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The number of research reactors in the world is decreasing because of their aging. On
the other hand, the necessity of the research reactor, which is used for human resources
development, progress of the science and technology, industrial use and safety research,
is increasing in countries which are planning to introduce the nuclear power plants.

In this situation, the Neutron Irradiation and Testing Reactor Center began to
discuss a basic concept of Multipurpose Compact Research Reactor (MCRR) for
education and training, etc., from 2010 to 2012. This activity is also expected to
contribute to design tool improvement and human resource development in the center.

In 2011, design study of reactor core, irradiation facilities and hot laboratory
equipments was carried out.

As the result of design study of the reactor core, it was confirmed that the effect of the
number of capsule loading on core physical limits and possible operational days.

For the irradiation facilities, it was confirmed that the wide fields of utilization,
such as fundamental irradiation research, industrial utilization education &
training etc., could be possible to carry out by the installation of an accurate
temperature control unit, a capsule irradiation facility to measure the amount of
neutron irradiation and an irradiation time control facility using hydraulic and
pneumatic force. For the hot laboratory facilities, it was confirmed that rapid sample

processing and transportation could be possible by the proper cell arrangement
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along the process flow; these rapid treatment will be useful not only apply the
medical radioisotope production but also the short half-time radioisotope
production.

In 2012, design study of cooling facilities will be carried out based on the previous
result, and also design work will be carried out based on the experience of the 2011 off

the Pacific Coast of Tohoku Earthquake.

Keywords : Multipurpose Compact Research Reactor, Conceptual Design, Neutronic
Design, Plant Design, Irradiation Facility, Hydraulic Rabbit Facility, Hot
Laboratory Facility, RI Productions, Mo-99

+1 Research and Development Planning Office
+2 QOarai Research and Development Center

*  Belong to Project Coordination Section until May 2012
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2. (FLORBRE

2.1 JFOE
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(Fig. 2.4 /)

< =R 2 RBMEIR O BRETFLIZAME 60mm DX v L& B AR
(Fig. 2.5 2)

c =3 =R 210MA, Be I ARTEBIZAME 40mm D F ¥ 7RV A 20 ARLEST
(Fig. 2.6 /)
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2.2.2 fENTHER

bt B4 Table 2.1 1R T, ¥ 7 RANR G FLIZEM SN —R 3DHEIC
BT, BRBOSEIE 8.106% Ak/k, fF1ERMIE ketr=0.8746, U 1y RAK v 7 BRI
ket=0.9518 TH V| F 7LD 1 ARKLIFOIZEM S TW RN —2 1 THIRRIS
FEIE 12.100% Ak/k, 15 1ER#E kett=0.9091 Th > 7=,

UL EOFERNS | ENORERBFZEN O JEEAH BRAE T & 2 RIS E 16% Ak/k LUT | £ 1k
B kett=0.9 LA, Vv y RAKX v 7B kett<l DFMZWHE L TWDHZ L 2R LT,

2.3 EfCEERRERH]

22 CHELLE 37T —ADFLEED I B, 77— 2 KOV —R 31220 T, HilffiE)s,
SN ETHI P NTZIREEOETET VI L b, SRAC =— R 27 40 COREBN
N—F o a INT, BRBERI R & i L7, TSR % Fig. 2.7 IO~ d, ¥ ¥ 7 EAICEVIF
DN A SN USER R B REL LD —A 3ITBWTIL, £ 155 H M O#GEES Y 7]
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Beo T, ZOIFLTHE, F&K 155 HREIOEEIIARETH 5.,



JAEA-Technology 2013-021

Table 2.1  Calculation result of core for each capsule loading case

Excess ket of reactor Lot of one rod stack
Case reactivity shutdown eff ;
(% ./Tk/k) margin margin
g
No capsule 13.430 0.9246
Case 1
(1 capsule was loaded) 12.100 0.9091
Case 2
(5 capsules were loaded) 9.459 0.8837 0.9612
Case 3
(25 capsules were loaded) 8.106 0.8746 0.9518
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I:l Control rod with Follower % Reflector (Be)
[ﬂ]:[ml Standard fuel ‘:l Reflector (Al)

Fig.2.1 Typical core configuration of Multipurpose Compact Research Reactor

Light water Refrector (Al)
Outer tube
(316SS)
. Specimen

(316SS)

¢ 30.0 |

< ¢ 495 s
_ ¢ 60.0 _
$62.0 Unit:mm

Fig.2.2 Reactivity regulation capsule (60 mm in diameter)



JAEA-Technology 2013-021

Light water

He gas /
_

N

f

$31.6

$32.0
¢ 40.0

$42.0

A

Reflector (Be)

Outer tube
(304SS)

Specimen (Al)

Unit:mm

Fig.2.3 Reactivity regulation capsule (40 mm in diameter)

I:l Control rod with Follower % Reflector (Be)
ﬂ:ﬂ]]]] Standard fuel ‘:I Reflector (Al)

O Capsule (¢ 60)

Fig.2.4 Casel (1 capsule)
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O
O

O
O

I:l Control rod with Follower % Reflector (Be)

|:|:|:|:|:|:|] Standard fuel l:l Reflector (Al)

O Capsule (¢ 60)

Fig.2.5  Case2 (5 capsules)

O
O

O
O

I:l Control rod with Follower % Reflector (Be)
ﬂ]]]]]] Standard fuel l:l Reflector (Al)

(O Capsule (¢60) @ Cupsule (¢40)

Fig.2.6  Case3 (25 capsules)
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21T

Pk, 722 nox v 72 LoRA fid - SEET/HOE LN - —ESIZon
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Table 3.1 Classification of the capsule

Model Structure & Function Remark
Specimen materials
which directly
contact with primary

It shall mean the capsule
. ] ) coolant of the reactor
of which specimen is
Leaky capsule shall be used the

Non-instrumented

directly cooled by primary

coolant of reactor.

following materials in

principle.
capsule )
+ Stainless Steel
+ Aluminium (Al)
It shall mean the capsule
of which specimen is not
Sealed capsule | )
directly cooled by primary
coolant of reactor.
It shall mean the capsule
which measure and/or
Instrumented
control temperature,
pressure, etc. of specimen.
Temperature of specimen
is controlled by changing
Temperature
the degree of vacuum of
control by ) )
helium or nitrogen gas
vacuum ) _
instead of altering the
Instrumented mixing ratio of the gas.
capsule Temperature of specimen
1s controlled by metal
Temperature ) .
sheathed electric heating
control by ) o
wire which is embedded or
heater _ )
fixed in the thermal
medium.
Temperature Temperature of specimen
control by is controlled by heater
combination control method and
method vacuum one.
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Table 3.2 Instrumentation list of the capsule

Object

Instrumentation

Specification

Material

Dimension(mm)

Measurement
range

Remark

Neutron

Fluence
monitors

[ype 1
Monitor wire
: Fe,
Al-0.11%Co
Container
: Aluminum
tube

P2%X25

['ype 2
Monitor wire
:Fe, Ti-1.0%Co
Container

: Klotz tube

P3X15

Type 3

Monitor wire
:Fe, Ti-1.0%Co
Container

: Vanadium
tube

©2%20

Thermal
neutron
fluence
1x1021n/cm3
Fast neutron
fluence
2x1021n/cm3

=500C

=1000C

SPND

Emitter :
Pt-40%Rh
Collector : SUS

Emitter

1 0.5%x£50
Collector

1 2.0

Thermal
neutron flux

10%n/cm3s

Temperature

Thermocouple

['ype 1

Core wire

: Chromel/alumel
Sheath

: SUS or INCO

Sheath
: 90.5~1.6

0~600C

[vpe 2

Core wire

: Nicrosil /Nicil
Sheath : INCO

Sheath
1 @l.6

0~1200C

[vpe 3

Core wire

. W-5Re/W-26Re
Sheath : Mo

Sheath
1 @l.4,01.6,
®2.0

0~2200C

Temperature
monitor

Monitor
: Cd,Pb,Zr,Bi

Sheath : Al

0.2x2x3

95°C,
309C etc.
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0100l ATk
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Fig.3.1 Example of core arrangement with several irradiation facilities
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7R
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Fig.3.2  Outline of various irradiation test facilities
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Fig.3.3 General view of capsule structures
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Fig.3.4 Temperature control system of the capsule
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Coolant Coolant Coolant
J/ Basket J/ Outer pipe J/ Basket
Outer pipe
Sealed type Sealed type
Leaky type
y Hp (1) )
(A) Non—instrumented capsule
SPI{ Th;mocoupleVacuuthube Th?mocouple Heaiar Ti:;rmocouple
RN N In Protective
pipe
Quter
pipe
Instrumented Temperature Temperature
type control by vacuum| |control by heater

(B) Instrumented capsule . Specimen

Fig.3.5 Outline of classified capsule structures
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Fig.3.6 Photograph of the fluence monitor
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Fig.3.7 General view of SPND

_20_



Fig.3.8 General view of the thermocouple
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Fig.3.9 Flow diagram of hydraulic irradiation facility
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Fig.3.10 Flow diagram of pneumatic irradiation facility
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Cooling water pipe
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In-pile tube core
element
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Fig.3.11 In-pile tube core parts of hydraulic irradiation facility
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Fig.3.12 Structure of rabbit for hydraulic irradiation facility
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Fig.3.13 Structure of rabbit for hydraulic irradiation facility
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Fig.3.14 Structure of rabbit for pneumatic irradiation facility
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Table 1  Technical data of multipurpose compact research reactor
item unit Core A Core B notes
Reactor type — Pool
Thermal power MW 10
Reactor pressure MPa 0.1
Coolant — Light water
Cooling velocity t/h 1200
Cooling temperature C Inlet : about 42, Outlet : about 50
Core diameter m 0.388
Effective length of m 0.595
fuel
Fuel pin — UO:z (720 fuel pins)
Diameter of fuel pin cm about 0.95
Diameter of fuel cm about 0,82
pellet
Density of fuel pellet | %TD about 97
Thickness of fuel cm about 0.06
cladding
Fuel pitch cm 1.25
Average enrichment wt% 4.95 4.74
of core
Consist of fuel — 6x6 type fuel assembly
assembly
Center — enrichment enrichment
4.95wt% No Gd 4.95wt% No Gd:
Around — | enrichment enrichment
4.95wt% 4.60wt%
4Gd(b)(.35) %1 | 4Gd(b)(.35) %2
Reflector — | Outside Al
corner (40%) . Inside Be (100%)
Be (60%)
outer — The most
circumference outer
Be

periphery is
Al reflector

X1 : See Fig.2
X2 : See Fig.3
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Fig.2 Fuel assembly and reflector of corner (Core A)
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Fig.3 Fuel assembly and reflector of corner (Core B)
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