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SCALE model of INL Advanced Test Reactor

ATLAS detector muon system, simulated in GEANT4

Nuclear data underpins many 
different codes
• MCNP6, SCALE, & GEANT4 particle transport 

codes
• used for simulating nuclear energy generation
• shielding and health physics calculations

• ORIGEN & CINDER for isotope burn-up
• nuclear waste management
• radiochemical applications

• All have modules that use ENDF/ENSDF data
• Codes switch between models and data tables 

based on: 
• speed
• fidelity to physics

• Other code systems also use covariance data 
in uncertainty quantification  
(e.g. SCALE’s TSUNAMI)



Our goal is to get the highest 
quality data to users

energyisotopessecurity science

The Nuclear Data Pipeline



The Nuclear Data Pipeline

Code development: Actively develop 
codes that support our work
Archive: Seek “abandoned” data and 
archive it before it is lost
Address gaps: Perform targeted 
experiments to address gaps in 
databases

Our work begins when data  
is (or should be) published



Nuclear Science References (NSR): 
229,594 nuclear physics articles indexed  
according to content. 3,714 articles added  
in FY18 from 80 journals.  

EXFOR: Compiled nuclear reaction data, originally only for 
neutron-induced.  Data from 130 articles added in FY18. 

XUNDL: Compiled nuclear structure and decay data.   Data from 
325 articles added in FY17.

Data is compiled into databases

The Nuclear Data Pipeline



EXFOR and NSR Compilation is 
On-going
• BNL (Pritychenko POC)

• Responsible for  
EXFOR compilations  
for Americas

• BNL is sole compiler  
for NSR

• Team of contractors 
• (~5) + 1 BNL staff

• NSR updated 2-3 times a  
week, is up to date with  
current literature

• All searchable on BNL and  
IAEA sites

• Recent focus of EXFOR compilation is ensuring completeness in compilations of  
FPY data



ENSDF: Recommended nuclear structure and decay 
data for all 3,325 known nuclides.

ENDF: Recommended particle transport and decay 
data, with a strong emphasis on neutron-induced 
reaction data

Atlas of Neutron Resonances: 6th edition of the 
famed successor to BNL-325, contains neutron 
resonance parameters, thermal cross sections and 
average resonance parameters. 

Evaluate data by combining all  
information into recommended values 

The Nuclear Data Pipeline



 Evaluated Nuclear Structure Data 
File

It is Unique: Only Nuclear Database of this kind in the world
It is Complete: All nuclei and all level and radiation properties
It is Versatile: Feeds back into both basic and applied sciences

60Ni

Level energies, spin, parity, half-life, …
Gamma-ray energies, intensities, 
… 

Radiation energies, intensities, decay modes 
….

Properties of Nuclei 

Radioactive Decay

Currently data on 3,334 nuclides



ENDF/B-VIII.0 was released 
on 2 Feb. 2018 by the Cross 
Section Evaluation Working 
Group (CSEWG)

*

* ENDF/B-I was 
released in June 1968

Library and 
evaluations 
detailed in  
Nuclear 
Data Sheets 
vol. 148 
(2018)



Processing: Prepare data for use in application 
codes.

Validation: Test data in simulations of non-trivial, 
but well understood, nuclear systems.

Quality Assurance: The NNDC’s ADVANCE 
nuclear data continuous integration system ensures 
the quality of data by automatically testing each 
ENDF evaluation as soon as it is changed.

Collaborate with nuclear data community 
to get data ready for users

The Nuclear Data Pipeline



Mean values clearly 
important, but in many 
cases the uncertainty is 
also very important!



Uncertainty data in the Nuclear 
Data Pipeline

Experimenter: Best 
estimates of uncertainties for all 
sources of error in all measured 
quantities.  Essential for 
understanding correlations 
between data.

Compilation: EXFOR and 
XUNDL compilers log this data 
for use in evaluation process

Essential to compile complete and 
correct uncertainty data
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Uncertainty data in the Nuclear 
Data Pipeline

Structure (ENSDF): Combine experimental values compiled in 
XUNDL database to provide best values. 

Reaction (ENDF): Combine  
experimental values with best theory 
to create coherent and complete  
recommended values for  
applications. 

Common Issues: Incomplete  
experimental information;  
Experimental correlations; Mistakes;
Theoretical constraints & correlations;
Model mis-fit; Non-Gaussian-ness

Evaluators combine best theory with 
measurements to recommend values & 
uncertainties

Correlation for 56Fe(n,p)
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Uncertainty data in the Nuclear 
Data Pipeline

Processing: Formats must be available for the covariances and 
the processing codes  
must be able to  
handle them.

Validation: Test  
data in simulations of  
non-trivial, but well  
understood, nuclear  
systems.

User codes: Must  
have capability to actually use the reported covariances

Collaborate with nuclear data community 
to get data ready for users

measurements of the critical mass of
plutonium are allowing us to make
much larger reductions in uncertainty.
Our ability to accurately model a criti-
cal assembly of plutonium using the
MCNP transport code in conjunction
with our neutron cross section data
provides constraints on the uncertain-
ties on the underlying microscopic
plutonium fission cross-section data.

MCNP was developed at Los
Alamos over many decades and is the
world’s most widely used, sophisti-
cated, and well-tested code for simu-
lating the coupled transport of
neutrons and photons as they interact
with nuclei. The interactions of neu-
trons with individual nuclei are mod-
eled using nuclear cross sections from
the evaluated neutron data files
(ENDF) database developed at Los
Alamos and other national laborato-
ries. The accuracy of the transport cal-
culational methods is so high that
MCNP simulations of integral experi-
ments, such as the criticality of a
sphere of plutonium, provide a valid
test of the accuracy of the underlying
ENDF nuclear cross sections such as
neutron-induced fission. 

The calculated critical mass of plu-
tonium depends on cross sections for
a number of different neutron-pluto-
nium interactions. It depends on the
neutron-induced plutonium fission
cross section, the average number of
prompt neutrons (ν

_
) emitted from fis-

sion fragments after a plutonium
nucleus fissions, the cross sections for
inelastic scattering of neutrons by plu-
tonium nuclei; the angular distribu-
tions of neutrons that scatter
elastically from a plutonium nucleus;
and the cross section for a plutonium
nucleus to capture a neutron. Of these
quantities, it is the first two, and more
precisely the product of the fission
cross section and ν

_
, that most sensi-

tively influence the calculated critical
mass and the neutron multiplication
rate keff in the system, which equals
unity when the system is critical.

If we were to estimate the fission
cross section and ν

_
uncertainties

based on only the fundamental, meas-
ured differential cross-section data
discussed in the previous section, we
would obtain uncertainties in the
range of 1 to 2 percent for the fission
cross section and less than 1 percent
for ν

_
, for neutrons with energies in

the fission-spectrum energy range of 1
to 2 MeV. In an MCNP transport sim-
ulation of Jezebel, these numbers
would translate into calculated uncer-
tainties in the range of 1 to 2 percent
for calculated values of keff. 

However, Jezebel’s measured criti-
cality defines the keff uncertainty to
less than 0.2 percent—an order of
magnitude smaller than our previously
calculated results based on cross sec-
tion and ν– data uncertainties. We have
used those integral measurements
which are simple and highly accurate
to constrain the differential fission
cross sections by using the standard
Bayesian technique. With this method,
we were able to reduce uncertainties

in the fission cross section, and the
combined differential and integral
data now predict that the neutron mul-
tiplication due to fission (keff) is accu-
rate to about 0.2 percent, an order of
magnitude more precise.

The plots in Figure 6 illustrate the
uncertainty reductions. The uncertain-
ties (variance and covariance) associ-
ated with the statistical analysis of the
differential experimental data alone
are shown (red line) in Figure 6(a)
(the variance) and in Figure 6(b) (the
correlation matrix multiplied by
1000). Neutron transport calculations
were performed for the Jezebel criti-
cal assembly, and the sensitivity coef-
ficients of the cross sections to the
neutron multiplicity were obtained.
Then Jezebel data were used to adjust
the fission cross section through the
Bayesian inference method. The
resulting uncertainties in the fission
cross section are shown in Figure 6(a)
(blue line). The impact on the fission
cross section itself is very small.
However, the uncertainties become
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Figure 7. Probability Distribution Function for Jezebel’s Neutron
Multiplication Rate
We used our Bayesian uncertainty quantification code KALMAN to combine the
prior information on differential fissions cross section measurements with the inte-
gral information from the Jezebel critical assembly measurement. The analysis pro-
vides posterior fission cross sections for different neutron energies. The simulation
of Jezebel’s criticality using those posterior cross sections yielded a probability
distribution for keff (pink curve) that has a much smaller variance than that of our
initial result from differential data only (blue curve).
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Missing or extremely limiting 
covariance data format

• Thermal Scattering Law data
▪ Nothing!

• Fission Product Yield data
▪ Y±𝛥Y only

• Decay data
▪ Discrete energies, 
▪ Q, 
▪ T1/2, 
▪ Branching ratios, 
▪ ICC

• Atomic data
▪ Nothing!

⎫⎬⎭

}

}

criticality, reactors

spent fuel,  
decay heat, etc.

radiotherapy



Full format, but (basically) no data

• protons
• deuterons
• tritons
• helions (3He)
• alphas
• photonuclear

⎫⎬⎭
fusion

non-proliferation, assay



Neutron sub library contains nearly 
all the covariance data in ENDF/B
• 30: any parameters
• 31: nubar
• 32: resonance
• 33: 𝜎(E)
• 34: P(𝜇|E)
• 35: P(E’|E)
• 40: Y(E)
• energy release in fission

⎫⎬⎭

⎫⎬⎭
widespread use

limited use

Big 3 only

unused



Happy 50 ± 1 Anniversary!*

* CSEWG formed in 1966 
ENDF/B-I released in 1968


