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The major fiaaion-productparameters [Uth, RI, T1/2, F,–,
~~-~ branching, Q, and AWR] abstracted from ENDF/B-IV files for ~24%uclides >re summarized.

~a, decay and (n,y)

*~~iw These data are most often requested by users concerned with reactor design, reactor

“~%:
safety, dose, and other sundry studies. The few known file errors
date. Tabular data are listed by increasing maas number.
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I. INTRODUCTION

Two and one-half yeara ago, a large task force

was organized to expand the ENDF/B fission–product

data from a 55–nuclide cross-section data set to a

comprehensive file which, at present, encompasses

data on 824 nuclides; these data include cross sec-

tions, decay parameters, and yields. Approximately

30 people from various industrial and government

laboratories have cooperated in this task. This ad

hoc group of people was divided into several subcom-

mittees working under the Cross Section Evaluation”

Working Group (CSEWG) Fission-Product Subcommittee

Task Force to produce evaluated data for use in de–

cay heat and burnup calculations as part of the gen-

eral effort to produce an Evaluated Nuclear Data

File (ENDF/B).

The motivation for an expanded file began with

the need for a reference aet of fission-productde-

cay data for calculating decay heating during “loss-

of-coolant accidents” (LOCA). However, the task

force members recognized the need for expanded fis-

sion-product microscopic cross-section data, ade-

quate for thermal and fast reactor analysis; improv–

ed fission yields; and detailed fission-productgam-

ma “line” data for a number of applications, includ-

ing absorption buildup, waste disposal and fuel man-

agement, shielding (spectra), fuel integrity (gas

content), and the buildup of radiologically hazard-

ous and toxic products.

A complete listing

are corrected to

-.

tion files requires several thousand pages. In this

report, we have listed the parameters of interest to

many users In a compact, readable format requiring

less than 30 pages. The format of this listing was

originally designed as a quick reference to decay

data in early versions of the file (457) for use in

data testing and as an aid in forming the nuclide

chains. However, this data listing has proven to be

a useful reference for the occasional user unfamiliar

with ENDF/B formats and for particular applications

requiring subsets of these data, such as in dose

studies. A more extensive, detailed data listing

will likely be issued by Brookhaven National Labora-

tory (Bh~) aa part of the ENDF/B-IV documentation,

organized for biomedical and reactor uses.

We have included thermal cross-section and reso-

nance integral data derived from the ENDF/B-IV files

and thermal capture branching data which are essen-

tial to the use of these cross sections but which

are not in ENDF/B-IV. We have also included a list

of internal conversion electron energies (as frac–

tions of the transition energy), a comparison of av-

erage energies and Q values (calculated from the de-

cay spectra) with the tabulated values in ENDF/B-iV,

and a list of known file errors found to date. The

yield data and decay spectra are not jncluded in

this report.

The summary data in Table VII form the core of

this report.

1
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II. ENDF/B-Sl CONTENT

The ENDF/B-IV fission-product files contain ap-

propriate data for 824 nuclides. Of these, 181 have

cross-section evaluations (capture, elastic, inelas-

tic, and total from 10‘5 eV to 20 tleV). Thirty-six

nuclides have other cross-section evaluations such

aa (n,2n), (n,t), (n,n’p), (n,d), etc. The radia-

tive capture cross aectlons were identified as being

sufficiently comprehensive for detailed estimates of

absorption buildup in any contemporary reactor. One

hundred eighty nuclides have experimental data on 6-

end-point energies and Y “line” data (energies and

intensities).l Some of these nuclides have several

hundred resolved gamma lines, but the average number

per nuclide ia 31 gamma energies and 9 beta end-point

energies. All radioactive nuclides (711) have eval-

uated data for the average ~-energy (EB), total Y

energy (– ), half-lives, branching, and other data.
5

These data should be adequate for summation calcula-

tions of decay heat and, probably, the Y spectral
2-4

shape. These files contain approximately 300 000

data entries. In addition, there are ten seta of di-

rect fission yields for six fissionable nuclides for

one or more neutron fission energies (-12 000 en-

tries). Each set contains more than 1100 yields and

appears with the cross sections of the fissionable

nuclides in the “General Purpose File.”

Tables I and II summarize the number of nuclides

having data of various types; the summary of fission

yield types in Table II is included for completeness.

It should be noted that isomeric states, but

not ground states, in ENDF/B-IV files do not include—

states having half-lives <0.1 s.

Table VII contains the summary of fission pro-

duct parameter (u’s, T1,2, ~6, ‘~, branching frac-

tions, etc.) in the format described in the follow-

ing section. In this table, the nuclidea are group-

ed by mass number, A, beginning with the smallest

value, and by increasing Z value for a given value

of A. (This is not the same as the “MAT” ordering

as given on the ENDF/B-IV files which are ordered

on Z then A.) In the table, any isomeric states

follow the ground state for a given Z, A.

In these tables, we have included the resonance

integrala (Ecut = 0.5 eV and T = O“K) and the ther-

mal radiative capture cross sections at 0.0253 eV

for the 181 nuclides having cross-section data.

2

These values appear in (File 1) comments in ENDF/B-

IV.
87Sr 1131n 1151n andFor four nuclides, , s ,

123
Te, we have used aubaequent, more accurate calcu-

lations of their resonance integrals. In most casea,

the resonance parameters are taken from the BNL re-

port BNL-325 (June 1973) with adjustments in back-

ground, conafstent with experimental uncertainties,

to give experimental thermal values and resonance

integrals (1 U). For most users (thermal reactora),

these are the cross sections most often requested;

these values are sufficient for determining the im-

portance of (n,y) coupling in forming nuclide chains.

In addition to the thermal and resonance inte-

gral cross sections, branching cross sections are

given. These are needed for those cases where the

(n,y) reaction could create an i.somericatate. These

data are not included in ENDF/B-IV. The fractional

amounts of thermal and resonance capture leading to

isomeric states are essentially identical. There-

fore, we have incorporated a preliminary compilation

of branching cross sections into Table VII in the

form of (n,y) branching fractions where the branching

could produce isomeric states.

The.remaining data in Table VII were processed

directly from the six ENDF/B-IV tapes except for cor-

rections noted in Sec. V of this report. Corrected

data are flagged in Table VII to indicate differences

from ENDF/B-IV values.

The total gamma energies listed in the ENDF/B-

IV files (and Table VII) are actually transition en-

ergies and therefore include any internal conversion

energy. This is discussed in Sec. VI.

III. FORMAT OF DATA INCLUDED IN TABLE VII

The column headings of Table VII apply to the

first line of data for each nuclide; if there is

more than one decay mode, or if capture cross sec-

tions are in the files, two or more data lines are

used. The listed data per line is:

Line 1:

Symbol - charge, chemical symbol, maas, and state

identifier (blank for ground state, M,N for

first and second isomeric states).

ZZAAAS - numeric ID = 1000O*Z+1O*A+S,where S = state

(0,1,2,... for ground, first, and second

.isomericstatea),

Half-life - decay half-life in seconds.



E-Beta - average beta energy per decay in eV.

E-Gamma - total gamma energy per decay in eV. (In-

cludes internal conversion energy; see Sec.

VI.)

E-Alpha - average alpha anergy per decay in eV. (In-

cludes recoil.)

RTYP - type of decay (defined below).

~ - state of daughter (0.0 for ground atate, 1.0

for first isomeric state, etc.)

Q- Q value in ev for the decay mode.

Branchin& - branching fraction for decay mode.

~ - atomic weight ratio.

NDK - number of decay modes.—

~- number of types of spectra.

NAT - msterial number running from 1 to 825 (NAT—

251 removed from files).

Line2, ....

If there ia more than one decay mode (NDK > 1)

the RTYP, RFS, Q-value, and Branching are listed

(one line per mode).

Last line:

(n,y) cross section [CJth= a (E=O.0253 eV)],

resonance Integral, and (n,y) “branching” are list-

ed. (One hundred eighty-one of the nuclides have

cross sections in various detail. For these, the

cross sections at 0.0253 eV and resonance integrals

are listed under the E-Beta and E-Gamma columns. In

addition, the suggested (n,y) branching to the

ground, first, and second isomeric states are list-

ed, aa described in Sec. II.)

The RTYP decay mode identifier has the follow-

ing meanings:

RTYP Mode of Decay

1.0 6-

2.0 ~+ or EC

3.0 Iaomeric transition

4.0 Ci

5.0 Delayed neutron (~-,n)

6.0 Spontaneous fission

Iv. COMPARISON OF CALCULATED ENERGIES USING ENDF/B-
IV SPECTRAL DATA WITH ENDF/B-IV TABULATED VALUES

ENDF/B-IV files contain beta end-point energies

(E6 ) and relative intensities (18.), gamma energies

(~~) and relative intensitities (~ ), and other,
YI

limited spectral data for 180 of the 711 radioactive

nuclides.~ Each such spectra also contains a normal-

ization factor (F). The average beta and total gamma

energies tabulated in the files for these 180 nu-

clides are calculated from Eqs. (l)-(3):

(1)

~ 2W: + 8W0 + 10

‘i(E~i) ‘z 4+5W0 +10 ‘
(3)

where

%i
W. =

0.511 x 106

2
is the beta end-point energy in m c

o ‘nits and ‘i(EB.)
ia the approximate ratio of the average beta energy ~

to the beta end-point energy, as derived in Ref. 5

and later reduced to the simpler form of Eq. (3).

As noted in Ref. 1, the simple form of Eq. (3) agrees

with an exact averaging for allowed and first forbid-

den energies within a few percent (<3) for the fis-

sion-product nuclides and decay energies of interest

here. (For a few cases of first forbidden, unique

transitiona, the fi values obtained from Ref. 6 were

used.)

In a few cases (38), the files contain internal

conversion coefficients (C ) which can be used to
Yi

calculate the internal conversion energy in Eq. (4)

‘Y z~lcc=~ E I
Yi Yi cYi .

(4)

For ENDF/B-IV, the listed value for the totui? gma

energy> ii
Y’

inc.hdes F
Icc“

As a partial check on the final ENDF/B-IV filea,

we have computed the averages of ~
6C

and< (and the

EICc component) along with the average neut~ino ener-

i%Y

In

[obtained by replacing fi with (1 - fi) In Eq. (2)].

addition, the Q value was calculated using Eq. (5)

(5)

3



The spectral data in ENDF/B-IV are not separated on

the basis of the decay modes; therefore, Eq. (5) is

the total energy per decay. If there was inurethan

one decay mode, the values from Eq. (5) were compar-

ed with Q values weighted by the decay branching

fractions. The Q values in ENDF/B-IV were generally
7,8

obtained from mass law compilations, not the spec-

tra data, and a comparison with the calculated val-

ues serves as a check on the self-consistency and

possible source of error in the Q values or spectrsl

data.

The comparisons of T6 and ~y show that the

calculations differ from ENDF/B-IV valuea by >0.01%

in only 23 cases, and by >lX for 10 nuclides. For
85K= 90Sr and

the three nuclides , , ‘“y, the ~6 dif-

ferencesare -10.1, -12.9, and -10.6%, respectively;

these three nuclides required firat forbidden unique

shape corrections to the calculated ~
B“

Except for

104~h only these three nuclides show differences,
104~h ~uclide is a SpeCial case;exceeding 5%. The

the normalization factor given in ENDF/B-IV is zero

and there are typographical errors in the gamma in-

tensity data. In order to force agreement with the

total gamma energy, after correcting the typographi-

cal errors in the spectra, the value of F should be

0.018535.

In Table III, the percent differences of the

calculated~e , ~y , and Qc from the ENDF/B-IV val-

ues are liste~ forc69 nuclfdes; of the 180 nuclides

having spectral data, only these differed by more

than 1% in one or more of the

gies; the majority are due to

The calculated Qc valuea

pared with ENDF/B-IV Q values

fractions) in Table IV.

three calculated ener-

Q differences.

using Eq. (5) are com-

(weighted by branching

Thirty-one of the 180 nuclides having spectral

data hate calculated Qc values which differ from the

tabulated vales by > 3%. (Approximately158 of the

180 nuclides have tabulated uncertainties in the

ENDF/B-IV files; for 63 of these, the calculated Q

is outside the ENDF/B-IV uncertainty. These are

identified with an asterisk (*) in Table IV.) The

Q difference exceeds 5% in only 12 cases and 10% for

the following 5 nuclides: 13tiSb, 133Sb,
129~e,

136
Cs, and

152~m.
Except for 136Cs, these have

been corrected for this report (Table VII) as noted
152~m, was particu-

in Sec. V.. The last nuclide,

larly discrepant (..34%). The beta spectra for this

nuclide is not well known and the files list only

the most significant transitions. The ~ should be
B

-0.9 MeV, or larger, rather than -0.4 MeV.

v. FILE ERRORS

Some corrections have already been made in the

first issue of ENDF/B-IV. Comparisons of decay en-

ergies and Q values, as in the previous section,

resulted in an additional 13 nuclides still requir-

ing file corrections. These are listed in Table V

along with corrections.

Twelve of the thirteen corrections are incorpo-

rated into the data summary in Table VII. Tab~e VII

values differing from ENDF/B-IV are flagged.

VI. INTERNAL CONVERSION ENERGIES

The ENDF/B-IV fissio~product data were compiled

for use in calculating total decay heating and ab-

sorption. Neutron cross sections, fission-product

yields, and the average absorbable decay energies

were therefore emphasized. Other applications, such

as dose and the analyaia of some decay heat experi-

ments now in progress that separate the beta and

gamma heating, may require more detailed decay dats.

In particular, as noted in Ref. 1, there is a need

to expand the Internal conversion coefficients, and

this is expected for Version V in addition to other

increased detail on decay data. ENDF/B-IV files now

have coefficients for 38 nuclides; more information

is needed.

As noted in Sec. IV, the total gauma energy in

Table VII ie actually a transition energy; it in-

cludes any internal conversion energy. In order to

extend the usefulness of Table VII and to provide

the user with some guidance on internal conversion

energies, we have tabulated in Table VI the fraction

of ~y which ia actually internal conversion energy.

Most of this table is abstracted from Ref. 9. Frac-

tions for the 38 nuclidea having coefficients in

ENDF/B-IV have been calculated and included; these

are identified in Table VI. The conversion energies

generally include the associated x rays.

The internal conversion and total gauanaenergies

Tobiasgtabulates are calculated using his compilation

of transition energies and intensities and the con-

version coefficients of Ref. 10. Although Tobias’

internal conversion energies are more complete than

values in ENDF/B-IV, the actual energies in his com-

4



pilation are not necessarily consistent with ENDF/B-

IV energies. Of the 154 nuclides listed in Table VI,

6 are not included in ENDF/B-IV (102Rh, 102M,103Pd,
1261 132CS and 146

, , Pm) and, as is evident from

blank columns in Table VII, 13 of the ENDF/B-IV val-

ues are not included in Tobias’ listing. Eight of

the remaining nuclides have transition energies

which differ by an order of magnitude, or more, from

ENDF/B-IV (113As, 113mCd, 118mIn, 119mIn, 121mIn,

124mSb, 124nSb, 166Ho), and an additional 18 differ

by a factor of two to ten. Most of the remaining

nuclide transition energies are in reasonably good

agreement, and the fractional values of Table VI

should therefore

VII. CONCLUSION

This report

ent reference to

elides which are

be adequate for moat users.

was prepared for use as a conveni-

a comprehensive set of data for nu-

generally classed as fission pro-

ducts (29~Z<68). It contains an abstract (Ta-

ble VII) of the nuclide parameters most often re-

quested by users, and should be of utility as a

guide to many users desiring more detail for par-

ticular nuclides from ENDF/B-IV files. The general

content of ENDF/B-IV has been summarized in Tables

I and II. Table VII identifies modes of decay and

those nuclides having spectral data, in addition to

listing nuclide decay and cross-section data. This

table is complete for the types of data summarized

(i.e., if no cross sections are listed, there are

no cross-section data for the nuclide in ENDF/B-IV).

File errors noted in Sec. V have been corrected in

preparing Table VII.

Two types of data not given or incomplete in

ENDF/B-IV have been included. Aa an aid to the user,

the (n,y) branching fractions are listed in Table

VII, and the conversion electron energies are tabu-

lated in Table VI as a fraction of the gamma (tran-

sition) energy.
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TABLE I

FISSION PRODUCT FILES: GENERAL CONTENT

Number VP e, Comment

824

711
113
701
117
6
57
6

17
180

181

Total nuclides in the Decay/Absorption File
(stable+ unstable)

of these

Unstable
Stable
Ground statea
1st excited state (T1/2>0.1 s)
2nd excited state (T1/2~0.1 s)
Delayed neutron precursors (have Pn values)
a decay (T1/2 > 101O yr)
6+ decay
Line data (y energies, intensities,and
$ end point energies)
o(E) 10-5 eV + 20 MeV

Total y-decay,average t3and a energles,and branching frac-
tions are given for all unstable nuclidea.

TABLE 11

ENDF/B-IV FISSION YIELD
(MASSES 72+ 167, CHARGES

Independent yields are given for each
cases:

No. of Fissionable
Yields Nuclide Thermal

1130

1130

1146

1146

1097

1130

NOTE:

235U
x

238U

239PU x
241PU

x
233U

x

232Th

CONTENT
26+ 70)

of the following ten

Fast 14 MeV——

x x

x x

x

x

Yields are in the General Purpose File with the crosa-
section data for each fissionable nuclide. Decay and
cross-section files for the fission products appear
together on six magnetic tapes. The General Purpose
File also contains decay data for 18 nonfisaion pro-
ducts, 16 being actinides.

6



TARLE III

PERCENT DIFFERENCE OF CALCULATED AND ENDF/B-IV ENERC

N! ICLIDE BETA GAMMA Q

32-GE- 79 2.7448E-04 1.9892E-03 4.7759E+O0
33-AS- 80 4.0677E-05-3.7192E-03 2.2196E+O0
33-A5- 82M 7.2115E-05 2.2451E-04-1 .4771E*O0
34-SE- 83 -2.9167E-04 5.9450E-04 4.6531E*O0
36-KQ- 85 -1.0136E+01 3.0188E-02-1 .2631E-05
3(j-KQ- 9t) 3.0660E-04 7.9469E-04 3.6924E+O0
3fj-KR- 91 -6.8009E-06 6,t1135E-04 3.9607E+O0
36-KR- 92 1.2599E-04 601166E-04 1.2635E*O0
37-RfJ- 89 4.2654E-04 8.2531E-04 1.2009E+O0
37-Rti- 90 -1.4766E-04 5.7360E-04 1.4906E*O0
37-Rd- 90M 3.757f!E-05 7.6329E-05 1.9734E+O0
37-R9- 91 ‘7.7900E-05 3.2563E-04 2.4179E+O0
38-SR- 89 -2.6695E+(I0 O. 0.
37-Rt3- 92 -4.1619E-05 9.0829E-04 1.2436E+O0
38-SR- 90 -1.2880E+01 O. 0.
39- Y- 90t4-1.060zE+Ol 7.4495E-04 9.9419E-03
39- Y- 91 -20623SE.00-9.0226E-02-6.2550E-02
39- Y- 97 2.8741E-04 O. 2.2500E+O0
40-zR- 97 2.7685E-05 1.7076E-04-209961E+00
41-NB-1OO 2.7847E-05 4.8797E-04 3.4366E*O0
4?-Mo- 99 -4.097F)E-04-1 .6590E-03 1.4811E*O0
42-MO-101 -4.3919E-04 2.2581E-03 3.4777E+O0
43-TC-102 -1.7668E-O4-9.9914E-O2-5.281OE+OO
43-TC-102M-2.957?E-O5 2.9894E-04-1 .8667E+O0
44-Ru-105 1.0703E-03 1.1740E-03 2.4885E+O0
44-RU-106 3.8099E-03 O. -1.0152E*O0
45-RtI-lo4?4 GAM/4A NORMALIZATION = O
45-RH-107 4.1832E-04 1.6172E-02-2.5466E+00
45-Rti-IOi3 3.4277E-04 3.9059E-03 7.3451E+O0
46-PD-109 8.2231E-04 1.0792E+00-1 .763?E-03
46-PD-lIIM 2.1737E-04 1.1616E-03-1 .1504E+00
49-IN-120 3.9735E-04 6.5366E-05 4.13483E+O0
50-SW-125M 5.9857E-04 8.5709E-04-2.4605E+00
50-SN-128 4.5987E-05 4.8951F-04-4.3679E*O0
5)-SB-125 -2.6452E.00 3.5411E-05 4.4129E-01
51-S13-128 Z.8998E-04 2.8423E-04-1 .7217E+O0
51-Sd-129 1.1731E-03 7.7591E-04-2.7130E+O0
51-S13-130t4-l .1613E-04 2.8220E-04-1 .3559E+01
51-s8-131 -6.8157E-05 1.6601E-04 3.3769E+O0
51-Si3-132 1.O1O7E-O4-2.9851E-O2-2.7614E+OO
51-S13-132M 1.9474E-04 8.3391E-04-3. I042E*O0
5]-si3-133 -301393E-05-9. 1311L=-04 1.5971E+01
52-TE-129M-2.1712E-03 5.4827E-01-1 .0196E+01
5z-TE-131 1.7740E-05 1.1748E-02-4.8915E+O0
52-lE-132 -1.1752E-03 I.7694E-03-4.2367E+O0
52.-TE-133 6.8036E-04 3.8290E-04 lo8239E+O0
52-TE-134 2.1995E-0.3-] .9244E-04-6. 1786E*O0
53- 1-132 8.4542E-05 3.0953E-04 1.1408E+O0
53- 1-133 7.072~E-04 7.8874E-03 1.0093E+00
53- 1-134 -2.5812E-05 1C8022E-03 407493E+O0
53- 1-135 1.2609E-03 300077E-03-3.6846E+O0
54-XE-131t4 O. -2.1129E-03 2.2000E*O0
56-XE-139 4.8673E-04 3.4517F-03 1.6416E*O0
55-CS-136 3.8841E-03 3.4464E-04 1.3737E+01
55-CS-138M 1.1397E-04 6.6677E-05-9.9627E*O0
55-CS-140 4.2475E-05 2.4339E-03 2.4425E+O0
56-BA-141 7.7233E-04 2.1252E-03 3.3463E+O0
57-LA-140 1.0555E-03 4.1911E-04-5.1363E+O0
57-LA-142 4.082E!E-04 ‘9.3736E-04 7.3065E+O0
58-CE-145 2.4325E-04 4.2966E-03-4.5409E*O0
S8-cE-146 -1.5781E-03 1.2829E-03-3.3052E+O0
59-PR-144M-1 .5544E+O0-7.3665E-03-1 .9835E-03
59-Pa-146 4.6263E-04 .?.2564E-03-4.7779E+00
60-ND-147 -1.3405E-03-3.6071E-03-5.9412E+O0
60-NO-149 1oO383E-O3 1077O5E-O3-4.OO23E+OO
61-PM-147 4.71186E-03-2.6400E*O0 8.9087E-02
61-PM-146 -2.1991E-04 8.0112E-04 1.0602E+O0
61-PM-151 -9.6493E-04 1.8540E-04 1.6248E*O0
61-PM-152M-3.9179E-04-2.8464E-05-3.4860E+01

:IES

~
58
73
76
95

138
144
145
146
158
159
160
161
176
162
177
195
196
204
223
249
269
271
290
291
314
315
333
338
339
364
368
461
497
501
518
522
524
526
527
528
529
530
549
551
553
554
556
571
572
574
576
593
604
618
621
623
644
658
660
679
680
697
699
718
72o
733
734
738
740



TAELE IV

COMPARISON OF CALCULATED Q-VALUES

Vbl NUCLIDE Cl-CAL .

~ * 5R 3?-GE - 79 b.51)$j4~+(,)6

2’ 77 33-As- 80 (,.13.3.?$:+06
3 74 33-AS- B1 3.RCUOE+06
4 7=, 33-AS- 82 7.?001?+06
5 76 33-4!S- e~~ ~.13936F.+06
6 * 9< j&-SE- R~ 3.7445F +06
7 * 9fj 34-s~- 83!4 3.9495F.+@4
R 97 34-SE- 84 1*R177?.+!35
9 116 35-9R- f44 4.667uC+06
10 117 35-dR- R4M 4.q6?+S+06
11 11P .35-!3R- t15 ?.4715F+06
12 IIQ 3%-BR- 86 7.3187E.+06
13 1?1 35-~~- 37 fj.4f)13E+c16
14 138 36-KR- 55 6.f?72tJf.*05
15 139 3fJ-~~- 85N 8.4569F+05
14 141 36-KR- h7 3.9907E+06

VS ENDF/B-IV TABULATIONS

Q PCT. uIFo

4.7000E+06 4.7759t+00
5.0000E+06 2.?196E+O0
~.nooo~+of) ().
7.?OOOE+06 1.2254[-03
7.?OOf)E+OA-l .47715+00
3.<78CE+06 4.6531F+O0
3.9290E+06 7.5291L-01
loQloo~+@6 4.?>41?.-01
4.6790E+06-603Y54L-0%
4.070fIE+06-3.2274L-0~
2.6950E+06-9.4190F -01
7.300t3F.+06 2.5619L-01
6.5264E+I)6-9.9693L-01
4.P720E+(35-l .2fJ31E-05
4.&601E+OS-3.7012E-02
3.R91oE+o6-8.469OL-O3

17 142 36-KR- 88 2.?316E+06 2.9300E+06 5.4+78t-02
1J3 147 ~6-KP- 39 A.9626E+06 4.0300E+06 6.6.215L-01
19 t$l&& .36-K<- 9,) 4.5552~ *06 4.3930F*06 3.6924E+O0
zo +$145 3~-Kti- 91 6.3624[+06 4.]2’30E+O$5 3.9607L+o0
21 146 36-KR- 9? 6.(J430F+06 5.9676E*06 1.2b35L+O0
?2 1S7 37-RH- $38 5.3003E+06 5.3000E+06 5.8734E-03
?3 *159 37-~~- 89 4.5399C+I)6 4.4860E*06 1.2009F+O0
?4 *159 .j7-RR- 96 6.4142F+06 6.3200E*06 1.4906k+O0
25 *16n 37-P13- 90&! 6,.Z306L*06 6.11OOE+O6 1.9734E+o0
?6 *161 37-Rt3- 91 5.81731:+06 5.6800E+06 2.4179E+00
%7 16? 37-I?8- 9.2 7.6733F.+06 7.5791E+06 1.2436E+O0
?8 176 38-SR- 89 1.4P194E+06 1.4894E+05 O.
29 177 3$3-SR- 90 5.4600E+05 5.L600E+05 O.
30 *17F7 3R-SR- 91 ?.353GE+06 2.3626E+06-3.8033E-01
31 171a :jR-SR- 92 1.9300E+06 1.9300E+06-1 .7837E-03
32 180 38-SR- 93 4.150GF+06 4.1500E+06 8.2120E-06
33 181 3FI-SR- 94 3.3829E+06 3.3500E+06 9.8185L-01
34 194 “39- Y- go ?.2794$ *06 2.?795E+06-3.0901E-03
35 195 39- Y- 90M 6.R489F+05 6.8482E+05 9.9419L-03
36 196 39- Y- 91 1.5440E+06 1.5450E*06-6.2550L-02
?7 1~7 39- Y- 91t.I 5.5515P.+05 5.5557E+05-7.5405L-02
38 19$1 39- Y- 92 3.6229F+Q15 3.6230E+06-2.5954E-03
39 190 39- Y- 93 2.890~E+06 2.8900E+06 2.6491F.-02
40 *201 39- y- 94 &.9055F+06 4.R600E+06 9.3708F.-O1
41 .20? 39- Y- 95 4.4297[+06 4.43f)OE+06-6.7729~.-03
42 204 39- Y- 97 507350F+06 5./j0F)9E+O6 2.2500E+O0
43 $$21A 40-zR- 9CM ?.3148E+06 Z.31137E+06-I .6777E-01
44 221 4C)-ZR- 95 1.1230’.+O6 1.1209E+06 2.4369E-01
45 *227 40-ZI?- 97 1.9714F:+06 2.Q323E+06-2.9961E*O0
46 ?2ci 40-ZR- 99 4.4937E+06 4.5000E+06-l .ItOOOE-01
47 240 41-NH- 95 9.2584f+05 9.T560E+05 2.5Y29E-02
48 241 41-Nt3- 95M ?03546T+05 2.3560E+05-6.0000t-02
49 243 41-NB- 97 ]09446E+06 1.9330E+06 6.1002E-01
50 244 L+l-Nt3- 97M 704270E+05 7.4300F+05-4.0000E-02
51 245 41-NB- 98 4.3417F+OfJ 4.3000E+06 9.6939E-01
52 246 41-N13- 98M 4.5758E+06 4.fjOooE+06-5.2622t-01
53 Z47 41-NH- 99 3.6997F*06 3.7000E+06-6.9634E-03
54 24R 41-Nf3- 99M 4.3000E+06 4.300CE+06-7.6297L-04
5S *24q 41-Nfl-100 6.5165E+06 ti.30f10F+06 3.4366E+O0
56 25? 41-Nt3-101 4.6000E+06 4.6000E+06-1 .3043E-04
57 *26cJ 42-Mo- 99 1.251~?+06 10?335E+o6 1.4811E+O0
58 *271 42-MO-101 2.Q212E+06 ?.R230E+06 3.4777k+O0
59 27? 42-MO-102 9.00(JOE+05 9.0000E+05 O.
~o *287 43-Tc- 99Pl 1.4274E+05 1.4263E+05 7.6294E-02
61 289 43-TC-1OI 1.631ZE+06 1.6320E*06-5.0324E-02
62 *290 43-TC-102 3.9308E+06 4.1500E+06-5.2810L+O0
63 291 43-TC-102M 4.3669E+06 4.4500E+06-1 .8667E+O0
64 29? 43-TC-104 4.,251OF+O6 4.2500E+06 2.3933E-02
65 *317 44-Ru-103 7.2639E*05 7.2200E+05 6.0746E-01

8



MAT NUCLIDE Q-CAL . Q PCT. DIF.

66 *314 44-Ru-lo5 1.9302E+06 1.8d33E*06 2.4885E*O0
67 *31fi 44-RU-106 3.9000F+04 3.9400E+04-1 .0152E+O0
68 316 44-RU-107 3.1630E+06 3.1500E+06 4.1182E-01
69 317 44-Ru-108 1.3136E+06 1.3200E*06-1 .0606E-01
To 33I 45-RH-IJ3M 3.9780F+04 3.9780F+04 O.
71 33? 45-RH-104 2.4370F+06 2.4430E+06-2.4605f:-01
72 333 45-I4H-104M GAM:4A NORMALIZATION = O
73 334 45-I?I-I-1135 5.6458E+05 5.6550E+05-1 .6266E-01
74 335 45-RII-105M 1.2970t*05 1.2970E+G5 O.
75 336 45-RH-106 3.5400F+06 3.5400E+06-7. 1S44E-04
76 337 45-RH-106M 3.6300F+06 3.6300E*06 1.005AE-03
77 33R 45-RI-I-107 1.4715E+Ob 1.51OOE*O6-2.5466E+OO
78 33Q 45-RH-1u8 4.0305E+06 4.5000E+06 7.3451E+o0
79 34(I 45-RH-108M 4.4300~.+06 4.4300E+06-1 .0279E-04
Ro 34? 45-RI-I-I1o 5.3999E+06 5.&ooOE+06-2.3631L-03
R1 344 45-RH-110M 5.5o06E+06 5.5000E+06 1.0364E-02

;; *3~~ 46-PD-lo9 1.0273E+06 100273E+06-1 .7634E-03
365 *6-pfl-109$Jl 1.88UO~+05 1./38OOE+o5 O.

R4 367 +6-PD-111 ?.1415F+06 2.14134E+06 5.0540E-02
P5 36~ 46-PD-lllM 8.5099F+05 8.6090E+05-l .1504E+O0
R6 38R 47-AG-109M 8.7713fJE+04 8.7700E*04 O.
R7 *391 47-A(3-111 1.0311F+06 1.0280E+06 2.9785E-01
RR 39? 47-A6-lllM 6.5000F.+04 6.5000E+G4 0.
89 3~7 47-AG-112 3.95~9~-+06 3.Q580E+06 4.8930L-02
90 456 49-IN-118 4.20(31E+fJ6 4.7000E+06 1.6151L-03
91 457 *9-IN-118M 4.2336E+06 4.7000E+06 8.0040L-01
92 *4A1 49-lN-1~0 5.557UF+06 5.3000E+06 4.8483E+O0
Q3 46? 49-IN-lZOM 5.61302F+06 5.6000E+06 4.2857E-03
Q4 4q6 50-SN-125 2.3625F +06 2.3630E+06-2.3119E-02
95 *4Q7 50-Sti-125M ?.13u2E+06 2.7890E+06-2.4605E.+00
C6 4’30 5C-SN-127 3.0976~+06 3.0900E+06 2.4591L-01
97 5nn 50-SN-127M 3.1940E+06 3.~OOOE+06-l .8750t-01
‘=/8 501 SO-SN-128 1..2432~-+06 1.3000E+06-Lo3679i+O0
99 506 50-SN-132 3.0185r+06 3.02r)OEi06-4.9d80t.-O2
120 *518 51-S8-12’5 7.36!)jE+05 7.3265E+05 4.6129L-01
1,21 *521 51-sr3-li?7 1.555YF+06 1.5668E+06-6.9260E-01
1?2 5?? 51-Sd-l?8 4.,?240F+(36 4.,?980E+06-1 .7217E+O0
ln3 523 51-SB-128M 4.2930F+06 4.P61OE+O6 7.5089L-01
1.?4 *524 S1-SB-129 2028705+06 ,?.3508E+06-2.713cIL+O0
1u5 *525 51-SB-130 5.0995F+06 5.0500E+06 9.8a27E-01
1’26 526 51-S9-130M 5.1OO(JF+O6 ‘5.9000E+06-1.3559F *01
107 *527 51-sti-131 3.502UF+06 3.3876E+06 3.3769E+O0
1!)8 528 51-5B-132 5.9121F+06 6.0800E+06-2.7614E+O0
lj9 52CJ 51-Sti-132M 5.8913~”+06 6.0tiOOE+06-3. 1042L+O0
]~r) *539 51-s~-133 4.5722F+06 3.9425E+06 1.5S’71L+01
111 531 51-sti-134 8.4000t+06 H.4000E+06 0.
112 53? 51-SH-134M 8.4905}”+06 8.4832E+06 8.6420i.-O2
113 *543 52-TE-125M 1.4375$+05 1.4473E+05-6. 7479E-01
114 541i 52-TE-127 6.9539~+05 fY.9300E+05 3.4460t-01
115 *5.Ln 52-TE-129 1.4875F+06 1.5020E+06-9.6749i-01
116 *549 52-TE-129M 5.88S9S+05 6.5541E+oS-1 .0196E+01
117 *551 52-TE-131 2013~uE+04 2.?490E+06-4.8915E+O0
l!~ 557 57-TE-131N 7.0263Z+06 2.0263E+06 1.7236c.-O3
119 *553 5?-TE-132 4.Q36Cc+O~ 5.f)500E+05-4.2367E+01)
1,?0 554 52-TII-133 3.0140t+06 ?.Q600E+06 1.8239E+O0
1?1 55< 5?-TE-133M 3.2842t+06 3.?842F+06 3.7501)L-04
1?2 556 52-TE-134 1.31351-’+O6 1.4000E+06-6. 1786L+O0
123 *570 53- 1-131 9.6.864F’+05 q.6944E+05-8.2142L-02
174 *571 s3- 1-132 3.6zGdL*06 3.5800E+04 1.1408E+o0
125 57? 53- 1-133 1.744dF+06 1.7274F+O~ 1.0G93L+O0
1?6 *574 53- 1-134 4.347iF+06 4.1500E+06 4.7493E+O0
127 575 53- 1-134M 3.157UE+05 3.1570F+05 O.
128 *576 53- 1-135 ?.54U5E +06 2.6377E+06-3.6846L+O0
129 577 53- 1-1”]6 A.700GF.+06 6.3000E+06-8.4235E-OS
130 57R 53- 1-136M 4.z734r+06 4.3CIOOE+06-4.2159L-01
]31 *597 54-XE-131M 1.6754E+05 1.6393F;*05 2.2000F..+OO
132 59$ 54-XE-133 4.?691;-+05 40?73fiE+~5-9. 1602E-02
133 596 54-XE-133M ,?.3269$+05 2.7?90F+05-9.0000t-02
134 599 54-XE-135 1.1579F+06 1.1580E*06-1 .0564L-02
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MAT NuCLIDE Q-CAL. Q PCT. DIF.

175 *60n 54-XfL-135M 5.24825+35 5.~662E+05 3.W+OOL-02
136 60> 54-xE-137 4.3419F+06 4.3470E+06-l .1684L-01
137 603 54-XE-138 2.34fJ3E+06 2.8300E+06 5.7757t.-Ol
138 *604 S4-XE-139 4oQfiOlF+06 4.8800F+06 1.6416E+O0
1:1~ *614 55-CS-1.14 7.078MF+06 2.0585E+06 9.8424c-01
l/.I) 615 55-CS-134M 1.37bO}-+05 103760E+05-1 .162fiL-03
lLJ1 *61n ‘55-CS-136 2.5521~ +06 ?o?439E+06 1.3737E+01
142 619 >5-C5-137 5.476’+~ *05 5.4733E+05 6.7163E-02
143 6211 55-CS-13F! 5.?92dF+06 5.7800E+06 2.4181L-01
144 *671 55-CS-13$IM 4.326CJF+06 5.3600E+06-9.9627E+O0
145 622 55-C5-139 4.?973F+06 4.~900E+06 1.7S25E-01
146 *623 55-CS-140 6.4539C+fY6 6.3900E*OfI 2.4425E+O0
147 *64fI S6-BA-137M 6.6217=+0S 4.6164E+05 8.000f)c-02
148 647 56-dA-139 2.?554~-+06 2.2540F,+06 6.3383L-02
149 643 56-8A-140 1.0326E+06 1.0350E+06-2.3421E-01
150 *f)4fJ ‘54-HA-141 3.1314E+06 3.0300E+06 3.3+63L+O0
151 645 56-3&-142 2.1798F*06 2.?OOOE+06-9.1761L-01
152 *65R S7-LA-1+0 3.5771T+06 3.7708E+06-5. 1363L+O0
1<3 65CI 57-LA-141 ?.42$9F+06 2.4300E*06-3. 1”{23L-03
154 +$660 57-LA-142 4.8471JE+06 ~+.5170E+06 7.3065C+O0
155 675 >a-cE-1+1 5.~100F*05 5.8090E+05 1.8063E-02
156 677 5FI-CE-143 1.447UF+06 1.4440E+06 2.086J3t-01
1~7 67R 5t3-CE-14f+ 7.1580=+05 3.1479E+05 3.19901-01
1~8 *67Q 58-CE-145 ?.376~5+06 2.4900E*06-4.5409E’00
159 6R0 5Q-CE-ldb ).!)443~+06 1.0HOOE*06-3.3052E+O0
150 69< 59-PN-143 9.31O(JF+O5 C).3120E+05-2.1478E-02
161 696 59-P*-144 ?.9960F+96 209966E+06-1 .9933L-02
162 697 59-PP-144M 4.04977+C14 6.0498E+04-I .9835E-03
163 69P 59-pR-145 1.9051F *06 1.9050E+06 3.3111L-03
164 *69Q 59-PR-146 3.88Sl~+06 4.0800E+06-4.7779E+O0
165 700 59-PR-147 2.70U1F+06 2.7000E+06 3.3125E-03
166 70] 59-PR-148 4.J360LIF+06 4.8600E+06 O.
167 707 5~-pR-149 2.~993F+06 3.0000E+06-2.4500L-02
168 *71R 40-N13-147 Q.4136F+05 8.~451SE+05-5.9412E’00
169 *7?0 40-NO-149 1.6128:+06 1.6800E+06-4.0023L+O0
170 *7?> ho-Nl)-l\l 7.4844s.+06 2.4690E*06 6.2325E-01
171 73? hl-pM-147 2..?47OE+O5 2.2450E+05 8.9(187E-02
172 *734 41-PM-148 ?.4911F+06 2.4650E+OfI 1.0602L+O0
173 *735 61-PM-148M ,?.4784S+05 2.4541E+06 9.9036c-01
174 *736 61-PM-149 1.0700=+06 1.0724E+06-2.2500E-01
175 *73R 41-pi4-151 10?013C+06 1.18$ICE+06 1.6248E+O0
176 73CI ~1-pM-lS2 3.6f170F+06 3.6000E+06 1.9448~-01
177 *740 61-PM-152M 703450F.+06 3.~oOOE+06-3.f+860E*01
178 74? bl-Pt4-153 1.qO04F+06 1.ROOOE+06 2.4570E-02
179 *759 62-SM-153 8.0251F+05 8.0860E+05-7.5351ti-01
lRo *779 63-E(J-156 ~04348E+06 2.4530E+06-7.4349E-01

*CALCULATED O DIFFERENCE EXCEEi)S UNCERTAINTY
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ZZAAAS

320731
3.20751
320750
320771
340771
340791
350801
350800
340811
3508.?1
360831
360851
370861
390891
370901
390901
390900
400901
400900
390911

TABLE V

NUCLIDES HAVING TYPOGRAPHICAL OR SUSPECTED ERRORS
IN ENDF/B-IV FISSION-PRODUCT FILES

Corrected in
Nuclide Table VII

97Y

lo4~

126Sn

12~e

130mSb

1315b

133Sb

136C=

138nIc~

140La

142La

152%.

166Er

INTERNAL

NUCLIDE

GE073M
GE075M
GE075
GE077M
SE077M
sE079t4
BR080M
13R080
SE081M
BR082M
KR083M
KR085M
RB086M
Y 089H
RB090M
Y 090M
Y 090
zR090M
zR095
Y 091M

yes

yes

yes

yes

yea

yes

yes

no

yes

yes

yes

yes

yes

CONVERSION ENERGIES

REF(9)
E(ICC)

E(GAMMA)

0.9283
0.6001
0.0084
0.2431
0.4799
0.9100
0.8304
0.6754
0.91O6
0.9542
0.9879
0.1587
0.0178
0.0100
0.0016
0.071?

0.0032

0.0500

ENDF/B-4
E(ICC)

E(GAMMA)

(0.1467)

(0.0014)
(0.0725)
(1.0000)
(0.0071)
(0.0017)
(0.0512)

Comments

Fy = 9.35 X 105eV.

Normalization factor (F) = O (F should be
1.8535 x 10-2), and typographical errors in
spectra.

‘1/2 = 3.15569 X 1012 S.

Internal &onversion energy of 0.6682 X 105 eV
added to E .

i!$toosmal~ (~~3.04 x 106 eV). Change
normalization to 1.17717.

F
Y
= 1.7025 x 106 eV.

136Ba
~y includes some y energy from .

—

?
too small (~ ~ 2.6 X 106 eV) . Change

n realization to 1.23827.

~ too small (– ~2.3v 106 eV). Change
?normalization t 1.03275.

~ too large (~~2.4 X 106 eV). Change
normalization to 0.96470.

=~ too small (F6 ~ 0.9 X lo6 eV) and beta in-
tensities do not sum to 1.0. Change normal-
ization to 2.14551.

CT(O.0253 eV) too large (a ~20 b).

TABLE VI

(EXPRESSED As FRACTIONS OF TRANSITION ENERGy)

Z.?AAAS

320930
380930
410931
410941
410951
410950
410971
41098o
410991
410990
420990
430991
42101O
431010
451021
451020
441030
451031
46103O
451041

NUCLIOE

Y 093
sR093
NB093M
NB094M
rJBo95M
NB095
NB097t4
NB098
NB099M
NB099
M0099
TC099M
Molol
TClol
RH102M
RH102
RU103
I?H103M
PD103
RH104M

REF(9)
E(ICC)

E(GAMt4A)

0.0018
1.0000
0.9600
0.7439
0.0020
().0199
0.3031
0.0080
0.2395
(3.0023
0.1242
0.0171
0.0117
0.0014
0.0026

1.0000
0.6291
0.7680

ENoF/B-4
E(ICC)

E(GAMMA)

(0.0051)

(0.7368)

(0.0196)

(0.0333)
(0.1275)

(0.0008)
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ZZAAAS

451040
441050
451051
451050
451060
461071
461091
471091
461111
461110
471111
461120
471131
471130
481131
47115tl
4Rl15@
491151
491161
4~1160
49117]
491170
501171
491182
491181
491191
501191
491201
491200
49121]
501211
511221
501231
521231
51124?
511241
;;;;;;

511250
521251
511260
531260
521271
531280
521291
521290
531290
531300
531300
521311
521310
531311
531310
541311
5013?0
511321
511320
521320
551320

NUCLIDE

RH104
RU105
Rti105t4
RH105
RH106
PD107M
P(-J109M
AG109M
PD1ll M
PD1ll
AG1ll N
PD112
AG113M
AG113
CD113M
AG115
cD115
INl15M
IN116M
IN116
IN117M
IN117
SN117M
IN118N
IN118M
IN119M
SN119M
IN120M
IN120
INlzlt4
SN121M
SB122M
SN123M
TE123M
SB124N
SB124M
SB124
sN125M
sB125
TE125M
SB126
I 126
TE127M
I 128
TE129M
TE129
I 129
I 130M
I 130
TEi31H
TE131
I 131H
I 131
xE131M
sN132
SB132M
sB132
TE132
CS132

REF (9)
E(ICC)

E(GAMNA)

0.0853

0.7535
0.0140
().0393
0.4200
0.3798
0.9613
0.2186
0.3185
0.9972
13e7944
0.6990
0.0530
1.0000
0.0042
0.0074
0.5051
0.0049
0.1508
0.4536
0.0283
0.5557
0.5557
O* OOOQ
0.1326
0.9573
0.0180
0.0068
0.1900
0.9027
0.6926
0.1730
0.4632
1.0000
0.0212
0.0103

0.0589
0.7555
0.0098
0.0085
0.9955
0.3261
0.6883
0.2387
0.9625
0.1446
0.0109
0.2604
0.0573

0.0104
0.9835
0.0232
0.0097
0.0050
0.1597
0.0429

ENDF/B-4
F(ICC)

E(GAMt4A)

(0.0034)
(0.8000)

(0.1846)
(0.0249)

(0.0233)
(0.0549)
(0.9815)

(0.9804)

(0.0358)

(0.2365)

ZZAAAS

511330
521330
541331
541330
511341
521340
53134!
53135(3
541351
541350
561351
551360
541370
561371
541380
551381
561390
561400
58141o
581430
581440
581450
581460
611460
591470
601470
611481
591490
601490
6114~0
60151o
61151o
621510
601520
63152?
631521
631520
611530
621530
611541
611540
631540
621550
631550
621560
631560
63157rI
631580
631590
6415Q0
631600
651600
641610
65161o
661660
671660

NUCLIDE

sB133
TE133M
XE133M
xE133
sB134M
TE134
I 134M
I 135
XE135M
xE135
F3A135M
cs13fJ
xE137
I?A137M
XE138
cS138M
13A139
f3A140
cE141
cE143
cE144
cE145
CE146
PM146
PR147
N13147
pM148M
PR149
ND149
pM149
ND151
PM151
sM151
PM152
EU152N
EU152M
EU152
PM153
sM153
PM154M
pM154
EU154
S14155
EU155
sM156
EU156
EU157
EU158
EU159
GD159
FU160
TB160
GD161
TB161
DY166
tio166

REF(9)
E(ICC)

E(GAMIIA)

0.0012
0.4330
0.9119
0.4512

0.4349
0.0236
0.1999

0.8403
(3.0344

0.1504
0.0008
0.8338

0.1667
0.2327
0.1833
0.2979
0.0168
0.2311
0.0044
0.0296
0.3559
0.0363
0.0563
0.185?
0.1655

0.2533
1.0000
0.0088
0.2598
0.0369
0.036&
0.3597
0.6683
0.0389
0.0394
0.0287
0.1939
0.2344
0.3645
0.0287
0.0355
0.0264
0.1333
0.3314
0.0503
0.0604
0.0921
0.709$)
0.6938
0.6655

ENDF/B-4
E(ICC)

E(GAMt4A)

(0.8969)

(0.6275)
(0.0326)
(0.0520)

(0.1883)
(0.0614)

(0.0092)
(0.1007)

(0.1788)
(0.1741)

(0.1839)
(0.4457)

(0.0372)

(0.3309)
(0.6620)
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