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Program Schedule for the 42nd Annual Meeting of the Institute of Nuclear

Materials Management Japan Chapter
(The program will be changed without notification)

Plenary Meeting Host: Hiroshi Sagara, Tokyo Institute of Technology

Room 1
09:30~

10:00-10:20
10: 00 - 10:05
10: 05 - 10:20

10:20 - 11:30

11:30 - 12:00

12:00 - 13:10

Room 1
13:10 — 14:30

13:10 - 13:30

13:30 - 13:50

13:50 - 14:10

14:10 - 14:30

Day 1 (18 November)

Opening

Opening Session

Opening Remarks Hiroshi Sagara, Chair, Program Committee
Welcome Remarks Masaki Saito, President, INMM Japan Chapter
Invited Lectures Chair : Masaki Saito, President, INMM Japan Chapter

Invited Lectures I : (Video Message)
Guest Lecturer : Julie Oddou, President, ESARDA(European Safeguards
Research & Development Association)

Invited Lectures II : Current situation and efforts regarding the use of
nuclear energy in Japan
-Focusing on nuclear material management-

Guest Lecturer : Mitsuru UESAKA, Chairman,
Japan Atomic Energy Commission

Young / Student Short Presentation
Chair : Natsumi Mitsuboshi, Student Subcommittee President, INMMJ

Lunch Break

Session A : Safeguards
Chair :  Yoshiki Goto, Nuclear Material Control Center

#4201 JNFL efforts on management support for the On Site Laboratory
Presenter Akira Gotou, Japan Nuclear Fuel Limited

#4202 JNFL efforts on prevention from damage of safeguards equipment
Presenter  Yuki Uemura, Japan Nuclear Fuel Limited

#4203 Investigation and consideration of the requirements and issues from the
viewpoint of the IAEA Safeguards for the decommissioning of nuclear
facilities
Presenter Takashi Kimura , Japan Atomic Energy Agency

#4204 Study of rational safeguards for the treatment of radioactive waste
containing nuclear materials
Presenter Takayoshi Nakatani, Japan Atomic Energy Agency



Room 2

13:10 - 14:30 Session B : Denuclearization * Nuclear non-proliferation policy

Chair : Masako Ikegami, Tokyo Institute of Technology

13:10- 13:30 #4205 Research on factor analysis for achieving denuclearization

(10) Summary of research: Analysis of denuclearization factors of target
countries and lessons learned from the analysis
Presenter Makiko TAZAKI, Japan Atomic Energy Agency

13:30 - 13:50 #4206 Research on Factor Analysis for Achieving Denuclearization

(11) Concept of the disabling nuclear facilities in denuclearization
Presenter Ryo SHIMIZU, Japan Atomic Energy Agency

13:50 - 14:10 #4207 A Study of IAEA’s Multiple-Criteria Decision Analysis based Approach:

A Perspective of India-Japan Civil Nuclear Cooperation
Presenter Saurabh Sharma, Tokyo Institute of Technology

14:10 - 14:30 #4208 What is “fissile material” to be defined in an FMCT?

Presenter Hirokazu Kumekawa, Japan Atomic Energy Agency

Poster Room (1 ~7)

14:40 — 15:25  Young / Student Poster Session 1

P4251

P4252

P4253

P4254

P4255

P4256

Planning and operation : Student Subcommittee, INMMJ

Feasibility study on innovative small and medium modular reactor with inherent
nuclear safety, security, and non-proliferation features

(2) Assessment of Material attractiveness of Np as a target material in (U,Np)3Si2 fuel
Presenter Natsumi Mitsuboshi , Tokyo Institute of Technology

A study on the effect of nuclear fuel cycle scenario on TRU material balance and
nuclear nonproliferation
Presenter Shotaro Terayama , Tokyo Institute of Technology

Non-Destructive Assay Technology Using Passive Neutron Emission Tomography
-Inhibiting Factor Sensitivity of Tomography Image-
Presenter Katsuyoshi Tsuchiya , Tokyo Institute of Technology

Identification of nuclear material theft behavior in nuclear facilities using the object
detection model and pose estimation model
Presenter Yuki Yokochi, University of Tokyo

Silicon Carbide for LWR: Challenges and Opportunities
Presenter Deng Qianliang, 1Institute of Nuclear and New Energy Technology,
Tsinghua University

Proposal of neptunium-237 detection method based on photonuclear reaction
Presenter Kosuke Tanabe , Tokyo Institute of Technology



15:25-16:10  Young / Student Poster Session 11
Planning and operation : Student Subcommittee, INMMJ

P4257 Design Study of U-TRU Fuel Loaded Gas Cooled Reactor Core for TRU Transmutation
with Enhanced Safety and Security (I) U-Np Fuel
Presenter CHONG Hong Fatt, Tokyo Institute of Technology

P4258 Nuclear Forensics Signatures of Spent Nuclear Fuel from Light Water Reactors
Presenter Yuichi Kagayama , Tokyo Institute of Technology

P4259 Non-proliferation Features in Partitioning and Transmutation Cycle using Accelerator-
driven System(2) Evaluation of Material Attractiveness of Uranium in ADS Fuel Assembly
Presenter Akito Oizumi , Tokyo Institute of Technology

P4260 Non-proliferation features of Accelerator-Driven System using TRU fuel with separation
resistance of an actinide element.
Presenter Saki Yamaguchi , Tokyo Institute of Technology

P4261 Analysis of North Korea's low-yield nuclear weapons test and issues of nuclear weapons
modernization
Presenter Natsuki Sasano , Tokyo Institute of Technology

P4262 Improving nuclear safety and security performance of small and medium scale fast
reactors by a passive reactor shutdown device (1) Research Plan
Presenter Haruka Okazaki , Tokyo Institute of Technology

P4263 Proposal of numerical method to solve multi-nuclides system based on Photofission

Reaction Ratio methodology
Presenter Chin Kim Wei, Tokyo Institute of Technology

Room 1
16:20 - 16:50 INMM Japan Chapter Annual Business Meeting * Achievement Award

(Non-members can also participate as observers)

17:00 — 18:00 Online Reception



Room1
9:00-10:30

9:00-9:45

9:45-10:30

10:40-12:20

10:40 - 11:00

11:00 - 11:20

11:20 - 11:40

11:40 - 12:00

12:00 - 12:20

Room?2
10:40-12:20

10:40 - 11:00

Day 2 (19 November)

Planning Session

Chair : Kazuyuki Demachi, The University of Tokyo
Kazuhiko Hiruta, Nuclear Damage Compensation and
Decommissioning Facilitation Corporation

Principle of Hybrid Chemonuclear Reactor to Convert Radioactive Waste to
Useful Metals
Presenter  Hidetsugu Ikegami,
Former Director of the Research Center for Nuclear Physics
(RCNP)/Professor Emeritus, Osaka University,
Honorary Doctor of Uppsala University, Sweden

International Safegaurds Guidelines for Nuclear Facilities undergoing
Decommissioning
Presenter  Yoshiki Goto, Nuclear Material Control Center
Session C : Nondestructive Assay Technology < Next-generation technology
Chair : Hideki Tomita, Nagoya University
#4209 Delayed Gamma-ray Spectroscopy for High-Radioactivity Mixed

Nuclear Material Safeguards Verification
Presenter Douglas Chase Rodriguez, Japan Atomic Energy Agency

#4210  Demonstration of a Neutron Resonance Transmission Analysis System

using a Laser-Driven Neutron Source
Presenter  Kota Hironaka, Japan Atomic Energy Agency

#4211 Development of a passive reactor shutdown device to prevent core
damage accidents in fast reactors - Feasibility of the innovative
device-idea and its nonproliferation features-

Presenter = Masatoshi Kawashima, Tokyo Institute of Technology

#4212  Malicious behavior monitoring by combining image recognition deep
learning and natural language processing
Presenter Kazuyuki Demachi, The University of Tokyo

#4213  Monitoring technique for detection of nuclear and radioactive materials

on major public events
Presenter  Takanori Mochimaru, Japan Atomic Energy Agency

Session D : Education
Chair : Jun Kawarabayashi, Tokyo City University

#4214 Nuclear Regulation Human Resource Development Program in Tokyo
Tech “The Advanced Nuclear 3S Education and Training (ANSET)”

(7) Implementation Status AY2021
Presenter  Chi Young HAN, Tokyo Institute of Technology

10



11:00 - 11:20

11:20 - 11:40

11:40 - 12:00

12:00 - 12:20

12:20 - 13:10

Rooml1
13:10-14:50

13:10- 13:30

13:30-13:50

13:50- 14:10

14:10- 14:30

14:30- 14:50

15:00 — 16:00

16:00 — 17:00

#4215 Activities of Nuclear Security and Safeguards Project in Forum for
Nuclear Cooperation in Asia and ISCN engagement
Presenter  Naoi Yosuke, Japan Atomic Energy Agency

#4216 Capacity building support activities for safeguards embracing online
elements
Presenter Yoko Kawakubo, Japan Atomic Energy Agency

#4217 Development of an exercise using a virtual tour for online training on
safeguards
Presenter  Megumi Sekine, Japan Atomic Energy Agency

#4218 Nuclear Security Capacity Building Support under COVID-19
Pandemic and a Novel Approach for Capacity Building Support in the
Post-pandemic Era
Presenter Naoko Noro , Japan Atomic Energy Agency

Lunch Break

Session E : Nuclear Security

Chair : Hironobu Nakamura, Japan Atomic Energy Agency

#4219 Efforts of Procurement and Quality Managements for Physical
Protection System in JAEA
Presenter Ryodai SHIBATA, Japan Atomic Energy Agency

#4220 The feasibility study on detection of unauthorized access into industrial
control systems network
Presenter  Haruhiro Yokoyama, Japan Nuclear Fuel Limited

#4221 Synergy of ensuring security between facility and transportation
Presenter = Mitsutoshi Suzuki, The University of Tokyo

#4222 A Consideration on strengthening nuclear security culture promotion
activities: ISCN-WINS Workshop
Presenter Naoko, Inoue, Japan Atomic Energy Agency

#4223 A Consideration on strengthening nuclear security culture promotion
activities: Through discussions at the Workshop on Nuclear Security
Culture Self-Assessment
Presenter Masahiro Okuda, Japan Atomic Energy Agency

Invited Lectures Chair : Yoshiki Kodani, Japan Nuclear Fuel Limited

Invited LecturesIll : Current Regulations for Protection of Nuclear Material
in Japan
Guest Lecturer : Tatsuji Narita, Deputy Director, Division of Nuclear
Security, Radiation Protection Department, Secretariat of Nuclear
Regulation Authority

Panel session  Sharing of efforts to foster a nuclear security culture
Chair : Yosuke Naoi, Vice President, INMM Japan Chapter
Panelist :

11



@ Minoru Shibata, Chief manager , Nuclear Security management group, Nuclear
Power Division, The Kansai Electric Power Co.,Inc.

® Takashi Asano, General Manager, Technical Affairs Dept Pu center, Japan
Atomic Energy Agency

@ Yoshiki Kodani, Deputy Head of Reprocessing Business Division, Japan Nuclear
Fuel Limited

17:10-17:20 Closing Session

17:10 - 17:15 Thesis award and young / student session presentation award
17:15-17:20 Closing Remarks Kazuhiko Hiruta, Vice Chair, Program Committee
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Current situation and efforts
regarding the use of nuclear energy in Japan
-Focusing on nuclear material management-
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Mitsuru UESAKA, Chairman,
Japan Atomic Energy Commission
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Principle 1: Responsibility for safety

The prime responsibility for safety must rest with the person or organization
responsible for facilities and activities that give rise to radiation risks.
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Principle of Hybrid Chemonuclear Reactor to Convert Radioactive Waste to Useful Metals

AT e
VRIRRT: et et % — (RCNP) JLiTlR/4ZE#%, 2 0 77 KA &8 L 3 Kk ET 2 — A E TR
*Hidetsugu IKEGAMI !23

! Former Director of the Research Center for Nuclear Physics (RCNP)/Professor Emeritus, Osaka University
2 Honorary Doctor of Uppsala University, Sweden, * Honorary Citizen of Tennessee (Oak Ridge), U.S. A.

In dense itinerant electron metals, s-electrons undergo contact interaction with nuclei inducing macroscopical
scale correlation among them under the irreversible action of Nature towards the chemical potential minimum.
This results in super-enhanced united atomic/nuclear reactions called chemonuclear reactions. The super-
enhanced nuclear reactions were firstly found by astro-plasma physicists in liquid metallic hydrogen plasmas in
white-dwarf supernova progenitors. The D, — D, chemonuclear fusion enhanced by the factor 103° in the
system of Ni nano-crystal powder LiD/LiH mixtures was predicted by lkegami and confirmed by
Bologna/Uppsala collaboration experiments. In the system, 23.8 MeV a-particles are produced, which induce
diverse successive chemonuclear reactions such as chemonuclear fission of non-fertile elements. The
chemonuclear fission of Pd has been really observed in the cold fusion experiments by many groups. The system

can therefore be used as the waste-burning hybrid reactor.

1. #5
ATHACR 2> & 4 ALK BRI T TO R FHEH )
FHIRFIEIZ L0 T B R FE(Supernova) | D KK
NODBJBKFE/@EET /KT T X~ T, X
Jia b— F A K=10" L0 B LT B kFE-KkFE
15 PERE A (pycno-nuclear fusion) O 777EH3 ] B
Lo, TR b— MEREITA A RGOS
ERBRD TR $ 7205 TERRIERLO K
JERLF-REDABANE] DNFFERT D PR IE )
(chemonuclear reaction) #/MEFART > 2 v L F5
MO ENT 7> a AL bbb D ThoTz,
i, 2o EmEA R L a<H Ly
BROSHEHTH 5 MEFEROG] OERBIE LT
D INAT Yy RRFIF) 2T 5, 2D [
A7V v FIRFHF B EBESEY) 2 Pd, Rh %0
ARG 25D T, FEHD 20 FLLED
MR TEEDHLNE R ST HERISA T =X
LTHDTHD MEFEIIE] (chemonuclear
reaction) DICEMFERHEITH 5,

2. ILERRIG A D Z X LDER

Mb5A% i) (chemonuclear reaction) & ERfE 35
IZiE, BEF 10 [ApeAxZH/2 AR BMR] %K
HARDOIERID TRMEEME] ET 5B~
T DB TMERIIHEEL T, 2T 4T —
MR LT T D H-241) (entanglement)lZ
S LB R A D HMER DD, DRI

bt T TEMRABEBLOR FEEOHEBIM ] 23
FHELL., BI)FRICE T 5 BB O KA IKRD
T 7 va VAITBEITALTFERIR T o U ME
AT ORISR FERINDLIDOTH D, KA
2, BRI T A v ad A Un T&REN
7R AEIEDARHITIR ) EARGE L 72 ME— O BEGR
KR TH D,

(B OS TlE, BEROS & SERIZ R L7z JR
FRIGBN AL 2 OGS NEITT D006, ALK
D ER K =k7/k° OEFRADEH T
%o k, kIZERXIEHFEGV— b, W6
L— NThH D, WS non-spontaneous (2Lt
HAEZD G T 72 o | XKE] s8R 125 FEIRATE
B U7 KM HEE TR, k= ko, ko 1
intrinsic nuclear reactionrate & L CEVY, L7=2%
of\K=%J%%E=mm“m(ﬁM$&ﬁm
HWEEDOHRLE 525, VHER K 137K
Jir CHcEEELD Van’t Hoff-Gibbs D=
K=k7/k "= exp[-AG,/ kgT] ThHZHND,
TIEv AT LDOIEE . ks i Boltzman B4 TH
Do AG IIEFRESONITIBIT 2ILFRT v
IVDFET,

AG=AG(chemical reaction) +AG,(nuclear reaction)
DE DT 2HNPBEY LS TN D,



Chemical reaction (ZE54> 51654 D AG, . (chemical
reaction) (FALFEKIGT —T b ELND, TT
TR ES9 % 3 O Chemical potential [X4x)E
T2 NBELND,

RICOKTIE bS] BRARSE D3RSI N
LTWHDITK L, 20O MBS fslas
AR P REE TR PR S Nz oix, BBy
DL OIFFRE N L DID I3 n—
T EIRIA R E B IR SN TN S AT
H5, [7f]

3. LR RIEG A h = X LDRFRER

EFL, ADR OB R & Bl U 7 S B AL
AR Z O BT HEBLT 5 AR A | RE A

I oEROBRRI B RE L ED T RERFE AL, BAR
IS B A RETAFE (H. Tkegami, Jpn.d. Appl.
Phys. 40 (2001) 6092), * O EiEx kA7, [1]

U7 RKRFEANRRY MIERT The Svedberg
Laboratory & 77 L =177 A2 Arrhenius <> Berzelius
DY DML TFEE DI T, AR N A

Foita e E L, BkV TIEHOFEAKEA A4
VONRIR L @R T K=10%0 {5 L1 E oo sy

T "Li(d,n) 8Be =2l AN EFHRT HEE

o BB CTHEFR L 7= (H. Tkegami & R.

Pettersson 2002), [2] Z#uiL, Hi Bz 4

e U 7= @98 FEEZRE &5 SO pycnonuclear reaction
OB TH Tz, ZOHITELIZLEKO AT =

—7 VXX —TR'E Dr. Lars Tegnér (7 74

T RFpAER L (b)) BRIEIZFR, EHEOE
s, Bl L EROBEERL e LT b X
JTL, EHIZH 100 FAY =—F 7 v—x (H

AT 1300 &) DFERE 2R IA A TR,

P, Z OISITEFEZ @A (Chemonuclear
Fusion) ¥ 72 i3 {k % & K Ji-  (Chemonuclear
Reaction) &4 &z, Z0%, BICEEOK
L oT, A4 e De iy A AU BlxD

FErCTa—kb—1L > h 2-Li(Ds, 2n)(*Be),—4 o

BOS 10%° (5 R OHHEE IRl S iz, 2 F D,
K(Ds, 2n) = KA(D, n) BRI NT=DOTH D,

L2 L7278 B b T 2Id O KK O &
& JRKFKEBER ST ETHREETH A 9D D,
XH e R—=)LOBEE~ Y AN K D KFEOEEA
1% 1970 ERD A KD &8 15 0 i BT FEYE
D—D>ThoTe, & ZANFEFR, R4 TIXPd
R Ni OEJBRRE CKRES LML, &L
TWE S, @R TFHTEBIT 5 2 &2
SNTNIEDOTH D, & OEIRKFEDRLRIL

IRTET 53R s-FEFIRE O KRIT > TRHETT
HZ LB SIFREENL FRENDLD
T, FiRIZITWEE CORIREEBAKFZOERL H
D1%% (H.lkegami2020,Part]), [3] EJfAMJIZIE
M7 Y OO Li £7201% LIH/LID &5\ Cs X
CuO O L 5 EFHER (FF—) Z Pd°Ni ©
T e 7 U RAFVHEKES D WIEETRICIEAT R
IXEEE O RBKBR T LKA s-EB 7 ORER
DT 206, B 218 Supernova KK D
FERA & [BRE D SOG 2N ARSI WIEE T 6
LD ZEIZRDTHD,

TS LS A D = R NT EFE O
R 1% EE ChoT- 7 7Y 7 RS F
£ Prof. Sven Kullander (2 K-> T, A —=+% T
Ni ¥y KN DO KFE-KFIRIEZE A EBR T O Dr.
AndreaRossi 25z Hiv, T, RIZEFRSLEWVO
KB T, ZOPRENHER STz, [4]

K FNZ T -7 ) RAZ AT D D-JRF-1% Do,
D; DR Fxte& LTHMALTHEY (FlXiX H
Tkegami 2020, Part I @ MgNiDy i fh it 2 2 FR) |
o —t — L ¥ b7 DD, , D:-D; £l & 23
Supernova RARH DK FE-/KF RGO HEHERE S
5 ERIDZBNTHEAETLOTH D,

" K(Dsw-Dn)=K"(D-D)!

a—b— LV MERA THA LT 23.8MeV a—
B FIX 2 TR B 70 & O ZIRA S B % 55 36
T 5, o T, TOEEEDKFERT LKA -5
FORERIFIANA 7Y v NMEFEERIS R F (B
BAg 7V RIEAHE & IEFR) ORSRE A 2 TV
Lo FERTRE AIE. A 7V v RIFETIF A, Non-
Fertile DHER;, HVVEL TE KX RLE TR
BoREzHET 528 Thsd (Rife H. lkegami
2020, PartII, Ch.8 « - induced Chemonuclear Fission
of Non-Fertile Elements) , $32, EWNF D% < DK
IR G 328 7 v— 7T
19pd— 2PV B 2-PCr OB S 415,

4. NA Ty RIRFIFDOHEMH
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TS TEBE T 2 A LR IR L DO kL ¥
— %M Ni-F+ /-2 U AHX)V/LIH/LID + £
BIEWIREDONA 7V v RERTIFOEEITH A
Vo NA TV RIRFIFARED BARIHEE X,
[ARIERZ RS B E L R T GENTE
WY R T OBBEICBEET5), 2 2 Tl
A7V v RIRFIFRA OFWHO RIS D,
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ITEEETH D, KFEMHD)WEAEM & LTIE Ni
MRDRETH 5, PAITFNICEI L TWD
a-Bi K On,p,d t KONy BFHEROILFEE
GITHEEDNE LW D TH D, EH B
DIENi TH D, Ni b(a,?C) KT Cr iz
a9 % Z & PMRIERZRS EBR CERI S Tn
L3, F D SHEERIT Pd DAV ERESY ZUT R
B EmmMIT/INE N,

2) FET FF—& L TIXLi £ 7213 LiH/LiD 2N i
ThD, Lix CuO TRAHT DD THE,

3) JFIEEHIE LT Dy 7213 HyDr IRA DR
Tbh b,

4) KFIKEEME O SKITIFEE LA TH D,
Tesla Coil IZ X 5 avicEOREHIX, e
BENE S L CTHE,

5) BRELE T AEBEEMIL. & D \VITKFEL
MOmEE L TOESOFICEAL, HEIC
i U TR IR 5, KEWEM L LT
D Ni-F /-7 U ZAZ )V RDOIEFEE BIEIZA
T \HEIRE TEATLIOL—HIETH S,

6) JFNIE o -Ri T DI 7e & LBy 2, L Fk%
G, TRALSPES 7R E TR A LTZ a,n, p,
t, yHRTHRM LTI, JioITEHEIT Ak
SHERZ BEFEN) D153 K55 DAV RE SO % 7 56
T 5, ME—DHRIFORIEEIL, W87
REM AN BEOHIE TH 5,

7) FFNOETOFEMEDO RS BRIT AT R
IEFPEERISTHEA L, fRIE XM, 74+ /v
\ZHRHAT 5 7 D IR 2R o — L RIIAREL
T, XBFHROARTH3EBEZLND,

8) HHHEREEM D 5> bLAHIL T T L HEDOEVILHE
1L C HDWIE O 2 SOSHHERE S —
BEESRE 0 BDICRE R MR SRTY,
Nb, Mo, Tc, Ru, Rh % (Z#A#7~ 5 (RifadiliE H.
Ikegami 2020, Part IV. Chemonuclear Th and U
Fission 3 &), BUGEERIMRD TR E WD,
HLDOEBENPLETHD, ZiLHDIEHIZK
TR RV X RS DIFN ) EFTH 72
v,

NAT Yy RFIE O FEB TR FEE O — >

Tbh b,

[3f] = DM MIZ. Klein-Nishina DR THA 7= F
HERE IR T 22D 2% Th A 9 i A LIEA
e EVERBED N A B L7 Heisenberg & [FIFHT
&%, CRHE 3497 ¥ 7 +— K Rutherford (ZFifi
FLIEWERLEINTER, THF 74— RiE il

W ZEEICTEN > TSNS EOFRT, b
DIZETOHFTH DA —T Nils Bohr I Eh
72OTHDH, T BHELICE - TEETH -T2,
PIFIXEA CERN [EBEF TS O = &5
s B ALz A R KRR R T & 0
CERN THIW/Z & &FEianb O TH D, mEE
MV IHE X AR IF s B AR — T2 Ta_un—
FUTRWRIXO—2bE N L7 b E HARTE
FHL LTOEMMI DER] LEBHIT-LEZA,
A=T1E AT =2—F 0B TW=HBF D Oskar
Klein 23 FFTRIOFM LA HAIZ L TE X720 )
& Klein (2887, Klein ®32% Klein-Nishina D =(Z
Tpolz, EOETH-T, AEEOFRITIEZ LAY =
—F U E O Y TV T KETH =, Oskar
Klein [3REAF / — VL OEEIZEDHD Y . BH N
J = VBRI HERE S D DA FEHEL Tk
VW9, BT Klein 1%, V —F¥ «~ A ~JF—Lise Meitner
7l FTFANLHEEINILZEZ L OFEEDO LM
EEBILCWELOHETHD, -, IRAFHETT
R, TBohr OJF 1451 | 1% [Bohr-Klein @
JRAAET | ERRT X il AR B R O AT IS
Klein DEFRKNZ KIE0 G, LEES LTz, BLED
O, CRHELOIFEZOREFIL, =LA - R—T%
WD ET DA AN URRICAD L ZAKT
HY, TNNEBIZEDLDE THAOYH S TaR
VN— IV BRIR D A E R B S X T B B K
RO Livie\n, FEER, EF D%EETH 2B
HRALZHFZIZ LT, "B BREL e
7oWE, B ARETIRELE O X5 T4 O B AR NS
D—N&LTEHEICSHT A FAVICHIELE
EZADB, R4V ANREOHFITEREChH -7 &
W9, £, =LA« R—T13H4 72 Bohr-Einstein
P D%, ZIRRNA BN TICED STV
EME L, BRAEIIANA B UL T B L T b
AN
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SR DI ZEIR DR

"JIAEA | RRDB

Research Reactor
Database

Status Developed Countries Developing Countries All Countries
PLAMNMNED 2 12 14
UNDER COMNSTRUCTION < 11
OPFPERATIOMAL 133 87 220
TEMPORARY SHUTDOWMN 11 15
EXTEMDED SHUTDOWN 3 13
PEEMAMNENT SHUTDOWN 45 12 58
UNDER DECOMMISSIONING (=l a5
DECOMMISSIOMNED 415 31 J45
—3 N
R DR Y A 7 VHEER DR
A M AX )
Type Planned Construction Commissioning In Operation StandBy Shutdown Decormim. Other Total
Uranium Mining and Milling T 15 o 57 13 52 75 10 234
Conwversion 1 1 1 21 1 10 13 o 48
Enrichment 2 1 2 19 1 4 12 2 43
Uranium Fuel Fabrication il Lv] o 56 2 4 34 2 99
Spent Fuel Storage 3 3 o 131 (1] 2 = (=3 152
Spent Fuel Reprocessing and Recycling 2 2 1 19 2 10 A4S 5 QD
Spent Fuel Conditioning (2] [¢] 1 3 2 (1] o (0] [
Related Industrial Activities o 1 o 32 1 10 T 2 53
Total 16 23 5 338 2T 92 197 27 T25
{™) Please note that the list might not include all of the facilities in the world due to the unawvailability of the data.

() Planmed includes: Planned, Under Study-Assessment, Siting-Design phases.
(") StandBy includes: Stand by, Refurbishment phases.
(") Decormm. includes: Decommissioning, Decommissioned phases.
() Ofher includes: Cancelled, Deferred, Unknown phases
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(FOREWORD M 5 D3k #%)

The information contained in this document is provided for explanatory purposes and its
use is voluntary.

The descriptions in this document have no legal status and are not intended to add to,
subtract from, amend or derogate from, in any way, the rights and obligations of the IAEA
and the States set forth in the agreements and any protocols thereto concluded between
States and the |IAEA.

This document, rather, provides information which States may find useful in
implementing their safeguards obligations with the IAEA.
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3. ERIREA (REERRERE) <

BB RUBYBEZERY IR 2EZ QR EIIORETIEHR(DIQ) DM
Article 43 (b) of INFCIRC/153 (Corrected)

A description of the general arrangement of the facility with reference, to the extent
feasible, to the form, location and flow of nuclear material and to the general

layout of important items of equipment which use, produce or process nuclear
material.

- SEHBHROD 7Y TT—F (RIEREICET SEENHD5HE)

Article 45 of INFCIRC/153 (Corrected)

The Agreement should stipulate that design information in respect of a
modification relevant for purposes shall be provided for examination sufficiently
in advance for the safeguards procedures to be adjusted when necessary.




3. EMURHAA (BT IVEEBNERY RED)
s ETECN TV DEZREEDEHRRE GHEHRER. EWHI)
Code 3.1.6

Provision of information on proposed significant changes to data previously
provided under Code 3.1.1 or 3.1.5 including those specified in the Facility
Attachment concerned...

As soon as the decision to modify the facility has been taken.

- BT UTEEZERZEEDFEHRIEHE (BERER. FEVPHNID)
Code 3.1.7

Provision of information on significant changes to data previously provided
under Code 3.1.1 or 3.1.5 including those specified in the Facility Attachment
concerned, based on ‘as-built’ data ...

As soon as possible after completion of significant changes.
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3. EMIRAA (ETIVHERATEEZ FA)

TII'II

B EEDOERS (RMEDO -7 6 RIEEES)

Code 2.2 (for Light Water Reactors)

Changes in the information on the facility to be provided in advance.

Any change in the purpose, type or layout of the facility;

Change influencing the access to the reactor vessel and/or its cover;

Change in the method of storage of irradiated fuel and/or in the spent fuel storage
capacity;

Change in the access routes to the reactor area or fuel handling area;

Change in the shipping containers and/or the routes followed by irradiated fuel
within the facility;

Proposed changes in status of facility, with dates, with particular reference to
temporary and permanent stopping of operations, final cleanout of nuclear
material, and to decommissioning.
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4, BRILFEERDEHRRE (

Nuclear material has
The State declares that Removal / rendering Essential equipment has
) . been removed but . .
operations at the facility i i inoperable of essential been removed or
; essential equipment 2 : -
will permanently cease. R equipment begin. rendered inoperable.

=

Permanent Decommissioned

) shut-down SRS HE for safeguards
, phase
phase purposes phase

Updated decommissioning plan is Final DIV (Design Information
Decommissioning plan provided periodically. Verification) is carried out to
(Planned removal of nuclear |DIQ is updated upon the progress of confirm the decommissioned
material and dismantling of |decommissioning activities. status for safeguards purposes.
essential equipment) is (e.g. Removal or rendering inoperable of | Acknowledgement letter is issued.
incorporated in the updated |essential equipment) CA (Complementary Access) may
DIQ (Design Information Provision of continued null PIL (Physical |pe carried out at decommissioned
Questionnaire) responses. Inventory Listing)/MBR (Material Balance | facility in State with AP (Additional

Report) is subject to arrangements. Protocol).

12



4, BEILFEE

POEEHRE

V1) iE

The State declares that |Removal or rendering Nuclear material

operations at the
facility will
permanently cease. present.

inoperable of essential
equipment begins.
Nuclear material is still

including material in
retained wastes has been
removed.

Essential equipment has
been removed or
rendered inoperable.

Permanent

Shut-down phase phase

Closed-down

Decommissioned
for safeguards
purposes phase

Decommissioning plan (Planned
removal of nuclear material and
dismantling of essential
equipment) is incorporated in
the updated DIQ.

Updated decommissioning plan is provided
periodically.

DIQ is updated upon the progress of
decommissioning activities.

(e.g. Removal of nuclear material and
removal or rendering inoperable of
essential equipment)

Provision of continued null PIL/MBR is
subject to arrangements during closed-
down phase.

Final DIV is carried out to
confirm the decommissioned
status for safeguards
purposes.
Acknowledgement letter is
issued.

CA may be carried out at
decommissioned facility in
State with AP.

13
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)
‘i?’ IAEA Version: | Initial
- Intomatiorel Atsmic €vargy Asmney- Research and power reactors o i
Design Information Questionnaire Wersion: | Initial
Department of Safeguards. g Page: | 10785 Research and | power reactors
Design Inf 1 Q) \aire

Page: | 20f85

RESEARCH AND POWER REACTORS GENERAL INFORMATION
DESIGN INFORMATION QUESTIONNAIRE Fulname: el ucer Fowe Pl

jess Location:
IAEA USE ONLY It is located on the banks of the River Danube, a 10 minute ride
{5.5 km) by underground (U-Bahn) fram the city centre.

66°E

Postal address
Vienna Intemational Centre

— —
rl, I‘i PO Box 100

- =+ I #& @ 1400 Vienna, Austria
I:lx I:l ﬁ Winterfell Electric Power Company

Vienna Intemational Centre

(o] _\\ PO Box 100
CY nis documant is to 1400 Vienna, Austria
A desin IAEA USE ONLY
equired by the Agency Winterfell Electric Power Company (WEPCO)
o discharge its safeguards COUNTRY i)
Przibilities. It will also serve as -
Facility type F light water reactor
checkiist for examination of COUNTRY OFFICER General T [ ial pressurized light
design informstion by Agency DATE OF INITIAL DATA - Waler reactor
n S — Nuclear material type Il:‘rgssinnched uranium (3-5 wit
insuficient space is available add VERIFICATION Design capacily 3338 MW (Thermal)
further sheets to the extent
necessary. LAST REVIEW AND UPDATING Commercial Electricity Generation
In operation
: in operation:
ban:
urpose)
Jates Start of Construction Commissioning Operation
Signature of Officer:
1990 1995 1996
- e Base load supply, shift operation covering 24 hours/day (three
. ‘ }:l ﬁ q; per of 8hour shifts), 300 to 350 full load days per cycle
l " \ Normal working days and hours: Monday to Friday, 9:00-1700

A\ W\ 0) % See Attachments 10.1 0 10.7
(structural containment, fences, acoess, nuclear
E I material storage areas, laboratores, waste

disposal areas, routes followed by nuclear
material, expermental and test areas, etc.)

1. SITING OF THE FACILITY See Attachment 11.1

Mpe showing in sufficient detail iocation,

FELITEERDEETIEERDZESE (f : Essential equipment DERK)
BiRZ IAEAICTRE DIQD 7Y T7—1)

14



FELEREROEHRER (DIQ -,

g2 HEEREIER) 00 oo

POST-OPERATIONAL INFORMATION

DECOMMISSIONING SCHEDULE DATE

End of operations Decommissioned

FACILITY DECOMMISSIONING PLAN

Key events of the decommissioning plan

ii. Removal and recovery of nuclear material

lii. Removal or rendering inoperable of

essential equipment

PLAN(s) ATTACHED UNDER REF.
Nos.




4, BELETRIEF

DISRIZAE (DIQ : BEHIEERSEER) S0

FACILITY DECOMMISSIONING PLAN PLAN(S) ATTACHED UNDER REF. Nos.
1) Key events of the decommissioning plan
11) Removwval and recovery of nuclear material
111) Removwval or rendering inoperable of the essential
equipment

GUIDANCE FOR
COMPLETING THE
QUESTION

1) Provide a schedule of the key events of the facility’s decommissioning
prlan (an attachment as necessary)

1) Provide a plan containing estimates of how and when nuclear material
will be recovered and/or removed (e.g., loose material consolidated into
items, removal of i1tems, recovery/removal of material from
decontamination activities, and recovery/removal of nuclear material in
waste) (an attachment as necessary)

111) Provide a plan indicating how and when ““essential equipment™ will be
removed or rendered inoperable (an attachment as necessary). The plan
should include the location for storage or rendering imoperable of the
equipment at the facility or at another location(s), including storage(s)
outside the facility. The list of essential equipment will be provided by
the IAEA to the State and operator.

IAEA USE OF THE
INFORMATION

This information 1s to be used for revising the facility-specific sateguards
measures to be applied and scheduling activities.




4, BEILRRERDRHRRME DIQ: ERQTIE)

Major activities Preparation for decommissioning Dismantling of equipment around reactor core Dismantling of reactor core area

e

Dismantling of reactor
core building

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

Investigation on radiation dose condition

Removal and shipment of fresh fuel
to XXXX/Z77Z \e

| Removal and shipment of spent fuel to AAAA

Key events

loop components (primary coolant circulation pumps, spent fuel pond(s) compenents,
fuel handling equipment, and etc.)

| Dismantling of reactor core vessel

Dismantling of reactor
core building

| Decontamination work

| Treatment of radioactive wastes

17



4. BEIHEBrAOBERIZM (DIQ : BAEDILE L) s

Removal of nuclear material (Example for Light Water Reactor)
Following is information on the removal of nuclear material during the
decommissioning phase. This information is updated annually as needed.
« Table below indicates the number of fresh and spent fuel assemblies stored at
the facility as of February 2021.
« *** fresh fuels will be shipped to other nu? r unit (MBA: XXXX) on the
r

site by 2025.
o ***fresh fuels will be shigped iIcation facility (MBA: ZZZZ7) by 2025

ools will be moved to a dry storage facility
Spent fuel

 All spent fuels stored |
(MBA: AAAA) by 2030.

Storage location

Fresh fuel storage ** fuel assemblies
(** tons Uranium, ** kg U235)

Spent fuel pond ** fuel assemblies
(** tons Uranium, ** tons Plutonium)



4, BEILfRERDEHRIEHE

Spent fuel pond

Nuclear reactor core

[Transportation cask
for fuel assemblies

[] Spent fuel assembly < |—— Area for
I Fresh fuel assembly Decontamination receiving/shipping
area fransportation cask
(] Empty rack GaT ENPTY 22
= Route for spent fuel > |

= Route for transportation cask

Transportation Cask



4, RIEFEERDEHRIEMH (DIQ : Essential equipmentﬂ)ﬁﬂ%

EmEeas e

- Name of Removal / Rendering inoperable of equipment/structure
£ | equipment/structure

F | Peri Method
< ~| 6. Reactor hall polar crane™@ 2 The reactor hall polar crane will be removed and
isassembled. The disassembled crane will be
fragmented by cutting. The fragmented equipment
? = will be stored at low level radioactive waste storage
on the site.

. ’ Realor cMe vessel* 2040- | The reactor core vessel will be removed and shipped
= ‘ 2046 to other disposal facility for cutting. The disposal
e facility is as follows.
Name of disposal facility: * sl o sk
Address of disposal facility: **¥¥*#* ¥k xkrkrxsdorrs

P

Essential equipmenthEMAINDEFHAE A3HEIC DUV TIARAICIEERIRH
Essential equipment®IAREZ IAEADDIE/DIV (Design Information Examination
/ Design Information Verification) CHESE




5. HARSA1UDESR GrEE?
Article 18 (d) of INFCIRC/540

Closed-down facility or closed-down location outside facilities means an

installation or location where operations have been stopped and the nuclear
material removed but which has not been decommissioned.

- SIEEERGEL, ECORYME (RERFEMET. RFERUKRTS
NERERGIN) DES 753 % Tl

-é’(@d‘?% S ELSLTNIE, 1RO XT—4 XIE” Closed-down” [Z
zE DIQDT7 Y TF—F)

« JAEAIE. “Closed-down” DRXT—H R (ZEHENCE) ZPIVEH
<79L\IZ£DIV'CEEW

- STIEEEREEDIEL (null PIL/MBR) [FNNEEE & IAEATR S

LT

IR ) g

21



5. HA RSAVDBES (REEEY) e

Permanent Closed-down Pecommissioned

for safeguards
purposes phase

shut-down phase phase

BEICTW (Transfer to retained waste) IREINIAREREDIEX. LLTOERNFE

9235515 WRSERERUZEMBETH ) I FIVOMBAIZFW (Retransfer from
retained waste) DIHREZIT O,

» ERYDOUNIE - W7y, ZEL. FBHEZ
« fBDHEER (MBA) ADILWLVE UL
- B L DREBREER T

TW: Transfer to retained waste

FW: Re-transfer from retained waste
SD: Shipment domestic

SF: Shipment foreign

FW SD/SF Tw Fw SD/SF

22



5. A4 RSH UDOES(RERBRT SHESEHEEE(D)) 4

Article 11 of INFCIRC/153 (Corrected)

The Agreement should provide that safeguards shall terminate on nuclear
material subject to safequards thereunder upon determination by the Agency that
it has been consumed, or has been diluted in such a way that it is no longer

usable for any nuclear activity relevant from the point of view of safeguards, or
has become practicably irrecoverable.

s RIFEPICHEE SN, BIXDRAIBEE R D T2 E

« Conditioned waste: 4FBIICAUIES N, EEM(COUNHAEFK T, [FEF
DR\ EEY R DY E

- Unconditioned waste: SLEEITNTLRWA FERITREMEL,
REHICENAERT . [BEFAFBNLRRVEETFORIE




5. HAKRSA4 2 MDES (Essential Equipment) Mg

Essential equipment

Equipment, systems, and structures essential to the operation of a facility, which
use, produce, process or store nuclear material and affect the operational status,
function and capabillities, inventory and/or throughput from a safeguards
perspective.

- H/EEBNIALAICEZE G HEEE (B Z=ER. UIE, RELRSD) DU L%
[AEAICDIQ CHRfH

« TAEAIZ. BRETNIZEEREISZDEHRZEIC, Essential EquipmentZDIE/DIVT
YFEJ D

SENE

v DICTHESN/ZEE s

v BiEEE HREI]

v RFOERGTIN—TDHA >4 (INFCIRC/254)

24



5. A4 RSA UDES (FEREI4EHSS) N

“Rendered inoperable of equipment” ({ERTRIgE/HEEs) &1L, Uk, KRR, &
At. O 20— ROIE, NHITH

: \‘-‘. |

[RF P& 2a DYl J2701)— e
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5. A4 RSAVOES (REEEENTORILES) 55

Article 18 (c) of INFCIRC/540

Decommissioned facility or decommissioned location outside facilities
means an installation or location at which residual structures and
equipment essential for its use have been removed or rendered inoperable
so that it is not used to store and can no longer be used to handle, process
or utilize nuclear material.

FREFREENTORLIEET TIE. UTORZEZEREU TIARAITRET 5!

+ 5IEHMTELILBERA TR CTE DIAEADEE/HEF (fll : CA, $FRIEER)
+ BRERPDNEEKDEE

+ BR1F 9 SRR CIBEDIRNAN S BIRFR T 2F TOREES

26
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JNFL efforts on management support for the On Site Laboratory

R bt =k 0L, PR SR
A AR A
* Akira Gotou, Tadatoshi Mikami, Hideki Kamizono
Japan Nuclear Fuel Limited

The On Site Laboratory (OSL) is located inside the Rokkasho Reprocessing Plant (RRP) for effective and efficient

Safeguards activities according to the technical findings of large scale reprocessing plant. In order to implement
Safeguards activities at RRP in a timely manner, it is essential that OSL functions reliably. Therefor JNFL supports the
maintenance and repairing of OSL ancillary facilities so as not to impact on Safeguards activities due to their malfunction.
This paper describes such a INFL efforts on management support for OSL.
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JNFL efforts on prevention from damage of safeguards equipment

“RAS A, M BE, S Mz, PR EE
H AR A2 1

*Yuki Uemura, Masashi Komatsu, Takayuki Kogawa, Shinguu Nakamura
Japan Nuclear Fuel Limited

At Rokkasho Enrichment Plant (REP) and Rokkasho Reprocessing Plant (RRP), the inspectorate seals were damaged on
March and August 2020 respectively. Therefore, INFL strengthened the countermeasures for prevention from damage of
safeguards equipment. The countermeasures are the installation of permanent protection at all safeguards equipment, the
healthiness check of safeguards equipment before and after working and the expansion of education attendees scope for
safeguards culture. This paper describes the approach and effectiveness evaluation for damage of safeguards equipment.
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Investigation and consideration of the requirements and issues from the viewpoint of the IAEA
Safeguards for the decommissioning of nuclear facilities
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*Takashi KIMURA, Yasuhito FUKUI, Makiko TAZAKI, Takayoshi NAKATANI, Ryo SHIMIZU, and Kazunori SUDA
JAPAN ATOMIC ENERGY AGENCY

Decommissioning is underway at many nuclear facilities worldwide. It has been completed at several nuclear facilities in
Japan, and is currently underway at several nuclear facilities. In this decommissioning, since there is little experience in
decommissioning bulk facilities, it would be important to progress smoothly decommissioning to predict the requirements
for being regarded as a "decommissioned facility” in the safeguards of the International Atomic Energy Agency and the
possible issues. We report the results of our research and consideration of them.
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Study of rational safeguards for the treatment of radioactive waste containing nuclear materials
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Currently, JAEA is in the advancing of decommissioning own nuclear facilities, and some facilities have been handling
nuclear materials. In decommissioning, it is necessary to consider rational methods while keeping nuclear
non-proliferation and transparency, including treatment of radioactive waste generated from these facilities and methods

for terminating safeguards.

In this study, we considered the above issues regarding waste treatment with reference to the guidance of Safeguards by
Design (SBD) published by the International Atomic Energy Agency (IAEA).
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Research on factor analysis for achieving denuclearization
(10) Summary of research: Analysis of denuclearization factors of target countries and lessons learned
from the analysis
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*Makiko TAZAKI', Ryo SHIMIZU', Takashi KIMURA', Takayoshi NAKATANI', Hiroshi TAMAI', Kazunori SUDA!
!Japan Atomic Energy Agency (JAEA)

For the purpose of finding out effective and efficient denuclearization methods, "Research on factor analysis for achieving
denuclearization" was initiated in 2018. Nuclear development and denuclearization efforts of 8 countries, namely South
Africa, Iraq, Libya, Ukraine, Kazakhstan, Belarus, DPRK and Iran, were examined and their results were presented in the
40" and 41% INMM Japan Chapter’s Annual Meetings. As a summary of the research, this paper briefly reviews
characteristics of denuclearization of above 8 countries and explains 8 denuclearization factors which are necessary to
consider for achieving denuclearization. Then it describes analysis of various situations related to denuclearization of above
8 countries from 8§ denuclearization factors, together with lessons learned which derived from such analysis. Such analysis

and lessons learned are expected to contribute in achieving successful denuclearization in the future.

1. ¥#E8

FERAIC TR S 5 FERZAL 2 3 Zhi Dy
ORI EIZE HFRZED 20, 2018 FEND
[FERZAL DT D D ER 3HTIC BT D098 % Bkh
L7z, ETIEMLFERRA S SEE LT, L
R LIEEGET 7V, 477, VET), &
MR LN E0RICEREEZRE LIZE (7
IIAF TR RXT—(LIF, TH
V3 E] B, ROBEIFZLENE L S
NTWDE JEHIEE R O Z ). OFF 8 2% 3
W, 2o OE BT L ORI L N
SR L, 2019 KN 2020 4RO H AMEE
HPSER RS TRELEY, 4K, [RFZEOER
DELEDHELT, (DEEEOIEZILOREKY
EBLL (GF 2 ®) . QIEBHLEERT H720IC
EBETAHNIEDH 8 SDIEELER AT 5
LIz, 8 EOIERLE 8 DI EN I
SIMT LT (G 3 8), 2 L THeABIT (1) V) &2 5
2, AL Z RN EISE L 72O DOHFEINZ 8 DD IE
RALEREIC B R L2 (45, 2 b OfE I,
FERAICARE S5 FEAL 2 BV I E < ik
BERTDHETO—BEeb Z ERYFEND,
2. 8 HhEDIERIEDEFE

FERZ AL B B2 [E 3 8 7 [E D RZ B S M O FERZ AL
DRI HOWNTIE, 2019 Y2020 4EE
O H AW EE B RFRRKSITEM Ui
EEBENWY IR T, 8 »EOIERALD
AR ORI 2 8 5,
2-1. 87291 @E7)

71X, HEOT 7L bt FESROBEIL & 5
BHE~DOBATEZ RIE A, B ORFE - IE L2 6 36

DRI EEE L IEAG 7 7 (HEU) & sk 5 o
BEZEA H ORI - Fh L7, BEFERIL, s
LSRR (NPT AN U, [E BRI 1 71 8%E8 (TAEA)
& AFE RS E 1 (CSA) & s L CHiEE 2 R
A3 A=W — 05 T =812 X B RREEN,
R IEE G D FEEE LT L CHEE S X, H
HosEeMt L EMEICHT 5 L0 EEIOE
IR BEEIC BN > T DO Tix VWt Bbhh 1o
2-2. €137

A7 7%, BRI L, ERE R
(UNSCR) &5 687 (252 < K EMIEEILES (WD) D FE
EAEAZIFANTZ, 205,77 OIELIT [%Z1)
ANEZ D 52G2ho -3 L) ThD, A7 7D
GBS D MiEElL, TAEA 25, UNSCR687 = T
BT AT ANT S 07 [ O Bl 4 e 2R BE TR R 1 2%
B2 (UNSCOM) D3k & h 1 %245 T, BiHiA 22 (BR
B o7V o7 EET)FICLVHEmRL, FOR
R TAEA 13 1997 T, B LIRTOA 7 7 O
BAZEIZAR D [HANPICEEA DO & 5 2k E ) KA
A CEEEZERBICHRE LMY,
2-3. JE7

B EICWD B R ZED TN ET DAL 7
o KEIE, BEBRZE O EREM ORI EIHIC XV B
BRREIM DG A ZE X ST b, -V ETHY
DRI DI EFEIE ST L A T
EAFOFRLH Y . HIEOMER L5 & #2212 WD
FHE DBEFE A IR UTo, Ko @fE L CFHE L
VET MO0 EERY T R EKIRE OE
SR IE, BREEORMNSEN4 D H TRETT5
LI, U BT IIMEEERE LT O TAEA IZFESRHY
W1 U=, DXL D e OB R o h R



BNCHEATIERLIZ TV ETET L) EFHhanb
N, —HTEDOHONETH X7 4 IREIDAAEE L
T2l D MEETH DN E T 4 KRIENIERAL
W Lt VXA O 2R cE 20T
X220, EDOIELICHT 2RO A vE—T%
H 2 5 R b Ra s s Mo
2-4. 1HYE3IHE

VERREEIZ L BT 2K LT3,
THANRA NREEICL DEEGEIC L DR
DFFESRR W « =X —LE L F &2,
LR OFBE~OWMHEEZ T ATz, 3 »hEOIE
AL S — WIS S 2m MR S5% (START-1) T C%
B S AL, RREED KBTI L=, —J7T 2014 4F
DOFEFECLD 7V I VAT, 77X XA NREE
KTHO., T DHA T 4 THEEIS
HLOL R RN ERBAINLTNE IO,
3MEOIEZLICEI L, KENT T >« —T—ik
ZHlE LIk OB O 70 59, BB DR
FH S - RS b & ToliE IO S & 35 E L 7= O,
2-5. JvEASE

ZIVE TR AGESC, KPR HER & DR
2EICB T DI OB E N 72 ST E M,
FEZ &2 EEEH &AL T LT ER LT
RN E B E - T Wb dLRIfE O IERARIC
FEONTEHE O T, FEIXZAVE T 6 [mOZFER
HEIE LT, ZORNGIEL, EIMENELETE S
T ROBNERERIEEZIEH LoD, £l ihE
TO X DI, B D WVIEE 72 FERE b % ik
DIKLTIFR->TLEIRNZRY IKE 20K
I, BERY DI WERENOERRIEL & O
AFHEZBR L T LERSH A H VO]
2-6. €15V

A T ¥ OIEZALIT LR B AL HE RO 3L R /E 2E G i
(JCPOA) 1L, A 7> DI LD E — R~ v I % iE
RLU, RENR I ERAHEE R LoD, 7L
— 77U RNIA L% LVFELLEICHERFT 2720, B
fa o 7 v OE R T 7 o RkE & OV LTS )
FEIZHIIRAFRT & T, 4 T 128D JCPOA DJIA
SERILZIE U THIBR DR S 250 A2 B
FAL78E - flEESn-aETH2MO, =771
A Z AFKIE D JCPOA 7> & DB 2 2212 JCPOA
DOHIR 2 2 AIEEIZ £ LTl Y | FRHED
T TOA%OBEMBFEZSNTND,
3. 8 DMDIEKILEADHE

8 ME DAL DR, A B OV A FE1Z
LR T AT DICEET ANEDH 58D
DOIERALER i Lz, T oid, £1 DL a.

~h.OEBYTHY, IFETE1IC, K4 DI
LR OFEMEE &4 DRI EZ T L,

FoFk 212, 8 NEHDIEKILE 8 DDIFZILE
R LT R R 2 5o L 7=,

=1 8 DDIEZLERRVZNDFEAE
JRZAL BN SEA T B EAT
ZA s EOWA @, ®,,
HugtE o B, BEE S o3 | O,6, ®
. A D,®,®
o B (% it wo i~k | ©,0,©
o omt | RO BHERE @0
EZDOBAE @, ®,®
[ N SRR TR D RERF - RE 2,0,6
42 OBV AL @,6,®
I AR @,®
it i ok @
b KB % O 7E PE fi D,6,0
bR HEU R&D Hlig D 7 @
W25 D 7y ®
Pu ALk ®
RRE R - ks EAE | O, @, 6
E | HsRESosE [©)

Lo | O B ROATRE @
CaER | ComE kiR ] 0.6.0
pry BOR R OZ . BEE | o o

E | o :
| EE - R O ®,6,®
K L DXL OEE | ©®
. LA RBEDR @,0®
dﬁgﬁ@ E A ~0fh D, ®
o ROk 0.0,6,0
i JEF 7 P RORIF DR ®
R - TR — L @,®
e HEDOD | A ®,®
b EREICHE LT S D, 2, ®
LD 0
'[g%% o L (R ER IS <) )
i SRR ®.6,©
KB O HEEAERE A (START-T) @
Wit 720 — K~ v 7 OIFE ®
R BT @
IR R IR - BESE [©)
B I 2 A | ©,0Q,®
o S (o> | IR gé;fﬁ A D, ®
JriE FRICED Af‘ el e
i I DT ®
e W/ R | ®
EST 2,0
BE B SR 07 | RER OTE | o
OB | e
. CSA % FAR O, ®
BES oo e | ©, 0.0
h AL D | i Sl
B i START-T cj%/x @
by DEA(BEROFM | 0,©, 0,6,
WiLE | FoXE%RED) |6
K @

*RRRoEsE OFE7, @477, @: V7, @: 0 YE3 HE
(D7 IAF AFT7RE L X —2), @:AilliE, ©:+( 7
FEMGEES (AP) & IXITFEE, & 253 AP OB EREH 2 &L



K2 8 DODFZKEHARED 8 DDFZKILERICELE B0

7 177 ye7r IH Y3 3 2 JeifE 17
o o |+ BOIEOWMD A~ | o e BEE & oxir, el BEE & XL, Rk
o e | ¢ EESOEE, B | T RO WM RS DxfH Sy |t EoRE B 1%
g | BEOMIL R |l o HUSOBIHEREL DEE DS A S B2 OTLL RS FE] > WMD {747~
%ﬁg@ b o . Eh ik o, | EEEES SO %f ¥ MEORE, FHNX DR
N NE i | e ERNERRIORER, vz Lo AL BRI OMERE, (L R Oz
sk, = S5 DY AL S35 DY AL
6 EOBMERBRL D | « GHIEZID. fixD |+ AXAF DR T b o : SE AL A LDy
HEU % [ 47 07 CRREONEI | sk e |0 UEEROCEIR )« RO R RO e e
b. ¥ BA %€ RNT v I AF 2— FE & Fffi, 77 LR ENLEHNTRED g%%@$ ;Fbé L R R R A ) T WS
i THICE DT T JE K 4% 0.5kg LI T Rl - pfiis R P ving . ' R W7 2 AT
i, HEU K OVE PR DEFET T L, 5gD | A 2T IREEET, iaioniiis) o HEU DR HES 4 Y
BERA, HERR Pu i L7z D7 FEZOFE M e .
. 1512 L 2 % * ,', 7 A [, N e
jiamraach i WAk & M | o BsEOR
. : IS O U, - oS " P = - \ BAELL (e L BAES - i
L HEHE DL s oy | AT I WEHIRRIE | o A7 7 WP
¥ U RNV DIFTE
d B D |« FEEa~OHR - AR TR RIIE O | » ZafEoOiedk .
RHE(A > | o BTSN | . EBER~OWR, A e AR o e
wrr 4 | wocemTsng | FTET) A7 LBURE OB |« BEBY, TALF— | - @EG, wax |0 IRTERAORE
7) DFEER 54 K L D) HiB, (EEHEEIX —%iF
R AR DE DT e B A, B, FAREIC 51
e | BHETHY. R A IS DRECESOTNE | 7 o PIEYT & R
w U ETRA TR Y Wby erscty | EEET) #0 2016 FFOFAE | 514 HiE L7 SME G
IR TR & 5 S FU bt s W 52 I TR BB LA o [ HBI~ D ST RIS 1
+ - L 5 IR OB L) e AL
£ IR D START-I(V AR T RAIRAE B B K (E
. B3 N oy = N —
s o EELHRILRE J— . ) & e JCPOA: E3/EU+3 &1 5
Ef B | o AR(H BEE) (UNSCR)#; 687 KtV ET VT HERA AHEA PR Bk v
' KET > - A » A
B, <AL,
. = c;r‘r'« S "E\fm : g .
&%%%ﬁ&@%m %é%igiggig Hé%fﬁ%$ﬁ7x5 Aongfdi e
o prico | L WEORE | mson | pmEer 7 omien s <oy | KMREAGE: BIE | ELEDEEIDE
Fik we H IR .« BRABICRR SN S [EOMR 0> HEU A4k T " e
LEU Bitsfiiit, HEU | © P e e e RERE; WO B IR ) 0
JOUTLEU: EFs s pEe. MR [ FHIETE - AT RS
Biaks A7 AL

h. 3E &AL D
RRET 14,
WREH

IAEA™7S CSA K U
HRUHITE DS
Al % i

UNSCOM D42 & 4 /1
T, IAEA™R
UNSCR687 {23 %
FRAE % FE i

IAEA" 23 E M 4 D
I OV & St

KEE(IAEA DL .11 4E)

KEAFSHA AR, N
HEA T TAEA”

IAEA™/S JCPOA 12353
&, IBINEEAE L (AP)D
WERE A 2 E e
2% - Mt & FEt

s EOIGTEME 2 G




A ERIEZRINEIZE S =H DO

iR 1~3 #EEIZ, a. ~h. ® 8 DDOIERE L
R DR 72 FEREA L 2 W S0 W3R DD D
HITEL BOHNEZE LT,

FT. Ta BT OB B Iegsoffk&) | 122
W, FEREWEIL. Bk EORRE, TkE
& DX SEROHIRTAME DI TH D, Z D,
(I EGED [d OB T4 7] &
L CIEb SR EC L R RE AR U, £ 72852
HIRCEZ M ORE Z XD 2 & 3 BRIk K
IR b DL 705, b, EBIROHERSE | 125
W, ARFIED X O I DR L TR,
FRENCIEZA L & Pl - i S8 5 Z LIIRS T
1272 <, —H Y BT O X5 IR P EET
S, IS EIN IR & Pl - FhE
TXLAREMEN B S, = O M TIIMEE OB
DORMEENEETH D, e IEEZLORWIRED
WAMEZ 1 12T, Bl 2 IXFERA LRI RIE R, Te.
HFDOE ] & LT, BRICEE, &, fEamic
T2 7 TR0, EEEftEn [d IEEboA v
v 47 & UTHIEROMERR %+ 5 C X g,

XBREZIFACICEE T <D, 2o X HITTd

DIEEALDA T 471 D Te HlF DR
&R B AT, fthE L o AKE TS —
D& D VNEE AL O KE R OHEIC X 5 R 5%
FHOA G F 7213 £ 2 [0 S 2174 M OVHI#
DFRER & o T24TENE, MSREOIEZbIC 2%
5.2 %, Td. b DA T 4 7 IO T,
KORERA BT 471, B L2 &5 128
TRERENC L D ZREDRRAL & | HIFROMEERTH
%o 1212 Ll ORI, A 7 7 O LD
I ETOWD BEIEIN D T CTIIHIE I R
SNV EDEE LW D TIEZR L, JCPOA D X 9
IZHERALDO e — R~ 12V, £ 70285
JCPOA DIESFARIIT IS U T BEPERII HIFR MR &
5 & OWER 7R FIED T XEE O I b~
DAL BT AT EFHRTEEE LWVWEE XD,
[f. JERAL D EBSPHEI ) 12OV T, FER-E RIS
ITHE =HICLDMIEN AR AR TH D I & 2~
L& RSB E AT D aREE G %
T X D ERRPPSHEA BN LETH A 5, g IERE
D FEZONTIE, £ 1 D g FERAL D TTIE)
ORI L 91T, IO G Ul eSS
DIFENRH DD, W IUIE LA 7 D JCPOA D
IIHOICEBRECEE LW e — R~ v 7|
WO -k, £7-V ET7 D X 5 72 A B'— Rk
A O HUE AR TENAY, AR DDA AR FREE D

gL 72, FlAtEREOIER L B AR, HlE
DIFFRRoT R F — R & W o 7okl 2+ 5 L
D BeER) IO R AT R FERZA L D 51k A B R
THIENMELARBNO  Th IERAL DO RGES
B BREEE ] 1220 T, FEMERISRIE D BEIC e
ELZRA L TOIUE, BARIEE O BRI b FRGEE
WIS R E ORGSR 2 0 FloE TV
BT OIFZALD K 512, BREEE ~O A 7173
FRAEDFE L 725, — 5 TR 7 OIERZAL O I i 2kl
& LT, BB E OB E G MR S D BEFE & FGIE
DIRIRFIPATAOIC SEME S5 2 &3, B OIERENE
KOGEEMEORGEN Lok RnbEEZz2x 615
O S HITHEEEICOWT, AT, AR
PEE BRI R ER Ay LAAME, BEIZ TAEA JNERE & o
CSA R° AP |[ZH S EREHFESFZERL TV D
TAEA 3#EEITH A 9,
5. &8

PRI ARE S35 FER L 2 2 R0 Zh=y 7>
ORRINEIZE S FIRERD -0, ZiVE TOIEE
(LB DR A 3 & iz, IERMb 2 Ek T 5
T2OICEBEBT HMEDH D 8 ODIERL EIK % i
H L. 8 MEDOIEEbFEHIZ 8 DDIERLLELK
W LTz, 2L TENLNG, FRERIICEE X
N5 E EiaT 572D DHGH %2, 8 DDIERL
EERBICELE LTz, 5%, AFEORE R %2 3K
W2, 8 DDIELER D 5 B, Tg.IE-ALD )
KON FERZAL DRRRE M OFRGER W2 %2 2T
F R 1IE DA T DR A 7 AV HEER I
1% 2% 50 L% 2 FET . HANBIBLE DN & D FIEFIC
DONWTHHZERL T FETH D,
E k=3

AFFRIL, AFa S N O34 A3, 2018 75 2020
ERECER L BRSO R 2 £ L 0 b0
Thb, KEOEITICEREL, THELHNWE2TO
FRIZBILR L BT ET,
31/ - &K
[FEZALZERL D 7= O ER AT I B3 D 5L,
(DT 7 VU J: B & IR L OB & OFERZ L O FF
HIZHONWT, QT 7 U A FERALD J71E K ORREELS
2DNT, 3)V BT IERAL ORI & IR, (91 T 7
AL DFHRIZ DN T, (5)1 7 > DM & AR
DNT, LR AAREWEE SR 40 BERKS R
SR, (6)IR VR E O IEAL, (BRI TR DL
BAIE LT BE 2 FefL A2 DU T, (8)FEREAL o [E B A Pk
HEKEOKE, ZD1: A 77, VETKRAL T D
b, O)ILFREDOIERA L, LI H A EE Y&
5 41 [BAER KR SUE
[2] TREIEEBG I D e R |, AL, I 2y 7 EHFE



#4206

FRZIEERD-HDERSIIZEAT HHR

(11) FERIEIZHIFBRF AR DT

EN{EDBEE

Research on Factor Analysis for Achieving Denuclearization
(11) Concept of the disabling nuclear facilities in denuclearization

K sE, W

[N i ANV N 7

e R, ZHE Al

H AR - 30 FE B S A

*Ryo SHIMIZU, Makiko TAZAKI, Takashi KIMURA, Takayoshi NAKATANI, and Kazunori SUDA
JAPAN ATOMIC ENERGY AGENCY

The dismantling and disposal work of nuclear facilities requires considerable time from several years to several decades
depending on the facility. However, in the denuclearization work, even if the agreement is reached once, if the agreement
is reversed, there is a concern that the facilities will be restored, and the denuclearization process will retrogress. Therefore,
at the six-party talks that discussed the resolution of North Korea's nuclear issue, measures were taken to disable the
facilities. However, it hardly achieved the expected results. Based on these points, we report the results of an analysis of

effective disablement of the North Korean nuclear facilities.
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ABSTRACT:

In this paper, IJAEA’s Multiple-Criteria Decision Analysis (MCDA) oriented approach is discussed, which is
known as the KIND approach. The full form of the KIND is--Key Indicators for Innovative Nuclear Energy Systems.
The KIND approach is based on Multi-Attribute Value Theory (MAVT). The authors have highlighted the application
of the IAEA KIND approach through an exercise towards the further implementation for India-Japan Civil Nuclear
Cooperation. This research has examined the multiple parameters of nuclear decision-making by applying the IAEA
KIND approach towards further recommendations to nuclear decision-makers and stakeholders. The findings of the
research emphasize the importance of bilateral or multilateral civilian nuclear cooperation.

1. INTRODUCTION

The objective of present research is to
study the IAEA’s methodology to understand the
complexities of the nuclear decision-making
aspects as well as ways to solve the challenges. In
this direction, present research focuses on the
application of IAEA’s KIND approach [1, 2]. The
authors have demonstrated an exercise based on
the KIND approach to understand the TAEA’s
Multiple-Criteria Decision Analysis (MCDA)
oriented KIND approach and its further
implementation in India-Japan civil nuclear
cooperation as one of the mechanisms to develop
decision-making strategies. To identify the
critical aspects of nuclear decision-making, it is
vital to have a tool or method to analyze the
impact of multiple major factors to design the
effective nuclear energy policy for a country and
bilateral or multilateral civilian nuclear
cooperation.

2. KIND METHODLOGY

In 2014, TAEA’s INPRO--International
Project on Innovative Nuclear Reactors and Fuel
Cycles--commenced the KIND project. KIND
represents--Key Indicators for Innovative Nuclear
Energy Systems. The KIND approach is based on
Multi-Attribute Value Theory (MAVT). KIND is
an excel based evaluation tool and it is known as
the KIND Evaluation Tool (KIND-ET) [2]. It
allows the users to conduct a detailed analysis of
nuclear energy systems and other energy systems.

Key decision-making terminologies in the KIND
approach are; a) Weight, b) Score, c¢) Rank, and
d) Value Function.

3. INDIA-JAPAN CIVIL NUCLEAR
COOPERATION

Indian and Japanese governments signed
an agreement on civilian nuclear cooperation
between India and Japan in Tokyo in 2016. Fig.1.
shows the timeline-wise progress of this
cooperation.

1) Bilateral 2) The agreement 3) The 4) Two meetings 5) Third meeting

negotiations  was signed in agreement wereheldin  was held in

started. Tokyo, Japan. entered into the Mumbai, India. Tokyo, Japan.
force.

Fig.1 Timeline of India-Japan Civil Nuclear
Cooperation [3,4, 5,6, 7, 8]

Bilateral negotiations started in 2010. This
agreement was entered into force in 2017. So far,
three meetings are held in 2018 and 2020 in
Mumbai-India, and Tokyo-Japan, respectively.

4. APPLICATION OF KIND
METHODOLOGY

In section 4, an exercise is presented
using the KIND approach to realize the
importance of bilateral or multilateral civilian



nuclear cooperation from the perspective of
India-Japan civil nuclear cooperation. In this
exercise, Uranium fueled, and MOX (U+Pu)
fueled nuclear power plants (NPPs) are
considered in the current nuclear energy system
(NES) scenario, and advanced nuclear
technology-based NES such as small modular
reactors (SMRs) and Thorium (Th) fueled NES
are considered additionally along with advanced
current NES scenario as the future NES.

Firstly, following the KIND methodology,
in this exercise--cost, performance, and
acceptability [1] are chosen as the main
objectives to be achieved.

Secondly, economics, waste management,
proliferation resistance, environment, safe
operation of NPPs, and maturity of technology
are the key parameters to be addressed.

5. RESULTS AND DISCUSSION

In section 5, results and discussion are
explained based on KIND-ET. Fig.2, fig. 3, and
fig. 4 highlight the scores of current NES and
future NES.

0.600 4

0500

0400 -
g 0.300 -
&

0.200 +

0.100 -

0.000 -

Current NES Future NES

Fig. 2 Multi-Attribute Value Function
Overall Score

Fig. 2 explains that future NES's overall
multi-attribute value function score is higher than
the current NES. Therefore, it means that future
NES would be more attractive than the current
NES.
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Fig. 3 Scores of Main Objectives

Furthermore, fig. 3 depicts that the
current NES has a bigger score than the future
NES for the cost of NES. Therefore, it is evident
that the future NES would need more R&D
investment due to the new technological
development than the existing NES. And
simultaneously, future NES would offer better
performance and acceptability due to the
advancement in NES than the current NES.

nEcaomics
uWiste meragemen
w Proifirabon resistance
_ wEmirnaent
Sk ogeration of NFPs
" mMatuityof ctrdogy
ﬂum!&SJ Fubre NES

Fig. 4 Scores of Key Parameters

Fig.4 describes that future NES has more
advantages than the current NES. For example,
future NES has better waste management, safer &
more secure NPPs, better maturity of technology,
and more environment-friendly NES. But,
investment-wise future NES would be less
economical than the current NES due to the new
technology development-related investment for
the better NES.



6. CONCLUSION

Through this research, it can be
concluded that the KIND method provides a
holistic framework to analyze nuclear energy
systems and develop effective nuclear decision-
making policies. Furthermore, due to the
coverage of the multiple major factors of nuclear
decision-making in the KIND methodology, the
KIND approach would be studied to design and
analyze the decision-making strategies for India-
Japan civil nuclear cooperation implementing the
concept of “Mutual Offerings”.
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What is “fissile material” to be defined in an FMCT?
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Despite the extensive discussions on the Treaty on banning the production of fissile material for nuclear weapons or
other nuclear explosive devices (Fissile Material Cut-off Treaty (FMCT)) since initially proposed in 1993, there is no
prospect of realizing the treaty so far. In order to make a breakthrough of the impasse of the discussion on the treaty, the
authors have made new proposals to advance the discussions by addressing various issues systematically with a focus on

the interpretation of the term “production”
material” in the treaty are examined.
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The JAEA/ISCN is developing delayed gamma-ray spectroscopy (DGS) for nuclear safeguards verification. Experiments
performed in collaboration with the European Commission’s Joint Research Centre have resulted in significant analytical
and instrumentation capabilities. Experiments for DGS analysis capabilities show clear distinction between U-235 and Pu-
239 as well as mass correlations. Parallel efforts confirm the capability to develop a compact DGS instrument that can be
used for small samples, like reprocessing plant solutions. Final development will focus on a comprehensive analysis and
instrumentation optimization and studies using mixed nuclear materials. This work describes the recent results and future
direction of this DGS project, emphasizing our workshop in February 2022 that includes a demonstration experiment.

1. Introduction

The IAEA seeks to safeguard all nuclear material
within a state to ensure that it is not diverted away from
peaceful uses. High confidence must be achieved
within a timely manner and with minimal effects on
facility operations. Commercial spent nuclear fuel
(SNF) poses the greatest safeguarding challenge due to
the high-intensity neutron and gamma-ray emissions
from minor actinides and long-lived fission products.
This is particularly important for partial-defect
verification when the assemblies are separated during
reprocessing to obtain usable U and Pu. Current
safeguards  verification uses Hybrid K-Edge
Densitometry and Isotope Dilution Mass Spectrometry
(IDMS) [1-3] to evaluate the elemental mass and
nuclide content. While these provide very accurate
assessments [4], the time to turn a report is relatively
long due to the sample processing for IDMS [5].

To supplement these techniques, 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) non-destructive assay (NDA)
technique. In this work, we will first describe the DGS
technique and the application toward mixed nuclear
materials. We will then present recent development
results from experiments performed in collaboration
with the European Commission Joint Research Centre
(EC/JRC). Finally, we will describe our future

development and experiments to obtain the nuclide
content in SNF materials and the small-sample
instrument the JAEA/ISCN is designing.

2. DGS for Safeguards Verification

DGS uses neutrons from an external source to
induce fission and generate fission products. After an
irradiation period, the gamma rays emitted as the
fission products decay are measured to result in a
spectrum proportional to the relative nuclear material
content [6] (see Figure 1). The ratios of the observed
gamma-ray peaks are used to evaluate sample’s
nuclear material composition. Depending on the
neutron source strength, multiple cycles may be
required to reach minimum quantification levels.

In mixed samples like SNF, the fission products are
produced in proportion to the fissionable nuclide
content; fission cross-section ratios; and, most
importantly, their fission yield differences [7]. Upon
creation, the fission products continuously decay
according to their associated half-lives [8] and will
saturate at different times. Notably, the fission
products also follow their associated decay chains [8]
and appropriately change the number of daughter
nuclei beyond the generation by fission. Consequently,
the peak ratios are extremely sensitive to the
interrogation time pattern and number of cycles.

It should be understood, though, that there are
physical constraints that will affect the interrogation
and the resulting spectrum. The biggest is the sample
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Figure 1. Measured delayed gamma-ray ray spectra for
the indicated nuclides; 60-s irradiation, ~1-s delay, and
60-s measurement over 29 cycles.

itself in both size (solution vial vs. assembly) and
passive gamma-ray emissions from the long-lived
fission products (e.g. 662 keV from ¥Cs).
Dominantly, these low-energy gamma rays must be
filtered sufficiently to reduce count-rates for the
gamma-ray detector to function. This filter limits the
observable gamma rays to those above ~2700 keV that
can adequately penetrate the filter. Fortunately, these
gamma rays are mostly derived from short-lived
fission products (e.g. <10 min) and allow for a short
total verification time.

Importantly, the gamma-ray peaks must be resolved
separately in order to improve their ratio
guantification, which is best performed using high-
purity germanium (HPGe). Additionally, to perform
DGS in a facility requires a compact neutron source
(e.g. %°Cf, neutron generators, etc.). Since these emit
fast neutrons (=1 MeV) and HPGe is susceptible to
fast-neutron damage [9], the detector must be placed
far from the source, adding a delay between the
irradiation and measurement period.
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To compensate for the signal loss from both the
filter and the delay, the fission rate must be increased.
A ~700x signal strength can be achieved by irradiating
with thermal neutrons (<1 eV) to utilize the high
fission cross-section of fissile nuclides (e.g. 2°U, #°Pu,
and *!Pu) over that from fast neutrons. Since the
available compact sources all generate fast neutrons, a
moderator is required to reduce the emitted neutrons’
energy and focus them into the sample as much as
possible. Once the neutron fluence distribution is
optimized, the minimum source strength could be
determined. With this approach the sample’s DG
signature will be dominated by the fissile nuclides
since <1% of the fission happens in the non-fissile
nuclides (e.g. 2*8U) [10].

3. DGS Development Results

The JAEA/ISCN has two parallel development
goals of 1) creating an accurate and precise analysis
capability and 2) developing an instrument to test small
SNF samples to validate the technique. Since 2015 the
JAEA/ISCN has been performing experiments and
equipment studies in collaboration with the EC/JRC.
Initial studies were performed with the EC/JRC’s
Pulsed Neutron Interrogation Test Assembly
(PUNITA) [11] in Ispra, Italy to provide spectra for
analysis code development, but also to learn about
practical conditions for efficient sample interrogation
[12].

Experiments performed with PUNITA in 2019
focused on understanding the interrogation timing
sensitivity and expanding the analytic capabilities.
Table 1 lists the samples and interrogation patterns
studied to evaluate these differences. Analyzing the
spectra from the different time patterns showed that the
60-s/60-s irradiation/measurement time pattern
allowed the U and %°Pu peaks to be the most distinct
for composition determination [13] (see Figure 1).
Further, integrating the number of observed gamma

Table 1. Sample and interrogation conditions of the measurements performed with PUNITA in 2019 [12].

Sample Mass (9) Interrogation Patterns
Series Reference Total Fissile | Irradiation Measurement Cycles Total
U Y (s) s) (N) s)
000 - - 10 10 158 3510
031 170.0 0.524 60 60 29 3560
CBNM 071 170.0 1.205 60 300 10 3627
194 169.6 3.273 300 60 10 3627
295 169.6 5.004 300 300 6 3616
446 169.6 7.564
Pu 2¥9py Delay Times (s)
PUGa 7 18.1 17.025 | Irradiate to Measure Measure to Irradiate
D 17.9 13.542 1.06 1.16




rays above 3300 keV resulted in a correlation to the
> mass in the samples. After correcting for the
neutron generator temperature variations and applying
neutron self-shielding and gamma-ray self-attenuation
corrections a clear linear correlation with ~1.5%
variance was obtained [14].

In 2018, the JAEA/ISCN designed and fabricated
the Delayed Gamma-ray Test Spectrometer (DGTS) to
evaluate limitations of a small-sample instrument. This
was designed to use a 2%2Cf source in contrast to the
deuterium-tritium neutron generator used by PUNITA
but still used a combined high-density polyethylene
(HDPE) and graphite moderator. DGTS was studied at
the Performance Evaluation Laboratory (PERLA) of
the EC/JRC-Ispra site with the benefit of being able to
use the same U and Pu samples. Early studies from a
fixed-sample,  moving-source  design  showed
significant activation background and no fission
product signals [15]. Reconfiguring the instrument to a
fixed source and moving sample design enabled us to
increase the fission rate and reduce the activation
background from the continuously-emitting %*Cf [16].
Significantly, interrogating the same U and Pu samples
as done in the PUNITA experiment resulted in
essentially the same gamma-ray peak intensities with
only ~20% of the neutron source emission rate (see
Figure 2). This is predominantly due to being closer to
the source, but also using lower-energy emission
neutrons that are more easily retained.

Expanding on studies to evaluate the neutron flux
dependence on source-sample distances using DGTS,
the EC/JRC made additional measurements in PERLA
using a moderator of only HDPE. These specifically
show that the thermal neutron rate is different between
the two types of moderators but also the flux energy
distribution changes as confirmed by the Monte Carlo
of N-Particles (MCNP) models created by the
JAEA/ISCN [17].

4. Final DGS Development

These past results provide an excellent foundation
for the final DGS development for this JAEA/ISCN
project. Largely the results of this second development
phase will be presented to our MEXT reviewers in
February 2022. In preparation, the JAEA/ISCN is
performing studies to complete the final analytical and
instrument aspects needed to efficiently perform a
safeguards verification.

From the analysis perspective, the JAEA/ISCN is
developing an inverse Monte Carlo analysis method to
evaluate the nuclear material composition [18].
Fundamentally, this requires a Monte Carlo simulation
to predict possible time-dependent spectra from the
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Figure 2. Measured delayed gamma-ray spectra of the
indicated nuclide for the interrogation listed in the

legend header (see Table 1).

various interrogation patterns, sample configurations,
neutron flux, and detector conditions. The JAEA/ISCN
Delayed Gamma-ray Spectroscopy Monte Carlo will
undergo final validation using the 2019 PUNITA
experimental results. Further, it will be compared to
other simulation packages to compare calculation
capabilities.

The final instrument development for this phase
will be a set of experiments using the MONNET
Tandem Accelerator of the EC/JRC Geel site in
Belgium. First will be a series of measurements to
compare the isotropic emission of °°Cf to a beam of
deuterium-deuterium (D-D) generated neutrons to
validate the JAEA/ISCN D-D small-sample instrument
design [10]. Next, we will perform a series of
calibration studies using the JAEA/ISCN *He neutron
detector that has the advantage of sensing only fast
neutrons so it can be used for neutron source
monitoring.

Additionally, the JAEA/ISCN and EC/JRC are
planning to perform a series of measurements similar
to the 2019 PUNITA set using DGTS in PERLA. We
will focus on testing the effects of mixing the U and Pu
samples in an expansion of our final phase-I studies
from 2018 [12]. While this is not true mixed nuclear
material, the JAEA/ISCN DGTS MCNP model was
validated to <56% differences [16] so we can study the
effects self-shielding in preparation for the
demonstration portion of our phase-Il workshop.

Beyond these measurement campaigns planned
with the EC/JRC, the JAEA/ISCN is also conducting
instrumentation development studies for our final
small-sample instrument. As previously mentioned,
we are evaluating “He neutron detectors with an
associated high-rate data-acquisition modules for
neutron monitoring that will be used to verify the



consistency of the neutron flux. We are also evaluating
high-pressure *He detectors that we will utilize for
neutron counting of prompt-fission and delayed
neutrons to supplement our DGS mass evaluation.
Finally, we are evaluating possible sample-transfer
requirements to improve our instrument capability
while still protecting the HPGe detector from fast-
neutron.

All of this will be integrated into the final
JAEA/ISCN instrument designed around a D-D
neutron generator. This will be fabricated in the first
year of our third phase (Japan Fiscal Year 2022), and
be tested at various facilities with mixed nuclear
material in conjunction with the EC/JRC. Additionally,
since much of the analysis of SNF is dependent on
nuclear data, we will jointly study nuclear data
improvements for safeguards, especially for **Pu that
has significant uncertainties.

5. Summary

The JAEA/ISCN is developing delayed gamma-ray
spectroscopy as a future capability to safeguard mixed
nuclear materials. Experiments performed with the
EC/JRC have provided significant lessons for the
development of a practical DGS instrument as well as
the analytical capability to efficiently evaluate the
fissile composition and mass of mixed nuclear
material. The JAEA/ISCN will develop a final
instrument design for small samples in our next phase
to validate our analysis for safeguards evaluations.
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Demonstration of a Neutron Resonance Transmission Analysis System
using a Laser-Driven Neutron Source
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Neutron resonance transmission analysis (NRTA) is a method for non-destructive measurement of nuclear material by
using a time-of-flight (TOF) technique with a pulsed neutron source. For NRTA system to carry out the short-distance TOF
measurements with high resolutions, a short-pulsed neutron source is required. Laser-driven neutron sources (LDNSs) are
very suitable as such neutron sources because of their short pulse width. Moreover, the compactness of the laser system is
also expected due to the remarkable development of laser technology in recent years. In the present study, we have
developed a technology for applying LDNS to the NRTA system and conducted the demonstration experiment using the
LFEX laser at Osaka University to investigate the feasibility of the system. In this experiment, we observed some areas of
reduced transmission in a neutron TOF spectrum, possibly due to indium and silver samples.
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Development of a passive reactor shutdown device to prevent core damage accidents in fast reactors
- Feasibility of the innovative device-idea and its nonproliferation features-
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1 Tokyo Institute of Technology, 2 Kyushu University

Feasibility of a concept of innovative passive-reactor-shutdown device has been studied, targeting to strengthen
safety-"diversity" and -"robustness" of measures to prevent core damage accidents in sodium-cooled fast reactors.
The device utilizes metal-fuel-alloys to meet required passive capability. We have investigated target measures to
achieve inherent safety capability under unscrammed (Anticipated Transient without Scram; ATWS) events in a
750MWe class mixed oxide-fuel fast reactors. As the countermeasure to prevent occurrence of core disruptive
accidents, we have built a basic proposal of this passive device design, taking into accounts for engineering
restrictions to be required in some design phase. In this study we have selected Pu-U-Fe and Pu-U-Zr alloys for the
candidate fuel materials used in this device. Some of physical quantities important for nuclear non-proliferation
were quantitatively evaluated. We also examined the basic characteristics of criticality in fuel subassembly handling,
common to safety and nuclear security. Furthermore, we discussed a fuel accountancy aspect in plant safeguards
management, when the devices are activated in ATWS events.
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Malicious Acts monitoring by combining image recognition deep learning and natural
language processing
BT Rzt BROSEY, ZHER KR!

VR KR
*Kazuyuki Demachi!, Shi Chen', Masaki Sudo'
!The University of Tokyo

Deep learning has been very successful in various fields. In particular, since image data contains a lot of information, it is
expected that deep learning will be applied to nuclear security technology for detecting the malicious action. However,
most human action recognition using deep learning only sets OK / NO in advance for the combination of object
identification result, so it is difficult to apply them to complicated nuclear security situation. So, it is desirable to detect
malicious actions in captured images according to these rule documents. If it is possible to flexibly determine whether the
captured image scene violates or matches the nuclear security rules, it is necessary to greatly improve its practicality.
However, this requires different deep learning fusion for image identification and natural language processing. One of the
reasons this is difficult is that there is no common data format between different types of deep learning. In this study, it was
determined that the logic representation is the most suitable as a common data format, and a deep learning interface method
between image recognition and natural language processing was developed via a logic representation. This allows flexible
judgment of malicious actions according to the rule document.
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Monitoring technique for detection of nuclear and radioactive materials on major public events
FREALCERI Y MR OB Y R R L SAH TR R R,
- S 1 N LSRG 7 e S N/ R
H A 1A FEBRFE BEA |, I s KR Sk 2E T 2
Takanori Mochimaru', Mitsuo Koizumi'!, Tohn Takahashi!, Kota Hironaka', Yoshiki Kimura!,
Yuki Sato!, Yuta Terasaka', Hirokuni Yamanishi?, Genichiro Wakabayashi®

1Japan Atomic Energy Agency, > Atomic Energy Research Institute, Kindai University

In order to improve the potential of counter terrorism in major public events, the Japan Atomic Energy Agency (JAEA) has
started developments of broad-area covering rapid nuclear and radioactive materials. Technological goal is to improve the
abilities of detection, localization and identification of nuclear and radioactive materials. In this project, we performed a test
of a portable 17”-cubic CsI(TI) scintillation detector combined with GPS and QZSS Michibiki”. It was confirmed that this
device can find the increase of radiation field of 0.1-mSv/h of Cs-137 in a second, and identify of the gamma-ray peak of
that in a few minutes. The GPS localization ability was found to be less than 2 m. Plastic scintillation detectors are also being
developed for detection of fast neutrons from nuclear materials and neutron sources. To improve the sensitivity to fast
neutrons, a pulse shape discrimination technique was introduced. A performance test was carried out at Kindai University

and at the JAEA using PuBe(0,n) and Cf-252 sources, respectively. In this report, the progresses of the project are given.
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Nuclear Regulation Human Resource Development Program in Tokyo Tech
“The Advanced Nuclear 3S Education and Training (ANSET)”
(7) Implementation Status AY2021
FREEFE !, MRS, THEEL, MRRPELEE ', wh BHEY ', BAE ',
JERFE—ER ', REZR, "
VHOR TR
*Chi Young HAN !, Hiroshi SAGARA', Yoshihisa MATSUMOTO!, Satoshi CHIBA!, Noriyosu HAYASHIZAKI',
Masako IKEGAMI', Akira OMOTO!, Tatsuya KATABUCHI', Koichiro TAKAO!, Hiroshige KIKURA,

and Kenji TAKESHITA!
'Tokyo Institute of Technology

R, P,

Tokyo Institute of Technology (Tokyo Tech) has established the Advanced Nuclear 3S (Safety, Security, and
Safeguards) Education and Training (ANSET) program in 2017, supported by the Nuclear Regulation Authority (NRA)
of Japan. The ANSET program aims to foster the next generation of leaders who have an expertise in nuclear safety,
security, and safeguards, and can take the lead in 3S-related decision-making. Building on Tokyo Tech’s nuclear
engineering program, the ANSET program provides an advanced 3S curriculum (3S Lectures, 3S Exercises, and 3S
Internships) with more practical hands-on exercises to build response capacity to social needs of nuclear security. This
paper describes an overview of the program and the implementation results in AY2020 and status in AY2021. In
AY?2020, 132 students (total 431 students since 2017) have taken the courses of the curriculum and 9 students (total
25 students since 2017), who met the requirements of the curriculum, have received the certificate of curriculum

completion.
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Activities of Nuclear Security and Safeguards Project in Forum for Nuclear Cooperation in Asia
and ISCN engagement
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Nuclear Security and Safeguards Project (NSSP) was estabilsed in 2011 in FNCA, and it has been carrying out
activities such as sharing good practices and developing human resources to strengthen nuclear non-proliferation and
nuclear security in FNCA member states. So far, it has contributed to the capacity building in this field by compiling good
practices in member states related to the implementation of the additional protocol and also conducting table top exercise
at workshops. In this article, author will report on the past activities of the NSSP, as well as future activite plans and

ISCN's involvement in these activities.
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Capacity building support activities for safeguards embracing online elements
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Japan Atomic Energy Agency

ISCN/JAEA has annually conducted Regional Training Course on State System of Accounting for and Control of Nuclear
Materials (RTC-SSAC) in in-person since its establishment in 2010, however, due to the COVID-19 pandemics and its
associated travel restriction, RTC-SSAC was transited to online and successfully conducted as the world 1% online SSAC
course in November-December 2020. Based on the experience, ISCN has developed and implemented Online Additional
Protocol-Commodity Identification Training (AP-CIT) in February 2021, and hosted Online IAEA International Training
Course on Small Quantity Protocol (ITC-SQP) in July 2021. This paper reports the experience of development and
implementation of online safeguards-related training courses centered on Online SSAC course in 2020 and discusses how
ISCN will further expand its capacity building support activities for safeguards embracing online elements.
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Development of an exercise using a virtual tour for online training on safeguards
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Koji Ohyama, Yoko Kawakubo, Naoko Noro, Naoko Inoue
Japan Atomic Energy Agency

In order to provide high quality online training, it was a challenge to make exercises using actual facilities available online.
To address this, a Virtual Tour (VT) in a research reactor facility was developed and a Design Information Questionnaire
(DIQ) exercise using VT in the world's first online national measurement control system international course was
implemented. It was also applied to and developed for a Complementary Access (CA) exercise. In this paper, we report on
the development of the exercise using VT, feedback from participants, and prospects for VT use.
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Discussion (open discussion) =l
« What do SRA/Operator prepare for CA?
~ Prepare all pertinent documents
- RSA inform to the operator beforehand
— SRO provides all kinds of administrative and logistic support for IAEA

inspections

— all relevant personnel for the CA should be readily available(source
information regards to CA

— Safety instruction

~ a brief introduction of facility

— must be prepare and ready all the documents related to facility

- effective coordination to face question and answer section

— preparation for managed access

— emergency procedures

- Prior communication/meeting with operator

- D ( to avoid mi

— operator can fully understand what is CA with document
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Nuclear Security Capacity Building Support under COVID-19 Pandemic and a Novel Approach for
Capacity Building Support in the Post-pandemic Era
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COVID-19 pandemic brought a significant impact on nuclear security capacity building support activities.

Due to the

travel restriction, it became impossible to conduct in-person training activities for the Asian countries either in Japan or
abroad. It also impacted training activities for the domestic stakeholders. For the sustainable nuclear security regime, it is

essential to continue providing capacity building support even under the COVID-19 pandemic.

The paper shares

experiences of nuclear security capacity building support activities for the regional and domestic stakeholders, and proposes

a novel approach for such activities in the post-pandemic era.
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Efforts of Procurement and Quality Managements for Physical Protection System in JAEA
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In general, a computer-controlled system is used for the physical protection system (PPS) in nuclear facilities.
If insider/outsider intentionally change program and/or install computer virus to PPS, they might be invalidated. Due
to insufficient surveillance against malicious act, unauthorized removal of nuclear material and sabotage may be caused.
One of the important things for reducing risk is the management of procurement. In JAEA, we strictly manage 4
representative points such as supply chain risk, quality assurance, information management and security. This paper
introduces our efforts of necessary procurement and quality managements etc. for the PPS procurement.
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Abstract

We conducted a feasibility study on intrusion detection systems as a cyber-security measure for an industrial control
systems network. Intrusion detection systems can detect network connections of malicious terminals and network
communication by malicious programs such as computer viruses. We made a comparison with three detection
methods and three detection algorithms on control systems availability, detecting functions, ease of deployment and
operability. We selected the port mirroring method with machine learning algorithm through the comparison. We
introduced an intrusion detection system with the selected method / algorithm on a trial basis to the actual control

systems network and verified the functionality.
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Host Name Type Operating System IP Address MAC Address Vendor

196.168.2.1 Router None 196.168.2.1 4e:1lc:cd:37:daac MIRAI CORPORATE
GATEWAY?2 Workstation Windows XXXX 196.169.2.10 20:44:73:a2:9b:3b KATE COMPANYLTD.
GATEWAY2-1 Workstation Windows XXXX 196.169.2.11 0d:ba:94:27:14:ee KATE COMPANYLTD.
SERVERCC1 DB Server None 196.169.10.201 4d:18:10:8e:73:2b None

WSPCA1 Workstation Windows XX 196.169.10.101 49:7d:38:98:¢3:90 KAWASHITA
SERVERCC2 DB Server None 196.169.10.202 56:23:28:62:20:c7 None
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Access Violation

Multiple Devices Discovered Unexpectedly
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Synergy of ensuring security between facility and transportation
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As well as the interface between safety and security in nuclear power engineering, some types of conflict and/or synergy
between security in facility and that in transportation are investigated from the view of security risk when ensuring those
security simultaneously. In a risk assessment of security event, due to lack of knowledge about initiation probability such
as Probabilistic Risk Assessment (PRA) in severe accident analysis the conditional probability is widely used to evaluate
the effectiveness of security countermeasures considering the degree of difficulty of event sequence. For external events,
the risk assessment of natural disasters has been investigated, however, that of intentional security events has been still in
the research phase and has not been commonly understood while showing foreign studies on the safety and security
interface. In this study, as one of the evaluation methods already proposed, a Markov model with the assumption that the
occurrence of security event is random is used to evaluate security risk of facility and transportation and to investigate the

synergetic effect.
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Action . Perform Confirm being
Abbr. Action N
Action Effects of | detect
Action (mins)
Border Patrol BP1 2 hours Seconds | Seconds 120
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Scheme 1
Surveillance sc2 Continuously 1 hour _15 75
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Open area (OA) 3
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time elapsed Security measures .
. . detect barriers p=5 factor
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(1/mins) o
Area 1 480 0.002 |BP1,VS,LS,IS,VC,SC2 0.422 |CF,AVB,0A 5 0.50
Area 2 10 0.100 {BP3,SC3 0.004 |SOA 20 1.00
Area 3 0.3 3.333 [BP1,SC1 10.008 |Non 0.5 0.00
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A Consideration on strengthening nuclear security culture promotion activities: ISCN-WINS
Workshop
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Theater-based workshops in corporation with World Institute of Nuclear Security (WINS) have been held since 2012 as
part of nuclear security culture enhancement activities in Japan. In 2021, it was held via online on “supply chain risk”
using short videos. The paper summarizes the good practices on its implementation, the results of the discussion in the

participants, and discusses on the application of the method.
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A Consideration on strengthening nuclear security culture promotion activities: Through discussions
at the Workshop on Nuclear Security Culture Self-Assessment
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*Masahiro Okuda, Naoko Noro, Naoko Inoue
Japan Atomic Energy Agency (JAEA)

Integrated Support Center for Nuclear Nonproliferation and Nuclear Security (ISCN) of Japan Atomic Energy Agency
(JAEA) held a workshop on Nuclear Security Culture Self-Assessment in December 2020. The workshop consisted of the
presentations on the basic concept of the self-assessment based on the technical guidance document NSS28-T by the [AEA,
and the self-assessment implementation cases in Indonesia, Bulgaria and Japan, followed by a panel discussion by the
presenters. This paper summarizes the presentations and the panel discussion, and discusses on the consideration on the
outcome obtained by the self-assessment for nuclear security culture promotion activities.
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Feasibility study on innovative small and medium modular reactor with inherent nuclear safety,
security, and non-proliferation features
(2) Assessment of Material attractiveness of Np as a target material in (U,Np)3Siz fuel
A FE, M TR
VO LR

*Natsumi Mitsuboshi ', Hiroshi Sagara '

Tokyo Institute of Technology

Small and medium modular reactor (SMRs) have drawing research interests owing to various potential applications and
flexibility. If the same grade regulation with large nuclear reactors is required for SMRes, it is overloaded in safety and
security. Therefore, to introduce graded approach is important for reasonable and feasible regulation in SMRs.U3Si, fuel
has large thermal conductivity and chemical stability, and Np produces even Pu isotopes by transmutations. They are
expected to improve the performance of nuclear safety and non-proliferation of small and medium modular light water
reactors. In this paper, we report the assessment of Material attractiveness of Np as a target material in (U,Np) 3Si» fuel of

small and medium modular light water reactors.
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The effect of nuclear fuel cycle scenario on TRU material balance and nuclear nonproliferation
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*Shotaro Terayama !, Chi Young Han', Hiroshi Sagara'
"Tokyo Institute of Technology

The fuel management in the nuclear fuel cycle and its prospective use depend on various elements of either technical or
social ones. The objectives of this research are to calculate the material balance of TRU including Pu in various nuclear
fuel cycle scenarios, and to evaluate and compare the fuel cycle scenario and strategy depending on the amount of Pu
treated in each nuclear fuel cycle facility and high level radioactive waste. These impacts on nuclear non-proliferation

features are also discussed.
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Non-Destructive Assay Technology Using Passive Neutron Emission Tomography
-Inhibiting Factor Sensitivity of Tomography Image-
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More sensitive and less intrusive Non-Destructive Assay (NDA) instruments are required to perform partial defect tests
on a spent fuel assembly in the long-term R&D plan of the Safeguards Department of IAEA. Passive Neutron Emission
Tomography (PNET) has been researched to respond to the demands, though this method has inhibiting factors such as
neutron moderators and absorbers. This paper deals with a sensitivity analysis of the inhibiting factor to tomography

image in the water rod of BWR fuel assembly numerically.
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Identification of nuclear material theft behavior in nuclear facilities using the object detection model

and pose estimation model
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Most of the nuclear security incidents worldwide are theft of nuclear materials and other radioactive materials by insiders.
Since the theft of nuclear materials and other radioactive materials is performed by insider threats under the guise of
normal operations, it is difficult to prevent it with the current countermeasures such as material accountancy. In this study,
we proposed a method to detect theft disguised as normal operation from surveillance cameras based on time series data
of unit actions that do not include typical theft actions, while considering the diversity of sequences by insiders.
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SiC for Nuclear Reactors: Challenges and Opportunities

Qianliang Deng', Wenli Guo'*, Dingqu Wang'2, Songyang Li'-2, Wei Xiong'?,
Wentao Hao'2, *Yueyuan Jiang'?

nstitute of Nuclear and New Energy Technology, Tsinghua University, Beijing, 100084, China;
2Collaborative Innovation Center of Advanced Nuclear Energy Technology, Tsinghua University, Beijing, 100084, China.

Silicon carbide (SiC) and its composites are attracting increasingly interests because of their exceptional oxidation and
irradiation resistance, superior physical and chemical stability, excellent thermal and mechanical behaviors for nuclear
cladding application as in-core structures of reactors. Nevertheless, there are still some key issues hindering for the
development of SiC-based cladding in nuclear reactors which need to be addressed. Accordingly, this paper is aimed to throw
light on the key issues of SiC-based cladding including manufacturability of shaping tubular fibrous preforms and end-plug
joining, hydrothermal corrosion and effects of irradiation on mechanical and thermal properties as well as other critical

issues like the pellet-clad mechanical and chemical interaction.

1. Introduction

Accident tolerance fuel (ATF) cladding has
enhanced performance during not only rare events but
also normal operations [1]. As one of the most
promising ATF cladding concepts for advanced
fission energy systems, high-purity silicon carbide
(SiC)-based ceramics and their composites with
superior high temperature (HT) properties, excellent
irradiation resistance, inherent low activation and
other superior physical and chemical properties have
been widely studied during last two decades [2, 3].

@ Fuel O Gas gap @ Monolith

© Composite @ Environment Barrier Coating (EBC)

Fig. 1. Schematic illustration of the Triplex SiC
cladding design [4]

The preferred design of the SiC/SiC composites
cladding is based on multi-layered structures
combined three distinct layers of SiC shown in Fig.1,
is also called Triplex, the functions of each layer is
demonstrated in [4]. The SiC/SiC composites
cladding has a more outstanding behavior than the
zircalloy cladding especially in design-basis accident
(DBA) and design extension conditions (DECs) [5].
Despite these superior abilities of the SiC/SiC
composites, there are a lot of aggravating technical

gaps that need to be narrowed because previous
research on the SiC/SiC composites has been mostly
focused on the HT applications. Among these critical
feasibility issues, hydrothermal corrosion, radiation-
induced issues and fuel compatibility are identified
as key feasibility issues that need to be fully
understood and addressed in the relatively early
stages in the course of the technology development.
Therefore, the purpose of this paper is to provide an
overview of the key feasibility issues regarding the
application of the SiC-based materials mostly for the
light-water reactor (LWR) fuel cladding.

2. Key issues

2.1. The manufacturability

The SiC/SiC composite consists of SiC matrix,
SiC fibers and the interphase. There are many
different fabrication methods for the monolithic SiC
such as sintering, reaction-bonding, liquid-phase
sintering and chemical vapor deposition (CVD).
Among these methods, the CVD technique is
currently the most promising fabrication for high-
purity, highly crystalline, stoichiometric S -SiC [6].
However, industrial scale fabrication of thin-walled
and long tubes remains a challenge for the CVD
process [7]. It is broadly confirmed that both the non-
irradiated and irradiated thermal and mechanical
properties are strongly affected by the fabrication
routes. The magnitude of thermal conductivity is
related to the grain size and the nature of grain
boundaries of SiC [8], the presence of additives at the
grain boundaries would reduce thermal conductivity
and have an effect on some mechanical properties like
hardness and creep deformation, and the
microstructures of SiC also affects the hydrothermal
corrosion [9].

End-plug joining of SiC cladding has been one of
the main material issues because SiC ceramics cannot
be welded, the joint is faced with hydrothermal
corrosion and transient irradiation-induced swelling



challenges. The diffusion bonding along with the
selected area CVD requires high temperature
(>2070K) and pressure (>10MPa), making it
complicated and time-consuming, especially for large
and complex components [10]. The nano-infiltration
and transient eutectic-phase (NITE) joint is expected
to have promising tolerance against neutron
irradiation and adequate strength but it still has the
same limitation as the diffusion bonding [I1].
However, all these joining techniques have not been
adequately evaluated for the HT performance,
corrosion resistance and irradiation stable.

2.2. The hydrothermal corrosion

The corrosion of SiC occurs mainly through two
types of oxidations under different conditions
including passive and active oxidation [12, 13]. The
passive oxidation with significant mass gain occurs
under a high oxygen partial pressure and high
temperature, and a protective layer of silica is formed
on the surface material. While the corrosion resistance
of SiC under a HT and high-pressure water condition
is decreased because of the volatilization of the
protective silica layer, and the rate of mass loss
depends on the chemical environment characteristics,
as exemplified in Fig. 2, the oxidation mechanism is
dominated by parabolic and linear corrosion with time
recession controlled by oxygen diffusion and silica
volatilization as Si(OH), , the diffusion and
crystallization processes are accelerated by the
increasing temperatures, which also enhances
formation and consumption of the amorphous silica
layer and recession of the bulk SiC, and the crystalline
silica layer and SiC recession rate also significantly
depend on steam pressure [14].
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Fig. 2. Corrosion behavior of CVD-SiC under different
conditions [15].

Corrosion may occur primarily by oxidation and
the key oxidizing impurities to consider will likely be
oxygen and water vapor, the weight loss increased
with the dissolved oxygen content [9, 16]. Meanwahile,
the mechanical damage like the potential impact of
cracks and surface damage induced by clad to spacer
grid fretting also deteriorate the corrosion resistant of
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SiC, and the SiC fabricated via different processes
have different corrosion resistant abilities. It was
observed that the CVD SiC had the slowest mass loss
rate while significantly higher rates were found for
sintering or reaction-boned SiC [9], and the corrosion
of composites may be severer than monolithic SiC
under some conditions [17] because the presence of
cracks on the surface of composite matrix can
exacerbate the corrosion behavior of the composite.

Hydrothermal corrosion-induced SiC cladding
recession would lead to cladding thickness loss, which
in turn results in reduced strength and exposure of the
PyC filled fiber-matrix interphase; and the deposition
of corrosion products also has a negative effect on the
primary water circuit. Excess silica could be deposited
on fuel rods as crud causing fuel performance issues
and it is incapable to remove the dissolved silica for
the current filtration system [3]. Moreover, weight
loss of all of the SiC specimens was accelerated by
irradiation to some extent [18].

2.3. The irradiation effects

The irradiation-induced swelling of SiC is highly
dependent on the irradiation temperature and dose
[19]. The swelling reduces with increasing
temperature in the point-defect swelling regime
between 423K~1273K, while there is an increase in
the non-saturated void-swelling regime over 1273K,
and the swelling saturates at a relatively low dose
about an order of ~1 dpa below 1273K [2]. The
presence of significant impurity in SiC also shows a
larger swelling compared to high purity SiC, thus
different fabrication routes lead to significant different
irradiation stability [8]. For the porous composites, the
irregular porosity leads to differential swelling under
irradiation, the substantial tensile stress at the inner
wall induced by the differential swelling added with
the thermomechanical stress can result in crack
initiation and/or propagation due to its inherent
brittleness. Meanwhile, the differential swelling
would result in off-centering of the cladding, and then
the off-centering of the cladding may cause the pellet-
clad interaction (PCI). Fig. 3 shows the core average

==+ U/Pu - Zirc ==+ Th/Pu - Zir¢c === U/Pu - CMC === Th/Pu - CMC
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Fig. 3. Irradiation effects of SiC-based cladding and Zr-
based cladding simulated by FRAPCON [20].

Core Average Fuel T

fuel temperature of SiC-based cladding is larger than
zircalloy cladding because of the effects of



irradiation-induced issues of SiC material [20].

The mechanical properties of SiC under
irradiation have been also studied extensively [2, 8,
21]. Compared to irradiation-induced swelling, the
mechanical properties almost independent during HT
transient, but there are still some issues need to call
attention to them. The effects of irradiation on
mechanical properties of CVD B-SiC are well
documented in Ref. [2]. What we may concern mostly
is the strength under irradiation. Stempien et al. [4]
reported that significant strength reduction between
10% and 60% occurs in the CVI SiC composite
samples after irradiation in a test loop simulating
PWR conditions, the degradation also relates to the
irradiation-assisted corrosion.

Cladding with high thermal conductivity can
transfer the fuel heat efficiently to the coolant and
limit the fuel centerline temperature. The Triplex SiC
cladding (10~30 W/(mK)) [22] has much lower
thermal conductivity than the CVD SiC (400 W/(m-K)
at room temperature). The presence of
heterogeneously distributed porosity of the SiC matrix
directly reduces the thermal conductivity, and the
fibrous arrangement also influenced the thermal
conductivity [21]. Actually, the irradiation-induced
defect significantly reduced the thermal conductivity,
Stempien et al. [4] found the thermal conductivity of
irradiated Triplex samples showed substantial
decreases with irradiation (saturating by ~1 dpa) due
to the accumulation of photon-scattering defects and
the likely formation of a silica layer induced by the
hydrothermal corrosion, and the irradiated Triplex
samples had thermal conductivity of several W/(m-K)
at 300K~600K, significant decrease was obvious
regardless of irradiation condition [2, 22, 23]. And the
thermal conductivity of CVD SiC was increasing with
the irradiation temperature (saturating by several dpa).
The interphase PyC would become partially
amorphous after irradiation, and the amorphized PyC
interphase would also deteriorate the thermal
conductivity, which would lead to a loss of 20%~25%
[24].

Another uncertainty that affects dimensional
evolution is the irradiation creep, although the strain
caused by irradiation creep is significantly smaller (in
the order of 10™%) than irradiation-induced swelling
(in the order of 1072) [25, 26]. However, studies on
irradiation creep of SiC-based material are very
limited, there have been no experimental data reported
for low irradiation temperature, it was reported that
the irradiation creep compliance of SiC was more
significant at low temperature and therefore help relax
the internal stresses that induced by the
temperature/flux gradients [27]. Meanwhile, the
irradiation effects in end-plug joints are still negative
[28]. Besides, the PCI would affect structural integrity
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and FTs retention and therefore could also be a critical
issue [29, 30]. The researches on the PCI are mainly
simulated by finite element software and fuel analysis
codes, the effects of PCI have not been fully
investigated, the in-pile experimental data are still
lacked.

3. Conclusions

The purpose of this paper is primarily to throw
light on the key issues of SiC-based cladding. Among
these various issues discussed in this review, the
hydrothermal corrosion, irradiation-induced swelling
and low-thermal conductivity induced by irradiation
are the critical feasibility issues of SiC-based
materials for application in LWR. The end-plug
joining is also hindering the development of SiC-
based cladding. Meanwhile, more experimental data
on the PCI need to be collected. Some progress has
been made in current years, fabrication process like
NITE can produce the densest matrix and high
strength SiC materials, laser-based technology has
been developed for the end-plug joining. It is found
some promising coatings on the SiC could mitigate the
hydrothermal corrosion. We could also control the
water chemistry to limit the rate of corrosion. Some
novel concepts are put forward like the sandwich
design, and some new developed materials like NFA-
SiC could be a promising candidate for nuclear
cladding. However, the technology of SiC-based
cladding is at the very early stage of development,
these advancements are too limited to solve these key
feasibility issues. In spite of these issues hinders, the
SiC material would significantly increase the safety
and economy in nuclear application under normal and
accident conditions if successfully applied.
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Proposal of neptunium-237 detection method based on photonuclear reaction
T PR L2, AESE PR
VRO TR, 2Rt et
*Kosuke Tanabe 2, Hiroshi Sagara*
Tokyo Institute of Technology, 2National Research Institute of Police Science

In recent years, the demand for non-destructive assay techniques for nuclear materials such as 23U and 2®U has
increased worldwide in the fields of nuclear security and safeguards. In addition to uranium, it is expected that the needs
for detection of and accounting for minor actinides such as 22’Np would increase as its utilization demands increases in the
future closed fuel cycle. In this study, we propose a novel detection method for 23’Np, which is called the photon-induced
multiple neutron generation reaction (PMNR) ratio method. The feasibility of discrimination between 2’Np and uranium

was verified using numerical analysis simulations.
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Design Study of U-TRU Fuel Loaded Gas Cooled Reactor Core for TRU
Transmutation with Enhanced Safety and Security (I) U-Np Fuel
“Hong Fatt Chong?!, Hiroshi Sagaral, Natsumi Mitsuboshi!
Tokyo Institute of Technology

Gas-cooled Reactor has several advantages in terms of safety, sustainability and actinide transmutation.
These advantages may contribute to solving the technical problems of transuranic (TRU) element
transmutation and the sustainable closed fuel cycle. In the present research, cell calculations were
performed on LEU fuel doped with Np-237 with different neutron spectra in a gas-cooled reactor core. TRU
transmutation performance, core characteristics and non-proliferation features were investigated.

1. Introduction

Very-High-Temperature Reactor (VHTR) and
Gas-cooled Fast Reactor (GFR) are Generation
IV reactor systems which have great potential
in safety, sustainability and transmutation
performance. VHTR with coated particle fuel
provides reliable confinement with very high
temperature margin for a long period of time,
enabling high fuel burnup in VHTR [1]. GFR
and VHTR both benefit from using helium gas
coolant which enables them to operate at high
temperatures; the heat can be used for
industrial processes that require high
temperature such as hydrogen generation,
generating economical value other than
providing electricity. Moreover, since helium
only exists as gas at high temperatures,
positive void reactivity in gas cooled reactors is
avoidable.

Transmutation of TRU is conventionally
performed by fast neutrons to cause fission
reaction, but there i1s also another concept
where TRU undergoes transmutation by
thermal neutrons to cause capture reaction into
even mass numbered plutonium [2].

In this research, the effects of change in
neutron spectra and U-Np composition have
been investigated on performance of gas cooled
reactor core, TRU transmutation and non-
proliferation.

2. Methodology

A parametric survey was done to investigate
the effects of change in neutron spectra on
maximum available burnup, Pu-238/Pu ratio
and Np-237 transmutation ratio (TR), defined
in Chapter 3, of gas cooled reactor core. Cell
calculations are performed with MVP
simulation code with fuel cell design based on
Gas Turbine High Temperature Reactor

GTHTR300, a gas cooled thermal reactor with
prismatic block type fuel containing TRISO fuel
particles designed by Japan Atomic Energy
Agency (JAEA) [3] (Figure 1).

The pitch of the fuel cell and density of
graphite were altered to manipulate the
moderator-to-fuel ratio, which is expressed as
the atomic ratio of carbon over initial uranium
(C/U) in this paper. Calculations were done
with TRISO fuel particles containing low
enriched uranium (LEU) and LEU mixed with
1~5 wt% Np-237 over a range of C/U values as
stated in Table 1. The maximum available
burnup, Pu-238/Pu ratio and Np-237
transmutation ratio when the multiplication
factor reaches unity (k-=1.0) were compared
between different C/U.
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Figure 1 Calculation model [3]



Table 1 MVP calculation parameters The addition of Np-237 resulted in an overall

Parameter Value | drop of burnup, but the drops at highest and
Smear density (% T.D.) 98 | lowest C/U are smaller compared to everywhere
Enrichment of LEU (wt%) 14.0~19.9 | else as shown in Figure 3. While burning
Packing fraction of TRISO uranium fuel in the thermal region gives higher
30% . C e

fuel burnup, there are issues such as high initial
Linear heat rate (MW/cm) 1.46E-4 | excess reactivity. On the other hand, a small
11.6~830. burnup reactivity change can be achieved with

C/u 1 fast spectrum due to more fissile material being

produced and burned.
3. Results

3.1 Neutron energy 2.00E+05

Neutron energy spectrum becomes harder as
moderator-to-fuel (C/U) ratio decreases. Figure
2 shows the neutron spectra of largest and
smallest C/U ratio used in this research. A very
hard neutron spectrum which resembles that of
a typical fast reactor was difficult to achieve as
the cell model was based on a thermal reactor
core design.

1.80E+05
1.60E+05
1.40E+05
1.20E+05
1.00E+05
8.00E+04

6.00E+04 L E U

4.00E+04

2.00E+04 LEU+2 wt% Np-237

Maximum available burnup (MWd/ton)

0.00E+00
4.00 10.0 110.0 210.0 310.0 410.0 510.0 610.0 710.0 810.0 910.0
C/U=830.1 —C/U=11.6 c/u

Figure 3 Maximum available burnup results
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3.3 Pu-238/Pu ratio

The fraction of Pu-238 in total plutonium is
an important indicator to determine whether
the plutonium in the spent fuel is denatured [4].
The addition of Np-237 in the loading fuel
greatly increases the fraction of Pu-238 due to
capture reaction by Np-237. The Pu-238
050 fraction is larger for higher C/U as capture-to-
. fission ratio of Np-237 is higher at lower

1.00E-04 1.00E-02 1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08 neutron energies,
Neutron energy [eV]

Normalized neutron flux [-]
z 8 3

g

Figure 2 Neutron energy spectra comparison =

between highest and lowest C/U 45

40

3.2 Maximum available burnup 35
The maximum available burnup showed -

downwards trend from C/U=11.8 to C/U=124.0
and increases to a maximum at C/U=555.3. The

25

20 P | —=—LEU+2 wt% Np-237

Pu-238/Pu (%)

initial downwards trend was likely due to

decrease in fast fission contribution while the 4 i
subsequent increase was due to increase in ¥ =l

probability of neutrons to escape resonance 2 /ﬁ,a»f”‘/

absorption by U-238 as amount of carbon § M= 1

moderator lncreases After C/U:5553’ the | 10.0 110.0 210.0 310.0 4;0.?:/610.0 610.0 710.0 810.0 910.0
maximum available burnup dropped slightly Figure 4 Fraction of Pu-238 in total Pu results

due to over-moderation.



3.4 Np-237 transmutation ratio
Np-237 TR is defined by the following
equation, where ND is the number density.

initial ND(Np237) — final ND(Np237)
initial ND(Np237)

(Eq. 1)
Results showed in Figure 5 are calculation
results of the case which LEU with 2 wt% Np-
237 is used as fuel material. The transmutation
ratio showed a trend similar to that of
maximum available burnup results. As Np-237
has large capture-to-fission ratio at low neutron
energies and fission reaction becomes more
dominant at high neutron energies, the
dominant reaction transmuting Np-237 1is
different for high and low C/U ratio.
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Np-237 transmutation ratio (%)

10

0
10.0 110.0 210.0 310.0 410.0 510.0 610.0 710.0 810.0 910.0

c/u

Figure 5 Np-237 transmutation ratio results

4. Conclusion

The effects of change in neutron spectra and
U-Np composition have been investigated.
Thermal neutron energy has shown better
performance of gas cooled reactor core in terms
of burnup, TRU transmutation and non-
proliferation. Np-237 was shown to increase the
fraction of Pu-238 which is linked to better
proliferation resistance especially in the case of
thermal reactors. Np-237 in a fast reactor
would mainly contribute to fission energy
produced in contrast to being transmuted to Pu-
238 1n a thermal reactor. As future work, excess
reactivity and more specific core design would
be studied.
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Nuclear Forensics is one of the important measures in nuclear security to identify the criminals and the origins of nuclear
or other radioactive materials when illegal acts occur. One of the challenges in nuclear forensics in Japan is to discriminate
LWR types and fuel types. The objective of the research is to examine the discriminant signatures by establishing the
database of spent fuels of LWRs. This paper describes calculation accuracy of burnup calculation method and the

comparison of the spent fuel nuclide composition of PWR and BWR using results of past post-irradiation examination.
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Non-proliferation Features in Partitioning and Transmutation Cycle using Accelerator-driven System
(2) Evaluation of Material Attractiveness of Uranium in ADS Fuel Assembly
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Research and development of partitioning and transmutation cycle with accelerator drive systems (ADSs) transmuting
minor actinides (MAs) separated from the commercial cycles has been continuously conducted to reduce the high-level
radioactive waste (HLW) contained in spent fuel discharged from nuclear power plants. Since the chemical form and
composition of the fuels are different from those of the current commercial cycles, it is necessary to examine the inspection
goal of the safeguards (SGs) and the design level of physical protections (PPs) which are required for the partitioning and
transmutation cycle. In this study, Material Attractiveness (Attractiveness) of the uranium (U) in the fuel assembly in the
fuel storage pool in the ADS facility was evaluated and it was compared with the plutonium (Pu) in the MOX fuel assembly
for a general boiling water reactor (BWR). As a result, it made clear that the U in the ADS fuel assembly had equal to or
less attractive than the Pu in the BWR MOX fuel assembly. Moreover, a new issue has been extracted. It is difficult to
determine whether the ADS fresh fuel should be considered as non-irradiated or irradiated fuel under the current regulatory

standards because the ADS fresh fuel contains many MAs, rare-earths, and 23*U rich U.
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Non-proliferation features of Accelerator-Driven System using TRU fuel with separation resistance of
an actinide element.
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k

Accelerator-Driven System (ADS) has been studied as one of the partitioning and transmutation technologies to transmute
transuranium (TRU) elements under subcritical conditions using spallation neutrons as an external source. ADS uses highly
concentrated TRU fuel and a source that generates a huge amount of spallation neutrons. Therefore, ADS would be required
to take different measures for non-proliferation from those for conventional nuclear facilities. TRU-silicide fuel and high
lanthanide-containing nitride fuel have been studied on the core characteristics and nuclear non-proliferation features,
expected to improve these performances. The unique nuclear safeguards approach of ADS is also considered in this study.
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Analysis of North Korea's low-yield nuclear weapons test and issues of nuclear weapons
modernization
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!'Tokyo Institute of Technology

The CTBTO detector and South Korea's Radionuclear Species Management Post suggested that North Korea conducted a
nuclear test in 2010. However, it is thought that this was a very low output because it was only a nuclide and was not
detected by an earthquake. In addition, high-power nuclear weapons were the mainstream of US nuclear weapons during
the Cold War, but now they are shifting to low-power nuclear weapons. This suggests a change in the way nuclear weapons
should be, leading to problems that require a review of nuclear material management and security systems.
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Improving nuclear safety and security performance of small and medium scale fast reactors
by a passive reactor shutdown device
(1) Research Plan
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A new subassembly-type passive reactor shutdown device has been researched to enhance the diversity and robustness of
prevention measures for core disruptive accidents in a large scale sodium cooled fast reactor. The objectives in this
research is to evaluate the improvement of nuclear safety and security performance of a small and medium scale fast

reactor by a passive reactor shutdown device. In this paper, the research plan is described.
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Proposal of numerical method to solve multi-nuclides system based on Photofission Reaction Ratio
methodology
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The principle of Photofission Reaction Ratio (PFRR) method was validated by both Gaussian and Bremsstrahlung
photons in extant study where the PFRR is increasing linearly with uranium-235 enrichment value. However,
current PFRR method could not solve a multi-nuclides system that involve more than two nuclides due to the
instability of the inverse matrix increased with the addition of number of nuclides. This research proposes a
numerical method for solving the simultaneous equation onto PFRR to estimate the nuclides isotopic composition.
The results obtained have good reproducibility lower than 15% isotopic composition difference.

1. Introduction

The photofission reaction ratio (PFRR) method is an
active NDA that can estimate uranium enrichment
through the photofission reaction of fissionable nuclides
using high-energy photons. The PFRR principle has been
proposed and verified using an ideal Gaussian photon
source simulation [1, 2]. The feasibility of PFRR for
detecting  high-enriched uranium (HEU) using
bremsstrahlung photons was validated, and the ratio of
the photofission reaction rate of the uranium target by a
higher over lower photon energy exhibits a linearly
increasing relationship with uranium enrichment [3].
However, the current PFRR method which is based on
an inverse matrix, encounters difficulties when more
than two nuclide systems. In the present paper, a
numerical method is proposed for photofission-based
nuclear material isotopic composition estimation to
solve simultaneous equations for the multi-nuclides
system: 233U, 232Th, and 2%8U.

2. Methodology
2-1. PFRR and the simultaneous equation

The PFRR method was developed and validated in
past studies where the nuclide composition could be
estimated using an inverse matrix derived from the
reaction rate density equation as follows:

R; = Npye fEEt::_E:S (pa'(E)Jf.nuc (E) dE

The equation above describes the photofission
reaction rate R; (i represents the specific incident photon
energy spectrum) where E is the photon energy, Einres iS
the threshold energy for photofission reaction, Emax is
the maximum energy, o1 nic IS the microscopic
photofission cross section of nuclide nuc, ¢ is the
photon flux, and Nny is the atomic number density of
nuclide nuc. Parameters i and nuc are defined as 1, 2, 3,
..., hand I, Il, I, ..., n. This equation is further
expanded to obtain an inverse matrix to estimate Npyc

based on the ratio of photofission reaction rate by

different incident photon energies as follows
N Ry Ry Ry Ry N
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where A nue is defined as

Ainue = | ©,(E)0 4, (E) dE. This method can be
used to measure the photofission reaction rate ratio Ri/Rn
to calculate Nnu/Nn. On present paper, the isotopic
composition, I1C of nuclides nuc can be calculated with
the proposed method based on the value Nnue/Nn. This
ratio can be set as the optimization goal, and the object
function is defined as [4]:

> JFar - g
i=1

where the left-hand side equation is described by the
inverse matrix of Equation (2) as follows:

n n

min

and the right-hand side equation is described by the
positive matrix of Equation (2) as follows:
.g[:") =Ain— R_l"qn.n
The solver for the simultaneous equations used is
Generalized Reduced Gradient (GRG) solver provided
as add-in from Microsoft Excel.

2-2. MCNP mono-energy simulations
Photofission simulations and photofission reaction



rate estimations were performed using the MCNP6.2
cloud, a Monte Carlo code coupled with the
ENDF/B-VIL.1 nuclear cross-section library. Fig. 1
shows the calculation model used in the present study. In
this model, the target has a parallelepiped geometry with a
thickness of 1 mm and a height of 1 cm in a 200 x 400 x
400 mm vacuum box. A point source of photons is
defined at the origin which travels along the x-axis in
the mono-direction and impinges on the target of the
study, rendering the photofission reaction.

200 mm

Y Height

epth
200 mm

Length
400 mm

X=300mm
! ]

10 mm
4 [mo

target

1 mm thick

Fig. 1 Calculation model for photofission reaction

The photon energies simulated were 6, 6.5, 7 and
11 MeV. These four formed 3 different energies
combination, while three compositions evaluation
cases were conducted with varied atomic fraction:
(*%8U : 28U : 2%2Th) = (0.4 : 0.3:0.3), (0.8:0.1:0.1)
and (0.1:0.4:0.5).

3. Results
Table 1 shows the relative composition errors results
of the different cases. Relative errors are calculated with

the ratio of composition difference to actual composition.

Among the 3 energy combinations, 6.5 — 7 — 11 MeV
seems to have the smallest relative errors, especially for
the first evaluation composition case where the relative
differences were kept within 10%, see Fig. 2. It can be
seen that for very low composition such as 10%, the
relative differences are quite high, up to 69% (10 +
6.9% estimated composition). However, the relative
difference greatly reduces with the increasing actual
composition, like ranges from 3% to 7% for 0.8 Z8U.
Out of the three nuclides, 23U also seems to have the
largest relative errors especially in the first case of 0.3
233y where it has averagely 10% relative errors
comparing to the same composition 0.3 232Th below 5%.
This clearly improved the estimation accuracy from
PFRR method which has relative errors larger than 90%.

4. Conclusion

The proposed method worked on solving
multi-nuclides system where result shows good
reproducibility within 25% relative composition
errors for 65 — 7 — 11 MeV photon energy

combination except 22U nuclide.

Table 1 The relative composition errors result

Actual 6-7-11 | 65-7-11 | 6-6.5-11
composition |-MeV MeV MeV

Nuclides | (at. fraction) | Relative composition errors

U-233 03| 0.134 0.098 0.159
U-238 0.4 | 0.062 0.088 0.144
Th-232 0.3 | 0.052 0.019 0.033
U-233 0.1 | 0.556 0.547 0.629
U-238 0.8 | 0.035 0.063 0.073
Th-232 0.1 0.274 0.047 0.046
U-233 0.4 | 0.096 0.043 0.121
U-238 0.1 | 0.240 0.252 0.691
Th-232 0.5| 0.028 0.016 0.042

|
6-6.5-11 MeV
Th232 ™ U238 m U233

Th232:U238:U233
=0.3:04:03

6.5-7-11MeV

—

6-7-11 MeV

—

0

o] . 01 .. 0.15 02
Reolsatlve composition errors

Fig. 2 Relative composition errors for each different
photon energy combinations
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Policy and Technical Fundamentals of Intl
Nuclear Safeguards Workshop

Events » Policy and Fundamentals Workshop

Policy and Technical Fundamentals of International Nuclear
Safeguards Workshop

Sponsored by the Texas A&M INMM Student Chapter and the INMM Japan Chapter

Click here to download an informational flyer

When:
January 12 - 14, 2022 - 6:00 - 8:00 pm - USA Central Standard Time

January 13 - 15, 2022 - 9:00 - 11:00 am - Japan Standard Time

Where: virtual Workshop

Who & What:

This workshop for students and professionals will provide a foundation in the technical and policy
aspects of infernational nuclear safeguards. Participants will be invited to complete a senies of online
modules—created by the Center for Nuclear Security Science and Policy Initiatives (NSSPI) at Texas
ASM and the Integrated Support Center for Nonproliferation (ISCN) in Tokai, Japan—before attending
a three-day virtual workshop. The workshop will feature presentations from safeguards experts and
practitioners and a student research forum. Full Participants will eam 1 CEU and a Professional
Certificate.

Part 1: ONLINE MODULES
+ NSSPI: Introduction to Nuclear Security and Safeguards
» ISCN: The Additional Protocol to Safeguards Agreements
« NSSPI: Introduction to the Nuclear Fuel Cycle
» NSSPi: Nuclear Material Accounting
+ NS5Pi: Containment and Surveillance

Part 2: Workshop
Session 1
Plenary Talks
Guest Speakers
» Jill Cooley, Senior Technical Consultant, Global Security & Strategic Partnerships, Consolidated Nuclear
Security, LLC
+ Mark Schanfein, Senior Nonproliferation Advisor at Idaho National Laboratory
+ Tomonori lwamoto, Fellow at Japan Nuclear Fuel Limited (JNFL), Former Director of Nuciear Security &
Safeguards Division of INFL
Session 2
Guest Speakers

+ Man-Sung Yim, Director, Nonproliferation Education and Research Center, Korea Advanced Institute of
Science and Technology [KAIST)
» James Garner, International Safeguards R&D Engineer, Oak Ridge National Laboratory
+ Masato Hori, Deputy Director of ISCN
Session 3
Student research forum
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N lNN},M Membership Application - JAPAN CHAPTER

Date:
First/Given Name: Last Name:
Designation: Job Title:
(e.g.Jr., ITI, PhD, MSc, etc.) (e.g. Engineer, Scientist, etc. If Currently student, indicate “Student”)
Institution:
Street Address:
City: ZIP/Postal Code: Country: JAPAN
Phone: Fax:
Email:
Membership: [J Regular O Student
Type of Organization:
O Academia (Faculty/Staff) O Academia (Undergraduate/Graduate Student)
[0 Commercial Utility 1 Consultant/Research
0 Equipment Manufacturer 1 Government Contractor
[J Government or International Agency O Military
1 Nuclear Material Processing 1 Others

Fields/Subjects of Expertise:

Job Description:

(i.e. “Student” or a brief explanation of your professional responsibilities as related to your current job title)

Total Number of Years Work Experience in the field:

Please Number Your Top Three Area of Interest 1-3:

__ANSI Standards Membership in Other Societies:
__ Facility Operations (e.g. ESARDA, WINS, ANS, etc.)
___ International Safeguards Honors/Honorary Societies:
___Material Control & Accountability Other Experience or Training:

_ Non-Proliferation & Arms Control

___ Nuclear Security and Physical Protection

__ Packaging, Transportation & Disposition

Indicate School:
Indicate Degree & Major:
Indicate Date Degree Obtained/Anticipated:

Collage or University:
Graduate School:
Post Graduate School:
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