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Post ENDF/B-VII.1 activities

§ENDF/B-VII.1 validation
§Numerous but minor fixes to VII.1
§Upgrading infrastructure

• Evaluation methodology (reaction codes, 
PFNS, inelastic scattering, assimilation) 

• Continuous verification and validation
• New XML format
• CIELO
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ENDF/B-VII.1 validation
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Extensive validation by van der Marck

§ Over 2000 CS benchmarks (ICSBEP) 
§ Shielding benchmarks (Oktavian, FNS, 

Pulsed & Water Spheres) 
§ Delayed Neutron Data
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§ Good overall performance of 
three libraries 

§ Improvements needed for major 
actinides, C, Cd, Fe, Zr, Gd

§ Intermediate (and mixed) 
spectrum experiments 
reproduced poorly by all 
libraries.

Benchmarking with MCNP6 NUCLEAR DATA SHEETS S.C. van der Marck

TABLE LXXVII: The experimental value for −α (in s−1), and
the deviations of the calculated values from the experimental
ones (in %). The uncertainty for C/E-1 includes only the
statistical uncertainty of the calculation. This corresponds to
the error bar in Fig. 173. The experimental uncertainty range
is shown in grey in Fig. 173.

Experiment C/E-1 (%) C/E-1 (%) C/E-1 (%)
ENDF/B JENDL JEFF

VII.1 4.0 3.1.1
Proteus 3.60 ± 0.02 8.9 ± 1.6 11.1 ± 1.6 6.4 ± 1.6
SHE-8 6.53 ± 0.34 -1.2 ± 1.2 -2.1 ± 1.0 -3.5 ± 1.0
Sheba-II 200.3 ± 3.6 0.2 ± 1.5 1.6 ± 1.5 4.7 ± 1.4
Stacy-029 122.7 ± 4.1 -0.2 ± 1.2 0.1 ± 1.2 3.5 ± 1.2
Stacy-033 116.7 ± 3.9 -1.0 ± 1.2 0.3 ± 1.2 0.2 ± 1.2
Stacy-046 106.2 ± 3.7 0.2 ± 1.2 -2.3 ± 1.2 0.7 ± 1.1
Stacy-030 126.8 ± 2.9 -1.3 ± 1.2 0.1 ± 1.2 0.9 ± 1.2
Stacy-125 152.8 ± 2.6 0.9 ± 1.2 3.3 ± 1.2 3.2 ± 1.2
Stacy-215 109.2 ± 1.8 -1.5 ± 1.2 -1.3 ± 1.2 -0.0 ± 1.2
Winco 1109.3 ± 0.3 -1.6 ± 1.0 -1.9 ± 1.0 0.7 ± 1.0
BigTen (1.17±0.01)×105 1.6 ± 1.5 4.1 ± 1.4 -0.3 ± 1.5
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FIG. 173: C/E-1 for βeff (see Table LXXVI) or Rossi−α (see
Table LXXVII) for many benchmark systems. The systems
are roughly ordered with respect to the average energy at
which fission takes place, from low energy (left) to high (right).

VII. CONCLUSIONS

Benchmark calculations have been performed for the
recent releases of nuclear data libraries, using the latest
version of the Monte Carlo code MCNP6. The subjects
of the calculations were criticality safety, shielding, and
the effective delayed neutron fraction. Although there
are many more types of benchmark calculations to be
performed, the results of the calculations reported here
give a first insight into the quality of the libraries in com-
bination with MCNP6.

The results for criticality safety benchmark cases are in
the overwhelming majority of cases satisfactory to good,
with only relatively small differences between the vari-
ous libraries. In many cases that show large deviations

-10 -5  0  5  10
Deviation from benchmark value (in units of 1σ uncertainty)

Criticality safety benchmark results

Normal distribution
Intermediate spectrum cases

Mixed spectrum cases
Thermal spectrum cases

Fast spectrum cases

FIG. 174: Results for criticality safety benchmarks for all li-
braries: the deviation from the benchmark values, in units
of the combined benchmark and statistical uncertainty. The
normal distribution would be the perfect situation.

from the benchmark value, indications are that a large
part of the deviation can be caused by nuclear data for
an absorber (Gd), moderator (C) or structural element
(Fe, Zr). Figure 174 represents a sort of summary of
all benchmark cases for all libraries. The various cases
presented there should follow the normal distribution in
case of ’perfect’ nuclear data (and ’perfect’ benchmark
evaluations). It should be noted that the largest discrep-
ancies occur for systems with an intermediate or mixed
spectrum. This is the sort of spectrum that tradition-
ally has received the least attention. Furthermore, the
results for individual benchmark cases still show trends
and sometimes large deviations for, e.g., plutonium and
mixed uranium plutonium benchmarks.

An analysis of the criticality safety benchmark results
on an element by element basis has shown that the three
libraries have comparable accuracy for elements such as
Be, B, Mg, Al, Mo, Cd, Gd, Pb, and for steel. For C, in-
dications are that the increased capture in the thermal re-
gion, as implemented in JENDL-4.0 and ENDF/B-VII.1,
is an improvement. For Na and W, ENDF/B-VII.1 shows
the best results for the cases in this paper, for Si this is
the case with JEFF-3.1.1. The Cu results of JENDL-
4.0 show the smallest trend as a function of spectrum.
Overall it is notable how poorly all libraries perform for
Fe benchmarks, and how there are outstanding questions
for the benchmarks containing Cd or Gd in solution.

The results for the shielding benchmarks are generally
good, but in some cases strong deviations from the bench-
mark values occur. Yet in nearly all cases the results are
very similar for the three libraries. In isolated cases there
are some differences, where in some cases the ENDF/B-
VII.1 results are closest to the benchmark values, and in
some cases the JENDL-4.0 results. The largest deviations
are seen for Co (Oktavian benchmark, all libraries), and
Mg (LLNL benchmark, all libraries). Also, there are clear
discrepancies for C at specific energies (FNS and LLNL
benchmarks, ENDF/B-VII.1 and JEF-3.1.1 libraries).
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ENDF/B-VII.1 neutron sublibrary
(areas to improve)

§ Pu-SOL-THERM;
§ Pu-MET-FAST versus 

Energy;
§ HEU-MET-FAST or LEU-

COMP-THERM with Pb
§ reflector;
§ HEU-MET-FAST with V 

reflector;
§ HEU-MET-FAST with Ni 

reflector;
§ Fast Be reflected systems;
§ 233U Intermediate and 

Thermal systems;
5
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Operated  by  Los  Alamos  National  Security,  LLC  for  the  U.S.  Department  of  Energy’s  NNSA 

U N C L A S S I F I E D 

LA-UR-12-26077 

ENDF/B-VII.1 – Pu-SOL-THERM (I) 
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§Updated decay data in ENDF/B-VII.1
• New decay modes
• New gamma data
• Removal of nuclides with T1/2 < 1 ms 
• Additional metastable levels in new evaluations

§Most differences attributed to
• Removal of errors in ENDF/B-VII.0
• Missing decay modes in NuDat
• Continuum evaluations in ENDF/B-VII.1 vs lines 
• Changes in evaluations and in half-lives
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Validation of the ENDF/B-VII Decay 
Data Sub-library 
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Ian G
auld

ORNL
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Decay heat validation studies 

• Decay heat measurements  
Calorimeter measurements of full length fuel assemblies at the 
Swedish Interim Spent Fuel Storage Facility CLAB 
Burst fission 
experiments - 
short decay time 
(< 105 s) 
> 80 assemblies 

20 

239Pu fission 

239Pu fission

Validation of the ENDF/B-VII Decay 
Data Sub-library 



Validation of the ENDF/B-VII Decay 
Data Sub-library 

§ ENDF/B-VII.1 has been fully integrated into 
ORIGEN 

§ Experience with ENDF/B-VII.1 decay sublibrary has 
been very good (contrary to VII.0 that should NOT 
be used)

§ Systematic testing of ENDF/B using benchmarks 
should be extended to include the decay sublibrary 
– data are widely used and quality is important 

§ Benchmarks developed by ORNL represent a good 
starting point for decay sublibrary testing 
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Closing Observations

§There are many strengths and success 
stories associated with ENDF/B-VII.1.

§There are also a number of remaining 
deficiencies that should guide future efforts 
as we begin the next upgrade cycle for 
ENDF/B
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Continuous verification & 
validation 

(ADVANCE system)
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Future Outlook 
NNDC Automation Strategy 

ENDF Utility 
Codes  

ENSDF Analysis 
Codes  



ADVANCE system
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ADVANCE  Architecture 

Evaluation environment Integration + deployment 
environment 

ENDF Evaluator NNDC Web 
Server 

ENDF file commits 

 Verification results 

GForge Server 

Data verification 

SVN check out 

CI + CD 
Server 

ENDF File Versioning 

Client 

Immediate, automated, and digested feedback 
to evaluators (in future benchmarking)
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Reaction Modeling Codes

16
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Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

U N C L A S S I F I E D

CoH3 - ver.3.2 Umbriel

■ Code Structure
● Written in C++

• 64 source files with 35 header files, 25K lines
● GNU standard package - automake, autoconf

■ History
● 1992/5, original C language version, 1.0

• spherical OM and Hauser-Feshbach-Moldauer for binary reactions
● 1996/6, all source codes re-written in ANSI-C, ver. 2.0

• automatic OM parameter search
• in RIPL web page (ver. 2.1?)

● 2001/3, ver. 2.3
• coupled-channels calculation, radiative capture

● 2009/9, ver. 3.0 Callisto
• totally re-written in C++
• multi particle emission, exciton, DSD, DWBA

● 2010/2, ver. 3.1 Ariel released
• fission included

● 2012/10, ver. 3.2 Umbriel released
• exclusive spectrum calculation combined version

CoH3



CoH3 - ver.3.2 Umbriel
(released 10/2012) 
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Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

U N C L A S S I F I E D

CoH3 Components

Optical Model Solver

Statistical Model

Entrance Channel

Pre-Equilibrium Model

DWBA

DSD

Level Density Module

Exclusive Spectrum, or
Monte Carlo Simulation

Discrete Level Data

GDR Module

Bound State Solver

Toshihik
o Kawano

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

U N C L A S S I F I E D

In GNASH,
each isotope appears once

Automatic Reaction Chain Set Up

Ni-57Ni-58Ni-59

Co-57Co-58

Co-57 Co-56

Fe-56

Co-56

Ni-57Ni-58Ni-59

Co-57Co-58 Co-56

Fe-56

Co-56

Fe-56

n+p and d residuals are
 treated as different isotopes

• Chain information in a linked list
• The list is generated automatically
• Easy to distinguish individual reactions
• The # of isotopes explodes quickly
• e.g. 420 compounds at 80 MeV
  (80 unique)

Slide 8

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

U N C L A S S I F I E D

Coupled-Channels Hauser-Feshbach (Detailed 
Balance)

■ Transmission Coefficients to Excited State from CC 
Calculations

● The coupled-channels equations are solved internally
● Gives correct Transmissions for the inverse reactions
● Width fluctuation corrections applied to these transmission 

coefficients.

Approximation

CC           

T(E)

T(E)

T(E-Ex)

Ex

Target

CN

in CoH

CC           

T1

T1

T2

Ex

Target

CN

T2

Solution for the excited states



Monte Carlo with CoH, N-G Correlation 
in (n,n') Reaction

18
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U N C L A S S I F I E D

Monte Carlo with CoH, N-G Correlation in (n,n') 
Reaction

J. Nucl.  Sci. Tech. 47, 462 (2010)

Low energy neutrons are not observed,
because the most likely process there
is (n,2n) Strong gamma-ray peaks

are evidence of direct
inelastic scattering reaction

Joint probability of neutron and gamma energies for V-51+ n at 14 MeV (n,n') reaction

Toshihik
o Kawano

LANL



EMPIRE-3; major post-
Rivoli changes
(on the way to Alexandria; 
~1000 commits)

§ PFNS implemented, Los Alamos
and Kornilov (1st chance fission) 

§ Covariances for PFNS, mu-bars, 
and nu-bars

§ Angular distributions for compound elastic and inelastics
§ Engelbrecht-Weidenmueller transformation (scaling 

compound inelastic)
§ Plotting of PFNS, mu-bars, and nu-bars
§ ADVANCE - continuous built, benchmarking, and posting
§ Improved makefiles
§ New IO subroutines for ENDF-6 

19
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Current version of EMPIRE is capable 
of treating actinides

21

• Improved level densities
• PFNS calculations with fitting experimental data 

and covariances
• Improved defaults - reproduce half of the 30 

calculated fission cross sections  within 20-30%
• Adjusted calculations can reproduce standards 

within ~2% without energy dependent 
tuning!



Prompt Fission Neutron 
Spectra (PFNS)

22



Event-by-event fission modeling of 
prompt neutrons and photons with 
FREYA 
§ Efficient framework for incorporating 

fluctuations and correlations!
§ Significant correlations between 

neutrons 
§ FREYA agrees rather

well with most neutron
observables 

§ Gammas included
but need refinements

23

3 
Lawrence Livermore National Laboratory 

We are developing FREYA (Fission Reaction Event Yield Algorithm)  
for correlation studies and spectral evaluations !

!  FREYA developed in collaboration with J. Randrup (LBNL)  
!  Phys. Rev. C 80 (2009)  024601, 044611; 84 (2011) 044621; 85 (2012) 024608; 

PRC submitted  
!  Collaborators: D. A. Brown (BNL), M. A. Descalle (LLNL), W. E. Ormand (LLNL), 

J. Pruet (NNSA) and W. Younes (LLNL) 

12 
Lawrence Livermore National Laboratory 

Neutron observables: multiplicity distribution P(!)!
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Extension of Los Alamos model
(fragment asymmetry and covariances)

§ PFNS for n+229−238U and n+235−242Pu 
systematically evaluated using differential 
experimental data and the Los Alamos 
model.

§ Model extended to 
account for fragment 
mass asymmetry. 
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Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 

CSEWG Covariance Session, Nov. 7-10, 2012 

Numerical Results: 233U 

!  ENDF/B-VII.1 missing covariance 
matrix for n+233U PFNS 
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Extension of Los Alamos model
(fragment asymmetry and covariances)

§ Model parameters constrained by experimental 
data using Kalman filter (or UMC).

§ Covariances produced by 
propagating model 
parameters’ covariances 
resulting from KALMAN 
fitting

25
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Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 

CSEWG Covariance Session, Nov. 7-10, 2012 

Numerical Results: 233U 

!  ENDF/B-VII.1 missing covariance 
matrix for n+233U PFNS 
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Numerical Results: 233U 
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Extension of Los Alamos model
(fragment asymmetry and covariances)

§ Correlations between isotopes of each 
actinide result from the model parameter 
correlations.

§ Results to be submitted to 
ENDF/B.

26

Michael 
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Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 

CSEWG Covariance Session, Nov. 7-10, 2012 

Numerical Results: Cross-Isotope PFNS Correlations 

!  Big Ten assembly contains: 234U, 235U, 236U, and 238U 

Slide 10 

Correlated PFNS Uncorrelated PFNS 



PFNS in EMPIRE

§ Los Alamos and Kornilov 
models (1st chance 
fission)

§ Both models adjustable 
with KALMAN filter

§ PFNS covariances 
uncorrelated with cross 
section covariances

§ PFNS covar. used in 
assimilation => correlation 
between PFNS and cross 
sections

27

PFNS correlations – 235U 

14 

Correlations for the 
 Los Alamos model 

Correlations for the 
 Kornilov model 

PFNS fits – Los Alamos and Kornilov 
models 

12 

Fitting PFNS through Kalman filter enabled to improve 
description of experimental data for both models! 



Consistent adjustment 
(assimilation)

28



Mike Herman

model 
parameters

evaluation
multigroup

keff

diff. data integ. data

covariance
matrix

Classical
adjustment

Consistent adjustment (assimilation)
linking reaction theory and integral experiments

reaction
code 

reactor
code 

Users often tune multi-group evaluated files 
to a certain type of integral experiments
Such adjusted file is only valid for a specific application

INL + BNL



Mike Herman

model 
parameters evaluation keff

diff. data integ. data

covariance
matrix

Consistent adjustment (assimilation)
linking reaction theory and integral experiments

reaction
code 

reactor
code 

Modern practice is to use nuclear reaction code 
constrained by experimental data to produce 
evaluation and covariances  



Mike Herman

Tuning is moved from multi-group file to 
reaction model parameters providing

evaluation constrained by differential and integral data 
and reaction theory
covariances

model 
parameters evaluation keff

diff. data integ. data

covariance
matrix

covariance
matrix

Classical
adjustment

Assimilation

Consistent adjustment (assimilation)
linking reaction theory and integral experiments

reaction
code 

reactor
code 

In general, however, one should keep the list of perturbed parameters as short as
possible.

1.2 Evaluation of Sensitivity Coe�cients for Integral

Experiments

In order to evaluate the sensitivity coe�cients of the nuclear parameters to the integral
parameters measured in a reactor physics experiment, a folding procedure will be applied,
where the sensitivity calculated by empire, with the methodology outlined in the previous
step are folded with those calculated by eranos (i.e., multigroup cross section sensitivity
coe�cient to integral parameters).

Following this procedure, the sensitivities of integral experiments to nuclear parame-
ters pk are defined as:

�R

�pk
=

X

j

�R

��j

��j

�pk
(1.1)

Here, R is an integral reactor physics parameter (e.g., ke↵ , reaction rates, reactivity
coe�cient, etc.), and �j the multi-group cross section (the j index accounts for isotope,
cross section type and energy group). In general, to compute �j one can use empire
with an appropriate set of parameters pk to generate first an ENDF/B file for the specific
isotope and, successively, use njoy to obtain multi-group cross sections. As specified in
the previous section, one can compute the variation of the cross sections ��j resulting
from a variation of each parameter pk variation.

Specifically, the procedure consisted in the generation of the ��j corresponding to
fixed, well chosen, variations of each pk taken separately and therefore generating the
��j/�pk. Following each empire calculation, an ENDF/B file for the isotope under con-
sideration was generated and a subsequent run of njoy on this file generated multigroup,
infinite dilution, cross sections in the same energy structure (e.g., the 33 group energy
structure) that was used for the computation of the reactor physics integral parameters.
The multigroup cross section variations associated with the individual model parameter
that has been varied in the corresponding empire calculation were computed as a di↵er-
ence to the reference njoy calculation obtained using empire results calculated with the
central values of the parameters. These calculations covered the needs of a large number
of adjustments, using several experimental configurations and several integral experiments
(e.g., ke↵ , spectral indexes, reactivity coe�cients etc.) in each configuration. In parallel,
the cross section sensitivity coe�cients to integral parameter R = �R/�j were provided
by reactor physics calculations, using the standard Generalized Perturbation Theory in
the eranos code system. Folding the two contributions (from empire and eranos) we
obtained the sensitivity coe�cients of integral quantities to nuclear physics parameters
(see Eq. 1.1).
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Assimilation for 239Pu (2nd round)

§EMPIRE-3.1 with improved fission 
parametrization (M. Sin)

§Overall very good prior 
§EMPIRE calculated PFNS included in 

assimilation
§Direct assimilation on JEZEBEL’s  keff using 

MCNP.
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239Pu  assimilated fission

Incident Neutron Energy (MeV)

C
ro

ss
 S

e
ct

io
n

 (
b

a
rn

s)

10-2 10-1 1 10

1

239Pu(n,f)

ENDF/B-VII.1
PRIOR ASSIMILATION
POST ASSIMILATION
Data

Figure 2.48: The pre-assimilation fit to di↵erential fission data for 239Pu data shown in
solid black with the post-assimilation shown in cyan. Also shown are a sample of the
experimental data fitted with empire (grey points) and the ENDF/B-VII.1 evaluation
(green line). Note the small di↵erence between the prior and post-assimilation curves
compared to the uncertainties and scatter of the di↵erential data. These small di↵erences
introduced by the assimilation are enough to bring calculated ke↵ into agreement with
the experiment.

16) the parameter that shifts the excitation energy in level densities in the target nucleus
(index 47).

2.6.5 Conclusions

The first round of assimilation for 239Pu has been successful, showing the potential of
the method to improve integral performance of the file and reduce associated uncertain-
ties on the calculated integral through reduction of uncertainties for the reaction model
parameters. We note, however, that this improvement in the integral performance was
obtained with a file which is visibly inferior to ENDF/B-VII.0 when compared to di↵eren-
tial data. It illustrates a long standing issue of error compensation when “good agreement
is obtained for bad reasons”.

79

Prior keff = 1.00516 (8)
Post  keff = 0.99959 (8)
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239Pu - assimilated parameters

§ Changes required for 
assimilation are very small 
compared to experimental 
uncertainties.

§ Changes in the parameters 
even smaller.

§ Impossible to determine with 
such precision from 
differential data only! 

Table 2.22: Results of direct assimilation of 239Pu. empire parameters varied are listed
with values before and after assimilation of integral experiment JEZABEL. Parameters
which had the default value of 1.0 and were not varied during assimilation are not listed.

Parameter Name pre-assimilation post-assimilation
ATILNO-000 1.083 1.0851
ATILNO-001 0.907 0.9034
ATILNO-020 0.938 0.9380
ATILNO-030 0.988 0.9880
TUNEFI-010 0.833 0.8327
TUNE-000 2.228 2.2230
FUSRED-000 0.970 0.9700
RESNOR-000 1.320 1.3200
FISVF1-000 1.000 0.9995
FISVF1-010 1.000 1.0005
FISVF2-000 1.000 1.0042
FISVE1-000 1.000 0.9985
FISVE2-000 1.000 0.9995
FISHO1-000 1.000 0.9992
FISHO2-000 1.000 0.9992
FISAT1-000 0.917 0.9157
FISAT2-000 0.971 0.9717
FISAT2-010 0.981 0.9810
FISDL1-000 1.000 0.9999
FISDL2-000 1.000 0.9999
LDSHIF-000 1.100 1.0990
LDSHIF-010 1.063 1.0647
LDSHIF-020 0.917 0.9170
PFNALP-000 0.963 0.9613
PFNRAT-000 0.928 0.9279
PFNERE-000 0.999 1.0002
PFNTKE-000 0.984 0.9853

16, displaying the obvious anticorrelation between the parameters controlling the heights
of the first and second, respectively, fission barrier of the compound nucleus. Another
strong correlation is observed between the fission level density at the saddle point for the
compound nucleus, with index 37, and the level-density parameter for the target nucleus,
indexed with the number 2. Finally, the last pair of parameters with strong correlation
(50%) is formed by the fission-barrier-height parameter for the compound nucleus (index

77
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Beyond ENDF/B-VII.1
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Current changes to ENDF/B-VII

§ 1 deuteron-incident evaluation, 
§5 decay evaluations 
§111 neutron-incident evaluations.
• 1H covariance replacement
• new 236m1Np
• many minor bug fixes
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Priorities for the next ENDF/B
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Highest Priority 
• 239-Pu
• 235-U 
• 238-U
• 56-Fe 
• 16-O
• Standards 
• Update covariances

• CP reactions
• Be 
• 12,natC
• 23-Na 
• Ca 
• V 
• Ti? 
• Cr 

• Ni 
• Cu 
• Zr 
• Mo? 
• Ta 
• Gd 
• Dy

Lower Priority


