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Abstract: We review recent critical benchmark
calculations with revised 23°U, 23°Pu and %3:5°Cu
evaluated data files.
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Comparison of 23°U(n,y) and 23°U(n,f) cross sections ... recent ORNL re-
evaluation, designated ORNLS, based upon new LANL and RPI data versus the
current (ENDF/B-VII.1) evaluation ... “a work in progress” per Luiz Leal.
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Regression fit to .
g Calculated xxx-SOL-THERM Eigenvalues
HST benchmarks o250 with ENDF/B-VII.1 Cross Sections
versus ATLF has - [w HST1 o HsTO “HST10
1.0200 [-- O HST11 > HST12 e HST13 S — R R R beoeees
been excellent - | m HST32 HST42 o HST43 ; ; ; ; ;

; 1.0150 f--| ¢ HST50  ——HSTfit = =Fit95%Cl  f--t------- beneeeen R [ U
since ENDF/B-VI.3 - | % Various LST ——ORNLS ¢
(Lubitz). e

1.0050 | S || SRR SR
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0.9950 | s S L, IR N | boeeeeee ot
This excellent fit is : e A
0.9900 HENDF/B-VI.8: k.4 (ATLF) =1.0009(31) - 0.0020(83) * ATLF. bceeeea- [ Locene-a- Locene-a-
1 1 [IENDF/B-VIL.O: kg (ATLF) = 1.0007(32) - 0.0010(85) * ATLF. ' ! ! g
retal ned Wlth th e |ENDF/B-VIL1: I-(cal.c({ATLF)] = 1,00075(32)} - 0.001[5{8;] * ATLF. ; | i f
0.9850 [JE71+ ORNLS: K. (ATLF) =1.0003(33) + 0.0005(87) * ATLF. . :_' ______ S g
|atest (O R N L8) lValues in parenthesis represent 95% confidence intervals on the preceding | 1 ' :
[regression coefficient. i E i i
235 U eval u ated 0.9800 EThe Monte Carlo eigenvalue uncertainty is typically less than 15 pem. iL _______ E- _______ i_ _______ i_ _______
. [|Error bars illustrate the ICSBEP estimated 1o experimental uncertainty. i i i :
data file. 0.9750
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HEU + poly system

HEU-MET-FAST-007 Calculated Eigenvalues with
tests xs data over

Various ENDF/B-VIIL.1 Cross Sections

1.0150
several orders of - :
. @10" x 10" HEU/pol
magnltUde' 1.0100 loeoee- m5" x 10" HEUfpzlyy R R A
. - 05" x 10" HEU/poly w/6" poly refl i E i
E70 & E71 results SERCCGE: | X e | %
. [ : : : o : o
are near unlty at [ S P S %Ugggnizo _____
either energy w . g E“‘ wdf g F ‘e _
5 [
extreme but are 30T T -
biased high in the [ : : : | ,
intermediate e o oo e oo e
[ o N ENDF/B-VILO ENDF/B-VIL1 E71+ORNL3
energy range. I T T4 e’ e lmagn |
' [ 5" x 10" HEU/poly w/6” poly refl: 1.0027(13)  1.0025(12)  1.0055(14)
. . . All cases: 1.0022(14) 1.0022(15)  1.0050(18)
ThIS bIaS IS . Note: Individual ENDF/B-VII.O results are not shown.
worsened (?) with — oss0 o e e e
the latest ORNLS Energy of Average Neutron Lethargy Causing Fission (EALF), eV

235 evaluated file.
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A ~500 pcm bias in 10250 ¢
calculated PST 10200 |
reactivity is a long- 1.0150 |
standing issue. 1.0100 |

w 1.0050
WPEC Sub-Group 34 E’; 1.0000 |
was tasked with X om0 |
defining a new 00900 Foooond | | | | . .
(better?) set of ~ |[oPSTT  mPST2 @ PST3  mPST4 | |

0.9850 || @ PST5 m PST6 m PST? PST9  f-------- ooeeee
resolved resonance | ®m PST1I0 ® PST11 @ PST12 O PST18 |: |
parameters for 239Pu 0.9800 [| m PST22 O PST28 B PST32 W PST34 - P
. L|—PST Fit - —Fit 95%CI
In an attempt to 09780 e P
I th . 000 005 010 015 020 025 030 035 040 045 050
resolve this 1Ssue. Above-Thermal Leakage Fraction (ATLF)
Defi b-set of Consider benchmark attributes such as (i) ATLF;
elin€ a sub-set o (i) 23°Pu atom-% in Pu; (iii) Above-Thermal

these 150 Fission Fraction (ATFF); (iv) H/Pu number denS|ty
benchmarks to test (or gPu per liter) to define this sub-set. '

revised data files. UNCLASSIFIED
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A set of seven Pu-SOL-THERM benchmarks have been extracted
from the larger set.

PST1.4 & PST12.13 span the ATLF space;

PST12.10 & PST34.15 span the ATFF space;

PST4.1 & PST18.6 span the 2°°Pu atom percent space;
PST12.10 & PST34.4 span the g Pu per liter space;
PST9 has the largest H/Pu ratio.

All benchmark experiments are performed in simple geometry
PST1.4 & PST4.1 are a water-reflected spheres;
PST18.6, PST34.4 & PST34.15 are water-reflected cylinders;
PST12.10 & PST12.13 are a water-reflected slabs;
PST9 is a large, unreflected sphere.

UNCLASSIFIED

Mational Niscless Securily Administratio

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



LA-UR-14-21689

239Pu = WPEC SG34
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(8) WPEC Subgroup 34 - Mozilla Fretox ==
R M d I d | File Edit View History Bookmarks Tools Help S
eV I S e re S 0 Ve re S 0 n an C e o LANL Inside |m5 Atomic Weights a... | gl Accelerate Fortran... & endf-manual.pdf (.. | g Existing Session Fo... | £ WPEC Subgroup 34 x
€ @ hitps://www.oecd-nea.org/science/wpec/sg34/ |- wpecsg4 P A& B

parameters have been defined
(Leal/lORNL).

"(3\?‘.‘?/\.,‘ e @)

Nuclear scier Working Party on International Nuclear Data Evaluation Co-operation (WPEC)

ReVised Vp(E) data, u p to 650 Coordinated evaluation of 22?pu in the resonance region

WPEC Subgroup 34 (5G34)

eV h ave be e n d efl n e d (‘ E A) Information on this web page is for exclusive use by participants in the subgroup activities. The data from this web page should not be
y .

quoted or used without the explicit consent of the contributing autfor.

« 5G324 proposal by R.D. McKnight and C. De Saint Jean, WPEC meeting, June 2009
® SG34 mailing list for questions, comments or to consult archives

Revised pfns have been
defined (but not likely the last £ e b ke, s 1 50
say ... IAEAPFNS CRP final

= Resolved resonance parameters (14 December 2012)
o ENDF format (MF2 MT151)

re port | S St| | | to com e) « avarkinee mattb of resenance parametiars {14 ianuary 514}

o ENDF format (MF32 MT151)
© Groupwise covariances in COVFILS format (output of ERRORR)
o COVR Plots of groupwise correlations and uncertainties

« Prompt fission neutron multiplicity (14 January 2014)

Differences between JEFF and

o Free format
« Two-step (n,gf) cross section (14 January 2014)

ENDF remain, ®.

Publications and documents

- = Y. Peneliau et af., #33py Prompt Fission Neutron Spectra Impact on a Set of Criticality and Experimental Reactor Benchmarks,
Although the Sub-Group is

 L.C. Leal et af., 2%y Resonance Evaluation for Thermal Benchmark System Calculations, ND2013 contribution (Draft - Feb.
2013).

n e ar an e n d th IS WO rk re m al n S « A.C. Kahler et al., Critical Eigenvaiue Caicuiations of Selected ICSBEP Benchmarks with Various 2Py Evaluated Data Files,
] WONDER 2012, Aix en Provence, France, September 25-28, 2012.
a “work in progress” that will
p g Co-ordinator: Cyrille De Saint Jean
NEA contact: Emmeric Dupont (wpec@oecd-nea.org )
continue under CIELO e
.

il
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The E71fix 1.00581 Calculated Eigenvalues®@ for a Selection of PST Assemblies
K.oc average Using Various 23°Pu Cross Sections
demonstrates that ENDE/BVILL Leal7a RR, nu,,
o - (b) -4.0 b (c) ()
the 8 benchmark Assembly (w/MT18 fix(®) JEFF-3.1.2 JENDL-4.0 Leal7a 'c pfns & e71fix
+ e71
subset reflects the
| | . PST1.4 1.00500 1.00127 1.00588 1.00199 1.00222
arger popu ation. PST4.1 1.00389 0.99907 1.00482 1.00044 1.00035
PST9 1.01930 1.01367 1.02510 1.01543 1.01548
L. . PST12.10 1.00402 0.99973 1.00498 1.00083 1.00060
Data revisions In PST12.13 1.00970 1.00468 1.01069 1.00611 1.00623
the “Leal7a” 23°Pu PST18.6 1.00462 1.00153 1.00557 1.00202 1.00210
evaluated file have PST34.4 1.00254 0.99999 1.00417 0.99922 0.99927
eliminated ~50% of PST34.15 0.99731 0.99563 0.99844 0.99679 0.99727
the |On Standin Average 1.00581 1.00195 1.00746 1.00285 1.00294
. g g a) MCNP calculations are for 50M histories; stochastic uncertainty is ~10 pcm.
kcalc bias ... b) JEFF-3.1.2 and JENDL-4.0 23°Pu only; remaining nuclides are ENDF/B-VII.1
c) “LEAL7a” evaluation provides revised resolved resonance parameters coupled to a joint ORNL/CEA
. evaluated 23°Pu file; remaining nuclides are ENDF/B-VII.1. The “LEAL7a (RR,nu_,pfns)” file couples
... butit's the v.(E) | aining NDF/B-VI (RR.nt5 pns) P
p just these data to the existing ENDF/B-VII.1(fix) 23°Pu file.
ChangeS th at have d) “MT18fix” is removal of 22°Pu(n,f) background cross sections near 1-to-2 keV (Kawano).

the largest impact!
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The LANL “ZEUS”
benchmark suite ...

HMI6

Four configurations of
HEU fuel plates with
varying amounts of
interstitutial graphite plus
a thick radial and axial Cu
reflector

HMF72

Three configurations of
HEU fuel plates with
varying amounts of _
interstitutial carbon steel -

and/or high density i m'"'"' 217500
polyethylene plus a thick

radial and axial Cu

reflector RIRTR

HMF73

One configuration of HEU | 2500 ]
fuel plates plus a thick pimensns n

radial and axial Cu

reflector

IR = 254000
OF = 3.142680
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Some Cu cross section
options ... e5 matn 1329, "'Cu

103 | | | | | |
ENDF/B-V (elemental)
Released in 1978;

Resolved resonance region
from 10 eV to 30 keV (carried
forward from ENDF/B-III);

Uses the Multi-Level Breit-
Wigner (MLBW) resolved
resonance formalism with

102

Cross section (barns)
)
Q
|

File 3 “background” y (ntof)
corrections; 10771  —— (nelscat)
— (n,inelscat)

Capture data was “thinned” — (2,?n}
to reduce file size (from 408 102 il

ints! — (nd
to 48 points!). Egu))

ENDF/B-VII.1 (isotopic) 10 : — ,

| | | | | | |
) _ _ 10° 10% 102 102 10" 10° 10' 10?2 10° 10* 10° 10% 107
mit_ornl isotopic

Energy (eV)

UNCLASSIFIED

Mational Nisclens Securily Administration

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



LA-UR-14-21689

HMI & HEU Benchmarks with CU /.2 Alamos

NATIONAL LABORATORY
EST.1943

Some Cu cross section

options ... e71, merge matn 2925 + 2931, "'Cu
103 | | | | | | ] ]
ENDF/B-V (elemental)
ENDF/B-VII.1 (isotopic) 102 4

Primarily carried forward
from ENDF/B-VI;

The resolved resonance
region is extended to cover
from 105 eV to 99.5 keV
(1989);

—
o
.
|

—

o
oy
|

Resonance parameters

Cross section (barns)
o
o
|

> - . —%n.elscat)
defined using the Reich- —— (n.iznelscat)
Moore formalism. ) - %ﬂf.ﬁn}
10™
mit_ornl isotopic )
10° 5 404 403 2 401 400 4nl a2 103 40t 405 406 407
10~ 10—~ 10~ 10= 10 10~ 10" 10 10° 107 10° 10° 10

Energy (eV)
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Some Cu cross section
options mit_ornl, merge matn 2925 + 2931, "Cu

103 | | | | | | ] | ]
ENDF/B-V (elemental)
ENDF/B-VII.1 (isotopic)
mit_ornl isotopic
Built upon ENDF/B-VII.1

Includes arevised resolved
resonance region whose
upper energy limit is
extended to 300 keV;

—
o
(3%
|

—
o
.
|

Cross section (barns)
= o
N [=]
| |

—
Subsequent revisions (not — Eﬂﬂ:ﬁgt)
part of these analyses) use — (n2n)
the recently defined LRF=7 1072~ o
“Limited Reich-Moore” - Egg))
ENDF-format and allow for 4 '
calculation of detailed 10 I

-
o
(4]
—
(DI_
B
—
[a]
(¥
—
o
[\

| | | | | | | |

-1 0 1 2 < 4 5 6 7
scattering angular 107" 10° 10" 10 10° 10° 10° 10° 10
distributions. Energy (eV)
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HMI & HEU Benchmarks with Cu ;ﬁ%mamos

HMI6 = HEU +
graphite + Cu

HMF72 = HEU +
Fe/(poly) + Cu

HMF73 = HEU +
Cu

K.qc IS biased
high.
Need better Cu

angular
distributions?

Unknown
material
Impurities?

Clearly there is
more to do!

1.0250

1.0200

1.0150

1.0100

1.0050

1.0000

kcalc C/E

0.9950

0.9900

0.9850

0.9800

0.9750

NATIONAL LABORATORY
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k..ic C/E for Cu Reflected Benchmarks with Various Cross Section Data Sets

T T T T
M| < | |
N w 1 1 1
=t sl N |
= | T g 3
I 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

HMI6.1,.2,.3

_:
f

=+=e71 + mit_ornl 63,65Cu
A e r=-""| -x—e71+ ORNL8 235U + mit_ornl 63,65Cu [~~~ i

I S beeoo| ez L boooooes O
- : : W-e71+e5 Cu ' '
feoom=os domooccos t----| 4@-e71+ORNL8235U |---- s e

0 50 100 150 200 250 300 350 400 450

Energy of Average Lethargy causing Fission (EALF), keV
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