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We review and compare criticality data testing
results performed at Los Alamos with ENDF/B-VII.1
and ENDF/B-VIII.OB nuclear data evaluations.
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ENDF/B-VIII.033 Overview

A caution about NJOY Processing and Doppler
broadening!

Data Testing

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

Summary
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ENDF/B-VIII.0OB3
ENDF/B-VIILOB3 files i |

are available from €100 e e & s XL
C‘; National l_\ludear Data Center BP"'."F@F'! e

NSR | XUNDL | ENSDF
NuDat Databases MIRD
Sigma | CSISRS | ENDF

-

E 1.3

Atlas of n
Empire Resonances

(https://ndclx4.bnl.go
v/qgf/project/endf/).

5
Chart of Nuclides'

ENDF/B-VIII.0 Beta 3 is now available!
Nuclear Tools and
Wallet Publications

Cards

Nuclear Data Survey

Nuclear Data Week 2016

1

Reactions Networks & Links Publications

Main Structure & Decay

Bibliography Meetings

AMDC Atomic Mass Data
Center, Q-value Calculator

Chart of Nuclides Basic
properties of atomic nuclei

Atlas of Neutron Resonances CapGam Thermal Neutron
Parameters & thermal values Capture y-rays
Covariances of Neutron

CSEWG Cross Section CSISRS alias EXFOR Nuclear Empire Nuclear reaction model

Reactions Evaluation Working Group

ENDF Evaluated Nuclear
(reaction) Data File, Sigma

ENSDF Evaluated Nuclear
Structure Data File

NMMSS & DoE NMIRDC NSR Nuclear Science
Safequards & inventory decay References
data standards

NucRates MACS & Astro-
physical reaction rates

NuDat Nuclear structure &
decay Data

XUNDL Experimental Un-
evaluated Nuclear Data List

reaction experimental data

IRDF International Reactor
Dosimetry File

Nuclear Data Sheets Nuclear
structure & decay data journal,
Special Issues on reaction data

USNDP U.S. Nuclear Data
Program

code system, Reference paper

MIRD Medical Internal
Radiation Dose

Nuclear Wallet Cards Ground
& isomeric states properties,
Homeland Security version

USNDP/CSEWG GForge
Collaboration Server
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CIELO

The IAEA Nuclear
Data Section has S
Created a CIELO > Section Données Nucléaires, AIEA

web page ...
https://wWww-

nds.iaea.orq/CIELO/
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File Edit View History Bookmarks Tools Help

$7 CIELO (WPEC-SGA40)

EJ | @ || Q Search

nds.iaea.org/CIELO/

Nuclear Data Services

m

CIELO Project (WPEC-SG40)

IAEA Data Development Project within the
International Pilot Project of the OECD/NEA

IAEA DDP Coordinators: R.Capote and A. Trkov L

... with links to
candidate evaluated

data files.

| Overall Objective

| The overall objective of the CIFLO Pilot Project (OECD/NEA WPEC SG-40) is to test the scheme of broad

| international collaboration to improve evaluated nuclear data files of the major nuclides: H-1, O-16, Fe-56, U-235,

| U-238 and Pu-239. The collaboration scheme is similar to that employed in the IAEA CRP on Evaluated Nuclear Data
| for the Th-U Fuel Cycle, which resulted in a very successful new evaluation of Th-232 and improvements to the

ip)Kal {
r Pk --11 evaluations for other relevant nuclides.
Y.Danon {

Subjects/issues to address

1. Review of the status of experimental data and identification of high priority measurement requests
2. Review of the capabilities and limitations of theoretical models

3. Identification of relevant benchmark experiments for data validation

4. Analysis and verification of the consistency of covariance information

5. Possibilities and limitations of data adjustment

Update to IAEA-CIELO as of 5 November 2016

| A preliminary release of the Standards_2016 evaluations became available in October. Although the changes were

| relatively small, they had a severe impact on benchmarking. Re-tuning of the cross sections was done to restore the
performance. For additional information please chect the U-235 and U-238 tabs below. The two evaluations supersede
| those from the release of 18 August 2016.

® |J-238 Version: u238beta25TD compressed ENDF file (internal IAEA designation u238ib51brlFsST1)
® |J-235 Version: u235beta2STD compressed ENDF file (internal IAEA designation u235ib25023g6DNcnubef4)

Evaluations for IAEA-CIELO as of 8 August 2016 (+update 18 August 2016)
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A note of caution when Doppler broadening evaluated data

files ...
NJOY'’s default upper energy limit for Doppler broadening is the lowest
energy among ...
The top of the resolved resonance range;

The lowest reaction threshold:
A user input value (thnmax);

1.0 MeV.
If the user input, thnmax, is negative then Doppler broadening will occur
up to |[thnmax|, regardless of the other criteria.

For many years the “top of the resolved resonance range” was the de

facto upper limit.
It has become increasingly common in modern evaluated data files for lowest .

reaction threshold to establish the Doppler broadening upper limit.
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The following ENDF/B-VII.OB nuclides may require definition of
|[thnmax| in the User’s input deck to assure Doppler

broadening occurs through the top of the resolved resonance

range ...

23\ 32S. 35C| 38Ar. 41K 45Sc. 50\ 52Cr. 54.56,57F@ 58C(Q. 65C|. 64.66.68,707
70,72,73(G@. 235.238( )

CIELO nuclides are highlighted in red.

NJOY/BROADR'’s standard output contains the statement ...
‘max energy for broadening and thinning =

X . XXXXE+XX” ... so that User’s know the maximum Doppler
broadening energy for any particular NJOY job.
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ICSBEP Nomenclature ...

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

Data testing categories discussed herein ...

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.
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Calculated Eigenvalues with ENDF/B-VII.1

HMF1 plus ENDF/B-VIII.OB2 & B3 Cross Sections
i 1.0125 , ‘ . ; ‘ .
(Godiva) : | 1 | 1 1 | Godiva
HME28 L0100 _ Los Alamos HEU and Pu fueled critical assemblies. Flattop-25
' : o . Jezebel (rev2)
(Fla'[top-25) Error bars represent the ICSBEP benchmark reactivity uncertainty. Jezebel (revds)
1.0075 || Assembly values/Legend labels run left-to-right/top-to-bottom. |l Flattop-pu
PMF1 Big-10
(Jezebel) OO0 Jemima
w [ ©e7l
S~ |
PMF6 I 10025 | & W e80B2
= © e80p3

<
(Flattop-Pu) ] ® ? =
1.0000 [ T n & %:

IMF7
(Big-10)

IME1 0.9950
(Jemima)

0.9975

0.9925 L
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I HEU-MET-FAST-007 Calculated Eigenvalues with
A SUIte Of ENDF/B-VII.1, -VIIl.OB2 and -VII.OB3 Cross Sections

1.0150
HEU metal *
plates and 0100 || m10"x 10" HEU/poly
. m5" x 10" HEU/poly
p0|yethy|ene @5" x 10" HEU/poly w/6" poly refl
assemblies 0050 t
. I m
Varying . : i . 5 2 n g
degrees of & 1.0000 q =
. = r
moderation ¥ f 2 O
nuclear data | ENDF/BVIL1 _ ENDF/B-VIILOB2  ENDF/B-VIIL.OB3
110" x 10" HEU/poly: 1.0017(17) 1.0012(20) 1.0019(20)
over an 15" x 10" HEU/poly: 1.0027( 8) 1.0023(8) 1.0028(10)
0.9900 5" x 10" HEU/poly + poly refl: 1.0025(12) 1.0005(14) 1.0012(15)
energy |Al cases: 1.0022(15) 1.0013(17) 1.0019(18)
range from 0.0850 Lo o e ol d ol ok
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+07
to an MeV Energy of Average Neutron Lethargy Causing Fission (EALF); eV
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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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... and the
answer Is “we
are still ok”.

For e80[33 +
IAEA “STD”
235,238U files
the intercept
and slope
are:
1.0006(31)
-0.0009(84).

Calculated xxx-SOL-THERM Eigenvalues
with ENDF/B-VIII.0B3 Cross Sections

1.0250 [

1.0200 f---

1.0150 |---

1.0100 |
1.0050 |

1.0000 Ff

K. C/E

0.9950 [

0.9900 |

0.9850 [---

0.9800 [---

m HST1 0O HST9 A HST10 ! E i i
O HST11 o HST12 Ly N T R R s S
B HST32 & HST42 © HST43 i i ! !
® HST50  ——HSTfit = =Fit95%Cl f--i-----nntemmmmmnfonnnaa e
% Various LST ; ‘i , :

ENDF/B-VI.8: k., (ATLF) = 1.0009(31) - 0.0020(83) * ATLF. - ! '
ENDF/B-VIL.O: k.4 (ATLF) = 1.0007(32) - 0.0010(85) * ATLF. : '
ENDF/B-VII.1:  K.,(ATLF) = 1.0007(32) - 0.0010(85) * ATLF. - :
ENDF/B-VIIL.OB2: K uc(ATLF) = 1.0006(31) - 0.0012(84) * ATLF. ,’ : :
ENDF/B-VIIL.OB3: Kga(ATLF) = 1.0006(31) - 0.0012(84) *ATLF. |___i_______i_______ T
Values in parenthesis represent 95% confidence intervals on the ! ! !
preceding regression coefficient. | |

1 1
| TN T T T I TN T TN T [N TN TN TN T [N TN SN N SN NN N SN NN SN NN TN SO TN SO N TN SO TN SO NN SN TN TN SO [ SO S S N Il

0.9750 L

0.00

005 010 0.15 020 025 030 035 040 045 050 055 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 nu(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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PST Benchmarks - 23°Pu (& 1H, 160Q)

... and the
answer IS
“there has
been
significant
further
Improvement
In benchmark
performance”

1.0200
1.0150
1.0100
1.0050
1.0000

0.9950

k. C/E

0.9900
0.9850
0.9800
0.9750

0.9700
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Calculated Pu-SOL-THERM Eigenvalues
with ENDF/B-VIII.0OB3 Cross Sections

' Los Alamos

NATIONAL LABORATORY

Values in parenthesis represent 95%
the preceding regression coefficient.

ENDF/B-VIL.1: k., (ATLF) = 1.0025(24)+ 0.0060(67) * ATLF
ENDF/B-VIII.OB3: k, (ATLF) = 0.9982(24)+ 0.0043(68) * ATLF
Average keff C/E values are 1.0045(12) and 0.9997(12).

confidence intervals on

O PST3 @ PST4
@ PST7 PST9
@ PST12 0O PST18
@ PST32 B PST34

| O PST1 @ PST2
0 PSTS @ PST6
| B PST10 @ PST11
| B PST22 O PST28
| @ PST38 —PST Fit

- —=Fit-95%CI

0.00 0.05 010 0.15 0.20
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LCT Benchmarks —
235U (& 1|_|, 160, 238U)

Good e71
results for

this

1.0250 [

benchmark |
category R
remain good , " |
with e80B2 5™ |

and e80[33. o550 |

0.9900 |
0.9850 |
0.9800 |

0.9750 L
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Calculated Eigenvalues with ENDF/B-VII.1
plus ENDF/B-VIII.OB2 & B3 Cross Sections

EST.1943

1.0200 [

1.0150 -

LEU-COMP-THERM lattice configurations with varying rod pitch
and/or natural uranium reflecting walls.

Error bars represent the ICSBEP benchmark reactivity uncertainty.

Assembly values/Legend labels run left-to-right/top-to-bottom.

LCT1
LCT2
LCTS
LCT7

LCT8

LCT10

i

LCT17
$e7l

&5+

B es0p2

® e30pB3

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA

Pmtional Niscless Securily Administratio



-UR-16-xXxxxX

- : . Los Alamos
Assem bI IeS Wlth Iron (Steel) NATIONAL LABORATORY

EST.1943

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

Calculated plus ENDF/B-VIII.OB2 & B3 Cross Sections
. 1.0300 ‘
eigenvalue - o |[ rwen
I HMF21
Changes " | HEU and Pu fueled critical assemblies with iron (or steel). HME24
: 1.0200 +{ E b he ICSBEP bench k ivi inty. HMF84.7
Wlth BZ or BB rror bars represent the enchmark reactivity uncertainty . o
CI’OSS L | Assembly values/Legend labels run left-to-right/top-to-bottom. o HVIESS 3
_ HMF87
sections are 10100 7 HMF88.1
= I HMF88.2
generally T ] - 5 . i
W|th|n the 1.0000 _:_I_ﬁ_é I—z * I J? g PMF25
. i m ! PMF26
experimental i o MiF28
. i PMF32
uncertainty. 0.9800 M2
I 0e71
W e80pB2
0 e80PB3

0.9800
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Calculated Eigenvalues with ENDF/B-VII.1
plus ENDF/B-VIII.OB2 & B3 Cross Sections

1.0150
Thermal ] —
asse m b |y I HEU and Pu fueled critical assemblies with iron (or steel). LcTo
1.0100 - Error bars represent the ICSBEP benchmark reactivity uncertainty. |- LCT10
calculated -
. [ Assembly values/Legend labels run left-to-right/top-to-bottom. LCT17
eigenvalues |
] 1.0050
remain - . ; oe7l
S : | g T W e80pB2
j . [ d % 0 e30p3
| ﬁ E 8
0.9950 |
0.9900
0.9850
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Calculated PMF Eigenvalues with ENDF/B-VII.1 (.80c) Cross Sections

1.0150
K.« C/IE
exhibits a . . .
10100 [ e e e
clear trend i ; g g
. : : Lo o |
with (o0 | S S
et = I a . . =
ENDF/B- T . | |
: =N . 0 0O gm 9,
V”.l CrOSS g; 1.0000 i :. il'l :..
: 3 [ | | | : ]
sections N : | | | e
. . . - o
- : ! ! o
0.9950 f------- T bomconmooccs fooeneomnaone- becoomcooomcoec i
i ! - ! !
O Rocky Flats | | O
i OIPPE j j , =
0.9900 ------- OVNITF  [-------- --------------- ---------------
I CVNIIEF | | : :
09850 Lo v bbb
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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Calculated PMF Eigenvalues with ENDF/B-VIII.0B3 Cross Sections

Lots of 10150 |
changes : . . . :
when switch ™" g """"""" . AR A e
o ENDF/B- b e af o ml
VIII.0B3, but S L I o5 A
there’s more S 10000 | IR
worktodo % | =, 8%°
here 0.9950 [------- ILANL: """""" --------------- D ———————————————
I ORocky Flats = 0
I OIPPE : : i |
0.9900 [------- Ty et ST
I CIVNIIEF O :
0.9850-""i""i---'i l |
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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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 (OECD/NEA).
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e71 _80c e80p2
kcalc C/E kcalc C/E
Category # Average population # Average population
kcalc C/E kcalc C/E
. stdev stdev

A h | g h | eve | HMF 262 1.00076  0.00352 254 1.00011  0.00364
HMI 5 1.00033 0.00464 5 1.00056 0.00280
S u m m ary Of HCI 12 1.01132 0.03884 12 1.01402 0.03336
HMM 11 1.00201 0.00404 11 0.99959 0.00358
HMT 4 1.00845 0.00556 4 1.00724 0.00490
C al Cu | ate d HST 178 099858  0.00581 178 099853  0.00637
e | g env a| ues IMF 19 1.00208 0.00314 19 1.00064 0.00284
) ICF 2 1.00059 0.00236 2 0.99894 0.00183
by I C S B E P LST 20 0.99967 0.00265 20 1.00000 0.00263
LMT 6 0.99846 0.00286 6 0.99847 0.00210
C ate g o) ry o LCT 247 0.99951 0.00259 247 0.99941 0.00252
PMF 53 1.00180 0.00454 53 1.00198 0.00556
PMI 3 1.01155 0.01451 3 1.00619 0.01042
PST 158 1.00451 0.00455 158 0.99974 0.00461
MMF 37 1.00370 0.00279 37 1.00346 0.00263
MCF 7 1.00007 0.00265 7 0.99556 0.00196

MMM 1 1.00062 1 1.00106
MMI 2 1.00806 0.00218 2 1.00466 0.00261
UMF 10 0.99827 0.00185 10 0.99755 0.00193
usl 33 0.98375 0.00563 33 0.98273 0.00575
ucT 9 0.99947 0.00206 9 0.99780 0.00186
uSsT 106 0.99989 0.00872 106 0.99807 0.00835

1185 1.00040 0.00699 1177 0.99931 0.00669 _
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