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ABSTRACT 

Mathematical models and a computer program a re  described for  calcu- 
lation of annual average beta and gamma doses resulting from chronic 
release of radionuclides t o . t h e  atmosphere. The dose calculations a re  
performed f o r  each sector about the release point and use, jo in t  f r e -  
quency of occurrence data f o r  atmospheric s t a b i l i t y  and wind speed. A 

complete program l i s t i n g  i s  provided together w i t h  input instructions 
and sampl e problems. 
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. , .  . 
AVERAGE EXTERNAL DOSES FROM CHRONIC , . . .  

ATMOSPHERIC RELEASES OF RADIONUCLIDES ' ' . . 
. . 

D. L. Strenge and E. C .  Watson 

SUMMARY 
.. - . . 

T h i s  r e p o r t  describes .a computer program f o r  c a l c u l a t i n g  annual 

ex terna l  t o t a l  body t i s s u e  dose from chronic re lease o f  rad ionuc l  ides t o  

t h e  atmosphere. The ex terna l  t o t a l  body t i s s u e  dose i s  a  f u n c t i o n  o f  the: 

rad ionuc l ides  present 

re lease path phenomena from f u e l  t o  atmosphere 

c l imato logy  f o r  t h e  s i t e  . - 
. . 

t ime dependence o f  f i s s i o n  product  concentrat ions . . . . 

photon and beta p a r t i c l e s  emit ted from nuc l ides  

physical  p roper t i es  descr ib ing  i n t e r a c t i o n  o f  photons and beta 

p z r t i c l e s  v i t h  a i r  and t i s s a ~ .  

The problems associated w i t h  re lease path phenomena a re  bypassed i n  

t h i s  study by spec i f y ing  the  n u c l i d e  re lease r a t e  t o  the  atmospher.e as a  

s t a r t i n g  parameter. 

Atmospheric d i spe rs ion  e f f e c t s  a r e  est imated using data on j o i n t  

frequency o f  occurrence o f  wind speed, wind d i r e c t i o n  and s t a b i l i t y  f o r  

a  p a r t i c u l a r  s i t e .  Each sec tor  i s  considered t o  be a,plume f o r  which t h e  

center  l i n e  ground l e v e l  dose i s  ca l cu la ted  fo r  s p e c i f i e d  downwind d i s -  

tances. The resu l  t o f  the  c a l  cu'l a t i o n  i s  a  tab1 e  o f  annual. dose r a t e s  as 

a  f u n c t i o n  o f . d i r e c t i o n  and d is tance from the  re lease po in t .  

Both photons and beta p a r t i c l e s  can g i ve  s i g n i f i c a n t  con t r i bu t i ons  

t o  the  e x t e r r ~ a l  t o t a l  body dose. The beta dose contr l 'but ion i s  e a s i l y  

ca l cu la ted  using a s e m i - i n f i n i t e  c loud model. Th i s  model may be used 

because the  range o f  beta p a r t i c l e s  i n  a i r  i s  sho r t  compared t o  t h e  dimen- 

sions o f  plumes considered. The gamna dose c a l c u l a t i o n  i s  more complicated 



because of the re la t ive ly  long range of photons in a i r .  To properly 
determine the gamma contribution i t .  i s  necessary to  perform a space inte- 
gration over the plume volume. , The. integration technique used i n  the 
reactor accident analysis computer program RACER" ) i s  employed in KRONIC 
except tha t  here the plume 'width i s  determined by sector boundaries rather 
than by a Gaussian concentration gradient.. The gamma dose i s  calculated 

a s  a t i ssue  dose a t  the body surface, a t  1 cm depth and a t  5 cm depth. 
The beta dose and gamma doses a re  reported separately, however, the beta 
dose and .gamma surface dose may be added and reported as  skin dose i f  

1 . i  

desired.. - I . .  . .... 

,... , , . DESCRIPTION OF MATHENTICAL MODELS 

This section describes mathematical models used t o  calculate  garma 
and beta doses and normalized a i r  concentrations. For convenience.the 
expressions fo r  gamma dose wlll be discussed f i r s t  followed by the beta 
dose and normal i zed a i r  concentration equations. 

Total Body Tissue Dose from Gamma Radiation 

The basic equaelon f u r -  the external total  .body t i s sue  dose r a t e  from 
a gamma emitting radionucl ide.  present in an Increnrer~Cal valumc of a cloud 

. - i s :  

xB(pkr) exp (-vkr)  
d = K k  

Y 41~r 2 , dxdydz . (1 

where: 

d~ 
incremental dose r a t e  to  t i ssue ,  (rad/sec)/(MeV/dis), , 

from gamma radiation emitted from an incremental cloud 
volume, dx, dy, dz a t  a distance r meters from the point 

of in t e re s t .  
3 x concentration in incremental cloud volume, Ci/m . 

. . ~ ( ~ ~ r )  dose buildup factor  fo r  a i r .  



-1 .. , . pk . t o t a l  l i n e a r  a t tenua t ion  c o e f f i c i e n t  i n  a i r ,  m . . 

f o r  photons w i t h  gamma energy i n  energy group k .  
2 K k - ,  dose conversion f a c t o r ,  ( rad o m  ) /Ci sec ) per, 

MeVIdis integrat ion.  

The constant  Kk i s :  

where: 

2 ( )  . mass absorpt ion c o e f f i c i e n t .  cm /g  i n  t i s s u e  f o r  

average gamna energy o f  energy group k.  

A quadra t ic  expression i s  used t o  c a l c u l a t e  the  dose bu i ldup f a c t o r .  

where: 

Ak and uk are  emperial constants determined t o  f i t  bu i ldup 

f a c t o r  data o f  Berger . (2) 

Since dose r a t e  i s  a f u n c t i o n  o f  y-ray energy, t h e  gamma spectrum has 

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

separate ly  as a f u n c t i o n  o f  photon energy and in teg ra ted  over the  c loud 

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

f a c t o r s  a re  coupled w i t h  rad ionuc l  i d e  re lease r a t e  data and s i t e  c l ima- 

to logy  data t o  g i v e  annual dose r a t e s .  Th is  procedure i s  i nd i ca ted  i n  

the  equations below. 

Before i n t e g r a t i n g  Equation (1). i t  i s  f i r s t  necessary t o  descr ibe 

mathemat ical ly  t h e  plume concentrat ion,  X. To ob ta in  a usefu l  expression, 

several assumptions a r e  necessary: 

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



V e r t i c a l  crosswind concent ra t ion  i s  normal ly  d i s t r i b u t e d  and t h e  

standard. d e v i a t i o n  i s  a  f u n c t i o n  o f  a tmospher i c ' . s tab i l i t y  and d i s -  

tance .from .the . re lease p o i n t .  I n  some d i spe rs ion  mode.ls, t h e  

standard d e v i a t i o n  i s  wind speed dependent. 

e The dose receptor  i s  a t  ground l e v e l .  

Cloud d e p l e t i o n  by f a l l o u t ,  washout afld r a i n o u t  can be described 

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

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

The concent ra t ion  o f  rad ionuc l ides  I n  the  c loud a t  d is tances 

beyond 3 standard dev ia t l ons  i n  the v e r t i c a l '  d i r e c t i b n  i s  i n s i g -  

n i f i c a n t  and the re fo re  makes l i t t l e  c o n t r i b u t i o n  t o  the  dose r a t e .  

Radionucl ide concentrat ions a t  d is tances greater  than %800:meters 

i n  the  d i r e c t i o n  o f  c loud t r a v e l  can a l so .  be ignored. 

A rad ionuc l i de  decay f a c t o r  i s  ca l cu la ted  f o r  each rad ionuc l l de  

based on t r a v e l  t ime t o  the  exposure po in t .  Th is  decay f a c t o r  

i s  used f o r  a l l  downwind i n t e g r a t i o n  p o i n t s  (i .e. over +800 meters . . 

f rom the  exposure p o i n t ) .  

The crosswind plume concent ra t ion  f o r  a sec tor  o f  w id th  w a t  he igh t  z 
(3 i s  g iven by; 

. . 

where $ 0 average wind speed i n  d i r e c t i o n  o f  t r a v e l  measured a t  .. . . 

he igh t  of release, m/sec. . . 

Oz 
.e crosswind v e r t i c a l  standard .dev ia t i on  . o f  c loud concentrat ion-,  m., 

h he igh t  o f  re lease,  m. 

z he igh t  of incremental element o f  cloud, m. 
Fd r a d i o a c t i v e  decay fac tor ,  f o r  decay du r ing  t ran ,s i t .  

Qb r a t e  o f  re lease f rom source, cu r ies l sec .  
w '  sec to r  width, 21~x/n, m. 

n  n'umber of sectors (equal s i z e )  i n  360 degrees. 

4 - 



x d is tance from source t o  downwind p o i n t  o f  . 

i n t e r e s t ,  m. 

Equation 3  -does n o t  i nc lude  a  f a c t o r  o f  two f o r  ground r e f l e c t  ion.  
. 

The dose r a t e  from a l l  rad ionuc l ides  w i t h i n  t h e  plume i s  obta ined 

by performing a  space i n t e g r a t i o n  o f  Equation (1 ) w i t h  defin,ed by - 
Equation (3).  For a  g iven nucl ide,  sec tor  and d is tance from re lease 

4 
p o i n t  the  dose r a t e  i s  ( rads lsec) :  

Wind Stabi  1  i ty  Energy Photons i n  

(4 

i = l  j =1 k= 1  1  =1 

where: 

Akl abundance o f  1 - th  photon i n  energy group k, 

pho tons ld i s in teg ra t i on  

Eykl energy o f  1 - t h  photon i n  energy group k, MeVIphoton. . , . . 

. f i j j o i n t  frequency o f  occurrence i n  the  sec tor  o f  i n t e r e s t  

f o r  wind speed i and atmospheric s t a b i l i t y  c lass  j , percent. 

exP ('Vkr) Kk 
dxdydz 

4ar2.. 
Y  1  

' . (5)  . 
.. . . 

The - Dose - Rate Factors, DRF, have u n i t s  o f  rad/sec per  cu r ies  ( a t  t h e  d i s -  

tance o f  i n t e r e s t )  per Mev ld i s in teg ra t i on  from photons i n  energy group k. 

The dose r a t e  from a l l  nuc l ides  i s  obtained by adding t h e  c o n t r i b u t i o n s  

from a l l  nuc l ides  present.  Since t h e  re lease r a t e ,  QA i s  assumed t o  be 

cons tan t  f o r  chronic releases, the.annual :dose i s  p ropor t iona l  t o  the  

instantaneous r a t e  g iven .by Equation 4: 

Nucl ides  
mrad 

D~ = 3.156 x 1o1O C ( D ~ ) ~  year 
i = l  

where: 3.15576 x 1o1O = 3.156 x l o 7  sec/y x l o 3  mrad/rad 



The decay f a c t o r ,  Fdi , a t  a  d is tance x from the source i s  ca l cu la ted  

f rom t h e  re lease r a t e  a t  QA, and t h e  t r a v e l  t ime. An e labora te  decay 

scheme i s  'used t o  account f o r  cha in  decay i n c l u d i n g . , t r a n s i s t i o n s  t o  

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

d  M.  - =C A.K!M.-X.M 
d  t J J J  l i  

i 

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

t ime  T, atoms/sec. 

Mj 
r a t e  o f  re lease o f  parent  nuc l i de  j, atoms/sec. 

X i  a decay r a t e  constant  f o r  nuc l i de  i (sec - l ) .  , -  

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

where: ( M o ) ~  i n i t i a l  r a t e  of re lease  f o r  nuc l i de  i, atoms/sec. 

The, c ~ m z t i o n  i s  cver  z l !  huc!idos, j,  cleceyit?.: d ! rec t l y  t o  .nus1 i d e  i . 
Thc v e r t i c a l  crosswind standard dev ia t i on ,  o,, may be ca l cu la ted  by 

t h e  Hanford equations,(4) the  Sut ton equation(5! o r  taken from curves . 
a t t r i b u t e d  t o  P a s q u i l l .  ( 3 )  The values o f  o, depend on atmospheric 

s t a b i l i t y  i n  a l l  t h ree  methods. 

The Hanford equation f o r  o, i s  

0; = a  [i - exp ( - k 2 ~ '  ) ]  + bT 

where: a, b -and k a r e  parameters f o r  descr ib ing  the  atmospheric condi-  

t i o n  and T i s  the  t ime o f  t r a v e l  t o  the  exposure po in t ,  sec. 

The Sut ton equat ion def ines  the ,  var iance as: 



where: Cz  and n  a r e  parameters descr ib ing  t h e  meteorological  c o n d i t i o n  

and x  i s  downwind d is tance f rom t h e  re lease p o i n t  t o  t h e  c loud 

pos- i t ion  ( i .e . ,  t o  the  incremental volume element dxdydz). 

Appendix C g ives values o f  t h e  parameters . fo r  t h e  Hanford and Sut ton 

equations and tabu la ted values o f  o, f o r  the  Pasqu i l l  s t a b i l i t y  categor ies.  
. . 

Equation 6 g ives t h e  annual dose t o  the  sur face t i ssue.  The dose t o  
. , .  

ti i"i& below the sur face i s  ca l cu la ted  by app ly ing  an a t tenua t ion  f a c t o r  

t o  the  dose r a t e  f a c t o r  o f  Equation 4. 

wind s  t a b i  1  i ty energy photons i n  
group- I group k  speed type 

-lJ kd 
D ' (d)  Y = 9: X ( F d l i  ~ O . O l f i ~  DRFte C ( A ~ E ~ ~ ) ~  . ., (1 1 )  

i = l  j = l  k= l  1  =1 

where t h e  terms a r e  as def ined fo r  Equation 4 and . . 

~ ; (d)  gamma t i s s u e  dose a t  a  depth d, radslsec 

d  depth i n  t i s s u e  o f  exposure po in t ,  cm 
. I 

U; l i n e a r  t o t a l  a t tenua t ion  c o e f f i c i e n t  o f  water f o r  . . 

photons i n  energy group k, cm-l. . . 
. . ' v 

, . .. 

Surface Tissue Dose f rom Beta Rad ia t ion  . ,  . .  . . 

The beta dose c a l c u l a t i o n  i s  considerably simp1 er,  than the  gamma 

dose c a l c u l a t i o n .  Because of t he  sho r t  range o f  beta p a r t i c l e s  i n  a i r ,  

t h e  rad ionuc l i de  c loud may be assumed t o  be s e m i - i n f i n i t e  i n  dimension. 
( 3  With t h i s  assumption the  annual beta dose i n  a i r  i s :  

w i  nd s t a b i l i t y  
speed tY Pe 

where : 
Df3 

annual beta sur face t i s s u e  dose, mradlyear. 
- 
EB average beta energy per d i s i n t e g r a t i o n ,  MeV/di s  . 



(F)~ normalized a i r  concent ra t ion  a t  exposure p o i n t  f o r  

wind speed i and s t a b i l i t y  j, (c i /m3) / (c i /sec) .  

.44 08 = ( 1 . 6 ~ 1  o - ~  e r g / ~ e ~ )  ( 3 . 7 ~ 1 0 ' ~  d i  s/Ci - s )  (3 .156~1 07sly) (1 03mrad/rad) 

100 percent  (1 293 g/m3) (1 00 erg/g .rad) 
. . :  . . .  

Values f o r  (x/Q')i a r e  ca l cu la ted  by Equation 3  w i t h  . a1 . lowance made 

f o r  re lease he ight  dependence on wind speed and e f f e c t s  o f  t e r r a i n  e le -  . . 

v a t i o n  on e f f e c t i v e  plume' he ight .  The modi f ied  form o f  Equation 3 i s  

as f o l l o w s :  

where: t h e  terms a r e  as de f ined  f o r  Equation 3  and 

Hx . d i f f e r e n c e  between re lease he ight  and e l e v a t i o n  o f  t e r r a i n '  

a t  d is tance x  i n  t h e  sec tor  being considered, meters.. 

If t h e  t e r r a i n  i s  h igher  than t h e  rel 'ease height ,  then Hx i s  s e t  t o  zero. 

A va lue  o f  WQ' i s  c a l c u l a t e d  f o r  each combination o f  wind speed, down- 

wind d is tance,  and atmospheric s t a b i l i t y  f o r  each sector.  These a re  used 

t o  c a l c u l a t e  dose r a t e  fac tors  s i m i l a r  t o  t h e  gamma dose r a t e '  f a c t o r s  o f  

Equation 5. 

The t o t a l  annual beta sur face t i s s u e  dose from a p a r t i c u l a r  rad ionuc l i de  

and f o r  a  g iven sec tor  and downwind d is tance i s :  

wind s t a b i  1 i ty 
s ~ e e d  t v ~ e  

A geometry f a c t o r  o f  1/2 i s  in t roduced i n  Equation 15 t o  account f o r  

, , 
t h e  presence o f  t h e  human body which sh ie lds  surface t i s s u e  from approxi -  

mately  h a l f  of t h e  beta p a r t i c l e s .  
> 



Ca lcu la t i on  o f  Normalized A i r  concent ra t ion  

The normalized a i r  concent ra t ion  may be ca l cu la ted  separate ly  .from 
- 2 - . > < 2 .  

t he  dose r a t e  ca l cu la t i ons .  For t h i s  c a l c u l a t i o n  a  modi f ied  form o f  . 
Equation 13 i s  used which accounts f o r  b u i l d i n g  wake e f f e c t s :  

speed s t a b i l i t y  
wind type , fi 

exp [-~:/2(oi) f~] 
(16) (qij (rh)i ; 

i = l  j = I  

where t h e  terms a r e  as def ined f o r  Equation 13 and: 

where 
c  b u i l d i n g  wake c o e f f i c i e n t  

2 A cross sec t iona l  area o f  t he  bu i l d ing ,  m . 
.The values o f  x /Q'as ca l cu la ted  by Equation 16 a r e  t h e  t o t a l  nor- 

mal  i zed a i r  concent ra t ion  summed over wi.ndspeed and atmospheric s  t a b i  1  i ty. 
- 

- l h i s  i s  i n  c o n t r a s t  t o  Equation i 5  wnich i s  f o r  a  p a r t i c u l a r  wind speed ana 

, s t a b i l i t y .  



COMPUTER PROGRAM . . 

. . .' . :  . . . . .  

The models described. i n  the  previous s e c t i o n  have been 'i nior$&ated 

i n t o  a  computer program f o r  use on UNIVAC 1108 computers,. .   he'  program.?^ 
. . 

d i v i d e d  i n t o  two. separa te ly  executable pa'rts: 
. .  I .  

1. FDOSE - c a l c u l a t i o n  o f  dose r a t e  fac to rs .  : , 
. . 

2. CHRONI - does and a i r  c 'oncentrat ion c a l c u l a t i o n .  . . . . 
. .. 

A  l i s t i n g  o f  t h e  progran i s  g iven i n  ~ ~ ~ e n d i x  D .  . I npu t  card prepara- 

t i o n  i s  described i n  Appendix A  and sample problems a re  g iven i n  Appendix C.  
. . . . . . . .  . . -, . . . .  

. FDOSE 

Th is  program ca lcu la tes  dose r a t e  fac tors  by performing the  space 

i n t e g r a t i o n  i n d i c a t e d  i n  Equation .5. A modif ied l ie rs ion  o f  subroutirne.. ;!: 

PLUME from the computer program RACER i s  used t o  perrorm t h e  numerical 

i ntegra t ion .  The ac tua l  i n t e g r a t i o n  i s  perfbi,med i n  t h e  f o l l o w i n g  

order :  y' d i r e c t i o n  ( l a t e r a l  ), z d i r e c t i o n  ( v e r t i c a l  ) an'd x d i r e c t i o n .  

The f i a rs t  two i n t e g r a t i o n s  a r e '  performed f o r  .each . p o s i t i o n  i n  the  . % .  d i r e c -  

t i o n  "(as located.  t o  'g ive  s u f f i c i e n t  accuracy) .. ' The r e s u l t i n g  .double . in te-  

g r a l  represents t h e  dose r a t e  per  u n i t  l eng th  o f  downwind plume per 'curPe 

o f  a  nuc l ide .  The i n t e g r a t i o n  i s  performed f o r  each energy a t  each 

x  p o s i t i o n .  I n t e g r a t i o n  i n  t h e  x  d i r e c t i o n  then g ives the  dose r a t e  

: f a c t o r s .  

A l l  i n t e g r a t i o n s  are  performed by an 8 p o i n t  polynominal i n t e g r a t i o n  

subrout ine.  

where C i s  17280 and Wi a re  the  i n t e g r a t i o n  weights as fo l lows:  

W1 ' W8 ' 751 

w p  = W7 = 3577 

W3 = Ws = 1323 

W 4  = W5 = 2989 



Each i n t e g r a t i o n  range i s  d i v i d e d  i n t o  sec t ions  and Equation 18 i s  app l i ed  

t o  each sec t ion .  Th is  technique a l lows computing t ime t o  be minimized 

w i thou t  l o s s  o f  accuracy. 

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

use. They may be used d i r e c t l y  f o r  gamma dose c a l c u l a t i o n  program CHRONI, 

o r  they may be incorpora ted  i n t o  a  dose r a t e  f a c t o r  l i b r a r y  (see Appendix B )  

f o r  d i r e c t  access by t h e  computer. 

CHRON I 

This program ca l cu la tes  gamma doses, beta doses and.normal ized a i r  

concentrat ions.  The c a l c u l a t i o n s  a re  s t r a i g h t  forward and a re  as i n d i c a t e d  

by t h e  equations o f  t he  prev ious sec t ion .  However, several  f ea tu res  a r e  

worth mentioning. 

The program i s  d i v i d e d  i n t o  two pa r t s :  SOURCE f o r  s p e c i f i c a t i o n  o f  

nuc l i de  re lease r a t e s  and JOINT f o r  dose and a i r  concent ra t ion  

ca l cu la t i ons .  

Data i s  inc luded f o r  . n e a r l y  600 rad ionuc l  i des  which i nc lude  f i s s i o n  

products and a c t i v a t i o n  products. 

Since dose r a t e  f a c t o r  l i b r a r i e s  a re  c a l c u l a t e d  f o r  a  s p e c i f i c  s e t  

o f  distances, t h e  user i s  somewhat l i m i t e d  t o  the  exposure p o i n t s  

he can consider  f o r  t h e  gamma dose c a l c u l a t i o n .  Therefore a  sec t i on  

was added t o  t h e  program which i n t e r p o l a t e s  the  doses f o r  t h e  stan- 

dard d is tances and p r i n t s  a  r e p o r t  f o r  in te rmed ia te  d is tances.  A 

polynomia l i n t e r p o l a t i o n  i s  used o f  o rder  f rom one ( l i n e a r )  t o  n ine  

as s p e c i f i e d  by the  user.  The i n t e r p o l a t i o n  i s  performed on the 

logar i thms o f  t h e  data. The i n t e r p o l a t i o n  may. f a i l  f o r  e levated 

re lease i n  t h e  beta dose c a l c u l a t i o n  a t  d is tances w i t h i n  1000 meters: 

f o r  t h i s  case the  ou tput  should be checked (by p l o t t i n g )  t o  ensure 

accuracy. 



Separate c a l c u l a t i o n s  a re  performed f o r  gamma doses, beta doses and 

normalized a i r  concentrat ions.  If desi red the  beta dose may be added 

t o  a previous gamma dose ( a t  surface of t i ssue )  and reported as s k i n  

dose. 

When mu1 t i p l e  re lease heights a re  t o  be considered, separate re lease 

inven to r ies  may be supp l ied  fo r  each he ight .  Also the  doses from 

each he igh t  may be added t o  g i v e  t o t a l  dose. 
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ERRATA 

1.  Page A.12 

i The d e s c r i p t i o n  o f  KINT - < 1 under ca rd  type  12 should read:  

KINT - < 1 no i n t e r p o l a t i o n  will be done; card  1 3  i s  no t  read. 

2. Page C.2, Table  C.3 

The va lue  f o r  o, f o r  Pasqu i l l  t ype  F a t  70,000 meters should 

be 86 ( n o t  36) meters. 

3. Page E.67 

Line 571 was omit ted.  Values f o r  t h i s  l i n e  a r e :  
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APPENDIX A 

INPUT PREPARATION 

The prepara t ion  o f  i n p u t  cards f o r  KRONIC i s  described i n  t h i s  

Appendix. The i n p u t  t o  p a r t  one, FDOSE, w i l l  be discussed f i r s t  fo l lowed 

by i n s t r u c t i o n s  f o r  p a r t  two, CHRONI. 

P a r t  I - FDOSE 

Program FDOSE ca lcu la tes  dose r a t e  f a c t o r s  as a f u n c t i o n  o f  energy 

(see Equation 5 o f  t e x t ) .  The c u r r e n t  vers ion  uses the  energy groupings 

o f  photon p r o b a b i l i t y  1  i bra ry  ISOLIB (see Appendix B). 

I npu t  t o  FDOSE i s  by card  sets.  Each s e t  w i l l  command dose r a t e  fac-  

t o r  c a l c u l a t i o n  f o r  up t o  t e n  combinations o f  atmospheric s t a b i l i t y ,  wind 

speed and downwind d is tance.  The usual procedure i s  t o  vary d is tance 

w i t h i n  each card s e t  keeping wind speed and atmospheric s t a b i l i t y  constant. 

Add i t i ona l  sets a re  then used f o r  d i f f e r e n t  wind speeds o r  atmospheric 

s t a b i l i t i e s .  The dose r a t e  f a c t o r s  ca l cu la ted  a re  automat ica l ly  punched 

onto cards f o r  use by CHRONI o r  f o r  p repara t ion  o f  a  dose r a t e  f a c t o r  

1  i bra ry  . 
The f i r s t  data card o f  each s e t  i s  a  t i t l e  card and conta ins 80 char- 

ac te rs  o f  alphanumeric data. Th is  t i t l e  i s  p r i n t e d  as a  heading on the  

output  repo r t .  The second card o f  each s e t  i n d i c a t e s  the  number o f  cases 

f o r  t h e  s e t  (Format 12). One case corresponds t o  one combination o f  d i s -  

tance, wind speed and s t a b i l i t y .  A maximum o f  t e n  cases are  al lowed per  

se t .  

Each case i s  described by a  "TYPE" card  o f  t h e  f o l l o w i n g  format: 

COLUMN FORMAT DESCRIPTION 

1-2 12 Var iab le  TYPE which i n d i c a t e s  the  type of meteorologi-  

c a l  model t o  be considered. TYPE has an in teger  value 

f rom 1  t o  9 as fo l l ows :  



COLUMN FORMAT 

TYPE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

DESCRIPTION 

METEOROLOGICAL MODEL 

Sut ton equation 

Hanford equations 

o, i n p u t  

Pasqui 1 l curve type' A 

Pasqu i l l  curve type B 

Pasqu i l l  curve type C 

Pasqu i l l  curve type D 

Pasqui 11 curve type E 

Pasqulll curve type F 

10 L 1 Log ica l  v a r i a b l e  DEPLET which i nd i ca tes  if cloud 

dep le t i on  f a c t o r s  a re  t o  be submitted. When DEPLET 

i s  f a l s e  (F), no dep le t i on  data i s  read. 

11-20 F1O.O Average wind speed; r, i n  meters/second. 

21 -30 F10.0 Distance f rom re lease p o i n t  t o  exposure p o i n t  ,' meters. 
. .  . 

31 -40 F10.0 Height  of re lease,  meters. 

41 -50 F10.0 L a t e r a l  d is tance from sector  center1 i ne t o  exposure 

p o i  n t ,  meters, 

51 -60 ~ 1 0 . 0  Numbers o f  sectors. For 22.5" sectors t h i s  number 

should be 16. F o r . o t h e r  s i z e  sectors t h i s  number 

should be 

360" 
degrees per  sec tor  

The number' o f  sec tors  may be f r a c t i o n a l  , i . e., 

17.5 f o r  a 20.5" sector .  

The remaining data cards f o r  t h i s  case depend on the  values of TYPE 

and DEPLET s p e c i f i e d  on t h e  above card. 



TYPE INPUT 

1 One card con ta in ing  Sut ton equat ion parameters Cz and n i n  

Format 2F10.0. 

2 One card  con ta in ing  Hanford equat ion parameters i n  t he  order  
2 a, b, and k i n  Format 3F10.0. 

3 This  mode i n d i c a t e s  values of a, a re  t o  be i n p u t  d i r e c t l y .  

4- 9 Pasqui.11 weather cond i t i ons  -- no addi t i o n a l  cards needed. 

When TYPE = 3 values o f  a, a r e  c a l c u l a t e d  f rom i n p u t  data, the  

f i r s t  card conta ins  the  number (13) o f  p o s i t i o n s  f o r  which values o f  

a, a re  t o  be read (maximum o f  20).  The nex t  cards con ta in  the  d is tances 

(meters) f o r  which the  a, values correspond (8F10.0) i n  i nc reas ing  order .  

The nex t  s e t  o f  cards con ta in  the  values o f  a, (meters) corresponding t o  

the  d is tances.  The program performs a l i n e a r  i n t e r p o l a t i o n  o f  t he  data 

t o .  ge t  values a t  t he  necess'ary d is tances.  When data i s  n o t  supp l ied  f o r  

l a r g e  enough distances, t he  code uses the  values f o r  t he  l a r g e s t  d is tance 

given. When the  v a r i a b l e  DEPLET i s  t r u e  (T), d e p l e t i o n  data a r e  read 

nex t  [ i f  DEPLET i s  f a l s e  (F), t he re  i s  no more data]. The dep le t i on  fac- 

t o r s  represent  the  f r a c t i o n  o f  ma te r i a l  remaining a i rbo rne  a t  a g iven 

downwind p o s i t i o n .  The f i r s t  data card  f o r  d e p l e t i o n  f a c t o r s  conta ins 

the number o f  f a c t o r s  t o  be entered (Format 13). The nex t  cards con ta in  

p a i r s  o f  d is tances (meters) and corresponding d e p l e t i o n  f a c t o r s  (Format 

8F10.0) -- f o u r  p a i r s  per  card. The data p a i r s  must be i n p u t  i n  order  of 

i nc reas ing  d is tances.  The d e p l e t i o n  data i s  i n t e r p o l a t e d  i n  the  same man- 

ner as the  a, data descr ibed above. 

I n  summary, i n p u t  cards t o  FDOSE are: 

1. T i t l e  Card 

2. ,Number o f  Cases, ND 

3. TYPE Card f o r  case 1 

3a. Necessary data cards depending on values of TYPE and . . 

- DEPLET. 

4. TYPE Card fo r  case 2. 



4a. Necessary data cards. 

- 

5. TYPE Card f o r  case 3. 

5a. Necessary data cards. 

N Las t  TYPE Card ( f o r  case ND) 

Na Necessary data cards. 

It i s  apparent t h a t  a l a r g e  number o f  data cards may be necessary when 

oz values a re  i n p u t  o r  when dep le t i on  data i s  supplied.' For t h i s  reason 

these modes o f  opera t ion  a re  not  recommended when l a r g e  se ts  o f  dose r a t e  

f a c t o r s  a r e  t o  be ca lcu la ted.  

P a r t  I 1  - CHRONI 

There are  two main subrout ines i n  CHRONI: SOURCE f o r  rad ionuc l ide  

re lease r a t e  s p e c i f i c a t i o n  and JOINT f o r  beta dose, gamma dose and nor- 

mal i z e d  a i r  concen t ra t i u r~  c a l c u l a t i o n ,  

The i n p u t  t o  each main subrout ine cons is ts  o f  a "packet" o f  cards 

desc r ib ing  the  c a l c u l a t i o n s  t o  be performed. I n  each packet there  i s  a 

t i t l e  card, a " con t ro l  word" card  and data cards. The t i t l e  card con- 

t a i n s  80 characters of alphameric data and i s  the  f i r s t  card o f  each packet. 

The t i t l e  card must be present  even though i t  has no e f f e c t  on the  ca lcu la-  

t i ons .  The second ca rd  o f  each packet i s  the  c o n t r o l  word card. The f i r s t  

word o f  t h i s  card must be the  name o f  one o f  t he  main subrout ines:.  SOURCE 

o r  JOINT. The f i r s t  word must s t a r t  i n  column one. o the r  words (described 

below) can be anywhere on the  card  and ' l n  any order, b u t  must be separated 

by a t  l e a s t  one b lank space. None o f  t h e  con t ro l  words can have i n t e r i o r  

blanks. The remaining cards i n  each packet a re  data cards. 



SOURCE I n p u t  

The con t ro l  word card f o r  t h e  SOURCE packet may con ta in  t h e  f o l l o w i n g  

words : 

:WORD PURPOSE 

SOURCE: D i r e c t  con t ro l  t o  subrout ine SOURCE. This must be the  f i r s t  ' 

word on the  card. 

L I BRARY Cause a radionucl  i d e  data 1 i b r a r y  and a photon p r o b a b i l i t y  

l i b r a r y  t o  be read. LIBRRRY must be present  i n  t h e  f i r s t  . 
SOURCE packet. A l i b r a r y  DAT card must be suppl ied f o r  each 

1 i brary:  

A DAT THERM, 1 

A DAT ISOLIB, 2 

( ihese are  c o n t r o l  cards f o r  a UMIVAC 1108) 

, The f i r s t  card a f t e r  t h e  con t ro l  word card conta ins the  number o f  

radionucl  ides  t o  be considered (Format 13). The f o l l o w i n g  cards g i ve  

the , re lease  r a t e  i n  curies/second f o r  each n u c l i d e . w i t h  data. f o r  f o u r  

nucl ides per card. Twenty columns are  used f o r  each nuc l i de  as fo l l ows :  

COLUMN - Use 

1-3 Character name o f  t he  nuc l i de  l e f t  adjusted. Isomers are 

i nd i ca ted  by an as te r i sk ;  i .e . ,  KR*. Format i s  A3. 

4-6 Atomic mass number o f  the  nuc l i de  r i g h t  adjusted (13). 

7-20 Nucl i d e  re lease r a t e  i n  cur ies/sec (E14.0). 

21 -23 Character name o f  second nuc l ide .  

e tc .  

The rad ionuc l ides  suppl ied must be taken from the f i s s i o n  products 

and a c t i v a t i o n  products a v a i l a b l e  i n  t h e  rad ionuc l  i d e  data l i b r a r y .  The 

program w i l l  s top i f  i t  encounters an un iden t i f yab le  nuc l ide .  

JOINT Input. 

Subrout ine JOINT uses the  SOURCE re lease r a t e  inventory  t o  calcu- 

l a t e  the  beta o r  gamma dose i n  mrad/year. JOINT incorporates j o i n t  



probabi 1 i t y  o f  occurrence meteorological  data t o  determine the  dose r a t e s  

a t  several d is tances i n  each sec tor  spec i f i ed .  

The t i t l e  card  f o r  JOINT i s  d i v ided  i n t o  two pa r t s .  The - f i r s t  

42 characters a r e  used i n  t h e  main t i t l e  of t he  output  and f o l l o w  the  

phrase: "THE FOLLOWING CAL.CULATIONS ARE FOR. " The l a s t  38 characters 

a re  genera l l y  used t o  descr ibe the  i nven to ry  and f o l l o w  the  phrase: 

"DOSE I N  TISSUE AT X.X CM DEPTH. MRAD/YEARN f o r  gamma doses and "BETA . 

DOSE CALCULATION, MRAD/YEARM f o r  beta doses. 

Contro l  words a v a i l a b l e  f o r  t h e  JOINT c o n t r o l  word card are: 

WORD PURPOSE 

JOINT D i rec ts  c o n t r o l  t o  subrout ine JOINT. Th is  must be the 
f i r s t  word on the  card. 

LIBRARY Cause a dose r a t e  f a c t o r  l i b r a r y  t o  be read. LIBRARY must 

be present  i n  t h e  f i r s t  j o i n t  packet f o r  which a DRF l i b r a r y  

i s  t o  be used. LIBRARY must a l s o  be present each t ime a new 

s e t  o f  DRF 1 i bra ry  data i s  t o  be used. 

A Cause a dose c a l c u l a t i o n  t o  be performed. ' I f  A i s  absent 

a normalized a i r  concent ra t ion  c a l c u l a t i o n  w i l l  be made. 

B Cause spec ia l  f a c t o r s .  t o  be read, FACTM, as described undcr 

data i n p u t  below ( s e e  Card Type 9) .  

HEIGHT Cause e f f e c t i v e  re lease he igh t  values t o  be read (See 

Card Type 14). 

GROUND Cause t e r r a i n  he ight  data t o  be read (See Card Type 15). 

POP Cause popu la t ion  data t o  be read (See Card Type 8). 

Data cards f o r  JOINT depend on the  above c o n t r o l  words and on con t ro l  

i n tege rs  submitted on t h e  f i r s t  two data cards. The i.nput l o g i c  i s  com- 

p l i c a t e d  and care should be t a k e n - t o  ensure proper use o f  c o n t r o l  words 

and c o n t r o l  in tegers .  A f l o w  diagram o f  I n p u t  l o g i c  i s  g iven i n  F i g - .  

u re  A-1. Th is  diagram should be used t o  determine which cards are neces- 

sary f o r  each case. 



Data cards are  described below by card  type. Control  words are  

represented as " t rue "  i n  the  f l o w  diagrams i f  they are  present  on the  

c o n t r o l  word card. I n p u t  o f  a  p a r t i c u l a r  card type i s  i n d i c a t e d  by a  

t rapezo ida l  box. Diamond shaped boxes represent  l ogi  c a l  dec is ion  branch 

p o i n t s  based on the  v a r i a b l e  w i t h i n  t h e  diamond. 



CARD N P E  1 

CARD TYPE2 

\ CARD N P f l ~ 4 . 5 . 6 A N D  7 / 

CARD N P E  9 p7 
CARD N P f l  10.11 AND 12 7- 

1 
I 

CARD N P E  11 I 
I 

CARD Y P E I 9  
I 
I 
I 

FIGURE A.1. 1nput.Flow Diagram for subroutine JOINT 



CARD TYPE 

1 .  

COLUMN , . FORMAT 

-1-5 ' . , , I 5  . . 

VARIABLE DESCRIPTION 

NUBARy t h e  number of wind speeds t o  be 

considered. Maximum i s  8. 

NMETy the  number of weather s t a b i l i t y  

types t o  be considered. Maximum i s  6. 

NTHETAy t h e  number o f  sectors t o  be 

considered. Maximum i s  16. 

NR, t h e  number o f  r a d i a l  d is tances t o  be 

considered. Maximum i s  10. 

IBETAy a  c o n t r o l  i n t e g e r  t o  cause a  beta 

dose c a l c u l a t i o n  t o  be performed: 

IBETA > 0  c a l c u l a t e  beta dose 

IBETA 0  c a l c u l a t e  gamma dose 

JUMPM, i n p u t  c o n t r o l  in teger :  

JUMPM > 0  s k i p  i n p u t  o f  card 
types 3  t h r u  10 and 12, 13. 

JUMPM 0  requ i res  card types 3 
t h r u  13, aceordlny t o  o the r  
c o n t r o l  va r iab les  spec i f i ed .  

JDRF, i n p u t  c o n t r o l  i n t e g e r  f o r  DRF 

f a c t o r s :  

JDRF > 0  read DRF f a c t o r s  from cards 

JDRF 2 0  use l i b r a r y  DRF f a c t o r s  i f  
LIBRARY present o r  previous 
DRF fac tors  i f  LIBRARY absent. 

JPRIN > 0  f o r  p r i n t i n g  DRF values read i n  

o r  ca lcu la ted.  JPRIN 2 0  f o r  no p r i n t o u t  

o f  DRF. 

NHy . c o n t r o l  i n t e g e r  t o  i n d i c a t e  a d d i t i o n  

, o f  r e s u l t s  from pr'evious cases. NH > 0  

t o  cause add i t ion ,  NH s 0  t o  i n i t i a l i z e  

c a l c u l a t i o n  w i t h  no a d d i t i o n  o f  previous 

r e s u l t s ;  



CARD TYPE 

3 

COLUMN 

1-10 

FORMAT VARIABLE DESCRIPTION . ' ,  . .  . 

8F10.2 . UBAR, average wind speeds, mlsec. The 

number of values read i s  NUBAR as g iven 

' i n  card'  2. 

12A6 . MET, t i t l e s  descr ib ing  weather condi- 

t i ons ,  t h ree  6  character  words per  

t i t l e .  Note t h a t  o n l y '  72 columns o f  a  

card may be used. I f  more' than f o u r  

weather s t a b i  1  i ty types are  s p e c i f i e d  

(NMET>4) then 2  cards a re  needed f o r  MET. 

The .maximum i s  ' 6  ti tl es. 

16A5 THETA, wind d i r e c t i o n  f o r  each sector .  

These a re  d e s c r i p t i v e  t i t l e s  used on 

output  repo r t s .  Th is  v a r i a b l e  , indicates 

the  d i r e c t i o n  the  wind i s  from: 
. . 

16A5 SECT, sec tor  center1 i ne d i  rect i 'ons f o r  

each sector .  These are  a l s o  d e s c r i p t i v e  

ti tl es used on output  repor ts .  . Note 

t h a t  t h e  s e c t o r , d i r e c t i o n s  are  t o  be 

180' o u t  o f  phase w i t h  the  wind 

d i r e c t i o n s .  

16F5.2 Fy j o i n t  p r o b a b i l i t y  data (%) f o r  wind 

speeds, .weather stabi.1 i ti es arid sectors .. . 

s p e c i f i e d  above'. The data f o r  each wind . , .- 
speed - s t a b i l i t y  combination a re  sup- 

p l  i ed on one card (up t o  16 va l  ues per  

card, one value f o r  each sector) .  The 

o r d e r . o f  t he  data i s  as fol lows: 



CARD TYPE COLUMN FORMAT 
. " 

VARIABLE DESCRIPTION 

Card 7a - Wind speed 1, S t a b i l i t y  1  

Card 7b - Wind speed 1, S t a b i l i t y  2  
- - 
- - 
- - 

Card 7a'  - Wind speed 2, S t a b i l i t y  1  

Card 7b' - Wind speed 2, S t a b i l i t y  2  
- - - 
- - - 
--- 

Popu1,ation data as a  f u n c t i o n  o f  sec tor  

and d is tance.  One card  i s  supp l ied  f o r  

each sec tor  w i t h  one value f o r  each d i s -  

tance. The popu la t i on  data should cor -  

respond t o  t h e  number o f  people w i t h i n  

the  r a d i a l  segment about t h e  exposure 

p o i n t s  as supp l ied  on card type 13. 

FACTM, s t a b i l i t y  m u l t i p l i c a t i o n  fac tor ,  

one value f o r  each s t a b i l i t y  spec i f i ed .  

The j o i n t  p r o b a b i l i t y  data (F  above) f o r  

each s t a b i l i t y  i s  m u l t i p l i e d  by the cor -  

responding f a c t o r .  FACTM i s  usefu l  when 

the  p r o b a b i l i t y  data f o r  each s t a b i l i t y  

i s  based on 100%. If n o t  s p e c i f i e d  

FACTM values are  a l l  1.0. 

R, r a d i a l  d is tances a t  which dose r a t e s  

a re  t o  be determine, meters. The number 

s p e c i f i e d  i s  NR f rom card  2. The values 

must be i n  Increas ing  order.  



CARD TYPE COLUMN FORMAT VARIABLE DESCRIPTION . . 
. . 

11 1-10 8F10.2 HH, re lease he igh t  f o r  t h i s  ca l cu la t i on ,  

.meters .  If ef fec t i ve  re lease he igh ts  

a r e  needed f o r  each wind speed see card 14 

be1 ow. (A value must be g iven t o  HH 

whether o r  no t  card  14 i s  used, s ince HH 

i s  t he  value . p r i n t e d  on r e p o r t  headings . ) 
12 1-5 I 5  KINT, c o n t r o l  i n t e g e r  f o r  dose r a t e  L3 

i n t e r p o l a t i o n  c a l c u l a t i o n .  When more than 

10 d is tance po in t s  a re  des i red  a d d i t i o n a l  

values may be i n p u t  on card  13. Dose ra tes  

a t  the a d d i t i o n a l  po in t s  are determined by 

i n t e r p o l a t i o n  o f  the  r a t e s  f o r  t he  o r i g i -  

n a l  distances. The order  o f  t h e  i n t e r p o l a -  

t i o n  i s  KINT-1. Use o f  KINT i s  as fo l l ows :  

KINT <, 1  no i n t e r p o l a t i o n  w i l l  be 
done; card  12 n o t  read. 

KINT = 2-10 i n t e r p o l a t i o n  order  
K I  NT- 1  

KINT > 10, KINT s e t  t o  5 

X, r a d i a l  d is tances f o r  dose i n t e r p o l a -  

t i ons ,  meters. The values o f  X must be 

w i t h i n  the  maximum and minimum values o f  

R, card 10. The number., o f  values sub- 

m i t t e d  f o r  X i s  NR, ca rd  1  ( t h e  same as 

f o r  R ) .  I f  NR > 8, two cards w i l l  be 

needed f o r  X. The popu la t ion  dose i s  

c a l c u l a t e d . f o r  r a d i a l  d is tances X and 

n o t  f o r  d is tances R o f  card type 10. 

H, e f f e c t i v e  re lease he igh ts  f o r  each 

wind speed. The f i r s t  va lue of H cor -  

responds to'  t h e  f i r s t  wind speed and so 

on. One value o f  H should be submitted 

f o r  each wind speed, NUBAR t o t a l .  



.. ' 

CARD TYPE : .  COLUMN- FORMAT . . VARIABLE DESCRIPTION 
10F8.0 ' HZ, t e r r a i n  e l e v a t i o n  data f o r  each sector .  

. . . . .  . 
, .   he f i r s t  card g ives the e l e v a t i o n  above . . 

t h e  base o f  t h e  stack, meters, f o r  sec tor  
. . 
' ' i"" 

.one and each value o f  R from card 10. 
3 .  

The second card i s  f o r  t h e  second sec tor  
. . 

and' so on. Note the  8  charac ter  format. 
. . 

8F10.2 ; .  factors . f o r  each atmospheric s t a b i l i t y ,  

wind speed,di i t a n c e  (R) and photon energy 

group. Each card conta ins DRF f a c t o r s  

f o r  8 energy groups. With the  cu r ren t  
, : . ,  . ' .  ' ' 

1  i brary o f  12 energy groups, 2  cards 
' 

a r e  needed . f o r  each s t a b i  1  i ty - wind 

speed - d is tance combination; each p a i r  

" ' con ta in ing  12 DRF f a c t o r s .  The order  of 

t he  cards i s  as fo l l ows :  

1 .  T h e  cards f o r  t h e  f i r s t  s t a b i i i t y  
' .  ;" 

are  g iven f i r s t .  " 

2. With in  each s t a b i l i t y  s e t  t h e  cards 

f o r  t he  f i r s t  wind speed are  f i r s t .  

3 .  With in  each wind speed s e t  t h e  cards 

f o r  t h e  f i r s t  d is tance are  f i r s t .  

4. For each d is tance there  are  two cards 

conta in ing  DRF f a c t o r s  f o r  t h e  12 pho- 

t o n  energy groups. 

ITYPE, i n t e g e r  v a r i a b l e  t o  i n d i c a t e  the  

type o f  atmospheric s t a b i l i t y  as fo l lows:  

ITYPE = 1  f o r  Sut ton model (see card 18) 

ITYPE = 2  f o r  Hanford model 

ITYPE = 3 f o r  i n p u t  o f  '0, (see card 19) 

ITYPE = 4 f o r  Pasqu i l l  curve A 

ITYPE = 5 f o r  Pasqu i l l  curve B 

~ T ~ P E  = 6 f o r  Pasqu i l l  curve C 



CARD TYPE COLUMN FORMAT VARIABLE DESCRIPTION 
. . 

ITYPE = 7 f o r  Pasqui ' l l  . 'curve . D 

ITYPE = 8 f o r  Pasqu i l l  curve E 

ITYPE = 9 f o r  Pasqu i l l  curve F 

6-1 0 I 5  IPR, c o n t r o l  i n t e g e r  t o  cause p r i n t i n g  

o f  o, values. 

IPR > 0 p r i n t  o, values 

I P R  5 0 no .o ,  values p r i n t e d  
'i 

11-20 F10.2 For ITYPE = 1 t h i s  l o c a t i o n  i s  used f o r  1 

Sutton s t a b i  1 i ty parameter n. 

For ITYPE = 2 t h i s  l o c a t i o n  i s  used 

f o r  Hanford ,parameter a. 

21-30 Fl0,.2 For ITYPE = 2 t h i s .  l o c a t i o n  i s  used f o r  

Hanford s t a b i l i t y  parameter b (Ref. 1).  

31-40 F10.2 For ITYPE = 2 t h i s  l o c a t i o n  i s  used f o r  
2 Hanford s t a b i  1 i ty parameter k ( ~ e f  . 1 ) . 

18 . 1-10 8F10.2 Cz, Sut ton s t a b i  1 i ty parameter. One 

1 1 -20 value must be submitted corresponding t o  
- - - each wind speed submitted on card 3 . '  

71 -80 

19 1-8 10F8.1 SIGZ, standard d e v i a t i o n  o f  plume con- 

9-16. c e n t r a t i o n  f o r  v e r t i c a l  d i r e c t i o n ,  

17-24 meters. The f i r s t  card conta ins NR 
--- (card 1)  values o f  SIGZ, one f o r  each 
--- distance, R, f o r  t he  f i r s t  wind speed. 
--- .The second card cori tains values fo r  " the 

73-80 second wind speed and so on. 

20 1-5 16F5.2 DEGRES, t h e  number o f  degrees i n  each ' 

6-10 sec tor  corresponding t o  the  order  o f  

t h e  sectors as i nd i ca ted  on cards 4 

and 5. 



CARD TYPE COLUMN FORMAT VARIABLE DESCRIPTION 

21 1-10 F10.2 Bui ld ing wake parameter, C. 

11 -21 F10.2 Bu i ld ing  wake parameter, A. See Equa- 

t i o n  17. 
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APPENDIX B 

.DATA LIBRARIES 

There i s  no s ing le  reference source which contains a l l  the  necessary 
data f o r  nuclides of i n t e r e s t  i n  radiological  dose calcula t ions .  Most of 

the  basic information on decay schemes i s  avai lable  from tables  such as 
those prepared by Lederer, Hollander, and ~ e r l m a n ( ~ )  o r  Land01 t and 
~ o r n s t e i n .  (8) The use of these data i n  radiological  dose calcula t ions  

involves intermediate calcula t ions  f o r  items such as  obtaining the  effec- 
t i v e  gamma o r  beta energy per d is integrat ion.  Useful b u t  incomplete com- 
p i la t ions  of data i n  a form readi ly  useable in  radia t ion dose calcula t ions  
have been prepared by Meek and ~ i l  bert") and Meek and ~ i d e r .  ( l o )  These 
a r e  the basic data sources f o r  the  three  types of data l i b r a r i e s  used by 
KRONIC. The three l i b r a ry  types are:  
1 .  Radionuclide Data Library 
2. Photon Probabi 1 i t y  Library 
3 .  Dose Rate Factor Lfbrary. 

The photon probabil i ty l i b r a ry  was taken i n  pa r t  from Reference 11. 

The l i b r a r i e s  have been constructed i n  a general manner so t ha t  data 
may be added o r  changed without d i f f i c u l t y .  The s t ruc ture  of each l ib ra ry  
i s  indicated below. 

~ad ionuc l  ide  Data ~i G a r y  

This l i b r a ry  contains data on radionuclide decay schemes, hal f - l ives  
and beta energy production. Data i s  a l so  included on f i s s i on  y ie lds ,  absorp- 

t ion  cross sections and gamma energy production but t h i s  data i s  not used 
by KRONIC. The extra data was o r ig ina l ly  included . fo r  use w i t h  computer 
programs R I B D ( ~ )  and RACER. (1 1 

The order of isotopes i n  t h i s  l i b r a ry  determines the order f o r  which 
data i s  supplied i n  the  photon probabi l i ty  l i b r a ry ,  When t.he.order of 

data i s changed i n  the  radionucl ide  data 1 i brary', corresponding changes 
must be made i n  the  photon probabi l i ty  l ib ra ry .  



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

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

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

number order  w i t h i n  an ascending atomic mass sequence. The cu r ren t  rad io -  

nuc l i de  data l i b r a r y  conta ins 450 f i s s i o n  products. 

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

a c t i v a t i o n  products i n  the  l i b r a r y  (Format 13).  The term " a c t i v a t i o n  

product"  inc ludes a l l  rad ionuc l ides  t h a t  a re  n o t  i n  t h e  f i s s i o n  product 

p o r t i o n  of t he  l i b r a r y .  There i s  one card per  a c t i v a t i o n  product.  The 

c u r r e n t  1 i brary  conta ins '144 a c t i v a t i o n  products. 

The format f o r  each rad ionuc l i de  card i s :  

COLUMN FORMAT VARIABLE 

1-3 I 3  Atomic fjass Number 

4- 5 I 2  Atomic Number 

6-14 E9.3 Physical h a l f  l i f e ,  days 

15-23 E9.3 F i s s i o n  Y i e l d  from 2 3 5 ~ ,  % 

24- 32 E9.3 F i s s i o n  y i e l d  from 2 3 9 ~ u ,  % 

33-41 E9.3 Absorpt ion cross sect ion,  barns 

42-46 F5.3 F rac t i on  o f  (n,y) captures t h a t  yu Lo 

i someri c  s t a t e  

47-51 F5.3 I f  i n  isomer ic  s ta te ,  f r a c t i o n  o f  decays by 

beta emission; i f  i n  ground state,  f r a c t i o n  

t h a t  decays t o  an isonier 

52- 56 F5.3 Average beta energy re leased per  d i s in teg ra -  

t,i on, MeV/d i s i n  tegra t i on 

69-71 A3. Nucl i d e  name (1 e f t  adjusted)  

7 2 I 1  Nucl ide type: 1 f o r  isomer ic  s t a t e  
2 f o r  ground s t a t e  

The rad ionuc l  i d e  1 i bra ry  a v a i l a b l e  w i t h  KRONIC i s  c a l l  ed THERM. 

Photon Probabi 1 i t y  L i b r a r y  - 
This l i b r a r y  conta ins data f o r  use by subrout ine JOINT i n  c a l c u l a t i n g  

the  c loud gamma dose. The f i r s t  card image conta ins the  number o f  energy 



groups (Format 13) f o r  which data i s  g iven i n  t he  l i b r a r y .  The second 

card  conta ins  the  upper energy bound f o r  each group (Format 16F5.0) s t a r t -  

i n g  f rom the  lowest energy group (number o f  e n t r i e s  i s  number o f  groups 

minus one). The nex t  cards con ta in  dose conversion f a c t o r s  i n  u n i t s  of: 
r) 

One value i s  supp l ied  f o r  each energy group s t a r t i n g  f rom the  lowest  

energy. The dose conversion f a c t o r  o f  Equation 1  i n  t h e  t e x t  i s  t he  

l i b r a r y  value d i v i d e d  by t h e  average energy f o r  t h e  group. The average 

energy i s  ca l cu la ted  as the  midpo in t  o f  maximum energies as supp l ied  on 

the  second l i b r a r y  card. The average energy f o r  t h e  f i r s t  group i s  213 

o f  i t s  maximum energy and the  average f o r  the  1  a s t  energy group i s  1  .25 

t imes the  maximum f o r  the  nex t  lower group. 

The photon p r o b a b i l i t y  and gamma energy cards f o r  each nuc l i de  fo l l ow  

the  dose conversion f a c t o r  cards. There are  f rom one t o  th ree  cards f o r  

each nuc l i de  ( i n  t h e  order  o f  nuc l ides  as i n  t h e  . rad ionuc l ide  data , 

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

COLUMN FORMAT VARIABLE 

Atomic Mass Number 

Atomic Number 

Nuc l ide  name 

Iso tope s ta te :  1  - isomer ic  
2 - ground 

Number o f  photon energies t o  be read 

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

Energy of f i r s t  photon, MeV 

Abundance o f  second photon ( i f  any) 

Energy o f  second photon, MeV 

Abundance o f  s i x t h  photon ( i f  any) 

Energy of s i x t h  photon, MeV 



I f  the  nuc l i de  has more than 6 photons, a d d i t i o n a l  cards are  needed. 

The format  f o r  a d d i t i o n a l  cards i s  14F5.0, w i t h  the  abundances and 

energies submitted i n  p a i r s  ( f o r  up t o  7 .photons) as on the f i r s t  card 

b u t  s t a r t i n g  i n  column 1. A  maximum o f  '20 photons may be ,suppl ied f o r  

each n u c l i d e  (3 cards) .  

Bui ldup and a t t e n u a t i o n  data a r e  s to red a f t e r  t he  photon data. Con- 

s t a n t s  f o r  t he  quadra t i c  bu i l dup  equat ion (Equation 2  i n  t e x t )  a re  g iven 

nex t  i n  Format 8F10.0. The f i r s t  card g ives values f o r  A f o r  each energy 

group ( i f  there  a r e  more than 8  groups, more cards are  needed). Next t he  

values o f  a are  given, f o l l owed  by values of al (a dummy v a r i a b l e )  and 
2 values o f  l a s t  ( t o t a l  mass a t tenua t i on  c o e f f i c i e n t  i n  a i r ,  cm /g).  

The photon p r o b a b i l i t y  l i b r a r y  i s  c a l l e d  ISOLIB. 

Dose Rate Factor  L i b r a r y  

This  l i b r a r y '  conta ins  dose r a t e  fac to rs ,  DRF, as described by 

Equat ion '5  o f  t h e  t e x t .  The f a c t o r s  a re  ca l cu la ted  by FDOSE and s tored 

i n  t h i s  t ype  o f  1 i .brary f o r  use by JOINT i n  c a l c u l a t i n g  gamma dose ra tes .  

Dose r a t e  f a c t o r s  a re  s to red  i n  se ts  corresponding t o  p a r t i c u l a r  

re lease  heights.  The f i r s t  card o f  t he  l , ibr%ary t e l l s  t hc  number of sets  

s to red  i n  t he  l i b r a r y  (15). The f i r s t  card f o r  each re lease he igh t  s e t  

has t h e  f o l l o w i n g  in format ion.  

COLUMN FORMAT DESCRIPTION 

1-1 0  F10.2 HD, re lease he igh t  f o r  data i n  t h i s  set,  

meters 

MD, number o f  weather s t a b i l i t i e s  in. t h i s  s e t  

MUD, number o f  wind speeds i n  t h i s  s e t  

MRD, number o f  r a d i a l  d is tances i n  t h i s  s e t  

IEN, number o f  photon energy groups f o r  t h i s  

se t .  

The next card f o r  each s e t  g ives the  r a d i a l  d is tances ( i n  meters) cor -  

responding t o  the  data i n  t he  se t .  The format  i s  8F10.2; two cards a re  

needed i f  MRD i s  g rea te r  , than 8, (maximum i s  10 .d is tances) .  



The DRF values fo l low t h e  d is tance values. The cards are  arranged 

according t o  weather s t a b i l i t y  c lass,  wind speed and r a d i a l  d is tance.  

The cards f o r  each s t a b i l i t y  c lass  are arranged by increas ing wind speed. 

For each wind speed s e t  t he  cards a re  arranged by increas ing r a d i i 1  d i s -  

tance. Each card conta ins DRF values f o r  up t o  8 photon energy'groups. 

The l i b r a r i e s  described below have data based on 12 energy groups and 

the re fo re  need 2 cards f o r  each combination o f  weather s t a b i l i t y ,  wind 

speed and r a d i a l  d is tance.  Three dose r a t e  f a c t o r  l i b r a r i e s  are  a v a i l -  

ab le  w i t h  KRONIC;  DOSRFL, DRATFL and DRFACL. The data i n  these l i b r a r i e s  

were ca lcu la ted f o r  t he  cond i t ions  i nd i ca ted  below. The l i b r a r i e s  a re  

f o r  t he  12 energy groups as s p e c i f i e d  by photon p r o b a b i l i t y  l i b r a r y  
3 3 

ISOLIB. The r a d i a l  d is tances used are 100, 200, 500, 10 , 2 x 10 , 
3 4 4 4 5 5 x 10 , 10 , 2 x 10 , 5 x 10 and 10 meters. The sec tor  w id th  i s  

22.5" corresponding t o  16 equal s i z e  sectors per  360". 

DOSRFL 

Th is  l i b r a r y  conta ins DRF data f o r  re lease a t  ground l e v e l .  The 

atmospheric s t a t i l ' i  ty ca tegor les ( i n  o rde r )  are: 

1. Hanford Very Stable 

2. Hanford Moderately Stable 

3. Pasqu i l l  Type D 

4. Pasqu i l l  Type B 

The average wind speeds a re  as fol lows: 

AVERAGE 
GROUP WIND SPEED RANGE (mph) hL?!d (mlsec ) 



This  1  i b r a r y  conta ins  data f o r  2 re lease heights,  10 and 100. meters. 

The atmospheric s t a b i l i t y  ca tegor ies  ( i n  o rder )  are: 

1. Pasqu i l l  Type F 

2. P a s q u i l l  Type E 

3. Pasqu i l l  Type D 

4. P a s q u i l l  Type B 

The wind speed groups a re  the  same as f o r  DOSRFL. 

DRATFL 

Th is  1  i b r a r y  conta ins  data fu r  re lease hc igh ts  o f  0 and 100 meters. 

The atmospheric s tab  i 1  i ty categor ies  ( i  n  o rder )  are: 

1. Pasqui 11 Type A 

2. Pasqu i l l  Type B 

3. Pasqu i l l  Type C 

4. Pasqu i l l  Type D 

5. Pasqu i l l  Type E 

6. Pasqu i l l  Type F 

The wind speed groups a re  the,same as tor DOSRFL. 
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APPENDIX C 

METEOROLOGICAL PARAMETERS 

This appendix presents t h e  commonly used values o f  meteoro logical  . 
parameters f o r  the  Hanford equat ion (Equation 9 i n  t e x t )  and Sutton 

equatfon (Equation 10 i n  t e x t ) .  A lso presented a r e  tabu la ted  values o f  

a, used by KRONIC. 

Table C . l  g ives  parameters f o r  t h e  Hanford equat ion f o r  moderately 

s t a b l e  and very  s t a b l e  atmospheric cond i t i ons .  Table C.2 g ives  values 

o f  parameters f o r  t h e  Sutton equat ion f o r  neu t ra l  and unstable atmospheric 

cond i t ions .  

TABLE C. 1. Values o f  Meteor01 og i ca l  Parameters 
f o r  t h e  Hanford Equation 

' MODERATELY STABLE VERY STABLE 
PARAMETER CONDITIONS CONDITIONS 

a m 2 9 7 34 
2 b m /sec 0.33 0.025 

k2 sec-2 2.5 8.8 x 

TABLE C.2. Values o f  Meteoro logical  Parameters 
f o r  Sut ton 's  Equation 

WIND SPEED ATMOSPHERIC CONDITION 
PARAMETER RELEASE LEVEL m/ s ec UNSTABLE NEUTRAL 

Ground 

z El  eva ted  1 0.30 0.15 

5 0.26 0.12 

10 0.24 0.11 

n --- - - 0.20 .C ) ,  25 

For  P a s q u i l l  s t a b i l  i ty  ca tegor ies  KRONIC uses a 1 i nea r  i n t e r p o l a t i o n  

o f  tabu la ted  values t o  determine a, as a f u n c t i o n  o f  downwind d is tance.  



The values used f o r  i n t e r p o l a t i o n  a r e  g iven i n  Table C-3. These values 

were taken from "Meterology and Atomic Energy," Appendix A, Reference 3. 

Values o f  l a t e r a l  d i spe rs ion  parameter, a , a r e  l i s t e d  i n  Table C . 4  as a  
Y 

ma t te r  of record.  The a values were a l s o  taken from Reference 3. 
Y  

TABLE C.3. Values o f  a, f o r  Pasqu i l l  S t a b i l i t y  Categories 

D I STANC E 
METERS 

a, f o r  Pasqu i l l  Type 
A B C D E F 

The tabu la ted  data  a r e  n o t  ex t rapo la ted  by t h e  computer program. 

when the  tabu la ted  d i s tance  i s  exceeded, t h e  value f o r  the  l a s t  d is tance 

i s  used. 



TABLE C.4. Values o f  a f o r  Pasqu i l l  S t a b i l i t y  Categories 
Y 

D I STANC E a f o r  Pasqu i l l  Type 
METERS A B Y C  D E F 





APPENDIX D 

SAMPLE PROBLEMS 

Two sample problems a r e  presented here t o  i , l l u s t r a t e  use o f  the  com- 

puter  program KRONIC. The f i r s t  problem w i l l  use FDOSE t o  c a l c u l a t e  dose 

r a t e  f a c t o r s .  The second problem w i l l  use these dose r a t e  f a c t o r s  t o  

c a l c u l a t e  gamma doses f o r  a  hypothet ica l  r e a c t o r  s i t e .  The second problem 

w i l l  a l so  c a l c u l a t e  beta dose and normalized a i r  concentrat ion.  

Sampl e  Problem One-FDOSE 

Consider a  reac to r  s i t e  w i t h  metero log ica l  data f o r  16 sectors w i t h  

22.5" per  sector .  To determine the  dose f o r  each sector,  i t  i s  f i r s t  

necessary t o  c a l c u l a t e  dose r a t e  f a c t o r s  f o r  a  standard 22.5" sector '  f o r  

each windspeed, atmospheric s t a b i l i t y  and downwind d is tance o f  i n t e r e s t .  

A ground l e v e l  re lease i s  assumed. Table D . l  g ives values o f  windspeed, 

d is tanee and ~ L d b ~ l l i t y  eypes t o  be considered. The data o f  Table D . l  

descr ibe dose r a t e  f a c t o r  l i b r a r y  DOSRFL. I n  p r a c t i c e  FDOSE i s  used t o  

c a l c u l a t e  Pasqu i l l  dose r a t e  f a c t o r s  f o r  windspeed o f  1  m/sec. Then dose 

r a t e  f a c t o r s  f o r  o ther  windspeeds a r e  determined by m u l t i p l y i n g  by the  

windspeed r a t i o .  

This i s  poss ib le  because f o r  Pasqu i l l  s t a b i l i t i e s  oZ i s  independent o f  

windspeed and hence DRF va lues .are  i nve rse ly  p ropor t i ona l  t o  windspeed. 

A small program t o  compute cor rec ted dose r a t e  f a c t o r s  from t h e  1  m/sec 

dose r a t e  f a c t o r s  i s  shown i n  F igure  D.1. I npu t  f o r  Pasqu i l l  Types B 

and D w i l l  be described f o r  1 m/sec. I npu t  card  images a r e  l i s t e d  i n  

F igure  D.2. The number o f  ou tput  cards t o  be expected ( f o r  each s ta-  

b i l i t y  c l a s s )  may be determined by: 

Cards Out = (Number o f  ti) (Number o f  Distances) (2)  

D. 1  



TABLE D.1. Parameters f o r  Sample Problems 

Windspeeds 
Average, Dis tance,  

mph m/sec Meters S tab i  1 i ty Types 

0 t o  3 0.78 100 Hanford v e r y  stab1 e 

~XMENSION ORF(16i .UBARIB) ,OROuTIl6) 
INTEGER GROUPS 

. Pll INT 1100 
1 READ 1001 OROUPSINUBAR 
2 HEAD 200, l U R A R l I ) r l = l ~ N U Q A R )  
3 HfA0 2001 l D R P l I ) ~ I ~ l r G R O U P S I  

0 0  5 IU=l,NUnaR 
0 0  9 IE=lrGROUPS 

Hanford moderate ly  s t a b l e  

Pasqui 11 Type D-neutra l  

Pasqui 11 Type B-unstabl e 

O ~ ~ O U T ~ I ~ ~ = ~ R F ~ I E ~ / U B A R I I U ~  
V CONTINUE 

PRINT 300, LIBPRIIUI, (OROUTII~ ,I=~,GROUPSI 
PUNCH 200, (OR~IJTII~,I=~~GROUPSI 

5 CONTINUE 
PRIN~ UOO 
GO TO 3 

1 0 0  FOHMATI~IS~ 
2 0 0  FORMATIBEIO.Y) 
300 F O R M A T I I X ~ I ~ H F O R  WIND SPEEDIF~.~~ZIM THE DOSE 

11P8E10~9/1X~8E10.91 
uOO FOH*AT(~HI~ 

END 

FACTORS .ARE 

FIGURE D.1. Program t o  R a t i o  DRF by Wind Speed 



HA.PORD ' IS. .7t: H/Sr GROUND nELE.*SE 

ti. 

9. 

U. 

,I. 

0 .  

i). 

U. 

0. 

U. 

0. 

RELEASE 

FIGURE D.2. Sample Problem One Input --- 



OU. 

OD. 

OU. 

Ou. 

RELEASE 

34. 
2 

3Y. 
2 

3'4. 
2 

39. 
HANFOHU 

-. 
-025 ..lo088 
12.5 5000. 
-025 .30088 
12.5 10000. 
-025 .a0088 
12.5 290001 
,025 .00088 
12.5 SJOOO. 
-025 .UU088 
12.5 104000. 
0025 .00088 

15.6 M/SI GROUND 

3'4. 
2 
3c. 

2 
3'4. 

2 
34. 

2 
34. 

HANFORD VS, 

0.0 

0.0 

0.n 

0.0 

a a. 

0.0 

0.0 

0.0 

0.0 

0.0 

RELEASE 

5 ~ 0 0 0 .  
.00088 

1 0 ~ 0 0 0 .  
.30088 

r GROUND 

100. 0. 
,05025 

200. 0. 
.,I0025 

500. 0. 
.aJUOZ5 

1000. 0. ' 

.*I0025 
2000. 0. 

,30025 
SOUO. ti. 

.J0025 

~ ' ~ 0 0 0 .  
.50025 

lC1000. 
.:J0025 

M/S, GROUND 

0 .  

0. 

RELEASE 

00. 

00. 

00. 

0". 

02. 

0,. 

0 .: . 

97. 
HANFORD 

'10 
2 .  

97. 
2 

97. 
2 

97. 
2 

97. 

FIGURE D.2. (contd) 



IO. 

1 i.. 

16. 

I 'J  

Y7 .  
0 I. 

02. 

oi.. 

Oi.. 

Oil. 

05. 

06. 

00. 

OU. 

16. 

IG. 

11,. 

16. 

16. 

16. 

16. 

I b .  

16. 

05. 

OlJ. 

00. 

OY. 

01,. 

2 6.9  5000. Ob. 
97. .33 .,C3025 

2 6.9 1.3000. 00. 
97. .33 .CJ025 . 

2 6.9 L,?OOO. 00. 
97.  .33 .,a3025 

2 6 .9  58000. OU. 
97. .33 ,,C302S 

.3- -- -. -&Aa!mL-. . .oo. 
97 .  - 3 3  .!33025 

~IANFORU i lS.  9.5 M/5r  GROUND RELEASE 

2 9 . 5  5300C. 
97 . .J3 .,:5025 

2 9 . 5  1C3000. 
97. .J3 .?:102S 

HANFOHLJ 6 .  12.5 K/S, GROUND 

FIGURE D.2. (contd) 



0.0 

0 .u  

0.9 

0.0 

0.0 

0.9 

0 . 0  

0.u 

0.0 

GROUND 

GROUND 

330. 5 1.0 20000. 0; 
331. 5 1.0 53000. 0. 
332- 5 1.0 100000. 0. 

3. L I S T  FIG2 
. . 

. FIGURE D.2. (contd 

RELEASE 

RELEASE 

The f a c t o r  o f  2 i s  necessary s ince more than 8 energy groups (12) a r e  used 

by FDOSE. For t h i s  sample problem the  number o f  ou tput  cards w i l l  be 140 

(Hanford) very s tab le )  t 140 (Hanford moderately s tab le )  + 20 (Pasqu i l l  D) 

+ 20 (Pasqu i l l  6) f o r .  a t o t a l  o f  320 cards, 

A p r i n t e d  ou tpu t  l i s t i n g  f o r  p a r t  o f  t he  Sample Problem 1 i s  g iven 

i n  F igure  D.3. Th is  ou tpu t  i s  f o r  one data se t ,  i .e., 10 d is tances f o r  

t h e  f i r s t  windspeed and s t a b i l i t y  type. 



Hc'T!101\OLirjp TYPE 2 .  :.iI;<5 I;i).CE:) = .7E, FETE;<S/SEC:.ND, ~ ) ~ S T A N C L  Fi(OM ! : E L E A ~ E  $OII\IT = . 1 DO. WTF-RS 
i(iiE,;biI r l ~ ' i i . ; ~ i T  = :J. :.'ETEi-,S, ;.iUllaER OF SECTOi'<S = 16. (0 0 LATERAL QISTANCF: FROM CENTL'%LIi\(E = - . 3  blETE?.S 
A , C , E = ~ V  . 3 4 ~ 0 + 0 2  ,2503-31 . a a : ~ - o ~  
5 :  - 

L - l.iG.30 16G.52 3:;3.74 415.34 495. i 2 545.79 !j74.39 588.97 594.4: 597.80 
i~~30 .07  !:~01.79 i3::3.27 604.66 606.:iU 6 ~ 5 . 5 7  907.14 607.70 fjCP.27 608.83 
b:i?.40 609.96 b1.2.52 611.ii0 b l l e h 5  612.21 012.77 613.33 6;3.H9 615.19 
016.+Y 617.79 C19./9 62C.3a 621.b7 h22.96 626.62 630.27 633.89 637.49 
6;+1 .U7 64q.63 645.17 662.42 672.44 684.26 095.87 707.29 719.53 729.59 

- 3 0  . 00 . ?,.I .DO . ClU . QO .00 

AT 193. :aiiTEHS TiiC DOSE FACTORS ARE' 
S,ad7-0:+ 1.789-0:+ H.O86-z5 7.583-05 7.131-05 7.293-05 7.349-05 7.008-05 6.537-05 6.030-05 5.633-05 5.127-05 

W~TEOI?OLOGY TYPE 
RELEASE HLiGnT = 
A,fi,A53L , 3 4 ~ 9 + 3 2  
S;i = 11.0.00 

bi!t!. 08 
~ 3 0 . 6 3  
6:i6. 77 
1i..,5..7J 
3.<+, 2b 

;!., 4INB hPEE{, = .78 kETERS/SEC0ND, DISTANCE FROM 8ELEASE POINT = 200. METERS 
8. ;JETEHS, :JUIrldER OF SECTORS = 16.(?,LATERAL DISTAI\ICE FlliJM CENTERLINE = -.0 METERS 

,2500-31 .8YSJ-03 
164.52 393.74 415.34 435.12 545.79 574.39 588.97 599.79 604.27 
611.83 615.56 619.27, 622.96 624.24 b25.5:J 626.81 629.00 629.36 
631.90 632.44 632.98 633.53 634.47 634.61 635.15 635.69 636.23 
637.31 657.85 630.39 638.9% 639.46 640.71 641.96 643.21 . . . .  644.45 
646.34 6+8.17 6 5 1 . 7 0  655.20 650.68 662. l l j  665.60 554.03 672.44 
695.87- 7L7.29 718.53 729.59 740.50 751.2f+ 

A * i Q i i .  I~,ETEr<S T,.iE DijSt: r>CTi j$s  ARE 
4 .  l,Ot35-<;q 5.195-$5 .96R-OS i;..6;<7-U5 4,593-95 1+.573-03 4. j 37 -05  4.044-05 3.734-05 3.491-C5 3.178-05 

M c r ~ O ~ < O ~ O C i y  TYPE i, ;ilNi, ?,PEE5 ;. .78 METERS/SEC?ND, DISTANCE FROM i-:FLE.q>E POINT = 500. MLTERS 
H c i E A b E  h~;Si iT  = r:!. :iETE%S, ~~J!V;SER OF SECTOi4S = 16.0,LATERAL DISTANCE FH3M SENTERLINE = -.O PETERS 
j .343U+OZ .Zt,Clti-dl .29:?:3-03 
S L  z 11 j.0i) 589.?19 539.93 h22.97 b.55.7~ 6148.18 ~ 6 3 . 4 2  672.44 675.6'4 679.22 

u,;'. 3L ~ U u . 9 3  65Y.Cb 642.57 h95.b7 6 9 7 . ~ 2  398.17 69'1.31 700.Q6 701.60 
7 .!::.74 70.3.ab 7:!4.57 764.86 705.34 705.83 706.32 706.80 707.29 707.77 
7 . - . L O  733.74 7.9 .25 7G9.71 71i!.20 719.6il 711.!!1 712.93 71.4.iI5 715.17 
7 : 5 . r 4 5  7L7.41 7 721.71 794.67 723.u.2 731.15 734.29 7::'7.40 74P.50 
. I +  761.65 772.2;: 76'; L . S ! )  7U2.7f3 802.80 512.72 

M c ' i h O i i ' J ~ V "  T {PE .::, . .L:t i l  SPEC.) = - 7 8  I.IE'TERL;/SCCOP~D, DISTAtJCE FHOM ;<ELEASE POINT = 1 C O O .  '!ETFRS 
/(,-Lc.,3t i.it .:;li~ J. ':!. :icT'.' ci.ao " i i U i . I ~ i 3 '  OF SECTOirlr; = 16,.O,LATERAL DISTAi\ICE FK3M CENTERLIiJE = -.n METERS 
A ,  : ;  , ;j4sli+B;' J ,83: 3-03 

FIGURE D.3. Sample Problem One Output 



AT 1000. HETEHS THE DOSE FACTORS ARE 
5.109-05 2,320-05 1.254-05 1.202-05 1.229-05 1.1.90-05 1.156-05 1. ti86-35 1.015-05 9.454-06 8.902-06 8.139-06 - 

MLTEOROLOGy TYPE 2, ?iIND SPEEU = .78 METERS/SECoNDt DISTANCE FROM RELEASE POINT = 2000. METERS 
RELEASE HEIGHT = U. c.?ETEI(S, NU?4dER OF S ~ c T o l i S  = 16.0mLATERAL DISTANCE FROM CENTERLINE = - .O METERS 

w 
03 ME'iEOiiOiOiiY TYPE :iv : h : I l ' l C j  SPEE; = .78 METERS/SECGND. DISTANCE FROM ;<ELEASE' POINT  = 5090. METERS 

KELEASE r iE IGt iT  = 0. I ~ETERSP MJridER OF SECTOi2S = lti .  >,LATERAL DISTANCE FROM CENTERLINE - .O METERS 
Avav KSUU ,3400+02 .2SGO-01 .88t>,l)-03 
SZ = 1355.04 1341.03 . 1.346.99 1352.92 1358.33 1364.71 1370.57 1376.90 1378.07 1379.73 

1331.38 1383.04 1384.'7rl 1386.35 138'8.5lr 1388.58 ,1389.15 1389.73 1390.31 1390.88 
13'41.46 1392.03 1392.28 1392.53 1392.77 1393.02 1393.27 1393.51 1393.76 1394.01 
1394.25 1394.50 1334.'74 1394.99 1395.24 1395.48 1396.06 1396.63 1397.20 1397.78 
1398.35 1393.9'2 1399.5.) l4Gl .13  1402.76 1404.40 1$06.02 1407.65 1409.28 1410.90 
1416.57 1422.21 1427.34 1'33.44 1439.02 1444.57 1450.11 

A T 50.20. METEHS Ti,!E DOSE FACTORS ARE 
7.131-Oh 3.858-96 2,187-06 2.29C-06 2.214-06 2.142-06 2.080-06 1.957-36 1.839-06 1.731-06 1.646-06 1.519-06 

. . 
MLTLOKOLOGy TYPE 2 ,  ;{iNa SPEED = .78 METERS/SECONO, DISTANCE FROM ;<ELEASE POINT = 10000. METERS 
RELEASE HEIGt iT = ii. :.iETE!?S, ..IU;~/,~EY O F  SUCTOaS = 1.6.0,LATERAL D I S T A N ~ E  FR"M cENTEHLII\IE = -.O METERS 
k t e t K 5 3 3  .3400+02 .25CO-01 .&8:;3-03 
Si '  = 1039.81 3 . 1  104S.5..1 le52.u.3 18S7. is l 9 6 i  .45 Jil65.75 1870.0r 1871.26 1872.49 

1873.71 l.A71+ .93  1976. i!-J 1877.37 ld7e .59  1879.02 1879.44 1879.87 1889.30 1880.72 
16:i1..15 1RB.57  lasi. '7h 1881.94 188.Z.12 1882.30 1882.'i3 1882.67 , 1882.85 1883.03 
183 J3.22 i383 .40  iOdJ.Sli 1883.76 1?3::?.95 1884.13 1884.55 1884,.98 1985.40 1885.83 
I d d b e i S  1305.68 1887.1.) 1Q88.31 1384.53 1890.74 1891.95 1893.16 1894.37 1895.58 

FIGURE D.3. (contd) 



M .  6 - 1 -  - " C l t i c ) ~ O G : '  T"{l'P : i d  , E L  = .'la' .-.iETE!I:5/StCOi~ln, u I S T A ~ ~ C E  FROM .(ELE!:>E ?OI l \ iT  = 2,20!:iJ MtTF,R; 
H'" i-.., t: i i  /,; ii.l' - 

LL-H-~ - :;. ..rETE::S, ;.iU:.:,:lit OF 5EiTO:iS = lb.:!?LATE?AL DISTAI<Ci.1 F'<.,!: CENTii<Ll: iE = -.O l4ETE?S 
A . j4;,:0+32 .2500-:!1 .Oij;.l-03 
S i  = ~ 5 3 7 . 1 1  %57;:.22 2575.34 2576.45 2579.56 2562.66 2=d5.?b 2588.36 25.94.7s 2,530.62 

1 . 1  2592.39 2593.27 2594.16 2585.0u 2595.35 2595.6b 2595.97 2536.27 2590.58 
c > ? G . i ; B  ,259'1.22 25.27.33 2597.46 25'!7.tiO 2597.73 2397,6?~ 2597.?'? 2598. ; 3  259i'.2i, 
r5.:.:,. 29 :,'.jgil.52 2576.05 2598.79 2598.92 2599. 85 2593 ,a Jb 2599.67 25~9.9 i3  260n.26 
ibi!3.afj  ;%6'J;t.?'J 2b( j i . 21  2602.C9 2802.97 2663,RS 2 .  2605.60 %6i:f,.4$ 7607.36 
. . 

: . , 4 2613.53 2 6 i 6 . i ~ ~  2619.65 2b22.b.? 2625.74 2i128.79 

A i  2')01!;1. ;.:kTE!\:; T. :i ;iir:;t: i:.;CTvi.:S ARE 
1 .  Gu7-Clc 7.2!+7-.':7 4.3BS-2-j 1 - 7  i 6 -  Ir.914-07 Ir.240-5.t j..>l35-37 3.751-c 7 : je55i j -P7 3,3:?.:,-p? 3,137-07 

M E 7 = 3 i \ O ~ O ( j y  'TYPE .?, 'I iJD :sPEE::~ = .7R ~ETE:RS/SEL<,N[), DISTAFICfi FaOM :<F:LE.kSC POINT = 59C.c\O. METERS 
H=LEir;E H L 1 6 H T  = ::. :.iETEi;S, NUij>ER OF SECT9F:S = 16.9,LATERAL D ~ S T A I ~ C E  FRdM CENTEYLIi.IFT = -. fl METERS 
Ap6,KL::lti .34U0+02 .2500-01 .BBfd-33 
c- aL , - - r95:5.GO ;:!27.Sd 4629.57 4O31.56 4333.55 4035.53 4ij37.52 4039.50 41149.07 4040.63 

t 4'41.77 4042.33 4042.90 4 ~ 4 3 . 4 7  4043.66 4043.8G 4044.06 404'4.25 404Q.46 
4?i,i+.05 :+::4rc.HS 4044.94 4 J 4 5 r 0 2  4045.11 4045.19 4iI45.25 4045.36 4095.45 4045.53 
r?45.6r u::45.70 4~45.79 4045.87 4045.96 4046.84 4346.24 4046.&4 4046.b4 4O4t .'33 
+?,+7.35 4Ll47.23 4347.+3 4547.99 4!11&3.56 4049.12 4343.69 4050.25 4G5!1.32 4051.38 
4?;3.56 $::53.34 43:j7.51 4559.29 4961.26 4063.23 4565.2: 

1 0  r ?  ' 2 ,  :;I;.ti. PEE,) = .78 MErER5/SECfj'jD, DISTANCE FROM ;(ELE&SF: POINT = 1Q33'3(1. P4ETFRS 
RiLEn>E' ;.tcl !ii t'C = 1 .  !L TE;.S, :rU;.;,.;i:? OF SECT9.-.1; = :tj.:J, LATERhL f3ISTAhjiF. F93M CENTtRLItqE = -19  METERS 
A , ~ , j ( L i j  .3i+30+$2 ,kLCD-!Jl . $d'.!-i)J . -  
SL Z 3677 .2~1  .567!5.bS 5t5d.?. Th Sb61.47 551,2.88 5661+.29 5<,85.'2 5687.11 5hP7.51 5687.91 

~ 5 - u .  s,! 3 i83 .72  5659. i2 5689.52 56:39.93 5690.67 54?3.21 5690.35 Sh?D.+9 563Q.43 
>c!11.'?7 i:h?,:i.91 Srj'32.97 5691rC3 Sb71.09 5691.15 5591.21 5691.27 5691.33 5691.59 
ib:.!..~H 5 9 . 5 1  5621.L1.j 569 i .h4  5631.79 5691.7b 5b91.9L; 5692.34 5692.18 5602.32 
' 4 .  :>$92.63 56:)2.'7;, 5693. j  4 %4J.SS 5693.95 5594.'35 56911.75 5695.15 5695. St* 
!i,+'h.:?t, 5 b 9 j .  37 t>b.j?.7:' 57G1.13 57::2.59 576:5.a9 570:~. 4 i j  . . 

~r j r J j 3 7 . : .  , ,~T i -T . is  T;+L L ) ~ S E  F.',CSJI.~S A!<E . , 

! , :ij7-07 E.ijZ"-;.: s.89';-.?< h.tr32-('8 6.6r;i>-Ofi 0.418-(tF: 6.126-03 5.75.5-08 5.423-Or7 5.1.31-!7?3 4,'?381.-l)i; .4.f,46-04 

. . 
8 ., 

,... FIGURE D.3. (contd) . . 



Sampl e  Problem Two 

Th is  sample problem w i l l  i l l u s t r a t e  c a l c u l a t i o n  o f  normalized a i r  

concentrat ion,  beta dose, and gamma dose. The gamma dose c a l c u l a t i o n  

w i l l  use dose r a t e  f a c t o r s  ca l cu la ted  .by sample problem one as incorporated 

i n t o  t h e  l i b r a r y  DOSRFL. 

I n p u t  f o r  t h e  normalized a i r  concent ra t ion  i s  g iven i n  F igure D.4. 

Since ' b u i l d i n g  wake e f fec ts  a r e  n o t  t o  be considered, the .  wake parameters 

a r e  s e t  t o  zero ( l a s t  card) .  Output f o r  t he  normalized a i r  concent ra t ion  

c a l c u l a t i o n  i s  g iven i n  F igure  D.5. 

I n p u t  f o r  t h e  beta and gamma dose c a l c u l a t i o n s  a re  g iven i n  F igure U.6. 

The gamma dose i s  ca l cu la ted  f i r s t .  Then the  beta dose i s  ca l cu la ted  and 

added t o  t h e  gamma dose t o  g i v e  t h e  t o t a l  s k i n  dose. A t o t a l  o f  10 dose 

r e p o r t s  w i l l  be w r i t t e n  as fo l l ows :  

REPORT 

1 

2 

3 

4 

5 

6 

7  

8 

9 

10 

DATA PRESENTED 

Gamma Dose - Surface, Standard Distances 

' Gamma Dose - Surface, l n t e r p o l  a ted Distances 

Gamma Dose - 1  cm depth, Standard.Distances 

Gamma Dose - 1  cm depth, I n t e r p o l a t e d  Distances 

Gamma Dose - 5 cm depth, Standard Distances 

Gamma Dose - 5  cm depth, I n t e r p o l a t e d  Distances 

Beta Dose - Standard Distances 

Beta Dose - I n t e r p o l a t e d  Distances 

Skin Dose - sum o f  r e p o r t s  1  and 7 

Sk in  Dose - sum o f  repo r t s  2 and 8 

These ou tpu t  r e p o r t s  a r e  shown i n  F igure  D-7. 



' 'FIGURE'D.4; Normalized A i r  Concentration Input  
. . 



SAMPLE PROBLEM 2 - AIR CONCENTEATION 

'RELEASE HEIGHT IS .O VETERS 
.3400+02 .250C-01 .880U-03 

AVERAGE WIND -DISTA&E FROM RELEASE POINT METERS 
SPEED, WSEC 190. 200. 500 1000. 2000. 5000. IOCOO. 20000. 

AVERAGE WIND GISTX~CE FROM RELEASE P3INT METERS 
SPLED, M/SEC 100. 290. 500. loco. 2000. 5000. 10000. 20000. 

SIGMA Z VALUES FOR METEOROLOGICAL'COND~TIONS 

AVERAGE NIND DISTANCE FROM RELEASE POINT METERS 
SPEEG, M/SEC 100. 200. 500. 1000. 2000. 5000. 10000. 20000, 

LIr4ITS OF STOi<ED SIGZ DATA EXCEEDE~ FOR METEOROLOGY TYPE 4 

SIGMA Z VALUES FOR' METEOROLOG'ICAL CONDITIONS 

AVERASE WIIiD 0ISTAN:E FROM RELEASE POINT METERS' 

FIGURE D.5. Noraalized A i r  Concentration Output 



GEGHESS PEX SECTOX ARE 22.3 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 
dAKE PARAMETERS C AND AREA ARE .OO -99 

FIGURE D. 5. (contd) 



SAMPLE PROBLEM 2 - AIR CONCENTRATION DATE 06 JUL 73  

CHI/Q' VALUES FOR RELEASE AT 0. METERS 

DIRECTION DISTANCE FROM S3URCEt METERS 
WIND SECTOR lOOo0 200.0 500r0  1000.0 2000.0 5000.0 .100U0.0 20000.0 50000.0 100000.0 

N S 9.601-05 3.378-U5 9.229-06 3.561-06 1.362-05 3.706-07 1.364-07 4.955-08 1.277-08 4.574-09 

NNE 

ESE 

SSE 

w s w  

SSN 

s W 

WSW 

W 

.WNW 

NW 

NN W 

Pi 

IJNE 

NE 

EiJE 

E 

EXECUTIOFI 'r I M E  FOR JOiNT W.45 ,581 SECONDS 

FIGUE D. 5. . (contd) 



1 r 
2 e 

.i , 
& 

5 ,  
u ,  
7 ,  

5 c 
'5' 
10. 
l l r  
12 e 

13. 
lG*  
15. 
i6r 
57, 
la, 
19r 
201 
21 r 
i2, 
25s 
24, 
25 e 

26. 
27s 
28 o 

29 t 
38 r 

J l  e 

32 r 
33, 
34, 
3s * 

- .  
SnWf'LE F'ROULEM 2 I?JaiEI.ITi:RY 
SOiiRCE L ;iiic,iRY 
: 5 

K k *  83  5.4L-6KK* 05 ;;. gii-i;~i? 8s 4.4E-BKK 87 
<k sb 2 . b E - 5 K H  09 f .6E->.XE*131 4.1E-BiL1133 
Xi 133 1.6E-:XF*1:55 i .4E-!':XE 135 4.4~-t;j.:E 137 
XE 13U i ,4E-:lI  i31 2 - 1 1  133 1.1C-'2 
c sr;llPLE . ., Pf'<OsLEl,i ;: - '3.~I.11.ifi [!OSE 
j 0 l j i i T  ~ i f j H i ; i i Y  k 

5 4 16 10 3 
O 0 G G 

.7C 2.5 4.5 6 . 3 9.5 12.5 15.6 
t~k~>:FOki; '$. STABLE iij,NFOi:D M. STAHLE PASi.'lJILL D NEUTRALPASQUILL 5 Ui.jSTAb. . 

; .,,... .; .s-  kE LNC E ESE SE SSE S SSW SW WSx W WNW NW NNW 

S 55;; 5i.i WSd w Wldv; ii!b I N . W E  NE ENE E ESE SE SSE 
-514 ,535 .562 .93$1.41 1.21 .64:> .3B~$.41l ~ 7 8 6  ,808 .661 .501 ,49 .472 .435 
-71 . d l 9  .657 7 . 0 ,  .Y93 -743 .59:> ,515 e9121.13 .961 -847 .749 -59 
.is .%7Y .2b7 .495 .393 .313 .20'1i .121; .I40 .246 .456 .596 .529 ,523 .421 .281 
-271 -232 .2&1 .38'/ -269 .2i76 ,13.'; .14 ,149 ,254 -474 .631 ,838 ,930 ,608 ,3€$l 
1157."136 .191.399 .Gb3 .BUS .305 .12G .230 1.15 .578 ,201 ,106 .059 e0672.0956 
.541 - 4 3  .503 -54.7 ,635 .6i;4 .542, :..4~9 -0822.67 2.64 1.61 ,636 ,597.295 ,208 
3 ..?.34 ,175 -163 e254 el31 .12G.5755 a142 ,397.645 -564 ,346 .326 a220 -142 
I.43 -779 -558 .765 .b77 ,718 e43.5 .353 e4681.21 1.21 ,832 .7 .836 .912 ,897 

. 9 " Z  .?02 .0041.002C.0224.C346.0102.?OCi1.0rJ2O.i)651.112 .0712.01n3r0061.0041 .u 
.17J.?!~tL7.0163.U265.3916.138 ,195 -258 ,356 .912 1.73 2-28 e967, .328.0753.0163 
. 144 . ' ! i ~8 .0265 .0163 .O672~0773 .0672~~549~124  *252 -405 -545 ,411 ,204 e0927.0224 
0564 - 2 5  ,171 el08 .281 -273 ,161 -263 .301 1.0 ,706 -615 e474 ,293 e0977.0916 
.O .O .O ~ 0 0 2 ~ ~ 3 C 4 1 ~ 0 0 ~ G ~ 0 0 2 3 ~ C I O 2 ~ ~ 0 0 4 1 ~ ~ 1 6 3 ~ P 1 0 2 0 0 6 1  .O .O .0 . O  
.147.?997.0041 -0 e3C81.0224.0346.102 .256 e429 .415 1.3 e956 r222.0488 0. 
.2S4 ~ 1 1 6 . 0 0 4 1 . 0 0 6 1 ~ 3 1 2 2 ~ 0 3 0 5 . 0 2 2 4 . F ~ 7 0 ~ 0 9 7 7 . 2 2  -303 ,840 .8Os ,226 .0549.0142 
~ 5 ~ 4 ~ ? 7 ~ 2 . ~ 0 4 1 . 0 0 2 ~ ~ 3 2 ~ ~ 4 ~ 0 ~ 6 8 ~ 0 1 0 2 ~ C ~ 0 5 ~ 9 9 7 r 1  .244 a71 ,682 ,199 .0611.0001 
.:1."209. 0. 9. 0. 0. C. 0. 0 .  6 .  0. 0. 0.  0:o. 

. 346B.C224 .002G.U020~3 .~41  0.0 .D .O .0020.0936.i1692.171 ,195 ,059 ,0183 -0 

. ~ 9 5 6 ~ ? 4 ~ 8 . 3 1 0 2 ~ 0 2 4 1 ~ 0 3 6 1 ~ 0 @ 2 0 ~ 0 1 2 2 ~ ~ 0 4 1 1 4 2 0 9 0 9 6 8 2 9 3  .315 e0672.0224 .O 
. I 3  .?(r27 .i7 .il .C .0041.8020.G041.ij326~i1305.260 .2+4 *0611.020'b.O020 

S A ~ P L E  XOgLEM 2 - BETA AND SKIN  DOSE 
JOANT A 

FIGURE D.6. Gamma and Beta Dose Input 



NUCLIUE RELEASE RATES IN CIJRIZS/SLCOI.IU 
KR* 83 5.4000-96 KR* 85 8.9000-06 KR 85 ~ ~ 4 0 0 0 - 0 8  K i t  37 2.6006-05 KF. 88 2.8000-05 KR 8 9  7 .6000-05  

EXLCU'FlQN 'iIMf FOR SOLJRCE WAS 1 0 i 2 7 8  SEtONIlS 
- 

L I S T I N G  OF INPUT OATA 

. > A r A  WLHE SUPPLI I ; j  FOR 5 WINO SI'EEDS, .) S T A B I L I T I E S t  10 UISTANCES JiW 16 SECTORS 

b T f i j I L i T I E j ;  C'jNSiDE;iED ARE 
-IA:.:F 9KiJ V. STAdLE 
H A ~ J F O R O  :.l. STABLE ' 

P ~ S i 3 i l I L i '  3 iJEUTSAL 
? A S ~ ~ J I L L  R U?ISTAB. 

: i INU I J I H ~ C T I O I ~ I S  +.HE 1.j NN'- c +iE ENE E E5E SE 55k S- SSW Sh kiSW W WNW NW NNW 

bECTI)H d i % E C T i O i J >  A.<E S SSif SW : G Y  \il W l 4 V l  N?; IdNC N NME ENE E ESE SE SSE 

FIGURE D.7.  'Gamma and Beta Dose Output 



J O I b I T  I.'ilOl!AY ILITY UATA FOR ATMOSC1i.IERIC C0I;IL)ITIONS 

STADILITY 1.1 MNE i u ' E '  E!,JE E ESE SLY SSE S SSN Sw' WSW W WNW NW ' NNW 

t?ANFOHO V .  STABLE -00 .OP. .bO -00' -02 -03 -01 .bl -00 -07' el1 .07 .02 -01 .OO :00 
kiAPIFOKD ?I;. STAOLE .I7 .04 .02 .03. .09 el4 .20 .26 .36 .91 1.73 2.28 .Y7 .33 ' .i)8 .02 ,2,C" . ,\JLIUILL D NEUTRAL, .14 -05 .03 e02 -07 .00 -07 .05 -12 -25 -41 .?4, .41 -20 .0+ .02 
PA!;OUILL ij UNSTAR. 5 .25 .17 .I1 .2B .27 -16 .26 .30 1.00 .jl .61 . .29 -10. ,09 



THE FOLLuWi>.lG CALCULATIONS ARE'FOK SAMPLE PROELEM 2.- GAMMA DOSE 

DOSE, 1!\1 TISSUE AT .0 CM .DEPTHv i4RAD/YR. 

D I S ~ E C T ~ O ~ ' ~  . DISTANCE FROM.SOUHCE# METERS 

WiiJD SECTOR 100. 200. 500. 1000. 2000. 5000. 

N S 2.342+01 1.264+01 '+.259+00 1.684+00 5.596-01 1.028-01 

N I ~ E  SSW l.905+01 ?.86't+Oo 3.522+00 l.~b8+00 4'.747-01 8.637-02 

NE S w' 1.090+0: 9.776+00 3.516+00 1.413+00 4.799-01 8.766-02 

ENE W S W  . 2.552+0L 1.464+01 5.361+00 2.164+00 7.383-01 1.344-01 
. . 

E W 3,>80+0l 1.702+01 6.560+00 2.691+00 9.370-01 1.762-01 

ESE 

S E 

SSE 

S 

SliW 

S V . '  

VI S I;! 

U 

iq I\,'.< 

p, $ 

bii,a';: 

WI.4W 

Nk 

NNW 

Id 

W E  

NE 

EIJE 

E 

EsE 

SE 

SSE 

DATE 06 JUL 73 

KELEASE HEIGHT = 0. METERS 

10000. 20000. 5000~. 100000. 

2.614-02 5.863-03 6:300-0b .i'.006-04 

2.120-02 4.587-03 . ,4:'613-04 6.944-,05 

2.126-02 4.498-03 4.376-04 6.272-05 

3.238-02 6.824-03 6:563-04 9.370-05. 



TtiE FOiLONl'NG CALCULATIOP!S ARC FOR SAMPLE PF:OHLEM 2 - GAMMA 0i)SE DATE 06 JUL 73 

' DI;<ECTION 

W ii%ID SEi;IOF! 

N S 

'N!.lE SSW 

NE Sc 

EVE WSW 

E id 

E S ~  dkIW 

DOSE 11.i TISSUE AT .O C M  OEPTHv MHAD/YR. 

D IST4NCE FROM SOUIqCEv METERS 

4022. 5632. 72$0. 

1.556-01 8.lb8-02 5.025-02 

1.315-01 6.834-02 4.144-02 

1.336-01 0.928-02 4.184-02 

2.052-01 1.061-01 6.390-02 

2.670-01 1.396-01 8.471I-U2 

2.418-01 1.280-01 7.847-02 

SSE . NIW 7.'168-01 2.666-01 1.058-01 5,612-62 3.457-02 1.217-02 

5 N 8.443-01 . 3.393-01 1.386-01 ,7,.487-02 4.680-02 1.692-02 

SSW I\IF;E '2.282+00 8.924-01 3.b06-01 2.102-01 l'e335-01 4.940-02 

NE 

E5IE 

. E 

-- . 
LSE . 

SE 

SSE 



THE FdLLOiJING CALCJLATEONS ARE FOR SANPL'; PROBLEM 2 - GAMMA DuSE 

DOSE IN r I s s u E  A T  1.0 CM DEPTH, MRADIYR. 

DIHECTIOlJ DL STAIJCE FROM SOURCE v METERS 

WINO SECTOR 100. 200. 500. 1000. 2000. 5000. 

N S 2.201+01 1.132+01 4.OG5+OG 1.585+00 5.272-51 9.681-02 

E M .3.174+01 1',675+01 6.169+00 2.533+00 8.829-01 1'.659-01 

ESE ir l i4W 2.700*0i 1.430+0l" 5,321+00 2.205+00 7.797-01 1.515-01 

S L  Nd 1.&88+01 8.915+00 3,305+00' 1.366+00 4.812-01 9,291-02 

S5;E . NNW 1.235+01 6.536+00 2.402+00 9.864-01 3.441-01 6.631-02 

N, 

tJNE 

NE 

Ei4E 

'C 

EdE 

SE 

SSE 



.THE FOLLOWING CALCULATIONS ARE FOR SAikiPLE F'RO6LEM 2 - GAMMA DOSE 

DOSE Ih TISSUE AT 1.0 CM UEPTH, MRAq/YH. 

DIHECTISN DISTANCE FROM SOUKCE, g E T f K S  

WIND SECTOH 13!J0. 2414. 4622. 5632.. 72AO. 

N. 

N I E  

N E  

ENE 

E 

ESE 

5 1.066+00 3.607-01 1.466-01 7.692-02 4.729-32 

SSW B.%?-Oi  3.232-01 1.239-01 6.435-02 3.899-02 

SV 9.021-01 3.272-01 1.259-01 6.523-02 3.937-02 

W5W ' 1.384t00 5.034-01 1.933-01 9.992-02 6.011-02 

VI 1.733tO3 6.428-01 2.516-01 1.315-01 7.972-02 

WhiW 1.510t30 5.708-01 2.278-01 1.206-01 7.384-02 

14b%> 

NNV 

N 

NNE 

I4E 

EI,JE 

E 

t,. - 
L>L 

5'. 

SSE 

DATE 06 JUL 73 

V(ELEASE HEIGHT = 0. M E T ~ R S  

24140. '+0220. 56320 .' 72400. 

3.550-03 1.016-03 4.298-04 2.219-04 



THt: FOLL9:.rll'JG C A L C ~ J L A I  IOi.15 A i i E  FOR C J A I ~ P L E  i3?00:Eb! 2 - GA?!MA 0952 

DCSE i;;i TlSSUE A T  5.3 CI4 OEPTI-~P MRAD/YR. 

DIRECT I O N  DISTAI4CE FROM 50U17C:~ I ~ l E ' r E s ~ s  

SECTOR 

s 

5 5 W  

S W 

W S W  

W .  

\JI.JW 

1.18 

NiJW 

- N 

NI'iE 

NE 

E 1.4 E 

L 

'ESE 

OAT€ O h  JUL 73  

. RELEASE HEIGHT = 0. METERS 

10000. 20000. soooo." 100000. 

1,932-02 4.255-03 4.378-04 6.690205 

1.563-02 3.305-03 3:i49-04 . 4.506-05 

1.566-02 3.230-03 2j949-04 3.960-05 

2.353-02 4.866-03 4.397-04' 5.871-05 

3 . i ~ - 0 2  6.694-03 6 i291-04 8.713-05 

2.937-02 , 6.434-03 61582-04 9.161-?5 

1.834-02 3.940-03 3k893-04' 5,628-05 

1.332-02 2.932-03 3 ib09-04 4.'5.88-05 

1.839-02 4.198-93 ui'i,ocj-04 j;296-05 

5.350-02 1.240-02 '1i448-03. '2.306-04 

5.630-02 1 .S16-02 1:507-03 2'.932-04 

5.375-02 1.326-02 1.606-03 2.796-04 

3.328-b2 8.117-03' 9:637-04 1.'.680-04 

2.115-02 4.637-03 4.690-04 7.234-05 

1,453-02 2.a73-03 2'.~32-04 3.610-05 

1. i32-02 2.27i-'03 1.920-04 2.480-05 



THE FO_L_LOY,II.JG ,CA,LCULATIOT.IS AX?: FFO .5.1;.1.11.'LE PPOl3LEijl 2 - GbHMA 0 3 S E  

905E I i ; ;  TI?SU,!i AsT SpO C# DEPTH., i4HAQ/JK.. 

DJiisCTjON . 0.ISTfriJCE F.ROW 50U1iCL.t kETEi?g. ' 

WJrJC S5CTOii lJOOt 2'114, !+9;l&,. 5632, Y ? : i J ,  12070, 

II S 02i;2%-3i 0 .~ , lb l s ! J l  v.,.,OB5~G.-G? ..7>+C2 4,299-02 

,.,~:r . - SSki 7,085~0L 2,562,-0 962-2-02 5,068002 3pC75-02 3,939-02 

t4;- 5 ;,; 7 , 1 3 1 ~ 0 1  2'.599tOi Yz982-02 5,,.*1S8.?ll.2 ,JI 105--02 1.036-02 

E!.,Z b!SW L2 094+00 339Y2201 1.. 532-01 .7.,998-02 4,.73'??0,2 JL.Li73-02 

Ck1.E .06 J U L  73  

RELEASE HE.IGHT =- 0. METERS 

3 4  I't0.e 40220.. 56320. B2400,0 

%,,736-93 7<.h79-09 3.*.202-04 1.633-.04 
I \ 

2,4')7.-03 5%.531--'?4 2+278-04 .I. 135-04 

2,033--03 5.349-09 .2.. 114-09' 1.031-09 

S,.bb8-03 7,998.909 3,.149-04 1.531-04 

4,,235-03 i.132-03 45532-04 2.233-04 

4,508-03 . 1,134-03 4.627-04 2.311-04 

2L.515-03 6,,917*04 2.62.5-04 1.4.13-04 

l.&35-0;5 .5.2280-09' 2i200-09. 1,121-04 

2,.731-03' 7,974-04 32394-04 1.754-04 



SAilPLE ljHOi3LEi.l 2 - UE'TA AND SKIN 03:jE 

I,. 

L I M I T S  OF STOIiED SIGZ DATA E X C E ~ D E D  FOR METEOROLOGY TYPE '.-I) 

. - .  '. _ . _  : -.: ... .s 

0EI;RESS PER SECTOR ARE 22.5 22.5 22.5 22.5'22.5 22.5 22.5. 22.5 22.5,-22.5 22.5 22.5 2215 i2.5' 22.5 22.5 
. . .  . . .  . . . , - .  . , ? .  .LISTING OF IF~PUT DATA. ' 

. . 
 CAT^ WEkE SUPPLIEO FOR  WIND SPEEDS, STALITIES liJ DISTANCES AND 16 S E C T O ~ S  

. . .  - . .. - . . . . ~TAuILITIES C O I ~ S ~ ~ ) E ~ < E D  AEE 
~IAI.IFOHD' v. '  STABLE . . 

1 .: 
HANFORD M. .STABLE - - - 
PASQUILL. o ':\IE~JTCAL, , . . , 

, , . .  a .  

FASQUl'Li L3 UNSTPB. 
. . .  . .  . . ... . : I : ;<. . ,: 

'.V'IND DIi lECTiONS ARE 1.1' NNE 'hi€'. : ENE E' ESE 'SE ' .SSL s ~ S W ,  sw ' wsw w WNW NW NNW 
. . .  . . . . .  ... . . . - h .. 

SECTOH D~'~CCTION!, A i IE '  ' s SSW ' S F  WSW W kli.jH NW NI~W N NNE NE ENE E ESE ' SE SS; ' 

. . . . . .: . . 
. . . . . , .  

. . . . . . .  . . . . .  . , < : . . . . . . 0 .  . , 



JOINT PROLIARILITY 5ATA FCR ATMOSPHERIC COi4DJT IONS 

S T A D I L I T Y  . I.; I'JIxiE l \ lE'  EIIk E ESE 5.5 SSE S SSW SW 8SW W WNW NW NNW 

t iANFDH3i l .  STABLE .00 0 -00 -00 ,  .GO ' . 0 0 '  e00 .00 - 0 0  . 0 0 .  -30 . b 0  .'00 - 0 0  .b0 - 0 0  
I-IAPiFORD Pi. STABLE .35 .02 .:0l) 0 .?O .00 e b b  - 0 0 .  .09 - 0 7  - 1 7  - 2 0  .06 :02 .00 
i3A5QUiLL i, NE:;Tl?.4L, .10 .!5 ..01 .O@, .?1. -00 .O1 .DO - 0 1  - 0 6  .05 .29 . 31  - 0 7  .!I2 .bO 
PASBJi 'LL Y uN51 'A( i .  .13 e U 4  .OO .OO ..00 .1?U .C!0 .00 .0U .O3 - 0 3  . -26 -24 ' -06  .02 .00 



THC F,GLL@NXt,fG CALCULATIONS ARE FOi< S&:dPLE 8NOULEM 2 - 3ETA AN<) S K I N  DOSE 

JETA DOSE CALC1.iLh'rION, I-IHAD/YEAH 

O! i<LCTIOt I  DISTANCE FROM SOUIXCE, M E ~ E R S  

1 .  5ECT3;' Lo?. 200. 5.30. 1000. 2000. 

IJ S 9,037+02 9.905+01 1.7UU+91 5..293+00 1.573 l.00 

N;.IE S C  ,b ., 2.477tn2 7.5oito; 1.532+~1 4.622+00. 1.40ituo 

NL .)! . 7.547.e~l 1.575+01 4 .85z+ic L.L(UO+OO 

E:,]E ?!i;hl . 3.639+02 1.164+0% 2.472+':1 7.$74+00 2 ~ ~ 7 6 t i ~ O  

E I 4..+29+!12 1.47Es+02 3.287+91 I. ,C46+Gl 3.289600 

E ~ E  i.IN1 3.53!)+02 1.291+02 ' 2.953+01 9.527tOC 3.@14+CO 

SE Pi d 2.362+02 7.756+01 1.'720+01 5.464+OG lr706+00 

SSE NPJW 1.708+02 5.465+01' ' 1',175+01 3.686+00 1;130+00 

s. TJ 2.;63+02 ' 6.824+01 1.479+01 '4.666+00 1.440+00 

SSVJ NNE 5.375+02 1.70G+02 3.898+01' 1,257+01 3.8,95+00, 

St4 ., NE 6.200+02 ' 1.880+02 4,03i+dl '.'1.272+01 3.88'&+00 

WSW ENE 8.245+0% 1.609+02 3.623+01" 1..124+01 3.&21+00 

'4 - E' 6h.711+02 1.529+02 2.'+96+01 7,.440+0b 2.220+00 
. . 

W P I !  ESE 5.85(9+02 1.07+3+0% 1.969+01 5.679+00. 1.668+00 

N :ti S E 2.ba2t02 8.3ii+01. 1.545toi' 4.474+00 , 1.324+0'0 

i.l!.rkl 5 2.1&5+02 6.5&9+01 1.255+01 3.698+00 1.108+00 

. .. 

@ A T E  06 JUL 73 



THE FOLLOHING C A L C i j L A T I O N S  A R E  FOR S A M P L E  HROULEM 2 - BETA AND S K I N  DCSE 

8ETA DOSE C A L C U L Q T I O F I v  MRAD/YEAP. 

D I i ? E C T I O P I  D I S T A I 1 C E  FROM SOU%CEv M E T E R S  

U INC S E C T O R  1300. 241%. 4022. 5632. 7240. 

1\1 S 3.346i00 1.120+00 4.290-01 2.'202-111 1.323-:I1 

I4E . 

EfqE 

E 

ESE 

SE 

S>E 

S 

S5w' 

sui 

w'S W 

d 

Wi\'.V 

N:i 

I \ ~ I . ~ V !  

S d  

NSW 

\ri 

ViYW 

N4 

tC'Jiv' 

N 

MPIE 

N E  

Ei'IE 

E 

E S E  

5 

iSE 

D A T E  06 J U L  7 3  

R E L E A S E  HEIGHT = 0. M E T E R S  



T H t  FOLLOWI!~G CALCiiLATICiZJS ARE FOR SAblIJLE tlROULEM 2 - PET3 AN[) SKIPI DOSE 

SKIPI DC!SE CALCULATIOI\I~ MRAD/YEAR 

Ul1iECTIil l .1 GISTAiJCE FROM SOCii<CEt METERS 

I 5ECl 'Og 160, 200. 500. 1o)o. 2fl0.0. 

N 5 .5.%7i+fJ2 1,~125+02 2.210+01 6.976%00 2.136tUO 

Nlu i  5Si4 2.663'+02 U.577,G~ 1 . 8 8 9 0 1  6.P30+G0 1 .b78+00 

NE 5 itl 2 . 5 9 5 t 0 2  8.524+01 1.926+01 6.245+GO- 1.960+00 

E+iE iJSw 3 .424+0~  1.313+02 3.008+01 9 . a 3 ~ 0 0  3.111++00 

E Vl '+.76?+@2 1.654+02 3.943+01 1.51%01 4.226+110 

ESE HMV . 4.117+:12 1.443+02 3.519+01 1. L87+01 3.842tCO 

DATE 06 JUL 73 

MULTIFLE RELEASE HEIGHTS, PREVIOUS 

SOOO. 80000. 20000. 50000. 

3.023-01 9.;69-02 1.952-02 1':951-03 

3.327-0.1 7.€ 15-02 1.577-02 1.462-03 

3.525-01 8.?02-02 1.659-02 1.: 436-03 

5.628-01 1.325-01 2.642-02 2; 367-03 

7.807-01 1.66E-01. 3.708-02 3.498-03 

7.280-01 1,'OF-01 3.731-02 3 ~ 6 1 0 - 0 3  

2 CASES 

100000. 

3.034-04 

2.174-04 

2. i 1s -04  

3.331-04 

5.012-04 

5.?55-04 



~uii~L/iiiG CALCiJLkTIOi'lS &!I:! FOR SAI.IF'LE !::ROLiL.EQi 2 - BETA AiJi:! Sh;i!J DOSE 

DIi<ECTI?N . 

WIND SECTOK 

N S 

IJNE SSW 

NE S# 

E I ~ E  VJ S ;J 

E W 

E X  7.". ' 
d l  h.I 

I;c r J , i  

c.' r . 3.)- qvj*;; 

S '4 

s ,; .<; g:,:'- 
! t t  

CALC:.il.e 'r I( j i . I t  i*IRAC./YEAl< 

DISTANCE FRO14 S O U ~ ~ C E ,  METERS 

2rlr. 4022. 5632. 7240. 

1.524.tO0 5.846-01 3.019-01 1.826-91 

1.33?+03 5.115-01 2.617-01 l.Sb4-Ol 

1.402+UG 5.406-01 2.775-01 1.662-01 

2.231+0U 8.627-01 4.431-01 2.653-01 

5.341+01; 1.191+09 6.165-C1 3.713-31 

2.775+0~ 1.102)OS 5.772-61 3.512-01 

1.596+01; . 50274-(Jl 3.266-61 1.979-91 

1.930+03 4.212-01 2.191-C1 1.329-01 

1.371+01) 5.445-01 2.873-01 1.767-01'. 

3.70.1+00 1.521+00 8.220-01 5.160-01 

,&n' EME '3.477+00 3.330+00 1.326+00 7.105-dl 4.445-01 

- ci E 5 .333+?9  2.lbl+0~ 8.477-01 9.473-01 . 2.763-01 

DATE Oh JUL 73 

MULTIPLE RELEASE HEISHTSt PI?EVIOIJS 

12070. 24140. 'r0220. 56320. 

6.157-02 1.2'+4-02 3.1126-33 1.427-03 

5.136-02 9.:316-03 2.610-03 1:061'03 

5.450-02 1.039-02 2.699-03 1:078-03 

8.692-02 1.352-02 4.276-03 1.704-03 

1.231-01 2.3633-02. . - 6.279-03 2.527-03 

1.188-01 2.367-02 6.U25-03 2..618-03 

'6.654-02 1.320-02 3,567-03 1i457-03 

9.502-02 9.ii2-03 2.5io-03 1.043-03 

6.157-02 , l.'500-92 3.726-03 1i576-03 

2 CASES 





APPENDIX E 

; ' PROGRAM LISTING 

The c a l l i n g  sequence f o r  t he  subrout ines used by program KRONIC i s  

i nd i ca ted  i n  F igure E.1. A complete l i s t i n g  o f  t he  program f o l l o w s  i n  

F igure E.2. The order  o f  program elements i s :  

Par t  I - FDOSE 
I PLUME 

PASSIG 

LINEAR 

FINT 

Par t  I 1  - CHRONI 

SOURCE 

JOINT 

DECODE 

L I BK 

PASQIL 

AITINT 

CHAINT 

Data L i  b ra r  i es 

THERM 

. ISOLIB 

DOSRFL 

DRFACL 

D RATF L 



P A R T  I 

FIGURE E.1. Subroutine C a l l i n g  Sequence 

COMPUTER PROGRAM K R O N I C  

P A S S  I G L I N E A R  

P A R T  I 1  

C H R O N I  =7 

I 
I 

I I 
P A S Q I L  



rJ ELT F335E,1,73?51C, 57259 

I. C C I A I ~ ~ ~  P!?JGi?AM FDOSE FOR CALCL.LATII.IG S~M%!A 00aE o?I!TC FACTORS 
2. 53!.4:\13:1 C A P A ( ~ ~ ~ , A L F A ~ ~ ~ ~ ~ ! ~ ~ U ~ ~ ~ ~ I ~ I ~ L V ~ ~ ~ ~ ~ O R D X ~ ~ ~ ~ ~ B ~ ~ N X I N T  
3. C3i.(>l2il T(57)rX(57lrGRr)JPS~TRELES~U~iP.R~DEL'dIOl~O~LTlBlrSZIS7lrMO1 
4. CISEk!I)!.I UAl4DIS 
1. 311:E;.ISIGi.l TITLEll~lrDRi(lbl~D~STllJ~ ' 

G. 2CAL I'IAI~IDISII~EVIMU 
7. I ;  l l i 5 C R  dROUPS . - . - . - . . - . - - . - 
0 .  LQLICAL PEPLET 
T. 3 6 7 1  lCAPAlllrI~1e12l/.4~2.2~2~75eZ~~5o115b~l.3~l~?e~9o~S5~.~~~7S~ 

Iri. 1 . 6 3  

Id. 1 3 1  FORMATI121 
I?. 5 6  F O R M A T I ~ * ~ A T I F ~ ~ . ~ . ~ ~ H  METERS THE 9OSE FACTORS ARE / l l X ~ l P 1 2 E 1 0 . 3 /  
71 21 1 -.. -. , 
21. CALL SETEOFt0331 

1 READ 100, TITLE 
27. 190 FORMATI I~AGIA~ I  

. . 
211. PRIHT ZCCI TITLE 
29. ZOO F O R M A T I I H ~ V ~ ~ A ~ ~ A ~ I  
3C. C READ NIJMBEW OF DISTANCES 'PO'INT TO CONSIDER 
31. R L A U I 5 r l J 1 1  NO 
32. IF(NG.LT.~.~R.ND.GT.~O~ 9 0 . T 0 ' 6 8  
33. DO 6F  IO= l r l lD  

35. CALL PLUME I IER I 
30. D I S T I  IDl~HA11U1S*.01 
37. I F I I E R I  7 3 l r 7 3 l r l 3  
311. 13 PRINT 1 2 r I E R  
X. 1 2  FORMATl24tiOTROUbLE It4 PLUME, IER = r l 3 1  
X .  C STOP Oi.1 PLUliE ERROR 
41. 11 GO TO 3C 
42. 7 3 1  0:) 3 3 1  I=loGROUPS 
$8. OHFI Il=C.,; 

Eli. 3 3 1  CONTINUE 
- -- . - . . - . - . . . . - -. .- . . .. .. . . -- . - 

06. J=7* I t C l l + l  

D I~Fx~~x~K~-x~  JI 1,/7. 
0 0  4 3 1  l E ~ l r G l 2 0 U P S  
UHF1 IEl= iJRFl  IEI*DIF,FX.~FINT(DRDXIJ; I E I  ,el 

U S 1  CONTINUE -- ~.. . -- 
531 CONTINUE 

URITE l6 r561  OlST~IOlv~ORF~IJrI~lvGROUPSJ 
PUNCll S t 0 1  ~ O R F I I I I I = ~ ~ ~ R O U P S ~  

55. 300 FORHATlBt l l .41 
56. 6 0  CONTINUE 
57. GO TO 1 
58. 6B PRIIIT 1 6 8 0  110 
t?. 1 6 8  FORMATIVOVALUE OF NO I S  UAD :,STOP*17) 
6 C .  3 0  STOP 
01. 

FIGURE E.2. Program L i s t i ng  



D ELT PLUME, 1,730510, 57270  

1. C SUBROUTINE PLUME READS I.IETEOR0LOGICAL PARAMETERS AND CALCULATES 
2, C DOSE RATE P t H  C l l i l IE  PER CM OF DOWNWIND CLOUD FOR EACH ENERGY GROUP. 
3. C 

SUBROUTINE PLUME ( IER)  
COMMON C A P ~ ~ l b ) ~ A L F A l ~ 6 ) ~ ~ Y U ~ 1 6 ) ~ M E V ~ l 6 ) ~ D R D X ~ 5 7 ~ 1 6 ~ ~ N X I I N T  
C O M M O N ~ T ~ ~ ~ I ~ X ~ ~ ~ ) ~ G R O U P S ~ T R E L ~ S ~ U B A R ~ D E L D ( ~ ) ~ D ~ L T ~ ~ ~ ~ S ~ ~ ~ ~ ~ ~ N D T ,  
COMMON Mkl4DIS 

8. DIMENSIO~~ Z L I M ( 2 S l  r Y L I M l 2 2 )  
9.  DIMEI~I5101~I ZSlli.ll161 .ZLIST(0,16I  r.YLISTlBr16,l r.YSUM(l6) 

DIMENSION DEP(~~),xDIsT(~o)~zsIG(~o~ 10. 
11. INTEGER .TYPEIENERGYIGRO"PS,VERTI,POSIT , 

12. INTEGER ,TYPE3 
13. REAL MUtMEV,KSQD,MAFIOIS 
14. DIMEI.ISIOFI ~ ( 2 2 ) ~ . 2 1 2 2 )  . , Y P M ( ~ o ~ , z P M ( ~ o )  

.. . 
15. L l X I C A L  ZDlJBr YDllR.DEPLET,METIN, METOUT~PASS 
16. LOGICAL i P  

8 .  , .  . . .  . 
17. PASS=.FALSE. 
iu. 
13. -- 
ZU. L 
21. C HEAD FIRST METEOROLOGICAL DATA CARD 
22. C THE VARIABLES I IDT t  LP, DU1 METIN AND METOUT, ARE NOT DESCRIBED I,N,THE REPORT 
23. C OtCAUSE THEY ARE EITHER INOPERATIVE OR NOT PRACTICAL TO.USE. THEY WERE 
24. C ORIGINALLY 'DESIGNED ,FOR RACER IBNWL-0-69.1 AWO, WERE :NOT REMOVED ,FOR' THIS 
25. C VERSIOtI. 

2 ~ ~ ~ ~ ~ ~ T f i 2 , 1 5 r ~ ~ l ~ b ~ l 6 n 0 l  
PRxtIr 3, .TYPC~UBARIMANDIS.HI,TRELES,,YP 

3 FORSlAT(*,OMETEOROLO()Y TYPE ' I 2 r ' r  ,WIND SPEED = * .F5r2 i1  HETERS/SECOND 
113, DISTANCE FROM RELEASE POINT = 4 F.9.0! * ,MCTERS*/' ~LEASE' :HEIGH~" 
2- 'F4.01' METERS, ,h{UNBER OF SECTORS, = !F4.lr ' ,.LATERAL DISTANCE ,FRO 
3M CEI~ITEHLII~IE = 'F8.1,' METERS*) . 

IF(HETI I . I I  METOUT=.FALSE. 
I F  IMETOUT) PUNCH 1 0 0 5 r  ,TYPE# NDTIDK,DEPLET~,UBAR,,MAND&S~H,.YP!,TRELES ' 

.U05 F 0 4 M A T l 1 2 r 1 3 ~ l , X ~ L 1 ~ 2 H T ~ ~ L 1 ~ S F l , 0 ~ 2 ~  

c COljVER'l  VpRIABLES ,TO .UNI.TS .OF CM. 
C 

4.7. C 
48. C UPMAX I S  I4AXIMUM UPWIND INTEGRATION DISTANCE.,NECESSARY, 
,4?. HYP=SQRT(H*H+YP*YPl 
50. UPMAX:5OOGO.+2.*HYP 

~ 6 ;  ' D N ~ D ~ S = A ~ ~ I ~ ~  l80000. ,.UPMAX) 
57.. C TEST - UPWItlO PLUS DOWNWIND DISTANCES .ZERO IMPL IES  ,NO. EXPOSURE 
98. I F (  UPDIS+DWr4DIS) 131  13,15 
59. 1 3  PRIt lT 14, UPDIS.nWNDIS 
60. 1 4  FORMAT( 110 Y-~,N~EGRATION .IYT~RVAL. U P D X ~ ,  S'~PE~O,P?! METERS, DOWN 
61. I D I S  = I E I C . Z r *  METERS') ' 

-7- - -  . -  .- 
.6J. C TEST - I F  DWI4DIS LESS .THAN 100CMt SKIP DOHN~I~ND,,IN~EGRATl,ON. ' 

64. 15 IFIDWNDIS.LE.100.) GO T 0 ' 1 3  
6 5  C TEST - IF~ ,~A I~OIS~LESS  THAI^ 100  CMv SK IP  ,UPWIND'.INTEGRATION. ' ' ' ' 

II-'~MAFIDIS.LT.l.OO.) GO,,TO 2 1  
67. C SET UPIIII~ID II4TEGRATION 

76; 1 6  :IFIUPT.~O,GT.IIPDIS-1000.1 GO TO 1 7  
77, X~8 l= l4A l~ lD IS~~ lPTWO,  
7 8  X( 15 )  EMANDIS-UPONE 



LCG. 
1a1. 
L28. 
LC3 .  

C PEAI) I IECESShRY I . IF-T~~'OR~L:)GICAL O i i T A  
25 I F ( T Y P E . L T . ~ ~ I  GrJ TI) LU 

I I 7 ( T Y P E . L E . 9 )  GO TO 27 
P R I I ' I T  26, TYPC 

2 6  FOR!,lAT( 1 h!tLTEORCLOSY S P E C I F I E G  INCORRECTLY. TYPE : '16) 
126 , I E R = 2  

RETURN 

'GO .TO 3 1  - 
2 8  GO TO 1 2 9 , 3 0 , 3 1 I r  T Y P E  

C SUTTONS MII.ID FAI?AI<ETERS 

O=U*~.EY 
C C A L C U L A T E  X-GRID  P O S I T I O N S  

3 1  I F ( M E T I l . I l  GO TO 1 1 7  
0 0  3 3  I = l r l . 4 X I N T  

33 C O P ~ T  II.IVE 
C CALCOLATC ,TRAVEL T I M E  TO EAC1.i PUSITIOI~' 
C T R A V E L  T I M E  I S  L E E 0  TO CALC.ULATE S IGI4A  Z FROM HANFORU .EQUATION.' 
C.. . .  . . -  

I N E X ~ ~ ? * P I X I ~ ~ ~ + ~  ". ' 
0 0  3 4  I:lr I I . IEXT  
T I I I :  X ( I I / U B A R  

C ERR?R RETUR:~ F30:4 P A S O U I L L  S I G M A  Z CALCULATION.  P R I N T  MESSAGE AND 
C CO! IT INUE 

4 0  PRII'IT 41, T Y P E 3  
4 1  FORMATI;  L I B R A R Y  D I S T A N C E  D A T A  ,TO S ~ O R T  ,FOR P A S Q U I L L  .TYPE, ' 1 2 1 ,  

7 rFR=I 

IF(TYPE;GT.~) GD :TO 7 
R E A U  4, A 
GO TO 7 

' 00  4 6  1= l r  IIIEXT 
XPOWR=X(IIr*(l.-Et~*.Sl/l14l7 
SL i I I =LZ=XPO'h'R 

46 COPITIMUC 



1~t8; C IP1PlJT S'IG;.IL L 
199. 50,  READ 111Ge II 
230. K = l  

IF( l~ l .LT. l .OR.N.OT.201'~ iO T 3  2 5 0  
REAO 41 ( X O I S T ( l l , I = l r l ~ I l  
I?EAO 4, ( Z S 1 G ( I l ~ I = 1 ~ t O  -- 

20". XGIST(I~=XDISTII~*~~~. 
2.57, 5 5 0  COI.!TINUE 
2OC. C INTERPOLA'lE I:4PLITOATA FOR SY AElO SZ AT EACH X POSITION. 
%a?. DO 1 5 0  l=lr Il lEXT,  
210. CALL. L I I ~ I E A R ( S Z ( I I ~ Z S I G I X ( I ~ ~ X O I S T I K ~ ~ ~ I ~ I L R ~  
211.  IF( ILR.GT.Cl  GO TO 256 

1 SO COI.JTIl.lUE 
IF(.l,15T.METOUT) " 0  T o  1450 ' 

C COPIVERT X D I S T ( I 1  BACK TO METERS FOR PUI-JCHING 
00 b3C I:I,I.l 
X O I S T ( I I = X D I S T ( I l * . C l  

6 5 0  COWTII*IUE 
PUNCtt l l l d ,  I.1 
PiJI.ICII L34,  (XUIST( I l , I :1 ,N l  , 

P~.lI~lCti 1.34, ( Z S I G ~ I ) , I = ~ ~ l d )  
GO .Ti) 456 

C ERI2OR RETURll FROM LINEAA - .TIIOUBLE Y I T H  INPUT VALUES OF: S Y  AN0 SZ;' 
3511 P i l l l l T  350, .il 
35C FORMAT(2SH ,TI<OUBLE 11.1 SZ INPUT, N :, 1 5 )  

cn T o  7 

D:ABS(Dl 
S E T , L I M I T S  FOR Z-INTEGRATION STARTIEIG AT i 3 , S l G M A  Z AND WORKING' DOWN. 

Z L I E l l ? h = S . t S i G Z ,  - . - . - . - . - 
FIZII'IT= 

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

SDU=SIGZ/Y. 

6 2  CONTINGE 
C SET Z ItITEGUTIOEI L I M I T S  U E L O I  CLOUD CENTERLINE. 
C FOR GRQUI.IO LEVEL RELEASE DOUBLE UPPER INTEGRAL (OUBLEz.TRUE.1 

ZOUB=.FALSE. ' 



310. 0 3  67 I=I,I.IZINT 
3149. 
559.  

ZLIMlIHUEX+Il=-H-ZLItd(NZI!.(T-I+1) 
67 CI)NTIE!UE 

351. I I Z I I I T = I ~ I D E X t N Z I ~  
352. 87 CONTlt.IUE 
353. C SET, Y INTEGAATIOI.I, L IMITS ,STARTING AT, 0. AND WORKING UP, 
354. OENO>l=SIGZ*S, IGY~UBAR*66*1 .S70~** .5  
355. DEI.IOM=OENOM*2. . . 
356. SIGZ2=SItiZ*SIGZ 

5Y3-3 *SIGY 
D0 BO'€I.IERGY=~ r GROUPS 

YLI~~I(~)~O,~C. 
IF~,PEHP.'LT,~G~. GO, TO 93. 

,IFlSIGY,.LT.PERPl GO, TO 91 
PERPq=U.*PERF 
I F  (SIGY,LT,PERP~) GO TO 9 2  
PERPlS=lS.*PERP 
IF(SIGY.LT.PEI?PlSI GO TO 5 0  
PERPSO=50.+PEKP 
IF(SIGY.:~T.PERP~~I G3 TO 189 
I.IY li.IT=u 



?02. Gr) TO 96 
402. 9 3  SY04=SIGY/1. 

4 5 4 .  1FI.SIGY.LT.BGP.) GG TO 94  
40%. I r c s I G v . ~ r , s c c , o . )  GO TO 95  
43e. I i (SIGY.GT.2GO02.)  GO T O  193 
437. IIY II'IT-5 
408%. Y i I M ( 2 ) = 2 9 3 .  

Y ~ U M ( E ~ ~ E R G Y I ~ O . O  ' .  

9 7  COljTINUE 
IF (Ynun1  GO TO 2.097 

5ET.Y L I M I T S  FOK.OFF CENTERLINE DOSE 
rt)OSY=YpCS!GY. --  . 
IF (YPSS.Y,LT. 1 .  I GO*,TO 1297-'-" ."*.' 
YI4IN=-SYS 

- . - . . . - . 
1 9 9 7  Y L I M , ( I I = Y ( I )  

DO 2197  I = l , N  
IFt .YLI i4 l . I )  .GE.SY3) GO, TO 2297  

2 1 9 7  CONTINUE . . 



1 6 9 7  'It I I 'UEXl=YP 

2927 VZX??!=EXPL-\~ERT.LX) 
C 0 0  LOOP 5i.I ,;IUNGER OF PIAJOR Y II4TEGRATIOCI INTERVALS. 

Oi j  1 0 4  IY= l ,PIYI IJT 
OL-LY=IYLIHIIY+I)-YLI~AI:YI)/~. 

5C7. YY=YLli.I:IYJ 
GCH. C 0 0  LOOP J I I , Y  POSITIONS I ITHI : . I  MAJOR INTERVAL 
6C?. 0 4  1 0 2  LAT=l ,8  ' 

510. Y ~ = Y Y ~ Y Y  
511.  Y t . l r P ~ = ( y Y - Y P ) r * 2  
512.  I25O:PERP2+YMYr'2 
513. l i sS0 l iT  (P.SQ) 
5L4. C CALCULATE I t N E R S E  SQUARE ,FACTOR FOR CURRENT, X,,Y,Z POSITION. 
5 1 s .  Eaa=1.g/uE;J%.' 
916. I F ( R . L T . i )  GO TO 9') 

GPIUM-1. 
1FIR.GT.IUO.I GO .TO 9 8  
GNUM~l.-F.XP(-6.283196*RS~*.OOOl) 

90 GRATI5=GNUh!/( 12.56639*RSQ) 
GO TO 1 6 0  

99 6HATI5=.0?005 
CALCULATE DOSE RATE KEFO.IEL FOR EACH ENERGY .GROUP AT XoYrZ. 

10C 0 0  1 0 1  ENERGY-itGROUPS 
Ri.IIJ=hIU (ENERGY ) *R 
ATl'EI.I=EXPl-RI4I.J) 
tlILOUP=1.+(CbPA(EliEHGYI +ALFA(ENERGYlrRl$U,l*RMU 
Y L I S T ( L ~ T , E i l E R G Y ) = V E X P O * G I ~ A T I O ~ * A T T E N * B I L n U P * M ~ V t E N E R G Y l  

1 0 1  CONTINUE 
YY=YY+OELY 

1 7 2  C~~NTII,IU~ 
II ITESRATE '~1.40 SLIM OVER Y L I N E  ,FOR X,Z 

DO iC3 ENERGY-1, GROUPS 

. - . . . . - - 
DD 1 0 5  'ENERGY-1, GROUPS 
Z L I S T  IVERT,EHERGY~=YSU~I (E I~ERGY)  

105 CONTINUE 

1 0 6  C O N T ~ F I ~ ~  
C IP!TEGRATE Al l0  SUM OYER Z FOR CURRENT x POSI,TI,ON 

DO 1 0 8  ,CI!ERGY=lrGROUPS 
I F  IZDUB) GO TO 1 3 7  
Z~UMlEtlERGY)=ZSUM(EPIERGY)+DELZ*FINT~ZLIST~loENERGY~~.8l 
Gll  TO t ' l A  

1117 ~EUMIE.GE~GY I =ZSUMIENE~)+DELZ*F IP IT (ZL IST~~ ,ENERGY 1 ~.81*2.  
1 0 8  CONTIEIUE 

DO 1 0 9  ENERGY=?IGROUPS 
,i53. DZOX ( I X,'ENERGY) = ZSUM(ENERGY 
5!i4. ZSUM(EilEI<GY 1-3.0, 
555. 109 CONTINUE 

,558. C 
589. C READ CLOUD OEPLETIOi4, OATA 
560, . . READ 'ilia. .rl 
?61. IFlJI.GT.43.0R.N.LT,.Z) GO TO 5 1 1 0  

,962, READ 2 1 1 0 1  ( T ( I ) r S Z I I ) , o I = l , N l  
563. 1 1 1 0  FORMATl I3)  

c I>ITE%POLATE CLOI!~ DEPLETION DATA AND CORRECT INTEGRALS ACCORDINGLY. 
DO 4110,  I Z t ,  l131EXT 
CALL L I ! ~ I E A & ? I Y Y P S Z , X I I ) J  ~KINI ILR)  
I F 1  ILR.GT.0) GO ,TO 5115 
o E P I I l = Y Y  
0 9  3115,  J=P ,GROUPS 
O ~ ~ D X I I I J ) = J R G X I I , J ) * ~ . ~ E P I I I  

3 1 1 0  CONTI!.IUE ' 

4 l l C  CONTIIIU& 
. 

IFIMETt>UT) PLII,ICH 134.  ICE;'( I ) ,  1-1, I I I E X T I  
GO TO 7 1 i G  

5 1 1 0  ~ l 7 I l . l ~  6115,  t i  
61 1 0  F3RLIAT( 1 TKQLIALE !PI CLOUD DEPLETIOI~I JATA" 1 4 )  

GO TC 7 
7l.10 0 3  ' 1 1 3  I=ir l;JEXT 

IF(.~.~~T.L?) GO T v  113.2 
OIFFX s X ( I I / I C S .  
PRli.lT 111, UIFFXl l jEP: I )  

Ill FORi~1,IT:' AT 'F lG.2 , '  ilETEI\S, CLOUI) UC<'LCT:ON FACTOR ='C18.6/' TilC -. --- - 



505. 1DOSE PER CURIE FACTORS ARC*)  
560. PRII'IT 112.  ( D R G X ~  i., Jl ,J=~;GXOUPSI 
5 8 7 .  1 1 2  FGR;,i/tT( 1QXt LPBE1S.Y 1 
508. 1 1 1 2  C5MiI?IUE 

997. 1 1 1 7  C O h ! T I i ~ ~ E  
SOH. I F (  .I.IST.UEPLETI GO ,TO l l d  ' 

.5??. IREAD 1 3 4 0  i D E P ( I ) r I = l v I N E X T )  
690, GO TO 1 2 9  

DO 1 1 9  ~1-1, I I IEXT 
UEPII):?. 
DO 1 2 1  1=1,It iEXT 
READ 134, (Dl+DX( i r J 1  !J=1, 
D I F F X = X ( I I / I C C .  
I F 1  .I4OT,LPI GO ,TO PZC. 
PRIJIT 111, D I F F X , D E P ( I )  
PRII'IT 112,  (UI<UX( I, Jl ,.J=l, 
Cl jNTl  IIUE 
T ~ I l = X ( I l / ~ J B A k  
COE!TIhIUE 
HXIl ' IT=II~IEXT/7 

GROUPS) 

GROUPS) 



B ELT P i . 5 5 I b , i . 7 5 0 5 l i ~  57257 

1. C P A S i l d  I'%iTE:<PCLLATCi STt i iXD F';,S(;!JILL CilRVES FOR SY Al.l!.! L;Z FUR TYPE TYPE 
2 ,  C G?:C c':iiS X FuSiTIO: I5  -I. S:JDR~IJTI~ IS PASSIGI  TYPE, 1lUi<,E).<I11 

CU~.?X>O!.I C ~ P ~ ( ~ ~ ~ ~ ~ L F C ~ ? ~ ~ ) ~ I . ~ U ~ ~ ~ ~ ~ Y ~ ' ~ I ~ ~ ~ ) , D I < D X ( ~ ~ ~ ? ~ ) ~ I J X I N T  
CO!4'40:'I T ( 5 7 )  , Y.(!,?I , GIIOCIPS, TI'<ELESrUSCi?,DELCIO) ,DELI'( 8 )  5.2 1 5 7 )  PIJUT 
C3MZ10i.! MI . I IDI i  
IsIIEliE!: TYPE 

22. C SIGiiiii Z irATl8 - 1 FUR TYPE k t  2 FOR TYPE BI El'C. 
13. DCrA (S16Z(1~Ii~l~l~20l/L2OD~153CC~2B5OO~45Oij.~7.~3~l~35E4~2~7E4~ 

is. 
: 6 .  
ri. 
l i 4 .  
I?. 

i s .  

32; c CALCilLATE SY i l l 0  SL TOH EACH X POS1TIOI.I OESIRED - -  
33 .  D i l  5 I = l r : l U k  
31;. ."  1 IF i I5UTf i .GT.53)  GO TC 7 
5,. 151 I ~ I S I G L I T ' I P E ~ I D A T A I )  7,,7,201 
30 .  2 4 1  I ~ ~ X I I ) - U I S T I I U ~ ~ T I ~ ) )  4,?,2 
37. 7. I ; l a ? ~ ~ = I D r ~ T A + l  
38. G3 T 3  1 
5?. 3 S Z l I l : 5 I b Z ( T Y P E ~ I D A I C )  
45. 6,)  ,TP 5 
h1. 7 IE.S=I 



1.3 E L T  LiiiEAl'., 1 . 7 1 1 0 0 4 ,  3 3 0 0 9  

1. SUORDUTI~~E, LINEAR,,Y~YA,X,~A,~J,MIIERROR) 
2. C SUtl l+OUTlNE L I I I E A R  INTERPOLATES Y A Z F I X A )  FOR Y AT X 
3 .  C IERRClil I S  ERROR RETURN WHEN X I S  NOT r l I T l i 1 ~  XA 
:1 . DIMEI.ISIOEI % A 1 3 1  e Y A I 3 )  
5 ;  C ti IS~PREVIOUS POSI.TION-~~ , T A ~ L E  
6 .  C UATA XUsT BE 1i.I ORDER OF INCREASI1,iG X 
7. I F l X . L T . X A i M 1 )  GO TO 5 

3. C T H I S  FUI'ICTIOEI RETURNS THE INTEGRAL FROM THE F I R S T  EQUALLY SPACED lNTEGRAN0 
4. C I N  THE L I S T  TO THE L A S T  (NUMBER1 
5. C MAXlMllM tlUtIBLR IS 8 
6. C 
7. KCAL L I S T  

oo 1 I=~.I!UMDER 
INDEX=IJIDEX+l ' 

1 F I N T = F I I j T + L I S T i  I ) *A I . I .NDEXl  
F INT=FI , I jT*B (JdUt4BER-1) /C (.N.UMBER-?) 
RETURN 
EiUD . . 



Ji. 

a?. 
?,6. 
!;I. 
52. 

SO. 

c i . a ~ ~ t ;  ~;;{g~!:;j.i< I4PI',I I'ECLiS FIICST TVO CA;lnS OF EACH PACKET nl.1~0 C4LLS TrlE 
C DE5:CEO S:Jo:!5'.iTi!.!i - S O ? l ! < C C r j 3 I l v T ~ , F ~ O S ~ ,  i N S I D E  - 
C 
C ?,U;1!?3ijTi!iES E T 1 i . C  A!lU L'r IbIEF dk'E SYSTEIII T I M I t i G  RDIJTIIJES 

LOGICAL S K I P I L ~ G I C :  
SATA iISTi.I/SitFDOSEm StIJT)ICIT, btl52URCE1 h H l N S I O E /  
JATA i lST1/61. iL lSRAR,  L ~ H T A P E I ~ H E O U I I ~ ~  BHREWIIiD, SHXOEILY/ 
DATA L ~ ~ T ~ / ~ ! . I L I B R A H ~ ~ H F O P ~ J H S E T ~ ~ ~ ~ ~ I G H T ~ ~ H G R O U W D ~ ~ ~ ~ E C T O R ~ ~ ~ ~ I A  

l r l H U /  ' 

DATA L I S T ~ / ~ M L I U R ~ . R ~ ~ H ~ Y P A S S I U H T A P E , ~ H R E I J I I J D P ~ H B A C K S P , ~ H A C T I , V A /  
~ A T A  LIST!;,/* II.IPUT*, 'DOSE*, "ENERGY*, * T E S T * /  

C EQUATE U:.IlT 29 l I T H  RADIO:.IUCLIDE DATA LIRRARY 
C I?EOUIi?ES FOLLO!VII.!Z CARD BEFORC XQT CArtD . 
C E OAT THEHi.1, ? O!2 I1 OAT ,FAST, 1 

C2,LL SETOA!.! (iYt1, ITAi3) 
C 

C EOUATE UI.IIT 2 9  i . l ITII  PH?TO:I.P23t)AUILITY LIBRARY 
C REOUIXES FOLLO'XING CARD CEFOHE XQT CAR0 
C id OAT I S O L I G n 2  

CALL S E T U A E ( 2 8 , 2 , I l ' A 6 ( 8 ) )  
5 
C EQUATE U N I T  2 9  h'I.TH DOSE HATE FACTOR LIURARY 
C REQUIRES FOLLOVII:"G CA2D BEFORE XQT CARD ' 

C id DAT 31?FLIB,3 
ChLL SETOAZt25t3 ,  I T A i 3 i 2 9 )  ) . 

C 
C fiEAlj GO C3LUi4!1S OF TEXr CMlI CATCH END-OF-FILE 

CALL SETE3F(RJ l  
C 

11Sl I?ZAU 121, T I T L E  
1 9 1  FOR:~lAT(13A6,A2i 

C 

2 FOHMATI*CFIRST WORD I S  NOT A MAJOR PROGRAM FUNCTION - STOP'l  
3 STOP 

r 
C UXAIiCii TO APPROPRIATE PLACE 

4 GO TO (5,12,18,24),1 
C 
6 FUOSE DESIKEU - SOHT LOGIC 

5 P l i I l l T  111 
I11 F$l!iMAT(' FUOSE NOT AVAILAULE I N  CHRONI - STOP!) 

0 FOHHATIfGRPD KOHD -'Ah,* - STOP*)  
GO TO 3 

L 
C J O l l  IT OISTRIMUTION CALCULATION DESIRED - SORT LOGIC 

1 2  DO 1.5 1:lrS 
13 LOGICl ( I )= .FCLSE.  

. . 
IFINORDS.LE.1) 6 0  TO 2.17 
Si?IPr.FALSE. 
0.2 17 1:2,SORUS 
16 i S < l P l  ti0 '1'0 16 
D i i  14 J-?,8 
IF(tl2RD(I).EO.LI5T21.1)) ,GO TO 15 

1U CONTII~IUE 
R . I I I T  8, WOROii) 

C:;~JTIIIU~. 
CALL J0I: IT 
e,w. ETIMEF (SEL') 
P H l r l ?  i17v SEC 

1 1 7  F ~ ~ Y . : . : A T ( / / ~ E x E ~ u ' ~ ? ~ I I  TIME FOR JOIIJT UAS vF7.30 ' SECONDS, 
GG TO 1C;C 

r 



85. G!)  T o  3' 
91>, 21 LOGIC1 (Jl=.TI.:!IE. 
?7. C 
88. C ?iOKO?. 1,s &!ID b IbIAVE i.IORE .Ti.lAbl S I X  CHARACTERS . - ' S K I P  THE SECOND HALF 
89. I F (  J.EQ.1.Ou. J . E ~ . ~ . O ~ ~ . J . E Q . ~ I  SKIP=.,TRUE. 
1:3 0. cj3 TO 23 ' 

LC!. 22 SKIP=.FALSE. 
102. 23 CDNTINUE 
133. 223 COXTINUE 
10'4. CALL SOURCE 
109.  . CALL ETIMEF(SEC) 
106. P H I i l T  123, SEC 
i??. 123 FOR!IIAT(//'0EXECUTIOll TIME FCH SOUltCE W A S ' F ~ . ' ~ ,  1 SCCONDS' 1 
108. 60 TO 1OC.. 
129.  C 
110. C Ii'lhALE DESIRED - SORT, LOGIC 
111. 24 PRI I IT  129 
112. 129 FGI?I.IAT(* I ! . lSIDE NOT AVhILABLE 1I.I CHHONI, - STOP*)  
lL3. 60 TO s 



I .  C '  5U6R.::L8T!b!L S51JRCE CO!iI.HOLS LIKH,:HY REAJIIIG A:iD I1ELEF.SF. RATE SPECIFICATIUI I  

Si lBR2lJi ' i i iE SC,URCE 
COI.!343!!/TITLE/TI,TLE I I 4 1  
C;J ld?~O! : /LOGIC/CIW,  BYPASStTAPE, I?E~SI!~D,BACKUISI ACTIVA 
CO!41K!I.: i.IFP, ;ILCIE~TOT, flOF!4'JC ('3b)e S K I P (  96) ,MASS (ti,i.>rPl , LAh!iiLJA 1 G O O )  , 

l C , i l i I i l S r O n F E C T ( [ ; ~ O , 3 1  ,R'.'C(BJO) ~ B U R ~ T ( l j F O p 1 6 ) , n P O ' ~ i C K ( ~ l l ? l  ,GROUPS, 
2 M L ( 6 0 0 1  . 

COi4C!O?l C/*PP.( 1 6 1  oCAPB(16)  *A!.lUt.( 161,  h i . i l ~ ( l 6 1  
COKHOI'I ICL(bGO1 r K E V ( L 6 1  

11. REAL KEY 
12. UI#Ei.!SIGI'I OUAI~ITY I A O C )  
13.  I G A L  LAHUOAB i4Ass 
14.  IMTEGE!? REC 
19. D1ME:~ISIOi'I :lAldE ( b 0 3 1  , i.I(60S) . . 
l i r .  IIxITEGEI? Cii&II.IS, SKIP 
1 7 .  LOGICAL L I R A R Y , ~ Y P A S S , T A P ~ , H E ~ I I F ~ D , L ~ A C K U P ~ P C T I V A  
!.Cis I:( . ;~13T.LIBIRY) GO TO 4 
I?. C 
2'1. C XEAi) I.liJCLIOE DATA LIBHA!<Y 
21. I F ~ > R ~ l A T ( I . $ l  
22. CALL L I u i ;  
23. u u.1 1 9 4  I:I,IITOT 
21;. C 
25.  C 1 I . I I T I A L I Z E  .I'IUCLIUE MASS ARRAY 
26. 1 3 4  MASS( Iel)=3.G 
27. C 
211; c HEAD NUCLIOE IIIVEI'!TOP,Y FROM CARDS 
25. LO READ 1,I~IVMREIE 
30. I?EAD 11, ( ! ~ A ~ ~ E ( I ) ~ ~ ~ ~ ( I ) ~ Q U / I F I T Y I I I ~ I I ~ ~ N U M B E R )  
31. 11 F~RM,IT(~(A~,IJCEI~.CI i . 
31. P:?IIIT 6 
73. 6 F'jRWt\T(*C.:.I'JCLIDt: RELEASE I<ATES I N  CURIES(SECOND1) 
31; . P%II.IT 7, (~IAI~~E(llr!J~Il~BUANTY(Il~I=1,NUHBEH) 

.-- 
37. C TRY TO ID<I~ l l ' IFY EIUiLIDES REAO .FROM CARDS . .. . .. 
38. Ui) 1 6  I=?,:IUi4UEI< 

00 1 3  J=I,:ITOT 37. 
. . $9. I F ( I ~ I A ~ ~ E ( I ~ . E O . R E C ~ J ~ . A N ~ ) . ~ ~ ~ I ~ . E Q . M L ~ J ~ ~  GO.TO.15 

,GI. 1 3  CObJTINLIE . . 
4 .  C . . . . . . 
03. i I F  CAi.1 :.1J'r IDE:.ITIFY NUCLIDE -STOP . . . . '. . '_ . .  . 

. . 44. PHIVIT 14, ~ ~ l A l 4 E ~ l l ~ ~ ~ ! ~ I l  
15, l o .  F~F(:.~ATJ *GU:'IK~~O!I~I ISOT?PS---.*~?, 1 3 1  . . -- . :.: -- . - -- -,-. -,-.- - . -,-.. . . .. . .  .. . - --.d. :. 
0 6 .  STOP"' . . . .  . . .  . .. 
47, C COI.1VERT CURIES TC CURIE-SEC . . . .  . 

15 MASS( J p 1  l=OUANTY( I I./L,ICIBDAl Jl 
. , 

48. . . 
UP. 1 6  CONTIEIUE 

RCTURbI 
. . .  , 

56. . . . . .  
51.  END . . 

. . . . ' .  . . . 
. . .. . . . . . . .  

. . . .  . 
. ,.. 

. . . . 

. . . . 
. . . . 

. . . . 

. . . .  . . 



I.) Ei.1 JOIFIT, 1,73051C, 572YP 

. . 
JOI l lT  D3E5 LOSE &l,lij CHI/(r '  C1,LCULATIOt~I FOR A SINGLE REACTOR PLUS POPULATI0f.I 
I:3SE. 

21. REAL KEV 
22. LOGICAL LIBARY ~ P O P I S E T , ~ I E ~ G I I T ~ G ~ < O U N D ~ S E C T O H I  A,B 
23, LOGICAL ACTPRQ;FISPRD ' 

24. . LOGICAL OETA 

300'  FORMATI 12A6) 
400  FORMAT(16A5) 
500  FORHAT(16F5.2) 
6 0 0  ,FORMAT( l.OF8.G) 
700  F O R M A T ( ~ H ~ , ~ G X I ~ ~ H P O P U L A T I O I J  D A T A ; ~ O X , ~ H D I S T A N C E S / ~ H O ~ ~ ~ X ~ ~ ~ H S E C T O R  

I 4 X ~ l O F 1 0 . 9 / 1  . . 
8 0 0  FGRMATllHO~2GX~2lHLI5TING OF I N P U T , D A T A / ~ H O I ~ Q X I ~ ~ H Q A T A ' , W E R E ,  SUPPi, 

1160 FSR,ISo13H,W,IND SPEEDS,,I4,13H STAB lL IT IES, r I4 r14H DISTANCES A 
2NDvI4, 8H SECTORS) ' 

9 0 0  .FORMAT( l h O ~ 1 C X ~ 4 2 l ~ W I l ~ I D  SPEEDS (AVERAGE ,FOH GROUP, MCSEC?, AR€?8F?.l 
11  

~ O ~ ) O - F O R M A T (  lHO, 1GXv26IiSTABILITIES COPJSIDERED A R E , / ( ~ o x , $ A ~ ) )  
1100  F O R M A T ( ~ H C J I ~ G X ~ ~ ~ H W I I ~ I O  DIKECTIONS ARE e16A51 
l ? o o  F O R * A T ~ ~ ~ ? L L ~ X ; ? Y H J O I I J T  PHZI~/\B'LS~I..PAI&;~~~~~T~?OS~~HEF~C~C~NO.I_I!!!.N~ -- . . . . - . . . . . . . . 

lS/lHo,3lHWIl4D s P E E ~ ~ " - ' - -  STABILITY , 

1300 FORMAT(lX,F7.1r6Xt3A6,16F6.2) 

1500  FO?MAT(lH ,BkIUBAR =eF7.1,14H METEHS/SECOND) 
1600  FORYAT(19I.I STABILITY CLASS - r3A6) 
1700  FOHMAT(1X,lD16E8.2) 
1SOC FORMAT(lHl.71HDOSE RATE FACTOR DATA/) 
1909  FOKMAT(lHvr2CX17HDOSE I N  TISSUE AT1F4.lr20H CM DEPTH, MRAD/YR. rbA  

16/15tIG DIRECTION r3OX,28HDISTANCE FROM SOURCE, METERS,POX,16HRE 
2LEASt HEIGHT =rF6.0, 7H METERS/17HO WIND SECTOR 110Fl1.0) 

2000 FORMAT( lH6 ,A5~6X ,A5~1P13E1113 )  
2100  F O R M A T ( l l i 9 t l G X ~ 2 4 H S E C T O R  DIRECTION5 ARE .16A5l  

2400 FOHMAT(215,7FlJ.21 
2500 F O R ~ ~ A T ( ~ X I ~ E ~ C . ~ )  
2690 FORMAT(57liOLIMITS OF STORED SIGZ DATA EXCEEDED FOR METEOROLOGY TYP .- - -  

l L t l J 1  . . 
2700  FOaMAT(//lH, SCX,  44HSIGMA ,Z VALUES FOR' METEOROLOGICAL, .C,ONDITI,ONS~ I 3  

1 )  
28qO. FORMAT(13IiOAVEAAGE ,WINDP~OX,~UHDISTANCE ,FROM RELEASE. POINT ,METERS/ 

l l S H  SPEED, M/SECI~OF~O.O/I 

~ ~ ~ ~ , , F O R H A T ~ ~ ~ ~ I ~ D ~ G R E S S  .PEU.SECTOR ARE* 16F5.1) 
310.0 F O R M A T ! ~ X I G H S E C T O R I , / ~ X , ~ ~ ( ~ X , A ~ ~ ~ X ) )  
3200 FORMATIPBH PI0 BETA POWER FOR. INVEtlTORYI 
3300 FORMAT(F19.2,515) 
3400 FORMATI* DOSE QATE FACTOR LIBRARY CONTAINS NO DATA FOR RELEASE HE1 

lGHT'F7.1,' METERS - STOP') 
3500 FORMATI'O RELEASE HEIGHT IS'F7.1,' METERS') 
3600 FORMAT(17X,A5,3X,lOFlO.O) 
5700  FORMAT('+'93XvtDATE '2A6) 
3.300 FORMATI* I1R : '110) 
3900 FORMAT(lH3,15X,'POPULATION DOSE FROM PENETRATING RADIATION ( 5  CM T 

1I'SUE DEPTH), MAN-RAD/YR.l6A6r/ISHO DIRECTION ,3OX#28HDISTANCE 
2FROM SOURCE, METERS,lOX,'MULTIPLE RELEASE HEIGHTS, PREVlOUS'I3v' C 
JA5E5'/17HO WIND SECTOR ~ 1 0 F 1 1 . 0 )  

4100  FORMAT('0'20X,33HSKlIl DOSt CfiLCULATION, MRAD/YEAR 16A6, 
1 /15110 UIRECTIOtl r30Xv28HDISTANCE FROM SOURCE, METERSrlOXo3SHMU 
2LTIPLE RELEASE HEIGHTS* PREVIOUS t1316H CASES/17HO WIND SECTOR - -- - 
J , l U r l l . u J  

4200 FORMAT(lH9r26X17HDOSE I N  TISSUE ATeF4.lr20H CM DEPTH, MRAD/YR. o6A 
16/15t10 DIRECTION ,~OXIZBHDISTAEICE FROM SOURCE, MFTERSP~OXI~~HMU 
2LTIPLE RtLEASE HEIGHTS, PREVIOUS ,I3,6H CASES/17HO WIND SECTOR 
> l r l F l l  0 1  ---. --.-. 

'4300 FORMAT( I C I O ~ ~ ~ X I ' P O P U L ~ T I O N  DOSE FROM PENETRATING RADIATION 15 CM 
lT ISsUE DEPTH), ,MAN-RhD/YR,'6A6/1SHO DIRECTION IJOX,~~HDISTANCE 





. . .  
2 0   EXPO=^.- 

GO TO 2 2  
2 1  E X P O ~ ( H ( I U I - ~ I Z I I R ~ . I . T I  1**2/(2.*52) 
2 2  X O ~ X O + F ~ ~ ~ ~ I M , I T I * E X P ~ , - E X P O I * F A C T M I I M I / S I G Z ~ I ~ ,  
2 3  CONTINJE 

XI4O=X14Q+,XQ*01J0( 1.U) 
24 CONTIEIUE 

XOQ! IR,  IT I=XMQ/Rl  I R I *  2.J37*22.5/DEGRESJ,I.T) 
2 5  C~OljTIMUE, 
2 6  CONTINUE 
PRIMT CHI/O VALUES 

PRII,IT 4809,  . T I T L J * B 8  
PRII'IT 45COt bIH 
WH1,TEi6~46001 R 
DO 2 7  ,I,i=l.r!!THETA 
U K I T E ( 6 r Y 7 P O l  T H E T A l I T I , S E C T ( I T l  , (XOQ(IR, IT) , r  

2 7  C9NT INUE 
2 8  RETUREI 
OOSE CALCIJLIIT,ION ,FOR ,~ I I . l IT ,E CLOUD 
5 0  IGROUP=GROUPS 

IFII.Iti.GT,.j) GO .TO 6 5 0  

w n s s t i , z ~ = @ . '  
4 1  CONTINUE 

C I~ I IT IALIZE S K I P  
- - -  . . 

S K I P I I I ~ C  
. ... ELI;4INATE 92.. C'J"r.L?!YE ut,u5E0 .. . .. . cHifb.. . . - . -* - .---.--..-.-- -- 

c FISPHD = FALSE IF NO FISSION PRODUCTS .PRESENT. 
C. ACTPRO = FALSE I F  .NO ACTIVATIOlv PRODUCTS, PRESENT , . 

5 5  ACTPRD:.FALSE., 
,FI!;PRD=.,FALSE. 
BETA-.FALSE. 

' I F ~ , M A ~ s ( L ~ ~ ~ . G T ~ ~ ~ E - s o . A N D . L A ~ ~ ~ D A ~ L ~ ~ G T ~ E - ~ ~  GO .TO $7 
56 CONTINUE 

S K I P ( K I = L I M  

5 7  CONTINUE 
FISPRD=. TRIJE. 
I F I B E T A I  GO TO 5 8  . 

5 0  I~OTOP=ISOTOP+LIM . . .  
5 9  CONTINUE 

0 0  6 0  L = N l  ,,I42 
I F ~ M A S S ~ L ~ ~ ~ . L T ~ , ~ ~ E - ~ O . O R . L A M ~ D A ~ L ~ ~ L T ~ ~ ~ E - ~ O ~  

'ACTPRD=.TRUE. 
IF(~P~\~ERILI.GT.~.E-%) BETA=.TRUE. 

~O.'CONT;IFIUE 
READ DOSE RkTE FACTORS. D R F I  IE ,  IRIIM, IUI , 

' 

, I F (  IBETA.GT.61 .GO,.TO, 1 6 5 ,  
, I F  (,JD~F. L~,.O,I G O  ,110: 4bS 
DO 65  IM=l,NMET 

DO 6 3  'IR=~;PIR ' . . 
READ(5r20?1 (DRF.I~E,IR,IM,IU),.I.E=~, 
CO~TI,NUE 
CONTI t.lUE 



C CALi?lLATE UllF FACTORS FOR !ETA DOSE ( D R F , ( l r I H v I M ~ I U ) )  
C I?EGO I.IE.IEOpOLOGiC4L PAF(AMETEt3S 

. DO 10YJ, I=l,NUAAH' 
OUB( I )=l .~ j /UE4R(. I )  

i!ico 'CONTIPIUE 
U J  1095 I j l r 1 , N M ~ T  
I<EAD(S,&?400) ITYPE,.IPH~OIJPiBY ' 
IGO-ITYPE 
1i - (  103.~T.4) 160-4 
GO TO ( i o19 ;  1010;1,020~122<1), IGO 

C rlAIJFORn HOUEL 
1510  AH=OUMDY(l) 

. .  ~ 

11 10  C:if.ITI:'lUE 
1210 C!)NTII.IUE 

GI) TO 1093 
C SUTT'3N HSDEL . 

tOl?..BteRtst?o,?! . ( C Z S ~ X !  v !=&,.p~u~&ig.  
EIJ:UUI~U~ ( 1 ) 
SQ2=1./50~7(2.) 
D9 1319  IR-1,NR . 

c P ~ S G ~ I ~ L . ~  CVGVES FOR .SICMA Z.  . . 
1220 ITt43-ITYPE-3 

CALL P A S O I L ( S I G ~ ~ 1 ~ 1 ~ I M ) ~ R ~ I T M 3 ~ ~ ~ ~ R ~ I E R ~  
. . 

IF~IERI i 5 2 0 , i ~ z ~ , ' i , 3 i o  ' " ' . . . . 
1320  ' \ 9 ~ 1 ~ ~ ( 6 , 2 6 0 0 )  I M  
1520 IF(NUUAR-1) ~ G Y O ,  l.C390,1620 . ' 

. . .  . , 

1620 DI) 1823  IR:?rl~IR 

SIGZ, I ~ ~ ~ U ~ ~ ~ ~ ) ~ ' ~ I G Z ~ I U ~ ~ ~ I M I  
1720 CONTINLIE 
1820 CDNTI!.IUE 

C PRItlT SIt iUS Z  VALUE^ FOR CURI<EIT METEOROLOGICAL, C.ONOITJ.OI~S 
1990, I F (  I P R I  l C 9 5 , 1 0 ~ 5 r 1 0 9 ~ ,  
1 9 9 1  \4RITE(6,2730) .IM . 

MRITE(bt2800)  R . . 
WRITE(6r2Y90) (,UaAR(l)r ~ S I G Z ~ J ~ I ~ I ! ~ 1 ~ ~ J ~ l ~ 1 O ) ~ I ~ l ~ , F I U B A R ~  

1595  C0P;TXNUE 
I?EA5(5,503) lGEti~ES~Il~I~lrl.1THETAl 
PKIHT 3GOGr (DEGRES(I),,I=lrNTHETA) 
I F (  .I.13T.h) GO TO 1 2  



YO?. 
4 1 6 .  
411.  

P H I I I T  210:, ( S E C T I I ) ,  I= l ,NTHETAJ 

0 0  6s 1 i~ i : i , l l !4~~ 
MH1=3*1 I M - 2 ) + 1  
l.lR2=MR1+2 
PHII'IT 130.1, l ~ B A ~ i ~ I L J ~ ~ O ~ l ~ T ( I ) t I ~ M R 1 ~ M R 2 ! ~ l F ~ I U ~ I b ! ~  

6 5  CGNTII.IU~ 
6 7  COYTII~IUE 

PRIf,!T POPULATIO!kI DATA 
1FI.NOT.POP) GO ,TO 2 6 7  
PRIFIT 7C.0, ( , X ( I )  I=l,,hIR) 
0 0  1 6 7  I T = ~ , ~ ~ T H E T A  
PRINT 36C9, S E C T ( I , T l ,  [ P ( I T , I l  ,I:ltNR) 

' 1 6 7  COYTINUE 
2 6 7  CONTINUE 

PKII.IT '1500, .L l t l~ \R l  1.U) 
IF(I8ETA.GT.G) P R I N T . 3 1 0 0 ,  1 S E C T ( I ) r I = l r N T H E T A )  
00 68 IR= l r ; ' lR  
PR~IIT 1,70?, (DUFI IE, IHIIMI,IU), !~=i,, IGROUP) 

60 CONTIF!U€' 
6 9  COl!TINUE 
7 0  CONTINUE 

; CALCULATE DOSE RATES,.FOR EACH SECTOR AND DISTANCE' 
C 

. . C D O  LOOP OA, PIUMBER OF DISTANCES 
0 0  85 IR=l,,NR . . 

C CALCULATE @URST:M4SS-DRF .FACTORS. = DOSE .FOR ,EACH UBAR AND ,MET*~OO' ,  
DO 8 1  1U:l ,,PIIJOAR 
T I M E = R ( I I I ) / U U A R l I I J )  

. .- . . ..!t:IF/SPPD.!_CBLL. "~AIIITI?LTIME!A'L -- -- -- --.-- . --.- . .. -- . ..-: 2-., 

I F (  .I.l3T.ACTPRD) ,GO ,TO 7 2  
0 0  7 1  ISO=Nl , rN2 . . 
IFIMASS~ISO~I).LT;~.E-~) GOITO 7 1  
M A s S ~ I ~ O ~ ~ ~ ~ M A S ~ ~ ~ S O ~ ~ * E ~ - L A M B D A ~ , I S O ~ * T ~ M ~ ~ ~  , 

r C P I ~ T ~ I I U ~  . . 7 2  DO 8 0  1M:ltIIMET 
aI7Ml IUI IM)=O.O 
1~0T,t iP=0 
I F (  .1+3T.,FISPRO) 'GO ,TO 7 7  
0 0  7 6  K= l ,CHAINS 
L I M=PI~FI!UC K 1 

. 

I F I S K I P I K )  .NE.,O! GO, TO ,75 
00 74 I=I,,LI14 
, l s o = 1 ~ ~ T o p + r  
. I F  IBETA.GT.,C) GO ,TO 173. 
SUM1:O.O -. - .-- 
DO 7 3  I.E=l,GROUPS, 

. . 
SUMI:SUM~+BURSTI,ISOP 1 E ) a O U F l  I E r r I R ,  I,M,,I,UI*OEPTH( I E )  

7 3  CONTINUE 
BKMI IU',~~M) =BRM( I,U~,I.M) + S U M I * M A S S ~ . ~ S O ~ 2 1  *FACTMI I M )  
GO .TO 7 4  

1 7 3  BRMI IUI  IM)=ORM( I,UIIM)+B~OWER( I S O I ~ I ~ A S ~ ~ I S O ~ , ~ ~ I , F A C . T M ~ , I . M ~ * . ~ ~ ~  
7 4  CONTIFIUE . . 

DO 7 8  IE= l rGROUPS,  
S~Ml=SUMl+BUl?STI,ISO~,I.E) *DRFl  I E ,  IRo,IM, IU)*DEPTH( I E )  

7 8  CONTINUE . . 
. . 

BRMI IU,/IM):BRH! 1,br,I,M)+SUMl*MASSj lSO,2):FACTM( IM) ,  , 

'30 TO 7 9  
1 7 8  BRM('IUIIM)=BRMI I U ?  IM)+BqOWERI I S O I * M A S S ( I S O P ~ ~ * F A C T M ~ , ~ ~ ~ ) * . ~ ~ ~  

7 9  COE!TIFIUE 
8 0  CONTINUE 

. . 
0 0  8 3  I.u-~,,Nu~AR . 
DO 8 2  , IM=l rNMET 
SUM~=SUM~+ERM( 1.Ul IFI)*F.( XU, I M P  I T )  ; 

8 2  CONTINUE. 



ij9 C,>NTI!IIJL 
GO T 9  8 5  

C. CALCULATE btiT10. UUSE 
r?18E !I3 ?':105 i T = l r  l.ITI?El'A 

O'?TOi?( IUEPTH, IR,  IT)=OOSE( I K ,  I T )  
3 85 C0NTICIUE 
285 COPITIH\IE. 

GO TO i C a G  
5 8 5  DO 5.35 l,T=l,I.!TlIETA 

0 3  485 IR:i,tlR 
DCTOE( IOf.PTH, I R t  ~ ~ T ) = Q S T O ~ ~ I I U E P T I ~ V I R I  I T ) + D O S E l  IR, I T )  

485 C3l.iTItIuE 
5O5 CIIIITICIUE 

c pi;Ilt'r RESULTS 
i ! i 6 6  CONTIfiIUE 

PRII'IT 2354, I T I T L J I I )  ~ 1 = 1 , 7 )  
Pi'tII'IT 3 7 q o  0 0  
IF(1UETA.GT.G) GO TO 5 0 6  
PRII.I? JyGd, TCIEPI?lJi j ' rH). ITITLJI'I), 1:Rl13) , l l H ~  I H I I )  ;,Is1 
GO 7 0  286 

3 8 6  P n I N T  ~ ~ C O ~ I T I T L J ~ I ) ~ I ~ ~ ~ ~ . ~ ~ ~ H H ~ ( R ~ I ) ~ I ~ ~ ; N R I  
2 8 6  C0PlTItlUE 

0 0  8 6  I T - 1  ,,ln'HETA 
PRINT 2GGOv T H E T A ( I , T ) ~ S E C T ( ~ T ) ~ ( D O S E ( I ~ I T I ~ I - ~ ~ N R )  
IF(KII4T.LE.O) GO TO 86 ' 

0 0  9 8 6  II1:lvtIR 
I F I D O S E ( I R , I T I . L E . O ~ ~ ~ )  Q O S E I I R ~ I T ) = l . E - 2 0  
DOSL(IR)~AL06lDOSE~IRtI,T)) 

9 8 6  CONTINUE 
UO 586 Il<=:,I'<R 
D O S E X ( I R , I T ) = A I T i M T ( i I L ~ D D O S L ~ ( . I R , X L ( I R )  ~ K I N T P P P )  
D : ~ S E X I I R ~ I T I ~ E X P I D O C E X I I R R I T ) )  

IF(I.II4.GT.O) GC TO 98:; 
.V9-7@5. IT! !BTHE?!. .+ 
0 0  6 1 "  " > - 9  .,ID 

. - .. - . - - . . 

PRIIIT 22C'J~lTI,TLJi:)~I~Url3)~liH~lX(I)rI:I~NRI 
COI,ITIt,lUE 
DG 8 8 6  IT=: rP4TtiETA . . 
PRII.1T 2 0 6 0 1  T H E T A ( I T 1  vSEC1 ( IT) . ,  (DOSEX(IIIT)~I=~;NRI 
CONT INlJE 
IF(.i.l5T,POP) GO TO 1 1 8 6  
I F ( K I N T . L E . 0 )  GO TO 1 l D G  
IF(IDEPTH.:IE.~)~,(~'O TO 11&b 

C CALCLILATE AIID PRINT, POPULATIOFI DOSES 
DO 11186 IT=.l. I~ITIIETA 
P~IOSE(IT~~)EP(ITI~)*DOSEXI~~IT)*.~O~I~ ' 

UO 1 3 0 6  ' 1 ~ ~ 2 ,  ~IR ' 

P3OSE(IT~IR)~PIJO.;E(iTtIn-1)+PiI,T~IR)oOOSEXiIR~IT)*.0O~ 
1 5 6 6  C0IdT I:.IUt 
1 4 8 6  CONTINUE 

C PRINT RESULTS FSH AODE!; DOSE RATE SETS 
1FIi l t i .LE.Ol GO ,TO 19'? 
9G 9 5  I D E P T H z ~ , ~  



. 6il0, 
301. 
6 0 2 .  
503. 
dC4. 
605. 
636. 
607.. 
GOO. 
4 2 9 .  
B1G. 
611.  
612. 
613. 
aes.  
"15. 
r.:, 16 . 
c1.7. 
618. 

9 1  DO 93 IT:l,:ITIiETA 
PXII'IT 20G'j, THETAIZT)  P S E C T I I T ) ,  (USTOR( IDEPTH, I, I T )  r I = l , N R )  

93 CONTII'IUE 
IF(K1HT.LE.O) GO ,TO 98 
P K I I I T  2320, i T I . T L J ( 1 )  ,1=1,7) 
PRII'IT 37001 I38 
!F(IUETA.GT.9.OR.lUEPTH.EO.1) GO.10 94 
PIIIf'IT 4200, TDEPI IOEPTH),  ITlTLJ(l)rI=8,13)rIREL,(X(I)~,I=l,NR) 
GO TO 9s 

94 '~ii1.1'7 4 i 0 . j ~  ITITLJII) ,,I=LI,~J),II<EL, IX(,I),,I=~,NR) 
95 0 0  97 IT= l r : ITHETA 

PRII.IT 2009, T H E T A I I T )  ,SECT! I T ) ,  iDSTORX( IDEPTH,,II I T )  ,,I=lr.NR) 
3 7  CONTINUE 

I F (  .I,I?T.POP) GO TO 90 
IF(KIt1T.LE.O) GO TO 98 

PRII'IT 2300, ( T 6 T L J I T ) t  1 ~ 1 1 7 )  
PilII'IT 37001 DO 
PHIbIT 3900, t T I l L J ! I ~ ~ I ~ 8 r l 3 ~ ~ I R E L ~ i X ~ I ~ , ~ . I ~ 1 ~ ~ 4 R l  
DO 396 I T = l ,  I~ITHETik 
PRINT 2009, THETA1 IT);SECTi,ITI1 IPOOSEI I T *  I),, I=l , tNR) .  

398 CONT Il?UE 
98 I F (  IUETA.GT,C) GO .TO 199 
a O  TOI.ITI[LIIIF 
199 COIIT'IEIUE 

1?8G CONTINUE 
IRETURII 
CND 



1 ?!ORJ( i ) = b L A ; I K  
Pi?I I . IT 9 ,  T I T L E  

9 F O R M A T ( Y v 1 3 A G , A E )  
C . FEAO ijC. CHBItACTERS 

R E 4 0  2 ,  i s  

2 FO!?WAT!BSA:I 
PKII.II i ~ ,  Q f IC FDRM,IT: 9 C ' D O A l )  

C 1 I . I I T I P L I Z E  'PAP.I!':ETEI?S 
CDLlJ;l!,lzt 
Mr)RUC=O, 
BIT:!? 

C '5TnR.r Al*l,\L'fSIS OF C?lRREI,IT CI iARACTER 
3 COLUPIEI=COL!JI.IN+i 

IF c io~?l ; i i . r .  bl  .y>i ,GO TO .7 
C SET 5 IAF .AC EOIJAL 1 3  CURRENT, CHARACTER ' 

CIIki?AC:FLO(C,5# kICOLUWI~1) I 
C CHAI?I;C=5 FOR BLkPlKS 

IF(CI4A!IQC.EO.5J GO,,TG 3 
C STQHT FOf?I.ini l O i l  OF I4EL.T WOHO - - 

WOKOC,:I~O~~O~+I 
4 IF (L i IT . i . IE .36 )  6 3  TO 5 

C WH~II W!)RD 'HhS i?Ol<E: ,T!4AI.I G CHARACTERS, ?LACE SECOND HALF, I N  NEXT.,WORD. 
VoROS=I:'Ol!i)S+1 
r i l T = C  



B ELT L I U K 1 l r 7 2 0 7 2 i ,  3 6 6 5 4  

1. C SUBROUTINE L I i 3  RfAUS k RIRO LIBRARY AkiD A PHOTON DATA LIFRAHY. 
2. C CALCULATE DKFKCT (FHACTIOI*IAL Y I E L D  FROM PAREIITS) AND BURST (FRACTIOPIAL 
3; C Y I E L O  FE3i4 EACH ENERGY GROUP 4 LAMBDA) 
4. C 
5. SUUROUTIPJE L I H K  
6. ~ 0 1 4 ~ l o ~ . l .  I,!FP. ~ I A C ~ N T O T ~  1-IOFI~IUC ( 9 6 ) , ~  SKIP ( 9 6 )  ,MASS 1 6 0 ~ ~  2 )  CLAMBOA( 6 0 0 )  , 
,7. ~ C ~ ~ A I ~ ~ ~ ~ ~ D K F R C T ~ ~ ~ ~ ~ ~ ~ ~ R E C ( ~ O O ~ ~ R U R S T ( ~ Q O ~ ~ ~ ~ ~ R P O ~ . E R ~ ~ O O ) ~ G R O U P S ~  
8. 2 M L ( 6 0 0 )  
9. COMM0t.I C A P A ( ~ ~ ) V C A P B ( ~ ~ ) ~ A M U A ( ~ ~ ) , A M U ( ~ ~ )  

10.  COMMON ICL(6GG),KEV116)  
11. DIMEI,ISIOH MEV( i 6 )  
?2. DIMEI.ISIOH FRRCT(4501 r I S O ( 4 5 0 )  r ENERGY(16) 
I?. DIMEi~ lSIOt~ i  El,&( 1 6 )  
1 4 .  LOGICAL, ERROR 
15, INTEGER CHAIHStREREAD,GHOUPS 
LC,. REAL LAW6OA ,!4EV,KEV 
l.7. C 
18. C READ RIUO O&TA LIBRARY 
19. READ 1 2 9 r l )  NCD 
26. 1 FORMATl I3)  
21. R E A D l 2 9 r 2 )  ~ M L ( J ~ ~ L A Y B i l A ( J ) r F R A C T ~ J ~ ~ B P O W E R l J ~ r R E C l J ~ ~ , I S O ~ J ~ ~ ~ , J ~ l r  
22. . 1HCDI 
23. 2 F O R M A T I ~ ~ ~ ~ X I E ~ . ~ ~ ~ ~ ~ ~ ~ F S . ~ ~ ~ ~ X ~ A ~ , I ~ )  , 

EU. RFbD129.1) 1.12 
25. Hl:NCO+I 
26. IIACsi,lB 
27, P12=C12+iICD 
28. I'IFP=I.ICD 
29. INTVTrN2 
30. READ(29v2)  , l # L ( J ) , L A I ~ I B D A ( J ) r B P O W E R ~ J ) , R E C ( J ) r J ~ N l r N 2 )  
31. 1 0 2  F O R M A T ( I ~ , ~ X P F ~ . . ~ ~ ~ ~ X I F ~ . ~ ~ ~ ~ X P A ~ ) .  . . 52. DO 2 0 2  L=Il l , t42 
33.  2 0 2  LAMBDAlL)=,69314/864CO0/LAMBDA(LI~ 
34. REWII.ID 2 9  
35. EKROR:,FALSE. 
36. MI'ZO 

CtIAII~lS=O 37,. 
38. OD 3 I = 1 , 9 5  
3O 3 EIOFIiUC ( I )  -0 . . .&3 c CALCULATE LAMBDA IN SEC-1 . . . . . 
'41. 0 0  1 0  J=l,NCO . . 
V2. L A M ~ D A I J ) = . ~ ~ ~ & ~ / L G M B D A I ? ) / ~ ~ Y O O ;  
43. I F I M P - M L ( J ) )  4 r 5 r 6  

.44. 4 'MP=ML( J) . . 
UP. C NEW MASS CHfi, I I . I~~ - 

CHAII~IS=CHAIl1S+i 
. -  

46. . .. 
47. C COUllT NUPlBER OF IIUCLIDES I N  T H I S  CHA1,N . . 
,UR. 5 tIOFI.IUC I CHAIIIS) =,NOFPlUC (,CHAI,NS) +1 
99. GO .TO B . . 
50. b EHROH=.,TIIUE. . . 
51. PRI I IT  7 r J  
52. 7 FORMATI !OLIDRARY ENTRY! 14,' , I S  ~ U T  OF PLACE*)  
53. 8 DO 9 L:L,3 
54. 9 DKFRCTI J,LI=G,,C, 

. . . .  
1.0 COPIT INUE . .  . 85. . ... 

50.  DG 1 1 0  L z l t N 2  . . 
57. BPOWEHIL)=LAMBDA(LI*BP,OWER(L) . . 
58.  1 1 0  COE!TINUE 
E.?. . IFIERROR) STOP . . 
60. C I S O ~ ~  M E A P . ~  ,ISOMERIC STATE* :2 MEANS GROUND ,STATE 

. . 

6 1 .  1COTOP:G . . . . 
.6?. 0 0  1 5  K=l,CHAI!!S 
63.  LIM=I.I5FI,IUC ( K )  

.6?. J=O 
,65. C DETERMIt,IE ,FRACTIONAL DECAY.,YIELDS 
.66. 0 0  1 4  I s l t L I M  , 

.6?. J=J+l . .  . 
15,0TOP=ISOTOP+l .68. 

6 9 .  IF(J.EQ.1) GO ,TO 1 3  . . 
. 7 0 .  IF( ISOl ISOTOPl .EQ.2)  GO.TO 11 

71. DKFRCT!ISOTOP,l )=FHACCTl,ISOTOP-1) . . 
72. GO .TO 1 3  
73. . 11 DKFRCTI ISOTOP, 1 )=I.-FRACTI ISOTOP-1) . 

. . IF(J.EQ.2) GO TO 1 3  . . 74. . . .  ,75. I F ( I S J l I S 0 T O P - l ) . , E Q . l )  G0,TO 1 2  
.76. IF(1Si ) l lSOTOP-2)  EQ.2) GO TO 13"  . 
77, 'DKFRC.TI ISOTOPe ~);FRACT( ISOTOP:~) 
78. GO TO 1 3  
79. 1 2  D K F R C T I I S O T O P ~ ~ ~ ~ ~ . - F R A C T ~ I S O ? ~ P - ~ )  
.RO. IF( J.EQ.~.,uH. ISO(~SOTOP-~~ ' . ,EO. '~~ '  GO ,TO 1 3  . . . . . . 
81. CJKFRCT~ISOTOP~3)=FRACT~ISOTOP-3)  
82. 1 3  IF (LAMBDA(,ISOTOP~.LT.. ! . € - a  J -0 .  
.a?. 14,  CONTINUE 
.04. 1 5  COYTflUE 
85. C . , 

186. 'C READ PHOTC!IJ DATA LIBRARY,  I 

-87. REREAD=-Y. . .  . .OB. R E A D ( 2 8 , l )  GROUPS 
.a?. KEV I GROUPS) =5.,0: . 
90; LIMZGROUPS-1 

. : 

91. C KEV I S  .UPPER MEV. L I M I T .  OF GROUP FOR LOWER 1 5  GROUPS . 
, 

92. READ ( 2 B t 1 6 )  ( K E V ! I ) r I = l , L I M )  . . .  
1 6  FORMAT< 16F5,,G) 9 3 .  

9?. READ(28,216) ,  (MEVI.1) t I:l*GROUPS? . . 



. . 
1271 2c  09 22 K = ~ ~ I . I O  
128. DO 2.1 I = I , L I M  
120. IF(EI,IE!?GY I K )  ,LE.KEVi I1 I GO 1 3  22 
130. 21 CONTINUE 



M ELT PASQIL,l.173C510v 57244 

OISTAtICE DUTA ( C M )  
DATA D l S T / O , . G ~ l ~ E 4 ~ 1 . . 5 E 4 ~ 2 . 5 E 4 1 3 ~ 5 E 4 ~ 5 . E Y ~ 7 . E 4 ~ l , E 5 i . ~ . 5 E 5 ~ 2 , 5 E 5 ~  

13.5E5,5.ESt7.E5,1.EP,1.5E6,2.5E6,3.5E6r5eE6,7.E6vl.E7/ 
SZ DATA (CM) 

'DATA ~SIGZ~!~~I)r1~1~2~~/l~~.~l5OO.~225O.~43OO.~7.~3~l.35~~~2..7~4~ 
16.7E4,2.E5rl l * - l . , /  

DATA (SX.GZ(2, I )  t 1=1,2CI,/lO,0., l .E3,15CU. ,2550.  ~ 3 7 0 ? . ; . 5 7 0 0 . ~ 8 6 0 0 i ~  
11.35E4,2.4E4,5.8E4,1.2E5~2.E5,8*-1./ 

DATA (S1,GZ(3~1)~1~1~20~./100~~7~00~11C0.~1750~~240O.~,3400.~4600i~ 
1 6 ~ 0 0 ~ r 9 0 0 ~ ~ ~ 1 ~ 4 , E 4 ~ 1 ~ ~ f ~ 4 ~ 2 . 6 ~ 4 ~ 3 ~ 4 ~ 4 ~ 4 . 4 ~ 4 ~ 6 . ~ 4 ~ 0 . 8 ~ ~ ~ 1 ~ 1 2 ~ 5 ~ 1 ~ ~ ~ ~ 4 ~ 5  
2,1.78E5,2.E5/ 

DATA I S I G Z ( 4 , I )  ~ 1 ~ l ~ 2 O ) / 1 5 0 0 , ~ 4 7 0 ~ ~ 6 8 C ~ ~ ~ 1 0 5 0 ~ ~ 1 ~ G 0 ~ ~ 1 9 0 0 ~ , ~ 2 5 0 0 , ~ , ~  
1 3 3 0 G . ~ 4 3 0 0 ~ ~ 6 2 0 0 . ~ 7 6 ~ 0 , ~ 9 5 J 0 . ~ 1 . 1 5 E 4 ~ 1 . 4 E 4 ~ 1 . 7 E 4 ~ 2 . 2 E $ ~ 2 . 6 5 ~ 4 ~  
23 .2E4 ,3 , ' 7E4 ,4 .qE~ /  

DATA ( S I G Z ( 5 , I )  ~ 1 ~ 1 . ~ 2 0 ) / 1 ~ 0 . t 3 0 0 . ~ 4 3 0 , , 1 7 1 0 . ~ 9 ~ 0 . ~ 1 3 0 9 , . ~ 1 7 ~ ~ . ~ 2 2 0 ~ .  
1 ~ 2 9 0 0 . ~ 4 1 ~ 3 ~ ~ 5 0 ~ 0 ~ , ~ 6 1 0 0 : t 7 2 0 . 0 : ~ ~ 4 0 0 ~ ~ 9 9 0 0 ~ ~ 1 ~ 1 7 E 4 ~ 1 ~ 3 E 4 ~ 1 . ~ € 4 ~ ~  
21055E4,1.7E4/  

DATA ~ S 1 G Z ~ 6 ~ 1 ) ~ 1 ~ 1 ~ ~ 0 ) / 1 0 0 . ~ 1 4 0 . ~ 2 2 C . ~ 4 0 S . ~ 5 ~ 0 ~ 1 . 7 6 0 . e 1 0 0 0 . ~ 1 3 5 0 , 1  
11770.~2500.~3000.~~.~4100.~470~.~5500~~6~0~.~7200.~7900.~,~60~.~ 
2Y$30./ 
IEnEn 
IDATA=l 

CALCULATE S t  FOR EACH DISTAEICE 

47.  6 CONTINUE 



M E L T  

>iViZiI5:C;! >:(!,) t \ (!<;  ST'!^.) 
UGLJz? e l l  

C ,??'I 7.2 USE T l i  CGili:L. I.:iJWUZ.i. OF Gi\!t:l: P O I l d T j  TL) 
C . ?:.tC LEFT AI!F I?!GI.'T VF TtIE II:TEOPS'LATI31.I PO:i:T, .4P 

i F ( X : J ) - Z l j ) L ^ , i * 3  
C I F  ?!+E I:ITEll?lji.b.T:3li ;'?XIIT I 5  b G:\'E:! POir:T, 1iSE 
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