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INTRODUCTION

Complete yield sets for fissioning nuclides at one or more
fission-neutron energies are important in reactor physics calcula:
tions; safety, safeguard, and waste studie~; and in some measure-
ment applications. Depending on the quality of each set, a number
of parameters can be calculated directly from the yield data such
as aggregate delayed and prompt ne*!tronsper fission and total and
delayed energy release. Other quantities such as decay heating
and absorption buildup require additional data.

The first extensive yield data incorporated in the Evaluated
Nuclear Data Files (distributed and maintained by the Brookhaven
National Laboratry) were in Version IV (ENDF/B-IV). This consisted
of ten complete seta of yields for six fissioning nuclides at one
or more fission-neutron energies. These sets were for independent
(i.e., directly yielded) fission products only,

Version V of ENDF/B (ENDF/B-V) has been greatly expanded. It
consists of independent and cumulative yields (by A and Z) for 11
fissioning nuclides at 1 or more fission-neutron energies (20 com-
plete yield sets). Each set contains yields for ~1100 nuclides;
uncertainties are now incorporated in the files. Thus, ENDF/B-V
contains %44 000 yields plus their uncertainties. ‘Tkse values are
listed for each Z value along ●ach mess chain, The independent
yields apply before delayed-neutron emission (102 precursors), and
the cumulative values apply after delayed neutrons are emitted, Be-
tween the two sets most, if not all, user requirements can be sat-
isfied.
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The quality of the yield sets is not uniform.
tegral quantities are currently ua:d t? compare the
Thus, integral quantities such as vd, vp, prompt-energy release,

Calculated in-
general quality.

etc., are reserved for yield teeting rather than being incorporated
directly into the yield evaluation process. Only the conservation
of the fission-nuclide charge is incorporated into the evaluation,
and the yields under each mass peak are normalized to 100% along
with a final normalization to 200% for the total mass yields.

The nuclide yield sets included in ENDF/B-IV and -V are iden-
tified in Table I. Mass chai,lyields are not includtd in ENDF/B-V,
In mst but not all chains, these are the same as the cumulative
yieltiof the stable or long-lived end nuclide of each decay chatn,
Figures 1-4 provid~ a graphical plot of selected mass chain yields
and Table II lists the chain yields and uncertainties for 5 of the
20 yield sets important in light water reactors for the mass range
75-160 (ENDF/B uses the range 66-172). Mass chain yields for all
sets are listed
Ref. 3.

Fissionable
I Nuclide

q

237
Np

233U

235U

236U

238U

239PU

240PU

241PU

242PU

252Cf

in Refs. 1 and 2 and are readily derived from

TABLE I

ENDF!B YIELD SETSa

The mal Fast

xx

x

xx x

xx Xx

x

xx

n xx

x

xx x

x

Yield Sets

QQ!E!Q— Spontaneous

x

x

xx

xx

x

aX denoted sets in ENDF/B-V only,

x

XX denotes sets in ENDF/B-IV and V,



MASS

n
76
77
76
79
60
81
rJ2
83
Llb

;2
87
km
89
9(J
91

;;
94

%
97

:
100
101
102
10 j
104
105
lorI
107
Iokk
109
110
Ill
312
113
11*
115

ENDF/B-VE

TW3Z(F) uucEfrTalarr

2.9691-03 +/- 16.00
7.1J7E-03 &/- 16.00
1.z29E-02 d- H.oo
3.MQL-02 .1- Ib.orl
B.065E-02 ●/- 11.(10
2.u@6t-01 ●I- t6.Oil
*.290k-ol ●/- MJ.co
1. I16E*O0 ●/- 1(.co
2.2231+00 ●/- 1.*O
4. IolfL*09 ●/- Z.co
4.2Q2L.00 ●/- 2.00
6.72]E+O0 ./- 2.00
7.15W*O0 ●!- Z.lko
7.680K*O0 d- ,?.00
7.6CJOL+O0 ●I- 4.00
7.685E*o0 d- 6.00
7.j7f3E*oo d- 2.b’o
6.B33E*O0 d- 4.nO
6.;31L+O0 +/- 11.00
5.682E+O0 ●1- 6.00
5.374E_.oo ./- 4.00
Q.*09E+O0 d- b.00
4.654E.00 ●t- 2.00
3.700E+O0 d- 6.00
2.B76E*O0 +/- 4.00
).379t*oo d- 6.00
?.305E-01 d- 11.00
3.732E-01 +/- 11.00
\.52BL-ol d: 6.00
9.059E-!12 ●l- 11.00
4.b17k-oz ./- ti.oo
h.m14k-02 .1- 8.00
5.J9W-L)2 *I- 11.CO
6.262k-02 +/- 16.60
6.L191E-02 +/- 11.00
7.219E-02 d- 16.00
7.l]2E-i12 +/- $.00
R.621L-02 ●I- 8.00
b.630E-02 +/- 11.00
7.578E-02 d- 16.00
6.Y28E-02 d- boo

TABLE II

MASSCNAINYIELDS/100 FISSIONS (UNCERTAINTIES IN %)

.kf231f(F) kJMCkfiT~
2.423E-04 ./- ZJ.00
EL049LO~ d- 23.00
3.33QE-03 ./- 11.00
1.12BE-0: +/- 23.00
3.3@2t-02 +/- 16.oo
6.950E-02 +/- 23.00
1.a31E-ol +/- 23.00
2.383E-01 +/- 23.00
3.935E-01 +/- 1.00
8.149E-01 +/- i.40
7.308E-01 ●t- !.-0
1.27aE+oo ●I- 1.40
1.587E+O0 +1- 1.40
2.060E+O0 ●I- 2.oO
2.M6E*O0 ./- 2.00
3.240E*O0 ./- 2.00
@.069E+O0 +/. 2.80
4.525E+O0 ●/- @.oo
Q.975E+O0 ●/- 2.80
4.977E+O0 d- 6.00
5.105E>OO +/- 1.00
5.93X.*OO d- 6.00
5.525E+O0 +/- 1.00
5.C112E*O0 ●I- 1.40
6.248E+O0 +/- 2.00
6.618E400 +/- 1.40
6.088E+O0 +/- 6.OLI
6.327E.00 +/- 6.oO
6.229E+O0 +/- 1.40
●.969E+O0 ●/- 6.00
3.975E+O0 +/- 2.80
2.51JE+O0 +/- @.00
1.303Leoo ●/- 8.00
6.O1lE-01 ./- 16.00
2.671E-01 +/- 11.00
1.3!J5E-01 +/- 16.00
e.065L-02 .1- 2.00
6.50ut-02 +/- b.00
5.2b7t-02 ●I- 8.00
3.9J3E-U2 ●I- 16.00
3.3fk5L-02 +/- 6.00

.w3j[T) oNLtkllAIK”lY

13.27bL-oj ●/- /j.no
1.m71t-02 +/- 2<.99
2.rll!lk-02 ●/. Zj.r)o
5.51flL-02 +/- 23.(IO
1.514?E-ot +/- 16.00
2.391E-O! ./- 23.00
2.9101-01 +/- 16.00
5.521t-(jl +/- 22.~t~
l.ntkrt.+no ●/- .7LI
1.704t*oll ●/- I.UU
2.19bt+OII +/- ““C
2.U59t.00 ●t- 1.QO
4.Olyk*OO +/- 1.00
5.504E*OIJ ●/- 1.00
b.314k+O0 +/- 2.UO
b.90bE+OfJ +/- 2.80
6.5]7E+O0 ,/- 1.I-IO
6.595E+O0 +1- 1.00
7.OIUL+IIO ./- 1.UO
6.B15E*O0 +/- 1.00
6.lQJUE+()(J ./- ~,fJfJ

5.665E*O0 ●/- 1.00
5.@58t*oo +/- 1.00
5.15Lkt*oo ●/- I.ao
41.B7W.0(1 ●/- Z.&o
•.~okkt+ou .I- 1.40
3.731E+OU +/- 1.00
2.451t*oo d- 1.40
1.6(19t+O0 +/- 4.00
1.029t*uo ●/- 1.40
4.U29E-(’I +/- 16.00
2.’,87?-01 +1- 1.(WJ
1.17Qt-Ul +/- ?6.00
6.j181.-O2 +/- 16.IMJ
4.419k-f)2 +/- 11.UO
2.blc’k-02 +/- ltI.00
1.921f-02 +/- r).ou
1.4Qot-o# +/- 11.00
1.]66L-02 ./- )6.oO
1.jObE-02 ●/- 16.00
1. Ilj3E-02 +/- 16.00

3.0s
:.:;

4:53
1.30
1.95
3.27
5.36
9.95
1.31
1.96
2.55
3.63
a.k37
5.91
5.93
5.wf
6.38
6.04
6.Q9
6.20
5.94
5.77
6.11

T) kJWk.kkTAltiTY
IE-03 +/- 23.00
‘E-03 ●/- 32.00
IE-03 d- 11.oo
IE-02 +1- 8.00
E-02 ./- 4.00
IE-01 +/- 4.00
IE-01 +/- 2.tO
IE-01 ●/- 2.80
lE-ot ●/- .50
IE-01 +1- .70
lE*otr ●t- .35
IE+OO d- .50
‘Eeoo +1 .70
)E*f30 +/- .70
‘E*OO tl- 1.40
IE+OO ●l- .70
Ik+oo d- .50
IL*OO 41- .70
Ic+oo ./- .70
IE+OO d-
Iceoo ●/- :H
!E+oo +/- .70
IE+OO +/- .70
IE*OO +1- .70
W*OO +/- 1.00.—

6:206E*O0 d-
5.07W*O0 +1-
4.236E.QOO +1-
3.042t*oo +/-
1.83>t*oo ●/-
9.674f.-Ol +1-
4.017E-01 +1-
1.405E-nl +/-
6.706E-02 4/-

].443E-02 ●/-
3.034t-02 +/-
2.005E-02 ●l-
1. blOf. -O2 +/-
1.h34t-02 +/-
1.4(13K-02 ●/-
1.079}.-02 ●/-

2.75ik-oj ./- 31.99
7.33W-03 ./- 11.ou
2.ki531-(J2 +/- 1;.00
4.I04E-02 +/- 16.00
1.133L-01 ./- Ib.oo
1.716f.-LIl ●/- 16.00
2.057E-01 +/- 22.63
2.951c-ol +/- .50
4.745E-kll +/- 1.00
5.732E-Ot ●/- .50
7.591E-01 ./- 1.00
9.925t-ol ●/- .70
*.364E*O0 +/- 1.40
1.70W*O0 ./- 2.00
2.104)E*OO +/- 2.00
2.503E+O0 ●/- 1.40
3.009Edk0 ●t- 2.00
3.896k+oU d- 1.40 u
4.429E+OU ./- 2.00
Q.89W+O0 +/- 2.00
~.rJfJot+oo+/- 2.00
5.]9bE+O0 ./- 2.80
5.M32E*O0 ./- 2.00
6.156E*O0 +/- 2.00

1.40 6.t310E*oo ./- 4.00
1.00 . 5.8Y9E+O0 +/- 1.40
1.00
1.*O

.70
2.(}O
1.00
b.00
b.00

11.00
11.00

4.(MI
4. (!0
6.OO
6.00

11.co

-----
5.!)69E.(JO ./-
b.950k*oo ./-
5.914E*O0 ●/-
5.\b2E+O0 ●l-
4.2U2L+O0 d-
3.3b2E+O0 +/-
2.j7jh.*ofJ ●l-
1.676t+O0 +1-
5.9u9t.-ol +/-
].orlt-ul +/-
1.33jt.-nl ●/-
6.517L-W +/-
6.061}-02 ●l-
3.5’/3k-oz ●/-

2.OL
2.00
2.OU
(1.UO
2.80

19.00
16.00
rk.oo

23.00
2.BO
2.60
%.00
4.(JO
4.00



TA131,EII (cent)

TH232(F) tJNCktfTAfhTW UZ16(F) UIK.thlAJNir
7.5a2k.02 ./- tb.oo 8T762i -(1” ●l- 11.011
b.JJl.)t-O/ ./- R.OO
6.VJOI -02 +/- If,.co
5.&t9jk-1)2 +/- 16.O(J
5.59]F-F12 ./- 16.00
5.041t-t12 +/- 6.00
j.765k.02 ./- J6.00
3.056E-u2 s/- 16.00
2.737t-02 ●I- 16.00
3.861L-02 +/- 11.00
5.oIJL-02 +/- 16.00
9.077E-02 ●I- J1.CO
I.tlhlt-nl ./- 16.00
3.-fJof-tlt +/- 11.00
8.yvJt-Lll ./- 11.oo
1.6.’I}*OO +1- 2.00
2.&blL*uo ●/- 1.UO
3.9tlet.*oo *I- @.uo
5.291W*O0 ./- 2.00
b.jTJ2t+oo +/- 2.00
5.655}+M +/- 2.00
6.640E*O0 d- 4.00
7.140E*O0 +/- 11.00
7.156E+O0 +/- 2.60
7.7011L.00 ./. z.eo
7.jJJjE+OO .)- 4.00
6.318L*O0 ●/- 4.00
6.519t+O0 +/- 2.80
l.allt.oo ./- *.tlo
5.2B3L*O0 ●I- Z.eo
4.514L*O0 ●l- 4.00
J.OltldJO +/- ~.00
1.979E*O0 d- ?.HO
EJ.FJ32E-01 ●/- 16.00
3.Q66}-01 +/- 16.00
3.lwE-01 +/- h.no
7.591[-02 ●Z- 16.00
J.3?5E-02 +/- 16.00
7.2n7t-03 +)- 4?.57
3.e~81-03 ●/- 23.00
2.561L-OJ ●/- 11.00
9.562t-04 +/- 2].00
5.[I*IL-OQ +/- )2.CII
l.tJbnt-o* +/- 3?.00
7.512} -05 +/- ]2. CO

3. L”(ML-W ●/- 11. im
3.96if -02 +/- 11.0(1
3.576t-w +/- 11.u(I
3.577}-L12 ●/- 16.110
4.35A-OCJ ●f- 11.UU
3.762k-02 ./- Ib.(fll
4.006E-O/ +/- 16.(Ju
o.43bk-Lv +/- lb.no
5.271t-02 +1- JI.OIJ
6.3U5E-OZ ./- 11.O!J
1.300L-01 ●/- b .00
4.f15E-ol ●/- 11.00
9.975k-ol ●I- 8.00
1.E175E*O0 +/- L!. ml
~.2JJk+O0 +/- 1.40
5.130E+O0 +/- 1.40
6.620L*o0 ●I- 1.40
7.565E+o0 ●I- 2.HO
6.863t+O0 +/- 1.40
6.85>E*O0 .1- 4.LJO
6.000E*OO ●J- 1.00
5.666E+O0 +/- .?.00
5.967E+O0 ●I- 2.8u
5.9413E*O0 +/- I.Vii
5.b5bt.oo ./- 2.(JO
a.728k+OCJ +1- 1.40
4.558E*O0 ●/- I.OU
4.5b3t.+o(J +/- I. no
3.735E*O0 +/- 1.00
3.393E+O0 ●/- 1.00
2.531E+O0 +/- I.4O
2.081k+O0 ●1-. .70
1.61OE*OO ●/- 1.40
1.265E+O0 *l- I.ho
J3.O1lE-01 ,/- 2.00
5.2075-01 +/- 1.41J
4.109E-O1 ●l- 2. no
2.13w-ot +/- j.tw
1.328t-01 +/- 16.00
6.748t-LJ2 +/- 2.8(1
3.672F-o? +/- 16.(Io
1.7jLlk-ocJ +/- 16.00
8.091[-Oj +/- 16.00
3./29f -n] ./- zj. (m

}.}~li -o? ./- 11.iil
I ..’.’Qt-n.’+/- 11.00
l.AtJt.-u/ ./- II.(I(J
I.iuul:-oz ●/- 11.ofl
1.b9bt-o> ./- 23.00
1.47’>}-0.” +/- II.(IO
1.99nt-02 +/- 23.00
2. QIQI -02 ,/- 10.99
I.1.’/u;u; ./- 11.00
Z.llbqt.-ol ./- 2].00
5.h17f-ol ./- 11.no
7.’)7iL-Lll +/- 6.00
l.btj}+OFl +/- 16.1)0
~.lolt+OO +/- ?5.98
j.f)Obk+OO +/- .7(J
u.y]yt.no .I- 1.00
h.022t.OIJ +/. .70
6.31oL+oo +/- .70
6.215E+o0 +/- 1.40
7.l?2k*oo ●l-
h.tJ,2,+oo *,- 3:;:
5.914t*oll ./- 1.40
6.{3w.+00 ●I- 4.00
6.49Jt+O0 ./- !.UO
6.~,jl[*oo ●/- 2.80
LI.650}+(MI +/- 1.00
5.tJ9Jt..oo ●/- 1.00
4.b3yl*oo ●/- -70
>.392k+uo ●/- .70
2.53LE+OLI +/- ).00
1.750[.00 +/- 2.80
t.zwt.no ●/- .70
7.771t-t)l ./- 2.8n
5.02jt-tJl ●/- .99
].lsJt-ol ./- 2.00
?.lj6F-ol ●/- Z.tJo
1.OWJF-01 ●/- 6.00
4.66yt -02 +/- ?9.84
2.17:1,-()? ./- ?3.00
l.l]il-uz ●,’- 6.00
6.J/7t-03 +/- 8.(MI
p.{1~,1-(lj ./- 32.fl(J
fi.7wl-uQ +/- 6.00
j.54u}-f14 ./- qu.qi

u23h(11 UNCLJITAIIIIY IIU239(I) UJJ(.t.l*lt+INIY
l.bq~~-,)., .,- t).l; (l II .v ,IIE-07 ./- m–
I:Flti!
1.094
1.216
I./lc
l.zl)q
1.53(
1. 51J5
z.59J

2.9jq
5.559
1.256
3. 50?
7.435
1.784
2.683

-()/ .f-

-0/ .t-
-().) ./-
-02 .1-
-(1/ ./-
-o.) ./-
-(1’J ./-
-4)) ./-
-EI2 ●/-
-02 ●/-
-01 ●/-
-01 ●t-
-Oi +t -
●00 +/-
●OO +1-

d;nn
11. (!0
11.00
tl. o{~
b . O(J

11. no
Moo

10.99
4.00
P .on
6.00
Z.80
b.no
2.on

.50
b.298Lol10 +/- . 5il
6.702t+lM) ./- .35
7.7[J5E+00 .lm .70
6.5QlL+O0 +/- t.flo
6.3)6td)o ●/- .50
6.221t_+O0 +/- . j~
6.756t*O0 ●/- .70
6.]?7t*on ./- 1.00
6.276F+fJ0 ./- .~,fl
5.7961’*I-IO ./- 1.00
5.87?t+~o ●l-
5.937t*oo ●/- :x
5.47W.(JO ●/- .50
3.917F*U0 ●/- .35
2.975k4no .I- .35
2.253t*oo ●/- 1.00
t.670E+O0 ●l- . 3’/
#.067E+O0 ●/- 1. q~
6.Q83E-01 ●/- .50
*.184K-01 ./- I.OJJ
2.67@t.-OI +/- .70
1.b13t-nl ●/- 2.80
7.3MII-02 ,/- !6.b6
j.205t -02 .I- 4.00
1.31W-W ./- 4.00
6.15Qt-Oj ./- N . (10
~.9t5t-nj ./- Z!.(WI
1.tJllut.-o3 +/- h.00
j.160t. -O4 ./- \<>. n(I

l,.flf:l-(J/ ./- 1..410
j.l)o.’ k-w +/- 1!.00
j.vllhl-lv +/- It).llLl
j.(>lt -u< +/- 16.110
3.1Jjl! -(v ./- M.(u)
5.[11”/t-u/ +/- 16.tMJ
u J’l:t-w’ ●/- ?j.u(l
tl.yttll.-ll< 4/- 15.9&
I. I1OL-UI +/- H .00
2.70bt-Ul +/- 11.00
q.m)jt-ol ●/- lt.no
7.47W-01 +/- 6.00
1.486t.+Oi! */- 11.00
2.329E+O0 ●I- 10.aJ7
3.UU6k+O0 +1- .70
5.J9M*IJ0 4/- .70
6.975L+OCI +/- .70
7.62Jt*uu ●t- .70
7.blHE+OO al- ?.40 &
6.71Ut*O0 +/- 2.77
b.6Yt3E+O0 &/- .50
6.057K+O0 +1- 1.00
5.(1.2@t*otJ 4/- 4.00
5.552Ji*o0 +/- 1.00
5.257E+O0 +/- 2.80
U.9U$E+O0 +/- l.no
4.@28t+O0 ●t- .?U
3.7311E.00 ./- .5JJ
2.992t.00 ●l- .50
2.Qb2t.+00 e/- .W
?.043E*O0 ●l- 1.UO
1.635E+o0 +/- .70
1.239E+O0 +/- I.QO
9.663k-01 */- .50
7.721t-ol ●l- ).ao
5.t152E-01 */- 1.40
3.b]7t-01 +/- 6.00
2.7t7[-ol +/- 31.60
1.655t-ol 4/- 11.00
1.ln4t-ol +/- 2.00
1.Q1OL-O2 +/- b.llo
4.07ML-(V ./- 2j.00
2.I;59F-(W ●/- 6. UU
~J.?23t -O\ +/- ]1 .96
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Yield data included in the evaluation are based on all known
measurements through mid-1978, including unpublished data (at the
time of evaluation) by W. J, Maeck and B. k!.Vehring, some being
preliminary. The 102 delayed-nel]tronprecursor branching fractions
are also included in Refs. 1 and 2. Detailed listings of all data
are provided in Ref. 3, currently available on microfiche; the
ENDF/B-V yieltiswill differ slightly from values in this report due
to extensions of the decay cb,ainsto cover the range of data ‘-nthe
ENDF/B-V decay files and other minor adjustments. The extensive
data-test results will be available in Ref. 2.

DATA INCLUDED IN THE EVALUATION

All recommended yield6 are the result of weighted averages of
experimental values where they exist and modeled values otherwise.
Most experimental values are for the mass-chain yields or cumula-
tive values for the long-lived or stable products of each mass
chain. The independent yields available during the ENDF/E-17eval-
uation are relatively sparse. For example, only 74 of the 1153
independent yields in ENDF/B-V for U-235 thermal fission are mea-
sured, and roughly half of this number were available for Pu-239
thermal fission. The U-235 values predominately determine parame-
ters used in Fhenomenological yield distribution models.

Several models are in use. The distribution of yields along
the nuclide charges Z of each mass chain A is first assumed to be
a Gaussian about a most probable charge Zp(A) with a standard de-
viation of 0.560 (ml 1/2 charge units).b The Zp values are those
in Ref. 5, where values are given, with adjustments in ENDF/B-V to
achieve charge balance. The Gaussian model is further modified by
a neutron fission-energy dependent evcn+odd proton and neutron ef-
fect given in Ref. 6. The nuclear pairing effects vary from 0 to
N33%, being 23% for u-235 thermal fission. The modified independent
yields, in tun, are further distributed among isomeric states as
prescribed in Ref. 7. These motels will undoubtedly change in the
future, at least in their derived parameters, as more independent
yield data become available. (An extensive effort at lASL to use
the statistical model of fission to improve yield calculations was
recently completed — R. E. Pepping, “A Statistical Model Investi-
gation of Nulcear Fission,” Ph. D. T.lesis,U. of Wisconsin, August
1979. The results may help to predict variations of model parame-
ters such as in energy dependence, but the statistical model is not
likely to be applied directly in future versions of ENDF/B.)

The yields are combined using an inverse variance weighting
in a General Electric computer code, iterating until the 100% cri-
teria under the lower and upper mass peaks and reasonable charge
balance is achieved. In this process, it is necessary to include
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decay branching to isomtric states and branching between mass chaing
due.to delayed neutron emission @n). (Of the 102 precursor Pn
values, half are also model estimates.l’z) me ZP values are ad-
justed tithin their estimated uncertainty to achieve acceptable
charge balance from the sum of binary and ternary fission yields.
The ternary yields are listed in Ref. 8.

Large errors are assigned to the model-pre:icted yields (100%
for yields < 1/22, 64Z for yields between 1/2 at,dlZ, and 32% for
yields > l%). The nmdel values are normalized so that their sum
equals the mass-chain yield. The chain-yfeld uncertaintiesare gen-
erally very much smaller than model or measured values of independ-
ent yields, and a merging process is necessary to reflect the im-
proved accuracy near the ecd of each decay chain, One set of cum-
ulative yields is calculated by adding independent yields starting
with the Initial nuclide yield and ending with the chain yield. A
second set of cumulative yields is calculated by starting kflththe
chain yields and subtracting independent yields ending with the
initial nuclide. These sets are averaged using an inverse variance
weighting. The result reflects the small uncertainty in chain
yields and the larger “certainty in the yields of the first few
decay-chain nuclides. Other refinements handle delayed-neutron
emission, isomer splits, and internal transitions in addition to
beta-decay brancbing ratios.

In the measured data, mass spectrometric measurements are not
permitted to have an uncertain~y smaller than 0.5% relative ~ecause
of possible errors in mass discrimination. A systematic uncertainty
of 2Z is ccmbined with the reported random uncertainty of each ab-
solute fission yield measurement. Radiochemical measurements, be-
cause of uncertainties in absolute accuracies of decay schemes and
counting efficiencies,~.?venot been permitted to have uncertainties
smaller than 20% for measurements in the years befoie 1955, 10% for
data between 1955 and 1.965,and 5% since 1965. Evaluated data by
the Inter Laboratory Radiation Research Program (ILRR) have been
treated as benchmark experimental data with their assigned uncer-
tainty.

There are other special treatments and statistical tests to
determine the validity of some apparently discrepant yields. These
are iiscussed in Ref. 3.

YIELD DATA TESTS

A large number of tests have been applied to the final yield
sets. All cumulative yields along each mass chain were recalcu-
lated from the independent vields using decay-branching fractions
(the fractions are not listed in ENDF/B-V but are given in Ref. 3).



Approximately 700 plots were made for var~ous yield-derived quanti-
ties. These include, for example, prompt and delayed neutron re-
lease, prompt and delayed energy release, and yield summations, all
vs. Z and A. Some of these graphical data are of general interest
and all are useful h finding inconsistencies in the yield dats.
In addition, integral (yield weighted) data have been compared to
●xperimental data where possible. Reference 2 provides detailed
numerical results; Table III indicates by an “X’”some quantities
in each set that appear to be Inconsistent with conservation calcu-
lations or with experimental data. The values checked in this ta-
ble represent, in many cases, a rather subjective judgment; in oth-
ers the problem may be with auxiliary data, such as the Pn values,
used in the yield weighings. The table is meant to briefly indi-
cate the more significant quantities in need of improvement (most
probably in some aspect of the yield evaluation) based on the ex-
tensive umber of numerical tests and comparisons. However, the
ENDF/B-V yield data are generally improved over that in ENDF/B-TV
in addition to being greatly extended in yield set; and distribu-
tion models.

SUMMARY

ENDF/B-V incorporates several features not included in
ENDF/B-lV.

s
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The number of yield sets have doubled.

Independent and cumulative yields are now included, the former
before and the latter after delayed neutron emission.

Uncertainties are now included.

Ternary fis8ion effects on the charge balance are incorporated.

Pairing effects for all sets are incorporated and isomeric
.tate yields are nw based on an improved model.

Experimental yields have been cross checked with an independent
evaluation by Crouch, and several transcription errors in both
compilations eliminated.

The few yield evaluations developed in the ILR.Rprogram are
incorporated as benchmark data.

More extensive yield testing has been completed.

There are still areas in need of continued improvement, partic-
ularly in the yield distribution models. Currently there is an
effort to update some yield sets and to add an additional ten sets.



TABLE III

QUANTITIES REQUIRING IMPROVEMENT IN FUTURE VERSIONS OF ENDF/B YIELDS

Meld 5et *.. 2 3“ 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

232 232 233 233 233 235 235 235 236 230 230 237 2s9 239 239 2bQ 2*S 2*] ~b~ as~
Flssltw
system ●

Th Th u u u IJ IJ U u u u N! ~ P: P; ~ P: y ?! c<
F u T F H T F H F f H

Ckrgebawtce x x x x J1
—.-.
Nmbs? Of
mOeca>s x x x x x

Averege
Pra@Neutron x x x x x x

Average
Oelayed Meutron x

x x x x“

Prf)q)t Energy
Release x x

Tots 1
EnergyReleese x x x x

II x x x

Averageness
for each Peek x x x x

C~lementwy
of Isotop:c chain

x x x x x x II a x

Totel
Isoarrlc yields

x x n x m

● Neutrm Owgy: T - Ihem?l, F - Fast~H - High Energy, S - Spontaneous

See text of report; the table Is based on Ref. 2.
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