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Program Schedule for the 39™ Annual Meeting of the Institute of Nuclear

Materials Management Japan Chapter

The program will be changed without notification

Overall host: Hironobu Nakamura, Japan Atomic Energy Agency

Day 1 (20 November)

Seihoku Gallery
09:30~ Registration
10:00-10:20 Opening Session
10: 00 - 10:05  Opening Remarks Hironobu Nakamura, Chair, Program Committee
10: 05-10:15  Welcome Remarks Masao Senzaki, President, INMM Japan Chapter
10: 15-10:20  Welcome Remarks Yasumasa Fujii, Professor, Dept. of Nuclear
Engineering and Management, the University of
Tokyo
10:20 - 11:30 Invited Lectures Chair : Masao Senzaki, President, INMMJ

10:20-10:50 Invited Lecture 1 : Automatically Extended US-Japan Nuclear Cooperation

Agreement and Future Perspective
Guest Lecturer: Tetsuya Endo, Former Vice-Chairman
Japan Atomic Energy Commission

10:50 -11:30 Invited Lecture II : IAEA Safeguards and Future Challenge in Japan

Guest Lecturer: Osamu Aruga, Secretary-Genera’s Secretariat,
Radiation Protection Department, Radiation Protection Policy
Division, Safeguards Office (JSGO)

11:30 - 13:00 Lunch Break

13:00 - 13:30  Poster Short Presentation

P3901

P3902

P3903

P3904

P3905

P3906

P3907

Chair : Hiroshi Sagara, Tokyo Institute of Technology
Development of Image Reconstruction Technology using Passive Gamma Emission
Tomography (1) Image Reconstruction of gamma-ray sources in Spent BWR Fuel Assembly
using Statistical Iterative Approximation
Presenter: Shigeki Shiba, Tokyo Institute of Technology
Effect of fast reactor fuel cycle strategies on TRU material balance and non-proliferation
features (4) Evaluation of mass balance and non-proliferation features
Presenter: Rie Fujioka
Performance evaluation of light water reactor fuel in inherent and non-proliferation features
(1) Mixed Plutonium Silicide Fuel
Presenter: Tsukasa Amano, Tokyo Institute of Technology
Construction of fundamental nuclear characteristics database of all fissionable actinide
nuclides (1) Evaluation of Ac-Cf nuclides
Presenter: SooJun Bang, Tokyo Institute of Technology
User Interface Development of Atmospheric Dispersion Simulations for Nuclear Emergency
Countermeasures
Presenter: Hamza E-Asaad, Tokyo Institute of Technology
Applicability of LaBrs;(Ce) Detector for '3* Quantification in Molten Fuel Material by Using
Passive Gamma
Presenter: Nur Husna Md Hanipha
Applicability study of PFRR method to identify HEU by utilizing the Bremsstrahlung spectrum
photon
Presenter: Chin Kim Wei, Tokyo Institute of Technology



P3908

A Vision-based Hand Motion Recognition Model for Insider Sabotage Detection using Deep

Neural Network

P3909

Presenter: Shi Chin, The University of Tokyo
RESEARCH REVIEW OF INDIA-JAPAN CIVIL NUCLEAR COORPERATION

AGREEMENT TOWARDS THE PROGRESS OF PEACEFUL USE OF THE NUCLEAR
ENERGY

Presenter: Saurabh Sharma, Tokyo Institute of Technology

Lecture Room-Angel Research Building

12:00 - 17:30

13:30—14:30

Exhibit

Poster Session
Session Coordinator: Hiroshi Sagara, Tokyo Institute of Technology

Seihoku Gallery

14:40 —16:00

#3910
14:40-15:00
#3911
15:00-15:20

#3912
15:20-15:40

#3913
15:40-16:00

16:00—16:10

16:10—17:30

#3914
16:10-16:30

#3915
16:30-16:50
#3916
16:50-17:10
#3917
17:10-17:30

17:30—18:00

18:00—20:00

Session A : Advanced Non-Distractive Assay
Chair : Taketeru Nagatani, Japan Atomic Energy Agency
Evaluation of effect of sample matrix on JAEA type DDA technique
Presenter: Makoto Maeda, Japan Atomic Energy Agency
Research and development for a new active neutron method using a continuous
neutron source
Presenter: Masao Komeda, Japan Atomic Energy Agency
Delayed Gamma-ray Spectroscopy 1, Phase-I Summary, Phase II Preview, and
continuous Solution Monitoring
Presenter: Douglas Chase Rodriguez, Japan Atomic Energy Agency
Delayed Gamma-ray Spectroscopy 2-Design Study of Moderator for Practical
System
Presenter: Fabiana Rossi, Japan Atomic Energy Agency

Break

Session B: Nuclear Non-proliferation Technology
Chair: Akio Kawai, Japan Nuclear Fuel Limited
Development of radiation-detection simulator “USOTOPE”- Toward an effective
training in nuclear security measures —
Presenter: Kenichi Tsuchiya, National Research Institute of Police Service
Outline of Material Accountancy for Rokkasyo Reprocessing Plant
Presenter: Mai Hasebe, Japan Nuclear Fuel Limited
Simplification of Accounting for and Control of Nuclear Material and
Presenter: Yuzo Inaba, Nuclear Industries, Ltd.
Study to improve proliferation resistance of pebble bed reactor
Presenter: Tomooki Shiba, Japan Atomic Energy Agency

INMM Japan Chapter Annual Business Meeting

Reception/Awards (at Restaurant Abrevoir, The University of Tokyo)



Day 2 (21 November)

Seihoku Gallery

09:30—10:30  Invited Lecture Chair: Masato Hori. Member-at-large INMM
Invited Lecture III : Current status and future challenge on disposal of radioactive
waste
taking into consideration of decommissioning
Guest Lecturer: Shinya Nagasaki, Professor, McMaster
University, Canada

10:40 — 11:20 Session C : Safeguards/Corrabration with 2S
Chair : Tomonori Iwamoto, Japan Nuclear Fuel Limited

#3918 Current Status of JNFL Efforts on Inspection Activities at Rokkasyo Reprocessing
10:40-11:00 Plant

Presenter: Yuta Ichiyama, Japan Nuclear Fuel Limited
#3919 Synergic effect of nuclear security and nuclear nonproliferation on nuclear fuel cycle
11:00-11:20 facilities

Presenter: Ryo Shimizu, Japan Atomic Energy Agency

Lecture Room-Angel Research Building

10:40-11:20 Session D: Human Resources Development
Chair: Kazuyuki Demachi, The University of Tokyo
#3920 Nuclear Regulation Human Resources Development Program in Tokyo Tech
10:40-11:00 “The Advanced Nuclear 3S Education and Training (ANSET)

(2) Implementation Status 2018
Presenter: Shuichiro Ebata, Tokyo Institute of Technology
#3921 Nuclear Regulation Human Resources Development Program in Tokyo Tech
11:00-11:20 “The Advanced Nuclear 3S Education and Training (ANSET)”
(3) Exercise on Environmental Dynamics of Radioactive Material
Presenter: Chi Young HAN, Tokyo Institute of Technology

11:20-13:00 Lunch Break

Seihoku Gallery

13:00-14:40 Session E: Nuclear Security
Chair: Hironobu Nakamura, Japan Atomic Energy Agency
#3922 Nuclear security measures at nuclear fuel facilities (1) Trustworthiness program
13:00-13:20 for insider mitigation
Presenter: Hiroyuki Yamada, Japan Atomic Energy Agency
#3923 Security Measure at Nuclear Fuel Facility (2) Internal Threat Countermeasure in
13:20-13:40 Cyber-Security

Presenter: Soma Kono . Japan Atomic Energy Agency

#3924 A study of Improvement for Explosive Screening Measure at Inner Area Entrance
13:40-14:00 Presenter: Junna Sotozaki, Japan Nuclear Fuel Limited
#3925 Activities Related to Foster Nuclear Security Culture in Hamaoka Nuclear Power

14:00-14:20 Station

Presenter: Yusuke Nakamura, Chubu Electric Power Co., Inc
#3926 Efforts on the promotion of Nuclear Security Culture at INFL- Implementation of
14:20-14:40 Cyber Security education-

Presenter: Yusuke



Lecture Room-Angel Research Building

13:00-14:40

#3927
13:00-13:20

#3928
13:20-13:40
#3929
13:40-14:00
#3930
14:00-14:20
#3931
14:20-14:40

14:40-15:00

Session F: Policy
Chair: Masako Ikegami, Tokyo Institute of Technology

A Study of Tendencies of Member States which the Broder Conclusion (BC) Has been

Drawn and Not Yet by the International Atomic Energy Agency (IAEA) :
Extracting Possible Requirements for Drawing the BC

Presenter : Hiroaki Nakanishi, Japan Atomic Energy Agency
Summary of Research Result of State Level Concept (SLC)

Presenter: Takashi Kimura, Japan Atomic Energy Agency
Study on elements of establishing the regional safeguards

Presenter:  Yuta Kitade, Japan Nuclear Energy Agency
Study on Current US Views on Bilateral Civilian Nuclear Cooperation Agreements

Presenter: Makiko Tazaki, Japan Atomic Energy Agency
Transparency of Peaceful Use in Nuclear Fuel Cycle

Presenter: Hiroshi Tamai

Break

Seihoku Gallery

15:00-16:10

15:00-15:25

15:25-15:50

15:50-16:10

16:10-16:20

16:20-16:25

Planning Session
Chair: Takashi Asano, Japan Atomic Energy Agency
Current IAEA’s Safeguards implementation and future safeguards challenge at the
Fukushima Daiichi
Guest Lecturer : Vladimir Nizhmik, JAEA
Technical Strategic Plan 2018 for Decommissioning of the Fukushima Daiichi
Nuclear Power Station (Overview)
Guest Lecturer : Toshiaki Kogai, Nuclear Damage Compensation and
Decommissioning Facilitation Corporation
Overview of Charles Pietri Special Service Award Winning (JNFL)
Reporter: Tomonori Iwamoto, Japan Nuclear Fuel Limited

Poster Presentation Awards Hiroshi Sagara Vice-Chair, Program Committee

Closing Remarks Hiroshi Sagara Vice-Chair, Program Committee
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1. Increase in demand
2010 - 2016

+19% +10%

Nuclear material ~ Nuclear facilities &
under Safeguards locations outside
facilities under
Safeguards
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2. Increasing spent fuel
transfers & decommissioning

Irradiated plutonium under
Safeguards

-

43,500 sQ/year

1 2 3 4

|IAEA SQ=Significant Quantity

I 00 (SNRA, Japan
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-ting environment Is changil-

3. Increasing volume of
information and more global
nuclear cooperation & trade

e_“Ak® eg. bigdata,
. T)‘ globalization,

A/ © i
e A connectivity

@NRA.Japan 14
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a long—term strategy to ensure
uards mission

1. Greater productivity and agility
2. Major modernization projects

3. Partnerships with States
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Decommissioning status
Current condition of nuclear power plants in the world

All power plants, coal, gas and nuclear, have a finite life beyond which it is not
economically feasible to operate them. Generally speaking, early nuclear plants were
designed for a life of about 30 years, though some have proved capable of continuing well
beyond this. Newer plants are designed for a 40 to 60 year operating life. At the end of the
life of any power plant, it needs to be decommissioned, cleaned up and demolished so that
the site is made available for other uses.

(a) To date, about 100 mines, about 110 commercial power reactors, 46 experimental or
prototype reactors, over 250 research reactors and a number of fuel cycle facilities,
have been retired from operation. Some of these have been fully dismantled.

(b) Most parts of a nuclear power plant do not become radioactive, or are contaminated at
only very low levels. Most of the metal can be recycled.

(c) Proven techniques and equipment are available to dismantle nuclear facilities safely and
these have now been well demonstrated in several parts of the world.

(d) Decommissioning costs for nuclear power plants, including disposal of associated wastes,
are reducing and contribute only a small fraction of the total cost of electricity

generation.
Reactors closed following damage in an accident or serious incident (11) y
Country Reactor Type MWe Shut reason
nef operating down
Germany  Greifswald 5 VVER- 408 0.5 11/1989 Partial core melt
440/V213
Gundremmingen BWR 237 10 1/1977  Botched shutdown
A
Japan pHis BWR 439 40 3/2011  Core melt from cooling loss
Fukushima .
Daiichi 2 BWR 760 37 3/2011  Core melt from cooling loss
Fukushima ;
Daiichi 3 BWR 760 35 3/2011  Core melt from cooling loss
Fukushima BWR 760 32 3/2011 Damage from hydrogen
Daiichi 4 explosion
Slovakia Bohunice A1 Prot 93 4 1977 Core damage from fuelling
GCHWR error
Spain Vandellos 1 GCR 480 18 mid Turbine fire
1990
Switzerland St Lucens Exp 8 3 1966 Core Melt
GCHWR
Ukraine Chernobyl 4 RBMK 925 2 4/1986  Fire and meltdown
LWGR
USA Three Mile PWR 880 1 3/1979  Partial core melt
Island 2
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Reactors closed prematurely by political decision or consideration (27)

Armenia Metsamor 1 VVER-440/V270 376 13 1989
Bulgaria Kozloduy 1-2 VVER-440/\V230 408 27,28 12/2002
Kozloduy 3-4 VVER-440/\/230 408 24,26 12/2006
France  Super Phenix FNR 1200 12 1999
Germany Greifswald 1-4 VVER-440/V230 408 10, 12, 15, 16 1990
Muelheim-Kaerlich PWR 1219 2 1988
Rheinsberg VWER-70/V210 62 24 1890
Italy Caorso BWR 860 12 1986
Latina GCR 153 24 1987
Trino PWR 260 25 1987
Japan  Fukushima Daiichi 5 BWR 760 33 2011
Fukushima Daiichi 6 BWR 1067 32 2011
Lithuania Ignalina 1 RBMKLWGR 1185 21 2005
Ignalina 2 RBMKLWGR 1185 22 2009
Slovakia Bohunice 1 VVER-440/\V230 408 28 12/2006
Bohunice 2 VVER-440/\/230 408 28 12/2008
Sweden Barseback 1 BWR 600 24 11/1999
Barseback 2 BWR 600 28 5/2005
Ukraine Chernobyl 1 RBMK LWGR 740 19 12/1997
Chernobyl 2 RBMK LWGR 925 12 1991
Chernobyl 3 RBMK LWGR 925 19 12/2000
USA Shoreham BWR 820 3 1989

&

»

Mc

T Tnivprclﬁ

Reactors closed having fulfilled their purpose or being no longer economic to run (109+1)

- prot= prototype, exp= experimental, * = ran approx full-term

Prot PWR

10

24

Belgium BR-3 1962 1987
Canada Douglas Point  Prot PHWR 206 1967 17 1984
Gentilly 1 Exp SGHWR 250 1971 6 1977
Gentilly 2 PHWR 638 1982 30 2012
Rolphton NPD  Prot PHWR 22 1962 25 1987
France Bugey 1 GCR 540 1972 22 1994
Chinon A1 Prot GCR 70 1963 10 1973
Chinon A2 GCR 180 1965 20 1985
Chinon A3 * GCR 360 1965 25 1990
Chooz A Prot PWR 305 1967 24 1991

Experimental, early commercial types and commercial unit whose continued operation
was no longer justified, usually for economic reasons. Most of these started up before
1980 and their short life is not surprising for the first couple of decades of a major new
technology. At least 41 of this 110 ran relatively full-term, for a design life of 25-35

years or so (design lives today are 40-60 years).
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Clearance System IT T~‘.1,(;.I)_1,,a§ter

What is Clearance?

P e >4000 w—
Clearance —aso0 Internal hemorrhage
v" To remove the materials which have [ g w— S i
negligible effects on human health from | Zz Tired
the radiation protection point of view. “ o oD e h
These are also considered as non-critical o= Temporary losing hair
and non-radioactive materials. 0 e i
v" Generally the waste which contain few B e e | A
radioactive nuclides from nuclear facilities S R Ak
belongs to this category. The cleared TR —
materials can be treated as
nonradioactive materials.
Clearance Level
v" The amount of radioactive nuclides is depends on each country
typically used to categorize « Canada, US, France etc. case by case
“nonradioactive materials” from Germany, Sweden, UK, Japan etc. general guideline

“radioactive materials”.
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2.3 Clearance, Exemption, Exclusion

(1) Exclusion (FRFIFRSY) 3 cigh® ¢ ,% £
Exclusion means the deliberate exclusion of a naturally occurring radioactive material
(NORM) from the scope of regulatory control because exposure to that material cannot be
controlled and therefore regulatory control is not possible or because regulatory control is
expected to have little effect. Naturally occurring nuclides include nuclides that are as old
as the earth and nuclides that are naturally produced by cosmic rays. Nuclides falling into
the former category include #°K, 8’Rb, 138La, 14/Sm, 176Lu and the 232Th series and 238U series
nuclides. Nuclides produced by cosmic rays include 3H, 7Be, *4C, 22Na and 3°Cl. These
nuclides are present in the soil and rock and in the air.

(2)Exemption (G FR)

Exemption means that an artificial radioactive material does not need to be placed under
regulatory control for radiation protection because the human health impact of the artificial
radioactive material is so small as to be negligible. Materials and objects in
very small quantities such as radioactive tracers used in research and
calibration sources as well as some consumer goods such as incandescent
gas mantles, optical lenses and ceramic tableware containing very few
nuclides fall into this category. Exposure doses due to these artificial '
radioactive materials are sufficiently smaller than natural background https://ja wikipedia. org/wiki/E3%82

%A6%E3%83%A9%E3%83%B3%E3%82
%ACKHE3%83%AI%E3%82%Bo#/medi

radiation. Radioactivity concentrations of nuclides used as criteria for SJFie slae aboveips
exemption are termed exemption levels.




McMaster

+ B¢
(3) Clearance (2722 R) UﬂlV@I’Slty '
The term “clearance” refers to the idea that if an exposure dose due to a very low-level Z@»®
artificial radioactive material is sufficiently smaller than natural background radiation

and human health risk is negligibly small, that artificial radioactive material does not

need to be treated as a radioactive material, and therefore the material may be released
from regulatory control even if the category to which the material belongs is under
regulatory control for radiation protection.
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Performance Assessment of Geologic Disposal UﬂiV@fSitY e
4

Purpose of Performance Assessment

The purpose of performance assessment may be reworded as indicating assessment
results related to long-term safety resulting from geological disposal.

In performance assessment, it is necessary to determine indices and criteria in
advance. For example, details such as who or what needs to be protected, how long they
need to be protected and how accurate assessment results need to be are to be
specified by indices, while the required level of safety is something to be dealt with by
means of criteria because it is related to regulatory issues and public consensus building
issues.

McMaster

" 1 & BN &
Content and Method of Performance Assessment UﬂlV@fSltY m
TS
The purpose and use of performance assessment differs from stage to stage. Then,
specific steps in performance assessment can be summarized into the four stages
shown below. These stages may proceed sequentially, but in reality they often
proceed concurrently and iteratively.

(@ Definition of disposal system details

@ Identification of events that are likely to occur after closure and affect the safety of
the repository and scenario development

3 Development of models (system level and event/barrier level) and computer codes
(including modeling of uncertainty)

@cCalculation of performance indices and comparison with safety regulations
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@ Identification of Events Likely to Affect Safety and Scenario Developmd\rﬂqnversﬁy Z,
!ﬁﬁi@%ﬁ/

It is not possible to analyze all future events. Events considered in performance =

assessment are only a small subset of all possible events. Such a subset of events must be
selected carefully so that they represent future states of the repository under consideration.
These are called scenarios. For the purpose of performance assessment, repository
behavior is often described by using a number of representative scenarios.

Usually, the first step in scenario development is to list conceivable events. These events
are classified into Features, Events and Processes (FEPs), and the list thus made is called a
FEP list. The differences among the three categories are as follows.

For example, according to the U.S. Nuclear Regulatory Commission (NRC),

Feature is an object, structure or condition that has a potential to affect disposal system
performance;

Event is a natural or anthropogenic phenomenon that has a potential to affect disposal
system performance and that occurs during an interval that is short compared to the
period of performance; and

Process is a natural or anthropogenic phenomenon that has a potential to affect disposal
system performance and that operates during all or a significant part of the period of
performance.

In reality, however, it is rarely necessary to strictly distinguish between these. In fact,
usually, these are collectively called FEPs.

Features, Events and Processes (FEPs) for Geologic Disposal of RadioaMSter

- An International Database; OECD (2014) University 7
Table 4. The International FEP List (Version 1.0) in alphabetical order ?‘fﬁ/
Accidents and unplanned events 1.1.12
Administrative control, repository site 1.1.10
Adults, children, infants and other variations 2.4.02
Aims of the assessment 0.08
Animal, plant and microbe mediated transport of contaminants 3.2:11
Animal populations 2.3.09
Aquifers and water-bearing features, near surface 2.3.03
Atmosphere 2.3.07
Atmospheric transport of contaminants 3.2.10
Biological/biochemical processes and conditions (in geosphere) 2.2.09
Biological/biochemical processes and conditions (in wastes and EBS) 2.1.10
Buffer/backfill materials and characteristics 2.1.04
Chemical/complexing agents, effects on contaminant speciation/transport 3.2.05
Chemical/geochemical processes and conditions (in geosphere) 22.08
Chemical/geochemical processes and conditions (in wastes and EBS) 2.1.09
Chemical/organic toxin stability 3:1:02
Climate change, global 1.3.01
Climate change, regional and local 1.3.02
Closure and repository sealing 1.1.04
Coastal features 2.3.05
Colloids, contaminant interactions and transport with 3.2.04
Community characteristics 2.4.05
Container materials and characteristics 2.1.03
Contaminant transport path characteristics (in geosphere) 2.2.05
Deformation, elastic, plastic or brittle 1.2.02
Diagenesis 1.2.08
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Example 2 _ o University
@ Calculation of Performance Indices and Comparison with Safety Regulations

Model development for performance assessment can be understood by considering
a hierarchical structure as shown in Fig. 7.1.

Performa ne’é\assessment
models

(models for
alculating

System performanc
indices)

Abstraction

Engineering design models

(detailed models including disposal
system design parameters)

Scientific basic models and databases

(principle models of physical, chemical and geological
processes and databases that support those models)

Fig. 7.1 Hierarchical structure illustrating performance assessment model development

Assessment MCMaSter

Rainwater seepage (seepage rate : v [m/s]) 'V :
bl S Y A Unl erSItY

A AN 7

Concrete —~_ Groundwater table
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Fig. 7.3 Source term model of concrete vault disposal
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Fig. 7.4 Concept of radionuclide transport in engineered barrier at the geological repository
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Base Scenario
Scenario which does not consider the change of
external environment (e.g. geological environment,
hydrological environment and meteorological

Groundwater Scenario

T Contact of phenomenon). Degradation of the engineered
radionuclides with barrier is considered.
human through Perturbation Scenario
groundwater

. Scenario which considers the expected changes of the
Potential Effect that external environment (e.g. geological environment,
disposal has on human — hydrological environment and meteorological

and the environment phenomenon). The change of the engineered barrier
system due to perturbation in geological environment
is also considered.

Natural Event Scenario

\4

Isolation Failure Scenario

Scenario which consider direct contact of waste with
human by lifting/erosion and volcanic activities.

Direct contact with : :
human Human Intrusion Scenario

Scenario where the contact of waste with human
occurs through industrial activities, and the scenario
where the facility function is compromised by
deliberate actions.

McMaster

University

Create scenario such as “if geologic disposal system become like
Scenario Analysis as .

To create the scenario, features, events and processes must be

considered.
Required Data

' ) Rd: Sorption distribution ratio
Mathematical Example of mathematical model: D: Diffusion coefficient

2
2y 9C_ 1 0°C

; " ot ox*
Evaluative Analysis Influence is estimated for every possible scenario.

> Safety Judgment

Model = Data

~ARdC +2_Rd_C,,

Safety Criteria




3.4 Analytical Result of the Reference Case MCMQS

°
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The governing equation for one-dimensional nuclide migration through
parallel plane cracks and into the rock matrix under steady groundwater
flow:

Rﬂ BC" + I;BC" _i D!_ a( RJI}‘HCH Rn Ixn I(n ! F D’" a( = O
at dr dx oy b ﬂm .
o C n
Rm a 0 a Dm & Rm)\. Cm Rm )\. (-qu _

nn =1 -1 01

" dm W
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Flood (Ocean as final sink)

Y + I _ Marine
~ . o : er flo i o e
Surface soil |_ELOSION I piver wated RIVEr OWI o0 cia1 water| diffusion @
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water
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5 ) 7 i = =

=) £ Seepage + =] = = s

= 2 Meandering 2 g 2 =

i Erosion + \~ [75) & |

Subsurface soil |Runoffl | Riyer | Coastal
with variable deposits deposits Net sedimentation

saturation level Traction flow of deposit

along riverbed
Radionuclide infow from aquifer

— Flow of radionuclides dissolved in water
Fig. 7.11 Model of radionuclide transfer in the biosphere
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Fig. 7.12 Pathways through which representative groups are affected by radionuclides
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Example of safety assessment for DGR in Kincardine UHIVCI‘SItY W
Tans

MNormal Evolution Scenario: Reference Case

Human Intrusion

Severe Shaft Failure

Poorly Sealed Borehole

Vertical Fault —

1.0E-15 1.0E-12 1.0E-09 1.0E-06 1.0E-03 1.0E+00
Maximum Calculated Effective Dose (mSv/a)

Dose from Natural Background

Dose Criterion for
Disruptive Events
Radiation

Figure E2: Disruptive Scenarios: Maximum Calculated Doses for Base Case Calculations
NWMO DGR-TR-2011-25

# Safety criteria proposed in other countries (100 to 300 uSv/y)

:
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o
g 1
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Q
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=
5B 001k 4 1350
—
L
== 0.001 .
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£ 5 00001 v
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231Pa
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Fig. 7.13 Exposure doses due to 40,000 vitrified waste forms in geological disposal
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Postclosure safety assessment of a used fuel

Figure 7-73: SYVAC3-CC4 - Reference Case Individual Radionuclide Dose Rates

repository in crystalline rock

NWMO TR 2013 07
Postclosure safety assessment of a used fuel
repsoitory in sedimentary rock

Interpretation and Use of Performance Assessment Results MCMaSter
University it

Performance assessment results provide information that can be used to judge, by s

making comparison with the safety criteria specified by the regulatory authorities, -

whether the system under consideration is safe over a long period of time. At stages

where a disposal site has not yet been determined, performance assessment results

provide information that can be used to judge whether the system concept and design

under consideration are appropriate, and help make a decision on the direction of the

subsequent stages of geological disposal system development.

(1) Safety

The evaluation of the level of safety of the disposal system by comparison with safety
criteria is one of the most important purposes of performance assessment. It is therefore
necessary to show performance assessment results in a form that makes comparison with
the safety criteria possible. If different safety criteria have been specified for two or more
scenarios, it is necessary to show results for each set of those criteria.
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(2) Technology Development UﬂlV@fSltY
Performance assessment models and codes can be used to carry out sensitivity
analyses to determine R&D priorities. It is also possible through uncertainty analysis to
determine which part of the system or which parameter is causing the uncertainty of

system assessment results.

(3) Public Consensus Building Process and Policy Decision Making

Performance assessment is very important, and its results need to be interpreted
and used carefully. Performance assessment provides information that is most
important for policy decision making, that is, information on safety. In many cases,
performance assessment results indicate that the disposal system is sufficiently safe.

In reality, however, it has been shown in advanced countries such as the U.S. and
Canada that disposal cannot be carried out simply by showing that performance
assessment results indicate a sufficient level of safety.

- The first point concerns performance indices.

- In the coming years, however, there will be a growing need to compare two or more
sites, system concepts, designs and technology options. There will be growing
demand for performance assessment results and methods to be used for such
comparison or optimization.

- The third point concerns the time scale and the time axis.

Safety of radioactive waste disposal MCMaSter

How to know ? UmVGrSlty
Aircraft Radioactive waste
Decide specifications/functions Decide specifications/functions
A before trial production before trial production
(Fly in the sky) (Isolation of wastes)
c
RS .
*g‘ Design —————3% Design
©
: o !
; Trial production Performance assessment
o
@ Test fly l
— Safety standards by experts
v Failure Success !
¢—' L—— Meet safety standards
Performance improvement NO YES
v
— Accidents, Need for safety standards )
Public consensus
il NO
Safety standards by experts l YES
Construction/Operation
Performance improvement
L Social acceptance for possible accidents

In other words, implement in society while Safety consensus process that people
repeating performance / safety improvement have never experienced.

and standard revision. It is also related to ethics, civilization
NPP is also in this side. historical view and so on.
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The MAUA (multi-attribute utility analysis) methodology was developed by Charlton et al.
[1]. This method successfully allowed us to compare the PR trend for different nuclear fuel
cycles and facilities. Their method used fourteen attributes to assess a separate PR value
for each process in a nuclear fuel cycle. Based on this MAUA methodology [1], recently,
Chirayath et al. [2] have developed a computer code named, PRAETOR (Proliferation
Resistance Analysis and Evaluation Tool for Observed Risk) to aid in comparing the PR of
nuclear installations. The PRAETOR code employs a metric, which considers both intrinsic
and extrinsic measures at a nuclear installation, and the nonproliferation metric
computed by the PRAETOR code is based on sixty-three attributes [2].

[1] W.S. Charlton, R.L. LeBouf, C. Gariazzo, D.G. Ford, C. Beard, S. Landeberger, M.
Whitaker, Proliferation resistance assessment methodology for nuclear fuel cycles, Nucl.
Technol. 157 (2007) 143-156.

[2] S.S. Chirayath, R. EImore, G. Hollenbeck, N.G. Chandregowda, . W.S. Charlton, R. Metcalf,
J.C. Ragusa, Proliferation resistance analysis and evaluation tool for observed risk
(PRAETOR) - Methodology development, J. Nucl. Mater. Manage. 43 (2015) 22-47.

The general form of the MAUA function is MCMaSt@r
University 3:%13

U(xy, Xp, 0, Xp) = TS

Zl ki () + K X1y i kikui (e)u () + K2 Bity o s kikjkous (o) wi (o )wg (o) +
ot K2kqky - kg () Uz (2) + un (), (1)

y/

where the function u; represents a utility function for the individual attributes which are
normalized to a scale from O to 1; the constants k; are weighting factor (0 < k; <1) for each
attribute indicating the significance of one attribute relative to the others; U is the overall
utility value (single metric); and the constant K is a scaling parameter which is a solution
to the following equation (2) with the constraint that K> -1 [1]:

1+ K =[I,(1+Kk;). (2)

We used the PRAETOR code with the multiplicative utility function form.
“additive utility function” given by [1]:

U(xll xZJ‘“an) = ?:1 klul(xl) (3)
“multiplicative utility function” given by [1]:

1+ KU(Xl,Xz, Ty xn) = ?:1(1 + Kkiui(xi))- (4)

Combining with transport model.
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Safety Case Context Safety Strategy
» Safety objectives * Isolation, Containment g
« Safety principles ¥ Passive systems, robustness
* Regulations *Defence in depth, demonstrability
d
4 System Description
Site and waste characteristics, Safety Functions, Design Options
=
0 =
< Safety Assessment o 3
2 ARRE
2 rgn _ Post Closure " = t31)
‘3" z g‘ 5 Radiological Impact o E g =1
L ) 3 : ? m @ %)
=1 Q ® o Scenarios S 3 @, b
o 3 5g o 2 E o
® —Q Models z o 3
S 1138 . . > | e
A 8= Calculations = =
% = 3.
a N
= Limits, conditions and controls =
> ’ S N/
=
Integration of Safety Arguments T
L v .
Demonstration of robustness, defence in depth
system understanding, monitoring, etc

McMaster

Specific Challenges University B
eEvolution of the safety case %
—Concept Development
—Site Investigation and Selection
—Design Development and Construction
eGraded approach
—Safety Guide addresses wide range of facilities
—Approaches to ensure that the assessment of safety proceeds commensurate with the
hazards:
eSafety significance
eMaturity
eComplexity
eDefence in depth
—Multi-barrier concepts <-> multiple safety functions
—Assessment of defence in depth (e.g. what-if scenarios)
—Indicators for safety functions
eRobustness
—Robustness of barriers
—Robustness of the disposal system
—Relationship of robustness to defense in depth principle
—Use of good engineering practice
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ime frames RS
—Aspects influencing the definition of time frames: o
e|deally: duration of risks
e|n practice limitations arising from uncertainties in the assessments (in particular for near
surface disposal)
eDurability of barriers (e.g. for mining waste)
eHuman intrusion
—Discussion of which types of events are considered as human intrusion (deliberate intrusion
vs. inadvertent intrusion, “people around the site” as mentioned in DS354)
—Scenarios for assessing the consequences of human intrusion (site-specific vs. generic)
—Effect of heterogeneities of the waste
—Measures reducing the probability/consequences of intrusion
—Human intrusion into deep geological facilities
eInstitutional control
—Inst control as additional layer of defence (defence in depth principle)
—Inst. control for different types of disposal facilities
—Time scales over which reliance can be put on inst. control
—Long term (perpetual) institutional control (NORM, waste from uranium mining) <->
optimization considerations

McMaster
University St

ol

eRetrievability of waste

—Aspects of reversibility of disposal and retrievability of waste
—Retrievability, if part of the design concept, should not compromise the passive long-term
safety of the disposal facility

eOptions appraisal

—Framework for the decision-making process

—Methodology

—Quantitative decision-aiding techniques (e.g. MAUA, CBA)

—Application to existing facilities




Other Challenges
- Specification of safety assessment context
- Description of disposal system
- Development and justification of scenario
- Model developments
Conceptual model, mathematical model
- Complexity of models
- Analytical methods & numerical method & computer codes
- Selection of computer codes
- Verification
- Calibration
- Validation
- Data collection
- Uncertainties
- Analysis of results
- Iteration

McMaster

University Wi
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for Decommissioning of the Fukushima Daiichi
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Toshiaki KOGAI

Nuclear Damage Compensation and
Decommissioning Facilitation Corporation

(NDF)
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Organizational Structure Implementing 1F D&D

D&D : Decontamination and Decommissioning

Nuclear Emergency Response Headquarters

Government responsibility for disaster response

Whole of related Ministries

NDF asa strategic supporter

Strategic proposal
* Legally authorized organization ————————

*Shareholder of TEPCO by majority of votes ~

~ D&D policy
Compensation facilitation \\A
* Loan to TEPCO to facilitate compensation
* Business oversight to TEPCO TE PCO . H D

D&D facilitation Oversight

* Mid & Long-term technical strategy for D&D
* Decommissioning fund management
* Program and project oversight

* R&D strategy and planning

* Public outreach

(D&D operation delivery)
as license holder
as liability holder

Share challenges R&D outputs

and progress

IRID/JAEA/Universities

Technical support through R&D

NDF EUTER - It RFDIEERE RIPESIEEE 1
s ©Nuclear Damage Compensation and Decommissioning Facilitation Corporation



Timeline : Mid & Long-term Roadmap and Strategic Plan

Phase-1 Phase-2 Phase-3
2011 [ I [2016] 120181 [ 2021l [2023] [
Evolution of | Strategic Plan (NDF) @ o—o—©O --------- >
“strategy” & 2018
“policy” o0 o------------- >
Roadmap(Government) 2017
Spent fuel 3::: ; o
. removal Unit 3 o
Milestones at nit 3 @—
) . . _
Roadmap and Fuel debris | Decision on the method for 1 unit @
Strategy . . ) Start from small scale FDR
retrieval Fuel debris retrieval (FDR) @
Waste . .
management Prospect of processing & disposal @

Phase 1: From the completion of Step 2 (December 2011: “discharge of radioactive materials is controlled and the amount of
radiation is kept at a significantly low level) to the start of fuel removal from the spent fuel pool of the first implementing unit
Phase 2: From the end of Phase 1 to the beginning of fuel debris retrieval from the first implementing unit

Phase 3: From the end of Phase 2 to the completion of decommissioning

NDF MU I RFDIBERE FP SIS
— ©Nuclear Damage Compensation and Decommissioning Facilitation Corporation

NDF Technical Strategic Plan 2018

NDF issued “Technical Strategic Plan
2018” on October 2, 2018 (in Japanese).

WHBAR—LT 4 T ARERE—RFHREFD
BEAR D 1= DEHTIREE 75 > 2018

Both Japanese and English versions
now available on NDF homepage.

20184 1082A8
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- ©Nuclear Damage Compensation and Decommissioning Facilitation Corporation



Spent Fuel Pool
(SFP)

5
Primary Containment

Vessel (PCV) .

Reactor
Building (R/B)

Reactor Pressure
Vessel (RPV)

Vent Pipe
Suppression
Chamber (S/C)
i_“DF WSR-S E [RTDIBEMEE - FRIPSIEAE 4

== ©Nuclear Damage Compensation and Decommissioning Facilitation Corporation

Major Risks Associated with Radioactive Materials in 1F

@ Contaminated Water
@Spent Fuels (SFs)
®Fuel Debris
@Radioactive Waste

~ NDF N B BT ORERE RS O
— ©Nuclear Damage Compensation and Decommissioning Facilitation Corporation



1) Contaminated Water

W K=
Rain penetrates Rain and underground water enter
the soil the R/B to create new contamination
& il B
e \ i ~ _ Stagnant Water
Befo re v \‘ RFFRE water in leaks to
% S-prEm trenches the sea
counter- CERAN(KEBL vy,
Ek g % 5
measures TREGEL g e
E(thswnwgm HEAICH TN b
o HAT S
KB R Loy, - BEEBOHE BERSOHE
) (HTELY) (HTEL>)

2) KEEP AWAY the fresh water from R/B 3) PREVENT leakage
) Draining from bypassed groundwater @ Ground improvement
@ Draining from the vicinity of the building ® Sea-side impermeable wall
® Land-side impermeable wall @© Installment of more weld-type

1) REMOVE existing contaminated water
@ ALPS, etc.,
(2 Removal of contaminated water in trenches

e 1 ® Facing of ground surfaces tanks
(7x~%27)
U Savonmn
SEERE RFARSD LIS
nay .
g 4
BRER(YTFLY) oL
O DORN TR ‘:" XH;‘/!"L‘
| RERCRKT
¥ s-py 8
e\ RE REER(YTELY)
WERR 2 NFERR B 5ORFARS LT
Counter- v \ - £ ,
’ 33 / 9 Ll L]
LEBAM (kg o, ' ‘ ' LAy B ki
measures SN o b | A Mg
bein "L
AN (KEALpy, TRTR/NALIKAR
s . ek
!*.(*QHL S R LS . i1
ta ken Ctnm) oL e DARIE Kt MEAELY Figures quoted from TEPCO
HD’s HP (Sep 2018)
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Unit 2 : SF (615) removal starts in 2023

OIEES s
RYHLET M6 J F-mism
15351535 /

A

/

Unit 3 : SF (566) removal starts in 2018 Unit 4 : SF (1,535) removal complete in Dec 2014!

Figures quoted from TEPCO
HD’s HP (Sep 2018)
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3 Fuel Debris

RFRAZN

Unit3:
Fuel debris reside

Unitl: Unit2:
Most fuel debris Most fuel debris
reside at the reside at the at the bottoms of
bottom of PCV. bottom of RPV. RPV and PCV.
Wi ooy
8

EITES - RS RTDIESHE-RIPSERE
©Nuclear Damage Compensation and Decommissioning Facilitation Corporation

- NOF
@Radioactive Waste
A - O <Safety of waste management
2 " ] being ensured, investigate the
. basic concepts of processing and

disposal of solid waste.

J/In the northern part of 1F site,
new waste disposal installations
being constructed.

iy

w ¥
KmRucyr

Misc. solid waste

REABWL 7
AN BEXS 7
NGRS =
RATINRRS ANRANE A | ASETRE |
- - Contaminated
soil temporary
storage incinerator

No.10-13
additional solid

waste storage
Large-scale

waste
storage facility

Additional misc. Incineration
solid waste pretreatment
incinerator facility -~ —
= Volume N
o reduction N \
facility > 5
Figures quoted from TEPCO
HD’s HP (Sep 2018)
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Interim Goal of Radioactive Risk Reduction in 1F

Magnitude of risk was evaluated using SED* developed by NDA of UK

* Safety and Environmental Detriment

@ Hazard Potential ~ Index of impact Example of risk levels assigned to the risk sources
> Depends on inventory (amount of radioactive material), at the Fukushima Daiichi NPS
form (gas, liquid, solid, etc.), time until when risk surfaces (March, 2018)
since the loss of safety function Sk _
» Reduction measures : passage of time (decay heat o ERe
reduction), form change (processing liquid to solid), etc. T e (i ﬂu - )
. . kS HIC _ Jni Fuels in
@ Safety Management ~ Index of likelihood o aeste ouny unt2 "™ g P
> Depends on facility integrity, and containment and £ Fuelein ks .
. . . = cask agn water
monitoring status of the risk sources 5 . T S s
» Reduction measures : relocation of spent fuels to =
the common pool, replacement of rubble stored £ DT
outside to the storage, etc. o Rl TR
= facility /
© Soil covered
N temporary
F; storage, efc.
We aim to bring the risk levels into the “Region of Hespanul soffienty st

stable management

sufficiently stable management” (pale blue area) by
improving Safety Management (reducing the likelihood)
in the first place with technically achievable methods. saictyManagement foganihme scale)

NDF MR- It RFHIRERSE  FRIFE SIS _10
©Nuclear Damage Compensation and Decommissioning Facilitation Corporation

Fuel Debris Retrieval (FDR)

(1) Determine FDR method for the first implementing unit in FY 2019 based on the FDR policies
(2) Start FDR for the first implementing unit within 2021

(3) Bring fuel debris to the controlled safe storage

Policies on Fuel Debris Retrieval

Step-by-step approach

* Adjust the work direction flexibly as FDR proceeds
Optimize entire decommissioning work -

*  Build a comprehensive plan in coordination with other site work
Combine multiple methods

e Combine optimum retrieval methods suitable for each unit
Focus on the partial submersion method

*  Place the first efforts on the partial submersion method
Access to the bottom of the PCV from the side

* Realize access to the bottom of PCV from the side

Retrieval
Equipment /-

!

| &
| Pedestal

1

@ ® 60 6 0

Basement

Image of Partial submersion-Side access method

NDF EUTER - It RFDIEERE  RIPESIEHAS _11
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Fuel Debris Retrieval (FDR)

Comprehensive analysis and evaluation based on the information obtained so far

* Distribution of fuel debris Spentuel
* Condition of access route and m
surrounding structure were analyzed
and evaluated based on the following ;
data. [ 1 A

Reflection from survey

Spent fuel Spentfuel

) ; Core;
b watertevel
npev Water Level in Water Level
G PCV approx. inpCy

Core|

{1

(The right figure shows distribution of || nouebues
. 0 approx. 6 cm
fuel debris.) y: ""' &
Ve N )
f A ] | personal !
Measured values ! ] remorat ! f {] persona . ! person |
(plant parameters, etc.) ) O Fuel Debris ) jya teakcee O Fuel Debris ¢ laterteakage @ Fuel Debris () [Vater Leakage
~ o Little fuel debris remains
. B Core Region o Little fuel debris remains o (Stub-shaped fuels might exist in o Little fuel debris remains
Accident progression peripheral region)
analy5|s e Asmallamount of fuel debris is present |  Large amount of fuel debris is present | ® Euelddebris remains on the RPV lower
| RPV Lower e Asmallamount of fuel debris is present [ e A smallamount of fuel debris is present Aes%a’ilaart%OUnt of fuel debris is present

Head in the inside and on the outer surface of in the inside and on the outer surface of in the inside and on the outer surface of
the CRD housing the CRD housing the CRD housing.

'd N\
PCV internal investigation,
Muon observations ) Pedestal Inside

Most of the fuel debris is present e Asmallamount of fuel debris is present ° :\hn;gL:L\;;)ifnfbenli?g?ns in Unit 3 is more

®  Fuel debris may have spread on the The possibility of fuel debris spreading |  Fuel debris may have spread on the

.
ge(::sl;tzl pedestal outside through the personal onthe pledestal ougsilde through the pedestal outside through the personal
R e utsi entrance personal entrance is low. entrance.
Scientific know-how
o t et Data based on “Decommissioning and Contaminated Water Treatment Subsidy Project (Advancement of Comprehensive
(EXPe"men , € C.) ) understandings of internal reactor” The Institute of Applied Energy”, IRID, reported in 2017 (Issued in June 2018)
.y . . . 12
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Fuel Debris Retrieval (FDR)

Continuous implementation of PCV internal investigations

Unit 1: Insert submersible boat-type device into the inside & outside of the pedestal (including
sampling) [in 1t half of 2019]

Unit 2: Insert guide-pipe for scratching the bottom of the pedestal [in 2 half of 2018]
Insert arm-type device into the pedestal (including sampling) [in 2¢ half of 2019]
Sample fuel debris [in FY2020]

Unit 3: study the way to reduce the water level in pcv
Consider the usage of an underwater ROV used in the former investigation

FY2018 FY2019 FY2020 FY2021
1st 2nd 1st ond
== =
2q =
ES: g
Grasping distribution of structures or o o3 i
. deposits outside the pedestal (including Grasping distribution of ==
Unit 1 sampling) structures or deposits insde the | ¥ F]
pedestal (including sampling) | =
s 8
imesigaion Unit g% =
§ —— 35 =
e £3 2
a =
-1 3
gz 2
cstpton cqipmen oyarn-typescees | = 5 2
N - S a -
Grasping mobility of deposits at the bottom [~ % ?D'
Unit 2 of the pedestal when force is applied g =
= It = AR | | consigertoincrease a
ﬁ sampling volume J -
£ 3
o =
* 1D 3
]
Image o nterms PO imestigation using guisepipe § b
Considering availability of internal i igation t that has been proved in parallel to study =3
Unit 3 water level reducing in PCV S
Considering necessity of further investigations in utilizing ROV that was used in the former investigation g
| | | | | ad
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Present
ideas for

the FDR
- Obtain support

Find fuel debris
data to enhance

Small-scale

Fuel Debris Retrieval (FDR)

Concept of the step-by-step approach

Large-scale

- Actualize efficient FDR operations for

|Aekd it distribution
- Confirm accessibility FDR feasibility & - Verify how
- Obtain support data work safety developed better throughput
for safe FDR systems work
- Check the
influence of FDR
to work safety
Case of Unit 2 l X6 penetration used wi'th minor modification J \ X6 penetration to be expanded J

Sealed cell for retrieval

(2]

Example of Access unit [

(Robot arm)

ey

=T

RPV

Access unit

Arm expanded

cv s
e reces

(case of side-entry)

Inside PCV

14
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Fuel Debris Retrieval (FDR)

Strategies (Determination of FDR method for the first implementing unit)

Thorough analysis of available information, based on 5 guiding principles (safe, sure, practical, timely, field-oriented) ,
will clarify the most reasonable FDR method for the 1t implementing unit.

IRID TEPCO
Improve work

PCV internal
environment

investigation

IRID, JAEA,
universities, etc.

Evaluate
site
applicability

Study
FDR
concept

Site-wide planning

FDR scenario
for each unit

TEPCO, NDF

TEPCO, NDF TEPCO, NDF, METI

Decide FDR
method for 15
implementing

unit

Select the most

reliable

TEPCO, NDF scenario

Area plan, contaminated water measures, pool fuel removal, etc.

Outputs of TEPCO’s preliminary engineering and the R&D projects by
IRID, etc. will be reflected to the decision of the FDR method.

15
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Fuel debris morphology and MC&A considerations

PCV erna - (F
Work area in front of X6

=

Intem

Lot > At the bottom of the pedestal of unit 2
(€) and unit 3 (J/), lots of sediments
were found. These sediments are likely
to be the mixture of melted fuels and
structural components, i.e., fuel debris.

aggregate

Pedestal inner wall A part of fuel

=

I SHORN <SS
) Workeraccess opeing MOBOINCS - cowemrd>

Platform flam

IAN. i)vll TILT +002 | . : womlgun.ucl-‘\ i
Pedestal bottom Pedestal botton ShwbngmcuCSj 7 f
shoonngareac: <
» Since fuels are not keeping R oSSATE (Pebleshape) smmmmu_s«

the original structures as a
fuel assembly, MC&A and SG
systems, applicable to fuel
debris handling, would be
required for 1F NPS.

\/ AN

"N shonnnq area 2

Lower port of peestal .
BT ==

7
Bulky sediment tion of worker access opening /

® Sand like, Pebb
Agglomerate lik
Pedestal inside

SL'UIH\L'Ii S

Shooking ares C
<Carmer One'ihbw! Duwrmward >

Ly
rea C. Shacting ares €
s Grtesiation . Worlzordal > <CAMe?D Crientation * Absve >

— NDF W R EFORERE ST 1O
— ©Nuclear Damage Compensation and Decommissioning Facilitation Corporation

1F D&D International Forum

Approaches for local community engagement and
further enhancement of communication

* Itis essential that the local community understands the
status of 1F decommissioning.

* To this end, timely and comprehensive dissemination of
1F information, and collection of local voices toward 1F
decommissioning activities is a starting point.

\_ J

NDF holds International Forum annually

for active dialogue with local people QLR s

“Hairo-no-iroha” a brochure prepared by NDF
that explains decommissioning in plain words (Cover)

The 3 International Forum on Aug 5-6, 2018
(Naraha-machi and Iwaki-shi)

The 4t will be held on Aug 4-5, 2019 at Tomioka-machi & lwaki-shi.
See you there !!

- NDF EUTER - It RFDIEERE  RIPESIEHAS _17
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Thank you for your attention.
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Schematic of J-MOX process and SG system ¥

MOX Fuel Fabrication Plant
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Powder and pellets are handled in glovebox {GB){ : \/ '.( « (GR \
to prevent the spread of contamination. SG equipment

Ideulfdwirq

SG equipment prepare
[7777] Most GBs are equipped with GUAM system to prepared by JNFL i by Inspectorates
| quantify the nuclear material. i re
Main Pu flows will be verified by several types TR s _:',',//I .
of SG equipmentin an unattended mode. hiedding | /( ! WPAS for waste powider & peliet
Abbreviations: P : s - :
- GUAM: Glevebox Unattended Assay & Monitering system ST -
- WPAS: Waste Package Assay System H i s
= RSMC: Recyclable Scrap Multiplicity Counter '_ g
- AMGE: Advanced Material accountancy GloveBox system e 2240 k] !
- FRCA: Fuel Rod Counting Array _ Tl vt AHES 8
- AFAS: Advanced Fuel assembly Assay System T Glove o 168 . =<4 )
GUAM for GB RSMC for scrap \ FRCA for fuel rod AFAS for fuel assemhly/
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Development of Image Reconstruction Technology using Passive Gamma Emission Tomography
(1) Image Reconstruction of gamma-ray sources in Spent BWR Fuel Assembly using
Statistical Iterative Approximation
LR KM, % I
R T¥ERT
*Shigeki Shiba and Hiroshi Sagara
Tokyo Institute of Technology

Passive Gamma Emission Tomography (PGET) using MRP-EM was developed for advanced verification tool
applicable for nuclear safeguards etc. As case study, gamma-ray sources in spent BWR fuel assembly was reconstructed.
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[1] J.Hu, et.,al, “Developing Spent Fuel Assembly
Standards for Advanced NDA Instrument
Calibration —-NGSI Spent Fuel Project”,
ORNL/TM-2015/576.

[2] N. H. Larsen, “Core Design and Operating Data
for Cycles 1 and 2 of Peach Bottom 27, EPRI NP-
563, June 1978.

[8] V.Y. Panin, “Total Variation Regulated EM
Algorithm”, IEEE Transaction on Nuclear
Science, VOL. 46, NO.6, December 1999.
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Effect of fast reactor fuel cycle strategies on TRU material balance and non-proliferation features
(4) Evaluation of mass balance and non-proliferation features
TERR  HLSE, FAEE VR, W OIRWE
W TR
*Rie Fujioka, Hiroshi Sagara and Chi Young Han
Tokyo Institute of Technology

This report examines an innovative fast reactor core deign that enables rapid reduction of separated plutonium, and the
evaluation of mass balance and non-proliferation features with that fast reactor
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Development Institute; 2005, Report no.051.
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Performance evaluation of light water reactor fuel in inherent safety and non-proliferation features
(1) Mixed Plutonium Silicide Fuel
*REPeE, AR WAL, R R
FORTERY
*Tsukasa Amano, Hiroshi Sagara, Chi Young Han, Chikara Fujinawa,
Tokyo Institute of Technology

We report the evaluation result of nuclear proliferation resistance of Mixed Plutonium Silicide Fuel by comparison

with conventional Mixed Oxide (MOX) Fuel in LWRs.
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Construction of fundamental nuclear characteristics databases of
all fissionable actinide nuclides
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Constructed fundamental nuclear characteristics, such as critical mass, decay heat and spontaneous neutron emission,
databases of actinide nuclides starting from Actinium to Californium for criticality safety and nuclear security.

1. #¥8

B 7 ER(TRU)D 7 a— X R4 A 7 v aEE
U 7= AR 4 7 L CIR. TRU 8 Y 4
I EY ZNE TR WEREFEOE Y
DR B 5, TRU BZFED I ITE N T- 824 2k
EHTHLOLHFIEL, FROZE: TRU £ HE
YA 7 NVEITH BT, 2 DR ST
BtxaU 7o MEaHET52E08RkDEND
D, BT =202 L &7 EA%OFZERRIRD
DNDEBENEEAAIET D, AR TIX, Ac~Cf
BREIZ DWW T, BURIG DN D B O T — & KDY
WA Z W, Bt o T ¢ C R RO FEME
T—HAR—AERTH RN ET D,

2. Fi&
2-1. g5

RO RERE B (BCM)DFEMIC H 7= 0, k732
ZhEE 568 %% 2 MCNP4C } (Y FSXLIBJI4.0 & FHV 7=,
AR TEOZ ST, W EICSEE S v/ GODIVA
DEasfEy 5. JEZEBEL O )L b= A, X

T =T LARIKO R T Y = AERERS T

~—7Mz X VR LT, FHERI SRR, T
— 2N ANFAREZR 69 REFE L LT,

2-2. RREE#Eh

BCM & 7= ) D FAEEMEANT & L T, Al > BCM fi#
Hril & ORIGEN-ARP (T J % HASEEN D I S 177
M 2 /8 HEiEL L 72 (DH-BCM), & 2 EHED A

BEAE — 7 I 3RE RN LT L LI &

IEIR S 722V As, A Eldd 5 4R H & O PEE I
LT =2 R_R=R L3572, WO pREEE
PEH LT,

2-3. BHEHPHETFHEH

BCM &7V @ H F& 1% 53 HH ME - (SFN) i HH 32 g
Hr& LC, miike> BCM fi##rfE & ORIGEN-ARP
IZ &% SFN DORFRUEAFREAT 2 /A oW TR L

7o AR ©— 7 1ZAER VIR L%

FLUHIHEIZRS 2200, SETH HAEE S
ORI L LT — 2 _X—=R L3 57=, )
Mo SEN Z8H L7, #HEOZ YL MHHER L)
ORIGEN-ARP T# - TWWRWEFREIZ DV T,
Table of Isotope 8" edition VoI2!<> JAERI1324[4%
i LAY -

3. #ER

e 12 1 4200 E, BCMB800kg(235-U20%
FA4)LL T, DH-BCM 7% 4.5kWth (238-Pu80%#H4)
LU O 18 BEFEIZ DV CRHiifGE R 2 s LTz, 2 1
TA LT MH T8 LN T REIT
BCM80kg(235-U70% #H 24 ) LL . DH-BCM 7%
450Wth (238-Pu8%tH4)LL FOFETH D | 18 1%
FEOWN 10 EFEICE D, ZOF T, U & Pullsto
TRU #FEIZ 5 R TH - 7-. *°Cm B LN ¥ Cm
@ Cm [FfLIRIZ TRU ZEY A 7 B W CER
SNELEMETH D08, i KO YEF i
Wi A DT — 2RI+ Tid e, md ik
FONEBERBOERERIE Y Tl KERIZE
BRI EE R R P AT N ViR
IZBWTHERBFZED 5,

4. $5R

5577~ BCM & BCM THIKL L 7= fRiEEh b
H 3R 2 sk 7=, 5% 5 S5 7= BCM
THBEAL LT R E DT — 2 _X— 2 % | i D
7 — & s i A RIS X BN T 5,
S5\, BRANE FEE KA COREDL D
F =B R— 2 EIRET 5,



Table 1 fRFH R O TR R

Tl HA BCM DH-BCM
[4F] [Kd] (W]

232-U 6.89E+01 | 5.91E+00 | 2.88E+04

233-U 1.59E+05 | 1.51E+01 | 4.26E+00

234-U 2.46E+05 | 1.10E+02 | 1.96E+01

235-U 7.04E+08 | 4.61E+01 | 2.88E-03

236-Np 1.53E+05 | 1.08E+01 | 9.31E-01

237-Np 2.14E+06 | 5.94E+01 | 1.31E+00

239-Pu 2.41E+04 | 1.01E+01 | 1.94E+01

240-Pu 6.56E+03 | 4.18E+01 | 2.96E+02

241-Pu 1.43E+01 | 1.17E+01 | 3.87E+01

242-Pu 3.75E+05 | 7.69E+01 | 8.95E+00

244-Pu 8.00E+07 | 1.19E+02 | 6.31E-02

242m-Am | 1.41E+02 | 1.27E+01 | 5.81E+00

243-Am 7.37E+03 | 2.72E+02 | 1.88E+03

245-Cm 8.42E+03 | 1.19E+01 | 6.87E+01

246-Cm 4.71E+03 | 8.92E+01 | 8.91E+02

247-Cm 1.56E+07 | 7.64E+00 | 2.33E-02

248-Cm 3.48E+05 | 1.02E+02 | 4.94E+01

249-Cf 3.51E+02 | 6.14E+00 | 9.39E+02

BE

[1] Table of Isotope 8th edition Vol2, 1996

[2] JAERI 1324, JAERI, 1992

[3] ICRP Publication 116, Ann. ICRP, APPENDIX A
[4] C. G. Bathke et al., Global 2013
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User Interface Development of Atmospheric Dispersion Simulations for Nuclear Emergency
Countermeasures
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#Tokyo Institute of Technology
b Research Group for Environmental Science, Japan Atomic Energy Agency, 2-4 Shirane Shirakata, Tokaimura, Naka-gun,
Ibaraki, Japan

Atmospheric dispersion simulations can provide crucial information to assess radioactive plumes in the

environment for nuclear emergency countermeasures.

1. Introduction

Atmospheric dispersion simulations can provide
crucial information to assess radioactive plumes in the
environment for nuclear emergency countermeasures.
In this study, we aim to assist experts in the field of
monitoring post installations and evacuation.
Therefore, an interface was developed, Interface for
Radiation Observation for Nuclear Safety (IRONS),
to assist these users in the telltale characteristics of
plumes from simulation results. Application for
monitoring post installations and evacuations outside
the 10-km zone of Fukushima Daiichi (F1) will be
evaluated by distance and air dose rate weights. A
large database, which contains WSPEEDI-II
simulations that are in time segments of 1-hour for the
first 20-days of radioactive release from the FDNPP is
used for this studies input. As a result, 480 case
scenarios (with 24-hour release in each case scenario)
is generated. To simplify and highlight the important
data, the user interface displays essential quantitative
data to the user. This information includes results of
maximum levels and locations of air concentrations
and depositions of radionuclides in a scale of 190 km
x 190 km with a grid size of 1000 meters from the
point source (F1). Consequently, the output used to
optimize monitoring post locations will contain a
series of selected 10 or more locations, assumed to be
monitoring posts, which are then compared with all
grid locations. A simplified networking method will
be used by combining the distance (km) and air dose
rate (Bg/h) and comparing the weighting factor results
with other grid blocks. This will show the user
different hotspots on the grid that could potentially be
considered as points of interest for monitoring posts
installations.

2. Methodology
The method applied for supporting the evaluation
of this study is based on the use of a database that

contains large sums of simulations from WSPEEDI-II.

The database contains 480 case scenarios based on the
Fukushima event. The scenarios are based on a one
hour release rate for the first 20 days (24 hour
segments) of March 11, 2011 (3/11) starting from
midnight of March 11, 2011 to midnight of March 31,
2011, GMT. The database has been calculated by a
combination of release time and segments, nuclide
type, deposition (amount of radioactivity in the
ground) and concentration (amount of radioactivity in
the atmosphere). The spatiotemporal distribution of
concentration and deposition of any source term can
be reproduced immediately by linear combination of
matrix outputs. Hence making data analysis a simple
task for the evaluation and comparison of results with
varying source terms.
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Figure 1 IRONS functionality with database

¥ The interface relies on
the database available

3. Conclusion

Providing a simplified and an easy to use interface,
called IRONS, is the main aim of this study. The user
does not have to be proficient or, indeed, familiar with
the WSPEEDI program in order to produce, utilize or
analyze data of plume distribution. Pre-planning for



shelter-in-place and evacuation for other nuclear
power plants in Japan can be applied using IRONS. In
addition, IRONS can also assist the user in handling a
large number of data output. Utilizing IRONS the
user can end up with an infinite number of scenario
outputs.
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Applicability of LaBr3; (Ce) Detector for **Eu Quantification in Molten Fuel Material

by Using Passive Gamma
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The feasibility of passive non-destructive assay (NDA) technique by using LaBr; (Ce) detector is investigated

aiming for waste classification of molten fuel material.

1. Introduction

The non-destructive assay (NDA) technology using
passive gamma detector is investigated to apply in
categorizing the molten fuel material.

The 3-inch x 3-inch LaBr; (Ce) detector is chosen for
the numerical simulation calculation in quantifying
the low-volatile fission products, i.e., **Eu in the
molten fuel material.

2. Methodology

2-1. LaBr; (Ce) Detector Performance

The validation for detector response of LaBr; (Ce) is
performed numerically, with develop a proper
treatment of '**La internal background calculated by
using the Particle and Heavy lon Transport Code
System (PHITS) version 3.02.

138
57“ - r
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f § 7RV g+

EC
65.
+7%
1 14358keV o+ o o
¢z = 1047 ke¥ Iggt.'e
65.1%
) y o

1&3; Qg5 = 1740 ke

Figure 1 Simplified of '**La Internal Background
Decay Scheme

2-2. Minimum Detectable Activity

In approaching the minimum detection activity
(MDA), the 'MEu is being quantified from the
homogenous source of molten fuel debris material
based on previous study [1] with different gamma
energy of 1.274 MeV and 1.596 MeV.
The simulation outcome is compared with the
theoretical amount of minimum detection activity
(MDA) by using eq. (1) [2], where it defines the
detector sensitivity with taking account of the detector
resolution, efficiency, background interference and
other parameters i.e. statistical error, num. of channel,
photon yield and time of detection

f

4 A4
MDA(E,) = acsiffi.a(,‘ll%ﬂmJEEB"‘ZEE‘) +By(E )+ 40 ) (D

3. Result
3-1. LaBr; (Ce) Detector Performance
The LaBr; (Ce) detector efficiency curve

benchmarked with previous study [3] is validated and
have a good agreement with discrepancies less than
5%.

The '*®La internal background source from simple
ORIGEN-ARP calculation and nuclear data is
validated as source of LaBr; (Ce) detector crystal,
comparing the previous study [4]. Then, the
self-counting of internal background from "*La is
evaluated with respect to the decay mode of electron
capture and beta decay effects.

3-2. Minimum Detectable Activity

In approaching the classification of the molten fuel
material waste, the gamma emitter of '>*Eu, at energy
1.274 MeV and 1.596 MeV is quantified. The MDA
of "*Eu is calculated to acquire practical time for
3-inch x 3-inch LaBr; (Ce) detector. The parameter of
5% and 10% detector error are applied with 10
minutes as time limitation. As results, the MDA
values of '**Eu at energy 1.274 MeV and 1.596 MeV
is compared in Table 1. It showed the '**Eu at energy
1.274 MeV is the highly detected with time deduced
<10 seconds detectable with higher MDA activity
than energy at 1.596 MeV. Noted that, the detection
limit of '**Eu, 1.274 MeV and 1.596 MeV by 3-inch x
3-inch LaBr; (Ce) detector is quantified with
considering of **La internal background interference.

4. Conclusion

The development of proper treatment of '**La internal
background self-counting by LaBr; (Ce) detector is
validated with respecting the decay mode reaction.
Comparing of detection error of 10% and 5% for the
detector performance evaluation, MDA '**Eu energy
of 1.274 MeV in order of 10" dps is detectable <10
seconds at the detection error of 10%, and < 100
seconds at detection error of 5%. The detection limit
for practical application must be determined based on
the acceptance criteria, i.e. efficiency, counting time,
number of samples and cost.



Table 1 The MDA of '>*Eu with detection error and minimum counting rate.

.. Minimum
Detection MDA Minimum Total y

e Activity in
Detection Debris

Counting
S [Hbs] Error [dps]

: Count Rate
Time

[cps]

5% 6.67x1012 5.0s
1.274 MeV  1.32x1012
10% 9.21x101! 0.7s
2.30x103
5% 4.93x1012  1min
1.596 MeV 6.80x10%°
10% 4.28x101% 11lmin
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The applicability of nuclear fuel material isotopic composition measurement method based on photonuclear
fission rate ratio (PFRR) on identifying high enriched uranium (HEU) was studied in this paper.

1. Introduction
The principle of PFRR method was validated by
Kimura et. al. [1] by assuming a Gaussian photon
source while in this paper, Bremsstrahlung induced
photon source spectrum was used. The isotopic
composition can be obtained by only few known data
such as the ratio of photofission reaction rate. This
method can have significant contribution to the
present Non-destructive assay (NDA) techniques
because several technical difficulties can be
alleviated:
1) Few self-generated neutron or photo emissions
due to shielding
2) Difficulty of measurement due to intensive
gamma ray backgrounds
3) Low measurement reliability because of
impurities and unknown information.

Through further applying this PFRR method on NDA
technique, we can identify whether an unknown
material contains HEU or not based on the reaction
rate ratio itself.

2. Methodology

4-20 MeV vacuum

0 O

heavy metal target
electron beam
linear accelerator Au

copper anode

~ A4 X ray beam
— Bremsstrahulung
Uranium target

Figure 1 Apparatus of work

Through the PFRR method, we can obtain isotopic
composition with only relative values of reaction rate.
In this paper, we did two cases of 6 and 11 MeV of
incident energy. The multiplication of incident flux
with macroscopic cross section can obtain the
reaction rate:

= Emax
RR = N ["* o(E)p(E)

where o is cross section, ¢ is flux and N is atomic
number density. The work is basically divided into
two phases: 1) Generating Bremsstrahlung source and
2) Calculate the ratio of reaction rate of 11 over 6
MeV case from MCNP result. The apparatus of work
is as in Figure 1. The first phase was simulated by
using PHITS where an electron beam bombarded on a
heavy metal target (we use gold, Au) and releases
photon flux. The photon beam then collides with a
uranium target (with different composition of U-235
and U-238). The reaction rate was calculated using
MCNP. Isotopic composition can be used to identify a
HEU from unknown material.

2-1. Bremsstrahlung simulation using PHITS

The photon source flux was simulated using PHITS
because of its great capability in reproducing results
with decent accuracy and can simulate almost all
particles over wide energy ranges. In this study, we
first reproduced the benchmarking result of electron
bremsstrahlung of gold target with exception of
angles variation in Y. Iwamoto et. al. [2]. After
succeeded, we vary the input energy to 6 and 11 MeV
for our study. 6 and 11 MeV was selected because the
difference of gamma induced fission cross section
(ENDF V-II) between them is huge, see Figure 2.
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Figure 2 Comparison of y-induced cross section



Different from  Gaussian distribution, the
Bremsstrahlung flux experiences slight rising before
decreasing as energy increases, see Figure 3. Such
trend can be explained using Kramers’ Law.
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F igure“3 PHITS simulation of Bremsstrahlung source

3. PFRR ratio from MCNP
3-1. Error propagation

The output from PHITS becomes the input source
of MCNP in the form of histograms. FM card was
used to obtain reaction rate by multiplying flux with
energy-dependent cross sections. Reaction rate ratio
of 11 to 6 MeV was analyzed. Since MCNP does not
take into consideration the uncertainty of nuclear data,
we did some manual -calculations of standard
deviation, ¢ that involves error propagation (2 joint
random variables with error of its own) and
covariance, o45. We used the general formula of c:

N P I YL T
3-2. Data analysis

Table 1 A short summary of MCNP result

Enrichment, Ratio t pagated error,

0. 838

10 9. 402 1.247
20 9. 350 1.032
40 9.232 0.781
60 8.723 0.521
90 71.948 0. 296

According to the result from MCNP (see Table 1),
the ratio falls into the range between 8 and 10. It
shows a trend of receding slowly as the weightage of
U-235 nuclide increases. The decrease trend is mostly
contributed by the difference between both cross
sections of U-235 and U-238 and the photon flux. The
target simulated is of 1 mm which is very thin so no

factor of thickness (exponential increase with regards
to length) should be considered. Gamma beam
generates not only photofission, other processes such
as photonuclear and EM-related (photoelectric,
Compton scattering, pair production) are generated
too. The variation of photon absorption coefficient
depends on incident photon energy. The threshold
energy of photonuclear is about 2.5 MeV, and
photofission occurs above 4 MeV. At higher
magnitude of energy absorption coefficient is usually
higher than that of lower energy due to increasing pair
production.

4. Theoretical reaction rate ratio

The theoretical reaction rate ratio is still under
construction. Its output shall display the degree of
reproducibility of MCNP result.

5. Conclusion

We can observe from Table 1 that the percentage
between standard deviation and the ratio by MCNP
ranges from 3.7% to 13.3%. This shows the need for
consideration of uncertainty of the photonuclear cross
section. Significant decreasing trend can also be
observed starting from 10% enrichment. This might
set a boundary to determine whether a
uranium-contained material is highly enriched or not.
Further study on engineering aspect instead of only
simulation needs to be enhanced to identify HEU for
nuclear safeguards and security purposes.
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A Vision-based Hand Motion Recognition Model for Insider Sabotage Detection
using Deep Neural Network
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Abstract
An urgent lesson learned from Fukushima Daiichi accident is what can happen by natural disaster also
can be made to happen by human design. The accident raised a fear that terrorists could cause a
similar accident by acts of sabotage against nuclear facilities and it is noticeable that threats of nuclear
terrorism for nuclear security is increased after the accident. Especially as a threat to nuclear facilities,

insider sabotage is worthy of attention. However, there are no effective countermeasures to detect
insider sabotage because of the certain limitations of physical protection system (PPS)

in nuclear facilities. It appears that hand motion has high contribution to human activity and a
significant portion of sabotage behaviors such as modification to safety circuit board using tools and
virus contamination on control computer using USB can be detected through hand motion monitoring.
In this paper, we propose a vision-based Deep Neural Network (DNN) model for hand motion
recognition and sabotage detection in response to the certain limitations of PPS in nuclear facilities.

1. Introduction

Fukushima Daiichi nuclear power plant
accident raised a fear that terrorists could cause a
similar accident by acts of sabotage against
nuclear facilities and the importance of nuclear
security increased after this accident. TAEA
revised the Nuclear Security Guidelines Series as
a guideline for member states to establish and
maintain effective nuclear security regimes after
the accident: “Nuclear Security
Recommendations on Physical Protection of

Nuclear Material and Nuclear Facilities
(INFCIRC/225/Revision  5)” [1], “Nuclear
Security Recommendations on Radioactive
Material and Associated Facilities” [2] and

“Nuclear security recommendations on nuclear
and other radioactive material out of regulatory
control: recommendations” [4], which clearly
demonstrate more attention is paid to nuclear
security. When considering sabotage, the prime
threat to nuclear facilities, due attention should
be paid to insider. Generally, insiders are the
individuals with authorized access to nuclear
facilities in transport who could attempt
unauthorized sabotage. They could take
advantage of their access authority and
knowledge, to bypass dedicated physical
protection elements or other provisions [3].

Insider sabotage at nuclear facilities represents
a further threat that is difficult to control due to
the large numbers of employees and their need
for access to vital plant areas for their work.
Currently, major countermeasures for insider
sabotage are as follows:

(1) Confirmation of the individual
trustworthiness of nuclear facility employees;

(2) Two-man rule;

(3) Physical protection system (PPS).

However, just consider how to carry out
background checks within the context of the
strict Personal Information Protection Law in
Japan is not enough. And even though the
“two-man rule” has some certain effects in
restricting access to sensitive areas at nuclear
facilities by an un-accompanied employee but
can be compromised by a trained terrorist who
can “take out” an unsuspecting partner [4]. The
Physical Protection System (PPS) in a nuclear
facility is designed to protect the facility against
the Design Basis Threat (DBT) and minimize the
likelihood of an accident. IAEA indicated that the
PPS of a nuclear facility should be integrated and
effective against both sabotage and unauthorized
removal [2]. However, PPS still has certain
limitations for insider sabotage prevention:
deterrence is invalid for insider and it is not



practical to monitor everyone though common
video surveillance system in a nuclear facility. In
addition, it is emphasise that if detection failed,
delay and response would not be activated. Thus,
insider sabotage detection technology should be
enhanced.

It appears that hand motion has high
contribution to human activity and a significant
portion of maintenance behaviors and sabotage
behaviors such as modification to safety circuit
board using tools and virus contamination on
control computer using USB can be detected via
hand motion analysis. However, conventional
research of abnormal behavior detection mainly
focuses on full human body. Singh et al. [5]
incorporate a novel approach for detecting the
moving object in video surveillance systems of
nuclear facilities and raises the alarm if found
abandoned using Gaussian blur algorithm. Ishii et
al. [6] propose a human behavior detection
method using Cubic Higher-order Local
Auto-Correlation (CHLAC) features which can
minimize the rapid change in the characteristics
of a person’s movement direction and
categorized a person’s movement types. However,
the computational complexity of this method is
great, and higher hardware environment is
required for real-time processing. To reduce the
computational complexity of CHLAC, Iwata et al.
[7] use Principal Component Analysis (PCA) for
dimensionality reduction but did not provide a
significant improvement in the detection of
complex human body motions. Seldom research
on detection of insider sabotage with hand
motion was conducted, mainly because hand
motion is more complicated compared with full
body motion since 26 degrees of freedom (DOF)
of the human hand [8].

Our long-term objective is to develop a
real-time insider sabotage detection system in
response to the certain limitations of PPS in
nuclear facilities. To achieve this goal, we
propose a hand motion recognition model which
includes hand behavior classification and hand
joints position estimation using DNN in this

paper.

2. Hand Behavior Classification

2.1.1 Synthesizing Training Images

For human behavior classification, obtaining a
sufficiently diverse training set of 3D groundtruth
is a major bottleneck [9]. Recently, synthesized
images have been shown to be effective for
training CNNs [10, 11, 9]. As the first step of
hand behavior classification, we synthesize our
training images to address the bottleneck of
training data. We use a virtual 3D hand model
[12] and define 3 states for each finger. To ensure
the pose distribution of the synthetic images are
agree with that of real-world images, we compute
each joint angle with restriction to certain scenes.
Subsequently, the hand models are texture
mapped with skin textures which appearance
mimics that seen in real images. Finally, textured
hand models in various poses are ready to be
rendered and composited into synthetic images
for CNN training. Given camera viewpoint is the
most important factor in the rendering process,
we add perturbations to augment and generate
more training data by rotating the hand models.
In addition, we collect 128 factory or plant
images from image repositories and search
engines to serve as background. Each rendered
image is composited over a randomly chosen
sports background image. At present, we have
finished our first version of hand state dataset
which include 243 ground truth labels with
totally 2,301,696 images (samples of our hand
state dataset can be seen in Fig.1).

Fig.1 Samples of Our Hand State Dataset

2.1.2 Hand Behavior Classification Model
As demonstrated in Fig.2, our hand behavior
classification model includes an encoding model



and a decoding model.
An encoding model is trained to recognize
hand shape in each frame and encode a hand state

map using Convolutional Neural Network (CNN).

We deploy a network architecture that is based
on AlexNet [13] which includes 5 convolutional
layers, 3 full connected layers and finally a
10-way softmax classifier as demonstrated. For
implementation details, the first convolutional
layer filters the 224x224x3 input image with 64
kernels of size 11x11x3 with a stride of 4 pixels.
The second convolutional layer takes as input the
pooled output of the first convolutional layer and
filters it with 192 kernels of size 5x5x%64. The
third convolutional layer has 384 kernels of size
3%3x192 connected to the pooled outputs of the
second convolutional layer. The fourth
convolutional layer has 256 kernels of size
3x3x384, and the fifth convolutional layer has
256  kernels of size  3x3x256.  The
fully-connected layers have 2048, 256, 64
neurons, respectively. Dropout is implemented in

(@ Hand state dataset

(@ CNN-based hand states analysis

the first fully-connected layer with the keep
probability 0.75 to reduce overfitting. One
difference between this model and original
AlexNet model is the optimizer. I use Adaptive
Moment Estimation (Adam) optimizer [14] as the
replacement of Stochastic Gradient Descent. For
Adam optimizer, parameters update is invariant
to re-scaling of gradient and the step-size is
approximately bounded by the step-size
hyper-parameter. It doesn’t require stationary
objective and naturally performs step size
annealing. o (learning rate), Bl (exponential
decay rate for the first moment estimates), 2
(exponential decay rate for the second-moment
estimates) and € (a very small number to prevent
any division by zero in the implementation) are
set to le-4, 0.9, 0.99, le-8, respectively. To
validate our encoding model, we use a small part
of hand state dataset to train our encoding model
and we achieve a validation accuracy of more
than 80.47%.
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Finally, a LSTM (Long Short-Term
Memory)-based decoding model will be trained
to decode this time-series hand state map and
classify different hand behaviors from hand
shape.

3. Hand Joints Position Estimation

To estimate hand joints position, we deploy a
network architecture that is based on and
initialized by the CMU OpenPose model with
panoptic hand dataset [15].

As demonstrated in Fig.3, the architecture of
OpenPose model includes n-stage convolution
pose machine [16] in which a keypoint detector
d(') maps a cropped input image patch
[ € R¥*"*3 to P keypoint locations x, € R?, each

CMU Panoptic Hand Dataset
(14817 annotations)

with an associated detection confiden €y

d(1) = {(xp.c,) forp € [1... P} (1)

Each point @ corresponds to a different
landmark and the detector is trained on images
with  corresponding keypoint  annotations.
Following this, multiview hand bootstrapping is
implemented to improve detected results.
Basically, if a point is successfully localized in at
least two views, the triangulated 3D position can
be reprojected onto other images. Difficult views
with failed detections can be annotated using the
reprojected 3D keypoints and used to retrain an
improved detector.

Input
Image
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Fig.3 An Illustration of the Architecture of OpenPose Model

Fig.4 shows our real-time hand joints position
estimation results using OpenPose Model.

Fig.4 Real-time Hand Joints Position Estimation
Results using OpenPose Model

4. Conclusion

Hand behavior classification and hand joints
position estimation are necessary for a
high-performance insider sabotage detection
system. We present an encoding-decoding model
for hand behavior classification and perform
experiment on our synthesizing hand state dataset
to validate our encoding model. Experimental
results demonstrate the effectiveness of our
proposed model. In addition, we implement
OpenPose model for hand joints position
estimation.
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The present research examines the India-Japan Civil Nuclear Cooperation Agreement towards its
implementation and future growth of the cooperation for peaceful uses of the nuclear energy.

1. INTRODUCTION

In this paper, we have reviewed the India-Japan
Civil Nuclear Cooperation Agreement [1] towards the
prompt implementation and progress of the
cooperation in the future for the peaceful uses of the
nuclear energy. The signed Agreement has 17 Articles
and 2 Annexes [1]. The Agreement broadly highlights
the matters on nuclear materials, exchange of scientific
and technical information as well as experts, nuclear
fuel cycle, nuclear safety & security, accounting and
control of nuclear materials, radiation and environment
protection, emergency response, application of the
radio-isotopes, IAEA safeguards, international
conventions on nuclear safety, physical protection of
the nuclear material, intellectual property, technology
transfer, reprocessing of the nuclear fuel, joint
committee for the consultation about applications of
the Agreement, right to terminate the Agreement,
national security, Vienna Convention on the Law of
Treaties, amendment in the Agreement, and provision
for the entry into force of the Agreement.

2. BACKGROUND

Primarily, India’s rich historic and proven record to
establish and spread the global peace strongly
influenced the Japan and other countries to sign the
civil nuclear Agreements with India for peaceful uses
of the nuclear energy. India’s growing energy demand
[2] and Japan’s world-class nuclear technology have
the remarkable and unique scope of growth for the
deeply rooted India-Japan bilateral relationship. Most
importantly, India-Japan Civil Nuclear Cooperation is
timely an extraordinary step in connection between the
India and Japan from the viewpoints of the advancing
energy sector in India, as India is among the fastest
growing economies in the world, and has great
opportunities for Japanese nuclear enterprises after the
Fukushima nuclear power plant accident to explore the

rapidly growing Indian energy business. India and
Japan are also the members of the international fusion
research project which is known as International
Thermonuclear Experimental Reactor (ITER) and it is
situated in France.

Furthermore, in 2008, the Nuclear Suppliers Group
(NSG) decided to export the nuclear technology to
India and in September 2008, India’s foreign minister
made a statement at IAEA, Vienna mentioning India’s
commitment to discontinue the nuclear testing [3].
These two activities in 2008 has strengthened Japan’s
view point to start the negotiations on the civil nuclear
cooperation with India. Likewise, the previous
Agreements with other countries, this India-Japan Civil
Nuclear Cooperation Agreement negotiations also have
gone through the thorough examination as well as
confirmation of technical details and rigorous diplomatic
procedures. In the continuation, India-Japan Civil
Nuclear Cooperation Agreement was signed in
November 2016 during the visit of the Indian Prime
Minister in Tokyo, Japan. Subsequently, in May 2017
and in June 2017, the lower house and upper house of
the Japanese Diet (Parliament) respectively approved
the civil nuclear cooperation Agreement between India
and Japan [4]. This Agreement can bring the
momentum to the previously signed civil nuclear
cooperation Agreements of the USA and France with
India towards peaceful nuclear applications, as the
USA and France are dependent on Japanese nuclear
technology to start nuclear businesses in India for
peaceful uses of the nuclear energy [5].

3. CURRENT SCENARIO

After the Entry into Force of the Agreement, both
Prime Ministers of India and Japan declared to
establish a Working Group to establish stronger
cooperation in the field of the nuclear energy and
ensuring the peace and security worldwide. In this



direction, recently in 2018, the two working group
meetings on India-Japan Civil Nuclear Cooperation
have been conducted in Mumbai, India on 26™ March
[6] and 6™ September [7] respectively.

To ensure the reliable nuclear 3Ss (safety, security,
and safeguards), IAEA Safeguards Agreement will
facilitate this Agreement because both India and Japan
are the signatories of the IAEA Safeguards Agreement
[1]. In the light of the recent decision to close the
Monju facility in Japan, it can be projected that the
India-Japan Civil Nuclear Cooperation Agreement
possibly could provide an opportunity to both the
countries to collaborate on the development of fast
reactor systems as India has achieved a significant
progress in this direction of research and development
towards the fast breeder reactor so far. Most
importantly, the Agreement has tremendous potentials
to bring more prosperity to the peoples of India and
Japan because both the countries have advanced
expertise in peaceful uses of the nuclear energy [1].

4. FUTURE PERSPECTIVES AND
RECOMMENDATIONS
Firstly, our future perspectives include the

development of the novel and innovative benchmarks
in the light of the world free from nuclear weapons as
this agreement has a tremendous potential to present
the role model to rest of the world to achieve the best
practices in nuclear safety and non-proliferation.

Secondly, we are working on the formulation of a
model to strengthen the decision making process in the
nuclear energy scenarios and associated negotiations
with respect to the nuclear regulations and treaties with
sincere considerations of the nuclear security globally.
The results of this model will provide policy based
recommendations towards the future directions of the
Agreement implementations.

5. CONCLUSION

It can be concluded that the proposed research would
be helpful to explore the impact of the India-Japan
Civil Nuclear Cooperation Agreement in the peaceful
civilian applications of the nuclear energy from the
viewpoints of the social, technological, economics,
environmental, legal, and regulatory aspects in order to
ensure the nuclear safety and security at large.
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This work describes our DGS technique development to improve safeguards for HRNM in reprocessing facilities and our
efforts to improve continuous monitoring capabilities through GR pipe monitoring and DG Self-Interrogation.

1. Introduction

Safeguarding high-radioactivity nuclear material
(HRNM) solutions within reprocessing facilities, like
spent nuclear fuel (SNF), is difficult to verify since
the long-lived fission products (FPs) and minor
actinides produce intense passive emission neutron
and gamma ray (GR) signals that overshadow the NM
of interest. Currently, Destructive Analysis (DA) is
used to evaluate the composition. However, since DA
requires much time to prepare the sample,
improvements are needed to reduce the time burden.

Addressing this, the Integrated Support Center for
Nuclear Nonproliferation and Nuclear Security
(ISCN) of the Japan Atomic Energy Agency (JAEA)
is developing the Delayed Gamma-ray Spectroscopy
(DGS) technique for partial defect analysis in
collaboration with the European Commission’s Joint
Research Centre (JRC). As an active-interrogation
nondestructive assay (NDA) technique, DGS can
reduce the time requirement to evaluate the fissile
nuclide ratio within large numbers of samples.
Expanding on this, the ISCN is studying the
application of DGS to continuously monitor
compositions at solution tanks through self-source
activation. Continuous monitoring was expanded to
also include process monitoring by measuring
solution passing through transfer pipes.

2. Gamma-ray Techniques Under Development
2-1. DGS Nondestructive Assay Technique

DGS is an active-interrogation technique that uses
neutrons to induce fission within a NM sample. While
low-radioactivity NM (LRNM) is easy to quantify
using high-rate GR spectroscopy, HRNM is
dominated by the passive GR emissions from
long-lived FPs (e.g. '*’Cs). In order to not overwhelm
the GR detector, these GRs must be filtered away
using shielding materials. However, the short-lived
FPs (e.g. 112<~1 hour) that are a direct signature of

the fission events produce GRs in excess of ~3-MeV,
where photo-attenuation is minimal [1].

However, high fission rates are required to increase
the GR signal strength to surpass the shielding.
Consequently, thermal neutrons must be used to
induce fission on the fissile nuclides (e.g. B3y, B%u,
and **'Pu) where the cross-section is large. Depending
on the composition, different FPs are produced in
different ratios from the unique fission yields (FYs).
These then decay to produce GRs after the fission
event itself. Due to the half-lives of the different FPs,
the delayed gamma-ray (DG) spectrum changes over
time, being highly sensitive to the interrogation. The
DG spectrum is measured and the composition is then
determined by analyzing the fractional contribution of
observed GRs (see Figure 1).

2-1-1. ISCN DGS Development Phase-I Summary

The 3-year Phase-1 development program started in
JFY2015 and followed two parallel paths: 1)
composition analysis code development and 2)
experimental data collection. An Inverse Monte Carlo
(IMC) analysis method was developed wherein the
measured data is compared to expected spectra from
Monte Carlo results. Essentially, the IMC process
evaluates the most-likely initial composition that
matches the spectrum being compared.

In order to benchmark the IMC analysis, active
interrogation measurements were performed at
JRC-Ispra (Italy) wusing the Pulsed Neutron
Interrogation Test Assembly (PUNITA). Different
standard U and Pu samples were irradiated and
measured using a few interrogations (the combination
of irradiation, measurement, and delay times and the
number of  cycles).  Additionally, passive
measurements were performed at the JAEA
Plutonium Conversion Development Facility (PCDF)
to evaluate the GR background above ~3-MeV. Along
with fast-energy neutron activation from a **Cf
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Figure 1. Delayed gamma-ray spectra for the
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source and large quantities of solution, these
measurements were used to evaluate the potential for
interference to the active DG spectrum.

2-1-2. ISCN DGS Development Phase-I1 Preview
The second phase of this DGS project is to develop
a practical HRNM DGS interrogation system that
could be deployed into a reprocessing facility.
Specifically, we are applying the constraints that this
should be compact and safe to use by operators
standing nearby, similar to an Hybrid K-Edge
Densitometry (HKED) hot cell [2]. As such we are
evaluating different neutron sources and optimizing
appropriate moderators. In conjunction, we plan to
evaluate different GR and neutron detectors for DGS
and neutron monitoring capabilities in correlation to
the relative shielding and positioning options for

HRNM samples.
Started in Phase-I a JAEA *’Cf-shuffler was
fabricated and tested at JRC-Ispra PERLA.

Improvements and a transition to a deuterium-
deuterium (DD) source will be made while the system
components will be compared at JRC-Geel;
concluding in a system demonstration.

2-2. Continuous Monitoring
2-2-1. Delayed Gamma-ray Self Interrogation

An aspect of the PCDF passive measurements was
to evaluate the potential for producing DGs from
self-activation. SF neutrons are known to multiply in
large quantities of Pu-Nitrate by down-scattering and

inducing fission within the solution [3]. Our
measurements indicate that the tank quantities will be
required, but our initial DGS simulations indicate that
there is a reasonable possibility that solution
composition can be continuously monitored through
DG self-interrogation (DGSI).

2-2-2. Gamma-ray Pipe Monitoring

Concurrent to the Pu-Nitrate measurements was a
secondary experiment to measure GRs from
Pu-Nitrate solution flowing through a transfer pipe.
This resulted in conclusive evidence that this is
applicable for real-time process monitoring by being
able to not just verify the composition, but to also
evaluate solution volume and processes through event
timing correlations.

3. Summary

Combining DGS small-sample verification with
pipe and tank monitoring provides a unique set of
correlated nuclear information allowing inspectors to
maintain continuity of knowledge. Specifically, DGS
will verify the DGSI tank composition; DA will
verify bias defects on the same DGS samples; passive
tank monitoring will provide reference GR spectra for
the pipe monitoring; and pipe monitoring will detect
facility misuse or malfunction during process
operations.
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Design study for optimizing a compact system for a Delayed Gamma-ray Spectroscopy Nondestructive Assay (NDA)
system for verification of fissile nuclide composition of high-radioactivity nuclear material samples.

1. Introduction

Based on the need of new Nondestructive Assay
(NDA) techniques for nuclear safeguards verification
of high-radioactivity nuclear material (HRNM)
samples, we are developing an active NDA system
exploiting the wuse of Delayed Gamma-ray
Spectroscopy (DGS). The goal of this is to be used for
independent verification of HRNM. Due to the high
intensity gamma rays from Fission Products (FPs) and
to the strong neutron emission from Minor Actinides
(MA), passive NDA techniques are not suitable for
HRNM.

With the use of thermalized neutrons for induced
fission in the NM, the fission cross sections of the
fissile of interest (U-235, Pu-239 and Pu-241) are
orders of magnitude higher than the U-238. This
allows discriminating the signal coming from the
fissile of interest during the verification.

Different neutron sources are now under evaluation.

Among them, neutron generators (NGs), both
Deuterium-Tritium (DT) and Deuterium-Deuterium
(DD), are of particular interest. However, due to the
high energies of the emitted neutrons (14 MeV for DT
and 2.5 MeV for DD), adequate moderation of the
neutrons is required to obtain a high thermal neutron
flux in the sample.

This paper shows a preliminary modelling study of
moderator considering a DD NG as neutron source for
our practical system.

2. Moderator Study for DGS
2-1. Neutron Generators for DGS

Possible candidates of NGs for DGS are DT and
DD NGs. Main differences between them are the
average neutron energies and radiotoxity (between D
and T).
The average neutron energy coming out from a DT is
14 MeV, while the energy of neutrons coming out
from a DD is 2.5 MeV. This affects the safety dose
evaluation, the system size, the moderator materials

and properties (like thickness and position in the
system). Effectiveness of different moderator
materials was studied using Monte Carlo N-Particle
(MCNP) Transport Code [1] simulations for a neutron
point source. In order to get higher neutron flux in the
sample, NM is placed at best position close to the
neutron source surrounded by moderator material. For
the DT case, some portion of enhancement of
neutrons can be achieved by introducing multipliers
material (lead or tungsten) and then a moderator
material (HDPE). For the lower energy neutrons
coming from a DD, the multipliers are not needed and
only a moderator material (HDPE) around source and
sample is required.

After moderation of neutrons, reflector material,
such as graphite, is used to increase the flux at the
position of nuclear material sample.

Final dimensions of each layer (multiplier,
moderator and reflector) are necessary to be
optimized considering real dimensions and

geometries of both NGs and samples.

After above optimization of material layers, for
safety measure, we then need proper thickness layer
of HDPE (or similar material like water or concrete).
A simple point source model was used in simulation
to evaluate the amount of shield required in case of 14
and 2.5 MeV neutrons. Results show a thickness of
about 1 m for 14 MeV neutrons (DT case) and about
50 cm for 2.5 MeV neutrons (DD case) as in the
schematic representations in Figure 1. This shows one
of the the advantage of using a DD source for our
purpose to reach a compact NDA system. Moreover,
the radioactive hazard of trittum during the normal
operation of a NG, DT has also disadvantages
because of containing of tritium.



DT case
R ~100 ¢cm

DD case
R ~50 cm

Neutron Source
(10% n/s)

Shield Material
(HDPE)

Figure 1: Public Limit Radiation Safety Shield Material Thickness
for a Neuron Point Source with DD and DT Energy.

2-2. Basic System Requirements

Our final DGS system is intended to be applied in
nuclear fuel cycle facilities like reprocessing plants.
This requires the system to be compact. It has to have
a limited size and weight to be compatible with the
current safeguards systems. For this study a standard
size hot cell with 1 m width and NDA system below
the hot cell with 1 m* volume is considered to be our
size limit for DGS-NDA. The weight is for now not
included as a limit even if evaluated.

High fission rates are required to produce enough
higher energy (than 3 MeV) DG above the passive
background gamma-rays, therefore thermalization of
neutron energy is vital.

Thermalizing neutrons can be achieved by
surrounding the NG with moderator and reflector
materials before reaching the sample. This requires an
optimization study of moderator considering different
materials and their relative position to the NG and the
sample.

2-3. Preliminary Moderator for DD

We show a result of preliminary design study of
moderator of practical system based on the sizes of
possible candidate of DD NG. This design
(optimization) study is based on the above mentioned
I m® size constrains and the need of a quick
thermalization of the generated neutrons.

Several parameters were optimized like the HDPE
thickness and length around the DD and sample, the
distance between the DD and sample, reflector size
and the outer shielding layer of HDPE. Considering
the total thermal flux reaching the sample space, each
parameter is analyzed using ROOT producing curves
like in
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Figure 2. The combination of different parameters
giving the higher thermal flux compared to the total
flux can be evaluated. The actual resulting geometry
is shown in Figure 3.

3. Conclusion

MCNP simulations show the effectiveness of using
a DD neutron generator source for achieving a
compact DGS NDA. The preliminary optimized
system is matching the constraint of 1 m’® total size
reaching a high thermal neutron flux in the sample.
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Figure 2: Thermal Neutron Counts in the Sample Space for
Different Optimization Parameters.
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Figure 3: Preliminary Design Configuration for DGS System
using a DD Neutron Generator.
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Abstract

It is important for first responders to prepare advanced equipment and to build on an effective
training against radiological threat at major public events. However, the training without
high-dose radioactive sources sometimes leads to poor reality and a practice no straining or
tension. We propose two novel methods for an effective training against radiological
terrorism. First proposal is a radiation detection simulator using smartphone and Wi-Fi or
BLE (Bluetooth Low Energy) beacons. We developed mobile app for calculating pseudo
gamma-ray dose rate from RSSI and displaying the dose rate on smartphone. This simulator
helps the training for searching suspicious sources like nuclear and other radioactive
materials. Second proposal is a radiological-threat scenario producing with Monte Carlo (MC)
particle transmission simulation code. We predict diffusion of radiological residue after
dirty-bomb explosion. Also we have developed radiation-detection simulator using GPS with
no pseudo source. This novel simulator and MC simulation helps to produce a radiological
threat scenario and to carry out zoning training with radioactive contaminated area.
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Security Measures at Nuclear Fuel Facilities
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Implementation of effective cyber security methodology by operator' s point of view are discussed. JAEA will continue to
improve and strengthen internal threat countermeasure's capability in order to minimize any cyber risks in Tokai reprocessing

facilities.
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BARBRIZETABEX 1) T4 XEBRH A NN —EF2 U T HEFORY HH)
Efforts on the promotion of Nuclear Security Culture at JNFL

- Implementation of Cyber Security education-
R KA, RAT BHE, AE =
HAFUAR At

*Taneichi Yuusuke ,

Kimura Akinori,

Saito Yoshiro

Japan Nuclear Fuel Limited

In the Rokkasho Reprocessing Plant (RRP), cyber security education had been started since 2015 as part of the promotion
of Nuclear Security Culture. The education focused on cyber threats to the plant control systems to improve cyber security
awareness of the RRP employees. Results, issues and improvements of the education are discussed.
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A Study on the Tendencies on the Member States from which Broader Conclusion (BC) Has
Been Drawn and on Those from which BC Has Not Been Drawn Yet by the International

Atomic Energy Agency: Extracting Possible Requirements for Drawing the BC
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Abstract

Recently, the International Atomic Energy Agency (IAEA) has been assisting the
Member States in the implementation of Integrated Safeguards (IS) with the aim of
strengthening and making the international safeguard system more effective and efficient.
For States where the IAEA’s Broader Conclusion (BC) have been drawn, IS is applied.
Remarkably, there are many States which took more than 10 years after the Additional
Protocol (AP) entered into force for the BC to be drawn by the IAEA. Why has the IAEA
taken so much time to draw the BC for these States? What are the possible requirements
for drawing the BC? Having the knowledge of these possible requirements would
contribute to strengthening safeguards and promoting the entry into force of the AP.

The paper will describe the comparative analysis of the tendencies on the Member
States from which the BC has been drawn and those from which the BC has not been
drawn yet. As a result, the possible requirements for the BC have been extracted. The
paper attempts to describe the identified six possible requirements: first, entering into
force and implementation of the amended Small Quantities Protocols (SQP); second,
capacities and experiences of the IAEA’s safeguards implementation on the States; third,
export control status; fourth, security situations; fifth, illicit trafficking incidents; sixth,
political implications such as regional conflicts.

nakanishi.hiroaki@jaea.go.jp
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This is the summary of research result of State Level Concept (SLC) which has been developed and
conducted by the IAEA and a major purpose of the research reported here is to promote the nuclear
operator’s understandings for the importance of Broder Conclusion drawn continuously by the IAEA
under SLC.
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“Regional Safeguards” is considered as one of the measures for strengthening IAEA safeguards
and its concept is recognized at NPT Review Conference and also NSG Guidelines amended in
2011. This Study examines the elements for the proper establishment of “Regional Safeguards”
based on EURATOM and ABACC and also considering the possibility of future Regional
Safeguards in other regions.
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Abstract

In accordance with the US Atomic Energy Act (AEA) of 1954 (as amended), the US
Government needs to conclude nuclear cooperation agreements (NCAs) with other states, prior to
initiating peaceful nuclear energy cooperation with such states. Principally, the US NCAs are
required to include nine nuclear nonproliferation conditions prescribed in the Section 123 of the
AEA, and the seventh condition relates to the US’s consents towards the other states’ uranium
enrichment and reprocessing activities. However, previous and current US administrations require
nuclear emerging states, especially those in the Middle East, inserting so-called “gold standards”
into NCAs, which require them refraining from domestic uranium enrichment and reprocessing
activities, beyond the seventh condition in the AEA.

In this paper, as the first step, previous and current US administration’s policy towards the
“gold standards”, as well as the arguments by the US Congress members and nuclear
nonproliferation experts on this issue are analyzed. In the second step, prominent features of the
US-UK and US-Mexico NCAs concluded in May 2018 are examined. As the third step and a
summary of this paper, prospects of the US administration’s policy on future NCAs are explored.
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Transparency of Peaceful Use in Nuclear Fuel Cycle
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Since the early stage of its peaceful nuclear use, Japan has promoted the plutonium management with transparent manner
as a main stream of the nuclear fuel cycle policy. This paper briefly reviews good practices of plutonium management
transparency and the current trend of plutonium policies in leading countries.
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