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Previous work -- uncertainty corrections
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After ENDF/B-VI1.8 anomalously large
uncertainties were introduced for
some end-of-chain CYs
(up to 180 times the value in the older
version of the library)

End-of-chain (nearly stable) CYs
are generally experimentally well
determined and their uncertainty is

comparable or better than the
shorter-lived nuclides in the chain

Correction applied to all NFY and SFY files, at
all energies. Changes have been reviewed and

included in ENDF/B-VIII.1-beta1
BNL-220804-2021-INRE
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https://www.osti.gov/servlets/purl/1762758

Correction of CYs

We identified 8 mass chains where the uncertainty was anomalously
large, and re-calculated it for 15 fission products
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Correction of CYs and IYs

In A =109, we also removed isomers for '°?Ru and '°°Rh, that were
added in ENDF/B-VI.0, but not confirmed in measurements since
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z The IY of 19°"Ru and '°"Rh was reassigned to the
GS, and the uncertainties of the nuclides along the
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Correction of 24'Pu thermal NFY

An issue was logged in 2019 on the NNDC
qit concerning the FYs of 4'Pu having a
‘hole’ in the heavy-mass peak.

eld

This appears for all FPs between A =
162-168. On closer analysis, also masses
A = 66-71 show scaling issues.

This issue only appears for the first energy
point (E_=0.0253 eV), and it affects both
8454 (IFY) and 8459 (CFY).

65

¢ Brookhaven 1 National Nuclear ]
National Laboratory ) Data Center

Not Export Controlled



https://git.nndc.bnl.gov/endf/library/nfy/-/issues/1
https://git.nndc.bnl.gov/endf/library/nfy/-/issues/1

Origin of the issue
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The NFY sublibrary is based on the work of
England & Rider, summarized in the report
ENDF-349 (LA-UR-94-3106), first included in
ENDF/B-VI.

In a first release of the library (VI.1) the thermal
FYs of 2'Pu did not include this issue (tape
125-126).

In a subsequent revision (ENDF/B-VI.2), the fast
NFY of 2#'Pu were mistakenly not included, and
the thermal yields showed the issue for the first
time.

The fast NFY of 24'Pu were finally included in the
following revision (ENDF/B-VI.3) with the
inclusion of a new tape containing 2*'Pu FY, but
the issue with the heavy peak yields remained.

National Nuclear



Origin of the issue (ctd.)

No experimental yields exist for any of the masses in question,
so that the chain yields, as well as the Y(Z|A) are based on
calculations from the Zp model by Wahl.

In the appendix to the

pu241t S 0.0000127 0.0000123 0.0000000 87rid1

pu241t 0.0000059 0.0000057 ©.0000000 87rid1

ENDF-349 report, England & pu24it 0.0000020 0.0000019 0.0000000 87rid1
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Origin of the issue (ctd.)

Table VIII(B) CURRENT CHAIN YIELDS?
u23sT U235F U2ISHE © u238F U238HE fu23at PU239F PUZAIT v233T TH232F

0.011936J  0.0332720  1.098942K  0.037512K  0.73598IK  0.0J6993J 0.059918K 0.023518N  0.019415L  0.057295L
0.012711K 0.034239J 1.107407J 0.036557K 0.79088 'K 0.033450k 0.056470k 0.02511IM 0.022980L 0.054409L
0.01296141 0.03586 10 1.047567H 0.038438K 0.823687H 0.038078J 0.064087K 0.023319y 0.0487881
0.015089J 0.038462K 1.1618 14K 0.038753K 0.864664K 0.0524949 0.077046K 0.043396L 0.03657 1L
0.015737H 0.042703% 1.209025K 0.041407L 0.937468K 0.044758L 0.078294K 0.058537TM 0.029374L
0.026366J 0.060292x 1.3063 10K 0.043856K 1.05283 K 0.093124L 0.124257k 0.0741524 0.026511L
0.032769G 0.056665J 1.591546J 0.045978J 1.2048321 Q.115873J 0.1378984 0.117942y

The issue in the mass yields of

0.057414J  0.098555J 1.830374H  0.052856J 1.36726 1L 0.2498481 0.2948001 0.250837k

0.305732H  2.118146H  0.133794H  1.5050191 0.5680151 0.517385J 0.550650K

— C 0.428189K  2.468037K  0.4574881  1.682820J 0.728105K  0.8842681 0.8351509
— - e ra e 0.9129201 3.5453624 0.933766H 2.0674074 1.384063H 1.5043011 1.569262L
1.794188H  3.628556J  1.8628811  3.233996L  2.167837K  2.4456891 2.097680K

3.2202418 4 3.2552750 D 9IF  3.859874B  3.8772668 3.589924C

4.672264C 5.1524300 4.843297€  $.4102238  5.320056C 4.935586C

6.7319738  5.5669971 6.756724B 6.111694F  7.0370368  6.9744078 6.0699100

7.6776948  $.739800G  7.777647F  6.549018F 7.6819318  7.3836348
8.601989C  5.457093H  8.980776C %.881499F  7.6184078  7.5582958
6.2470778  5.331777H  6.984906G  5.743724F  7.120889D

6.284782C  5.353135F
6.28687SE S.509580F
6.8757670  $.624157F

to a typo in the transfer of
information from Table VIlI(b)

6.220586A  4.937970G  8.015020C 5.044450F 6.6243398 BI4154C  §.825684H

6.688563C  4.5854241  $.74869SE  4.933200G8 6. 1227090 6.637684E 7.053089K

6.3464068 4.783408H S5.646318D 5.084380G  5.622146G 6.206921F 7.104540G6
6.2185948  5.9660938 4.506785F 5.8555348 4.610445¢ 53787750 5.736687€ 7.824724G
$.8144980 5.910705%  4.4930954H 5. 413045F  4.372855G  5.244479F 7.3

4.897374€
$.8317858  $.5478400  4.2342291  4.5795800 4.082930H 4.941037C  4.7393870  4.750796D
5.958381A  5.7342868  3.816884G  4.S85819C  3.914669G 4.4101568 4.3519138  4.%97295C
5.500767A  5.274925C 484G 4.537693C  3J.663624G  3.738851A J.676707C  4.237A76C
3

. <935179A  3.7794868  2.7231091  3.779640C 3.020461H  2.989408A 3.0059618  3.2761790

. 2.9261778 2.221787% J.416984C 2.096008K 3.456225A 2.460%9028 2.779035C 4.596336G
2.246307C  2.127921C  1.624978G  2.5561630 2.088517F  2.005813D  1.991404C  2.284794F 2.930812H
1.674660A 1.210412K 2.0945948 1.764180L 1.640307A 1.6605214 1.9458:2C 2.020361G
L] 1.0795820 0.656757J 1.6134430 1.4210961 1.2188400 1.241343C 1.473753€ 1.079540H
0.6534008 0.5147SIK  1.253601D0  1.101862L 0.9696708 0.9956818  1.2149470 0.508772€  ©.348904L
. 0.4162660 0.3603844 0.796236D  0.8089291 0.748654F 0.7736390 0.910618E 0.314234F 0.3625741
0.267216D 0.260346K  0.5257110  0.590064L  0.575557D 0.618260E 0.717080E  0.212384G  0.07S6S6L

0. 1576490 0.205720K  0.399716F  0.3944341 0.3623791 0.426381H  0.539683H  0.1020931

0.0743540 0.080759K  0.2150260 0.257031L 0.260925€ 0.2676 19€ 0.046422G

0.031992H 0.064341K  0.134272L  0.158281L  0.167464K  0.212759K 0.021174L

0.014777G 0.057600G  0.073814F  0.115129G  0.124805H 0. 154703H 0.0125681

0.038098K 0.039059L 0.084026L 0.0745621 0.1072134 0.006259J
L - 0.023713x 0.017452L 0.0434220 0.042038L 0.067364L 0.0020194
0.0122030 0.008 1271 0.026378K 0.0207221 0.039170x 0.0008721
I 0.007246K 0.003270% 0.015970L 0.00984 1L 0.023474L 0.0003 10N
0.008553H 0.0001201
0.006333L 1.22€-050
©0.003338N . T1E-060
= - 0.0019840 1.88E-060
0. 0009558 . 44E-OSM - 16E -
r OC' ll I Iel I e I 0.000676N A -OSM  3.5SE£-070
0.000279N 86l .

1.78E-05K 8. 11E-06N 3::’6[-05!. 1.62€-070 2.69€- 06N 3:0!5-07! 4.30€- 100 .
1.94E-09M  1.66E-05J 9.S4E-O6N  2.176-0SL 4.926-080 7.99E-O7N  1.00E-OTH  1.45E-100  2.39E-09N

to the E N D F-349 re port) - 3The tetters indicate the accuracy of the weighted yields stored in the File: A<0.35, B=0.50, C=0.70, D=1.0,

E=1.4, F=2, G=2.8, H=4, 1=6, J=8, K=11, L=16, M=23, N=32, 0=45, P=>64% (P stands for all values greater than
64% and should suggest poorly known; very small yields could be in error by a factor of 100 or more.)
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The chain yields transcribed and
assigned to ?*'Pu for masses A=162-168
seem to be taken from the 23U column

Origin of the issue (ctd.)

Table VIII(B) CURRENT CHAIN YIELDS?

naAss u23s7 u235F U23SHE u238F U238HE ru2397 PU239F puzatT uz33r TH232F
119 0.011936J ©0.033272¢  1.098942K  0.037512K  0.735983K  0.036993J 0.059918K 0.023518N  0.019415L  ©.057295L
120 0.012711k 0.034239J 1. ‘07;27\‘ 340]5557K 0.79088 K OJ)Q:;S“J 0.056470k 0.025113M 0.0229801 0 _0S44091
121 ©0.0129611 0.035661J 1.047567H 0.0384%8K 0.823687H 0.038078J 0.064087K O,
122 0.015089) 0.078462K 1.161814K 0.038753K 0.864664K 0.052494J 0.077046K o0, 162 pu241t es cu 0.0000127 30.0 0.0000123 || 0.0000000 0.0000000 87rid1 0
123 0.015737H 0.042703K  1.209025K ©0.041407L 0.937468K 0.044758L 0.078294K O,
124 0.0263660 0.060299K  1.306310K  0.043856K  1.052831K  ©0.093124L ©.124257k o, 103 pu241t es cu 0.0000059 30.0 0.0000057 | 0.0000000 0.0000000 87I’i:1 0
125  0.032765G  0.056665J 1.591546J 0.045978J  1.2048321 0.115873J O,1378984 O,
176 0.057414 0.0985554  (.830374H 0.0528560  1.367261L  ©0.2498481  ©.2948001 o 164 pu241t es cu 0.0000020 30.0 0.0000019 | 0.0000000 0.0000000 87[".1 X 0
:;; g.;z::o% 8‘3‘2)27'33: 3::,:&;5: g~:gg::;fl¢ ::ggg;g‘l. 8'323%2: g-:;z;%g o, 165 pu241t es cu 0.0000006 30.0 0.0000006 | 0.0000000 0.0000000 87rid1 0
134683 : : ; : : 8842681 O,
129  0.7428691 0.9529201 3.545362J 0.933766H 2.067407J 1.384063H 1.504301f o, 166 pu241it es cu 0.0000004 30.0 0.0000004 | 0.0000000 0.0000000 87rid1 0
130 1.803248F  1.794188H  3.628556J  1.8628811 3.233996L  2.167837K  2.4456891 1,
131 2.894208A 32202418  4.117061G  3.2552750 4.050593F 3.8598748 3.8772668 3, 107 pu241t es cu 0.0000001 30.0 0.0000001 | 0.0000000 0.0000000 87I"l.(d’1 Ol
132 4.314098A  4.672264C  4.896437G 51524300 4.843297€  5.4102238 3. 320056C 4,
133 6.6983524 §.7319738  5.5669971 ©.156724B  6.111694F 7.0070368 6.9744078 §, 10O pu24it  es ey ©.0000095 30.0 | NENRREES| 0-0000000 10.0000000 | °
134 7.878%04A  7.677694B  5.739800G  7.777647F  6.549018F  7.6819318  7.3836348 7 .wwuwewe s.avarane
135 €.537217A  8.601989C  5.45709IH  6.980776C 5.881499F  7.6184078  7.5582958 7. 1960580 6.286875F S S09S8OF i -
138 €.2470778  5.331777H  6.984906G  5.743724F  7.120889D 7.0579150 7.080074E  6.8757670 8. 624157F from\E&R appendix to ENDF-349
137 §.220586A  4.937970G  8.015020C 5.044450F 8.6243398  ©.5803998  6.680908C  §.834154C  §.825684H
138 6.688563C  4.5854241  §.74869SE  4.9332003  6.1227090 .132335C  6.637684E B 898865F  7.053089K
13 §:2454068  4.783400H  5.646316D  5.084380G  3.622146G 5.612943f  6.206921F 51294299 71045406
. (506765F  5.8555348 4.61044SE  5.3787750 5.2958668 5.736687E  6.384103F  7.8247240 PU e
141 5.910705C  4.493054H  S.413045F  4.372855G  §.244479F  B.118224G  4.8973T4E  6.459099F  7.333770G 239F PUZAIT vZaar TH232F
142 3-3478400  4.2042291  4.53795000  4.0829304  4341037C  4.7393870 47507960 6 652543t  6.474817n — > -
: .816884G  4.585819C  3.914669G  4.41015068 4.3519138  4.897295C  8.954413C  6.692704F
144 5.500767A  $.274925C  3.171484G  4.537693C  3.663624G  3.738851A  3.676707C  4.237876C  4.724042¢  7.920811c8 @ 1 0.039170K 0.047993H 0.0003721 9.80¢€-¢
145 3.935179A  3.7794868  2.7231091 3.779640C  3.020461H  2.989408A 3.0055618  3.276179D  3.442979C  §.377465F o
146 2.997441A  2.9261778  2.221787K  J.416904C  2.096008K  2.456225A 2.4609028  2.179035C  2.573358C  4.596336a) 1L 0.023474L 0.0200928 0.0003 0N 6.94£-(
147 2.246307C  2.127921C  1.624978G  2.5561630 2.08BS17F  2.005813D  1.991404C  2.284794F  1.725848G 2,908 12H
193 |:S74ceIn  1.685778A  1.210412K  2.0945348  1.764180L 16403074 1 GGOSZIA  tgasEiac  39a%aiC 2.02036 1) OK 0.008553H 0.00846 1H 0.0001201 1.45E-(
: : 6567570  1.613443D  1.4210961  1.2188400 1.241343C  1.473753€  0.7742766  1.079540H
150 0.6534008 0.GB678J8  0.51475IK  1.253601D  1.101862L 0.369670R 0.3956818  1.2149470 0.508772¢  ©0.348304Lh 3L 0.006333L 0.002612M 1.22E-05%0 8.0VE-(
51  0.416266D 0.412459C  0.3603844 0.796236D 0.8089291 0.748654f ©.7736390 O0.910618E 0.314234F  ©.3625741
191 Q:3s12ieb 0.27161250  0.260346K  0.3257110 0.5%0064L 05755570  0l61B26OE O.717080E  0.212384  O.075csell bON 0.003338N N.0009%42M S5.71E-080 4,668 -(
: i664008 O, .399716F  0.3944341 0.3623791 ©0.426381H  0.539683H  0.1020931  ©.0674494
154 0.01435i0  o.075360H 0.080753K  0.2150260  0.257031L  0.260925€ 0.267619% ©0.379111F 0.0464220  0.0ocos iy {N 0.0019840 0.000302M 1.88E-080 2.04£ (
; . : 1K 0.134272L  0.158281L  0.167464K  0.212759K  0.240396J 0.021174L  0.003625M
15 o.01r770 ;0213860 0.057600G  0.073014F  0.115129G  0.124805H 0.1547054 0.1722680 00125681  0.002670K) T 0. 00095 5N 9. 44E-05M 8. 16E-OTN 3.54€ -(
g : ; o. 0.0745621 0.1072134 O.135283H 0.006259) ©.000934M
158 0.00325%K  0.006545L 0.023713K  0.017452L  0.042422L  0.042038L  0.087364L _0.090410M  0.002019 0! 0.0006 76N 6.33E-05M 3.5%E-070 1.39¢€-(
10122030 0.026378K  0.0207221  PEeAIMIOK il g ;
160 0.015970L  0.009841L [0.023474L  0.0200924  0.0003 10N 0.000279N 2.86L-05 4 .90 -080 9.80E -(
181 0.008494H  0.005480k 0.008553H 0.008461H  0.0001201 1
182 o-ocsosa  o0.002263L o.co33aL QoozEIzMY [ii2ae-0s0 7.99€ -0O5N 1.31E-05M $.24E-08BD 8.32¢-(
0.003460L  O. o. JT1E- 4
1a4 0. g:co203it  oocodetw ocorses  Qlcaodoam  imsE-0dd 2 2.69F -O5N S5.52€-06W 4,.24E-090 2.70E-(
: : 0.0001374 [0.000955N | 9 44E-0SM  8.16E-OTN 3
148 LY ; 80E-05L [0.000676H ~ 6.33E-0SM  3.5SE-070 1 -06 1€ -O6M ~-09 TE-
167 4. 5 57€-050 [0.000279N | 2.86E-05M | 4.90E-080 9 7.99¢ — N 1.61E 1. Sog N P o—'u
::: 2. SN 5 43€-060 |[7.99E-05N  1.31€-0SM  1.24E-080 8
1.5JE-OSN  0.000131J  1.526-060 |2.69E-0SN ©.526-06N 4.24E-090 2
170 : 3.27€-05k  9.13E-06N  6.076-05L  3.29¢-070 from 1987RIZT
171 2.19€-090 8.81E-09 1.78E-05K S.116-06N 3.36E-OSL  1.62€-070 2. 3.01€-07H .
172 7.18E-100  1.94E-09M  1.66E-05J ©.S4E-O6N  2.176-OSL  4.926-080 7.99E-OTN  §.00E-O7TW  1.4SE-100  2.39€-09N

%he letters indicate the accuracy of the wejghted yields stored in
E=1.4, F=2, G=2.8, H=4, 1=6, J=8, K=11, L=16, M=23, N=32, 0=45, P=>64% (P stands for all values greater than
64% and should suggest poorly known; very small yields could be in error by a factor of 100 or more.)
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Possible actions

Rescale affected yields
Downgrade the %*'Pu

1. correct the mass yields of the evaluation to those
IFY (MT=8454) to the intended included in ENDF/B-VI.1
values based on 71987RIZT for where the issue was not
masses 162-168 and 66-71 present.

2. renormalize the IFY distribution
to 2.0

3. rescale (or recalculate) CFY
(MT=8459) Leave the evaluation as-is

Brookhaven National Nuclear
N~ National Laboratory Data Center 10
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Procedure & Results

A Correction Correction
el el e The correction factors have been
66 0.802 162 2.057E2 calculated as the ratio between the
67 0.493 163 1.597E2 values in Table VIl in 1987RIZT
and those reported in the
68 0.408 164 1.533E2 ENDE-349
69 0.343 165 1.535E2 _
e The correction factors were
70 0.321 166 1.529E2 applied to IFY.
71 0.128 167 2.750E1

e The entire distribution was
168 1.379 rescaled by the renormalization

factor to have a sum of IFY = 2.0
renormalization factor = 0.99998

? Brookhaven 1 National Nuclear »
National Laboratory ) Data Center
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Procedure & Results (ctd.)

The CFY can be produced:

» rescaling CFY with the same factors used for IFY (if there is no
transfer of yields between masses via 3-n)

« from IFY using the decay data sublibrary

Both methods lead to very similar cumulative yields, but we preferred
rescaling CFY to ensure that the decay data (branching ratios,
delayed neutron emission) used for PU241T were identical to those in
other fissioning systems in the NFY sublibrary.
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Fission Yield

Procedure & Results (ctd.)
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Sum 1.00015263 0.99984756 2.00000019

CORRECTED (ENDF/B-VIIL1-f)

Light Heavy Full Dist.
Sum 0.99997721  1.00002336  2.00000057
Residual  2.279e-05  -2.336e-05  -5.740e-07
Zlow Zhigh Full Dist.

Sum 1.00013243  0.99986814  2.00000057
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Procedure & Results (ctd.)
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Summary

« proposed and included in beta-2 a proposed update of IFY and
CFY for PU241T

« We fixed the ‘hole’ in masses 162-167, and also adjusted
discontinuities in the yields at masses 67-71

« Conservation laws are still valid

« Heavy/Light peak sums slightly worsen, but are still an order of
magnitude lower than differences accepted in other fissioning
systems

* Technical report coming out soon to document changes
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Procedure & Results (ctd.)

correction factors were applied to IFY.

Since no B-delayed neutron precursor is in any of the masses included in the
correction, we can apply the same factors also to CFY (as the mass-dependent
factors wouldn’t

Rescaling of CFY would not be possible if there was some transfer of yields
between masses (n), but in E&R compilation none of the masses that went
through the correction step has any (-delayed precursor or is populated by an
adjacent mass (A+1).
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