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Cadmium Plywood Shelves
• Shelves are constructed of 

plywood with two sheets of 0.010” 
cadmium.

• Significant fire hazard.
• Cadmium is toxic. A fire with 

cadmium is the bounding accident 
in the SAR.

• The amount of Cd was 
underestimated resulting in a long 
standing PIZA of ~10 yrs.



AMMC Shelves
• Stainless steel corrugated 

sheet to make positions for 
ATR fuel elements.

• Aluminum-boron carbide 
metal matrix neutron 
absorber. 40 mg B10/cm2

• Aluminum structural cross 
bars.



NMIS Racks Accident Scenario
• Because of the fire loading and 

value of the ATR fuel in NMIS, 
there is a halon fire protection 
system, a wet pipe fire protection 
system, and no restriction on 
manual firefighting.

• The bounding accident scenario 
for criticality safety is water 
getting between the ATR fuel 
plates with no water or mist 
between elements.

• Because of the high surface area 
to volume of the ATR fuel 
elements they tend to hold water 
and would not drain immediately.



Whisper
• whisper_mcnp.pl input                

takes an MCNP input deck and 
adds KSEN card then runs 
MCNP to calculate sensitivities.

• whisper_usl.pl

runs Whisper to compare the 
sensitivity profile to the sensitivity 
profiles of over 1100 benchmarks 
and calculates a usl



Whisper Output
• USL of 0.97347
• 102 benchmarks
• Benchmarks that could be chosen 

from engineering judgement.
• The interesting part is the 

comparison of the sensitivity 
profiles













Whisper Summary
• Whisper suggested benchmarks which sensitivity profiles matched 

very well with the targeted application.
• These benchmarks also matched EALF and parameters that would be 

chosen by engineering judgement such as enrichment and moderator 
type.

• The application of Whisper gives greater confidence in the validation.



• What about boron?



B-10 Absorption
• Why is the B-10 absorption 

sensitive in the epithermal range 
and not thermal?

• Has B-10 absorption been 
validated?
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Sensitivity
• The sensitivity coefficient is defined as the ratio of relative change in 

keff to relative change in a system parameter:

• The affect that boron has on keff is 
determined by the number of neutrons 
that pass through the AMMC sheet. 
More attenuation in the AMMC sheet 
results in a lower keff.

• FOR THIS PROBLEM, the keff
sensitivity to B-10 is proportional to the 
attenuation in the AMMC sheet for a 
change in the B-10 cross section.
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How to Validate B-10
• Is there a need to validate boron in the epithermal 

range?
• Whisper uses KSEN to get sensitivity coefficients for 

12 reactions at 44 energies for every isotope in deck.
• What if Whisper only uses the B-10 sensitivities?

• whisper_mcnp.pl  –iso 5010.80c  nmis_input



Modified Whisper
• HECTOR (Hot Enriched 

Carbon-moderated 
Thermal Oscillator 
Reactor) at Winfrith, UK

• Plutonium, boron, graphite





Conclusion
• Whisper is a great tool and was 

valuable in finding applicable 
benchmarks.

• The sensitivity study helped me 
understand the problem much better.

• Whisper was used to find benchmarks 
to validate specific isotopes.

• Sensitivity and uncertainty analysis tools may be 
used to strengthen and improve a validation 
analysis by aiding in the selection of applicable 
critical experiments, to improve the understanding 
of fissionable systems, and to assist in assessing 
the adequacy of an existing validation. DOE-STD-
3007-2017 


