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Metal System Criticality Validation Tasks

Benchmark analysis for Areas Of Applicability
(AOA)

Develop Monte Carlo N-Particle (MCNP) inputs
for benchmarks

Update cross section inputs from natural to
Isotopic composition
Run MCNP5

Determine bias, uncertainty in bias, and USL
using the USLSA Tool
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Metal System Applications
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Benchmark Determination for AOA

Areas of Applicability:

* AOA 1: Low Enriched Uranium Metal: <10% U-235

* AOA 2: Mixed Enrichment Uranium Metal Systems

* AOA 3: Uranium and Plutonium Mixed Metal Systems
* AOA 4: Plutonium Metal Systems

Benchmark Sources:

International Handbook of Evaluated Criticality Safety
Benchmark Calculations
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AOA 1 & 2 Uranium Metal Systems

Table I. Uranium Critical Benchmark Parameters

Parameters Cratical Benchmarlkes
Mearerial Ulranium TUlranium
Chermmical Form I 7
Enrichment (wt.%% ~ 1) 0.72 - 2.0 10.0-93.4
Phy=ical Form hictal MAstal
Moderaror Heawy Water NYA
Phvs=ical Form Liguicl NYA
Reflector WA *atural
TUlraniuin,
Graphite,
AJumaarnia.
Polyethyvlene.
Deplested
TIranium
Phvsical Form N/A Solid
MNeutron Encrgyw Thermal Fast
No. of Experiments 3 4 12 <&
No. of Co nﬂgurﬂti:::n-s. 35 30

MNote: Benchmark Experniments were taken from reference 7.
{13 Leu-Met-Thermmi, (23 Ieun-Met-Fast
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AOA 3 & 4 Uranium and Plutonium Metal
Systems

Table IT. Plutonium and Mixed Swystem Critical
Benchmark Parameters

Parameters Critical Benchmarks
AMarerial Mixture Plutoniuim
Chemical Form Pu., 1T Pu
Enrichment 23917 6.8-93.2 —
(wt.2% 237U or P¥Pu) **¥pu: 87.5-94.8 76.4-97.6
Phwsical Form Mletal Metal
Moderaror Graphite N A
Phwvsical Form Solid NIA
Reflecror MNatural Polvethyvlene.
Uranium. Be, Tungsten,
BeO. Graphite. MNatural
Aduminivm Uranium,

Thorium. Light
Water. Depleted

Uranium,
Copper.
Physical Form Solid Solid
MNeutron Energy Fast Fast
No. of Experiments 10 3g @
No. of Configurations 17 73

MNote: Benchmark Expenments were taken from reference 7.
(1 1 MWhix-IWiet-Fast, {2) Pu-MWet-Fast
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IEU Keff Comparison (AOA-2)
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Plutonium Keff Comparison (AOA-4)
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Upper Subcritical Limit: Methods

« SSLTL - Single Sided Lower Tolerance Limit
 NPM — Nonparametric Method
« SSLTB - Single Sided Lower Tolerance Band

USL=1 + Bias- -Blas —
Mo

What is determined by
USLSA:

» Trending analysis
» Method Determination
» MoS g gun of Subcriticalit

* Q. Ao, “A Statistical Méthodology for Validating CritlcaI¥ AnaIyS|s Codes 8t International Conference on Nuclear Criticality
Safety Proceedings, Vol. I, pp. 228-231, St. Petersburg, Russia (May 2007)

* Q. Ao, “USLSA — A Statistical Tool for Criticality Analysis Code Validation, Trans. Am. Nucl. Soc., 96, pp. 271-273 (June 2007).
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Statistical Analysis: USLSA SSLTL Method
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USLSA: Trending for Pu Non-normal Data
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Upper Subcritical Limit Results

Area of USL Bias & Bias USL

Applicability Uncertainty Method
Low Enriched 0.9444 -0.0256 SSLTL
Uranium Metal
Mixed Enrichment 0.9517 -0.0269 SSLTL
Uranium Metal
Plutonium and 0.9524 -0.0176 SSLTL
Uranium Metal
System
Plutonium Metal 0.9602 -- NPM
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Potential Validation Plans

* Development of Mixed
Oxide (MOX) inputs

* Modeling of salt solution
for reprocessing methods

* Further development of
LEU metal systems
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