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ENDF/B-VIII.1B31 Criticality Data Testing

* Legacy LANL and Modern Critical Assemblies

— Godiva, Jezebel, Flattop-25, Flattop-Pu, Big10, Jemima, Jezebel-
23, Flattop-23.

- KRUSTY, TEX

« HMF7

— Multi-case suite with Energy of Average Lethargy causing Fission
(EALF) ranging from low eV to hundreds of keV.

» Legacy HST suite
— k., C/E correlation with Above-thermal Leakage Fraction (ATLF).
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ENDF/B-VIII.1B31 Criticality Data Testing

2331 intermediate and thermal system assembly k., C/E correlated
against Above-Thermal Fission Fraction (ATFF).

PST suite
— k.4 C/E correlation with ATLF and EALF.

LCT
— 509 assembly suite
— Various reflectors

Other, non-hydrogenous, reflected systems.
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ENDF/B-VIII.1B31 Criticality Data Testing

« ENDF/B-VIII.131 Neutron Cross Section Files released on March 1,
2023.

— Processed with NJOY2016.68.

= |ssue discovered with °Be low energy capture interpolation codes
... corrected file used for data testing.

« ENDF/B-VIII.131.1 Thermal Scattering Law Files released on April
18, 2023.

— Not yet processed.

« Any TSL data appearing in the benchmark results that follow used
LANL processed data from the ENDF/B-VIII.0 “SaB2” Library.
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Legacy LANL Critical Assemblies

Fast, Bare (Godiva, Jezebel,
Jezebel-23) remain as accurate,
or better, than with ENDF/B-VIII.0

and earlier.

Flattops (-25, -Pu, -23) remain
good.

Intermediate assemblies (Big-10,
Jemima) are improved with the
“pre-B2” 238U candidate file.

- Blg-10 (kbenchmark = 10045) is as
accurate as ever.

- Jemima has recovered from the
small reactivity loss seen in e8130
and e8131 but remains less
accurate than ENDF/B-VII.1
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NOTE: These are MCNP k. values, not C/E

E81B1 +
Benchmark pre- E81B2 E81BR1 E81B02a E8O0 E71
238U
HMF1 (Godiva) | 0.99994(6) | 0.99991(4) | 0.99993(4) | 1.00007(4) | 0.99977(6)
HMFZSZ(SF)'attop' 1.00069(6) | 1.00054(4) | 1.00061(4) | 1.00080(4) | 1.00270(6)
0.99909(6) | 0.99862(4) | 0.99862(4) | 0.99896(4) | 1.00014(6)
MFL Gemima) | 0-99932(6) | 0.99885(4) | 0.99888(4) | 0.99912(4) | 1.00049(6)
0.99842(6) | 0.99789(4) | 0.99791(4) | 0.99826(4) | 1.00042(6)
0.99961(6) | 0.99890(4) | 0.99899(4) | 0.99603(4) | 1.00155(6)
IMF7 (Big-10) | 1.00451(5) | 1.00386(3) | 1.00392(3) | 1.00427(3) | 1.00448(5)
PMFL (revss) | 1.00001(6) | 1.00000(4) | 1.00010(4) | 1.00056(1)
PMF6 (Flattop-Pu) | 0.99971(7) | 0.99968(4) | 0.99947(4) | 0.99969(4) | 1.00093(7)
UMF1 1.00040(6) | 1.00038(4) | 1.00008(4) | 1.00045(4) | 0.99986(6)
UMF6 (Flattop-23) | 1.00004(7) | 0.99990(4) | 0.99935(4) | 0.99999(4) | 0.99887(7)




“Modern” Benchmark Suite Results

ENDF/B-VIII.0, Mean Abs. Bias = 242.75 pcm
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ENDF/B-VIII.181, Mean Abs. Bias = 202.20 pcm
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HMF7 vs EALF

Polyethylene and plexiglas
reflected k., C/E results are
mostly high with up to a
several hundred pcm bias,
plus exhibit a small trend
(decreasing k., C/E with
decreasing EALF).

- True for €70 and later.

- Similar shape with e68, but
lower K, C/E.

Teflon (°F) reflected results
are clearly deficient.
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kcalc C/
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HEU-MET-FAST-007 Calculated Eigenvalues with
ENDF/B-VLI.8, -VII.O0, -VII.1, -VIII.0 Cross Sections

m10"x 10" HEU/poly o
@5" x 10" HEU/poly
@5" x 10" HEU/poly w/6" poly refl
010" x 10" HEU/Lucite a
210" x 10" HEU/Teflon
=
" o
g 55' oAl ® =
| = =
H ENDF/B-VI.8 ENDF/B-VII.0 ENDF/B-VII.1 ENDF/B-VIII.0
[[10" x 10" HEU/poly: 0.9983(16) 1.0017(16)  1.0017(17) 1.0017(20)
[5" x 10" HEU/poly: 0.9990(7) 1.0028( 8) 1.0027( 8) 1.0026(9)
5" x 10" HEU/poly + poly refl: 0.9994(8) 1.0027(13)  1.0025(12) 1.0007(15)
110" x 10" Lucite: 1.0019(11)
{10" x 10" Teflon: 1.0158(52)
[All cases: 0.9987(13) 1.0022(14)  1.0022(15) 1.0027(41)
HNote: Only ENDF/B-VIIL.0 results are displayed.
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Energy of Average Neutron Lethargy Causing Fission (EALF), MeV




HMF7 vs EALF

Polyethylene and plexiglas
reflected k., C/E values
are little changed from
ENDF/B-VIII.O.

Teflon ('9F) reflected
results are now consistent
with polyethylene and
lucite assemblies.
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ENDF/B-VL.8, -VII.O0, -VIi.1, -VIIl.O & -VIIL.1B1 Cross Sections
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H ENDF/B-VI.8 ENDF/B-VII.0 ENDF/B-VII.1 ENDF/B-VIII.0 E81B1
110" x 10" HEU/poly: 0.9983(16) 1.0017(16) 1.0017(17) 1.0017(20) 1.0022(17)
15" x 10" HEU/poly: 0.9990(7) 1.0028( 8) 1.0027( 8) 1.0026(9) 1.0026(8) |
15" x 10" HEU/poly + poly refl: 0.9994(8) 1.0027(13) 1.0025(12) 1.0007(15) 1.0014(12)
10" x 10" Lucite: 1.0019(11)  1.0022(8)
10" x 10" Teflon: 1.0158(52) 1.0034(13) |-
[JAll cases: 0.9987(13) 1.0022(14) 1.0022(15) 1.0027(41) 1.0022(14)
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Starting point ... unity
intercept and zero slope,
now seen for several
generations of ENDF/B.
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HST vs ATLF — ENDF/B-VIII.0
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Calculated xxx-SOL-THERM Eigenvalues
with ENDF/B-VIII.0 Cross Sections

B HST1
O HST11

B HST32
@& HST50
X Various LST

O HST9 A HST10 ! : E :

o HST12 @ HST13 R B e
® HST42 @ HST43 | i i i
——HST fit = =Fit 95%C|  f---i-mmmmmdmmmedocoobo

~~“|ENDF/B-VL.8:

ENDF/B-VII.0:
ENDF/B-VII.1:
“"|ENDF/B-VIII.O:

Keac(ATLF) = 1.0009(31) -
Keae(ATLF) = 1.0007(32) -
Keoo(ATLF) = 1.0007(32) -
Keao(ATLF) = 1.0000(32) -

“"|Values in parenthesis represent 95% confidence intervals on the

preceding regression coefficient.

0.0020(83) * ATLF.
0.0010(85) * ATLF.
0.0010(85) * ATLF.
0.0006(84) * ATLF.

0.00 005 0.10 0.5 020 025 030 035 040 045 0.50 0.55 0.60
Above-Thermal Leakage Fraction (ATLF)




HST vs ATLF — ENDF/B-VIII.1(302

Unity intercept and zero
slope, seen for several
generations of ENDF/B,
are retained ... but
change in intercept and
slope parameters was
larger than expected.
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Calculated xxx-SOL-THERM Eigenvalues

with ENDF/B-VIII.1B02 ('°F) Cross Sections

1.0250 [ : : : : :
[ W HST1 O HST9 A HST10 ] !
1.0200 f-- O HST11 o HST12 @ HST13  f--d---eee- fommeees bommnees b
[ | m HST32 © HST42 @ HST43 i !
1.0150 [---| @ HST50 —HST fit = =Fit 95%C] R
[ X Various LST : !
1.0100 f------ ' ' 4 Z
1.0050 | :
1.0000 | :
0.9950 |
0.9900 [---|ENDF/B-VI.8:  Keuo(ATLF) = 1.0009(31) - 0.0020(83) * ATLF.  [-=-3=======f======-h-=====
F |ENDF/B-VILO: ke, (ATLF) = 1.0007(32) - 0.0010(85) * ATLF. ;
[ |[ENDF/B-VIL1:  k_,(ATLF) = 1.0007(32) - 0.0010(85) * ATLF. ;
0.9850 F---|ENDF/B-VIILO: ke, (ATLF) = 1.0000(32) - 0.0006(84) * ATLF.  [~"1777====y======-p===-==-
- |ENDF/B-VIIL1B02: K,(ATLF) = 0.9990(31) + 0.0020(82) * ATLF.| i
0.9800 F--~lyayes in parenthesis represent 95% confidence intervals onthe |~ 1~ ? _______ T
preceding regression coefficient. !
0.00 005 0.10 015 020 025 030 035 040 045 050 0.55 0.60

Above-Thermal Leakage Fraction (ATLF)




HST vs ATLF - ENDF/B-VIII.131

Unity intercept and zero
slope, seen for several
generations of ENDF/B,
are retained.

Modest concern with
e8130 results has been
eliminated.
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Calculated xxx-SOL-THERM Eigenvalues with

ENDF/B-VIII.1B1 Cross Sections

B HST1

O HST9

A HST10

F--- O HST11 o HST12 @ HST13

[ | W HST32 o HST42 @ HST43
F--- @ HST50 —HST fit — =Fit 95%Cl
[ X Various LST

[|[ENDF/B-VL1.8:

r|[ENDF/B-VII.O:
L[ENDF/B-VII.1:
[|ENDF/B-VIILO:

keae(ATLF) = 1.0009(31) - 0.0020(83) * ATLF.
Keao(ATLF) = 1.0007(32) - 0.0010(85) * ATLF.
koo (ATLF) = 1.0007(32) - 0.0010(85) * ATLF.
Keae(ATLF) = 1.0000(32) - 0.0006(84) * ATLF.
FENDF/B-VIIL1B1: K qo(ATLF) = 1.0004(32) + 0.0001(81) * ATLF.

L|Values in parenthesis represent 95% confidence intervals on the
[|preceding regression coefficient.
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233U — ENDF/B-VIIL.0

S|gn|f|Cant nega‘nve trend |n 233y Thermal and Intermediate Spectrum Benchmarks with ENDF/B-VIII.0
K.aic C/E versus Above R
Thermal Fission Fraction :
(ATFF) 1.02000 F \\\\ s

’ from 1.01000 f . g *\\\\\
Naval Reactors LWBR IS ¥
Program, are calculated g 100 £ gp TR, .
accurately ... asuccessful |7 | (. o & TR
demonstration reactor at o900 | TR R
Shippingport (1970s). o e TR

0.98000 [ ® H20 Reflector ~\\\\ -~

Minimal trend with bare and o benenecor a8, g BT
water reflected systems; a0 [ O e elicr 8 Sl e
severe drop-off with o
Polyethylene and Be I s R N R
reflected systems.
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233U — ENDF/B-VIIL.1B80

INDEN (u233ornl_2b_nu6)
233 evaluation.

Negative trend in k., C/E
versus ATFF remains.

now biased
high.

Positive trend for bare and
water reflected systems
masked by continuing
negative trend at higher ATFF
values for Polyethylene and
Be reflected systems.
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233U — ENDF/B-VIIL.1B81

Revert to ENDF/B-VIII.O
233 evaluation.

Changes to other nuclides
have minimal impact on
Keaic C/E.

Although 233U is not a
priority in the national
scheme of things, there is
clearly more work needed
to more accurately
characterize this nuclides
nuclear data.
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kcalc C/ E
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PST vs ATLF — ENDF/B-VIII.0

158 PST Assemblies © 52000 K.1cC/E with ENDF/B-VIII.0
. . 1.01500
Possible trend with ATLF, 1000 |
but intercept and slope o050 |
parameters are not 1'00000 :
statistically significant at “5’0'99500 : =i
the 95% confidence level. | 5 |
= 0.99000 i ! . . s : . :
098500 || @ PST1  m PST2 @ PsT3  m PsT4 i
Average kcalc C/E = | @ PsT5 m PST6 m PST7 PST9
0.99996. but |arge 0.98000 1 g psT10 m PST11 @ PST12 O PST18 """"
’ . . 0.97500 [ m PST22 O PST28 B PST32 B PST34 ________
standard deviation (468 | B PST38  —PSTFit - —Fit:95%Cl ‘
0.97000 e

pCm)- 000 005 010 015 020 025 030 035 040 045 0.50
Above-Thermal Leakage Fraction (ATLF)
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PST vs ATLF — ENDF/B-VIiI.131

158 PST Assemblies

Average k., C/E = 1.00079,
but large standard deviation
(494 pcm).

Overall average has increased,
but significant decrease in
PST34 (Gd poisoned solution)
results in a more prominent
slope versus ATLF.

Seems like a Gd issue, but it’s
not seen in Gd poisoned LCT
benchmarks.

The story continues ...
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K.a1cC/E with ENDF/B-VIII.1B1

1.02000 [
1.01500 |
1.01000 |
1.00500 |
1.00000 |
0.99500 |
0.99000 |
0.98500 [ @ PST1 m PST2 O PST3 SIX PR S —
| o PST5 m PST6 m PST7 PSTO '
0.98000 [ m PST10 m PST11 @ PST12 opPsSTI8 | 1]
0.97500 || B PST22 o PST28 m PST32 mPST34 ]
| m PST38 —PSTFit - —Fitt95%Cl ;
097000 b e )
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PST vs EALF — ENDF/B-VIII.0

In a recent conversation with Marco

Pigni he asked if we'd looked at the 1.02000 | ,k°a'°(::/E “f'th E,NDFI,B'V",LO
PST calculations correlated against 101500 | o
EALF (Energy of Average Lethargy 01000
causing Fission). ' g
- the short answer was “not closely”. 100500

w 1.00000
So here’s what we see ... S 4.09500

-‘8 0.99000 |
A cluster of points with EALF values | R W W W S S S
below ~0.35 eV plus some PST34 008900 1= = i o il o e e T
configurations with much higher EALF | 098000 b g ps1i9  mpsT11  mPsTi2  oPsTis |77
Vaiues_ 0.97500 [---- @ PST22 O PST28 B PST32 W PST34 _i _______
- As with ATLF the trend parameters | g7000 bebm i —PSTF - —Feoswd
are not Statistica”y Significant (95% 0.00 0.25 050 0.75 1.00 1.25 150 1.75 .2.00 .2.2? 250 2.75 3.00
Cl). Energy of Average Lethargy causing Fission (EALF)
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PST vs EALF — ENDF/B-VIII.131

Virtually all calculated eigenvalues K..cC/E with ENDF/B-VIII.11

. : 1.02000 : : . : . . : : :
have slightly increased (~100 pcm ' : ! : - - ! - -
on average) except PST34 which 1.01500
exhibits an up to 500 pcm decrease. 1.01000
But 23°Pu is a hybrid evaluation with 1.00500
components from multiple sources 1.00000

C/E

... INDEN/IAEA, LANL, LLNL,

ORNL, ... that previously existed in | & 99959 »

one or more of the e81B0a, e81B0b | 0.99000 |B--- : . . | . . ,

and e81B0c candidate files. 098500 L B PSTi i — i N
' : o PST5 m PST6 @ PST7 PST9 5

Looking back, e81B0a and e81B0b 0.98000 |- m psT10 5 PST11 o PST12 e

results are similar to what is seen 097500 || B PST22 o psTo8 B PaT3o o et

here, but ... § B PST38  —PSTFit - —Fit£95%Cl |

0.97000 Fmmre e e

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
Energy of Average Lethargy causing Fission (EALF)
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PST vs EALF — ENDF/B-VIII.131

Have superimposed PST34
results with e81B0c on the
previous, €e81B1, chart.

Only a few of the remaining
PST assemblies have been
calculated with e81B0c.

- Aside from PST34 the
e81B0c results are about 100
pcm higher than obtained with
E8O.

Further review of the hybrid
options in €811 23%9Pu seem
warranted.
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K..,cC/E with ENDF/B-VIIL.1B1

--------------------------------------------------------------------------------

Looooodloooooodloooosslisaoassoo cooodlStSTd N —groobooooooboocoodbocoasd

) s e e iy, ¥ RS T

[ o PSTH m PST2 O PST3 SRR R S —
[ o PST5 @ PST6 @ PST7 PST9 '
""" @ PST10 B PSTN1 @ PST12 O PST18 [ 7]

@ PST22 O PST28 @ PST32 B PST34 IR
@ PST38 —PST Fit - —Fitx95%Cl X PST34_0c| :
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LCT — Various ENDF/B Generations

The LCT SUite Contains 509 LEU-COMP-THERM-006 Calculated Eigenvalues
assemb”es for Various Cross Section Data Sets
. 1.01500 - - - - ‘ ‘ T
. [ C‘END‘F/B-\‘/III.O‘ II:IENIDF/B‘-VII.‘1
The pattern Shown by LCT6 IS 1.01000 I EENDF/B-VII.O ©ENDF/B-VI.8
representative of the suite ... [ AENDF/B-V
1.00500

Keaic C/E (€5) = 0.99658 + 0.00498
Keaic C/E (€68) = 0.99460 + 0.00367

Kcaic C/E

SaaaRSSSAR

©1.00000
Kcaic C/E (e70) = 0.99977 + 0.00290 |~ 7 | T
kcalc C/E (971) = 0.99937 + 0.00273 0.99500 | LA A A A A 4 2 2 A j A Ll I A
Keaic C/E (€80) = 0.99891 + 0.00279 [ 6 ¢ o o o <> ¢ o e

0.99000 | | |

0.08500 | : rror :ars :enote:t e ; | en:c maf o: e ozunce;rtalnt);/.

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
LEU-COMP-THERM-006 Case #
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LCT — Various ENDF/B Generations

The LCT suite contains 509
assemblies.

The pattern shown by LCT6 is
representative of the suite ...

Keaic C/E (€5) = 0.99658 + 0.00498

Keaic C/E (€68) = 0.99460 £ 0.00367
Kcaic C/E (€70) = 0.99977 * 0.00290
Keaic C/E (€71) = 0.99937 £ 0.00273
Keaic C/E (€80) = 0.99891 £ 0.00279
Keaic C/E (€81B0a) = 0.99770 + 0.00275
- ~120 pcm reactivity loss from e80
(and over 200 pcm from e70) is
concerning.

1% Los Alamos

NATIONAL LABORATORY

1.01500
1.01000 |

1.00500 |

1.00000

Kcaic C/IE

0.99500 |
0.99000 |

0.98500 |
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LCT — Various ENDF/B Generations

The LCT suite contains 509

assemb“es' LEU-CfOMvP-THERCM-OOG galiylatgthige?values
. 1.01500 - ‘ ‘ T ‘ ‘

The pattem_Shown by L_CTG IS : ;ENDf;/B-\)III.1B:1 | QENDI;/B-V:IIHb:Oa
representative of the suite ... 1000 : © ENDF/B-VIILO BENDF/B-VIL1

' - BENDF/B-VII.O ©ENDF/B-VI.8
Keaic C/E (€5) = 0.99658 + 0.00498 E AENDF/B-V
Keaic C/E (€68) = 0.99460 + 0.00367 1.00500
Kcaic C/E (€70) = 0.99977 * 0.00290 w f |
Keaic C/E (€80) = 0.99891 £ 0.00279 = i > A A A A L8N &Ly
Keaic C/E (€81B0a) = 0.99770 £ 0.00275 099500 |8 A4 i 2 2 QO g g <> e
Keaic C/E (€81B1) = 0.99871 + 0.00275 e %t
- have recovered about half of the 0.99000 |
IOSS from 980' [ Error bars denote the ICSBEP Benchmark Model 1o uncertainty.

0.98500 I ] ] i L I I ] ] L L ] ]
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LEU-COMP-THERM-006 Case #
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LCT — Various ENDF/B Generations

The LCT suite contains 509 assembilies.

The pattern shown by LCT6 is
representative of the suite ...

Keac C/E (€5) = 0.99658 £ 0.00498
Keaic C/E (€68) = 0.99460 £+ 0.00367
Kcaic C/E (e70) = 0.99977 £ 0.00290
Keaic C/E (€71) = 0.99937 £ 0.00273
Keac C/E (€80) = 0.99891 £ 0.00279
Keac C/E (e81B0a) = 0.99770 + 0.00275
Keaic C/E (€81B1) = 0.99871 + 0.00275
Kcaic C/E (e81pref2) = 0.99953 +
0.00274

- looking good, almost back to e70
level.
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Be and Mix-Met-Fast-007

Fixed Pu core with HEU and Be
reflectors

For a given Core start with a
“small” HEU reflector then a
“large” Be reflector

Each case, left-to-right, has a
larger HEU component and a
smaller Be component.

Leftmost data point for each core
contains the most Be.

k.aic C/E is clearly biased high.
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kcalc c/ E

1.01000

Calculated Eigenvalues for MMF7 witI( ENDF/B-VII.1 )
(MMF7 are Pu/HEU/Be Assemblies - A constant Pu core surrounded by varyé EU and Be)
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Be and Mix-Met-Fast-007

Fixed Pu core with HEU and
Be reflectors

For a given Core start with a
“small” HEU reflector then a
“large” Be reflector

Each case, left-to-right, has a
larger HEU component and a
smaller Be component.

Leftmost data point for each
core contains the most Be.

kcaic C/E is still biased high,
but some improvement over
ENDF/B-VII.A.
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kcalc C/E

P ——
Calculated Eigenvalues for MMF7 wit@/Bw
(MMF7 are Pu/HEU/Be Assemblies - A constant Pu core surrounded by ing amoun HEU and Be)
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NOTE: Error bars define the benchmark uncertainty.
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Be and Mix-Met-Fast-007

Fixed Pu core with HEU and Be
reflectors

For a given Core start with a
“small” HEU reflector then a
“large” Be reflector

Each case, left-to-right, has a
larger HEU component and a
smaller Be component.

Leftmost data point for each
core contains the most Be.

Seems like a step backwards
as k., C/E remains biased
high, but worse than ENDF/B-
VIII.0 and closer to ENDF/B-
Vil.1 ... but ...
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kcalc C/ E

e —
Calculated Eigenvalues for MMF7 with ENDF/B-VIII.1B1
(MMF7 are Pu/HEU/Be Assemblies - A constant Pu core surrounde ing amoun nd Be)
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NOTE: Error bars define the benchmark uncertainty.
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Be and Various HMFs

Results for ENDF/B-VII
through today ...

Be Reflected HMF Calculated Eigenvalues

101500 for Various Cross Section Data Sets
Benchmarks shown, from left- Dl oo me  eENOREViLtes-
ﬁl{;llgrglnl—?ll\l/fg?6Hl\H/l:\:/|9F,1 101000 | @ENDF/B-VIII.0 EENDF/B-VII.1

; , 7, ' - | | BENDF/B-VILO

HMF41, HMF58 and HMFG6. : | .

100500 f i LA g
E70 (reddish stoo | 2 . O H
= (reddish squares) is too 8 1 ooom | ﬁFn [; g I_% ‘f T-”

ST T UL
E71 (green squares) is too 009900 1 R A L e
hot ... 75 i i i i g

0.99000 i ; i ; ,
E8O and E81 betas are |n_ vErr‘orbiars‘der?ote‘the'ICSBE‘P Blenc‘;hmjark‘MOf:Iel109nc§naintyj
0.98500 H L H L H L H H L H L H L H L L I L H I
between "'.no Clear trend or 012345678 910111213141516 1718 192021222324 252627282930
reason to pick one over Sequence #
another.
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