
Introduction Measurements Calculations Results Discussion

Characterization of the NPOD3 Detectors in
MCNP5 and MCNP6

Kimberly Klain (Clark) Jesson Hutchinson C.J. Solomon
Theresa Cutler Avneet Sood

American Nuclear Society Winter Meeting
Anaheim, California
November 12, 2014



Introduction Measurements Calculations Results Discussion

Abstract

Researchers performed a series of measurements in May 2012 to characterize

the NPOD3 detector systems. The detectors were placed in varying states of

disassembly to determine the effect of individual components on the detector

response. The Los Alamos BeRP Ball was used as the SNM source in both a

bare configuration and reflected by varying thicknesses of polyethylene

(HDPE). A set of MCNP5 (with the list-mode patch) and MCNP6 simulations

matching the experimental setups for the bare and reflected cases were run and

the calculated list-mode data were compared to the measured data. The singles

and doubles count rates and the leakage multiplication results show that both

MCNP5 with the list-mode patch and MCNP6 adequately replicate the

measurements. The advantages and limitations of each code for the use of

obtaining list-mode data are explained.



Introduction Measurements Calculations Results Discussion

Previous work

Previous research compared the capabilities of various versions
of MCNP developed both within and outside of LANL in
simulating subcritical systems

This work showed that MCNP5 with the LANL list-mode
patch was best-suited for such calculations due to its accuracy
and its ease of use
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Code comparison

Verify the MCNP models of the detector systems

Compare the strengths and weaknesses of the Monte Carlo
N-Particle (MCNP) codes in predicting the behavior of
subcritical systems

Prove that MCNP6, the production version of the MCNP code, is
capable of simulating list-mode data as well as MCNP5 with the

list-mode patch
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Why subcritical?

What are subcritical
measurements?

Why are subcritical
measurements important?

Approach to critical

Benchmarking

Code validation

Nuclear data validation

Measurement of subcritical
levels of materials

Reactivity monitoring
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Measurements
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Experiment

A series of subcritical measurements were taken in 2012 to
characterize the NPOD detector systems.

Source:

BeRP ball in a
bare
configuration
and reflected by
varying
thicknesses of
polyethylene

Detectors:

One SNAP detector placed 100 cm from
center of source

One NPOD in original configuration placed 50
cm from center of source

One NPOD in original configuration and in
varying states of disassembly placed 50 cm
from center of source and 180 degrees from
first NPOD
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Configurations
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Configurations
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Experimental set-up
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Measurements

List-mode data were acquired by the detectors

SNAP detector delivers a gross neutron count rate
NPOD detectors provide multiplicity data:

Data analysis was performed using Feynman variance
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Feynman variance

Method of calculating the moments of the count distribution

Purely random source exhibits a Poisson distribution of counts
A correlated (multiplying) source has a distribution which
deviates from a pure Poisson

The magnitude of this deviation provides insight into the
multiplicity of the system

Ym =
C̄ 2

C̄
− C̄ − 1

where C̄ =

∑
n nCn∑
n Cn

and C̄ 2 =

∑
n n2Cn∑
n Cn
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Hage-Cifarelli formalism

Uses reduced factorial moments to determine singles (R1),
doubles (R2) and triples (R3) counting rates

m̄1! =

∑
nCn

1!
∑

Cn
m̄2! =

∑
n (n − 1) Cn

2!
∑

Cn

m̄3! =

∑
n (n − 1) (n − 2) Cn

3!
∑

Cn

R1, R2, and R3 are then used, along with several other
parameters, to determine the leakage multiplication value

These calculations are performed using Momentum
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Calculations
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MCNP model
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MC calculations

MCNP5.15 with the list-mode patch and MCNP6.1 codes
were run with ENDF/B-VII.0

Computation times:
MCNP5, 16 procs

Bare, 300s: 615 minutes / 16 procs = 40 min/proc
3 inch HDPE, 300s: 3600 minutes / 16 procs = 225
min/proc

MCNP6, 16 procs

Bare, 300s: 820 minutes / 16 procs = 51 min/proc
3 inch HDPE, 300s: 3890 minutes / 16 procs = 243
min/proc
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MCNP data post-processing

MCNP5 w/patch outputs a list-mode file that resembles the
detector output

MCNP6 outputs a binary file that must be parsed and
converted to ASCII prior to analysis

Both outputs are converted to a special format to be read by
Momentum
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mcnptools

mcnptools is a C++ library (extended to Python) developed
to aid the user in accessing data from MCNP output files:

mctal
meshtal
ptrac

Planned for eventual distribution with MCNP6 package from
RSICC
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Results
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Results - R1 (Singles) and R2 (Doubles)
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Results - leakage multiplication
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Discussion
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Conclusion

Except in very poor statistical situations, both codes
performed well at simulating list-mode data

The results may improve with the use of a new, more detailed
NPOD model
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MCNP5 for list-mode data generation

The list-mode patch was developed specifically for replicating
passive subcritical measurements

It works via a modification of the SOURCE and TALLYX
subroutines and does not touch the main structure of the code

Internal use only - not distributed in the RSICC package

Nubar is hard-coded in the subroutine
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MCNP6 and the use of PTRAC for list-mode data
generation

MCNP6’s PTRAC option is not the most ideal method for
obtaining list-mode data

Cannot run in parallel; cannot do a continue-run

Forced parallel processing via pstudy

Large output files (GB)

Simulation run time is longer(than MCNP5 w/patch)
Bunch of irrelevant data to sift through
Keywords are important in reducing output file size

File must be written in binary

However, we have been able to prove that MCNP6 is indeed
capable of providing accurate list-mode data
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This work, along with the development of the mcnptools
package, has allowed for the use of MCNP6 for
benchmark-quality subcritical calculations

A benchmark study is currently underway, led by Benoit
Richard, utilizing MCNP6’s capabilities

Benoit will be presenting details of a recently completed
benchmark study at 2:15pm today during the Nuclear
Criticality Safety III session in Grand Ballroom South A
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