body 
Ki dneys 
L i v e r  
Spleen 
Bone 
Lung 
Testes 
Muscl e 
Thyro id  
Heart 

Other 
Parameters Value Remarks 

NUMBER 9 Number o f  r a d i  onucl ides  t o  be 
read from succeeding cards. 

M, NAME : 9 0 ~ r  2 1 x 1 0 ‘ ~  Radionucl i d e  i d e n t i f i e r s ,  
ISL, QUANTY' 90y 1x10-6 so l  u b i  1 i t y  index and q u a n t i t y  

. .  . , . i n  c u r i e s  inhaled.  ' . .  

9 5 ~ r  3 Z ~ I O - ~  . . 
.. . . . 

. . , 9 5 ~ b  3 1 x 1 0 - ~  

, l o 6 ~ u  3 5 x 1 0 - ~  
. . 

. . 
. .  . . . 

131 I 1 1 ~ 1 0 - ~ .  . .  . 

144~, 3 2 x 1 0 - ~  . ' 
. .. . . . . . . 

. . , . , .  . . . . 
. . .  

I f  bo th  prbblerns a re  submit ted i n  t h e  same deck, i n p u t  f u r l  the. second ' 

p ' u b l  elli 'i S 4s  f 0 1 1 0 ~ 3 :  . . 
. . 

. .  . Nd~lle L i s t  . . . . 
Parameter . . . .- Val up -a- . .-- 

. . .  2 NEXT . .  . Program c o n t r o l  vakia'bles . . . 
MET 1 . . 

. . .  General ,atmospheric d i  spers i  on 
va r i i l b l es .  . , . . 

. . .  

. . 70 Height  i n  meters. . . 
- ' !  



Name L i s t  
Parameter Val ue 

UBAR 

/ 

STUB 0.04 

CH 

D H 

KSQD 

D 3 Same as preceding case--no 
D4 need t o  . respeci  f y  
D 5 

BRATE 350 

UPTIME 3600 

ORGANS 

. . . . 

Remarks . : 

Downwind d i  stances i n  meters. 

Windspeed i n  meters/sec. 
. . .  . . . . .  

Simpson-Fuquay Model Var iables.  
, ;. . . . 

, . .  ' . . 

(o&) r a d i  an-meterslsec 

2 
a, m 

b, m2/sic 

2 
C, m I s e c  

d, sec 

Resp i ra tory  t r a c t  . depos i t i on  . . 

f ac to rs .  
. . . . 

. .  . 

V e n t i l a t i o n  r a t e  o f  receptor  . . 

i n  cm3/sec 
. . . , 

Uptake time' i n  seconds (one 
hour) ., , 

. . 
. . 

, , 
Dosetimes i n  seconds (one 
year and 50 years)  . . 

Organs Considered:. , 

Kidneys 
L i v e r  
Bone 
Lung 



. . 
Other 

Parameters , , Val ue Remarks 
. . 

NUMBER Number o f  rad ionuc l ides .  t o  be 
read f rom succeeding cards. 

M, NAME 2 3 8 ~ u  3 5x1 o - ~  Radionucl  i d e  i d e n t i f i e r s ,  
. ,.. .. . ISL,  QUANTY 23gpU 4x10-Z so l  u b i  1 i ty  index and q'uanti t y  

i n  c u r i e s  re leased t o  t h e  
2 4 0 ~ u  3 1 x 1 0 - ~  atmosphere. . . 

Shown i n  Tablc  G.1 i s  a l i s t i n g  o f  t h e  i n p u t  data card s t ream pre-  

pared from t he  preeeding i n fo rma t i on .  

Output  r e p o r t s  generated by t h e  code f o r  t h e  two sample problems a r e  

shown t o l l o w i n g  t h e  i n p u t  l i s t i n g .  



SAMPLE INPUT 

SAMPLE PI?O!%LFM NlJMqER OM?.  CHRONIC INHALATION 
B fNPllT N F X T =  1  r t4=T=?*r )3= .?*I)u= 808  * n 5 = o Z S * U P T l M F : = 3 e 1 5 6 E + 7 * ( + * O e  9 

0 0 5 T I Y = 1 . ~ 3 . 1 5 6 E + 7 ~ 6 . 3 1 2 E + 7 ~ 1 ~ S 7 8 E + 8 ~ 3 ~ 1 5 6 E + 8 ~ 5 * 0 ~ ~ 0 ~ G A ~ S = 1 ~ ~ ~ 4 ~ ~ *  
. .  F 

6 ~ ~ * 1 0 * 1 4 ~ l h * 1 9 F ' % n  
9 .  

SR 9n 2 1.F-hY 90 2 I.€-6ZR 95 3 2.E-6NB 95 3 . 1 E-6 
1 . R(I 106 7  5.F-61 171 1 1.E-5CS 1 3 7  1 1.E-6CE 1 4 4  3 2 a E-6 

PR 1 4 4  3 2 0  F-6 
SAYPLF: PR09LFM NI!b!aFR ,TWO ACIITF INHAL4T ION .. , _ . .  

5 INPIJT h!FXT=ZrVFT=l  r H = 7 0 . O r R = l 0 O e  r 7 O n .  r 3 0 0 .  *5!?n. r1OOn. r2(?0(1. ;3r\T!CI.r , . . , .  
. . 5 ~ f i 0 . . i ~ ~ ~ U . r ~ ~ n ~ ~ . ~ ~ ~ ~ ~ = ' 1 . ~ ~ ~ l ~ ~ = ~ ~ 4 ~ 4 * 0 . ~ ~ ~ = 9 7 ~ ~ ~ ~ = ~ 3 3 O ~ C ~ = l 3 ~ ~ D H = 2 3 ~ ~ ~  

~ S ~ P n 2 . 5 F - & ~ ~ R A T F = 3 5 0 . ~ 4 * Q e ~ U ~ T I M F = 3 6 0 O ~ . ~ 4 * O ~ ~ I P R = l ~ I ~ ~ = l ~ '  
OPGANS=3~4tb,8,6*0~DOSTIM=3.156E+7~1a578E+9*8*Oe$ 

3 
5.E-4PU 238 3 4.E-2PU 2 4 0  3 1-0 E-2 PU' 775  3 

Fh!D f7F RUN. . . 
. . BINPUT NEXT=&$ 



~p - - - 

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

. . .  
ORGAN OAT& L I I R A R V  V E R I I O N  1 0  8CPTCMBCl  / 0 , 1 8 7 4  

NUCLIDE RELEASE I N  C U R I E 8  



' .a. 

vw. I 

00*300LeS 10.33@Om1 PI -2 
k 

OO*~SDS'D 20.3~10'~ to-3SSOmS 2O*afS9*1 Lo-~ZLIS'I 90*31tm1 (A) 
. . ,.. . OO*SV@Z €0-mu-2 ZO-~TW~ re-- to-arm-I ts-3sV~ sot 13 

av-w-w c 
10-3tbI'l (0-3neL'E no-aLbbaQ CO;~~ZO*I i-Zmt Z0+31LmL (A) 

---tu-rrrPCs-~~~t.r-t3-+6no~ISr Lb .i 

.. - ." = I r I, 
. . 

-- -. - - -- - 
10-3b19'1 00*3f0CmI -- 10-3ebe1f ro*abt '2 temtp'ttotrt+oLt------- tOct+ttLt-~~p., -. 

. - - . . . . . . - - . .- .- - - - - . . - . . . - - - . -. . - - . - - . . . - - . .. - - . 
10-7219*I 10-~Sb2'8 tO'lOl~.t.~.tO~Iqls.t.. - - .." 10-3tslml ZO*Plf'L (la) . ?0-3b*1.'f ---m*3set-ob-.~---. - . .--' 

-- -- - -. ..--L-- 

I oror~mr aixtnw aara~~ aowni JNOO ~331d0 LIAI~ OA3hOl* AOOO 11101 (0~10) 1QllJnw 
Wti 1100- -'-oIO.u 



. . .  . . . . . . . .  .. 0*W---1- ' -808C.-  T"CGP&B-Wl&U8 .W- I N T t O C I ?  Y - l  b I N M I L  b T 1 O Y  1 I C O 8 C I e  , . 
1 4 1 K  GROUP ON LUNG D V W 4 M l C l  MODEL -,- - -  . - 2 - -- ........-.. 

'. . 
ORGAN OOSI! I N  HEM 

- ; i ,  

R A O I O -  0 0 8 I  I I M C  
N U C L I O ~  ( 0 ~ ~ 8 1  T O T A L  B O O V  I IDNEVS L I V C ~  ~ P L L L N  BONE LUNGS ~ t s ~ t a  * U S C L ~  T * V ~ O I O  M C A P I  



I O U  , . .- TASK GROUP ON LUNG DVNAWIC8 MODEL 
-... .- .............................. . - ~ 1 ~ ~ - - c y H A ~ ~ . 1 , g y  ~ * ~ * 0 0 - . ~ -  . . . . . . . . . .  -................ ...-.- -- 

OUGAN DOSE I N  RE* 
..-....... . . .  ..... - -. ..... - .  ....... ...............-. .- ........... . . . . . . . .  .... - ........ . . . . . . . . .  



. . . . .  -. - - - . . . . . .  ......... ............ ...................... .... . . . . .  . . . . . .  ..... ...... . . .  ...... .. - - - - . . - 
ORGAY DATA LIBRARY VERSIOV 18 SEPTEMBER 2 9 , 1 9 7 U  

. . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . .  . . . . . . . . . .  . . . . .  . . 

NUCLIDE RtLEASE I N  CUDlES 

..- 
BUS ,33000 
6- .... L)&--- ................. .: ................. .............................. . . . . . . . . . . . . . . .  - . .  - ........ - -- - 
o*. C J b , O  

- . ~ - . - + 0 0 0 + 5 0  .............. .-: . . . .  ....... .......... ........................................ . . . . . . . . . . .  - .... - -- . . 
S l U B ( l ) *  ,040 
I -  n-e -- a - .. - 

0 3  * .  ,300  
-$,ad - - - .. 0 a@- ............................... .. ....... -. ..... -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

05 . ;250 
......... . 1 0 - D I S m M t - l . E P S  LOO :20.0 la.-..--W.,.--...lo00 2000. .  - . I 0 0 0  5000.. lOO&Q.- a+.------ 

I UPTAKE T I M E S ,  SECOhDS 3,bOOt+03 
nncr --a 

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

SIGMA 2 VALUES 
- -. - - .- - - -. - - -. . . . . . . . . . . . .  ... .. .... ......... . . . . . . . . . . . .  . . . . . .  .. . .. .... -.. ...... . . .  . . - - - - -. - . . . . - -- - 

AVERACE WINO D I S T A N C E  FROM RELEASE POINT W E T E R S  
~DFF-r tnn  >nn tnn  ~ n n  4 nnn Zoop. l n n n   LOO'"'. ?* 

--_AYWIX..NI~D .._ ... : ............ OLSJ~CLLRO~.IILLEAST_.FOI~T_I~I.~~~S ........ . . .  . . .  . 
SPEED, M/SLC . 100, 200. . 100. 5 0 0 .  1000. 2000. 1000. . 5000, 100'00. .  ZQOOO. 

...................................................................... - -. ...... .. .- ............... ,- ... - .. , . . . .  ......................... --- 
1.0 4 ,  81 . 12. 20. 1 9 8  7b. 1 1 2 .  1 7 9 .  . 121. Sub, 





-a&=.- -r. -. . . . . . . . . . .  , -0- lO..&EL+HCB-.ORGAN8 (U I U I C D C I ?  U b  IYYALATION. .  11dOSf-74-  
TbSU GROUP ON LUNG DYNAMTCS MOOCL - -  --%A- 

0 9 C b N  DOSE I N  I F *  3 
-. .-......-... . . . . . - . - . . - . . . . . . . . . . . . . . . . . . .  ......... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . -  





' - -. O b W  ..- 4 . -. . TO Wb6Cl&O-011CAU8 0 1  l U T t D 6 l l  VIA lYWALAllOU 11/01/70 
TASK UROUP ON LUNG DVUAMICS MOOCL 

- - -7- 
ORGAN DOSE I U  REU 

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

-. .............. -. ................ . RAQIo-. Q08E .TIME ---- ..................... . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  - ...... - ...... -. .. 
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