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On-site Training using JMTR and Related Facilities in FY 2015
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(Received January 12, 2016)

Since FY 2011, a practical training course using the JMTR and other research
infrastructures has been provided by Neutron Irradiation Testing Reactor Center for foreign
young researchers and engineers in Asian and other countries which are planning to introduce
power reactors. The aim of this course is to contribute to the human resource development in
nuclear research field and to increase the future use the JMTR. On the other hand, a training
course for Japanese young researchers and engineers has been conducted since FY 2010. These
two separate courses were integrated.

In FY 20135, this training course was conducted for 2 weeks and 17 young researchers and
engineers from 7 countries were participated. They studied about the general outline of nuclear
research, current status and R&D about nuclear energy, safety management of nuclear reactor,
irradiation behavior of materials and fuels, facilities and technologies for irradiation and post
irradiation, and nuclear characteristics of the reactor through lectures and practical trainings. At
the end of the course, we had a discussion about the current status and future of energy mix and
renewable energy of each country. The content of this training course in FY 2015 is reported in

this paper.

Keywords : On-site Training, JIMTR, Human Resource Development, Safety Management,
Irradiation Behavior, Nuclear Characteristics
* Retired on March 2015
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7A27H | A AT A B 3 LA AR RS N P ERO L
B aR O AL
TH28R | k [ DR EaEss
AFE TRITRBRIF > 2L — HE IR FEH
TH29R | 7k
TR a s g =rus e s
BEE s PR ER A O PR TR H
SR ;
TR VeI Spma S SIS L T
B %ﬁ; el BARROEN BRI OB S
77 =l
TH30H | R
AFE TRIRBRIF > 2L — HEIRIEH
S DN B E G A .
T < N » e Z
S BRI SR - HE B A — DR -
b ) = S
F 4 BAROREFRA
in operation
BWR PWR
No. Facility Power (MW) Utility No. Facility Power (MW) Utility
1 |Fukushima-Daini-1 1067| Tokyo Electric Power Co.,Inc. 1 |Genkai-2 529|Kyushu Electric Power Co.,Inc.
2 [Fukushima-Daini-2 1067(Tokyo Electric Power Co.,Inc. 2 |Genkai-3 1127|Kyushu Electric Power Co.,Inc.
3 [Fukushima-Daini-3 1067|Tokyo Electric Power Co.,Inc. 3 |Genkai-4 1127|Kyushu Electric Power Co.,Inc.
4 |Fukushima-Daini-4 1067|Tokyo Electric Power Co.,Inc. 4 |Ikata-1 538|Shikoku Electric Power Co.,Inc
5 |[Hamaoka-3 1056|Chubu Electric Power Co.,Inc 5 |Ikata-2 538|Shikoku Electric Power Co.,Inc
6 |[Hamaoka-4 1092|Chubu Electric Power Co.,Inc 6 |Ikata-3 846|Shikoku Electric Power Co.,Inc
7 |Hamaoka-5 1325|Chubu Electric Power Co.,Inc 7 |Mihama-3 780|Kansai Electric Power Co.
8 |Higashi-Dori-1 (Tohoku) 1067|Tohoku Electric Power Co.,Inc 8 [Ohi-1 1120|Kansai Electric Power Co.
9 |Kashiwazaki Kariwa-1 1067|Tokyo Electric Power Co.,Inc. 9 |Ohi-2 1120(Kansai Electric Power Co.
10 [Kashiwazaki Kariwa-2 1067(Tokyo Electric Power Co.,Inc. 10 |Ohi-3 1127(Kansai Electric Power Co.
11 |Kashiwazaki Kariwa-3 1067|Tokyo Electric Power Co.,Inc. 11 |Ohi-4 1127|Kansai Electric Power Co.
12 |Kashiwazaki Kariwa-4 1067|Tokyo Electric Power Co.,Inc. 12 [Sendai-1 846|Kyushu Electric Power Co.,Inc.
13 |Kashiwazaki Kariwa-5 1067| Tokyo Electric Power Co.,Inc. 13 |Sendai-2 846|Kyushu Electric Power Co.,Inc.
14 |Kashiwazaki Kariwa-6 1315|Tokyo Electric Power Co.,Inc. 14 |Takahama-1 780|Kansai Electric Power Co.
15 |Kashiwazaki Kariwa-7 1315|Tokyo Electric Power Co.,Inc. 15 |Takahama-2 780|Kansai Electric Power Co.
16 |Onagawa-1 498| Tohoku Electric Power Co.,Inc 16 |Takahama-3 830|Kansai Electric Power Co.
17 |Onagawa-2 796| Tohoku Electric Power Co.,Inc 17 |Takahama-4 830|Kansai Electric Power Co.
18 [Onagawa-3 796| Tohoku Electric Power Co.,Inc 18 |Tomari-1 550|Hokkaido Electric Power Co.,Inc.
19 |Shika-1 505|Hokuriku Electric Power Co. 19 [Tomari-2 550|Hokkaido Electric Power Co.,Inc.
20 |[Shika-2 1108|Hokuriku Electric Power Co. 20 |Tomari-3 866|Hokkaido Electric Power Co.,Inc.
21 |Shimane-2 789[The Chugoku Electric Power Co.,Inc. | 21 |Tsuruga-2 1108(Japan Atomic Power Co.
22 |Tokai-2 1060(Japan Atomic Power Co.
under construction
BWR
No. Facility Power (MW) Utility
1 [Ohma 1325|Electric Power Development Co.,Ltd.
2 [Shimane-3 1325|The Chugoku Electric Power Co.,Inc.
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%5 Hrriaprge

Nation Name | Power (MW) | Type
Under construction
Argentina CAREM 25 100 PWR
JHR 100 Tank in Pool
France
RES 100 PWR
Russia PIK 100 Tank
Planned
Argentina RA-10 30 Pool
Belgium MYRRHA 85 Fast
Brazil RMB 30 Pool
Russia MBIR 150 Fast
Ukraine Multipurpose RR 20 Pool
USA HT3R 25 He Cooled
Vietnam Multipurpose RR 15 Pool

#£ 6 HEH R ESHOMROR T HEH D

2012 4= 12 H

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

Continues with

"existing " nuclear

Use of existing nuclear power
installations being contested

Japan

Use of existing nuclear power

being phased-out

Germany, Switzerland

Countries "currently  |being contested

construction projects nOt

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

constructing "new construction projects
cancelled, scaled-back |japan

nuclear installations

or delayed

Continues with "plans ~ |constructions not being
and /or proposals to |contested

Plans/proposals for new

All 31conutries except Germany, Switzerland, Italy

construct " new nuclear
installations

Plans/proposals for new
constructions prohibited

Germany, Switzerland, Italy
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. =}
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=i "8 engineering Test [Bamiiiin T
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Thermal neutron flux (10%4/cm2/s)

2 HFZERF O TR
(Research Reactor Data Base 2 O ¥fifi % FZAERR)
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Type : Light water moderated and cooled
tank-type

Power : 50 MW

Fuel : ETR-type, low-enriched uranium

Neutron flux

-Thermal : 4X10" /m¥s
- Fast (E>1MeV): 4% 10" /m?s

Cooling water temperature
: about 50 °C

- Irradiation 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 O#fsE D

Main Cooling Bldg. Reactor Bldg.
Containment :éux.l_WaEser 2
Vessel ooling System
Reactor Aux. -]
Bldg.
T 1
R Control Room

o FHM  EX.Vessel

;Hx gosline Sys ~CRDM
cT
&Y
2nd. Na System
cT
Concrete Shie Transfer Rotor
Cooli e
ngl Sham 15t Na System Reactor Vessel
' Ma F
S
Na Overflow Tanik
Nz D Tank

4 TEB oD
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Objective I

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

Establishment of heat utilization
technology

« Demonstration of hydrogen production
system

Major specification I

Thermal power 30 Mw

Fuel Coated fuel particle /
Prismatic block type

Core material Graphite

Coolant Helium

Inlet temperature 395 °C
Outlet temperature 950 °C (Max.)
\_ Pressure 4 MPa

5 HTTR Oz D

| m— PRl
. ;’..,. - 7 = v
Operation Steel cells -
area Lead cells *‘a
Semvice area D D
i Yool Concrete cells
* Operation area |:|

6 JMTR HL Oy Lo s 3
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Main Facilities for Neutron

High Neutron Flux R.R
JRR-3
JRR-4

Large Hot Laboratory
RFEF
WASTEF
NDC HL

Irradiation Research in JAPAN
'\:. - 4 -\
e
) [
¢ TOKAIOARAI :
@ K
{ ’

Kl

1) JOSAKA

High Neutron Flux RR } . *
Y KUR '

High Neutron Flux R.R
JMTR
HTTR
JOYO
Large Hot Laboratory
JMTR HL
FMF
MMF
AGF
NFD
Tohoku Univ. HL

7 B AR T E 7 R ERIER A ST b %

Demonstration & Commercialization

JSFR

Japan Sodium-cooled Fast Reactor

( Innovative Technology for Economics and Reliability )

System 1990s*1 DFBR/
Development i =
as Electricity Design for Demonstration

Generation

Power - 1,600MW?t / 660MWe
Temperature : 550°C

Mo /|u

@ Demonstration of Reliable Operation @Establishment of Sod
Power : 714MWt / 280MWe
Temperature : 529°C

1994 %2

Prototype

1977*2 JOYO/

Experimental

@ Confirmation of FR Basic Technologies @Verification of Safe and Stable Ope
Power 1 50MWt - 100MWt - 140MWt (Mk-IIl Core)
Temperature : 435°C = 500°C - 500°C

@ Design Study of Demonstration Reactor @Development of Element Technologies

ium Handling

*1: study performed
*2: initial criticality attained

ration

8 HARIZBITLEEIFRBOT 7 a—F

_26_



JAEA-Review 2016-001

Heat energy

8
I, + 2H,0 + SO,

lodine (1) "!}

circulation L 2HI + H,SO,

Sulfur (S)
circulation

Hydrogen iodide Sulfuric acid
decomposition decomposition

9 BMbAEE (IS T rb ) 1Tk DK FERIE

/

_— Material factor

|rr a d i ati on i Material Ageing & Degradation
Induce 1oy
! -
L-»| Environmentalfactor . SCC )
Chemical & Radiation Environment S gorrosmn
Cracking

g

Stress factor
Mechanical Loading & Stain

10 FREFHELIC 1B BN AT =X A
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U-235
Pu-23%

Ilrradiatinn hardening

ission ga
release

| [rradiation growth |

Crud deposit

fiegradation of pells

: Heat transfer

cladding

Life time extension
of LWRs

- Ageing management
- Development of next

{densification |

e

+— Hydrogen absarption

fr+H,0
— ErDz + Hz

-|Water corrasion

embrittle me
of claddin

_herrnal propertie

lridging

T U, pellet, MO pellet
11 B T OREESDFEN

Zreep down, bhonding

pelleticladding
mechanical interaction

- Al Reflector
. Be Reflector

Gamma ray
o shield plate

[Extension of industry use ]

Si semiconductor

Generation LWRs

Ml ] 11

production
O 9Mo production
(By Government specialized
- projects of advanced research
—— infrastructure)
N
N

- O O Q
\ Be H flame

@ Basical study

- Fusion reactor development (ITER)

— High temperature gas cooling
reactor development

— Basic research

— University use, etc.

X 12 JMTR FRR#ME % 0D 1 870 FR B 33 i o 1B ST 42
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IASCC test of LWR
core internals

v

Life time extension of
LWR
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7

Power ramping test of
LWR fuels

v

Burn up extension

Temperature control - High accuracy Temp.
Saturation temp. control
Automatic constant temp. .
\_ High temp. Y, $
p . Research of radiation
Environmental control damage
Water chemistry, load J
( . - - ‘\ - - - -
Special instrumentation > High temp. irradiation
Displacement, crack propagation i ¢
Re-instrumentation (temp., pressure)
o J Development of HTTR
r ™\
Power ramping il
. Fuel power control by *He gas )
( ) ITER operation, He
Neuron control . P ’ ;
Spectrum adjustment p_ro ucflon rEtE/ pa
Pulse irradiation simulation
. y,
Re-irradiation — 1 Development of fusion
Assembling in hot call

~ reactor

13 JMTR DB

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

le 86mm ]

FP gas
Pressure
gauge
=)

Puncture part Tungsten electrode  Brazing or

Welding

End plug Ceramic

(Zry/SUS)

=/

Power of arc

Puncture device

Procedure of re-instrumentation

Fuel Pellet Clad Spring S

(T S

~-- Re-instrumentation device .............
H

i FP gas o

1 Puncture device pressure gauge Installation device

4

Welding

' l EE% Puncture by arc

+ Cooling water (BWR condition)

14 BUHGRRER~ DI, FP A7 )30 PR

_29_



JAEA-Review 2016-001

lPr'mary coolant

2108
216
E1E1E]
S ,
‘ are Spacer insulator
olles !
[ ] p % heat reflector
H Heat
i ,
) 3 conductive
- medium
4 r
R/ ==l 3 Primary coolant
Reflector element End plug
JMTR core Capsule
< o
15 ¥ 7o
Heat transfer
(from center to
Container primary coolant)
Gas (He)
Structural material
Specimen Primary coolant
. Thermal Temperature
Location Heat removal .. . I
conductivity gradient
Specimen Thermal conduction | High Small
Gas Thermal conduction | Low Large —
Structural material Thermal conduction | High Small
Gas Thermal conduction | Low Large ||
Container Thermal conduction | High Small
From container to Forced convection High small T i |
primary coolant heat transfer e emperature in a capsule

X 16 v 7 &)L OB E) IR 45 A
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11 ] { OSF-1 coolant Heat removal to heat exchanger

Outer tube of BOCA located out of reactor

Nucleate boiling heat transfer

Condensing heat transfer

Forced convection heat transfer

Pressurized water
(BOCA coolant)

1cefs for

radiolysis gas removal

He-3 gas screen

Test fuel pin /I I

OSF-1 // '
In-piletube N~ Temperature in a capsule

17 WK S v 7 2L OEEE)

16 8
13.5

14 127 7
12 10.3 6 =
2 =8—Total Cost o =2
10 5 X
= —m-Surcharge 79 >
v 353 3.592 =
s 8 4 -
.Q -8 ,-_. 8

S o5 3
@ : . g
4 1.15 12 2«

12 - 063 078 09
2 } ¢ 054 0. 1
0 0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

18 RA>Y D[ H O ER Ol BE (2 B DA e L 7 ) B4
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