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A REVISED PHOTON PROBABILITY LIBRARY
FOR USE WITH ISOSHLD -IIT

C. A. Mansius

I, INTRODUCTION

The computer code ISOSHLDl’ 2 was designed to fill the need of
performing fixed geometry shield calculations in a convenient manner
with a minimum amount of input data. The photon probability library
is one of several libraries included in the code. The data contained in
the photon library are used to calculate the photon source group
strucutre produced by any mixture of radioactive isotopes. A number
of obvious errors were foundin the initial photon library. In addition,
it was believed that collapsing complex gamma spectra into just six
groups would not necessarily give an adequate source for attenuation
calculations, This revision of the library was made for these reasons,
and to include the latest available data. The first printing of BNWL-236
was released in June, 1966, with Supplement 1 2 being printed in
March, 1967.
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II. SUMMARY AND CONCLUSIONS

An updated photon probability library was assembled for use with
the computer code ISOSHLD, A listing of the library is presented in
Appendix 1. Each of the listed isotopes was tagged with one of the
following letters: (1) S - stable 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
from References 3 and 4. References 3, 4, and 5 were used to estimate
the gamma emission probability for the U-tagged isotopes, In addition
to the library update, ISOSHLD was changed as follows: (1) any number
of data pairs (photon energy and emission probability) can be used for
any isotope in the photon library, (2) total gamma source energy is
conserved in the 16 energy group gamma source table rather than total
number of photons, (3) print 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 library was added for the calculation of fission product

inventories for fast reactors fueled with239Pu and 238U.

The accuracy of ISOSHLD calculations is not expected to be limited
significantly by the data in the photon library if Mode 1 is used. This
conclusion is based on the results of a number of Mode 1 calculations
for fission products associated with fuel irradiated from one to several
hundred days. TFor decay times greater than about eight hours, K-tagged
isotopes were found to establish the gamma intensity and the shield
requirements. For decay times less than about eight hours, calculated
results are low because of the presence of N-tagged isotopes. The error,
which is largest at zero decay time, is estimated to be less than 25% based
on the curie inventory associated with all fission products., This estimate
assumes that the number and spectral distribution of the photons emitted
by an average N-tagged isotope is the same as that for an average K-tagged
isotope. Approximately 20% of the radioactive fission product isotopes

in the library are tagged N,

When Mode 2 calculations are made, in which the curie content of
individual isotopes is specified, reliable results can be achieved only if

K-tagged isotopes are selected.
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III, DISCUSSION

A, Library Structure

The photon probability library contains data for each of the 450 isotopes
in the RIBD library followed by 49 selected radioisotopes. The photon
decay probabilities and decay energies in MeV for each of the 499 isotopes
are presented in Appendix A, Library data are compiled from References

3, 4, 5and 6. The library format for each isotope is as follows:

CARD No, 1
Column Format Variable

1-3 13 Atomic mass number

4-5 12 Atomic number

6-8 A3 Isotope Name

9-10 12 Total number of decay energies
for isotope

11-15 F5.0 First photon probability

16-20 F5.0 First photon decay energy, MeV

21-170 F5.0 Second through sixth photon
probability and decay

77-179 I3 Isotope identification number

80 Al Data evaluation symbol
CARD No, 2
Column Format Variable

1-5 EF5.0 Seventh photon probability

6-10 F5.0 Seventh photon decay energy MeV

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

77-19 I3 Isotope identification number

Cards 3 through M are used in the same format as Card No. 2, as reguired
to tabulate all photon probabilities and energies. The maximum number

of data pairs is six on Card 1, and seven on each subsequent card.
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B. LIBRARY USE

The photon probability library can be used in either of two ways. The
first (Mode 1) is linked to the RIBD subroutine used to calculate in-reactor
fission product inventories. The end product of a RIBD calculation is a
curie inventory listing of 450 isotopes as a function of specified decay
times. Utilizing the gamma decay schemes for each isotope in the
probability library and the curie data from RIBD, the code generates a
multigroup gamma energy table in which the number of photons in each
energy group is tabulated starting with the lowest energy group. Using
the data in this 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 library data
can be used is to specify as input the number of curies of as many isotopes
as desired. The group gamma energy table is then structured using only
these specified isotopes. The attenuation calculations are made as in

Mode 1 for the desired geometry.

C. DATA EVALUATION

Gamma decay schemes have not been measured for all of the isotopes
included in the library. To make future updating of the library less
difficult, each isotope was tagged in column 80 of each data card with
one of the four letters S, K, U, or N. The four tag letters have the
following meanings: '

S - the isotope is stable, no gamma decay,

K - the gamfna decay scheme, both probability and energy, has been
documented for the specific isotope and the values are considered
to be well established, ]

U - gamma energies have been measured, but the emission probability
associated with each has not been established,

N - neither gamma energies nor emission probabilities were reported

in the literature reviewed. 3,4,5,6
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About 25% of the 499 isotopes included in the library are 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 library.
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IV, ISOSHLD CALCULATIONS USING PHOTON LIBRARY

The user 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 library, 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 phofon probability library. 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, or (b) the decay gamma radiation from one of the
following groups: (1) noble gases only, (2) halogens only, (3) volatile
solids only, or (4) all fission isotopes except noble gases, volatile solids,

and halogens.

In performing shielding calculationsin which either all of the fission
products or any of the specified groups of fission products are involved,
the accuracy of the calculation is not limited significantly by the photon
library even though the decay schemes associated with about 25% of the
isotopes are not well known, This conclusion is based on dose rate
calculations from fission product decay made with ISOSHLD using 239Pu
as the fissile fuel and irradiations times from one to several hundred
days. Air and lead were selected as the shielding materials, with lead

thicknesses up to 20 cm.

The results show that after eight hours of decay, essentially all of
the calculated gamma dose rates are associated with K-tagged fission
products. The U~ and N-tagged isotopes have decayed to the extent they
do not contribute; therefore, it is not essential that their decay schemes

be known accurately for these conditions,

The greatest error in fission product dose rate calculations occurs
at zero decay when omission of data for N-tagged isotopes might under-
estimate the rate by up to 25%. In estimating the error 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 as for the
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K-tagged. Of the approximately 335 radioactive isotopes in the fission

product portion of the photon probability library, about 20% are N-tagged.

When specific isotopes are selected from the library 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 library. 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-III CODE CHANGES

Several changes were made in the ISOSHLD code to accommodate
the new library, to generate additional output, and to calculate fission
product inventories for fast or thermal reactors based on data for two
different RIBD libraries. In the original code1 the RIBD library contains
data necessary to calculate the fission product inventory for thermal
reactors fueled with 235U and 238U. In ISOSHLD-III a second library
has been added which contains data necessary for a fission product
inventory calculation in a fast reactor fueled with 239Pu and 238U. In
this version of the code, thermal and fast reactor libraries are named

TLIBE/Feb, 69 and FLIBE/Feb. 69, respectively.

Except for updating half-life values, TLIBE [Feb. 69 contains the
same data a3 described in Reference 1, whereas FLIBE contains data
developed by O'Dell and Bunch. 7 The ISOSHLD-III photon probability
library is used with each of the above libraries to generate the photon

data for the group gamma energy table.

The input variable, DEL, required on Card 1b of the RIBD input is
now defined by the ratio b/a where b and a refer to the initial fission
rates of 238U and 235U for a thermal reactor calculation (TLIBE/Feb. 69)

or 238U and 239Pu for a fast reactor calculation (FLIBE /[Feb. 69).

A second code change allows any number of gamma energy and
arobability pairs for each isotope in the photon probability library
instead of the 6-pair limitation in the original code. Another code change
conserves total source energy within each group. Because the energy
range of each group is relatively small, the effect of this change is
small. However, gamma energy flux is usually a more important

parameter than gamma number flux.

A fourth change was made to provide additional output. The added
printed data con*ain the number of photons by isotope {or each of the
gamma energy groups. From this printout, the important isotopes for
shielding considerations can be easily identified. An example of the

added output is shown in Appendix B.
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APPENDIX A
PHOTON PRODUCTION LIBRARY







556499
T230ZN2 3
72316A210
e20 2.5
72326GE2 0
7330ZN2 0
T73316A2 3
73326E2 1
74316GA213
45 2,35
7432GE2
75316A2

. 75326E1
75326E2
7533A52
76316A2
76326E2
7633AS2
7634SE2
77326E1
77326E213
Al W73
7733AS2
7734SE1
T734SE2
78326E2
7833AS2
78345E2
7933A52
79345E1
79345E2
7935BR2
8033A52
8034SE2
8035BR1
8035BR2
8036KR2
8133AS2
81345E1
8134SE2
81358R2
8136KR2
8234SE2
8235BR210
26 1,32
8236KR2 0
8334SE1 5
83345E2 9
25 1.31%
8335BR2 1
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ISOSHIELD PHOTON PRODUCTION LIBRARY, CA MANSIUS 2-13-69

.08 ,015
<08 621
<05 1.86
94,295
«09 054
11 .50
«08 1,46
«01 .36
03'4 0139
«003 066
«50 +563
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«26 4215
61 W2
«06 .80
.001 .086
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94 277
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02 436
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016 '35
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1,0
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017
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6
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239

«294
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l.9
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36
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«50
+05
15

+ 06
«008
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04

«0G1

+01

27
+035

40
.59

192

«835
1.6
1.04

87
1,93

+265
1.12
1.22
« 368

1,09
522

.83

5S4

1.22

1.26

.83

«698
27

i.01
«52

.10 .

.05
.08

.003

+007

022

.11
+005

04

.83

.11
.25

11

894

427

1.44
W17

2.3

1,31
.73

1.64

o777

2,02
.71

«07 1,05
.08 1,2
03 2,55
2003 477
04 1,79
.18  .563
«055 1.7
.os 1.6
.01 .89
«017 1.8
«25 .828
02 1.66
.41 .83

«0351,47

W05 1,33
.03 2,73
.,001 .628
009 2,1

11 632
.09 1,2

.02 1,94
004 2,35
«31 1,04
16 1,06

001K
002K
002

0035
004N
005K
006K
007K
007

008S
009K
010K
011K
012S
013V
014S
015K
016S
017K
018V
018

019K
020K
021S
022K
023V
024S
025K
026K
027K
028S
029K
0305
031K
032K
033S
034K
035K
036K
037K
038N
039S
040K
ouQ

041K
042K
043K
043

044K
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8336KR1 1 .09 €09 045K
8336KR2 0 0465
8434SE2 0 047N
8435BR1 4 ,16 1,89 ,75 1.46 .75 .88 .68 44 048K
8435BR211 413 3,93 ,08 2.47 .18 1.90 .04 1,21 .10 1.01 .51 .88 049K
«09 481 14 3,03 04 2417 <02 1,74 .03 1,57 ou9
8u36KR2 0 0505
8533A52 0 051N
8534SE2 0 052N
8535BR2 0 053K
8536KR1 2 .13 .305 .74 .15 054K
8536KR2 1 .41 +514 055K
8537RB2 0 0565
8634SE2 0 057N
8635BRZ 6 .15 3.6 .20 2475 .20 2.3 .06 1.75 ,55 1.56 .35 1.22 058U
8636KR2 0 0595
8637RB1 1 1,0 56 060U
8637RB2 1 ,088 1,08 061K
86385R2 0 0625
87345E2 0 063N
873%BR2 5 .65 3.0 .09 2.98 .12 2,48 .10 1.85 .60 1.44 o6ul
8737RB2 0 066K
87385R1 1 ,80 39 067K
87385R2 0 068S
88358R2 1 ,50 .76 ) 069U
8836KR2 8 +35 2.4 ,L18 2.19 .14 1,55 .23 .85 ,05 .36 ,35 .191 070K
«07 4166 .07 .G28 070
8837RB2 4 ,023 2,68 ,21 1.86 .13 .90 .01 2,18 071K
88385R2 0 072S
89358BR2 0 073N
8936KR217 .28 ,23 ,09 .36 ,09 .43 14 .51 ,33 L,60 L11 74 074U
22 .88 ,15 1.12 ,10 1.29 ,29 1,51 .11 1,71 .03 1,93 ,05 2.04 o074
93 2.23 ,07 2.42 .63 2,57 .08 2,84 074
8937RB2 8 .13 2,959 .14 2.2 54 1,26 ,755 1,05 (17 .66 .022 3,52 075K
D3 2,75 .04 1,855 : 075
89355R2 0 076K
8939y 1 1 ,99 .91 077K
8939Y 2 0 078S
93358R2 0 079N
2036KR216 .04 2,48 .11 1.79 .17 1.54 .48 1.11 .48 ,L536 .12 .495 080K
«16 236 .65 120 .15 .195 .07 3,2 JO4 2,7 L05 2,03 .09 1,7 080
09 1.38 .66 .94 ,07 .75 080
°337RB212 .:’)5 “05 .20 30’4 005 3.1 .03 107 005 1.“" 007 1011 081’(
00:) 1.03 n(’)l 083 -04 053 003 1.82 002 202 003 2.5 081
993u5R2 0 082K
G939Y 1 2 .91 .482 ,97 .2¢2 083K
9039Y 2 0 084K
9048Z2R2 0 0855
9136KR2 0 086K
9137RB1 0 087N
9137RB2 0 088N
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91385R2 5 .30 1.03
9139Y 1 1 .95 .55
9139Y 2 1 .003 1,21
91402R2 0

9236KR2 0

9237RB2 0

9238SR2 3 ,90 1,37
9239 Y2 5 .004 1,83
92u409ZR2 0

9336KR2 0

9337RB2 0

93345R2 3,65 1.1
9339y 211 .g33 2.18
«9007 2.14,0007 1.62,
93u5ZR2 0

93ntNBL 1 1,6 .029
93uINB2 0

M 3eKR2 0

9437RB2 0

9u385R2 1 1,0 1,42
9n39yY 210.011 3,53
.05 1.13,43 .92
IuYpZR2 0

Quu 1Bl 1 L0022 .87
auyIMB2 2 1,0 .871
9y 42M02 0

9536KR2 0

9537RB2 0

953u4SR2 0

g4539Y 2 2 410 1.3
ISUBZR2 2 49 756
954114B1 1 1,0 .235
9SUINB2 1 1,0 765
A542M02 0

9639Y 2 3,33 1.5
96u40ZR2 0

641MB2 9 .21 1,2
.28 46 L0 W28
96u2M02 0

9736KR2 0

9737RH2 0

9736SR2 ¢

9739Y 2 0

97UJZR2 6 03 1.35
O7UANMBL 3 .98  .747
O7HIMB2 2 ,98 L.665
9742M02 0

98452R2 0

9BuINBL 0

gsu1NB212 .08 1,93
1.0 787 .75 .72

Q8u2M02 0

03 .93 .27 .75 .15

04 W4y .03 .23

L0647 1.40 14,934 ,026
25 1.4 .10 1.8

2018 1.9 ,027 1.42 023
6035 1.2 .023 .u49.2G05
013 3¢0d 015 2.57.024

006 '56 ‘0':’7 2.84

1.0 702

J1¢ 1.8

49 JT724

49 1.0 1.6 o7

cqg 1'99 022 085 ch‘

N7 216

32 11

O 1.88 .16 1.68 .04

09 '33 -05 -3.7 005
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«HU5.05 1440

56 ,023 448

» 94
2.48

007 .67 .06 .267

2.13 ,016 1,90 .C24 1,69

.81 ,97 .78 .59 «57
1.84 ,015 1,79 .03 1.1%
1.52 .10 1.84 .30 1.16
2.44 .05 2.24

089K
090K
091K
0925
093N
094N
095K
096K
0975
098N
099N
100U
101K
101

102K
103U
104S
105N
106N
107K
108K
108

1095
110K
111K
1125
113N
114N
115N
116U
117K
118U
119K
1205
121U
1225
123K
123

124S
125N
126N
127N
128N
129U
130K
131K
1325
133N
134N
135U
135

1365
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99uQZR2 0 137N
99U 1NB2 2 .10 «10 .10 « 20 138U
99U2M02 6 Lo 78 .12 «Te .01 372 L07 .181 .02 .041.0014 .95 139K
9943T7C1 1 .90 14 140K
9943TC2 0 141K
9guyRU2 0 142S
lool}_‘!NBz 4 1.0 .53 .QO 045 «955 « 36 .10 o1q 143U
10042M02 0 1445
10043TC2 2 .50 .54 .50 .68 145U
100u4RU2 0 1465
19141NB2 0 147N
10142M0210 .16 2.08 .11 1.56 .09 1.38 .11 1.18 .25 1.02 .15 .89 148K
'11 070 021 159 015 051 .25 019 1“‘8
10183TC2 6 .08 55 .21 .31 .03 .13 .004 B85 ,02 72 .18 .98 149K
10144RU2 0 150S
10242M02 0 151N
192437C2 1 .5 47 152U
10244RU2 O 153S
10343TC2 2 .17 .14 .10 <21 154U
10344RU2 2 .06 .61 .88 .59 155K
10345RH1 1 .04 Q4 156K
19345RH2 0 1575
10442M02 0 158N
194437C2 5,25 .53 .50 1.37 .20 2.2 .30 3.4 20 4.4 159U
10444RU2 O 1605
19045RH1 5 .02 77 .002 .56 026 .16 .025 .08 .47 .051 161K
19445RH2 2 001 1.2% ,02 56 162K
10046P02 0 163S
10542M02 0 164N
10543TC2 1 1.0 .11 165U
190544RU210 48 73 .16 .67 20 .48 .06 40 11 .32 .06 .26 166K
001 1.72 .006 1.35 015 .96 .023 .87 166
10545RH1 1 1,0 .129 le7U
10545RH2 2 .19 319 .05 <336 168K
10546PD2 0 169S
10644RU2 0 170K
10645RH1I13 .18 1,56 .17 1.22 12 1.13 .25 1.05 .35 .82 .41 735 171K
-29 0616 .88 05]2 .35 .qE)I 018 0466 .16 022 0015 ?..28 .04 1.86 171
10645RH2 6 002 1.55 .¢05 1.13 .€15 1,85 .11 622 ,21  .512 001 2.36 172K
10646PD2 0 173S
10743T7C2 0 174N
10744RU2 S 08 1,29 .04 1.03 .04 .93 .07 .80 .14 .20 175K
10745RH2 6 .03 .68 ,11 W39 .73 .31 .03 .55 ,02 .365 .03 .265 176K
1¢7u4PD2 O 177K
10747AG2 0 178S
10640RU2 1 .28 4165 179K
10845RH2 5 ,22 62 .10 ¢S1 U3 434 ,05 1.52 .03 2.0 180K
198upPD2 0 1812
1847AG1 & ,90 ,722 .90 .614 .89 434 .05 .080 182K
16847AG2 4 ,017 .632,6918 .615 .006 511 065 434 183K
1o8u48CD2 0 1845
1094%RH2 0 185N
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199u46PDY 1
10946PD2 5,
10947AG1 1
10047A6G2 ©
110846PD2 0
11047AG1 9
.19 .706
11047A6G2
11046CD2
11146PD1
11146PD2
11147A61
11107AG2
11144CD1
11344C02
11246PD2
11247AG211
02 W73
11245CD2 0
11346P0D2 0
11347A6G1 5,
11307A62 7
10 12
11384C01 1
11344C02 0
11349IN2 0
11446PD2 ¢
11407A62 1
11445CD2 ¢
114949IN1 3
114849IN2 1,
11546PD2 0
11547AG1 0
11547A6G213
07 U2
11545CD1 3
11504CD2
115491IN1
115491IN2
115%505N2
HetePD2
11647A62
1164 6C02
116401IN1
«03 4138
11649IN2 3,
1165025N2 0
11747A6G2 0
11744CD117
S11 1.24
00 W 345
11744CD213

—OoOMDMPD=FroOooOoOM

COMNMOOO~ & U

58
0¢01
«05

11
16
QU

051
«05

1,0

1.0

. 035
0017

.1.5
.11
«009
o206
C50

1.0

29
«G2

0012

03
004
<18
17

.188
Ol ] 000:’)
.088

1.51 .2
.68 ,96
«658,0002

1.4
38
« 342
247

.01
n13

.bl
«3C

519
2.55

86

l03
»C15

39
1,18

nos
-05

$ 260

. 035

.10
.13
.019
.10

52 .21
2.11
1,77
434

11

.001

2,32
1,12
273
1,58

. 15
-09
008
.19

67

1.38
1.“.7

081
68

247
015

2.11
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APPENDIX B
PHOTON PRODUCTION BY GROUP
AND ISOTOPE FOR SPECIFIED DECAY TIME







= 10.0 DAYS

ISOTOPE FOR DECAY TIME

NUMBER OF PHOTONS BY GROUP»
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