Measures Against Proliferation Risk
On Closed/Open Fuel Cycle
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General Proliferation Concerns on Reprocessing
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—Is there sufficient Safeguardability in commercial scale reprocessing plant?
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For the example of Rokkasho Reprocessing case, the effective/efficient SSAC based on
state-of-the-art Safeguards technologies is implemented. Together with the applications

of Integrated Safeguards (IS) and State-Level Approach (SLA), State as a whole,
Safeguards conclusion is drawn.
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—Is there Realistic Security Concern on civilian use Pu theft /terrorism ?
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Probably Yes, but MOX-form and Reactor Grade Pu may be less attractive for terrorism,
although strong security is essential regardless of weapon / non-weapon states.
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Safeguards for Rokkasho Reprocessing Plant
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DIQ/DIV (Design Information Questionnaire /Verification) ERET1EHRIRER
Dual C/S (Containment / Surveillance; Cameras, Radiation Detectors) A ES R

Process Monitoring (Hull Monitoring, Solution Monitoring, Process Inventor
Measurement System etc) FALRRAEZA—(/\JL-i&; ik - 7’D'|2Z‘T:EJ%FH)
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Various NDAs (Non-destructive Assays) =F S FAIERIERNE R

Advanced Accountancy System £ ERLZEHE AT LA

On-Site-Laboratory (Rapid Verification Measurement) Z YA FEESHFR
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ISWVS: I.ntegrated Spent fuel Verification Svstem SMMMS ¢ Solution Monitoring and Measurement Systeir
IHWVS ! Integrated Head-end Verification System RHMS : Rokkasho Hulls Drum Measurement System 5,7
ASAS P Automatic Sampling Authentication Systemm I J P D * Inspector Jug Passage Detector

WCAS - Waste Crate Assay Systemn WIDAS  Waste Drum Assay System

g VCAS : Viwiflied Canister Assay System PINMS : Plutonium Inventory Measurement System e Bom
B - — TCVS : Temporary Canister Verification System iPCAS : Improved Plutonium Canister Assay System
Camera/Radiation of MSCS : MOX Storage C/S System UBWVS : Uranium Bottle Verification System - PIMS on Glove Boxes

IHVS

- SCS : Uranivum Storage CFS System



Pursuing Change in Safeguards

REBREDEIE~DER

Move further away from narrow, prescriptive, criteria-

driven implementation focused at facility-level,

towards safeguards implementation focused at the

State-level

More focused, adaptable safequards implementation
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Implication of Nuclear Nonproliferation on Closed Fuel Cycle
(Reprocessing) and Open Cycle (Direct Spent Fuel Disposal)
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— Reprocessing-Advantages: Long term - less proliferation risk

(reduction of waste volume and toxicity, energy security)

— Reprocessing-Disadvantages: Short term - proliferation risk (short

term: recycle cost)

— Direct disposal-Advantages: Short term - Less proliferation risk (save
recycle cost — short term)

_ Direct disposal —Disadvantages: Long term:Increase in need on
safeguards/security (larger waste volume and toxicity)
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Implication of Nuclear Nonproliferation on Closed Fuel Cycle
(Reprocessing) and Open Cycle (Direct Spent Fuel Disposal)
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@ Proliferation risk in reprocessing is regarded “high”, since Pu is more or less separated

in any form. However, total amount of Pu that human being produces would be
consumed in series by burning recovered Pu. In the end of atomic energy era,
amount of remaining Pu in all SFs to be disposed should be much smaller than that of
direct disposal option. In addition, quality of final Pu would be lower that practically
unusable for weapon (smaller fraction of Pu-239).

Proliferation risk in direct disposal is regarded “low”, since Pu is present in high
radiation Fission Products (FPs) . However, Pu in SF from e.g. LWR will be isolated
together with only in long term. Quality of such Pu will come close to higher grade.
Concerns on Safeguards and Security risk will increase with time.
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Long term radio-toxicity of standard PWR spent fuel

vs cooling time
PWRIZZEFEAF MR O S eeE - m A M O R EMIEFRZ L

G-

;| Others(Np, Am,Cm,...)

=9

h

10°® Sievertsitons
[ 4%

-

10 100 1000 10000 108 108
Time in years

=

1

Figure 4. Potential radictoxicity vs. cooling time.
Spent Fuel Reprocessing Options, IAEA-TECDOC-1587, August 2008
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FOM =#%¥1'8 D%k I E 5% Figure Of Merit (Material Attractiveness)
M = £EPud) i /K s 5 & =Bare Critical Mass of e.g., Pu (kg)

h = Heat Generation from Nuclear Material (e.g. Pu) &£@Pud) R = (W/kg)
D = XMZWEMNSImBEN T F DI GTEE = Dose at 1m from the Matetrial (rad/h)
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FOM | Weapons Utility | Attractiveness | Attractiveness Levelt
> 2 Preferred High ~B
1-2 Attractive Medium ~C
0-1 Unattractive Low ~D
<0 Unattractive Very Low = 2

= Desirable FOM designations are Low and very low.

= Undesirable FOM designations are High and Medium.

T “Nuclear Material Control and Accountability,” U. S. Department of Energy manual
DOE M 470.4-6 Chg 1 (August 14, 2006).

T Depleted, Enriched, and Normal Uranium; 233U; 238Pu; 23°Pu; 240Py; 241Pu; 242Pu; 2*1Am;
243Am; Bk; 252Cf; Cm; 2H; Enriched Lithium; 23’Np; Th; 3H; and Uranium in Cascades.



Conclusion: Nonproliferation/Safeguards : Reprocessing
and Direct Disposal
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» From RRP’ example, it can be said that Nuclear Non-Proliferation (NNP)
for reprocessing as “sensitive technology” can be accomplished by
institutional system such as high level safeguards/security.
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» NNP for SF direct disposal where required level of safeguards/security
should increase with time in long-term. No one may be able to
guarantee NNP for SF direct disposal with such institutional systems.
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May desire to consider Proliferation Resistance for Spent Fuel disposal
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Potential Techniques for future Pu Burn/Consumption
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Deep-Burn of TRISO Fuel at HTGR
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(90~ 120 GWD/MT)

Examplel

Pyrolytic Carbon
H__H__-Sili-:c-n Carbide or Zirconium Carbide

____ Porous Carbon Buffer
Uranium Oxide or Uranium Oxycarbide

TRISO Coated fuel particles (left) are formed
into fuel rods (center) and inserted into
graphite fuel elements (right).
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PARTICLE COMPACT FUEL ELEMENTS

Initially charged Pu-239 >50% (#)&#APu239(&50%LL L)
Pu-239 at discharge < 10% (F#2HPu239(F10%LLTF)
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C. Rodriguez, et al.: Nuclear Engineering and Design 222 (2003)



Potential Techniques for future Pu Burn/Consumption
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Burn rock type Pu fuels at normal LRW
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Fuel:Pu02+U02 (1:2) +YSZ (Pu: solid solution with Y= #k%l:Pu02+U02 (1:2) +YSZ(41yMIT7RSEIL VI

Example 2

stabilized Z) Burn at LWR with U Z7)ICEBLELD, V3V RBHEHEA EOETEKEF
———ﬁ _Clwi&m
= ' s>
100% - 777 - -
3 00% 7 //_
e _ B0% / —
YSZ Pellet 8 T0% %— @ Pu242
400 _ 5 60% L oPu241
Once-through :E 3 20% — OPu240
— = Pu thermal - —u—a 25 — |
320 . ROX ’/"" 99 é S 40% . mPu239
300 T Sp 0% - [|oPu23s
_ 250 e o S
£ L | Ty H
= 200 - #r 0%
g 450 N -— WG uo2 MOX  ROX
g 100 " WG-Pu and Different Spent Fuels
50 J Fig. Comparison of Pu composition (Pul@l{i
0 : {RHE R D HLER)
1970 2000 2030 2060 2090
. . . Nishihara et al. Atomic Energy Society of Japan, Hiroshima,
Fig. Comparison of finally Produced Sep 2012

Pu (RF9 %Pulld)

1



Thank you for your attention.



