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We review and compare criticality data testing
results performed at Los Alamos with ENDF/B-

VII.1, CIELO/ENDF/B-VIII.0B2 and later nuclear
data evaluations.
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CIELO and ENDF/B-VIII.0B2(4) Overview

Data Testing

Criticality calculations with ICSBEP HMF, HMI, HST,
IMF, LCT, PMF, PMI, PST, USI, UCT and UST
benchmarks.

Summary
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ENDF/B-VIII.0B4 R e

ENDF/B-VIII.OB4
flles are available
from the BNL
NNDC:
(https://ndclx4.bnl

.qov/qgf/project/en
df/).

[ File Edit View History Bookmarks Tools Help

@ NNDCensemble > Projects...

& B

dclxd.bnl.gov/af/project/et B3l ¢ . Q Search
@ Fo RG E Home Projects
Project Menu Home » Projects » ENDF/B-VII » Home

ENDF/B-VII

* Summary
Reporting
Search
Message Wal
Sprints (0)
Tracker (8)
Docs (6)
Blog (5)

Releases (4)

ENDF is the colaboration environment

for the CSEWG members who are involved

SUN in the development of the Evaluated
Nuclear Data Fle ENDF/B.

Lists (2)

Wik (29)

W) Us Library of Evaluated Nuclear Reaction Data

Average rating: T W ¢

2525.87 MB of 20 MB Quota used (12,629.3

Releases

+ In development .
© The trunk, "ENDF/A"(svn)
o ENDF/B-VIIL.beta4 (svn | release | changelog)
o ENDF/B-VIIL.beta3.1 (svn | rel | changelog)
© ENDF/B-VIII.beta3 (sun changelog) A Al Carkan
© ENDF/B-VIIL.beta2 (svn | release | I -
o ENDF/B-VIILbetal (svn | release |
© ENDF/B-VIIIL.beta0 (svn | re

* ENDF/B-VIL1 (svn | release)

Wiki | News | Issue Trackers | Emai Archive | Documents | Buid Reports

Mark Chadwick’s TO DO List

Morgan White

[}
&

Danila Roubtsov .

) '®
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CIELO = Coordinated International Evaluated Library
Organization (WPEC Subgroup 40).

Goal: To develop updated, best available evaluated
nuclear data files for a select group of nuclides ... 1H, 160,

56|:e 235,238U and 239PU.

“... The goal is to provide evaluations that perform in integral simulations (k.«, spectral
indices, etc.) as well as, or better, compared to existing evaluations, whilst using more
accurate fundamental cross sections and spectra data. CIELO data will not be
adjusted in the formal sense, but we recognize that some aspects of CIELO will
include evaluation choices based upon feedback from simulations of integral
experiments. ...”

Why: The major international evaluated nuclear data
libraries don’t agree on the internal cross section details of
these most important nuclides!
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The IAEA Nuclear Data | i e o

€ w-ndsiaea.org/CIEL  EJ | C || Q Search = B X Wwlc A @ 3 A - =

Section has created a y

Nuclear Data Services
Section Données Nucléaires, AIEA b
C I E LO We b pag e - I Databases » EXFOR | ENDF | CINDA | IBANDL | Medical | PGAA | NGAHas | RIPL | FENDL | IRDF-2002
: ) [ — CIELO Project (WPEC-SG40)
hgps_ - //WWW /C I E LO/ ‘0.Cabelios IAEA DE!ta Dev_elopme_nt Project within the
n S . Ia_ea__ O rq o International Pilot Project of the OECD/NEA

with links to candidate =

x | :@] NNDCensemble > Projects... % | ' CIELO (WPEC-5G40) x

il

P
0.Iwamoto

IAEA DDP Coordinators: R.Capote and A. Trkov

Overall Objective
The overall objective of the CIELO Pilot Project (OECD/NEA WPEC SG-40) is to test the scheme of broad intemational

. ks - collaboration to improve evaluated nuclear data files of the major nuclides: H-1, 0-16, Fe-56, U-235, U-238 and Pu-239. The
I D-Bemard collaboration scheme is similar to that employed in the IAEA CRP on Evaluated Nuclear Data for the Th-U Fuel Cycle,
eva u a e a a I eS N which resulted in a very successful new evaluation of Th-232 and improvements to the evaluations for other relevant nudides.
u iy

b Production of improved and validated evaluated nuclear data files is the main goal of the project.
.Danon

Final IAEA CIELO transport files

U-235 (17FEB) Version: u235_CIELO20170217 compressed ENDF file (internal IAEA designation
e u C e ar a a u235ib36028t6DNcnu5ef0STt)

U-238 (15FEB) Version: u238_CIELO20170215 compressed ENDF file (internal IAEA designation u238ib54IrlFsfaST4d)

P h t I Transport files including Neutron Standard reactions
r O g r al I I aS g r e a y B-10 (01MAR) Version: 10B_ENDF-VIII_b4 (as received from G. Hale on 1 March), consistent with STD2017

Au-197 (01MAR) Version: n-079_Au_197_STD17_ENDF (as received from A. Trkov on 1 March), consistent with STD2017
Li-6 (07FEB) Version: 6Li_ENDF-VIII_b4 (as received from G. Hale on 8 February), consistent with STD2017

.
b e n ef I tt e d f r O m || H-1 (27JAN) Version: hihale17 (as received from G. Hale on 26 January), consistent with STD2017 (comments need
update)

= = Update to LANL Pu-239 (17-22) February 2017

C O n t r I b u t I O n S b t h e Pu-239 was evaluated by Los Alamos National Laboratory, and is provided for convenience of validation. The file was made
consistent with Standards_2017 above the resonance region. PFNS were missing for Einc = 17.5, 20 and 30 MeV in the file

IJAEA’s Nuclear Data

submitted on February 17.
Section.

Pu-239 Version: pu239e80b4_5 corDN (as submitted by D. Neudecker on 22 February) compressed ENDF file ail
= — — e —
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NJOY2012.50 + local updates were used to process ENDF/B-
VI11.0 beta files up through (3.1.

NJOY2016 was released in early January, 2017

NJOY2016 is “open source”.

NJOY2012.82, consistent with NJOY2016.3 was released at the same
time.

NJOY2012 will be maintained for several months.

These latest NJOY versions eliminated a subtle but important mis-
conception with respect to the Doppler broadening energy range.

LANL used NJOY2016 to process the recently released ENDF/B-VIII.034
neutron and some tsl data files.
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ICSBEP Nomenclature ...

XXX-YYY-ZZZ-###, where XXX=fuel material; YYY=fuel form;
ZZZ=spectrum, ###=sequence number.

Data testing categories ...
FAST Los Alamos systems: HMF1 (Godiva), HMF28 (Flattop-25), IMF1
(Jemima), IMF7 (Big-10), PMF1 (Jezebel), PMF6 (Flattop-Pu).
HMF7: A suite of ORNL assemblies with HEU plates and polyethylene.
HST: HEU solution systems with varying leakage.
PST. Pu solution systems with varying leakage.
LCT: UO, lattice configurations.
HMF, HMI, PMF, PMI & LCT systems with iron/steel.
PMF systems with various reflectors.
USI, UCT & UST systems (water, polyethylene, be reflected).
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Flux in Various HMF & HST Core Regions

Lok 1 Proper benchmark
o | [ selection allows
1.00E-02 , rrrrrrr —HMF?:l /"“\ / fOI’ data teStlng
1.00E03 - / S | - —4/ |

/ WW“‘” / - over enel‘gy
/ /,\,/ / intervals of many
1.00E-05 : / /

/ / / decades.

1.00E-07 / .
1.00E-08 / / M‘.
1.00E-09 / AW

1.00E-10 [ /

=

Fuel Flux (per lethargy, normalized to unit integral)

1.00E-11 —,

v N
‘SRRE

A0 o8 o I o o ok I\ ot o> 0
W T T &

1.00E12 & Ji

1.00E-13

LGP s

A
3
Ny N N

Energy, MeV
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Calculated Eigenvalues with ENDF/B-VII.1

HMF1 (Godiva) and ENDF/B-VIII.0B2 Cross Sections
1.0125 : : ‘ . ‘ ;
E80B4=1.00009(8) : | | | | | | Godiva
H M F28 (Flattop- 10100 Los Alamos HEU and Pu fueled critical assemblies. :::::(erevz)
25) - | Error bars represent the ICSBEP benchmark reactivity uncertainty. Jezebel (revas)
E80B4=1.00082(9) 1.0075 ;-- Assembly values/Legend labels run left-to-right/top-to-bottom. 1 :-att:;P'PU
! ! ! 1 ! 1 ! &
PMF]. (JGZEb@l) 1.0050 :_________.E __________ __________ 3___________5, __________ __________ _ __________ Jemima
ES80R4=1.00073(8) ., ] | | ? | ? Gert
S - Wes0p2
< 1.0025
PMF6 (Flattop- 3 -
PU) 1.0000 f
E80B4=1.00008(10 i
IMF7  (Big-10)  °*7 |
E80B4 C/E = 00050 [ L o I L . ]
0.99992(7) ' i i | i
IMF1 (Jemima) 09925 |

E80B4=0.9991 to

1.0003. UNCLASSIFIED
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HEU-MET-FAST-007 Calculated Eigenvalues with
I ENDF/B-VI.8, -VII.0, -VII.1, -VIIl.OB2 Cross Sections
A suite of 10150 | | | : : !

HEU metal (R | = = = —
lates and o100 | B10"x 10" HEU/poly | e80B4 averages are within
P ' . '5"“0" HEU/poly o a few pcm of e80B2.
polyethylene m5 x110 HEU/p(?IyWIG poly}refl :
assemblies 1.0050 | pupssmes pu— 1 R S I . """"""""""
. i m
Varying. o [ a® g8 g
degrees of %% | IR T - - .
moderation ~ :
testour oo |G N I U O S S .
| ENDF/B-VI8 ENDF/B-VILO ENDF/B-VIL.1 _ ENDF/B-VIIL.OB2
nuclear data 110" x 10" HEU/poly: 0.9983(16) 1.0017(16)  1.0017(17) 1.0012(20)
15" x 10" HEU/poly: 0.9990(7) 1.0028( 8)  1.0027( 8) 1.0023(8)
over an 0.9900 [|5" x 10" HEU/poly + poly refl: 0.9994(8) 1.0027(13) 1.0025(12) 1.0005(14)
energ Al cases 0.9987(13) 1.0022(14) 1.0022(15) 1.0013(17)
YI: INote: Only ENDF/B-VIIL.OB2 results are displayed.
range from : | a 1 a a a a a
09850 Lol vl Lol vl vl vl vl vl L
tens Of eV 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+O07"
Energy of Average Neutron Lethargy Causing Fission (EALF); eV
to an MeV.
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A suite of 42 HEU-SOL-THERM benchmark critical
configurations has been used for many years.

Accurate calculated eigenvalues, correlated against Above-
Thermal Leakage Fraction (ATLF), have been obtained since
ENDF/B-VI.3 in the early 1990s.

No trends observed for other regression analyses such as k. versus Above-
Thermal Fission Fraction (ATFF); versus Average Energy of a Neutron
causing Fission (EAF); versus Energy of Average Lethargy of a Neutron
causing Fission (EALF) or versus solution H/U ratio.

Tests of revised data sets must answer the question ... “are we
still ok or did we break something?”.
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Calculated xxx-SOL-THERM Eigenvalues

with ENDF/B-VIII.0B2 Cross Sections
and the 1.0250 r . . : : : :B : : : : :
- [ | m HST1 O HST9 A HST10 : : : :
answer Is ‘we 1.0200 [--- O HST11 o HST12 @ HST13  poodemmmmedeomeeecdo oo
. " | W HST32 o HST42 © HST43 i i i i
are still ok™. 1.0150 [--- & HST50 —HST fit — =Fit95%CI  [--t-mmmmmd-mmmmooboo b
[ ¥ Various LST i i i |
10100 T e T g
ESOB4 1.0050 |f------- S— FR— b o_[ ------ ------- ------ ------- - -------
w i K= T, : : ! | .Y
: S 10000 | e ai: il
regression L 10000 g =y’ I
- - =~ [ : : : ! : | : : : : :
Coeﬂ:|C|entS: 0.9950 T 5 T S W LR
M = -0.0008(85) 09900 f-oeoctoemoecdeormemmdes Koongeoom st
[ |ENDF/B-VI.8: K.y (ATLF) = 1.0009(31) - 0.0020(83) * ATLF. : :
— - _|[ENDF/B-VILO:  k(ATLF) = 1.0007(32) - 0.0010(85) * ATLF. | ' !
b 0-9999(32) 0.9850 [---|ENDF/B-VIL1: kc:,,c(ATLF)=1.0007(32)-0.0010(85)*ATLF. l :
[ |ENDF/B-VIILOB2: K(ATLF) = 1.0006(31) - 0.0012(84) * ATLF. . :
0.9800 ;_“Values in parenthesis represent 95% confidence intervals on the _“1; _______ ? i
- |preceding regression coefficient. : : :
0-9750 T TR TR TN AN TN TN TN TN AN TN TN TN TN AN TN TN TN NN AN TN TN TN TN AN TN NN NN SO NN SN NN N TN AN NN NN NN NN NN SN SN SN SN NN SN SN SO SN NN SO SR SN S N N T

000 0.05 010 0.15 020 025 030 035 040 045 050 0.55__0:60
Above-Thermal Leakage Fraction (ATLF)
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A suite of 158 Pu-SOL-THERM benchmark critical
configurations have exhibited a long standing k.. bias

for many years and for many generations of evaluated
data sets.

The average k_z C/E bias is about 450 pcm with ENDF/B-VII.1.

Work by WPEC Sub-Group 34 lead to revisions to the 23°Pu

evaluated data file (primarily RR parameters and v(e)) which
eliminated about 75% of this bias.

Tests of revised data sets must answer the question ... “have we
made further improvements in PST benchmark performance,
have we taken a step backward, or is there more work to do?”.
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239py (& 1H, 160) Los Alamos
PST Benchmarks - 43°Pu (& ‘H, t°0O
Calculated Pu-SOL-THERM Eigenvalues
and the 0200 | with ENDFIB-VIII 0[32 Cross Sectlons
. [ ' / + ® '
answer is o160 b T el L e
@ 0150 j_“““?_ Average kef'fC/EvaIuesare 1.0045(12) and 0.9997(12). _“-E“““"E ________ E““i"
- 1| Values in parenthesis represent 95% confidence intervals on I I i
there haS 1.0100 ;_------4:-- the preceging regressior?coefficient. -'i ---- .| """" _."“

been 1.0050 E
significant 0000 |
further 5 09950 |
Improvement  ;gg00 |

In benchmark  ;gss0 [ @ PsT B PST2 o PST3 m PST4 ... I
" [ O PST5 @ PST6 @ PST7 PST9 |
performance 0.9800 | g psT10 mPSTI1  mPST12 O PSTI8 |5 777
] B 1
. but there’s 09750 [ B PST22 @ PST28 m PST32 m PST34 | ____ N
: " m PST38  —PSTFit - —Fit-95%Cl |
Stlllmore 0.97007|\||l|\||l|||\l|\\ll\|||l||\|||\||l|\||l\||\l||\|
work to do 0.00 005 0.10 0.5 020 025 030 035 040 045 0.50

Above-Thermal Leakage Fraction (ATLF)

e80b4 slope, intercept are
0.0035(70) and 0.9987(24).
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Some typical LEU-COMP-THERM
lattice geometries ...

LEU-COMP-THERM-005, case 5 is
shown
- 378 rods, 1.801 cm pitch.

Other LCT5 cases include:
- case 1: 132 rods, 2.398 cm pitch;
- case 12: 1185 rods, 1.598 cm pitch.

These three configurations do not
contain soluble Gd poison, but other
LCT5 cases do.
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LEU-COMP-THERM-017
geometry (three 19x16 clusters on
a 2.032 cm rod pitch).

- LEU-COMP-THERM-001 uses
the same fuel without walls.

LEU-COMP-THERM-010 employs
smaller clusters (mostly 13x8 on a
2.54 cm rod pitch).

- LEU-COMP-THERM-002 uses
the same fuel without walls.

LEU-COMP-THERM-042 employs
20x18 and 25x18 clusters on a
1.684 cm rod pitch with steel
reflecting walls and various
intracluster absorber plates.
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235 (& 1H, 160, 2381))
| )|
Calculated Eigenvalues with ENDF/B-VII.1
Good e71 and ENDF/B-VIII.OB2 Cross Sections
1.0250 . . . . : : :
resu ItS for [ | LEU-COMP-THERM lattice configurations with varying rod pitch Letl
. 1.0200 -4 and/or natural uranium reflecting walls. = LCT2
th IS 10150 L | Error bars represent the ICSBEP benchmark reactivity uncertainty. N Lers
. - LCT7
be n C h m a.r k Assembly values/Legend labels run left-to-right/top-to-bottom. LCTS
10100 P TE T O T  TTE  EE C E E

C ate g (0] ry : LCT10

i d g e L
g+l ) . A S

eSOB4 09950 fronnnmmndooonnnne- N :

ke C/E

_______________________________________________

09900 [-------- =eommcnns Pomcoooes fooomcons s Sommcnas =eoomenns Pomcoooes

results are P P . L P ,L________ P .

similar. R R T R R
e e I ronnnns
0.9750 :
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HMF13 — Spherical HEU assembly with 3.65 cm thick steel.
HMF21 — Spherical HEU assembly with 9.7 cm thick steel.

HMF24 — Spherical HEU assembly with 0.8 cm thick steel & 9.65 cm thick
polyethylene.

HMF84.7, 84.19 & 85.3 — Cylindrical HEU with Fe reflectors.
HMF87 — HEU cylindrical assembly with interstitial steel.

HMF88 — HEU cylindrical assembly with interstitial steel or steel &
polyethylene plus a polyethylene radial/axial reflector.

HMI1 — Argonne ZPR-9/34.
LCT10, 17 & 42 — multiple UO, rod clusters with steel reflecting walls

PMF25 — Spherical %3°Pu assembly with 1.55 cm thick steel.
PMF26 — Spherical 23°Pu assembly with 11.9 cm thick steel.
PMF28 — Spherical 23°Pu assembly with 19.65 cm thick steel.
PMF32 — Spherical 22°Pu assembly with 4.49 cm thick steel.
PMI2 — Argonne ZPR-6/10.
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Calculated Eigenvalues with ENDF/B-VII.1
I and ENDF/B-VIII.0B2 Cross Sections
Most iron

- N R B R S T
beanng S S S S N S S S S SN SN SN S N N HMF21
FAST Crltlcal " | HEU and Pu fueled critical assemblies with iron (or steel). HMEF24
1.0200 [ Error bars represent the ICSBEP benchmark reactivity uncertainty. . HMF84.7
assem b |y L | Assembly values/Legend labels run left-to-right/top-to-bottom. :::::';9
calculated
. 1.0100 et B e Rl SRR EEEEEEEY HMESS.1
eigenvalues " e
have k. i
. 1.0000 PMF25
Improved PME26
. PMF28
with e80[2 i =
evaluated el T T T e

| | | | | | | | | | | | | | | | e

nuclear [ mesop
L || gespao

data 0.9800 — —
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Calculated Eigenvalues with ENDF/B-VII.1
and ENDF/B-VIII.0B2 Cross Sections

Thermal 10150 : : : : :

I ! ! . . . LCT1
asse m b |y HEU and Pu fueled critical assemblies with iron (or steel). LCT2
Cal cu | ated 10100 L--{ Error bars represent the ICSBEP benchmark reactivity uncertainty. |--|| LcT10

. Assembly values/Legend labels run left-to-right/top-to-bottom. LeTiz
eigenvalues : : . : :
. 1.0050 |-n-n--n-mno- Ao e oo oo Ao °
: : B e80p2
accurate. S - T @ e80B2_AD
+ 1.0000
~ - *
0.9950 f----------- ———————————— r ——————————— ———————————— ———————————— ————————————
0.9900 f----------- ———————————— h ——————————— ———————————— ———————————— ————————————
0.9850 | : : : : :
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Calculated PMF Eigenvalues with ENDF/B-VII.1 (.80c) Cross Sections

1.0150
exhibits a , , ,
1.0100 [-----mmmmmmeod oo e
clear trend i ; ; g ,
. ! ! 0 o | :
with g | o g e
ENDFE/B 0050 [ e
- - O - | | : o
V”.l CrOSS Ut 1.0000 : I. :l'l :
- 5 - e e e . Opoce
sections : | | | e
I ! ! : o a
0.9950 === gL [ bommcmomncooen oo bemomomnnco: i
i : . a ! !
ORocky Flats ! ! O
i OIPPE j j , =
0.9900 [------- OVNITF  [-------- P e e
I CIVNIIEF | | ! !
0.9850 PSR T S EEE S
0.00 0.25 0.50 0.75 1.00 1.25 1.50
Energy of Average Lethargy Causing Fission (EALF), MeV
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Work to revise the CIELO evaluated data files (1H, 160, >%Fe, 235238 and
239Pu) continues ... with significant international participation.

The final CIELO files will be incorporated into ENDF/B-VIII.O

LANL testing to date has concentrated on ICSBEP benchmark
eigenvalues. Reaction rate (spectral indices) data, pulsed sphere
spectra, shielding (SINBAD) and reactor physics (IRPhEP) benchmarks
are also important resources to be utilized in a comprehensive data
testing regimen (and are being utilized by our international colleagues).

New tools are becoming available to assist data testing.
DICE = Database for ICSBEP & NDaST = Nuclear Data Sensitivity Tool.
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L ANL Data Test

LCT7.1 Flux with E71 Cross Sections
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