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The gist of this session: 

Nuclear data uncertainties limit the precision and/ or 
accuracy of predictive application simulations. If nuclear 
data uncertainties are wrong, so are the economic, 
safety and performance margins of our application 
simulations.
Questions here:
• Where do we have have problematic nuclear data 

uncertainties affecting many application areas leading to 
$$$ lost, too large or small margins, etc.?

• How can we solve these problems such that we provide 
more reliable application margins?
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Structure of this introduction: 

• What are covariances, uncertainties and sensitivities?
• Pipeline of nuclear data (covariances)
• Example: issues at the beginning of the nuclear data 

pipeline can impact applications at the end
• Session Structure
• Charge
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What are covariances: the diagonal contains 
uncertainties, the off-diagonal correlations. 

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 0.01  0.1  1  10

R
at

io
 to

 M
ax

w
el

lia
n 

(T
=1

.4
2 

M
eV

)

Outgoing Neutron Energy (MeV)

239Pu(n500keV,f) PFNS

1σ Evaluation
Evaluation

Staples, 500keV
Knitter, 215keV

Starostov, thermal
Lajtai, thermal

Lestone, 500keV
ENDF/B-VII.1

Full positive 
correlation

Full negative 
correlation

Uncertainty on 
each value

Nuclear data covariances provide an estimate of 
fidelity of nuclear data mean values.



Slide 5

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA

stment
disk

wire
guides

Air I rod

Center

r support
lugs

Glory

fvtass ad
safety
block

collet

●

inlet

Fig. 5, l?re active portion of ori~”nal Jezebel, the bare plutonium assembly. Cooling air blows wtt of the locating arms
that nudeon taut wires.

thickness was assumed in apportioning the nickel
between external and internal surfaces. Lack of
planeness, however, was assumed to introduce an average
0.001 -in. gap between each of the three principal pairs
of internal surfaces.

Average densities were established by adjusting
measured materiaI densities to allow for the nominal
volume of internal nickel coating and voids. Voids
remaining after correction for internal nickel were
redistributed uniformly (with compensating surface-mass
adjustment, Ref. 3) so that values of average density
were retained.*

*A restate m e nt of the inverse-square relationship between
density and critical mass is that a given mass increment is three
times as effective when distributed uniformly as it is when added
to the surface.

As shown in Figs. 6, 7, and 8, the three Jezebel
systems differed somewhat in shape, which led to
different corrections for asphericity. Further, aluminum
adapters re uired to fit the thin steel clamps (Fig. 5) to
the small !2 s u p arts a d d e d to the incidental reflection

for that assembly. Otherwise, corrections were similar.
Captions of Figs. 6, 7, and 8 give the critical or

slightly subcritical Jezebel configurations from which
critical masses are derived. Also shown are
corresponding masses corrected for the fiiling of major
voids left by missing mass-adjustment plugs or glory-hole
inserts, and by retracted control rod. These corrections
rely upon calibrations of the control rod and plugs.

The further corrections for asphericit y, nickel
coating, incidental reflection by clamps and
surroundings, homogenization, etc., are listed in Table I.
The resulting critical masses apply to isolated bare
spheres of uniform plutonium or uranium.
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What are sensitivities: how does a simulated 
response change due to differences in nuclear data

Sensitivities enable:
• Assessing impact of 

changes in nuclear 
data on application 
simulations.

• Forward-propagate 
nuclear data 
covariances to 
application quantity 
uncertainties.

Sensitivity = 
!
"
#"
#!

Example
Sensitivity of criticality of 
Jezebel to nuclear data.
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The nuclear data (covariance) pipeline. 
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Problems at the beginning of the pipeline: 
EXFOR uncertainties can be misleading. 

Taking Unc. from our ND 
experimental database

EXFOR is great but data 
should not be blindly adopted!
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planeness, however, was assumed to introduce an average
0.001 -in. gap between each of the three principal pairs
of internal surfaces.

Average densities were established by adjusting
measured materiaI densities to allow for the nominal
volume of internal nickel coating and voids. Voids
remaining after correction for internal nickel were
redistributed uniformly (with compensating surface-mass
adjustment, Ref. 3) so that values of average density
were retained.*

*A restate m e nt of the inverse-square relationship between
density and critical mass is that a given mass increment is three
times as effective when distributed uniformly as it is when added
to the surface.

As shown in Figs. 6, 7, and 8, the three Jezebel
systems differed somewhat in shape, which led to
different corrections for asphericity. Further, aluminum
adapters re uired to fit the thin steel clamps (Fig. 5) to
the small !2 s u p arts a d d e d to the incidental reflection

for that assembly. Otherwise, corrections were similar.
Captions of Figs. 6, 7, and 8 give the critical or

slightly subcritical Jezebel configurations from which
critical masses are derived. Also shown are
corresponding masses corrected for the fiiling of major
voids left by missing mass-adjustment plugs or glory-hole
inserts, and by retracted control rod. These corrections
rely upon calibrations of the control rod and plugs.

The further corrections for asphericit y, nickel
coating, incidental reflection by clamps and
surroundings, homogenization, etc., are listed in Table I.
The resulting critical masses apply to isolated bare
spheres of uniform plutonium or uranium.
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Lesson learned: Issue in any part of pipeline can 
critically impact application simulations! 

Evaluation
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Topic 1: Which covariances in current US libraries 
are unrealistic and impact various applications?

T. Bailey: Various covariance needs
B. Rearden: Covariance needs for nuclear energy, reactor 
physics, etc.
K. Parsons: angular distribution covariances.
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Topic 1: Which tools are missing to find 
problematic covariances  early on and correct? 

BJ Marshall: Tools for finding problematic covariances
K. Wendt: Correcting covariances
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Topic 2: How do we deliver nuclear data and 
covariances tailored to the needs of applications?

M. Rising: missing sensitivity tools to 
propagate covariances to applications.

F. Bostelmann: ENDF/B-VIII.0, the tuned general-purpose library
BJ Marshall: Adjusting nuclear data to application needs
V. Sobes: Missing integral experiments representing applications
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Charge: discuss the following questions
• Which nuclear data covariances/uncertainties are clearly 

wrong in the current US-library and impact many 
application areas?

• Which tools are missing that help us pint-point such 
wrong covariances/ uncertainties early on and correct 
them?

• Which tools are missing enabling us to propagate 
nuclear data covariances to application bounds?

• Which tools and validation experiments are missing to 
produce nuclear data libraries representing specific 
application spaces?

Reminder: discussion should be collaborative.
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Next talk by A. Sonzogni:

Example how FOA funds are currently enabling critically 
advancing our fission yield covariance capabilities: 
• Before the FOA, we had no fission yield covariances 

in US nuclear data libraries. 
• Now, we can even predict their impact on 

applications.


