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Abstract

We review the results of NCSP sponsored data evaluation and integral
data testing work performed during FY11 at LANL to support development
and release of the ENDF/B-VII.1 Neutron Library.
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Introduction - |

= The ENDF/B-VII.1 General Purpose Nuclear Data File
was released in December, 2011.

* Followed data testing and analyses of several “beta” files
during 2011.

= In parallel, the December, 2011 issue of the Nuclear
Data Sheets contained a number of peer-reviewed
technical papers documenting much of the
underlying work performed to develop these data
files.

* This report summarizes LANL'’s contribution to the data evaluation
and data validation effort of the ENDF/B-VII.1 Library.
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Introduction

Available online at www.sciencediract. com

SciVerse ScienceDirect Nuclear Data
Sheets

Muclear Data Sheets 112 (2011) 2887-2996

—_— Nuclear Data Sheets,
ENDF/B-VIL1 Nuclear Data for Science and Technology: 11 2 3 2888 (20 11) "

Cross Sections, Covariances, Fission Product Yields and Decay Data

M.B. Chadwick,!* M. Herman.? P. Oblozinsk$.? M_E. Dunn.® Y. Danon?® A.C. Kshler.! D.L. Smith.®
B. Pritychenko,® G. Arbanas® R. Areilla.® R. Brewer,! D.A. Brown,>® R. Capote,” A.D. Carlson,®
Y.8. Cho,'® H. Derrien,® K. Guber,? G.M. Hale,! 8. Hoblit.? S. Holloway,! T_D. Johnson,? T. Kawano,!

B.C. Kiedrowski, ! H. Kim,** 8. Kunieda,-'® N.M. Larson.® L. Leal,® J.P. Lestone,! RLC. Little,! We fOCu S O n LAN L
2 A MeCutehan ? R E. MacFarlane ! M. Maclnnes,! CM. Mattoon.® R.D. MeKnight ®
Mluzhnhﬂh.nh 2 G.P.A. Nobre? G. Palmiotti,** A. Palumbo,® M.T. ]’uzm."-4 V.G. Pronyaev,?
R.0. Saver,” A.A. Sonzogni.® N.C. Summers.® P. Talow.! LJ. Thompson,® A. Trkov,®

R.L. Vogt,® 5.C. van der Marck,!! A. Wallner, 2 M.C. White.! D. \\mrd.qﬂ P.G. Young' WO rk beIOW but the
Lny Alamos National Laboratory, Los Alamos, NM 87545 A ]
? Brookhaven National Laboratory, Uptom, NY 11973-5000,
% Qak Ridge National Laboratory, Ouak Ridge, TN 37831-6171, D'SA .
4 Rensselaer Polytechnic Inmstitute, Troy, NY 12180, USA m I V I I n
5 Argonne National Laboratory, Argonne, IL 60439-4842 USA u
® Lawrence Livermore National Laboratory, Livermore, CA 94551-0808, [SA
7 International Atomic Energy Ageney, Vienna-A-1400, PO Bex 100, Austria -
& National Iﬂal\mlc aof Standards and Tc\'.'hrwiog;l Gaithersburg, MDD 20899-8463, USA
e ] St e, e M S, effort was a multi-lab
' Jozef Srcfnr\ Inastitute, Jnmauu 389, 1000 Ljubljana, Slovenia
! Nuclear Research and Consultancy Group, P.O. Boz 25, NL-1755, ZG Petten, The Netherlands
22 Faeulty of Phwuz University of Vienna, Waehringer Strasse ia A-1090 Vienna, Austria -
¥ Koma, Ao Encrgy Resarch Insnt, Dacgeon, Ko and multi-countrv!
** Idaho National Laboratory, Idaho Falls, n 83415, USA and .
I8 Japan Atomic Energy Agency, Tokai-mura Noks-gun, fbaraki 519-1195, Japan
(Received 12 July 2011; revised received 22 September 2011; accepted 17 October 2011)
The ENDF/B-VIL1 library is our latest recommended evaluated nuelear data file for use in miclear science and eﬁo rt
technology applications, and incorporates advances made in the five years since the relesse of ENDF/B-VIL0. These [l
advances focus on neutron cross sections, covariances, fission product yields and decay data, and represent work by
the US Cross Section Evaluation Working Group (C G) in nuclesr data evaluation that utilzes developments in
nuclear theory, modeling, simulation, and experiment.
The principal advances in the new library are: (1) An incresse in the breadth of neutron reaction cross section coverage,
extending from 393 nuclides to 423 nuclides; (2) Covariance uncertainty data for 190 of the most important nuclides, as
documented in companion papers in this edition; (3) H-matrix analyses of neutron reactions on light nucled, including
isotopes of He, Li, and Be; (4) Resonance parameter analyses at lower energies and statistical high energy reactions
far isotopes of CL, K, Ti, V, Mn, C r and W: (5) Modifications to thermal neutron reactions on fission products
(isotopes of Mo, Te, Rh, ¢ ’s, Nd, Sm, Eu) and neutron shsorber materials {C }; (6) Improved minor actinide
evalnations for isotopes of U '\lp Pu, and Am (we are not making changes to the major actinides 282 1] and 9Py
at this point, except for delayed neutron data and covariances, and instead we intend to update them after a further
period of research in experiment and theory), and our adoption of JENDL-4.0
Es, Fm, and some other minor actinides; JI Fission energy release evaluations; | !
fission-spectrum neutrons and 14 ¥ strons incident on 2*Pu; and (9) A new du-a\, data sublibrary.
Integral validation testing of the ENDF/B-VIL1 library is provided for a variety of quantities: For nuclear criticality,
the VIL1 library maintains the gene rall_',- good performance seen for VILO for a wide range of MCNP simulations of
c'rmrahl\- benchmarks, with improved performance coming from new structural material evaluations, especially for
. Mn, Zr and W. For Be we see some improvements although the fast assembly dats appear to be mutually
mc‘cmmz-lcnt Actinide cross section updates are also assessed through comparisons of fission and capture reaction rate
measurements in critical assemblies and fast reactors, and improvements are evident. Macwellian-averaged capture
cross sections at 30 keV are also provided for astrophysics applications.
We describe the cross section evaluations that have been updated for
caleulations that motivated the changes, and therefore this paper sugments the

NDF/B-VIL] and the measured data and
WDF /B-VILO publication [1].
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Muclear Data Sheets 112 (2011) 2997-3036

ENDF /B-VII.1 Neutron Cross Section Data Testing with Critical Assembly

Benchmarks and Reactor Experiments
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(Received 0 August 2011; revised received 21 September 2011; accepted 17 October 2011)

The ENDF/B-VIL1 library is the latest revision to the United States” Evaluated Nuclear Data
File (ENDF). The ENDF library is currently in its nth generation, with ENDF /B-VILO being
released in 2006, This revision expands upon that library, including the addition of new evaluated
files [was 393 neutron files previously, now 423 including replacement of elemental vanadium and
zinc evaluations with isotopic evaluations) and extension or updating of many existing neutron data
files. Complete details are provided in the companion paper [1]. This paper focuses on how accu-
rately application libraries may be expected to perform in criticality caleulations with these data.
Contineous energy cross section libraries, snitable for uwse with the MCNP Monte Carlo transport
code, have been generated and applisd to a suite of nearly one thousand eritical benchmark assem-
blies defined in the International Criticality Safety Benchmark Evalustion Projeet’s International
Handbook of Evaluated Criticality Safety Benchmark Experiments. This suite covers uranium and
plutonium fuel systems in a variety of forms such as metallic, axide or solution, and under a va-
riety of spectral conditions, including unmoederated (i.e., bare). metal reflected and water or other
light element reflected. Assembly eigenvalues that were accurately predicted with ENDF/B-VILO
cross sections such as unmoderated and uranium reflected 51U and 9Py sssemblies, HEU solution
systems and LEU oxide lattice systems that mimic commercial PWR configurations continue to be
accurately caleulated with ENDF/B-VIL] cross sections, and deficiencies in predicted eigenvalues
for assemblies containing selected materials, including titanium, manganese, cadminm and tungsten
are greatly reduced. Improvements are also confirmed for selected actinide resction rates such as

3 L Y A o _
8y, 822 by and #¥5M3 Am capture in fast systems. Other deficiencies, such as the overprediction
233

U

of Pu solution system critical eigenvalues and a decreasing trend in caleulated eigenvalue for
fueled systems as a function of Above-Thermal Fission Fraction remain. The comprehensive nature
of this critical benchmark suite and the generally accurate caleulated eigenvalues obtained with
ENDF /B-VIL1 neutron cross sections support the conclusion that this is the most accurate general
purpose ENDF /B cross section library vet released to the technical community.
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Nuclear Data Sheets,
112, 2997 (2011).

We focus on LANL
work below, but the
complete validation
effort was a multi-lab
(and multi-country!)
effort.
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Introduction

Quantification of Uncertainties
for Evaluated Neutron-Induced Reactions on Actinides
in the Fast Energy Range

P. Talou*, P.G. Young, and T. Kawano
T-2, Nuclear Physics Group, Theoretical Division,
Los Alamos National Laboratory, Los Alamos, NM 87545, USA

M. Rising
Department of Nuclear Engineering, University of New Merico, Albuquerque, NM

M.B. Chadwick
X-CP, Los Alamos National Laboratory, Los Alamos, NM 87545, USA
(Received 12 July 2011; revised received 4 October 2011; accepted 7 October 2011)

Covariance matrix evaluations in the fast energy range were performed for a large number of
actinides, either using low-fidelity techniques or more sophisticated methods that rely on both
experimental data as well as model calculations. The latter covariance evaluations included in the
ENDF/B-VIL1 library are discussed for each actinide separately.

Energy Dependence of Plutonium Fission-Product Yields

1.P. Lestone®!

! Los Alomos National Laboratory, Los Alamos, NM 87545, USA
{Received 1 August 2011; revised received 21 September 2011; accepted 8 October 2011)

A method is developed for interpolating between and/or extrapolating from two pre-neutron-
on first-chance mass-ssymmetric fission-product vield curves. Measured *?Pu spontaneous
fission and thermal-nentron-induced fission of **¥Pu fission-product yields (FPY) are extrapolated
to give predictions for the energy dependence of the n + *"Pu FPY for incident neutron energies
from 0o 16 MeV. After the inclusion of corrections associated with mass-sy etric fission, prompt-
NEULTON ssion, and multi-chance fission, model caleulated FPY are compared to data and the
ENDF/B-VIL1 evaluation. The ability of the model wo reproduce the energy dependence of the
ENDF/B-VIL1 evaluation suggests that plutonivm fission mass distributions are not locked in near
the fission barrier region, but are instead determined by the temperature and mmelear potential-
energy surface at larger deformation.
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Nuclear Data Sheets, 112, 3054 (2011)
Nuclear Data Sheets, 112, 3120 (2011)
Nuclear Data Sheets, 112, 3135 (2011)

The NCSP Program benefitted from an overlap
in interest with the Physics and Engineering
Models (PEM) element of DOE’s Advanced
Simulation and Computing (ASC) Program.

Fission Product Yields for 14 MeV Neutrons on “*U, **1J and **Pu

M. Mac Innes*, M.B. Chadwick, and T. Kawano!

! Los Alamos National Laboratory, Los Alamos, NM 87545, USA
{Reeeived 24 June 2011, revised received 22 September 2011; accepted 14 Oetober 2011)

We report enmulative fission product vields (FPY) measured at Los Alamos for 14 MeV neutrons

n S50, 817 and 2**Py. The results are from historical messurements made in the 1950s-1970s,
|n}t. previously available in the peer reviewed literature, although an early version of the data was
reported in the Ford and Normris review. The results are compared with other measurements and
with the ENDF/B-VI England and Rider evaluation. Compared to the Laurec (CEA) data and
to ENDF /B-VI evaluation, good agreement is seen for U and *U, but our FPYs are generally
higher for ***Pu. The reason for the higher plutonium FPYs compared to earlier Los Alamos
assessments reported by Ford and Norris is that we update the measured values to use modern
muelear data, and in particular the 14 MeV Py fission cross section is now known to be 15-20%
lower than the value assumed in the 1950s, and therefore our assessed number of fissions in the
plutonium sample is correspondingly lower. Our results are in excellent agreement with absolute
FPY measurements by MNethaway (1971), although Nethaway later renormalized his data down by
9% having hypothesized that he had a normalization error. The new ENDF/B-VIL1 14 MeV FPY
evaluation is in good agreement with our data.
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ENDF/B-VII.O Deficiencies Addressed

- 238,240Pu
- Mlnor actlnldes (236,237,239U’ 237Np’ 242Pu’ 241,243Am)

= Light Elements (Astrophysics, Capture Cross Sections)
s Structural materials (Ti, V, Mn, Cr, Ni, W)

m Fission Product Yields (FPY)

s Covariances (Fast Energy Range, Actinides)
= Thermal Kernel Processing for MCNP

= NOTE: Major actinide (235238U, 239Pu) evaluations are
unchanged (except for reverting to ENDF/B-VI.8 DN data)

° Loos Alaomco)s
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Minor actinides LA-UR-12-26244
(236,237,239U 237Np 242pu 241,243Am)

= Revised fission and capture cross section
evaluations based upon integral data testing
feedback.

= LLNL surrogate data used to update the %3°U
evaluation.

= Much of the basic re-evaluation work pre-dates 2011;
Integral data testing has occurred in 2010 & 2011 ...

» Los Alamos
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238 — LANL Integral Reaction Rate Data
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FIG. 57: The ratio of the EE"‘E‘U{n,ﬂnjl reaction rate to the 23°1J — 238U ¥ L2350 F} - Flatiog-Fu, Caloulabed
fission rate is plotted against the ratio of the ***U fission rate 288U [ny)2BEU ]} - easbel, Colcuiahedd
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to the “ U fission rate (spectral index) for different positions 0.1 1
(with central positions to the right and positions in the reflec- 238U (n,f)/25U(n,f)

tor to the left).
FIG. 58: The integral **U neutron capture rate (divided by
the 235U fission rate) as a function of spectral index for dif-
ferent ertical assembly locations.
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24IAm — LANL Integral Reaction Rate Data

1.0E+D0
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% - See Chadwick et al
2 paper for additional
£ results ...
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- # JALAmijny | 242p8m 2390 n 4} - Jepebed, Calculated

=20(n,f) / #5U(n,f)

FICG. 93: The integral ' Am neutron capture rate (divided
by the *Pu fission rate) as a function of spectral index for
different eritical assembly locations. In this case the mea-
surements, which detect the ***Cm are divided by 0.827 to
account for the fraction of 2'2¢ Am that beta decays to **Cm.
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Light Elements — 3He, °Be, "aC, 160
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FIG. 10: Neutron capture on “Be. The red curve is ENDF /B-
VIL1, the black curve 15 ENDF/B-VIL0, and the circles are

FIG. 4: Neutron capture on “He. Compared are cross sec-

tions in ENDF/B-VIL1 (red curve) with those in ENDF /B- measured values.
VILO (black line), and with experimental data from n+"He . . ey .. .
capture (green triangles) and inverted v+'He photodisinte- This work initiated after deficiencies

gration (blue circles). were noted by NNDC staff for 30

.. keV Maxwellian averaged capture
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Light Elements — 3He, °Be, "aC, 160
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FIG. 11: Neutron capture on "**C. Compared are cross sec- FIG. 12: Neutron capture on 60, Compared are cross sections
tions in ENDF /B-VIL.1 with ENDF /B-VILO0. in ENDF/B-VIL1 with ENDF /B-VIIL.0.
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Structural materials LA-UR-12-26244
(T1, V, Mn, Cr, NI, W)

= Ti— Revised “Ti evaluation (ORNL and LANL), based upon
reported k4 bias in critical assembly testing (next presentation),
new ORNL RR evaluation and new LANSCE data.

s V —Replace an elemental evaluation with isotopic evaluations
(use JENDL-4.0 for the minor isotope, °%V). °1V updated to
account for new gas-production data and modern reaction code
calculations.

= Mn — Update the 1988 evaluation (ORNL and LANL) to account
for new (n,2n) and (n,y) data and advanced reaction codes.

m 50.525354Cr 58.60Nj — ORNL revisions in the resolved resonance
region; LANL revisions to high energy a production.

= W - Update old (~1980 for ENDF/B-V) isotopic evaluations
accounting for new data, advanced reaction models and integral

| data testing feedback; include missing 80w,
» Los Alamos
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*8Ti Angular Distributions;

Cr, NI Alpha Production
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Neutron Incident Enargy [MaV/]

a function of neutron incident energy.

48Tj - Revert to more forward

peaked elastic scattering
angular distributions, as in

older evaluations.
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1 component of the Legendre expansion
coafficients for the differential elastic scattering from 4Ti, as
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FIG. 35 Caleulated alpha production cross section for neu-
trons on chromium, compared to Haight's data from LAN-
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FIG. 36: Caleulated alpha production erass section for neu-
trons on **Ni, compared to Haight's data from LANSCE.
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FIG. 37: Calculated alpha production eross section for neu-
trons on ™ Ni, compared to Haight's data from LANSCE.
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From ENDF/B-VII.O to ENDF/B-VII.1
Quantify Uncertainties with Evaluated Data

= LANL, T-2work on major actinides in the fast energy range

= Included:
« Cross-sections for most important reactions; e.g., (n,capture), (n,fission),
(n,2n), etc

e Prompt fission neutron spectra and multiplicities for 23°Pu, 23°U and 238U
thermal

= Model calculations using T-2 nuclear reaction codes (e.g., CoH,
GNASH, PFNS, ...) + covariance analyses of experimental data +
Bayesian statistics to combine both experiments and theory into
evaluated files.

s Full documentation in
“Quantification of Uncertainties for Evaluated Neutron-Induced Reactions on Actinides
in the Fast Energy Range”, P.Talou, P.G.Young, T.Kawano, M.Rising, and
M.B.Chadwick, Nuclear Data Sheets 112, 3054 (2011).
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Thermal Kernel Processing for MCNP

m Processed all thermal kernel data files in the ENDF/B-VII.1
library; documented in LA-UR-12-00800.

e Use NJOY and create “continuous” kernel files.

* Requires use of MCNP5.1.50 or later.

— File format is unchanged, ®, and so older versions of MCNP will execute but
yield incorrect results.

— “Continuous” files are significantly larger than previous “discrete” files but have
little impact on k., runtime calculations.

= New thermal data for ENDF/B-VII.1 is Si in SiO.,.

= Will be part of the nuclear data library included with the next
MCNP release.

» Los Alamos
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LANL Data Validation Work

= Mostly ICSBEP Benchmark Eigenvalue Calculations using
MCNP5

« All data files were processed into ACE format using NJOY.
* Linear-linear interpolation tolerance set to 0.1%.
e Only room temperature (INL used 900K & 1500K data).

s ICSBEP Nomenclature Reminder — XXX-YYY-ZZZ-###
o XXX =Fuel (HEU, IEU, LEU, Pu, MIX(U/Pu), U233, SPEC).
* YYY = Fuel Form (MET (metal), COMP (compound), SOL (solution)).
o ZZZ = Spectrum (FAST, INTER, THERM).
o ### = sequential index.

» Los Alamos
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LANL Data Validation Work

s ICSBEP usefulness is extended by using multiple benchmarks
where an easily measured attribute varies

« HMF7 — ORNL experiment with HEU plates and polyethylene.

— Multiple cases with varying polyethylene causes systematic change in average
fission energy

« HMF66 or HMF77 — LLNL experiments with varying amounts of Be

e HMF34, HMF79, HMM15 — Russian experiments with Titanium and
polyethylene
— Tiis axial reflector (variable thickness) or diluent with varying polyethylene

— Other HEU/HMM or other fuel systems with varying structural materials and
polyethylene (Al, V, Fe, W)

» Los Alamos
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LANL Data Validation Work

s Three Types of Results

 “Do No Harm” — If we had accurate eigenvalue predictions with
previous cross section files, are we still accurate?

— Maybe no change to the important data files, or have eliminated cancelling
errors.

« |f we had poor results before, have we made changes (consistent with
the underlying microscopic data!) that lead to improved eigenvalue
predictions?

* |f we had poor results before, and have made no changes in the important
Cross sections, are the previous results confirmed?
— At least we have processed the basic nuclear data files in a consistent manner.

» Los Alamos
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A “Do No Harm” Example - FAST

1.0250
1.0200 Open Scjuareé
C HMF1 HMF28  CIMF7d PMF1 PMF2 PMF6 PMF8 CUMF1 UMF6 are E71’ SOlId
1.0150 :— (Godiva) Fgl;)ttop (Big-10)  (Jezebel) gi[z]?bel S'I::’Iji)rtop (Thor) ggz;ebel gga}ttop — Squ ares are
1.0100 | E7O
1.0050 : . .
w : . 1 LANL Historical
© 1.0000 —j = + + - — Critical
[ B .
09050 | Assemblies
0.9900 ; .
: Previous good
0.9850 [ results are
0.9800 | retained (as
: expected).
09750 *©
°h?§,ﬁ|§m8§ UNCLASSIFIED Slide 20
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A “Do No Harm” Example - THERMAL

1.0250 | |
| | mHsT1 oHST9 . HSTIO
1.0200 [ | OHSTI1 < HSTI2 e HSTI3
| mHST32 & HST42 @ HST43
1.0150 | @ HSTS0 —Fit
1.0100 |
W 1.0050 }
S '[ Ly 3 | I
> 1.0000 |
[ |
= i l ¢ '{]
0.9950 [
0.9900
0.9850 i o
0.9800 [
og7so b o 1 L . . 1.1
0.00 0.10 0.20 0.30 0.40 0.50 0.60

Above-Thermal Leakage Fraction (ATLF)
» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED

E71 Regression
Coefficients are
identical to
those obtained
with E70 Cross
Sections.

Previous good
results are
retained (as
expected).
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(44 - 77
Improved (“Goldilocks”) Example
1.0250
1.0200 | & HMF79.1 -m HMF79.2 Ti bearing
| 0150 : = HVF79.3 -m-HMF79.4 assemblies
. 4+HMF79.5 —-HMF34.1
1.0100 HMM1 —--HMM15 ENDF/B-VI8
w 10050 Is “too cold”
‘-3: 1.0000 f
5 IS “too hot”
0.9900 |
0.9850 | ENDF/B-VII.1
09800 | IS “just right”!
0.9750 L
E68 E70 E71
Cross Section Data Set
Jh?iﬁlﬁmgé UNCLASSIFIED Slide 22

EST.1943

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 1R l'b@gj
N A A4



LA-UR-12-26244

W Bearing Assemblies — Another Success

1.0250 [ ‘ ‘
i --HMF49.1 -®-HMF49.2
1.0200 | B HMF49.3 - HMF50 E71 Calculated
i HMM17 PMF5 Eigenvalue
1.0150 —-UMF4.1  =<UMF4.2 J i
: Spread is signifi-
1.0100 |
: cantly reduced
1.0050 compared to E70
LLI 1.0000 f or EGS.
-~ i
© 09050 | |
F0.9900 | R_ewsed W evalu—.
: ations were contri-
0.9850 g buted to the
0.9800 1 ENDF/B commu-
0.9750 t nity by the IAEA.
E68 E70 E71
Cross Section Data Set
J!;?g,ﬁ'gmgé UNCLASSIFIED Slide 23
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A Large Variation in Energy

1.0250 | | | | |
1.0200 - W25.4 cm x 25.4 cm HEU/poly
i m12.7 em x 25.4 cm HEU/poly
1.0150 | W 12.7 cm x 25.4 cm HEU/poly w/12.7 cm poly refl
1.0100 |
1.0050 | -
Ll i g = - il -
— - ) |
O 1.0000 | [ = | . 1 & 4 L
5 | "
X 0.9950 |
0.9900 }
' ENDF/B-VII.0 ENDF/B-VII.1
0.9850 [25.4 cm x 25.4 cm HEU/poly: 1.0017(16) 1.0017(18) -
F12.7 cm  x 25.4 cm HEU/poly: 1.0028( 8) 1.0026( 7)
09800 H12.7cm x25.4 cm HEU/poly w/12.7 cm poly refl:  1.0027(13) 1.0025(13) ||
' All cases: 1.0022(14) 1.0021(15)
0.9750 k - . ] -
1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06
Energy of Average Neutron Lethargy Causing Fission, eV
» Los Alamos

NATIONAL LABORATORY
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HMF7 (ORNL)

Moderation
via varying
amounts of
CH, placed
between and
surrounding a
set of HEU
plates.

E71 (or E70)
eigenvalues
are about 300
pcm larger
than EGS8.
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Poisoned Solution and Lattice Systems - |

1.0250

1.0200

1.0150

1.0100 |

1.0050

1.0000

0.9950

0.9900 |

0.9850 |

0.9800

0.9750

W ENDF/B-VII.O
W ENDF/B-VII.1
# Cd Abs - Soln

s Los Alamos

NATIONAL LABORATORY

EST.1943

3456 7 8 9 1011 12 13 14 15 16 17 18 19 20 21
HEU-SOL-THERM-049 Case Number

UNCLASSIFIED

0.16

0.14

0.12

0.10

Cadmium in Solution Absorption Fraction

Large
variation in
calculated
eigenvalues,
but in
general E71
based

results are
superior to
E70.
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Poisoned Solution and Lattice Systems - |l

1.0200 = _ (LCTZ) calc-
10150 | I B U s ulated eigen-
: = valueis
1.0100 } * R=,
: 0.200 "= about 200
- - .
x”’1'0050 2 R b i b < pcm less.
w 1.0000 | — - L. - l 0150 €
— [ T T \ 4 i = )
O 0.9950 | ’ | = gotentlal |
- : ecrease In
0.9900 [ 0100 2
: < Gd absorp-
0.9850 F mENDF/B-VII.0 T .
C mENDF/B-VII.1 | 0.050 © tlon WOUId
0.9800 : ¢ Gd abs right axis) | make th|S
0.9750 E—d . 1 0.000 comparison
0o 1 2 3 4 5 6 7 8 9 10 1M1 12 even worse.
LEU-COMP-THERM-005 Case #
‘Los Al
JNA?&IALLgmgé UNCLASSIFIED Slide 26
OperatedE:);‘E:s Alamos National Security, LLC for the U.S. Department of Energy’s NNSA &MJ"Z."D@%



LA-UR-12-26244

Poisoned Solution and Lattice Systems - |l

1.0250 ¢ 0.020
EMENDF/B-VII.O | LCT79
1.0200 -VII.
: ® ENDF/B-VII.1 | Calculated
1.0130 [ ¢ 103Rh abs (right axis) ¢ L 5 Eigenvalues
1.0100 | o g
5 T UO, lattice
o 1:0050 | - 2
. i | & assembly
w O F % K - 1“7 2 with varying
¢ 09950 | % amounts of
0.9900 | L + < 1%Rh (a
: 0005 & fission
0.9850 i’ =
: - = product
0.9800 | _ pOiSOﬂ).
09750 E——8——¢ —e 0.000
o 1 2 3 4 5 6 7 8 9 10 11
LEU-COMP-THERM-079 Case #
-
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Where We Need More Work - Lead

1.0250

1.0200

1.0150

1.0100 |

1.0050 |

ko C/E

0.9950
0.9900
0.9850
0.9800

0.9750 L

1.0000

WICT2

W LCT10- Lead

W LCT10 - deplU
LCT10 - Steel (Fe)

LCT1
W LCT17 - Lead
W LCT17 - deplU
W LCT17 - Steel (Fe)

WLCTV
WLCT27 - Lead

s Los Alamos

NATIONAL LABORATORY

EST.1943

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

UNCLASSIFIED

Water modera-
ted attice
systems with and
without metal
reflectors.

Steel (Fe) and
deply results are
good; Pb results
are pootr.

HMF with Pb is
also poorly
predicted.

Slide 28

T YA a3
N AR A



Pu Solution Systems

1.0250
1.0200 |
1.0150
1.0100 | C
i =] =
Ly 10050 f
— |
O 1.0000 F
q‘-: |
D [
=< 0.9950 |
F oPST1 mPST2 ©PST3
0.9900 s mPST4 o PST5 mPST6
B mPST7 PSTS  =mPST10
0.9850 i mPST11 ®=PST12 ©PST18
09800 || ®PST22 =PST28 mPST32
[ | =PST34
0.9750 b e

000 005 010 015 020 025 030 035 040 045

Above-Thermal Leakage Fraction, ATLF
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Calculated
Eigenvalues
are historically
biased high by
500 pcm or so;
no change, as
expected, in the
current results.

This is the
subject of a
WPEC Sub-
Group
(ORNL/LANL/
ANL/Europe).
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233U Intermediate and Thermal Systems

1.0250

® USI1/Poly

: ® o usn/Be A long-standing
1.0200 [ ® UsI1/Be&Poly W UST15/Be ) )
i B UST15/Poly W UST15/Be&Poly bias in calcu-
1.0150 } z ® UST, Bare B UST, Water Reflected H |ated elgen_
[ ® UCT1, Lattice OUCT4, Lattice T
1.0100 | 3 values; little
i o i
Looso | Lad 3 change in E71
w : 0 ° ° results.
O 10000 —!. ° a
5 ! ° E e n® m %
~ 0.9950 | . iﬂ l.. = o.—. Black circles are
i | e o o
v | MY UCT (LWBR)
: TR . ® o related; a
09850 I JCYON", successful
| . .
0.9300 | : .é—'— though little
I S N T R I . . publicized NR
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 080 program); were
Above-Thermal Fission Fraction, ATFF we lucky?
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LANL Data Testing Conclusions

s Good E71 Calculated Eigenvalues for FAST (HEU, Pu, %33U; Bare
and natU Reflected) Systems (as expected)

= Good E71 Calculated Eigenvalues for HST Systems (as
expected)

s Good E71 Calculated Results for Uranium Systems from FAST
to THERMAL

e Accurate CH, and Ti/CH, results.

s Good E71 Calculated Eigenvalues for LCT Systems
e Accurate Steel (Fe) and %rlU reflected system calculated eigenvalues.
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LANL Data Testing Conclusions

= But we’re not done yet!
« FAST and THERMAL Pb reflected system calculated eigenvalues exhibit
large scatter (biased both high and low).
* Pu solution system calculated eigenvalues are biased high.
— Along-standing unresolved issue.
e 233y thermal and intermediate spectrum calculated eigenvalues exhibit a
significant trend with Above-Thermal Fission Fraction.

* Unresolved questions remain with respect to the true thermal absorption
cross section for 155Gd.

— Microscopic data from RPI supports a decreased value; integral data testing
supports the current value or a small increase.

« Variation in Be reflected system’s k. is large and not fully understood.

« Differences among ENDF/B, JEFF and JENDL even though all libraries
yield generally accurate k_,,. values.
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