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A practical training course using the JMTR and other research infrastructures was held from
July 25" to August 5™ in 2016 for domestic and foreign young researchers and engineers. This
course aims to enlarge the number of high-level nuclear researchers/engineers in Japan and foreign
countries which are planning to introduce a nuclear power plant, and to promote the use of facilities
in future. In this year, 13 young researchers and engineers joined the course from 7 countries.

This course consists of lectures, which are related to irradiation test research, safety
management of nuclear reactors, nuclear characteristics of the nuclear reactors, etc., practical
training and technical tour of nuclear facilities on nuclear energy. At the end of the course, the
trainees discussed the energy policy and prospect of each country, each country's research reactor,

and trainee's current research. The content of this course in FY 2016 is reported in this paper.
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#£6 AKRDRETLIEEFT

BWR PWR
No Reactor Ne(tl\c/:[a;\};ic):lty Utility No Reactor Ne(t;[e\lf]glty Utility
1 Fukushima 11-1 1067 TEPCO 1 Genkai 2 529 Kyushu
2 Fukushima I1-2 1067 TEPCO 2 | Genkai3 1127 Kyushu
3 Fukushima 11-3 1067 TEPCO 3 Genkai 4 1127 Kyushu
4 Fukushima I1-4 1067 TEPCO 4 Ikata 2 538 Shikoku
5 Hamaoka 3 1056 Chubu 5 Ikata 3 846 Shikoku
6 Hamaoka 4 1092 Chubu 6 Mihama 3 780 Kansai
7 Hamaoka 5 1325 Chubu 7 Ohi 1 1120 Kansai
8 Higashidori 1 Tohoku 1067 Tohoku 8 [Ohi2 1120 Kansai
9 Kashiwazaki-Kariwa 1 1067 TEPCO 9 [Ohi3 1127 Kansai
10 Kashiwazaki-Kariwa 2 1067 TEPCO 10 Ohi 4 1127 Kansai
11 Kashiwazaki-Kariwa 3 1067 TEPCO 11 Sendai 1 846 Kyushu
12 Kashiwazaki-Kariwa 4 1067 TEPCO 12 Sendai 2 846 Kyushu
13 Kashiwazaki-Kariwa 5 1067 TEPCO 13 Takahama 1 780 Kansai
14 Kashiwazaki-Kariwa 6 1315 TEPCO 14 Takahama 2 780 Kansai
15 Kashiwazaki-Kariwa 7 1315 TEPCO 15 Takahama 3 830 Kansai
16 [ Onagawa 1 498 Tohoku 16 | Takahama 4 830 Kansai
17 [ Onagawa 2 796 Tohoku 17 | Tomari | 550 Hokkaido
18 Onagawa 3 796 Tohoku 18 [ Tomari2 550 Hokkaido
19 Shika 1 505 Hokuriku 19 Tomari 3 866 Hokkaido
20 Shika 2 1304 Hokuriku 20 | Tsuruga 2 1110 JAPC
21 Shimane 2 791 Chugoku
22 Tokai 2 1060 JAPC
F 7 @EEH - RIEEE O MR OFFHECR OB (2012 42) 1V
2012412 H

1. Countries with “existing” nuclear installations

Use of nuclear power in principle
not being contested

Argentina, Armenia, Belgium, Brazil, Bulgaria, Canada,
China, Czech Republic, Finland, France, Hungary,
India, Iran, Mexico, Netherlands, Pakistan, Romania,
Russia, Slovakia, Slovenia, South Africa, South Korea,
Spain, Sweden, Taiwan, Ukraine, United Kingdom,
United States

Use of existing nuclear power
being contested

Japan

Use of existing nuclear power
being phased-out

Germany, Switzerland

2. Countries “currently

constructing” new nuclear installations

Construction projects
not being contested

Argentina, Brazil, Bulgaria, China, Finland, France,
India, South Korea, Pakistan, Russia, Slovakia, Taiwan,
Ukraine, United States

Construction projects
cancelled, scaled-back or delayed

Japan

3. Countries with “plans and/or

proposals to construct” new nuclear installations

Plans/proposals for new constructions
not being contested

31 countries mentioned
except Germany, Switzerland, Ttaly

Plans/proposals for new constructions
prohibited

Germany, Switzerland, Italy

(Nuclear Energy One Year After Fukushima Table 2 % FEIZ{ERL)
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F 8 FRFE P K OFHE T OfFFEAE 1Y
Status Country Facility Name Type Ther?;\ii;; wer
Argentina CAREM 25 PWR 100
France JULES HOROWITZ | Tank in Pool 100
Under France RES PWR 100
Construction | Jordan JRTR Tank in Pool 5
Russian Federation | MBIR Fast 150
Russian Federation | PIK Tank 100
Argentina RA-10 Pool 30
Belgium MYRRHA Fast 85
Brazil RMB Pool 30
Planned Korea KJRR Pool 15
Netherlands PALLAS Tank in Pool 30 to 80
Ukraine Multipurpose RR Pool 20
USA HT3R He Cooled 25
Viet Nam Multipurpose RR Pool 15
#9 sk A
JMTR
e 1
I HTTR
NSRR
WF TS E% 7K 5 s AR e %
O B ER S | BRI ER | O RS P e . BRI R
e H A - /) 38 SR A o S EE T
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£ 10 #HETMICBITLERIA 5

No. FRIA DL FE#RA [
1 | Extraction uranium in seawater 74
2 | Introduce my institute and our study and some demands against JMTR | K24
Tritium production and containment performance of lithium rod test
3 : HA
module for high temperature gas cooled reactor
4 Infrastructur§ of atomi.c branch and prospects for nuclear energy BT A
development in Republic of Kazakhstan
5 | Research reactor of Kazakhstan T A
6 Irradiat.ion rigs and research reactor technologies in nuclear LT
Malaysia agency
7 | Overview of MARIA reactor and its irradiation rig K=K
8 | Introduction about my research reactor and demands against JMTR AR
9 Malaysia epergy policy before and after Fukushima-Daiichi nuclear T
severe accident
10 | Nuclear power program and energy mix in Poland RN—=F K
11 | Energy policy in Thailand ZA
12 | Public acceptance to nuclear power plant in Indonesia AVRRT
13 | Indonesia's government policy about nuclear and mix energy AVRRTT
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CA?RR
WWR-TS FRM 11
* *
| JMTR |
30 - SAFARI—IO - ORP‘I{EE
* ‘0 OSIRIS
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___RA-3 HANARO ATR
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4 JRR-3 R-M EWG-1
| VK-50
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R |
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Thermal neutron flux (1014/cm?/s)

2 HROBFGEFEO T Y

(Research Reactor Data Base D% FEIZ/ERL)
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Reactor type : Light water moderated and cooled tank-type First criticality : March 1968
Thermal power  : S0MW Temporary stopped : August 2006
Fuel : ETR-type. low-enriched uranium

Neutron flux

- Thermal 14108 /mé/s

- Fast (E>1MeV) : 4X 1018/m¥/s
Cooling water temperature
- about 50°C

s
[Rescr

g iy

AR
A
ctor
==

~ - Iradiation test reactor with high neutron flux
- Connection of reactor with hot laboratory for irradiation test
and post-irradiation examination (PIE) of fuels and materials

3 JMTR OffEE

AUL [UEf] i
L (X TR
EE I
[T [0 [ DN I
(T R ] T R

Fuel element [ Control rod with fuel follower
I:] Beryllium reflector element D Aluminum reflector element

7] Beryllium frame EXXXA Gamma ray shield plate

4 JMTR OO E fH] 2
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Main cooling bldg. Reactor bldg.
s
&
Containment AUX. water

cooling system

vessel

Reactor aux.
bldg.

—_——

T

T 1
Control room

FHM EX. vessel i

][
L1 E]
Aux. cooling system
T
= il
L SECr
e e
-

Concrete shielding

L

)

Y

i
m:.o_
i

k
—
nd Na system

— | 2nd Na dump
tank

cooling system
g} 2 Reactor vessel
m
ol |

Na dump tank

5 B O

- Establishment of HTGR technology
- Accumulation of long-term operation data
- Demonstration of inherent safety feature

L . Establishment of heat utilization technology
- Demonstration of hvdrogen production system

Specification of HTTR
- Thermal power 1 3OMW
- Fuel : Low enriched U0,

- Fuel element type  : Prismatic block /
Coated fuel particle

: - Core material : Graphite

SiC L = - Coolant : Helium Gas

' B | - Inlet temperature  : 395°C

- Outlet temperature  : 950°C(Max.)

Log density
Coated fuel particle

6 HTTR O Y
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T u_lel —ir 5 ].|= T -
1 e laa) |
‘—“_.- L g g g i g e

Steel cells

Operation area

u

Lead cells

-IU'II...!.II!'_
s L¥ | LE | e (U] LS ta | L

Service area

=

Microscope lead cells
P

¥ Operation area

gk

[ High neutron flux RR ] | (7,

X 8 HADIFH PR BRI 7T i i
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Cnncretg cells

AW,

[ High neutron flux RR ]
- JRR-3
- JRR-4

[Large hot laboratory ]
= RFEF

= WASTEF

= NDC HL

[ High neutron flux RR ]
- JMTR
- HTTR
- JOYO

[ Large hotlaboratory ]
- JMTR HL

= AGF
= NFD
= Tohoku univ. HL.




@ & Heat energy
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from HTGR e

H2+ Iz — 2HI

Hz SO4 — ¥

SO, +H,0

Hydrogen iodide
decomposition 1,0

Life time extension of LWR

Power ramping test

of LWR fuels

Bunsen reaction

I, + SO, + 2H,0 — 2HI + H,S0,

Water

9 IS It AOMEE 12

Sulfuric acid
decomposition

Temperature control ) High accuracy

+ Saturation temperature

* Automatic constant temperature
* High temperature

Environmental control

- Water chemistry, load

Special instrumentation

+ Displacement, crack propagation

* Re-instrumentation (temperature, pressure)

Power ramping

- Fuel power control by *He gas

Neutron control

* Spectrum adjustment
* Pulse irradiation

Re-irradiation

+ Assembling in hot cell

10 JMTR DR
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Research of radiation damage

High temperature

irradiation

Development of HTTR

Development of fusion reactor



JAEA-Review 2017-007

FP gas pressure gage is installed at the edge
of fuel rod sealing plug after puncture,

| 86 mm |

i P

FP gas
pressure

Puncture part | Tungsten clectrode  Brazing or
\ ; gauge

~welding

(=)
Z/

Power of arc

Puncture device

Procedure of re-instrumentation

Fuel Pellet Clad Spring Seali.ui plug

Re-instrumentation device
FP gas
pressure gauge

i
I
| Puncture device
1

Installation device }

BOCA capsule installation

11 B RE ~ O BT

TN

CFP HRAES

R

Capsule ; Non instrumented capsule

Reactor
core

directly

Irradiation specimens are cooled

by reactor primary coolant.

||

Spacer

e

Outer tube

/

Specimen

Specimen holder

12 7B L ORI 5] 14
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Container

Gas (He)

Structural material

Specimen
Location Heat removal Thern‘m.l Tempen:ature
conductivity gradient
. Thermal .
Specimen conduction High Small
Thermal
Gas conduction Low Large
Structural Thermal .
material conduction High Small
Gas Thermal. Low Large
conduction
. Thermal .
Container conduction High Small
From container to | Forced convection .
primary coolant | heat transfer High Small

Heat transfer
(from center to

primary coolant)
Primary
coolant
—_—
T

‘ Temperature in a capsule

Outer tube of BOCA

13 v 7O E) IR S5 AR

‘ Thermal performance in boiling water capsule

1L

l I OSF-1 coolant

Pressurized water
(BOCA coolant)

He-3 gas screen

Test fuel pin ~ |

OSF-1
in-pile tube

SN

STTSRS S ST ooy

= e

14 K F v 7 L OEBE)

1 ce/s for
radiolysis gas removal
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Heat removal to
heat exchanger
located out of reactor

Nucleate boiling heat transfer

Condensing heat transfer

Forced convection

* heat transfer

Temperature in a capsule
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