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The JMTR, one of the most high flux test reactors in the world, has been used for the 
irradiation experiments of fuels and materials related to LWRs, fundamental research and 
radioisotope productions. The JMTR was stopped at the beginning of August 2006 to conduct 
refurbishment works, and the reoperation will be planned from FY 2011. After reoperation, 
the JMTR will contribute to many fields, such as the lifetime extension of LWRs, expansion 
of industrial use, progress of science and technology. 

This report summarizes the activities on refurbishment works, development of new 
irradiation techniques, enhancement of reactor availability, etc. in FY 2008. 

Keywords JMTR, Annual Report, Refurbishment, Restart, Utilization Promotion, 
Irradiation Technology   
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1.  Introduction 

The Japan Materials Testing Reactor (JMTR), which is a light water moderated 
tank-type reactor with thermal power of 50 MW, is one of the world’s highest neutron flux 
reactors within currently operating test reactors.  

Main specifications of the JMTR are summarized in Fig.1.1.1 with bird’s-eye view of the 
reactor. Since achieving the first criticality in March 1968, the JMTR has been used to obtain 
the valuable irradiation data on the durability and integrity of reactor fuels and materials, 
basic nuclear research and to produce many kinds of radioisotopes (RIs). Operation of the 
JMTR was, however, halted in August 2006 after its 165th cycle operation. 

The restart of the JMTR has been strongly requested from various users as the only 
irradiation testing reactor in Japan. Moreover, the Atomic Energy Commission, Nuclear 
Safety Commission of Japan, the Council for Science and Technology Policy, and other 
committees evaluated that the JMTR should resume operation as soon as possible to meet a 
wide variety of irradiation needs. Considering these requests, the Japan Atomic Energy 
Agency (JAEA) made an official decision to restart the JMTR, and then started the 
refurbishment works from FY 2007. 

The new JMTR is expected to contribute many fields: the lifetime extension of LWRs 
(aging management of LWRs, development of next generation LWRs, etc.), expansion of 
industry use (production of the medical radioisotope 99mTc, etc.), progress of science and 
technology (namely, basic research on nuclear energy) and so on. To propose attractive 
irradiation test data to users, advanced technologies with new irradiation techniques are 
being developed. 

Furthermore, a user friendly management of the JMTR will be achieved by 
improvements of reactor operation rate, shortening the time to get irradiation results, etc. In 
addition, an international contribution, namely not only for domestic users but also foreign 
users, is under consideration. Aiming at the internationally utilized facilities as an Asian 
center of materials testing reactor, establishment of international networks among materials 
testing reactors in the world is also under discussion now. 

In FY 2008, application for regulatory approval of reactor facilities to be refurbished was 
completed, and renewal of the feed and exhaust air system for ventilation in the controlled 
area (the reactor building), UCL (Utilities cooling loop) system to supply coolant with 
irradiation facility, etc. was finished. The refurbishment work is on going as scheduled, and 
restart will be from FY 2011. Moreover, corresponding to new utilization requests, new 
irradiation facilities which are to be installed by users funds are being discussed. 

In addition, an investigation to improve the calculation accuracy of fast/thermal neutron 
fluencies is starting to show irradiation data with high technical value. Development of 
irradiation facilities for an aging management of LWRs is proceeding, and feasibility study 
for producing 99Mo, that is the parent nuclide of the medical radioisotope 99mTc,is conducting. 
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To improve usability, feasibility study to achieve the high reactor-operation-rate of JMTR is 
also  carrying out aiming at the achievement of world-highest level of 70% 
reactor-operation-rate; the reactor-operation-rate was about 50% before the refurbishment. 
From the feasibility study, it is found that about 210 days operation per year (the 
reactor-operation-rate is about 60%) will be possible, although that for before refurbishment 
was about 180 days per year. 

Fig.1.1.1 Outline of JMTR.

2.  Refurbishment of JMTR 

2.1  Renewal of Reactor Facilities
Various facilities are to be renewed steadily during four-years in refurbishment period, 

and the new JMTR is to be restarted form FY 2011. During the refurbishment period, 
maintenance activities to keep a safety performance must be also carried out in parallel with 

Reactor type     : Tank type 
Thermal power  : 50MW 
Fuel type : ETR type 

19.7% U enrichment
Moderator : Light water 
Coolant : Light water 
Reflector : Beryllium 
Neutron flux : 4.0×1018 m-2s-1(Fast)

  : 4.0×1018 m-2s-1(Thermal)

Reactor core 

Reactor pressure vessel 
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the refurbishment works. Therefore, refurbishment work should be carried out with 
efficiently scheduled plan; utility facilities such as power supply system, boiler component, 
feed and exhaust air system are to be renewed in the refurbishment period, and then, the 
facilities in the reactor building such as reactor control system, control rod drive mechanism, 
reactor cooling system are to be renewed. Reactor facilities to be renewed are illustrated in 
Fig.2.1.1, and the refurbishment schedule is shown in Fig.2.1.2. 

In FY 2008, the renewal work of power supply system, boiler, radioactive waste facility, 
reactor cooling system, etc. was carried out as scheduled (Appendix 1). From FY 2009, 
reactor control system, process control system, nuclear instrumentation system and the 
control rod drive mechanism in the instrument-and-control system, motors of primary pumps, 
transfer pumps, charging pumps, etc. in the primary cooling system, circulating pumps, 
auxiliary pumps, etc. in the secondary system, drainage system in the radioactive waste 
facility, etc. are to be renewed. 

Fig.2.1.1 Refurbishment of reactor facilities. 

Feed and exhaust 
air system

Secondary cooing 
system, etc.

Reactor control system

Process control system

Power supply 
system

Instrument-and-
control system

Boiler component

Nuclear instrumentation system

Primary cooling 
system
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Fig.2.1.2 Refurbishment work schedule. 

2.2  Preparation of Irradiation Facilities
Corresponding to the new requests for utilization of the JMTR, new irradiation facilities, 

i.e. irradiation test facilities of materials and fuels, production facilities for 99Mo that is the 
parent nuclide of the medical radioisotope 99mTc, will be planned to be installed in JMTR. The 
preparation schedule is summarized in Fig.2.2.1. New irradiation facilities are to be installed 
by users funds, and the facilities of (1) and (2) in Fig.2.2.1 are under installation. 

FYItems 2006

(3) Production facility for 
medical RI (99Mo)

(4) Production facility for 
silicone semiconductor

2011
Restart

(1) Irradiation facilities of 
LWR fuels for ramp test

(2) Irradiation facilities of 
LWR core materials

2007 2008 2009 2010

Under planning

Design, Fabrication and Replace works

Conceptual design, etc.

Under planning

Under discussion

Design, Fabrication and Replace works

Conceptual design, etc.

Conceptual design, etc.(5) Irradiation facilities of 
LWR fuels 

Fig.2.2.1 Preparation schedule for irradiation facilities. 

FY 
Items 2007 2008 2009 2010 2011

Reactor 
internals

Beryllium flame
Gamma shield, etc.

Instrument-and-
control system

Reactor control system
Process control system
Nuclear instrumentation system, etc.

Reactor cooling 
system

Primary cooling system
Secondary cooling system, etc.

Radioactive 
waste facility

Feed-and-exhaust air system
Drainage system

Power supply 
system

High-voltage power supply system
Transformer
Cable, etc.

Boiler, etc. Boiler component
Air conditioning system

Pure water 
production 
device

Degassing demineralizer
Regular demineralizer

Design, Fabrication and Replace works, Inspections, etc.

Restart
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3. Utilization Promotion of JMTR 

In this fiscal year, the 2nd and 3rd JMTR Steering Committee were held on Oct. 17, 2008 
and Mar. 10, 2009 respectively. The meeting was established for the administration of JMTR 
from viewpoints of the reflection of requests from JMTR users in February 2008. 

In these meetings, several ideas and/or comments on the usability improvement of 
JMTR such as reactor operation rate, turnaround time which is the time from application to 
getting data and irradiation fee were proposed from committee members. 

3.1 Improvement of Reactor-operation-rate 
The maximum reactor-operation-rate of JMTR was about 50% (180 operating days per 

year) before the refurbishment. However, corresponding to the usability improvement and 
the increase in irradiation requests, the reactor-operation-rate at world top class ( 70%, see 
Fig.3.1.1) should be realized after the refurbishment. As the first step, the feasibility study 
was carried out to realize 210 operating days per year, which is equivalent to about 60% of 
reactor-operation-rate. 

Figure 3.1.2 shows the JMTR operation plan after refurbishment. It is possible to 
increase in the reactor-operation-rate with decreasing the reactor shutdown period by 
optimizing the maintenance works as well as by reducing the period of periodical inspection 
with introducing effective work-shift. 

From a result, 210 operating days per year would be possible to realize for the JMTR. 

 Fig.3.1.1 Operational status of research reactors in the world.  

Source IAEA Research Reactor Database Web Site 
(28/8/2007 http://www.iaea.or.at/worldatom/rrdb/
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 Fig.3.1.2 JMTR operational plan after refurbishment. 

3.2  Shortening Turnaround Time 
The irradiation utilization of the JMTR is the following procedures

1) Submission of utilization application from users to the JMTR section. 
2) Design and manufacture of irradiation capsule. 
3) Irradiation test and post-irradiation examinations(PIEs). 
4) Acquisition of irradiation data. 

The reduction of the turnaround time for above procedure has been investigated. 
Capsules for irradiation tests have two types, the one is the instrumentation capsule 

where the in-situ instrumentation is possible, and the other is non-instrumentation 
capsule without in-situ measurements. From results of the investigation, it is concluded 
that the period of designing and manufacturing of capsule could be shortened maximum 
about 6 months by introducing the standardization capsule. 

3.3  Achievement of Attractive Irradiation Expenses 
In the re-operation of JMTR, it is important to realize more attractive irradiation fee in 

comparison with other testing reactors in the world. Therefore, the irradiation fee has been 
discussed from a viewpoints of decreasing in the JMTR operational cost. Prior to that, an 
investigation has been made on the irradiation utilization for some research and testing 
reactors such as Holland, Belgium, Korea and so on. From the investigation, it can be said 
that production of radioisotopes (RI) as an irradiation utilization of the JMTR will be 
increasing slightly. On the other hand, it was found that there’s a strong request for domestic 
production of some RIs such as 99Mo (which is the parent nuclide of 99mTc (a RI used for 

Apr JunMay MarFebJanDecNovOctSepAugJul

1st

cycle
2nd

cycle
3rd

cycle
4th

cycle
6th

cycle
5th

cycle
Periodical
Inspection

30 days

1st

cycle
2nd

cycle
3rd

cycle
4th

cycle
6th

cycle
5th

cycle
Periodical 
Inspection

7th

cycle

Streamlining 
of 30 days

Before refurbishment
180 operating days per year

After refurbishment
210 operating days per year

Self-
Inspection

5 days

*: (a)+(b)=about 22 days

(b)*
(a)*

Obtained period 
for more 30 
operation days

Apr JunMay MarFebJanDecNovOctSepAugJul

5 days 5 days12 days 12 days
60 days

7 days 90 days 7 days 7 days22 days

Self-
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medical diagnosis) and the 100% of which is now imported from overseas). Thus, the 
discussion concerning the establishment of utilization fee for RI production has been started 
in reply to the user’s demand. 

3.4  Domestic Production of 99Mo
99mTc (T1/2 : 6 hours), the daughter nuclide of 99Mo (T1/2 : 66 hours), is the important 

radioisotope for the diagnostic imaging of the diseases including cancer. In Japan, the 100% 
of 99Mo, the medicine raw materials of 99mTc, is imported from foreign countries. 

The five testing rectors (NRU, BR-2, OSIRIS, HFR and SAFARI-1) are used for 
production of 99Mo by fission method((n,f) method) with high enriched 235U. However, the 
shortage crisis of the 99Mo production due to aging problem of these reactors is a currently 
serious issue in the world. Especially, the production license of  99Mo in NRU of AECL 
(Atomic Energy Canada Limited), which produce 99Mo about 43% in the world, is effective up 
to 2011, and it is uncertain whether the license is updated or not.  

Under the crisis situation, the NEA Workshop on “the Security of Supply of Medical 
Radioisotopes” (29th-30th January, 2009 ) was held by the request of a Canadian government, 
and the problem of 99Mo stable supply in future was discussed.  

Especially from a viewpoint of the stable supply and the international responsibility, 
domestic production of 99Mo is important for our country; Japan uses about 14% of the total 
production in the world. 

From the viewpoint of the above-mentioned situation, “Special Committee for Domestic 
Production of 99Mo” was established under the JMTR Steering Committee, and feasibility 
study and technical discussion for the domestic production was started with an industrial 
collaboration.

In the committee, discussions were focused on the 99Mo production by the neutron 
activation method ((n, ) method), which is thought to be more useful rather than the (n,f) 
method. 

In the discussion of the irradiation target, it is clear that MoO3 pellet(95% theoretical 
density) is possible to produce from a trial examination result. Moreover, it is also clear that 
the 99Mo production at amount of 1000Ci per week is possible by the Hydraulic Rabbit 
irradiation facility in JMTR (see Fig.3.4.1). Examination of the 99Mo absorbent will be 
planned in future. 
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Fig.3.4.1 Technical discussion for (n, ) method in the “Special Committee 
for Domestic Production of 99Mo”. 

Selection of Irradiation Target MoO3
Secure of the Mo with High purity
Fabrication of the High Purity Pellet
Survey of the Enrich 98Mo Target

Selection of Irradiation Hole and Irradiation  
Facilities of the JMTR and the JRR-3
Consideration of Irradiation Facilities

PZC Excellent in efficiency. 
Proof examination is necessary for   
practical use.
MEK There is the result of  proof 
examination at JRR-2.
However, Unsuitable for a Large  
Scale Production 
Al2O3 Unsuitable for a Large  
Scale Production

Impurities, Elution Examination , etc
Use as Medicine

Medical Raw Materials

Process

Consideration  of Irradiation with Rabbit 
Consideration  of Irradiation with Capsule
Consideration  of 99Mo Production at JRR-
Consideration  of Amount of Necessary Supply

Irradiation Facilities

Irradiation Target

Consideration of the Cask
Shape of the 99Mo Transportation

Problem of the Preparation in the JMTR Hot Laboratory
and Radioisotope Production Laboratory

License for the Installation
Cost of Installation

Mmethyl  Ethyl  Ketone 

Adsorbent and Separation Method

Unsuitable for a 
Large Scale 
Production

Proof 
Examination

Al2O3

Unsuitable for a 
Large  Scale 
Production

PZC
Poly Zirconium Compound)

Post Irradiation
Facilities

Selection of Target
MoO3 Pellet 

(Purity more than 99.999%)

Selection of 
Irradiation Hole 3A
Irradiation at JRR-2

Adsorbent MEK
Mmethyl  Ethyl  Ketone 

Transportation to
Medical Corporation

99Mo Production Facilities 
(Radioisotope Production

Laboratory 

Fabrication by the JRR-2 

Possible to use  as 
a raw material of  

radioactive medicine 

Transportation to
Medical Corporation

Stable supply

Discussion status

Specific Activity 1.5Ci/g-Mo
Amount of Activity 
200Ci

Immediately after Irradiation)

Shipment Period
1983 1984
Shipment Times 26/year
Specific Activity 0.6Ci/g-Mo
Amount of Activity 30Ci
Radioactive Concentration 160

Ci/
Shipment at Friday,
Measure at Next Wednesday 

17 00

High                                                    LowPriority Order 

JAEA-Review  2009-037

− � −

JAEA-Review  2009-037

− � −



4.  Development of Irradiation Technology 

4.1  Preparation of New Irradiation Engineering Building 
To develop the irradiation capsules, construction of new irradiation engineering building 

was completed in August, 2008. High-performance SEM, vacuum electric furnaces, electronic 
balances, etc. were installed in the new building, and capsule developments were started. 

4.2  Irradiation Technology for LWR Fuel and Material 
4.2.1  Development of Fuel Irradiation Testing Facility 

The testing facility for transient fuel behavior to evaluate the safety for the high burn-up 
light-water reactor fuels (uranium and MOX fuels) has been developed. The facility will be 
capable of carrying out power ramping and boiling transition tests on light-water reactor 
fuels.

The testing facility consists of shroud irradiation equipment, capsule control equipment, 
and He-3 power control equipment. The fabrication design of capsule control equipment was 
being carried out in 2008, and the procedure of licensing and permission for the test facility 
construction were carried out. Furthermore, a layout design in the cubicle was performed 
using results of 3D-laser measurements. The irradiation testing facility is shown in Fig.4.2.1. 

These achievements include some of results in the funded project from the Nuclear and 
Industrial Safety Agency (NISA) in 2008. 
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(a) Fuel irradiation testing facility

(b) Water purification and chemistry unit

Fig.4.2.1  Outline of fuel irradiation testing facility. 

4.2.2  Transient Test Capsule for Fuel 
Development of capsules for fuel transient tests have been carried. Purpose of the fuel 

Pump

Radiation monitor 
for fuel failure 

Reactor pool 
through-hole 

Cubicle 
wall

Ion-exchange resin 

Pump
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transient tests is to evaluate the fuel behavior during power ramping condition. In the tests, 
fuel center temperature and internal pressure, etc. are to be measured. Three types of 
capsules are designed; fuel-expansion measurement capsule, central temperature and FP gas 
pressure measurement capsule and heater capsule to correct the fuel linear power. These 
capsules will be fabricated by 2010. The fabrication design was carried out in 2008, and the 
procedure of licensing and permission for the capsule construction was carried out. The 
design specification of fuel transient tests capsule is shown in Table 4.2.2. 

For the FP gas pressure gauge, trial fabrication tests using 5MPa and 10MPa sensors 
were carried out. In the tests, the differential transformer was changed from a ceramic 
covered wire to a reliable MI cable. As a result of a performance examination at room 
temperature and 300C, the measurement error was ± 1.8% of a full scale. Designed FP gas 
pressure gage is shown in Fig. 4.2.2. 

These achievements include some of results in the funded project from the Nuclear and 
Industrial Safety Agency (NISA) in 2008. 

Table 4.2.2. Design specifications of fuel transient tests capsule. 
Items Condition 

Operation temperature (inlet)  45
Outside surface flow of capsule About 5 m/s OSF-1

Coolant 
Maximum pressure 1.76MPa[gauge] 

Maximum heating power of fuel  24 kW 

Fall out of sample  < +0.5 % k/kCritical
limit Insertion and Takeoff of sample < +0.1 % k/k

Horizontally 0.6 Seismic
intensity Vertically 0.3 
Maximum fast neutron fluence ( > 1MeV) 1×1026 m-2

Gamma heating rate D-9
hole 2.5 W/g

Fig.4.2.2  Outline of FP gas pressure gage. 

To fuel rod

FP gas pressure

Differential transformer Bellows
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4.2.3  Material Irradiation Facilities 
To study the Stress Corrosion Cracking (SCC) under neutron irradiation for the 

light-water reactor in-core materials, the material irradiation test facility is being developed. 
This facility consists of the BWR material irradiation facility simulating the BWR 

environment and water chemical test facility simulating the BWR and PWR environment. 
The BWR material irradiation facility consists of a water environment control system, 
weight-loading control unit and capsules. Outline of BWR material irradiation facility is 
shown in Fig.4.2.3. 

In 2008, the fabrication design of the water environment control system was carried out, 
and a layout design in the cubicle was also carried out using results of 3D-laser 
measurements. 

These achievements include some of results in the funded project from the Nuclear and 
Industrial safety Agency (NISA) in 2008. 
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 (a) Outline of BWR material irradiation facility

(b) Water environment control system

Fig.4.2.3 Outline of BWR material irradiation facility. 

4.2.4  In-pile SCC Growth Test Unit 
The crack growth test units are being developed for the study of Irradiation Assisted 

Stress Corrosion Cracking (IASCC) under neutron irradiation of austenitic stainless steel 

Ion-exchange resin 

Sampling grove box 

Main pump 

Feed water 
tank

Water environment control system

Weight-loading 
control unit
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components used for light water reactor. 
Requirements for the test unit is a high accurate load control as well as measurement of 

crack length by the terminal-potential-difference method.  
Moreover, it is indispensable to use large size specimens to obtain valid data from a 

viewpoint of the fracture mechanics consideration. Therefore, for the in-core crack growth 
test technique, it is necessary to develop a new loading technique, which is applicable to 
compact tension (CT) specimens with thickness of 0.5 inch (0.5T). 

From a mock-up test, it is expected that a target load can apply to the 0.5T-CT specimen,  
and that the crack length can measure by the test unit with a lever type structure instead of 
the previous uni-axial tension type structure. Developed prototype mock-up unit for the 
crack growth test is shown in Fig.4.2.4. Several investigations in out-pile tests using the 
developed mock-up unit will be carried out in near future, and results would be reflected in 
the unit for in-pile tests. 

These achievements include some of results in the funded project from the Nuclear and 
Industrial safety Agency (NISA) in 2008. 

Fig.4.2.4 Prototype mock-up unit of crack growth test. 

4.2.5  ECP Sensor 
To measure the water chemistry condition for a light-water reactor, the Electrochemical 

Corrosion Potential (ECP) sensor, which has the durability under the irradiation, has been 
developed.  

Trial fabrication tests using the sensor mock-ups (without the internal structure) were 
performed in this year. The mock-ups were fabricated to simulate real shape by brazing with 
stabilized zirconia and 42 alloys. For joining shape, A type (conventional type) and S type, 
which could reduce the residual stress at the joint rather than that of A type, were selected. 
The mock-ups of A type and S type are shown in Fig.4.2.5. In addition, matching structure (T 
type, 8 mm outside diameter, 4 mm inside diameter) with the stabilized zirconia and SUS430 
was also selected because residual stress might decrease in the evaluation of last year. As a 

LeverFulcrum Bellows  

Wing 

0.5T-CT specimen 
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result, the soundness of 3 of 3 mock-ups for A type, 1 of 2 mock-ups for S type and 2 of 2 
mock-ups for T type was confirmed by pressure tests. 

These achievements include some of results in the funded project from the Nuclear and 
Industrial safety Agency (NISA) in 2008. 

A type (conventional type) Structure of A type 

S type Structure of S type 

Fig.4.2.5  ECP sensor mock-ups for A and S type. 

4.3  Irradiation Technology for Advanced Instrumentation 
4.3.1  Ceramics oxygen sensor 

It is important for neutron irradiation test of materials and fuels to clarify the 
irradiation environment. For example, the oxygen and hydrogen peroxide concentrations are 
required to measure in the analysis of corrosion mechanism of the structure materials under 
light-water reactor conditions. It is also necessary to develop the small and high-accuracy 
sensor, because the outer diameter of the irradiation capsule used in JMTR is limited below 

65 mm. Thus, the small ceramics oxygen sensor combined stabilized-zirconia (YSZ) as 
oxygen ion conductor and platinum as electrode has been developed. 

In this year, the trial fabrication test of the ceramics oxygen sensor was carried out with 
the Spark Plasma Sintering (SPS) method. In this test, sintering temperature and load were 
studied for the fabrication of the sintered samples combined alumina insulator, YSZ and Pt 
wire. Structure of ceramic oxygen sensor and relationship of the sintering temperature and 
load are shown in Fig.4.3.1. Results of the study suggested the prospect of the ceramic 
oxygen sensor fabricated by the SPS method. 
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(a) Structure of ceramic oxygen sensor 

 (b) Relationship of sintering temperature and load. 

Fig.4.3.1  Results of trial fabrication test of the ceramics oxygen sensor. 

4.3.2  99Mo Production Technology by Mo Solution Irradiation Method 
The solution irradiation method is proposed as a new production technique for 99Mo,

which is the parent nuclide of 99mTc used as a radiopharmaceutical. In this new method, an 
aqueous molybdenum solution is irradiated with neutrons in a nuclear reactor. Efficient and 
low-cost 99Mo production compared with conventional 99Mo production can be realized by the 
98Mo (n, ) 99Mo reaction and the molybdenum adsorbent of Poly-Zirconium Compound (PZC).   

As a result of the last year, it was found that an aqueous potassium molybdate solution 
is a good irradiation target in terms of the dissolved molybdenum in the solution and the 
chemical stability of the solution. Moreover, it was also found that the stainless steel has a 
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potential as the structural material of capsules, pipes and so on because of its good 
compatibility with the solution. 

In this year, the properties of the aqueous potassium molybdate solution were measured, 
and the activation analysis of the aqueous potassium molybdate solution after gamma-ray 
irradiation tests was carried out. In addition, testing apparatus for a long-term corrosion test 
was made. 

As for the activation analysis, Na and W were detected as impurities in the solution.  
Na, which has high gamma-ray energy, affects shielding design. As for the long-term 
corrosion test, two types of the test apparatus were made; the one is used for the static 
solution, and the other is used for the circulating solution. The schematic diagram of the test 
apparatus using the circulating solution is shown in Fig.4.3.2. 

Fig.4.3.2  Test apparatus of circulating solution type for the long-term corrosion. 

4.3.3 Beryllium Recycling Technology 
Beryllium has been used as a moderator and/or reflector in JMTR because of its low 

neutron capture and high neutron scattering cross sections. However, it is necessary to 
exchange the beryllium frame within every fixed period, and the frame was exchanged five 
times up to 165th cycle in 2006. Thus, the lifetime expansion of the beryllium frame has been 
studied to increase in the reactor available factor and to decrease in the irradiated beryllium 
waste.

Preliminary irradiation test was performed from 162nd to 165th cycles, and the effects 
on mechanical properties of two kinds of beryllium metals (see Table 4.3.3) were evaluated. 

Data logger 
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The tensile properties of S-65C were almost similar to those of S-200F at room temperature 
and 200C. The tensile strength of the S-65C irradiated up to 1.5×1025/m2 (E>1MeV) was 
larger than that of the irradiated S-200F (see Fig.4.3.3). These irradiation data are utilized 
for the material selection for the lifetime expansion. 

On the other hand, recycling technology of irradiated beryllium was approved as the 
International Science and Technology Center (ISTC) project on Oct., 2008. The 
transportation procedure from Japan to Kazakhstan for the irradiated beryllium has been 
started.

Table 4.3.3 Properties of beryllium metals for preliminary irradiation test.

Fig.4.3.3 Results of tensile test. 
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4.4 Improvement of Neutronic Evaluation for JMTR 
In the evaluation of irradiation field of JMTR for irradiation tests, calculated neutron 

flux/fluence were verified the measured data by irradiation fluence monitors. Regarding the 
gamma dose, calculated gamma heating rate was verified the measured data by the nuclear 
heating evaluation capsule, which was developed to measure the nuclear heating rate. It was 
confirmed that the calculated fast and thermal neutron flux/fluence agreed with 
measurements within ±10%, ±30%, respectively, and that the calculated gamma dose agreed 
within -3 14%.

Although the accuracy is common in the irradiation testing reactors in the world, only 
the evaluation accuracy of a thermal neutron flux has not been improved up to a fast neutron 
flux level; namely, the thermal neutron flux has so far been permitted.  

Therefore, to achieve high accuracy of neutronic evaluation, especially for the thermal 
neutron flux from ±30% to ±10%, an improvement study is conducted to offer 
high-technical-value data to JMTR users. 

Fast and thermal neutronic calculations are conducted using the Monte Carlo code 
MCNP(Ver.4B) with continuous energy neutron cross section library FSXLIBJ3R2 (derived 
from JENDL3.2) and thermal S( , ) libraries of ENDF-B/III. 

The accuracy of calculated fast and thermal neutron flux was examined from a viewpoint 
of irradiation region in the JMTR core. As a result, calculated thermal neutron flux tends to 
overestimate in the beryllium reflector layer 2 and the aluminum reflector layer 1 in 
comparison with the other irradiation regions. However, calculated fast neutron flux has no 
dependence on irradiation region (Fig.4.4.1 and Fig.4.4.2).  

It was found that the accuracy of thermal neutron flux was perhaps relevant to the 
neutron scattering and absorption process in thermal energy region. Therefore, examination 
for neutron scattering and absorption process in thermal energy region are to be performed. 
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Fig.4.4.1 Core configuration of JMTR 

Fig.4.4.2 Current evaluation of neutron flux. 
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5.  International Cooperation 

5.1  Construction of World Network on Materials Testing Reactors 
To establish an international network on irradiation test reactors, the “International 

Symposium on Materials Testing Reactors” hosted by JAEA was held on July 16 to 17, 2008, 
at the Oarai Research and Development Center (Fig.5.1.1). There were 138 participants from 
Argentina, Belgium, France, Indonesia, Kazakhstan, Korea, the Russian Federation, Sweden, 
the United State, Vietnam and also from Japan. 

The objective of the symposium is to exchange information on status and future plan of 
materials testing reactors, irradiation technology, etc. to make a mutual understanding. The 
symposium was divided into four technical sessions by oral presentations and three topical 
sessions by panel discussions. From discussions by participants, importance of the 
information exchange on basic irradiation technology was recognized, and the necessity of 
the construction of the network was also recognized. Participants also requested the next 
symposium to be held on autumn of 2009 in the United State (Idaho National Laboratory) to 
continue discussions on these issues. 

Moreover, aiming at the establishment of Asian network on irradiation test reactors, 
information exchange was carried out by short visiting from KAERI (Korea Atomic Energy 
Research Institute), based on a post-irradiation test program between the JAEA-KAERI 
cooperation. Furthermore, researchers from the NITRC (Neutron Irradiation and Testing 
Reactor Center) were dispatched to Malaysia and Indonesia to exchange information on 
irradiation technology and PIE (Post-Irradiation Examination) technology. 

Fig.5.1.1 International symposium on material testing reactors.  
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5.2  Cooperation Research with Korea Atomic Energy Research Institute
As the international cooperation between JAEA and KAERI, information exchange in 

the field of reactor operation management, utilization, irradiation technology, and PIE 
technology is under way. 

In FY 2008, related to these research cooperation fields, the “2008 KAERI-JAEA Joint 
Seminar on Advanced Irradiation and PIE Technologies” has been held at KAERI in Daejeon, 
Korea, from November 5 to 7, 2008.  

This is a sixth triennial seminar started from 1992. Active and valuable information 
exchanges were done with a total of 46 presentations by a total number of 113 participants 
including 13 participants from JAEA. Here, the fifth seminar was held in JAEA (Oarai 
Research and Development Center) in 2005. 

5.3 Cooperation Research with Studsvik AB
Based on the implemental agreement between the Studsvik AB and JAEA for 

cooperation in nuclear energy research and development, the first annual meeting was held 
at Oarai Research and Development Center, JAEA, on July 18, 2008. In this meeting, 
information exchange on two cooperation areas, “Radioactive waste treatment technology 
including recycling of materials” and “Technical developments for the neutron irradiation 
experiments in materials testing reactors”, was carried out, and the future cooperation plan 
was discussed. 

5.4 Cooperation Research with Kazakhstan National Nuclear Center
Based on the memorandum between the JAEA and Kazakhstan National Nuclear Center 

(NNC) for the future cooperation in nuclear research and development, information exchange 
for nuclear technology on test and research reactors was carried out at Institute of Nuclear 
Physics(INP), NNC, Almaty from April 14 to 15, 2008.  

Furthermore, agreement for cooperation research and development between the JAEA 
and Kazakhstan NNC in a nuclear science field was concluded on February 2, 2009, and the 
cooperation for nuclear technology on test and research reactor was started. 

6.  Conclusions 

In FY 2008, renewal works for reactor facilities and preparation works for irradiation 
facilities are carried out as scheduled to restart of JMTR from FY 2011. Moreover, the 
attempt to improve the accuracy of calculated irradiation parameters and the development of 
irradiation facilities for an aging management of LWRs were conducted to obtain valuable 
irradiation data by high irradiation technologies. From an usability improvement, a 
feasibility study to improve reactor operation rate of JMTR, etc. were also conducted. Aiming 

JAEA-Review  2009-037

− 22 −

JAEA-Review  2009-037

− 23 −



at the establishment of international center with internationally utilized base as an Asian 
center of testing reactors is under consideration. 

From FY 2009, an application for utilization of JMTR is to be started, and preparation 
for restart of JMTR will move into a higher gear. The Center highly appreciates the reader’s 
expectations and support toward the refurbishment and restart of the JMTR. 
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Appendix 1 Renewal of Reactor Facilities 

The reactor facilities in JMTR are to be refurbished during four years from the 
beginning of FY 2007. The reactor facilities to be renewed are the reactor instrument-and- 
control system, reactor cooling system, radioactive waste facility, power supply system, etc. 
The renewal of the air conditioning system and the degassing demineralizer was already 
completed in FY 2007. 

In FY 2008, renewal works of reactor cooling system, radioactive waste facility, power 
supply system, etc. were carried out as scheduled, and applications of the regulatory 
approval, i.e. the renewal of beryllium-frame, gamma-shield, primary cooling system, 
secondary cooling system, feed-and-exhaust air system, were completed up to March 2009. 

From FY 2009, the instrument-and-control system (reactor control system, process 
control system, the nuclear instrumentation system and the control rod drive mechanism), 
the primary cooling system (the motors of primary pumps, the transfer pumps, the charging 
pumps, etc.), the secondary system (the circulating pumps, auxiliary pumps, etc.), the 
radioactive waste facility (the drainage system) and so on are to be renewed. 

Main renewed reactor facilities from FY 2007 to FY 2008 and under renewing reactor 
facilities are as follows. 

1.  Renewed Reactor Facilities 
(1)  Power Supply System 

The renewal design for the power supply system was started at FY 2007. From April 
2008 to January 2009, after the existing equipments, such as power panels, the 
high-voltage transformers, the cables, were removed, renewal equipments were 
transported and installed. Renewal of power panels and high-voltage transformers are 
shown in Fig.A-1 and Fig.A-2. 

Maintenance and reliability of power panels were improved by miniaturization, 
digitization of relays and dehumidifier installation into a board for dew prevention. As
for cables, the existing CV cables were replaced with flame-resistant cables to improve 
the safety to fire. 

JAEA-Review  2009-037

− 24 −

JAEA-Review  2009-037

− 25 −



Before renewal    After renewal

Fig.A-1 Renewal of power panels. 

Before renewal    After renewal

Fig.A-2 Renewal of high-voltage transformers. 

(2)  Air conditioning system and boiler 
The absorption chiller for the air conditioning in the reactor building and the boiler 

for heating and cooling, which had been continuously used for about 40 years, were 
renewed, since it becomes difficult to get spare parts. 

The absorption chiller was replaced with the centrifugal chiller which does not need 
the heat from a boiler, so that the heavy oil cost by the boiler operation in summer can 
be reduced about 40% from the former type. In addition, the centrifugal chiller is a 
excellent machined with fine adjustable operation time as well as easy maintenance 
from its simple structure. Renewal of the air conditioning system is shown in Fig.A-3.  

In the renewal of boilers, the number of boilers was changed into two sets from four 
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sets by enlargement of the heat transfer area per boiler on the basis of a review of 
required capacity after restart of JMTR. Renewal of boilers is shown in Fig.A-4. 

Before renewal    After renewal

Fig.A-3 Renewal of air conditioning system. 

Before renewal    After renewal

Fig.A-4 Renewal of boilers

(3)  Radioactive waste facility 
The feed-and-exhaust air system in the radioactive waste facility (exhaust blower, 

control circuit, etc.) were renewed. Replaced parts are the emergency exhaust blower 
fans and motors, driven section of butterfly valves in a feed air line, butterfly valve in a  
exhaust air line and exhaust air duct. 

In the renewal of the motor in the air blower for sending air into the reactor building, 
the existing rotor-type motor was replaced with the basket-shaped motor to improve the 
maintenance. Structure of the basket-shaped motor is simple and robust compared with 
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the rotor-type motor. Since the rotor in the basket-shaped motor has no insulating 
member and has a heat-resistant structure, it is strong to the electrical overload in high 
velocity revolution region. Furthermore, its rotor has no brush nor a collector ring which 
causes wear, then the easy maintenance and operation management can be improved. 

In the renewal of the control circuit, existing power relay circuit was replaced with a 
sequencer circuit. Small component parts of the sequencer circuit compared with that of 
the existing one will improve the maintenance and operation management activities 
with reduction of failure. Renewal of the emergency exhaust blowers is shown in Fig.A-5. 

Before renewal    After renewal

Fig.A-5 Renewal of emergency exhaust blowers.

(4)  Reactor cooling system 
In the renewal of UCL (Utilities Cooling Loop) system in the reactor cooling system, 

motors in a circulating pump and a storage pump, outlet valves in a storage pump, the 
motors and the decelerator in a cooling tower fan, etc. were renewed. Since these 
equipments had been also used since the construction of the JMTR, these were renewed 
with the same performance as existing ones to improve the maintenance and reliability. 
Renewal of circulating pumps in the UCL system is shown in Fig.A-6. 
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Before renewal    After renewal

Fig.A-6 Renewal of circulating pumps in UCL system.

2.  Under renewing reactor facilities 
(1)  Instrument-and-control system 

The reactor control system, the process control system, the nuclear instrumentation 
system and the control rod drive mechanism in the instrument-and-control system are to 
be renewed. Their circuits consist of a huge amount of relays and soldered wirings, and 
they will be replaced by present-designed integrated circuits to improve the reliability. 
Moreover, indicators, switches, etc. in these systems are classified and arranged at every 
function, and are designed from a viewpoint of improvement of man-machine interface so 
as to be able to operate reactor more easily and visually. Install of pre-amplifier in 
start-up channels and renewal of the earth wire in the nuclear instrumentation system 
are to be carried out to protect noises, and the instrumentation system was modularized 
to reduce loose electrical connection to improve the reliability. In the renewal of the 
control rod drive mechanism, the fundamental structure is not to be replaced, however 
reed switches, electromagnet, ball screw in the control rod drive mechanism are replaced 
to improve the reliability and maintenance management.  

(2)  Reactor cooling system 
The primary cooling system had been used since the construction of the JMTR 

except for the renewal in some parts such as main pump piping, valves and modification 
of a support structure of piping in pump bypass line. The equipments to be renewed in 
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primary cooling system are the motors of primary motor, the charging pump and its 
motor, the transfer pump and its pump, the actuator of main valves, the electromagnetic 
coil of reactor pool connecting valve, etc. These equipments are to be renewed with the 
same performance as existing ones to improve the maintenance management. 

The secondary cooling system had been also used since the construction of the JMTR 
except for the renewal in some parts such as valves, cooling tower fan, cooling tower. The 
equipments to be renewed in the secondary cooling system are the motors in a 
circulating pump and auxiliary pump, main diaphragm valves, the motors and the 
decelerator of cooling tower fan, etc. These equipments are to be renewed with the same 
performance as existing ones to improve the reliability and maintenance management. 

JAEA-Review  2009-037

− 28 −

JAEA-Review  2009-037

− 29 −



Appendix 2  Organization of the Neutron Irradiation and 
 Testing Reactor Center 
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Appendix 3  Maintenance and Management of JMTR 

1.  Maintenance and Management of JMTR Reactor Facility 
The JMTR reactor facility can be classified into three main categories: the reactor 

section, the irradiation section, and the auxiliary section. The reactor section includes the 
reactor building, reactor core, and primary cooling system. The irradiation section includes 
irradiation-related equipments, while the auxiliary section includes reactor utilities. 

The regular self-inspection to the reactor facility was performed from July to December, 
2008, and confirmed the sustained reactor performance and functions of the JMTR.

The regular mandatory-inspection was carried out to reactor facilities which are 
required to keep their function during the halt. Two days inspection from December 17 to 18, 
2008 was carried out by inspectors from the MEXT (Ministry of Education, Culture, Sports, 
Science and Technology), similar to the 2007 mandatory-inspection. From the inspection, the 
maintained performance of the reactor was verified. 

2.  Maintenance and Management of Hot Laboratory Facility 
2.1  Operation and Management 

Since 1970, a wide variety of post-irradiation tests have been carried out in the hot 
laboratory located adjacent to the reactor. Irradiated samples in the JMTR reactor were 
tested destructively as well as nondestructively for the purpose of research and development 
of nuclear fuels and materials. The hot laboratory also managed the shipment of RI 
materials.

Hot cells are separated into three main lines; concrete cells ( -cells) including 
microscope lead cells, lead cells for material testing, and steel cells. 

In 2008, 42 capsules were dismantled to post-irradiation tests, and post-irradiation tests 
for 13 capsules among them have completed. 

2.2  Maintenance and Management 
The hot laboratory facility is divided into two sections; the main section comprises the 

hot cell and hot laboratory building, and the auxiliary section relating to the hot laboratory 
utilities. The regular self-inspection to the facility was conducted from August 2008 to 
February 2009, and performance and functions for the hot laboratory was confirmed to be 
sustain.
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