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A REVISED PHOTON PROBABILITY LIBRARY 

FOR USE WITH ISOSHLD-111 

C. A. Mansius 

I. INTRODUCTION 

The  computer code ISOSHLD~' was  designed t o  f i l l  the  need of 

per forming  fixed geomet ry  shield calculations in a convenient manner  

with a minimum amount of input data.  The photon probability l i b r a r y  

is one of s e v e r a l  l i b r a r i e s  included i n  the code. The da ta  contained in  

the  photon l i b r a r y  a r e  used  t o  calculate the  photon sou rce  group 

s t rucu t r e  produced by any mix ture  of radioactive isotopes.  A number  

of obvious e r r o r s  w e r e  foundin the  init ial  photon l ib ra ry .  In addition, 

i t  w a s  believed that  collapsing complex gamma spec t r a  into just s ix  

groups would not necessar i ly  give an adequate source  for  attenuation 

calculations. This  revis ion of the l i b r a r y  w a s  made  for  t he se  r ea sons ,  

and t o  include t he  la tes t  available data.  The f i r s t  printing of BNWL-236 
2 

w a s  re leased  in  June,  1966, with Supplement 1 being printed i n  

March, 1967. 
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11. SUMMARY AND CONCLUSIONS 

An updated photon probability l i b r a ry  was  assembled for  u s e  with 

the computer code ISOSHLD. A l is t ing of the  l i b ra ry  is presented in 

Appendix 1. Each of the  l isted isotopes was  tagged with one of the 

following l e t t e r s :  (1) S - s table  isotope, no gamma emission; (2) K - 

decay data  known; (3) U - decay data  uncertain,  and (4) N - no decay 

data  available. The  data  given for  the  K-tagged isotopes were  taken 

f r o m  References  3 and 4. References  3, 4, and 5 were  used to  es t imate  

the  gamma emission probability for  the U-tagged isotopes. In addition 

to  the  l i b r a r y  update, ISOSHLD was changed a s  follows: (1) any number 

of data pa i r s  (photon energy and emiss ion  probability) can be used for  

any isotope in the  photon l ib ra ry ,  (2) total  gamma sou rce  energy i s  

conserved in  the  16 energy group gamma source  table r a t h e r  than total  

number of photons, (3) pr int  out data  were  added to  give the number of 

photons by isotope for  each of the 16 gamma energy groups,  and (4) a 

second RIBD l i b r a r y  was  added fo r  the  calculation of f ission product 

inventories fo r  fas t  r e a c t o r s  fueled with 239Fu and 2 3 8 ~ .  

The  accuracy  of ISOSHLD calculations is not expected to  be l imited 

significantly by the data  i n  the  photon l i b r a r y  if Mode 1 is used. This  

conclusion is based on the r e su l t s  of a number of Mode 1 calculations 

for  f iss ion products associated with fuel i r radiated f rom one to  s eve ra l  

hundred days.  F o r  decay t imes  g rea t e r  than about eight hours ,  K-tagged 

isotopes  w e r e  found to  establish the  gamma intensity and the shield 

requirements .  F o r  decay t i m e s  l e s s  than about eight hours,  calculated 

r e s u l t s  a r e  low because of the presence  of N-tagged isotopes. The e r r o r ,  

which is l a rges t  a t  z e r o  decay t ime,  is es t imated to  be l e s s  than 25% based 

on the cu r i e  inventory associated with a l l  f iss ion products.  Th i s  es t imate  

a s sumes  that the  number and spec t r a l  distr ibution of the  photons emitted 

by a n  average  N-tagged isotope is the s a m e  a s  that fo r  an  average  K-tagged 

isotope. Approximately 20% of the radioactive f iss ion product isotopes 

in  the  l i b ra ry  a r e  tagged N. 

When Mode 2 calculations a r e  made, in which the cur ie  content of 

individual isotopes is specified, re l iab le  r e su l t s  can be achieved only if 

K-tagged isotopes  a r e  selected.  
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111. DISCUSSION 

A. L ib ra ry  Structure  

The  photon probability l i b r a r y  contains da ta  for  each of the  450 isotopes 

i n  the  RIBD l ib ra ry  followed by 49 selected radioisotopes. The photon 

decay probabilities and decay  energ ies  in MeV for  each of the 499 isotopes 

a r e  presented in Appendix A. L ib ra ry  data  a r e  compiled f rom References  

3, 4, 5 and 6. The l i b r a r y  format  fo r  each isotope is a s  follows: 

CARD No. 1 

Column 

1-3  

4- 5 

6-8 

9- 10 

77-79 

80 

CARD No. 2 

F o r m a t  Variable 

Atomic m a s s  number 

Atomic number 

Isotope Name 

Total  number of decay energ ies  

for  isotope 

Fir s t  photon probability 

F i r s t  photon decay energy, MeV 

Second through sixth photon 

probability and decay 

Isotope identification number 

Data evaluation symbol 

Column F o r m a t  -- Variable 

1 - 5 F5. 0 Seventh photon probability 

6 -  10 F5. 0 Seventh photon decay energy MeV 

11-70 F5 .  0 Eighth to  13th photon probabilities 

and decay energ ies  

77-79 I3  Isotope identification number 

C a r d s  3 through M a r e  u sed  in the  s a m e  format  a s  C a r d  Yo. 2, a s  requi red  

t o  tabulate a l l  photon ?robabil i t ies and energies .  The  maximum number 

of data  p a i r s  is s ix  on Card 1, and seven on each subsequent card .  
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B. LIBRARY USE 

The photon probability l i b ra ry  can  be used i n  e i ther  of two ways. The 

f i r s t  (Mode 1) is linked to  the  RIBD subroutine used to  calculate in - reac tor  

fission product inventories. The end product of a RIBD calculation is a 

cur ie  inventory l ist ing of 450 isotopes a s  a function of specified decay 

t imes.  Utilizing the gamma decay schemes  for  each isotope in the 

probability l i b ra ry  and the cur ie  da ta  f rom RIBD, the code genera tes  a 

multigroup gamma energy table i n  which the number of photons in each 

energy group is tabulated s tar t ing with the  lowest energy group. Using 

the data  i n  th i s  form,  attenuation calculations can be performed for  any 

of the 10 geometry options incorporated in  ISOSHLD. 

The second way (Mode 2) in  which the photon probability l i b r a r y  data  

can be used is t o  specify a s  input the number of cu r i e s  of a s  many isotopes 

a s  desired.  The group gamma energy table is then s t ructured using only 

these  specified isotopes. The attenuation calculations a r e  made a s  i n  

Mode 1 fo r  t he  des i red  geometry. 

C. DATA EVALUATION 

Gamma decay schemes  have not been measured for  a l l  of the  isotopes 

included in  the l ib rary .  To make future updating of the l i b ra ry  l e s s  

difficult, each isotope was  tagged in  column 80 of each data  card  with 

one of the four l e t t e r s  S, K, U, o r  N. The four tag l e t t e r s  have the 

following meanings: 

S - the  isotope is stable, no gamma decay, 

K - the  gamma decay scheme, both probability and energy, has  been 

documented for  the specific isotope and the values a r e  considered 

t o  be well  established, 

U - gamma energ ies  have been measured,  but the emission probability 

associated with each h a s  not been established, 

N - neither gamma energies  nor emission probabilities were  reported 

i n  the l i t e ra ture  reviewed. 3, 4, 5, 6 
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About 25% of the 499 isotopes included in the l ibrary  a r e  in the 

U and N categories, with about an equal number in each category. An 

estimate was made of the gamma decay scheme for those isotopes 

tagged U based on the available data. No method was available for 

generating gamma decay schemes for those isotopes for which no 

experimental data were found. For  this  reason, no data were included 

for these in the photon probability l ibrary. 





BNWL-236 SUP 2 

IV. ISOSHLD CALCULATIONS USING PHOTON LIBRARY 

The use r  of ISOSHLD has  three  choices for  gamma source input: 

(1) internally calculated gamma fission product inventory using the 

RIBD subrouting, (2)  selection of specific isotopes from the photon 

probability l ibrary, and (3) direct  specification of the number of photons 

with given energies. The third choice is of no concern here,  because 

it  does not involve use  of the photon probability l ibrary. By choice of 

input options, the gamma sources generated from subroutine RIBD will 

contain either (a) the decay gamma radiation from all  of the radioactive 

fission isotopes, o r  (b) the decay gamma radiation from one of the 

following groups: (1) noble gases only, (2)  halogens only, (3) volatile 

solids only, or  (4) a l l  fission isotopes except noble gases, volatile solids, 

and halogens. 

In performing shielding calculations in which either all  of the fission 

products o r  any of the specified groups of fission products a r e  involved, 

the accuracy of the calculation is not limited significantly by the photon 

l ibrary  even though the decay schemes associated with about 25% of the 

isotopes a r e  not well known. This conclusion is based on dose ra te  

calculations from fission product decay made with ISOSHLD using 239& 

a s  the fissile fuel and irradiations t imes  f rom one to  several  hundred 

days. Air and lead were selected a s  the shielding materials,  with lead 

thicknesses up t o  20 cm. 

The resul ts  show that after eight hours of decay, essentially all  of 

the calculated gamma dose r a t e s  a r e  associated with K-tagged fission 

products. The U- and N-tagged isotopes have decayed to  the extent they 

do not contribute; therefore,  i t  is not essential  that their  decay schemes 

be known accurately fo r  these conditions. 

The greatest e r r o r  in  fission product dose ra te  calculations occurs  

at  zero  decay when omission of data for N-tagged isotopes might under- 

estimate the ra te  by up to  2570. In estimating the e r r o r  it was assumed 

that the gamma energy distribution and the number of gammas emitted 

per decay would be about the same for the N-tagged isotopes a s  for  the 
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K-tagged. Of the approximately 335 radioactive isotopes in the fission 

product portion of the photon probability l ibrary,  about 20% a r e  N-tagged. 

When specific isotopes a r e  selected f rom the l ibrary  for use  in perform- 

ing shielding calculations, only K -tagged isotopes should be used. The 

selection of U-tagged isotopes on an  individual basis should be avoided 

because of the uncertainty of the listed values. The N-tagged isotopes 

cannot be used because no gamma decay data exist in the l ibrary.  Gamma 

radiation is probably associated with most of the N-tagged radioactive 

isotopes; however, no method of generating gamma spectra  was available. 
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V. ISOSHLD-I11 CODE CHANGES 

Several changes were  made in  the ISOSHLD code to  accommodate 

the new l ibrary,  to  geli2rate additional output, and to  calculate fission 

product inventories f o r  fast  o r  thermal  r eac to r s  based 33 da+,a f o r  two 

different RIBD l ibrar ies .  In the original code1 the RIBD l ib ra ry  contains 

data necessary  to  calculate the fission product inventory f o r  thermal  

r eac to r s  fueled with 2 3 5 ~  and 2 3 8 ~ ,  In ISOSHLD-I11 a second l ib ra ry  

has  been added which contains data necessary  fo r  a fission product 

inlientory calculation in  a fas t  reac tor  fueled with 2 3 9 ~ ~  and 2 3 8 ~ .  In 

this  version of the code, thermal  and fast  reac tor  l i b ra r i e s  a r e  named 

T L I B E / F ~ ~ .  69 and F L I B E / F ~ ~ .  69, respectively. 

Except fo r  updating half-life values, T L I B E ~ ~ ~ .  69 contains the 

s a m e  data a:3 described in  Reference 1, whereas FLIBE contains data 

developed by Of Dell and Bunch. The ISOSHLD-I11 photon probability 

l i b ra ry  is used with each of the above l ibrar ies  to  generate the photon 

data for  the group gamma energy table. 

The  input variable, DEL, required on Card  l b  of the RIBD input is 

now defined by the ra t io  b / a  where b and a r e fe r  to  the initial f iss ion 

r a t e s  of 2 3 8 ~  and 2 3 5 ~  f o r  a thermal  reac tor  calculation ( T L I B E I F ~ ~ .  69) 

o r  2 3 8 ~  and 2 3 9 ~ ~  f o r  a fas t  reac tor  calculation ( F L I B E / F ~ ~ .  69). 

A second code change allows any number of gamma energy and 

,3rohability pa i rs  f o r  each isotope in  the photon probability l i b ra ry  

instead of the 6-pair limitation in  the original code. Another code change 

conserves total source energy within each gro~;3. Because the energy 

range of each group is relatively smal l ,  the effect of this  change is 

small .  H w ~ e v e r ,  gamma onergy flux is usually a m o r e  important 

parameter  than gamma number flux. 

A fourth change was made to  provide additional output. The  added 

printed data cl~n'.ain the number of photons by i s 3 t o p  f o r  each of the 

gamma energy groups. F r o m  this printout, the important isotopes fo r  

shielding considerations can be easily identified. An example of the 

added output is sho;rv.n in Appendix B. 
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556499 ISOSHIELD PHOTON PRODUCTION LIBRARY. C A  MANSIUS 2-13-69 
72302N2 3 e08 ,015 -90 e l45 -10  e l92  
72316A210 e O 8  e601 .27 e630 e96 e835 e l 0  .894 a07 1.05 e0351.47 
e20 2.5 a05 1.86 .26 2.20.05 1.6 
7232GE2 0 
73302N2 0 
7331GA2 3 a94 e295 eO6 e74 e01 1 e O L I  

7332GE2 1 a09 eQ54 
7431GA213 e l 1  m50 1.0 e6 e09 e87 .05 1.11 e08 1.2 e05 1.33 
e45 2.35 * O A  1.46 .O7 1.76 eO6 1.93 e08 3.23 eO3 2.55 .03 2.73 
7432GE2 0 
7531GA2 2 e O 1  m36 -03  e58 
7532GE1 1.34 e l39  
7532GE2 6 e003 e066 .014 e l99 a l l  .265 .003 e427 ,003 e477 .001 e628 
7533AS2 0 
7631GA2 3 e50 ,563 e50 *96 a50 1912 
7632GE2 0 
7633AS2 6 . 43  e559 -06 ,657 .05 1.22 eO07 1.44 .04 1.79 e009 2.1 
7634SE2 0 
7732GE1 2 .26 e215 e l 2  e l59 
7732GE213 .61 .21 .45 .263 e l 5  e368 e25 e417 e l 8  ,563 .I1 e632 
1 *73 eO6 *80  eO5 *93 m06 1.09 e0222.3 .0551.7 .09 1.2 
7733A52 3.001 ,086 e025 e239 9008 .522 
7734SE1 1 e50 a161 
7734SE2 0 
7832GE2 2 e94 a277 .O6 e294 
7833AS2 6 e56 a614 e21 e08 .83 e l 1  1.31 r05  1.6 .02 1994 
7834SE2 0 
7933AS2 5 e O 2  a36 .02 .43 *005 .54 eO05 a73 .01 .89 
7934SEl 1 1.0 a696 
7939SE2 0 
7935BR2 0 
8033AS2 6 .42 .666 -014 .8 e04 1.22 604 1.64 e017 1.8 eO04 2.35 
8034SE2 0 
8035BR13 eO7 *62 .01 e67 e0011.26 
8035BR2 1 .36 e037 
8036KR2 0 
0133AS2 0 
8134SE1 1 eO8 e l 0  
813'+SE2 3 e036 m28 e013 e56 *01  .83 
0135tlR2 0 
8136KR2 0 
8234SE2 0 
0235HR21O .66 e554 .&I .GI9 .27 e698 e83 e777 -25 e828 a31 1904 
.26 1.32 .I9 l e b 8 . 1 7  1.9 .035 .27 
8236KR2 0 
833l+SE1 5 . I 6  -35 -13  .65 m40 1.01 e l l  2.Q2 .02 1 -66  
8334SE2 9 .114 .22 .69 .36 .59 .52 .25 .71 .41 .83 .16 1.06 
.25 1.31 . I 6  1-88 a17 2.29 
8335bH2 1 . O l b  .53 

O O l K  
002K 
002 
0035 
004n 
005K 
006K 
007K 
007 
0085 
009K 
OlOK 
O l l K  
0125 
013U 
0145 
015K 
0 16s 
017K 
018u 
0 18 
019K 
020K 
0215 
022K 
023U 
0245 
02% 
026K 
027K 
0285 
029K 
0305 
031K 
032K 
0335 
034K 
035K 
036K 
0 37K 
038N 
0395 
040K 
O*Q 
041K 
042K 
043K 
043 
044K 
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APPENDIX B 

PHOTON PRODUCTION BY GROUP 

AND ISOTOPE FOR SPECIFIED DECAY TIME 
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