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ENDF/B-IV FISSION-PRODUCT FILES:

by

SUMMARY OF MAJOR NUCLIDE DATA

T. R. England and R. E. Schenter

ABSTRACT

The major fission-product parameters [0y, RI, T1/2s Ea, E&, Eﬁ' decay and (m,v)
branching, Q, and AWR]} abstracted from ENDF/B-IV files for 824 nuclides are surmarized.
These data are most often requested by users concerned with reactor design, reactor

safety, dose, and otler sundry studies.
date.

The few known file errors are corrected to
Tabular data are listed by increasing mass number.

INTRODUCTION
Two and ore-half years ago, a large task force

1.

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 Kuclear Data
File (ENDF/B).

The motivation for an expanded file began with
the need for a reference set of fission-product de-
cay data for calculating decay heating during "loss~
of-coolant accidents" (LOCA). Fowever, the task
force members recognized the need for expanded fis-—
sion-product microscopic cross-section data, ade-
quate for thermal and fast reactor amalysis; improv~
ed fission yieids; and detailed fission-product gam—
ma "line'" data for a number of applicatiomns, 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 of the decay and cross-sec-
tion files requires several thousand pages. In this
report, we have listed the parameters of interest to
many users in a compact, readable formac 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 tescing 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 (BNL) as part of the ENDF/B-IV documentatiom,
organized for biomedical and reactor uses.

We have included thermal cross-section and reso-
nance integral data derived from the ENDF/B-1IV 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 energles and Q values (calculated from the de~
cay spectra) with the tabulated values in ENDF/B-ivV,
and a list of known file errors found to date. The
yield data and decay spectra are not iicluded in
this report.

The summary data in Table VII form the core of

this report.




II. ENDF/B-IV CONIENT

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 MeV). Thirty-six
nuclides have other cross-section evaluations such
as (n,2n), (n,t), (n,n'p), (n,d), etc. The radia-
tive capture cross sections were identified as being
sufficiently comprehensive for detailed estimates of
absorption buildup in any contemporary reactor. One
hundred eighty nuclides have experimental data on £~
end-point energies and Y "line" data (energies and
intensities).1 Some of these nuclides have several
hundred resolved gamma lines, but the average rumber
per nuclide is 31 gamma energies and 9 beta end-point
All radioactive nuclides (711) have eval-
uated data for the average 8 emergy (Eé), total Y
erergy (EY)’ half-lives, branching, and other data.

energies.

These data should be adequate for summation calcula-
tions of decay heat and, probably, the Y spectral
shape?-AThese files contain approximately 300 000
data entries. In addition, there are ten sets of di-
rect fission yields for six fissionable nuclides for
one or more neutron fission encrgies (~12 000 en-
tries). Each set contains more than 1100 yields and
appears with the cross sections of the fissicnable
nuclides in the “Gencral Purpose File."

Tables I and I1 summarize the number of nuclidas
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 parameters (0's, 11/2, Eé, E&, branching frac-
tions, etc.) in the format described in the follow-
ing section. In this table, the nuclides 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 "AT" 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
integrals (E ,, = 0.f eV and T = 0°K) and the ther-
mal radiative capture cross sections at 0.0253 eV
for the 181 nuclides having cross-section dara.

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

IV. F¥or four nuclides, 87Sr, 113In, 115

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

In, and
lations of their resonance integrals. In most cases,
the resonance parameters are taken from the BNL re-~
port BNL-325 (June 1973) with adjustments in back-
ground, consistent with experimental uncertainties,
to give experimental thermal values and resonance
integrals (1 G). For most users (thermal reactors),
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
These are needed for those cases where the
(n,Y) reaction could create an isomeric state. These
data are not included in ENDF/B-IV. The fractional
amounts of thermal and resonance capture leading to
There~

given.

isomeric states are essentially identical.

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/E~
IV files (and Table VII) are actually transition en-
ergies and therefore include any icternal conversion
energy. This is discussed in 3Sec. 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, mass, and state
identifier (hlank for ground state, M,N for
first and second isomeric states).

ZZAAAS - numeric ID = 10000%Z+10%A+S, where S = state
{0,1,2,... for ground, first, and second
isomeric states).

Half-life - decay half-1ife in seconds.



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

E-Camma - total gamma energy per decay in eV. (In-
cludes internal conversion energy; see Sec.
Vi.)

E-Alpha - average alpha energy per decay in eV. (In-
cludes recoil.)

RIYP - type of decay (definmed below).

RFS - state of daughter (0.0 for ground state, 1.0
for first isomeric state, etc.)

Q - Q value in eV for the decay mode.

Branching - branching fraction for decay mode.

AWR - atomic weight racio.

NDK - numbe: of decay modes.

NSP - number of types of spectra.

MAT - material number rumning from 1 to 825 (MAT
251 removed from files).

Line 2, ...:

If there is more than one decay mode (NDK > 1)
the RTYP, RFS, Q-value, and Branching are iisted
(one line per mode).

Last line:

(n,Y¥) cross section [Uth = o (E=0.0253 eV)],
resonance integral, and (n,y) "branchings" 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) branchings to the
ground, first, and second isomeric states are list-
ed, as described in Sec. IIL.)

The RTYP decay mode identifier has the follow~

ing meanings:

RTYP Mode of Decay
1.0 8
+
2.0 8 or EC
3.0 Isomeric transition
4.0 b
5.0 Delayed neutron (8 ,n)
6.0 Spontanecus fission

1V. 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
(EB ) and relative intensities (I i). gamma energies
(EY ) and relative intensitities (I ), and other,
limited spectral data for 180 of the 711 radioactive
nuclides.1 Each such spectra also coztains 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. (1)-(3):
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is the beta end-point energy in moc2 units and fi(EB )
is 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 perceant (<3) for the fis-
sion-product nuclides and decay energies of interest
bere. (For a few czses of first forbiddem, unique
‘transitions, the fi values obtained from Ref. 6 were
used.)

In a few cases (38), the files contain internal
conversion coefficients (cT } which can be used to
calculate the internal convérsion energy in Eq. (4)

E, =t I ¢ . %)
Tec =~ 100 Eyi 7, %

For ENDF/B-IV, the listed value for the total garma
energy, i;, ineludes ficc.

As a partial check on the final ENDF/B-IV files,
:? have computed the averages of Eé and EY (and the
EIcc component) along with the average neutrino ener-
8y [obtained by replacing £, with (1 - £;) in Eq. (2)1.
In addition, the Q value was calculated using Eq. (5)

Q. - EBC+ EY + Evc . (5)



The spectral data in ENDF/B~1V are not separated on
the basis of the decay modes; therefore, Eq. {5) is
the total energy per decay. If there was mcre than
one decay mode, the values from Eq. (5) were compar-
ed with @ values weighted by the decay branching
fractions. The Q@ values in ENDF/B-IV were generally
obtained from mass law compilations,7'3 rot 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 spectral
data.

The comparisons of E, and E& show that the
calculations differ from ENDF/B-IV values by >0.01%
in only 23 cases, and by >1X for 10 nuclides. For
the three nuclides 85Kr, 90Sr, and 90mY’ the Eé dif-
erences are -10.1, -12.9, and -10.6%, respectively;
these three nuclides required first forbidden unique
shape corrections to the calculated Eé. Except for
ml"“Rh, only these three nuclides show differences
exceeding 5Z. The 104mRh nuclide 1s a special case;
the normalization factor ziven in ENDF/B-1IV 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 Iil, the percent differences of the
calculated E, , E& , and Qc from the ENDF/B-IV val-
ues are listed forc69 nuclides; of the 180 nuclides
having spectral data, only these differasd by more
than 1% in one or more of the three calculated ener-
gies; the majority are due to Q differences.

The calculated Q. values using Eq. (5) are com-
pared with ENDF/B-IV Q values (weighted by branching
fractions) in Table IV.

fhirty-one of the 180 nuclides having spectral
data hase calculated Qc values which differ from the
tabulated vales by # 3%. (Approximately 158 of the
180 nuclides have tabulated uncertainties in the
ENDF/B-1V fiies; 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 differencc exceeds 5% in only 12 cases and 10Z for
the following 5 nuclides: 130me, 133Sh. 129‘Te,
1360s, and lsszm. Except for 136,
been corrected for this report (Table VII) as noted
in Sec. V.. The last nuclide, lsszm, was particu-
The beta spectra for this

Cs, these have

larly discrepant (-~34%).

nuclide is not well known and the files list only

the most . “~-ificant transictions. The E; should be

g
~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.
ergies and Q values, as in the previous section,
resulted in an additional 13 nuclides still requir-
These are listed in Table V

Comparisops of decay en-

ing file corrections.
along with corrections.

Twelve of the thirteen correcticns are incorpo-
rated into the data summary in Table VII. Table VII
values differing from ENDF/B-IV are flagged.

VI. TINTERNAL CONVERSICON ENERGIES

The ENDF/B-1V fission-product data were corpiled
for use in calculating total decay heating and ab-
sorption. Neutron cross sections, fiééion—product
yields, and the average absorbable decay energies
were therafore emphasized. Other applications, such
as dose z 4 the analysis of some decay heat experi~-
ments now .n progress that separate the beta and
gamma heat 1g, may require more detailed decay data.
In partic»'ar, as noted in Ref. 1, there is a need
to e~ ..d the internal conversion coefficients, and
tiis is expected for Version V in addition to other
increased detail on decay data. ENDF/B-IV files now
have coefficients for 28 uuclides; more information
is needed.

As noted in Sec. IV, the total gamma energy in
Table VII is actually a transition energy; it in~-
cludes any internal conversiun energy. 1In order to
extend the usefulness of Table VII and to provide
the user with some guidance on internai conversion
energies, we have tabulated in Table VI the fraction
of f} which 1s actually internal conversion energy.
Most of this table is abstracted from Ref. 9. Frac-
tions for the 38 nuclides having coefficients in
ENDF/B-IV have been calculated and included; these
are identified in Table VI, The conversion energies
generally include the assoclated x rays.

The internal conversion and total gamma energies
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-



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-1v (102gn, 102%gp 103p,,
1261, 132(:s, and uﬁl’m) and, as is evident from
blank columns in Table VII, 13 of the ENDF/B-1V val-
ues are not included in Tobias' listing. Zight of
the remaining nuclides have transition energies

which differ by an order of magnitude, or more, from
ENDF/B-IV (11358- 113HCd’ 118-In‘ 119lln' IZImIn
124mg,  :24ngy  16645), 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 be adequate for most users.

Vi1. CONCLUSION

This report was prepared fr use as a conveni-
ent reference to a comprehensive set of data for nu~-
clides which are generally classed as fission pro~
ducts (29 < Z S 69).
ble VI1l) of the nuclide parameters most often re-

It contains an abstract (Ta-

quested by users, and should be of utility as a
guide to many users desiring more detail for par-
ticular nuclides from ENDF/B~1V files. The general
content of ENDF/B-IV has been summarized in Tables
I and 11. Table Vi1 identifies modes of decay and
those nuclides having spectral data, in addition to
1listing nuclide decay and cross-section data. This
table is complete for the types of data summarized
{(1.e., 1f no cross sections are listed, there are
no cross~section data for the nuclide in ENDF/B-1V).
File errors noted in Sec. V have been corrected in
preparing Tabaie VII.

Two types of data not given or incompletc in
ENDF/B-IV have been included. As an aid to the user,
the (n,Y) branching fractions are listed in Table
VII, and the conversion election energies are tabu~
lated in Table VI as a fraction of the gamma (tran-

sition) energy.
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TABLE 1
FISSION FRODUCT FILES: GENERAL CONTENT
Number Type, Comment

824 Total nuclides in the Decay/Absorption File
{atable + unstable)

of these
711 Unstable
113 Stable
701 Ground states
117 st excited state (tuz 20.18)
6 ind excited state (1177 @ 0.1 s)
57 Delayed neutron precursors (have P, values)
6 a decay (7172 > 1010 yr)
17 B+ decay
180 Line data (r energies, intensfties, and
£ end point energies)
181 O(E) 10=5 eV =+ 20 MeV

Total Y-decay, average 5 and o energies,and branching frac-
tions are given for all unstable nuclides.

TABLE 1L

EXDF/B-1V FISSION YIELD CONTENT
(MASSES 72 » 167, CHARGES 26 ~ 70)

Independent yields are given for each of the following ten

cases:

No. of Fissionsble

Yieids Ruclide Thermal Fast 14 MeV
1130 235 X x

1130 238, X X
1146 239, X X

1246 241y, X

1097 233y X

1130 2325, X

NOTE: Yields are in the General Purpose File with the cross-
section data for each fissionsble nuclide. Decay and
cross-section files for the fission products appear
together on six sagnetic tapes. The General Purpose
File also contains decsy data for 18 nonfission pro-~
ducts, 16 being actinides.



NUCLIDE

TABLE 111
PERCENT DIFFERENCE OF CALCULATED AND ENDF/B-IV ENERGIES

BETA

GAMMA a
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=2,516TE=04
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=2e9R5]16=02=2.7614E+00

G1-5H=132M 1.9474E-04 8.3391E=064~3,1042E°00
51=59=13] =3.1393E-05-9.1311€=04 1.5971E+0}
§2=TE=129M=2,1712F=03 5.4827£-01~1.0196E+01
52=TE=13]1 1.7740€~05 1¢17486-02=44+59i5E+00
52=1€=132 =1.1752E=03 17694F=03~4.236TE+00

52-TE~1323
52-TE~134
S3= [=132
53- 1=-133
53« =134
93~ 1=135

S4=XE~]131N

S4=At~]3Y
55-CS~136

55-C5~]136M

§55e(5=140
Sb-BA=1¢]
S7=LA=]140
S7eLA~142
S5RaCE~]4S
S58-CE=140

6,8096F-04
2+1995€=0J4
8.45642E-05
7.0722€=06
=245812E~05
1.2609E=03
O
“+8673E=~04
3.8841€E-03
1.1397E- *»
4o 26T5E=ud
Te 7233E-04
1.0555E=-03
440828E-00
2,6325€-06
=1.5781E=03

3.68230F=04 1,8239E+00
>]092464F=04=6,1786E°00
3¢0953E~04 141408E+00
T8874€E-03 1,0093E+00
1eB022E=03 4¢7493E¢00
3¢0077F=03=3,6346E+00
-2¢11296=03 2,2000E+00
3¢4S17F=03 1.66416E400
344464E-04 1 ,373T7E+0]
6e6677E=05~9,9627€E+02
2064339E=03 2,4425E+00
241252E=03 3,3463E¢00
4e191FE=04=5,1363E+00
9+3736E-06 7.,3065E+00
402966E~03~4,5409E°00
12829€=03-3,3052E+00

59ePR=144M=] s 5544E+00~7¢3665E=03~]1,9835E~03

59-PRe]146
60=-ND=147
60=NN-14Y
61=PUe]47
61-PM=168
6]-PM=15]1

“e5263E~06
«]1436405€E=-03
1.0383€-03
4.79R6E-03
=2.1991E=0%
=9,6093F-06

2¢2564E=03-4.T779E+00
=3¢6071E=03-5.9412E+00
147705€-03~44+0623E+00
=246400E400 B.9087E-02
8.01126-04 1.0602E+00
1+8540E-04 1.624BE*00

61=PM=152M=3,9179E=04~2+B464E=05-3,4860E+01

MAT

S8
73
T6
95
138
1466
14S
146
158
159
160
161
i7e
162
177
195
196
206
223
249
269
2n
290
291
3l&
315
333
338
339
364
368
461
497
501
S18
522
524
526
527
528
529
530
549
551
553
5564
556
571
572
574
576
593
6064
618
621
623
644
658
660
679
680
697
699
718
720
733
734
738
740



TABLE IV

COMPARISON OF CALCULATED Q-VALUES vs ENDF/B-1V TABULATIONS
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DNOCNIW

oW
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-

[ORVIRY IS S B SN
NSO~ LWN

J
s W

S
[ XV}

PARRCDP OGN
NFPON=OO® o

AT

NuCL Ik

N-CAL ,

Q ©CTe UiFe

s Sa
71
T4
7
7

* gc

* g4
Q7

ils
117
1ie
119
121
138
132
141
14>
142
*laa
*lac
144
157

#]Se

#1549

#1l6n

*161

167
17-
177

*]17a
179
18n

181
194
195
194
197
[9a
199
*201
207
204
214
221
227
225
240
24)
261
244
245
246
247
248
#2409
257
#2690
*27
27?
*287
289
#2%p
29
2913
#3112

79
a9
31
arz
a2M
a3y
A3y
Ay
Ra
RaM
LH
Ho
37
45
ASM
7
3
49
99
91
Q2
AR
B9
3G
95M
9]

IP=Gt -
33=A5~
33-AS-
I3=AG-
3i~An=-
I4=5t-
$6=SE-
$G=SE~
35-HR=
3G edR-
35-Qr=
G =R=
1Serl=
36=KR=
16=KN=
Jh=Kfi=
3heKi=
Jo=iitte
36-Ket=
36=KR=
36=KR=
37-RH-
317=3Y-
37-RH=
37-Ri~
37-RH=
IT=RH-
AR=Gk=
IRaSH=-
JR=SR=
3AaSit=
3I8=~SR~
38aSR=-
3= Y=
39~ Y-
9= Y-
39« Y=
3G= Yau
39~ Y=
39= Y=
39~ Y=
3= Y=
40=~IR-
40=ZR-
40=~ZR~-
4)=~ZR=
41~Ng=
4]1=-NB=
41-NE=
4] =N~
/1 =NB=~
41=NB~
41=NB= 99

41~NB~ 99M
41-NB=~100

4]1~N8~101

42110~ 96

42-M0=~161

42=M0=102

43-TC~ 99M
423=TC~101

43=TC~102

43-TC~102M
43«TC~104

44-RU~103

IT™
98
98M

445054 006
fa133F s05
3 REGUZ DA
720017006
7.0936* ¢ 06
T 7445t 008
35499+ o 0h
1,RL7 72060
4 o66Tu  +G6
4496245 +0h
PelTlaen6
T3187+ e 00
b.“ﬁl Ife 04k
6 LRT2UC +0S
8 ,6507F 006
3,3907¢ 006
Ze3lor+06
44,9H26% 406
4,535¢7 006
b0 3h24F ¢35
504395 896
5,3204=+06
443399508
Ge]alFe06
f o738k 406
549173406
7.6733F o006
1 tRI9GF o 06
5646007 05
72,3530+ 406
1693005406
441590706
U, 1829F ¢+ 06
2.2734F ¢ 06
6,R43YF ¢ 05
154405 « 06
5455150 ¢05
A, h229F N6
P+ AGLHE + 06
443093F «06
4442975 466
5.7350F+06
PeI14Br 206
1.1230-+06
1,9714E+«06
4,49375+06
9,2584¢ +05
2635467 +(S
1.9448Z+06
T.4270F+05
4436417F 06
& 4STSBE+06
2,6997€«06
443000706
6.51657+06
446000%+06
1,2518F+06
2.9212F«06
9,0000E+05
1.42745+05
1.6312E+06
3.9308F «+06
4 43669€ +06
4,2510F +06
7.26395+4GS

4, 1D00F ¢ 06 64,7759 200
5,0000Fe0& 2,2196% «00
1.ADNGE+0H o

7e2000F (& 1,254t 03
742000F ¢0h=) ,077) ()
3,ATROEC0E 4 ,6931f +00
309250F 406 7.52%1~.=9l
1,21008 oCA 442n41- =01
Goh TNGF ¢(fehiy 3954t =02
4o ITINE 2 36=3,2274L -02
et IS505006-9,4190+ =01
7.7000F o085 2,5619: =01
5eG264LE «N6=9, 9693t =0 |
2o RT20F o (S=] 26312 =05
Reab01FE¢05-3,7012~~02
3oRIIED6-8,46690c =02
2e3INVE 06 S4a7aL =02

%e930CE+0C
&e1930F+06
He1290F o5
3.96T6E 36
e 3C00E 06
4 ,4860F +06
£.3200E+05
he1100E+06
Re6800E 206
7:5791E+056
1 .4H3LE+05
563600€205

6,6£15:=01
3.,6924E 400
3430071200
1.2035t 0L
587347 =93
1.2009: -00
149562200
1.9734£+00
2e%ligt *00
124365 +00
o-

0.

2.3626E+06-3,8033-~01
1a930(Z+06=1,7837:~03
4e1500F+06 B8,2120%~06
31+1500E+06 9,8186c~0]
202795E+06~3,0901+.~03
5,8482FE 05 9,9«19t~-03
1.5450F +06=-642550t ~02
56355 TE +05-7,5405t~02
Fe62I0E206~2,5954t~03
2eR900E 06 2.5649)1t~02
4oRE0DE +06 9,3708r.~01
4o6300E+0H~6,7720%~03
SeA0RRE+06G 2.25001+00
2e3187€«06=1,67777~0]
1.1209E+06 2,4269:~01
2e0323E+0%5-2,9961£+00
4eS000E+06~),«300t~0]
G.2560E+05 2,59292~02
2+3560E+05-6,0000c~02
1.9330E+06 6,1002E~01
7+4300F +05-4,0000L~02
4+7000E206 9,6930E~0]
446000FE«06-5,2622:~01
3.7000E+06=6,9634L~03
‘0.3000E’°6'7.6297t"°‘0
6.3000€+06 3,4365E+00
4.6000E+06-1,3043c-04
12335E+06 1,48117+00
P.A230E+06 3.4777E+00
9.0000E+05 0,

14263E+05 7,6294L~02
1.6320E+06=~5,03241~02
401500E¢06-5.2810L+00
4e4500E+06-1,B866TE+00
4e2500E¢06 2,3933E~02
Te2200E+05 6.0746E~0]



NUCL IDE

Q-CAL,

Q PCT. DIF.

44=RU=-10S
Lh=R=]26
44=Ru=107
4b=Q1=10n
95=Rr=] 434
4Seldte] Nty
4G epra] Q4M
4SmH=] 1S
4Sein=] 058
4G=rH=106
W5eRr=] 04N
LSwRkei 7
45=Fn=1ye
45=HP=]134M
4S5=Rn=$10
«SeRt=11M
“b=Pi=109
whePl=]i%Y
wh=Fii=1§1
Lh=PR=]111M4
4TeAG=] %M
LT=AG~]11]
#7=AG=111M4
aT7=A5=112
49afNelin
wm]lNe]1EM
LT3 S0 P4 1]
Qe =) luM
$0=Sw=}?5
Sp=She125H4
Lenti=]l?
IN=CN=12 M
Bl=Ne-] 2E
SGeSh=] 3y
9] evu=174
2l=Sn=le7?
2leS4=178
n]eSn=)2xM
2]=S8=129
5]=S4=]3C
S »G=] 30
Dl=Sn=]3)
3]=-SH=122
D]=5n=) 323
$)=5u=123
9]l=Sk«]3s
Sl =54=134M
S2=Te =254
L2«TE=127
22=TE=129
»2=TE=]129M
s2=Ti=131
S2aTr=113iM
22=TE=] 37
32=TE=133
3P=TE=1 33
52~TE~1 34
93- =13
53e Te=]32
$3=- 1=133
93= J=13
33= I=134M
53=- I-13%
3= =136
33= 1=136M
Sh=KE=131M

: S4eXt=133

2=XE=133M
Sha=XE=-]135

193025 +006
,9000F ¢ 04
3.1630F « 05
1,3136F+06
Ve I700F 004
2.63T0+ 406

1.RE33IE06 2,4EB5E+00
3.9400E+064-1.09152L «00
3.1506€06 4,1182f£=0]
1.9200E+06-1,05606c-01]
1,9780F+04 0.

2466IDE 062 ,4505t. -0}

GAMAL NORAALIZATION = 0

5,64588 35
142970 205
14546400 + 96
e5300F o045
1,47155 208
4433055 06
4o%300k 006
S e 1G99V ¢ 06
55008 206
1.02735 000
1e4RLYT o NG
Peltelbr ¢35
ALG095F « 05
A TT3UY e Da
1,0311706
AeHGUUF 04
e 9599F ¢35
4e2001F e
Lo2330 06
5455704 +08
Se600cF 2006
236207 ¢ D&
?e1Iu2: e)h
1,0G76 436
A, 1605 005
1 .?‘038‘ o6
ReNirLT e 06
76369 3+ «05
15557 «i%
&Ly 224UF 06
4429307 006
22870706
5409955 e dh
S 10005006
3.5920UF «0A
Q.9121¢f +06
Ce331 3¢ 006
L eRTE2F ¢UA
Re4lI0F «0A
RebI5E 006
1e4375% 005
£,3539706
| YR XA TR Y Y
G KRHYT 05
241370 ¢ 05
2.0203: o6
4433508 0%
3.01air edb
R, 2B%2lr ¢+ 06
1.3135 06
F.,5%047 ¢95
3,6208r 0k
Ve74b4d- 206
G017 06
115707 eus
PoGHUDF +06
6,006 436
e 2730 00}k
1.675454+05
44269]i 05
2e32959 ¢65
L1579 06

3.A950F 051 45266t <01
1.2979F+G5 Q.

2.94%00F +06-7a1564r~04
345300 «06 1,0054E=03
1.5190E +06~2,5466L+00
4,S000F*06 7,3451E+00
406 ID0E + 061027904
5.46000E¢06=2,36312-03
5+5000E+06 1.03642-02
1:0273Fe0b=f o TO3I0r~03
1.9890E<05 0,

2.1404F 206 S,05605~-02
neh(I0F e05~1,1504t 00
Ay ?2700F 00 Gy

1.0280€ + 8¢
~eS5000F e
3.95R0E ¢ 06
2+ 2000F ¢ 05
4e?000F 06

2.9785:~01
0.

44,R930:. =02
l.6151c-03
8,0040~ =21}

3 IV00F ¢06 4,3483c 00
5,8 00CF¢0h 4,2857F=03
?4167CFe06~2,3119c -02
241390 ¢ 06=2,406052 +00
e GIVOESDE 2,45Y9)c =01
3.7000F e (3h=] 3759 =0}
13000F ¢(5=%, 3679 *00
Ve 0200F s 5=k , 9380~ =02
16 I26SF 405 4,5129~-01
1 .'5':6“‘.‘0':-6.98603.’01
G4oePFR0FeN6=]l,72]1 T *01)
Go?0INFe06 T,5089L =01
2e¢I30RE+06=2,7130c ¢0
305000406 9,R327r =01
3,9000F+06=1,3559F «01
3,2RT6EFe(n 33,3769k <00
540300F ¢D6-2,7614c +00
A.d800Ee0h=3,1042c 00
Ve U2SEDE [597]1c 0]
Re4000F«06 9,

A44BIP2F+06 Bo.0620: ~02
1e454T3E+05=6,T7479: 01
HeQ3ICGEOS 3,4460+-01
1 a5020F ¢ 06=9,6743:--01
6aG561E¢05=]1,0196¢ 201
2eP490F ¢0A=4 8915t *00
2e0P63Ee06 1,7230c=03
5e0500F ¢(5=4,2367 +00
2.960N0EeGH 1,82392 00
128427 0/ 3,75002=04
104900 ¢66=6,17R%L¢00
GohIUl ¢ 5= 42 142 =02
1, SADCEe 0 1,14082+00
1:7274F 06 ) 0093400
“4e190NE QR 4o T493F 00
3015370F 05 Qo

2e6377E¢36+3,6846L 400
503000~ +05=-8 ,42351.~-05
HeONF ¢ 0A=6,2153~-01]
1.56393F ¢S5 2.2000r«00
442T30E«5=9,1662: =02
20 3790F +05-9,0000:-~02
1,15BDE+0h=]1,05641. =02
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125
136
137
138
119
169
led

142
147
1464
145
146
147
148
149
150
151

152
153
154
135
156
187
158
159
140
141

162
163
164
155
1~6
167
168
149
179
171

172
173
174
175
176
177
178
179
180

MAT HNUCLIDE Q~CAL, Q PCTe DIF,
2600 S4=Xe~-135M 5,26825409 5,7662FE+(G5 3.,8400L-02
602 S4=XE=137 4,195 +06 4,34TJE+0H=],1684t=0]
601 S4=XE=138 2,3403F+06 2,A300F+06 5,7757.~01
06Q4 YaeAE=139 £,9601F«¢06 4,.RB00F+06 1.5416E200
#6814 95=CS5«1 30 2,07885+0R 2,0585E«06 9,8424c~-01
A15 S55-CS=136M },37600 905 1.3760E+05-1,16242-03
8619 HG=CS5-136 2.5541+¢0h 2,24030E«(0b ],3737C«0]
819 26~C8=137 5,470 ¢85 5,47330+05 6.T163L~02
620 SG5=C5=138 5,2926r 06 S5,2800€+06 2,418]1+-01
#6271 3S=CS5~133M 4 ,R326UF +06 S5,3600E+06=9,9627E«D0
622 583=CS5=139 4,7975F¢06 4.2900F+06 1.7525E~01
#6271 I9=C5=]40 £,45395¢06 6,3V00E+06 2,4425E+00
8646 36=0A=13TM (62175 ¢GS H.6164E«05 8,0u00Nc—0(2
64D 6=3A=139 2,.3554-e(16 2.2G40F+06 643393t =02
6432 Sh=BA=140 ],0326E+06 ),0350E+06-2.3421%-01
o644 Sh=HA=14] 3,1314F+06 3.0300E+06 3.3463c+00
A4S FR=34=142 2,1793F 06 2.20006E+06-9.1761t-01
#AER S7=LA=140 3,57710+¢06 3.7708E+06-5,1363t+00
659 37=LA=14]1 2.42997¢06 2.4300E¢06-3,1723c~03
#6660 ST=LA=142 4,8470E¢06 4.51T0F+96 7.,30650+00
675 d8=CE=14]1 5,3100F«05 5,R090F+05 1.8063&-02
677 DA=CE=142 ],447U0F¢06 1.4440E«06 2.,0868: =01
670 98=CE=144 ,1580°+05 3.1479E+05 3,1990t~01
2670 SB~CE=148 2,3769C+406 2.4900E+06-4,5409L+00
68r SR=CE=140 ],0443F¢06 1,0800FE+06=3,3052L+00
698 39«Pr=143 9,3100F«05 9,3120E+05-2.1478E-02
696 99=PrR=144 2,39657¢%6 24,99AGE+06-]1.9933c-02
697 H99=PR=144M 5,0497F ¢04 5,0498E+04~]1,98355~03
692 99~PR=145 1,R051F ¢0A 1,R050F+06 3.,3111t-03
#4699 5G=Pi=146 3,R851+7¢06 4,0B00E+06-4,77T9C+00
700 359=PR=]147 2,70ulr 06 2,7000£+06 3,3125t=-03

T0) 99=PR=143 4,860UF 06 4,36G0F+06 0,

707 59=PrR=143 2,3993F¢36 3.0000E+06=2,4500t=02
8710 c0=NU=147 R,4130F+05 R,0450E+05-5,9412t+00
&720 H0=-ND~149 1,612B85+06 1.6800E406-4,0G23L<00
8727 00=lid=1591 22,4844 406 2.4690F+06 6,2325c~01

733 01=PU=187 2.2470L¢05 2,2450E+405 8.,9u87c-02
#7334 S]=PM=148 P,4G11Ff 06 2,4650E+06 1,0602c+00
#7356 A1=PM=]43M 2 4TR4F 405 2,4541E+06 9,9036c=01]
8738 HY=PM=149 1,07005+06 14,0724E+06~2+2500c~01
2738 A1=PM=151 1.,20735+406 1,1B88GE+06 1.6248:+00

739 A1=PM=152 3,6370F+06 3,6000E+06 1,3448E-01
8740 Hl=PM=152M 2,3450F «06 3,6000E+06~3,4860C+01

742 61=PM=153 1,3004F 406 ).,8000E+06 2.457T0=02
#759 62-SM=153 R,0251F+05 B,0860E+05~7.,5351c-01
8779 H3=EU=156 2,43458F +06 2.4530F ¢06=7,4349c =01

#CALCULATED 0 DIFFERENCE EXCEEDS UNCERTAINITY



ZZAAAS

320731
320751
320750
Jz2otNn
3407
340791
350801
Jsoéoo
340811}
350821
360831
360851
370861
39089
370901
399901
390900
400901
400900
390911

TABLE V

NUCLINES HAVING TYPOGRAPHICAL OR SUSPECTED ERRURS
IN ENDF/B~IV FISSTION-PRODUCT FILES

Corrected 1n

Nuclide Table VII Comments

97y yes E; = 9,35 x 157%V.

104mpy, ves Nermalization factor (F) = O (F saculd be
1.8535 x 10-2), and typographical errors in
spectra.

”

1265, yes Ty/p = 3.15569 x 10'2 5.

129nTe yes Internal conversion energy of (.6682 x 105 eV
added to EY'

130mg,, yes Ey too small (E, = 3.04 x 105 V). Change
normalization to 1.17717.

1, yes E, = 1.7025 x 10% ev.

1338b yes Eﬁtoolarge (EY = 2,5 x 106 eV). Change norm-
alization to 3.87351 x 1071,

1360, no E; includes some Y energy from L-CBa.

138mcS yes E, too small (E, = 2.6 x 106 eV). Change
normalization to 1.23827.

140 = = &

La yes E, too small (E, = 2.3 v 10" eV). Change

normalization to 1.03275.

142La yes E; too large (EY = 2.4 x 106 eV). Change
normalization to 0.96470.

152mpy yes Eg too small (Eg = 0.9 x 10° eV) and beta in-
tensities do not sum to 1.0. Chenge normal-
ization to 2,14551.

166, ves 6(0.0253 V) too large {0 = 20 b).

TABLE VI

INTERNAL CONVERSION ENERGIES (EXPRESSED AS FRACTIONS OF TRANSITION ENERGY)

REF (9) ENDF /8=4 REF (9) ENDF /8=4

E(1CC) E(1CO) £(1CCY £{1CC)
NUCLIDE £ (GAMMA) E (GAMMA) ZZAAAS NUCLIDE  E(GAMHA) E(GANMAY
GEOT7IM 0,9283 326930 Y 093 (0.,0051)
GEO75M 0.6001 380930 SR093 0,0018
GEQ7S 0.,0084 410931 NBO9IM 1,0000
GEO7TTM 0,2431 410941 NBO9GM 0.,9600
SEO77M 0.,4799 %10951 NBO9SM 0.7439 (0.7368)
SEQ79HM 0.9100 . 410950 NB09S 0.002¢C
8RO8OM 0,83046 410971 NBOSTM 0.,0199 100196}
8RO8BY 0.6754 410930 NBO98 0,3031
SEQ81IM 0.,9106 410991 NBO9GM 0.,0080
BROB2M 0,9542 410990 NBO99 0,2395
KRO83IM 0.9879 4209990 M0099 0.0023 (0.0333)
KRO8SM 0.1587 (0.1467) 430991 TCO99M 0.1242 (0.1275)
RBOS6M 0.0178 421010 MO101 0.0171
¥ 089M 0,0100 431010 TC101 0,0117
RBO9OM 0.0016 (0.0014) 4510621 RH102M 0,0014
Y 090M 0.0712 (0.0725) 451020 RH102 0,0026
Y 090 (1.0000) 441030 RU103 (0.0008)
ZRO9OM 0.0032 (0.0071) 45101 RH103M 1.0000
ZR09S (0.0017) 461030 PD103 0,6291
Y 091M 0,0500 10.0512) 451041  RH104M 0.7680
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ZZAAAS

451040
441050
451051
453050
451060
461071
461091
47310M
46111
461110
471111
461120
7110
471130
481131
471150
481150
49115
491161
491160
49117
491170
50117)
491182
491181}
491191
So01191
491201
491200
491211
501211
511221
501231
5212

S11242
511241

S11240
501251

511250
521251

511260
531260
52127

531280
S2129

521290
531290
S31300
531300
521311
521310
53131

S313te
S641311

501320

511321

511320
521320
Ss1320

NUCL 10E

RH104
RULOS
RH105M
RH105
RH106
PO10TM
PD109M
AGLOSM
PD111M
PD111
ASL1IM
PD112
AGL13IM
AG113
CD113M
AG11S
colls
INLISM
IN116M
IN116
INLL17M
INLYY
SN117M
IN118N
IN118M
IN11GM
SN119M
IN120M
IN120
IN121M
SN121M
58122M
SN123M
TEL23M
sBl124N
S5B124M
sBl2a
SN125M
$B12S
TE12SM
sB126
1 126
TE127M
1 128
TEL29M
TE129
1 129
1 130M
1 130
TE131M
TE1N
T 1M
T 131
XE13]M
sh132
sB132M
s8132
TE132
cs132

RES (9)

ELICC)

F (GAMIA)
0.0853

0,7535
0.01%0
0,0393
0,4200
0,3798
09611
0.2186
0.3185
0.9972
067944
06990
0.0530
1.0000
0.,0042
0,0074
0.5051
0,0049
0.,1508
0,64536
0.0283
0.5557
0,5557
0,0009
0.1326
0,9573
0,0i80
0.0068
01900
0,9027
0,6926
0.1730
0,4632
1,0000
0.0212
0.0203

0.0589
0,755%
0.0098
0.0085
0.9955

0.3261

0.6883
0.2387.
0.9625
0.1446
0.0109
0,2604

0.0573

0,004
0.983s
0.0232
0.0097
0,0050
0.1597
0.0429

ENDOF/7B=4

gdice)

E(GAMMA)

(00034}
(0.8000}

(061846)
(0.0249)

(0.0233)
(0.0549)
(0.9815)

10.9804)

(0.01358)

(0.2365)

ZZAAAS

511330
521330
54133}
S41330
S1i341
521340
531341
S3135%9
541351
5413590
561351
551360
541370
$61371
541380
551281
561390
Se6laelo
581414
SAl43)
S81440
581650
SAl460
611469
591470
601470
611481

.59149¢

601490
611490
601510
611510
621510
601520
631527
631521
631520
611530
621530
61154])
611540
631540
621550
631550
621560
631560
631570
631580
631590
641590
631600
651600
641610
651610
661660
671650

NUCL IDE

sB133
TE133M
XE133M
XE133
SB8134M
TE)1 34
T 134M
1 13s
XE135M
XE13S
BA]3SM
CS136
XEL137
RA137M
XE138
€S13aM
BA139
8A140
CEl4l
CEl42
CElas
CE145
CElae
PM146
PR147
ND147
PM14aM
PR149
ND149
PM149
ND1S1
PM151
SM15]
PM152
EVIS2N
EUl1S2M
€U152
PM153
SM153
PM1S6M
PM15S4
EU154
SM15S
EU1SS
SM15¢
EU156
£U157
(20D §-1:]
EU159
6GD159
FU160
TB160
GD161
18161
DY166
HO166

REF (9)
E(ICC)

€ (GAMMRA)

0,0012
0.4330
0.9119
0.4512

0,4349
0,0236
0.1999

0,8403
0.0344

0.1506
0.0008
0.,8338

0.1667
0.2327
0.1833
0.2979
0.2311
0,006
0.0296
0.3559
0.0363
0.0563
0.185?
0.1655

0.2533
1.,0000
0.0088
0,2598
0.0369
0.0364
0.,3597
0.,6683
0.0389
0.0394
0.0287
0.,1938
042344
0630645
0.02E7
0.,0355
0.0264
0.,1333
0.3314
0.0502
0.0604
0.0921
0,7098
0.6938
0.6655

ENDF /8~4
gCicc)
E (GAMMA)

(0.8969)
(0.6275)

(0.0326)
(0.0520)

(0.1883)
(0.0614)

(0.0092)
(01007}

(0.1783)
(0.1741)

(0.1839)
(0.4457)

(0.0372)

10.33069)
(0.662¢)



SYMBOL ZZAAAS
27+C0 72 270720
28.Nle 72 280720
29+CU= 72 290720
30-ZN= 72 300720
31-6A= 72 310720
32-06- 72 320720 1

SIGMA(,0253) s RIs

27=C0= 73 270730
28=Nl= 73 280730
29=CU= 73 290730
30«ZNe 73 300730
3l=GA= 73 310730
32-6E« 73 320730
SIGMA (,0253) Rl
32=Gt= 73IM 320731

27C0- 764 270740
28+NI~ 764 280740
29+ClU= 76 290740
20ZN- 76 300740
3le=GA= 74 310740
3206E« 764 320740
SIGMA (,0253)s RIy

27=C0e 7S 270750
28=NI= 75 280750
29«ClU= 7S 290750
30=2N= 78 300750
3l~GA= 75 2310750

32=GE~ 75 320750 4,968pE+03
32«6« 7SM 320751 4,8900E+01

33-A5= 75 330750 INF
SIGMA(,025%3)9 RIy Bly B2, B3

28+Nle 76 280760 2,6838E=0)
29«CUe 76 290760 2,2110E-01
30+2N> 76 399760 5,4000E+00
31.6Aa 76 310760 2,7100E+01
32<GE« 76 320760 INF
SIGMA(,0253)s REs Bl B2, B3
33eaSe 76 330760 9,.4680E¢04
34eSE= 76 340760 INF
SIGMA(,0253)s RI, Bly B2, B3

28eNle TT 280770

HALFLIFE
1,2266E=01
2,4193E+00
6,0022E+00
1.,6740E+05
5.0760E¢06
NF

81y B2y B3

1.1551E=01
3,9355€«01
3,9480E400
2,3500E401
1,7568E+04
INF

81y 82y 83
$,3000€+01

1.0752E-°l
6.4833E=01
5,7315E~01
9.8C00E+01
4,9200E¢02
INF

81y B2, B3

8,0160E~02
1,7963E=01
7,6657E=01
940000E+00
1,1400E+02

1,0281E<Q1

E<BETA
5,7309E+06
2,0064E+06
3,3422E406
B,6000E+04
5,0100E+05

Ne
9,8002E-01

4,T759E 96
3.4868E+06
2,2723E¢06
1,7T102E+06
446400E+05

0,
1.5000E+01
0,

6,2027E+06
2,5730E+06
3,8117€E«00
7+6051E405
1,0700E+06

N4
3,8301E~01

5,2117E«06
4,0509E¢06
2,8650E406
2,1766E 400
1,3600E+06

4,3000E+0S
0,

De
44299T7E 00

3,0966E406
‘033075006
1,3576E 406
1,6800E406

[
1,6197E01
1,1367E406

0
8,5001E401
4,5103E¢00

TABLE VII

SUMMARY OF ENDF/B~IV FISSION-PRODUCT DATA

EnGAMMA
2.8481E+06
1,2028E406
1,3489E¢06
1,6400E405
2,7200E406

0.
1,1392E+00

2,8483E+06
1.,8886E+¢0¢
l.leZEoOb
T.4607E«05
3.1900E+05

0,
6,9915E+01
647000E«04

3,3346E¢06
1.6770E+06
1.7965€¢0¢
3¢3026E405
3,06400E+06

0,
6.1100E~01

3,3565E+06
2.3682E¢0¢
1,6407E4+06
ie10%1EeQ6
2,0900E¢04

3,5900E06

143900E.05
0

641754E+01

241756E+06
242486E406
844130E405
248100E,00
Oe
1,36452E400
3,5294E+95

O
4,4510E.:01
2,8794EsQ0

E=ALPHA RTYP
1.0
1,0
1,0
1.0 0.0
1,0 0.0
STABLE

RFS
0s0
0,0
040

1.0
1.0
1.0
140 0.0
140 1.0
STABLE

0.0
0+0
0+0

3.0

1.0
1.0
1.0
1.0 040
1.0 060
STABLE

0,0

0.0
0.0
00

1.0
1,0
1,0
1.0
1.9
1.0
1.0 040
340 040
STABLE

0V
0.0
0,0
00
040
1.0

1,0 0.0
140 040
1.0 040
1¢0 040
STABLE

140 040
STABLE

1.0 040

Q
1,4310E¢07
5,6100E406
8,3300E+06
4,5700E+05
3.99°°E0°6

1,00000

1.2400€007
9.0600E¢06
6.1500E+0¢
4,5500E+06
1,4930E¢06
0.

1,00000
6,7000E«06

1.57‘05007
T+1400E406
7.6000E¢06
2.2100E406
5,5000E¢06
0.

62700

1,3780E«07
1.0870E¢07
7.6300E¢06
5.8500E¢06
3,3000E+06
3,1610E406
1,1900E¢06
1,3900E+05
0s

1,00000
8.,5200E+06
1.1010E+07
3,9100E+0¢
6,5000E406

0,
.35200
2,9800E+06

+80200
1,1907507

SRANCHING
1,0000E+00
1,0000E+00
1,0000E+00
1,0000E+00
1.0000E400

0,00000

140000E400
1:0000E+00
1,0000£400
1,0000E400
1,0000E+00
0.

000000
1,0000E+00

1.,0000E«00
1,0000€E+00
1,0000€409
1,0000E.00
1.0000Ee00

¢37300

1.0000E+00
1,0000€+00
1,0000E+00
1.0000E«00
9+6000E«01
4,0000E=02
1,0000E¢00
1,0000€¢00
Q0

0,06000

1.0000E400
1.00G0E+00
1,0000E400
1.0000E.00

0.
+64R00
1.0000€ 00

,198n0

1,0000Fe¢00

ANR NOK NSP MAT

7.1339E+0}
7.1326E+61
6¢3645E409
7.1309E+0}
7.1309E401
701304E+01

0,09000

7+2333E20]
742320E+01
7.3982E+09
7,2303E401
7.2299E+032
7.2297E+01

0000000
7.2297E+01

7.3329E¢01
3,8923E+08
1+9581E+10
7.3294E401
7.3292E+01
7.,3286E401

0000000

T.4323E+01
1.0224E009
7,4297E401
7.6289E4+¢0)
7.4283E+0!

T.4279E4+01
7.4280E¢01
Te¢278E+01

0,30000

5,4932E408
7.5292E401
7.528VE¢0}
7.5276E401
7.5269E+01

0,00000
7,52}0Es01
7,5287E+01

0,00000

4,0751E+09

€ Pt pub st Pt o [ C b pad put s Puo € bus Pt pu Pt Pt

[V ol o

© o o

o 5 s pub §us Pt

[-X-N-X-N-J SO0V © 00000 O QOOOOoOO

—2-X-)

00 O0O000O

1
5
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3
48



€t 0
me o

oty 0
16
€L
6S
2%
02
601
901
b6
69
{1

154
62
61

000 NOOOO ©O 00O oo

~
L ]
(- X-X-) (- X-] o o 2 0000000

AN D m et Nt O N MmO

et e~ N O ™ Mttt O

00000°%0
10+30826°L
toe32c26°%¢

10+32¢26°¢
00000°0

10°30€26°¢
10e39¢c26°%¢
60+38592°L

10+30426°L
10+39526%¢
1032226°L

1037420,
00090°0

10+20928°L
8032112°S
10+3t920%L
t10e3¢020%L
80380662

10e39528°L
L0e31692%2
T10e39.28°L

00000°0

10e3892L°L
10e3€522°L
60+3%001°¢
10°32924%L
10¢3092L°L
10e3t92L%L
B80e3G62L"Y

10+36529°¢L
00000°0

10+31206%2
10+30929°%,

100369294
10e3€929°L

10¢30929°L
10+39,29°%,
10035629°¢

LYW dSN AN Ynv

00Sy2"*
°0
00¢30000°%1
uoowaaoo.o
10=300%1%

voter*
0

00+30000°1
v0+30000° 1
€0=30009°8
10-30416°%6
00¢30000°{
00430000°1

00¢30000°1
00vg2*
‘0

00230000°1
0030000°1
00¢30000°1
v0¢30000° T
£0°30000° 1
10-30986°6
00+30000° 1
00+30000°1

002Sy*

°0
00+30000°1
00+30000°1
00+30000"1
00+30000°1
00+30000°1
00+30000°1

00¢30000°1
00000%0

*0
€0=30000°¢
10=30026%6
10°30001°2
10=30006°2
00+30000°1
10=30008°e
10=30002°1
00+30000°1
00+30000°(
ONIHONYHE

00sSe*
°0

90¢30009°8
90¢30028°1
90¢30010°2
00698*

*0

90¢30000°9
90+30090°T
S0+32%0€°6
90430044°6
9030029%9
L100305e5°1

§0¢30001°2
0099.* w0

$9¢30005°2
60°30045°Y
90+320086°1
90+3000€°y
S0+32.68°2
9003%090°9
90+30099°¢
1030540° ¢

00845°

‘c
90+30022°
$0030008°6
90°30046°L
90+30062°s
40+309¢2°t
90¢39006°%6

$0+30005°2
00000¢y
‘o

$0+30004°¢

oowoooo 9
§0°30065°1
90¢30606°2
904300942
90+30165°¢
oaouooMs.o
90+300e2°L
90¢30090°6
0

3avis

0%0
0¢0
0°0

0%c
0°e
0°t

378vis

0t0
0¢0
0°0
0%0
0°0
0t0

0°y
01
0°s
0°1
0
oot

0°e

316vis

0°0
0¢0
041
0%0
0°0
0%0
00
0°0

378vis

0*0
0°0
0°0
0°0
000
0*0

0¢0

0°t
0%t
0*1
0°1
01
U |

0°¢

3anavis

0°1
040
00
09
040
0°1
0*0
0°0
00
sJ4

0y
bet
0°¢
U]
0°1
0*1
01
0%y
0*y
dALY YHeV=3

10+38292°9
‘0
90+30009%¢

6§0+30626°2
00+3€080°%1
*0
G0+309%0°9
S0+3¢910°%y

90+36226° Y
90e3cg02°%1
90e35g2.°¢

G0¢30001°2
20+3€99¢°1
*0

¥0¢30005°%¢
20+30000°1
%0+30000°1
$0+39€15%2

90+36542°1
90+31066°t
50¢39929°2

00+3654S°%

"0
90+300€0°
S0+3004L°%2
204 3E559°Y
90e32¢92°1
90e3L23%,%2
9003990242

§0+30005°2
ﬁo.uwnmc.m
0

S0e39¢20°1

#0+3006€°8
90+30091°1

S0+39%..%8
90¢32906°1
90¢350t1°2
VHWYO<3

10+3€0¢€4°1 nm 20 ¢18 s1y S(ES20°)yWOLS
4MY 00809€ 08 =y¥~9¢
.e 90032165°1T 1080GE WOE eyBegE
G0+36201°2 €0%309%0°1 00ROGE 08 ~HE=§E
10=30001° o €8 %20 18 o1y +(€520°)wNoIS
INT 00ROYE 08 =35=9¢
90+39225° m 104360S9°T  00B0EE 08 ~Syege
60035042°9 10030009%°2 00902€ 08 »39-2¢
90+3500L%c 00+3000.°1 (0801 08 =ygeIE
90030LS€°2 10~3GETT°, 00800€ Of ~NZ=0E
90432218°S 20~34011% 008082 08 =)=62
*0 00430098y [6L0GE W6L ~HESE
10030011°1 €8 426 41p o1y ¢(£520%) yND1S
‘v ANY 06L0G€ 6L =HE*$E
20030000°T 200309€¢€*2 16L0%E WOL ~AS5+9¢C
90+30002°% 21+368690°2 06L0%C 6L =3§5¢
§0030019°8 20+30009°¢ (Q6LOEE 6L «Sy~£E
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§003008€°2 €0+30022°S 08L02€ 6L ~302€
90+38821°C 00+30006%y 08LOIE ©L *VO*1E
90+356968°1 00¢035624°2 08006 €L -NZ=0E
90+39098°Y 10=3€902°1 084062 6L =NJ~62
90+31965°€ 10=359.¢*1 092062 8L ~IN=92
‘0 10+300G64°1 12209 WLL =3S~9€
10030002%y €g %28 ¢1p o1y +(E520°) YNOIS
‘v N1 OLLOYE oL =3S°e¢
S0¢3ECUN*2 S0+38962°1 0.20€€ &L =SveE€
60+30005°6 100300€9°S (2L02€ Wil =39%2E
60+30089°9 %0030890°9 022026 22 =39+2€
90+3€189°T  1003000€°1 QL201€ &L ~yoelE
90+3622.°2 00%30009°1 020006 22 °NZI=0E
90+3E€09°c 10-36546°2 040062 &L =NI~62
vi3g~3 341147V SYVYYZZ T0BWAS

14



€t

SYMBOL

29«CU- 81
30=2N- 8]
Jl=GAe gl
32.62- 8l
33=ASe 8]
34.5€- 8]
36«5E« 81M
35=8R- 8}

SIGMA (,0253)0 Rl

3beKRe Bl
3beKRe 81M

302N 82
3l=0A- 82
32+6€~- B2
33.A8+ 82
AI=ASe B2M
JeeSE- 82

ZZAAAS

290810
3oo08lo
310810
320810
330810
340810
340811
350810

360810
3600811

3Joo0820
310820
320820
330820
330821

340820 I

HALFLIFE

T.6469E=02
142937€E=g1
7.0528E=01
1,0100€E401
3,2000E¢01
1,1100€¢03
3,4380E¢03
INF

B, 82, B3
646226E¢12
1,3300E401

1,3526E=01
1,5376E=01
4,6000E+00
1,9000E401
1,3300E+01
NF

SIGMA¢,0253)9 RIe Bly B2, B3

35-8R- 82
35«80~ 82M

350820
350821

l.Z?QOEoos
3,6600Ee02

36=KRe 82 360820 INF

SIGMA(,0253) s RIy

30=2N~ 83
3leGAs 83
32+6E= 83

3304%» 02

IS 0
J4=3C= 4IM
35«8R« 33
J6=KRa 83

SISHA(,0253)s Ry

300830
310830
6830

330030

340330
340031
350830
360030

J6=KR- 83M 360831

31=8A« 846
32«6E« 8

33eAS. 84
J4eSE~ 04

IS8R« s
I8eBR= S4M

310840
320040

330840
340840

3s08s0
350041

Ble 82y B3

144771E=01
1,9000E+00

1,3500E+01

1,3500€403
7.0000E¢01
8,6400E+03
INF

81y 82y B3
6,6960€:93

9,80873E«02
1,2000E+00

5,8000E+00
1,9800E+02

1,9080E4+03
3,6000£+02

E=BETA

5,2984E¢06
4,3006E+06
2,7593€«06
2¢0596E¢0%
1:6694E¢06
6,0500E¢05
0o

LI
2.5900E+00
0o
0,

3,7891E¢006
4,7596E+00
1,2179E¢06
3021095006
1,8192E¢0Q6
LN
4,5002Ew02
144000E¢Q5
2.7‘2‘£00‘

L
3,0162€¢01

$,6943E¢06
4,2669€+06
3,0366E406

146763E506
4,4186E 405
1.3017E406
3.2400E405
L3

2,0763E002
0,

5,1650E406
2.4212€+06
3,7612€406
5,3084E405

1,2557E¢06
8,5584E005

E«GAMMA

3,8132€+08
2.9658E 406
1,7208E 404
1.1870E4+06

0,
7,6000E¢03
1,0300E+05
0o
5.0199E401
1,4000E+05
1,9000E+0%

2,9402E406
2,8307E«06
5|.633[0°5
2,8809€E+05
2.99‘65006

Oe
9,3362E<02
246500€06
5.,5881E+04

[
1,8578E¢02

3,5314E¢06
2e8726E406
€00082E+0¢

9+8446E405
2,5592E«06
9.0933E¢05
7¢3000E403

0
1.9166E¢02
4,1800E4¢04

3,3800E+06
1.9135€406

2,1036E406
4,0770E05

1.7827E¢06
2.7684E008

E=ALPHA RTYP

1,0
1.0
1.0
1.0
1.0
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SYMBOL ZZAAAS
64=6De166 661640 1,3014E403
65-TB=164 651640 1,8000E«02
66=DY~164 661640 INF

SIGMA (,02%3)» RIs B1, B2, B3

621650
631650
641650
651650

HALFLIFE

629SM=165
63=EU=165
64200165
6S«T8=165

9,2740E=01
2,5483E+00
1.0022€+02
3,2752E+01

661650
661651

66=DY-165N 661652 3, 2000E001
67=H0«165 671650 IN
SIGMA{,0253) ¢ RIy Blo 82y B3

660DY=166 661660 2,9340E+05
67+H0=166 671660 9,6480E+04
67=H0=166M 671661
68=ER=166 681660 INF
SIGMA(,0253) 9 RIy 81y B2y B3

68eER=16T7 681670 INF
SIGMA (,0253)¢ RI, B1, B2, B3
68=-ER=16TM 681671 2,3000E¢00

66=DY«165
66=DY=]165M

8,4600E+03
T+5360E+01

*Changed from ENDF/B-1V.
See Table V.

+Recent investigation indicates that all

12 U '3 GOVERNMENT PRINTING OFFICE 1678—-677-343/43

3,7843E410 &

E<BETA
3,4725E405
_B,T2T5E+05

Ne
2,5200€403

1,4581E+006
1+2868E+006
747760E405
S.8560E409

2,6962E+05
7. 30055.03

-o.

?e . 6500E 01

1,1750E+05
3,89718¢05
e 4266E¢05

[ 1Y
#2,0000E+01
0,
6,7000E¢02

98

Zr decays

E=GAMMA
T42730E«0S
1,4899E.06

Qe
3,1597E+02

2,9306E406
2,4937E+g6
1,5494L40¢
1.1174E+06

5,1140E+05
1,1915E¢05

€,5000E+05
0
7.5208E¢02

8,0000E+06
6,9314E405
7.8731€405
'Y
1,4112€E¢02

Oe
2,9772E¢03
2,0800E405

9o
0s
04

Oe
0e
Ge
0.

0.
0.
0.

0.
0o
iy

0.

0.

0,

o the 2.8 s state of

E=ALPHA RTYP RFS
1.0 040
140 040

STABLE

0,0
Nel
040
0.0
1.0
0.0
0.0
0+0
1,0
LE

e » «a® @ o o o o
POOOCOOOCOOO

) ) s = Pt g b s

7))

1,0 040

140 040

100 0.0
STABLE

STABLE

3.0 0.0

Q
1,6800E¢06
3,7900E406

0.

«37000

6,1600E+06
5.5100E+06
3,5500E+06
2.7600E+06
2,6520E+06
1,3000E+06
1.4080E+06
1.0800E40%
2,5000E405

296700

4,8100E«05
1.86400E+06
2,0900E+06
0.

+25000

0.
1,00000
2,0800E+05

98Nb; change RFS to 0.0.

BRANCHING
1,0000E+00
1.0000E400
0.

063000

1.0000E«00
140000Ee00
1,0000E+00
S¢0Q00E-0)
S¢0000E-0)
1,0000€400
245000E=02
9¢7500£<01
1,0000€400
Qe

+05300

140000E+00
1,0000€E400
1,0000€400

O
«75000

e
0,00000
1,0000€e00

AWR NDK NSP

1,6253E+92
1.6252E.02
1:6252E402

0,00000

1,6353E+02
1.6353E+02
1.6352E¢02
1,6352E+02

1,6352E402
1,6352E¢02

1,6352E402
1,6351E02
0,00000

1,6651E¢02
164516402
1,6451E402
1,6451E902

0,00000

1,6550E¢02

0,00000
1,6550€¢02

1 0
1 0
0 0
1 0
1 ]
1 0
¢ 0
1 0
2 0
1 0
0 0
1 0
1 0
1 0
o o0
0 0
1 0

MAT
801
B9g9
8ls

m
788
8oe
810

16
817

81a
820

819
821
822
823

824
825



