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ENDF/B-VIIl on track for late FY17
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ENDF/B-VIII highlights

= CIELO:
« 160
« Fe
o 235
o 23
. 239py

= Neutron

standards
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= Structural
materials:
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ENDF/B-VIII highlights, continued

= Charged * Decay data: * Thermal
particles: + 93.9596Rp Scattering:
« p+d, p+7Li, p+a, + BGr « Be(metal)
p+13C, p+227Pb . 8283Ge . UO, (x2)
* d+Li o 95.98,98m.9%y « Regular & reactor
o t+a, t+7Li .+ 88,89,9091Br graphite
« 3He+a, *He+3He e 90K « BeO (x2)
« ata o« 140,141Cg « Polyethylene
= EPICS2014: + 1*%Ba + Si0; (x2)
. photoat . 143,144,145| 5 « SiC
= eleclrons + Sb * Lucte
= atomic_relax + *
« Water: H,0 & D,0O
(x2)
« Water Ice |h (x2)
« YH.,(x2)
BROOKHRVEN

Brockhaven Science Associates NATIONAL LABORATORY



What has changed since ENDF/B-VII.17?

s CIELO evaluations These are what
. most users care
s [SL evaluations

about
= Many other ENDF
evaluations

n V&V, QA
= New format
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What has changed since ENDF/B-VII.17?

s CIELO evaluations
s [SL evaluations

= Many other ENDF But many other
: applications need
evaluations

these
s V&V, QA
= New format
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What has changed since ENDF/B-VII.17?

s CIELO evaluations
s [SL evaluations
= Many other ENDF

evaluations This is how we
= V&V QA } Insure good
performance

= New format
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What has changed since ENDF/B-VII.17?

s CIELO evaluations
s [SL evaluations

= Many other ENDF
evaluations

V&V, QA

This is how we
s New format

prepare for the
future
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ENDF/B-VIII.O

s CIELO evaluations

s | SL evaluations

= Many other ENDF
evaluations

s V&YV, QA
x New format
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CIELO:
Rationale ....

Nuclear data are physical constants — there’s only one correct answer!
And they are used as a trusted repository for scientific data

- Existing ENDF, JENDL, JEFF, .... have reached a level of maturity enabling us to
contemplate this next step — they’re already converging!

Quality: advances will benefit from collaboration of world’s experts
- Evaluations are extremely complex, with very broad scope
 We are relying more on complementary expertises

Computational & sens./covariance advances can expedite advances
We have experts in place to do this (including key retirees)

Build on steps already taken through international collaborations
IAEA/WPEC Standards ... IAEA CRPs, NEA WPEC Working Groups .....

A
AN
. Los Alamos Slide from M. Chadwick, NEMEA 7 Workshop, Geel, Belgium 2013
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Progress in Modeling Criticality in ENDF

“Mosteller” suite of 119 critical assemblies
that we track over time (MCNPG6 calculations)
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ENDF Version

Diminishing returns: it is increasingly difficult to improve
our overall performance using the present approaches
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CIELO isotopes

= 1H __ LANL Lead, later realized need for H2O TSL,
= 160 | NIST to discuss 1H

= 56Fe — BNL Lead — Gustavo Nobre to discuss
(and by extension, all components of steel)

= 235U

— |IAEA Lead, NIST to discuss
= 238U |

= 239Pu — LANL Lead

13



ENDF/B-VIIL.0, with NEW covariances

Neutron

2H Standards CIELO
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160

Astrophysical impact 161 | _ Worddata—— _ Sopac
(capture & 13C(a,n))

= 1/3 of light or heavy
water

" R-matrix fit from LANL

= Disagreements over
how samples prepared
In legacy experiments
made for contentious
evaluation
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239Pu

= | ANL
evaluation

= Harder
spectrum
improved
modeling of
solution
assemblies,
resolving long-
standing
problem
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ENDF/B-VIII.O

s CIELO evaluations

s TSL evaluations

= Many other ENDF
evaluations

s V&V, QA
» New format
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Light water

From Centro Atbmico Bariloche,

Argentina

Found in all solution assemblies

PWR and LWR need

High temperature behavior in 34 led
to predicted (and scary) increase in

reactivity; resolved in 35

Total cross section per H,O molecule (b)
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Graphite

From A. Hawari’s group at North
Carolina State Univ.

Crystalline “ideal” graphite
Porous “reactor-grade” graphite

Hexagonal lattice not supported by
LEAPR module in NJOY; needed
custom evaluation tools

Legacy LEAPR/NJOY assumes all
solids are cubic lattice

Two forms of graphite in library may
cause bookkeeping troubles
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ENDF/B-VIII.O

s CIELO evaluations
s [SL evaluations

= Many other ENDF
evaluations

s V&V, QA

= New format
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241Am

= T. Kawano evaluation using CoH

» Tuned to all available data
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New & updated charged particle reactions
to be discussed by lan Thompson

Target: p d

t h o 6L

ENDF/B-VII.1
unchanged
IIIIIHHHIIIII

Unchanged;

upgrades planned

“Li
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ENDF/B-VIII.O

s CIELO evaluations
s [SL evaluations

= Many other ENDF
evaluations

s V&V, QA
= New format
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Progress in Modeling Criticality in ENDF

“Mosteller” suite of 119 critical assemblies
that we track over time (MCNPG6 calculations)
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Diminishing returns: it is increasingly difficult to improve
our overall performance using the present approaches

Slide from M. Chadwick, NEMEA 7 Workshop, Geel, Belgium 2013



Fast LANL test suite

1.0075
= Qur “go to”
suite for a [
quick check of OO0 I
library quality o | | | :
R LR @] Y S Godiva
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Combined critical assembly performance
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ENDF/B-VIII.O

s CIELO evaluations
s [SL evaluations

= Many other ENDF
evaluations

s V&V, QA
= New format
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FUDGE and GND(S) information are
available in several places

* https:/www.oecd-nea.org/science/wpec/sg38/
« “Detailed requirements for a next generation nuclear data structure’;
« “Specifications for the next generation nuclear data hierarchy”
« “Requirements and specifications for a particle database”
« “General purpose data containers”

= https://ndclix4.bnl.gov/gf/project/gnd/

« Fudge 4.2.1
- Allows to translate ENDF-6 <& GND (V1.7)

= http://www.nndc.bnl.gov/endf/b7.1/
« ENDF/B-VII.1 translated into GND

= http:/www.nndc.bnl.gov/endf & IAEA NDS

o Built into ENDF retrievals

. : . BROOKHAVEN
Slide based on slide from F. Malvagi 08 NATIONAL LABORATORY


http://www.nndc.bnl.gov/endf

FUDGE and GND(S) information are
available in several places

* https:/www.oecd-nea.org/science/wpec/sg38/
« “Detailed requirements for a next generation nuclear data structure’;
« “Specifications for the next generation nuclear data hierarchy”
« “Requirements and specifications for a particle database”
» “General purpose data contain =z temoc

= https:/ndcix4.bnl.gov/gf/prce EBNUHF ENDF/B-VIl.1 Evaluated Nu
« Fudge 4.2.1 S ’

The Cross Section Evaluation Working Group (CSEWG) released the ENDF/B-VIL. 1 library

The ENDF Format » on December 22, 2011, The ENDF/B-VIL 1 library is our latest recommended evaluated
- Allows to translate ENDF-6 « e cseus cotavoraton

nuclear data file for use in nuclear science and technology applications, and incorporates
advances made in the five years since the release of ENDF/B-VIL0, including: many new
ENDF/B-VIL1 evaluation in the neutron sublibrary (423 in all) and over 190 of these contain

ENDE/B-VIL1 Home covariances, new fission product yields and a greatly expanded decay data sublibrary.

= http://www.nndc.bnl.gov/e s

Download Library

- ENDF/B-VII.1 translated into &

Other formats » | ACE Formatted File ontents of the ENDF/B-VIL.1 library, with ENDF/B-VIL.0 and ENDF/B-
5 1arison. NSUB stands for the sublibrary number in the ENDF-6 format.
n // / Library Development GND Formatted Files a0 columns are the number of materials (isotopes or elements).
| | = =
H Ref ? - =il
ttp:/www.nndc.bnl.gov/e were-

o Built into ENDF retrievals

Library summary

, _ , BROOKHRVEN
Slide based on slide from F. Malvagi 29 NATIONAL LABORATOR)


http://www.nndc.bnl.gov/endf

GND is under active development, stable
version due with END/B-VIII.O release

@ Standard M Particle properties:
transportable @ atomic_relax/
particles: @ decay/
= alphas/ @ Atomic physics:
= deuterons/ = electrons/

@ gammas/ = photoat/
« helium3s/ [] Fission product
@ neutrons/ yields
@ protons/
o nfy/

= standards/

sfy/
= thermal scatt/ = sty

= tritons/

BROOKHRVEN
30 NATIONAL LA [ R



Paper Status

Each ENDF/B
release is
documented in
an NDS special
ISsue

ENDF/B-VII.0 contains 393 neutron evaluations;
1764 citations since 2006 (Google Scholar)

ENDF/B-VII.1 contains 423 neutron evaluations;
1253 citations since 2011 (Google Scholar)

NATIONAL LABORATORY

Broockhaven Science Associates



Paper Status

Each ENDF/B
release is
documented In
an NDS special
ISsue

Not shown:

* Neutron standards
(in revision),
o 235238 (w/ referees)

Brockhaven Science

ENDF/B-VIII.O:
in revision

ENDF /B-VIILO: The 8 Major Release of the Nuclear Reaction Data Library
with CIELO-project Cross Sections, New Standards and Thermal Scattering Data
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We describe the new ENDF/B-VIILO evaluated nuclear reaction data library. ENDF/B-VIILO fully

attring data and o
ey FE

Fe,
described in companion papers in the present issue of Nuclear Data Sheets. The evlunion bene
from recent experimental data obtained in the U.S. and Europe, and improvements in theory and

als

i 3
data, and charged-particle reactions. Integral validation testing is shown for a wide range of eiticality
reaction rate, and neutron transmission benchmarks. In general, integral validation performance of
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J' M.C. White,! T.N. Taddeucci,' R.C. Haight,!

The energy spectra of neutrons emitted promptly in the neutron-induced fission reactions of U
and *Pu were re-evaluated for ENDF/B-VIILO. These evaluations are based on a careful modeling
of all relevant physics processes, au extensive analysis of experimental data and a detailed quantifi-
cation of pertinent. uncertaintics. Energy spectra of neutrons emitted in up to fourth chance fission
are considered and both compound and pre-equilibrium processes are included. Also, important
nuclear model parameters, such as the average total kinetic energy of the fission fragments and the
multiple chance fission probabilitics, and their uncertaintics arc estimated based on experimental
knowledge, model information and evaluated data. In addition to experimental information already
available for ENDF/B-VIL1, these new evaluations make use of recently published experimental
data either of high precision or spanning a broad incident energy range, information on legacy mea-
surements explaining discrepancies and recently measured data of the average total kinetic energy

a function of incident neutron energy. The resulting ovaluated data and covariances agree well
with the experimental database used for the evaluation. However, the evaluated spectra are softer
than the U and S%Pu ENDF/B-VIL1, JENDL-4.0 and JEFF-3.2 evaluations for incident neutron
crgis e € 15 Mo and Eue < 5 eV, esectively. Por Ene > 5 MV, the culunted spest
show structures due to the improved modeling which re not preset in ENDF/B-VI1 1 o
5.2 bt can bo obnerved in JENDI-A.0 cxalungions. Part of these new evaluations were adopted for
ENDF/B-VIILO, while the ENDF/B-VIL1 2’Pu PFNS was retained for Eype < 5 McV awaiting
more conclusive experimental evidence,
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Dm» to the importance of the PFNS for nuclear data ap-
plications, the major goal of an IAEA “Coordinated Re-
Yo Project (CRP) on Prompt Fission Neutron Spec-
tra of Actinides” was to provide PFNS evaluations and
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The new suite of evaluations for o bas been dovelopd i the frame of the CIELO

senational collaboration. New resolved resonnce ranges were exaluated for **Fe and “7Fe, while
modifctions were apid o tesonances i *Fe, The low cocrgy partof the *Fefile s ot totally
based on the measurements. At higher o i “Fo and i the whole fast neutzon range for minor

inctapos ovustion ot of model predictions carclly acjsted to smilable experimental dat

Wwe the high quality and well experimentally-constrai ety evahiations
e TP Tt St sitontios o Qebietot o th comts smgalat Ameihons wi
¢ foun 1 aflct el of the intgral benchmarking. Tho now et of iron oluations vas
developed in concert with other CIELO evaluations and they were tested together in the integral
et efne bl dope o e ENDF VLG e
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