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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.
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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 MCNPG®6, 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 Why are subcritical
measurements? measurements important?
@ Approach to critical

@ Benchmarking

@ Code validation

@ Nuclear data validation

@ Measurement of subcritical
levels of materials

@ Reactivity monitoring
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Experiment

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

Source: Detectors:
@ BeRP ball in a @ One SNAP detector placed 100 cm from
bare center of source

configuration

and reflected by @ One NPOD in original configuration placed 50

cm from center of source

varying

thicknesses of @ One NPOD in original configuration and in

polyethylene 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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Calculations Results

Config. NPOD #1 NPOD #2
1 default default
2 hlue cover blue cover
3 no cadmium default
4 no cadmum or poly default
3 removed default
i removed default
7 removed default
3 remaved default, 80 degrees
9 default, 90 degrees default, 90 deprees
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Configurations
Config. NPOD #1 NPOD #2

1 default default

2 blue cover hlue cover

3 no cadmim default

4 no cadmium or poly default

5] removed default

fi remaoved default

7 removed default

3 remaved default, 80 degrees

9 default, 90 degrees default, 90 deprees
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Experimental set-up

a
ahggﬂgmgg UNCLASSIFIED A‘S‘i’»‘.

EsT19a3 National Nucloar Socurity Adminfs ration




Introduction Measurements Calculations Results Discussion

Measurements

@ List-mode data were acquired by the detectors

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

3053 8680902404 .70748
2053 14254079822 86832
2060 13151818451.43236
3055 1810218246, 61435
2050 2713074280.93071
3048 7022566565.45221
2058 AZEZ3Z36326.46833
3056 7854715137 .23732

3033 L373552507.36035

@ Data analysis was performed using Feynman variance
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Feynman variance

@ Method of calculating the moments of the count distribution
e Purely random source exhibits a Poisson distribution of counts
o 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

where
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Hage-Cifarelli formalism

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

P > nC, o > n(n-1)C,

YTy G, 2T %G,

>n(n—1)(n—-2)GC,
313Gy

mz =

@ 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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MC calculations

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

o Computation times:

e MCNPS5, 16 procs
e Bare, 300s: 615 minutes / 16 procs = 40 min/proc
e 3inch HDPE, 300s: 3600 minutes / 16 procs = 225

min/proc

e MCNP®6, 16 procs
e Bare, 300s: 820 minutes / 16 procs = 51 min/proc
e 3inch HDPE, 300s: 3890 minutes / 16 procs = 243

min/proc
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MCNP data post-processing

e 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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Introduction Measurements Calculations

mcnptools

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

e mctal
e meshtal
e ptrac

Planned for eventual distribution with MCNP6 package from
RSICC }
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Results - R1 (Singles) and R2 (Doubles)

NPOD1|_MEASURED | MCNP5 | MCNP6 NPOD1| MEASURED | MCNF5 | MCNFP6
config.| R s@®@)| R e®@) cE| R1 e®y CE|confis.] B2 @] Rz e®n cE| R2 o®n CE
BARE BeRP BARE BeRP
| snisds 565 | 998277 689 1063 |9sa062 670 1057| 1 159230 2101 | 182341 2464 1145 ] 157295 4438 1176
1 omngz 527 [os277 639 109 [esmer 670 1os3| 1 ten3sn 1751 1e2a41 2464 1137137285 443 1168
3 omsss 468 | 9933 733 o6l [sesves 635 1on| 3 im0 1sm | emsse zma 1175|173 2240 107
4 oo 084 | -~ | o om ome] 4 3w aes| . . o | pms om oo
05" HDPE REFLECTED BeRP 05" HDPE REFLECTED BeRP
I 1223092 704 [1308358 917 1063 [1311209 902 1070| 1 367110 2791 | 40477 3590 1145] 479636 3739 1165
1 mann 732 (130w 917 1070 (3n1200 om rovz| 1 eeasn 307 (420477 3570 Laan|aweze e L6l
3 1amez 797 1331202 903 1061335020 865 1oz| 3 3mim0 316s |4s3en w24 11m1 |amees w32 110
4 emod s | 57323 ter osm| smaes 153 osaa] 4 1med s | mme aso oem| 614 3m nam
10" HDPE REFLECTED BeRP 10" HDPE REFLECTED BeRP

1580584 081 [1711325 1133 1083[1720800 1163 1080 | 1 796110 4931 950747 6202 1206962704 6451 1209

1695194 1095 [18379.46 1183 1024 [1842764 1201 1037 | 8 s0ma0 =229 [1097557 9245 1214 |1092503 10729 1200

4 - = |omuos 3w - |zwso za 4 - = |oeaz zmos - [amas ames -
15" HDPE REFLECTED BeRP 15" HDPE REFLECTED BeRP

| 1366733 1242 |2047070 1486 1097 2030584 1302 1098 | 1 149300 0360 1777322 9863 1235 [1306736 11146 1255

1 187774 1297 2047070 1486 1120 [a0sosea 1302 1122] 1 1376000 21838 (1777322 9s6s 1202 |1306736 11146 1313

3 26m4d 1322 (2373500 1449 1098 [2380045 1533 a0 | 3 1sse300 208052331167 24162 1262 (2404403 23705 1275

4+ emsz 3m |nmsz els tosa|7es2 em woss| 4 17ss0 1133s| 212466 13681 1194|2006 12311 1203

4 emsan 384 |mmex et 1055 | mes2 20 1ose] 4 u7e3co 12174) 212468 13681 1205 214061 12801 1204
30" HDPE REFLECTED BeRP 30" HDPE REFLECTED BeRP

I 1360571 1158 |1622688 1266 1078 1687070 1251 1031 | 1 1485287 299141834237 33316 1252 1333733 36941 1251

3 24m73 1487 203076 1640 1085 240068 1657 Lose| 8 203237 2pan 3672067 34843 1274 (3850092 25258 1268

72 4 1529651 938 |1632487 1163 1067 1630422 1230 107z 4 13m363 enzez|inasn07 64177 1267 (17710 54 san 70 1385
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Results - leakage multiplication

NPoOD1 | MEASURED | MCNPS | MCNP6
confic. | M. o(Mp) My oMy CE| M. oy CF
BARE EeRP
I a4 0194] 3345 0202 1M5] 358 0222 1050
1 343l 0490 3545 0202 1033 3% 0222 104
3 [ [ T TR (V" O
4 e

05" HDPE REFLECTED BeRP

apor 0423 4123 oaze roms| 41z ou30 1040

4003 0424 4123 019 1m0 | 4152 0a30 1037

3982 0424 4170 013 1047 | 4193 0034 1053

1241 0208) 1150 0248 0936 | 1016 0230 0818
10" HDPE REFLECTED BeRP

5254 0139 [ 532 oas tosz| ss;oonds 105t

3 33w 0151 sev 0138 1055 | 5676 0181 1052

- ~ |zzo o174 - | 236 o0a73 -
1 5" HDPE REFLECTED BeRP

6012 0232 [ 7318 0243 toso| 730 0347 1068

6833 0260 | 7318 0243 1071|7370 0247 1078

7334 0262|7346 022 170 | 7872 0% 1073

4151 0247 | 405 0284 1061 | 4413 0255 1063

4130 0256 | 4405 0264 1064] 4413 0235 1068
3.0" HDPE REFLECTED BeRP

0487 0471 (10200 0495 o5 |i0azs 0504 1074

P! 3 11339 049512366 0543 1082 |12217 054 1077

4 9303 056510412 0582 1087 | 10050 0585 1092
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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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MCNPS5 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
e Cannot run in parallel; cannot do a continue-run
@ Forced parallel processing via pstudy
o Large output files (GB)

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

e File must be written in binary

However, we have been able to prove that MCNPG6 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 Ill session in Grand Ballroom South A
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