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Abstract

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

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

e 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.

e This report summarizes LANL's contribution to the data evaluation
effort of the ENDF/B-VII.1 Library.
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Nuclear Data Sheets,

112, 2888 (2011).

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

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

J.P. Lestone®!

'Los Alomos National Laboratory, Los Alomos, 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-asymmetric 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 from the Advanced Simulation and
Computing (ASC), Physics and Engineering
Models Program (PEM).

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

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

'Los Alamos Nalional Laboratory, Los Alsmos, NM 87545, U'SA
(Received 24 June 2011, revised received 22 September 2011; accepred 14 October 2011)

We report cumulative fission product yields (FPY) measured at Los Alamos for 14 MeV neutrons
on 51U, ***U and *Pu. The results are from historical measurements made in the 1950s-1970s,
not previously available in the peer reviewed literature, although an early version of the data was
reported in the Ford and Norris 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
muclear 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 measure : by Methaway (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.0 Deficiencies Addressed

s 238,240py
= Minor actinides (236:237.239), 237Np, 242py, 241,243Am)

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

= Fission Product Yields (FPY)

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

= NOTE: Major actinide (23°238U, 239pPu) evaluations are
unchanged (except for reverting to ENDF/B-VI.8 DN data)

» Los Alamos
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238,240P

= Updated old (1978, 1986 respectively) evaluations
previously carried forward from ENDF/B-V or -VI

x Mix of modern GNASH calculations and recent
experimental data

= This work performed prior to 2011 and has been
discussed previously.

° Loos Alaomco)s
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Minor actinides LA-UR-12-20003
(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 23°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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235,237y — LANL Integral Reaction Rate Data
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FIG. 56: MCNP calculated **"U fission reaction rate (in ra-
tio to the well known »**U fission rate) compared with mea-
surements, for samples placed in the Flattop-25 fast critical
assembly at LANL. Two measurements were made by Barr,
one in the (hot) center, and one in the (softer) tamper region.
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238 — LANL Integral Reaction Rate Data
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FIG. 58: The integral >**U neutron capture rate (divided by
the *¥°U fission rate) as a function of spectral index for dif-
ferent critical assembly locations.
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241,243 Am — LANL Integral Reaction Rate Data
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FIG. 931: The integral 1 A m neutron capture rate (divided 232(n,f)/2=U(n,f) Spectral Index
by the *Pu fission rate) as a function of spectral index for
different eritical assembly locations. In this case the mea- FIQ. 07 Measured reaction rate ratios for

surements, which detect the **Cm are divided by 0.827 to Y Am(n~)/*Y"Am(n~)***Am compared to LANL ra
account for the fraction of *'*? Am that beta decays to **Cm.  diochemistry critical assembly data [162] and to PROFIL
reactor data. The LANL measurements are in Flattop-25,
located at 1.4, 6 and 11 cm from the center, where ratio
values were measured to be 090, 0.92, 1.0, and 1.2 with

uncertainties of about 25%,.
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LA-UR-12-20003

= Replace many (59) minor actinide evaluations with
JENDL-4.0 data

e Include missing MT=458 (components of energy release due to
fission) data with LLNL / Ramona Vogt evaluation.

» Los Alamos
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Light Elements — 3He, °Be, "atC, 160
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FIG. 10: Neutron capture on “Be. The red curve is ENDF /B-
VIIL.1, the black curve 13 ENDF/B-VIL0, and the crcles are

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

tions in ENDF /B-VIL.1 (red curve) with those in ENDF /B- measured values.
VIL.O (black line), and with experimental r] ita from n+"He ; . e . . )
capture (green tllmn'lLﬂ and inverted v+'He photodisinte- This work initiated after deficiencies

gration (blue circles). were noted by NNDC staff for 30
keV Maxwellian average capture
» Los Alamos
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Light Elements — 3He, °Be, "atC, 160

1[]-1 E“""I ke Binte Mt e el el e Il kel I MLk I~
ENDF/B-VII.O
— ENDF/B-VII.1

—— ENDF/B-VIILO
— ENDF/B-VII1

>
O
—
=
—

Cross Section (b)
Cross Section (b)
Eﬁn‘

2

1[]—? LA B B | '_'""'I L BN IR B L L | -||||||i povumd yovwd iuel |_|||||i poomd voond pvvoml o rvmel v 3o o |||li-
({0 S (VR [/ R [V i0° 10° L[ v R 1 R (1 10° 10°
Incident Neutron Energy (MeV) Incident Neutron Energy (MeV)
FIG. 11: Neutron capture on nat Compared are cross sec- FIG. 12: Neutron capture on 1650, Compared are cross sections
tions in ENDF /B-VIL.1 with ENDF /B-VILD. in ENDF/B-VIL1 with ENDF /B-VILO.
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Structural materials LA-UR-12-20003
(T1, V, Mn, Cr, Ni, W)

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

= V — Replace an elemental evaluation with isotopic evaluations
(use JENDL-4.0 for the minor isotope, 5%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 50.5253,54Cy 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 18°W.

» Los Alamos
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48Ti Angular Distributions;

Cr, Ni Alpha Production
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FIG. 15: The L = 1 component of the Legendre expansion

coefficients for the differential elastic scattering from *27Ti, ss
a function of neutron incident energy.

48Ti - Revert to more forward
peaked elastic scattering
angular distributions, as in
older evaluations.
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FIG. 36: Caleulated alpha production cross section for neu-
troms on 2 Ni, compared to Haight's data from LANSCE.

25{!_—
C EONi(n e}
200/ -
C -
-
gm_— . I
* F g
1af— o
r £
o 7{ - — - ENDFEMILD
sal— [ g — enEmlL
o MR 1 R B
% 50 T 50

Neustran Energy (Mev)

FIG. 37: { alculated alpha production cross section for neu-
trons on ® Mi, compared to Haight's data from LANSCE.
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= Revisions performed at BNL by Said Mughabghab
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Fission Product Yields (FPY)

s 239Py
O T T T A mhmaC  Thermal FPY data are
[ 2%y PPy ) [~ 0.5MeV
. [ [ 20Mev . unchanged
-' __ _  Fission and 14 MeV

.' energy FPY’s are revised
_ | | I — Fission energy includes
01 | _ __ 0.5 MeV and 2.0 MeV

| ' : incident neutron energy
e Documented in

Chain Yield (%)

0.01 | ' ' ! ! . . - Chadwick et al, Nuclear
6D 80 100 120 140 160 1680 200 Data Sheets, 111’ 2923
Mass Number (2010). -

. Fn - T — 14 MeV results docu-
FIG. 101: A-Chain yields for n+="Pu mmn ENDF/B-VIIL1. .
Thermal yields are unchanged from ENDF/B-VI. mented in Maclnnes Qt
al, Nuclear Data Sheets,

112, 3135 (2011).
» Los Alamos
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= “Based upon unfavorable feedback there is evidence
to suggest that the ENDF/B-VII.0 delayed neutron
data are not as reflective of physical reality as the
earlier ENDF/B-VI1.8 delayed data”.

» Los Alamos
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From ENDF/B-VII.0 to ENDF/B-VII.1 HR12:2000
Quantify Uncertainties with Evaluated Data

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

= Included:

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

* 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.

= 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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Prompt Fission Neutron Spectrum, n, +**°Pu

“Uncertainty Quantification of Prompt Fission Neutron Spectrum for n(0.5
MeV)+239Pu”, P.Talou, T.Kawano, D.G.Madland, A.C.Kahler, D.K.Parsons,
M.C.White, R.C.Little and M.B.Chadwick, Nucl. Sci. Eng. 166, 254 (2010).
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Thermal Kernel Processing for MCNP

s Processed all thermal kernel data files in the ENDF/B-
VIl.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.
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