JAEA-Review

REimAZRERE JMTR RO R ERRZ &AL E
(2013 F£E)

2013 Training using JMTR and Related Facilities
as Advanced Research Infrastructures

AR fCz A& HBE )l B8R SRH R
WH FH8 BN C— AERBRE PERT
Rk B

Noriyuki TAKEMOTO, Nobuaki KIMURA, Hiroki HANAKAWA, Akira SHIBATA

Yoshinori MATSUI, Jinichi NAKAMURA, Etsuo ISHITSUKA, Toru NAKATSUKA
and Haruhiko ITO

KIEHERFEE > T —
Rayalpte> 5 —

Neutron Irradiation and Testing Reactor Center
Oarai Research and Development Center

February 2014

Japan Atomic Energy Agency | BARIRF AR FAEKE




AL AR— MIMILATBOEN B ARJE 7 T30 J0BR R 23 E BN HAT T D iR s T
ARUAR— FOAFFNCEEHERAICET 2 BMWE DRI, Tid TUCBHlWabE TSI,
B RLAR— b ORIE AR TGRS — A X— (http//www.jaea.go.jp)
FoREIRTOET,

MSATBOUEN B AR IR 58S P ZRBir B s IR Zusiin s ek
T319-1195 ZRIEIRANETARHIEAT H 5 FAR 2 i 4
FEan 029-282-6387, Fax 029-282-5920, E-mail:ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency.

Inquiries about availability and/or copyright of this report should be addressed to
Intellectual Resources Section, Intellectual Resources Department,

Japan Atomic Energy Agency.

2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan

Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail:ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2014




JAEA-Review 2013-058

B Se A % TMTR M ONBEE it 5% 41 L 7= HE
(2013 &)%)

A AR - W IE B A KR ZE B R o 2 —
MG R BR A B o —

PA Az, RSB DI L sEm R
S N ] I N B N

(2013 4E 12 H 9 A3 FR)

A AR 7R B B CIE, FER DR T ) AMZ R 3572 D O EF LR N D E AL
EATOBLEIND | B e R EAE IMTR e OB iERR A FH Ve SRR (R BRTUHE 2 2R 22
RO TND, SR 25 F 1, WA AR FEE - Hffr s &kt G o UTe g FFoe 4 -
Hfig D72 IMTR A S AMFE 12 7 A 8 Hind 7 A 26 BIZEN L, ENOH THF5EE -
Bt st L Ul N e it 72 5 IMTR K O'BESELfE 5% 2 - BHE I 1 2 7 A 29 B 8
A 9 BIZFEL, WHEIZIZENZET 18 £ DEF 36 ADBINL, SRR IZE 28 T
JMTR DOEFRE PR, 2225 B, BRGSO 57 ) BRI T - BN IZ DWW TR ATE, AR,
SRR 25 FEFEIC N LIZ 2B DOHHEDNE LFE RICHOWTEED LD TH D,

KEEHFFEBIFE 2 — @ T311-1393  ZRN IR R RSN AR AL T ik FH BT 4002
+ JRT-JIKE - BRI o 2 —



JAEA-Review 2013-058

2013 Training using JMTR and Related Facilities as Advanced Research
Infrastructures

Noriyuki TAKEMOTO, Nobuaki KIMURA, Hiroki HANAKAWA,
Akira SHIBATA, Yoshinori MATSUI, Jinichi NAKAMURA,
Etsuo ISHITSUKA, Toru NAKATSUKA " and Haruhiko ITO

Neutron Irradiation and Testing Reactor Center
Oarai Research and Development Center
Japan Atomic Energy Agency

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received December 9, 2013)

Practical training courses using the JMTR and related facilities as advanced research
infrastructures have been carried out in Japan Atomic Energy Agency since FY2010 from a
viewpoint of securing and training nuclear human resources. In FY2013, “Training course for
foreign young researchers and engineers” was carried out from July 8" to July 26", and
“Training course using JMTR and related facilities as advanced research infrastructures” for
domestic young researchers and engineers was carried out from July 29" to August 9. Eighteen
young researchers and engineers were joined in each training course, and 36 trainees in total
studied basic nuclear research and technology about the reactor operating management, safety
management, irradiation test, etc. in the JMTR through the lecture and training. The results of

these courses are reported in this paper.
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_ Hi 77 14 21 .
E5| JRF4F 4 [MW] [10"em™s™] I
B | mu
R
T F | CAREM25 100 — — PWR
S5 JULES HOROWITZ 100 5.5 10 Tank in Pool
RES 100 — — PWR
FHEH
TILEBF | RA-10 30 — — Pool
TIUN RMB 30 2 2 Pool
EAES| KJRR 20 3 — Pool
FTH PALLAS 30~80 — — —
~YLF— MYRRHA 50~100 — — g T A7
7 IT7AF Multipurpose RR 20 — 2 Pool

#£ 4 PUH/INGERERBF IR AR Ok EH AR 1O

HH xR
SR 7 — A
B 10 MW
T HIR Rk
A Rk
PR #91x10'® n/(m?+s) (E>1 MeV)
R BCRIRE, BRI
il INT =70
B VYL TAIZT A
WEM R R, #11,200 m*/h, TR
ABIREER) 42°C
(R R R 50°C
RS 1 70%
. . A9 RI- T3 M RI i
FE2 ik

HE I
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[WHMETE B ;JAEA, KIEHFZERASE 7 —]

HEH

P

Present Status of the
Japan Atomic Energy
Agency

1. Situation Surrounding JAEA

2. Trends of JAEA Major Project

3. JAEA Efforts Related to the Accident at TEPCO Fukushima Daiichi Nuclear
Power Station

Center of Irradiation
Test (Oarai and Tokai
Area)

. The Field of Neutron Irradiation Test

. Standard Process of Neutron Irradiation Research

. Main Facilities for Neutron Irradiation Research in Japan

. Neutron Irradiation Research Facilities in Tokai & Oarai Area

. Tokai & Oarai Area Main Facilities for Irradiation Test Research
- Research Reactors(RRs) in Tokai Area
- Hot Laboratories (HLs) in Tokai Area
- RRs & HLs in Oarai Area

6. Cooperation of RRs & HLs in Oarai Area

N A W N =

#* 62 WSETFHHERHOBE £ 2

[(FHEHH ; AR DFEELT]

HEH

Power Reactors in the
World

(Nuclear Electricity
Production)

. Nuclear Power Reactor in the World
. Electricity Shear

. Reactor Age

. Reactor Shutdown and Construction
. Reactor Type

. Generation to Generation

.HTGR

N N R W =

* 6-3 IS FHHEEHIOBE £ 3

[(HHEIEH ; HER O R AER]

YRz

Research Reactors in
the World

1. What is Research Reactor

2. Utilization of Research Reactor

3. Current Status of RRs in the World

4. Short Tours to RRs

5. Short Tours to JAEA RRs

6. New Construction of RRs in the World
7. Summary
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(HHEIEH ; L/ NIRRT FEA S T ]

HEH

Conceptual Design
Study of
Multipurpose
Compact Research
Reactor

P

1. Main role of Multipurpose Compact Research Reactor
2. Facility can be Respond to Various Requests

3. Design Study Items and Analysis

4. Major Specification

5. Irradiation Facilities

6. Cooling System and Safety System

7. Hot Laboratory

(WHEIRH ; i 2]

#* 6-5 W ETHHER OB £D 5

YRz

¥

History and Current
Status of HTGR
Development

1. Evolution of HTGR Designs Including Licensing and Operational
Experience

. Overview of Current HTGR Design Concepts

. NGNP Project

W N

HTTR Test Plan

HTTR Facility
Objectives

Scope of Work

Test Approach
Phenomena Examined
Main Measurement Data
Closing Remarks

HTGR Nuclear
Design

. Introduction

. Outline of a Small-sized HTGR (HTR50S)
. Design Requirement

. Nuclear Design

. Results

Summary and Future Work

N R N IR R I I

Prismatic HTGR Core
Thermal Design,
Safety Design &
Evaluation

. HTGR System, Reactor & Core
. Core Thermal Design
. Safety Design

NS R S

.Safety Evaluation

HTGR Fuel

. Basics of HTGR Fuel

. Fuel in HTTR

. Recent Trends of R&D of HTGR
. Summary

AW N =

HTGR Material

—

. Outline
. Graphite Material
. Metallic Material

W N

Nuclear Powered
Hydrogen Productions
and Heat Applications

1. Conversion of Nuclear Energy into Hydrogen
2. Methods of Nuclear Powered Hydrogen Production
3. Application Harnessing HTGRs’ Energy
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HEH

P

Fukushima Dai-ichi
Accident

- Overview and
Lessons Learned -

1. What is the Severe Accident?

2. Plant Summary

3. Accident Summary (Cause and Progression)

4. What Was the Countermeasure Taken Before?

5. Why Was It Not Enough and What Is the Fundamental Cause?
6. What is the Core and Dirty Water?

7. Prospect for the Plant Decommission

8. Massive Release of Radioactive Materials

9. Decontamination of Affected Area

10. Lessons Learned and Restart Plan of NPP

* 67 WSEFHHERHOPE £ 7

[(BHETH ; - B S ]

HEA WA
1. Nuclear Reaction
2. Interaction by Neutron, Cross Section of Neutron Reaction
. 3. Composition of Nuclear Reactor, Fission Process
Reactor Physics

4. Four-factor formula, Six-factor Formula
5. Neutron diffusion, Buckling
6. Reactor kinetics, etc.

* 6-8 W ETFHHER OB £ 8

[FFEIE B ; IMTR OEEE 1]

HEA WA
Outline of IMTR Engineering Data and etc.
. System of Law for Research Reactor
. Safety Regulation of Research Reactor
Operation . Operation Procedure

Management of
JMTR

. Checking Safety Action and Facilities
. Core Handling

. Reactor Core Arrangement

. Excess Reactivity Measurement

. Control Rods Reactivity Measurement
. Operation Procedure

O 0 1 N L AW~
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(FHETH R ; B RBRAE]

Bk, P
E tial t
IriZZ?alt?onOTest b 1. Applications of Research Reactor
. Y 2. Material and Fuel Performance in Reactor
Testing Reactor o
. . 3. Radiation Effects and Damage
- Behavior of Material .
4. Project Research on Power Reactor
and Fuel under 5. Summary of Irradiation Technolo
Irradiation- ’ Y gy
1. Basic Ability Level of JIMTR in the World
2. Application of Research Reactor
JMTR Irradiation 3. Outline of IMTR
Facilities and 4. Combination of the Reactor and Hot Laboratory
Technologies 5. Irradiation Facilities
6. Some Control by Capsules
7. Instrumentation
8. Summary of Control and Instrumentation
1. Hot Laboratory for PIE & Re-irradiation
2. Desi Main Device of IMTR HL
PIE Technologyof | 2+ DeiEn and Main Device of
JMTR HL o &
4. In-situ Test
5. Mo/Tc Production
6. Re-fabrication & Re-instrumentation

Essential to
Irradiation Test by
Testing Reactor

- Behavior of Material
and Fuel under
Irradiation-

. Applications of Research Reactor

. Material and Fuel Performance in Reactor
. Radiation Effects and Damage

. Project Research on Power Reactor

. Summary of Irradiation Technology

| I S O R S

# 6-10 VNS TIHHEGEIOBE 20 10

(FHEH R ;47 ORI ]

gaE A
1. Economic Scale of Radiation Application
Industrial/medical 2. Industrial/medical Application
Application of 1) Outline of Radioisotope (RI)
MTR/RR in Japan 2) Boron Neutron Capture Therapy (BNCT)

3) Production of Si Semiconductor

Principle of Boron
Neutron Capture
Therapy (BNCT)

Outline of JRR-4, Status of Reactor Based BNCT, Development of Accelerator
based BNCT facility, etc.

Statistics on the Distribution of Radioisotopes in Japan
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HEH

P

Training of Neutronic
Calculation

1. Calculation Code

2. Introduction of Monte Carlo Method

3. Criticality Calculation about Simple Geometry
4. Neutronic Calculation for Irradiation Test

7% 6-12 NS THHEGEEIOME Z0 12

(FHEH R ; B\ixat 52E ]

YRz

Training of Thermal
Calculation

1. Irradiation Facilities
2. Calculation Model
3. GENGTC Code

4. Practice

# 6-13 NS TFIHEGEEIOBE 0 13

[(WHETEH ; BB S 2L — 2 E L 5 ]

HEH

P

Simulator for
Materials Testing
Reactors

1. Hardware Overview

2. Core Calculation Model

3.Cooling System Calculation Model

4. Simulator /Software

5. Reactor Instrumentation and Control System
6. Typical Safety Action

7. Simulated Operation Using Simulator

8. Function of Instructor Control Panel

9. Typical Malfunction

10. Operation Procedure
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BA G A )BT SE T IR 74P A B S 34

HA A TN FET A B2 — = 26

sA4 BAE SN ENE FI R % 27
HARE TSI TS = 28

Fadara L KR AIE T LS 27

At 104,
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At 164,
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4 44 Hh WIS FIH B HY
RA-0 1Y 1965 BB A, LR ST
RA-1 40kW 1958 FERERFTE . B L 0T R4 R R
U3k Y VA= Bl BR B 2R
RA-3 10MW 1968 | N %Lf gﬂﬁf B APRHHEATRE
F BT B, Si B RIS
RA-4 I 1972 HE R, I
B, FEpERrge, koo
RA-6 500kW 1982 7774, HEEHES T, BNCT, Si -
e IINS oy
RSG 30MW 1987 RI B, Ak PR g5
1) Sk 2314 f S ;
AkRxL7 | TRIGA2000 | 259KW 1964 IE@K]E‘ BRI TFTIAS
T4
Kartini Reactor | 250kW 1979
B, v IUF T 1,
o WWR-K MW 1967 | GHEITHT, R BUE, FFBHABR, Si
e R
IMG.1M T2MW (7L R4F) PREE - 4L RER
~l—37 RTP IMW 1982 HE IR, R BE | FEM R A
RIHE, ke — L5 2L, Si
R—F R MARIA 30MW 1974 F G R BLE | B L T, T
FGUFTTT 4 R B R
TS M, RI 83k ko
TRR-1/M1 2MW 1977 . B
2A FTT7 4 BE D
KiE 2000MW 7<%
BRI, RIBGE | b HT, Si
AR A DNRR 500KW 1963 . o
M SRS, & — AF TS
#£9 XpFLOTRILF—IvTA
FE¥E 2010 4 2020 4F
¥ — BAeET LT — 3 4
JRF77 0 2.9
K 36.2 31.5
Fayrd 23.6 19.2
R 5.6 3.5
B A 0 8.4
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F 10 ARFXLTOZRNLF—IvI A

A 2005 4 2010 4= 2015 4% 2020 £ 2025 £
il 54.8 44.9 37.0 26.7 19.6
R 16.8 17.2 224 32.8 33.8
RERHT A 23 29.7 24.4 21.0 25.6
AL (A REEIR) 0.0 0.0 1.5 3.3 3.9
K7 3.6 3.4 3.6 2.7 2.0
HirgA 2.5 1.9 4.0 5.1 52
T 0.0 0.0 0.0 1.2 1.7
¥ —, BAETRLE— 0.2 0.3 0.5 0.5 0.5
IRAF 0.0 2.7 5.7 45 5.1
A R DAY, 0.0 0.0 1.1 2.1 2.5
&3 Million Barrel Oil 956.5 1226.1 1562.1 2266.9 32522
TRLF— | 2005 Xt 1.0 1.3 1.6 24 34

# 11 R—=TUFOTZRLF—IyTA

% 2030 EEDEIE (%)
ey 33
FR 21
TIA 10
£ 1
JRF7] 17
INAF <A 4
INATTTA 2
K77 1
W] 10

F£12 AADZRNFX—Iy T A

kA BUROEIE (%)
KIRITA 66.5
bR 18.5
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TR — 3.0
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Zofih, 0.1
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