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A Consideration on Proliferation
Resistance of a FBR Core Design
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HEU Very Low
WG-Pu Low
RG-Pu Medium
DB-Pu High

LEU Very High
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One of the PR&PP concerns of FBR is the plutonium with a relatively
higher Pu-239 isotope fraction generated in the UO,, blanket
surrounding the fast reactor core
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Three hypothetical reactor core concepts were defined, focused on
radial blankets.
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Three metrics of material attractiveness were estimated for each core
concept.

N. Inoue, et. al., Proc. of 51st INMM, Baltimore, 2010
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“For the purpose of more effective and efficient safeguards by
adopting of several categories of plutonium”
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Traditionally, the suitability of a plutonium mixture for explosive
devices is determined by its Pu-240 content
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Rector-grade plutonium (>18% Pu-240) — the same level of the
current LWR spent fuel

B. Pellaud, J. Nuclear Material Management, Vol. XXXI, No.1, Fall (2002)
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“the content of Pu-238 and the heat it generates in reactor-grade
Pu is the key (proliferation resistance) parameter”

> [ ERETELI%L EDPU-238Z 5L RFIFHPuZHWLNTE R
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“high-technology HNEDs of NWSs would be unfeasible technically
with reactor-grade plutonium containing more than approximately
9% (Pu-238)”" — extremely conservative value for non-NWS

HNED: Hypothetical Nuclear Explosion Device
REBLERERHEEE)
NWS: Nuclear Weapon State(#%£25EH)

G. Kessler, et. al., Nuclear Eng. And Design, 238(2008) 3429-3444
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> Bathke's M JIE  attractiveness level (Figure of Merit: FOM)

> ENE IS (EEHELHEKXEDOEMD graded (domestic) safeguards
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The concept of “attractiveness level” is originally for “graded (domestic)
safeguards table” of US-DOE
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» M: Bare critical mass of the metal in (kg), /4: heat content (W/kg), D: dose rate
of 0.2-M evaluated at 1m from the surface (rad/h), S. spontaneous-fission
neutron production rate (n/s/kg)
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When FOM<1, the material is unattractive for use in nuclear devices

C.G. Bathke, et. al., Proc. of Global 2009, Paris, France, September 6-44, 2009
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For Transition Period: Breeding Ratio = 1.1

Case-0: Reference Core Case-1: Radial Blanket-Free Core
Radial
Blanket Steel
Core Fuel Assemblies [U] Core Fuel Assemblies Reflector

[U-Pu-Np-Am-Cm] / [U-Pu-Np-Am-Cm] /

Case-2: MOX Blanket Case-3:Blanket with Minor Actinide (MA)
(Required MA to be provided from LWR)

- Blanket doped with low-fissile Pu

Radial Blanket Radial Blanket
Core Fuel Assemblies [U-Pu-Np] Core Fuel Assemblies [U-Np-Am-Cm]
[U-Pu-Np-Am-Cm] [U-Pu-Np-Am-Cm] /

For Equilibrium Period: Breeding Ratio = 1.03

Steel
Reflector

Core Fuel Asemblies
[U-Pu-Np-Am-Cm] +—

Common with all Cases :Without Blanket

N. Inoue, et. al., Proc. of 51st INMM, Baltimore, 2010
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BMAIll the core concepts decrease the attractiveness
MRadial blanket of Case-2 is classified RG-Pu (Pellaud’s)
BRadial Blanket of Case-3 could meet Kessler’s Criteria with high content of MA

N. Inoue, et. al., Proc. of 51st INMM, Baltimore, 2010
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MAIll the core concepts considerably decrease the attractiveness
BSome cases could barely meet FOM2

B FOM1 cannot be met in any case
N. Inoue, et. al., Proc. of 51st INMM, Baltimore, 2010
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Each metric can express the decrease of attractiveness.
» Bathke D FOM1<1IESFRI{FILTIEiEHE LG

Bathke’s FOM1<1 cannot be met by the sodium fast reactor case.
> BRELGDIEIINoREZIESFE>M 7 1ELVDTE,

How to use those metrics is a challenge.
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Material type is just one of six PR measures that should be considered in a
proliferation resistance plan.
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How to balance material attractiveness with other PR measures, and with
other development targets, should be pursued as a further study.

> PREMEFENTDBATIRBETESILEHHF

PR evaluation methodology is expected to provide some answers. 9
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Consistent
and
harmonized

FaCT Development Targets

Safety and Reliability

Environment Protection

Sustainability Waste Management

C 1T 1

Economic Competitiveness Efficient Utilization of Nuclear Fuel Resources |

Nuclear Nonproliferation

Proliferation resistance [{ Technical Difficulty (TD)

Proliferation Time (PT)

Physical protection

- Material Type (MT) |
| Probability of -
Adversary Success | [1 Detection Probability (DP)-Safeguards
— Consequences - Proliferation Cost (PC)
— PP Resources - Detection Resource Efficiency (DE)
— 10

N. Inoue, et. al., Proc. of 51st INMM, Baltimore, 2010
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