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ABSTRACT

The JRR-3M is a swimming pool type research reactor with maximum thermal
output of 20MW, classed in a large-scale research reactor and composed of numerous
facilities. An operation cycle consists of 4 weeks of continuously reactor operation
and 1 week of shutdown work such as fuel exchange and irradiation sample handling.
The temporary and small-scale maintenance is also carried out during the shutdown
period. Systematic maintenance period through a year usually follows 2 stages. The
former stage of about 4 weeks is prepared to maintain the general facilities related to
the overall reactor system such as computer system. The latter stage of about 9 weeks
is prepared to maintain the other individual facilities such as cooling facilities and
control facilities that are to be inspected by the regulatory body. Since preventive
maintenance is required in order to achieve an improvement of safety, reliability and
availability throughout the life cycle of the reactor, a long-period maintenance program
should be prepared properly in consideration of an ageing degradation of the facilities.
The long-period maintenance program of JRR-3M, which determines not only the
replacement frequency but also the maintenance frequency of the facilities, is made on
the basis of an ageing degradation of the facilities, irradiation effects of the materials,
recommendations from the manufacturer and JRR-3M maintenance records. The
replacement frequency recommended by the manufacturer is examined from the
viewpoint of the safety significance of the facilities and availability of the components.
The program is arranged so that it may not concentrate the replacement of the facilities
in the specific fiscal year and smooth the budget and maintenance period throughout
the life cycle of the reactor. There have been two unanticipated failures of the
facilities, which required rearranging the program.
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INTRODUCTION

JRR-3M (Japan Research Reactor No.3 Modified) is a swimming pool type research reactor

with the maximum output of 20MW and the maximum thermal neutron flux of 3 X 1014 n/cm2*sec.

Figure 1 shows a schematic diagram of a reactor pool with a core. The core is cooled by light

water. Beryllium and heavy water with which a double cylindrical heavy water tank is filled are

used as reflector. Six control rods with hafnium absorber are driven with the control rod drive

mechanism (CRDM) located beneath the core.

An operation cycle consists of 4 weeks of continuous reactor operation and 1 week of

shutdown work such as refueling and handling of irradiation samples. The temporary and small-

scale maintenance is also carried out during the shutdown period. A large-scale maintenance

period through a year usually takes about 13 weeks and the annual inspection by the authority is

carried out during the period. JRR-3M has been operated without any significant troubles for 9

years since it had gotten first criticality in 1990. Figure 2 shows operation records for 9 years.

A long-period maintenance program may

include the frequency of inspection, modification

and renewal. The renewal program will be

treated as a main subject in this paper.

MAINTENANCE PROGRAM (RENEWAL

PROGRAM)

The safe and secure operation of research

reactors requires an appropriate preventive

maintenance. The primary purpose of

preventive maintenance is to always keep all

functions of the reactor system available.

Preventive maintenance includes time directed

tasks and condition directed tasks. Although it

seems difficult for the condition directed tasks to

detect the sign of trouble, the condition directed
Fig.l JRR-3M Reactor Pool
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Fig.2 JRR-3M Operation Data

tasks may be more excellent than the time directed tasks if an economical and fairly reliable

diagnostic technique could be established. JRR-3M composes a maintenance program (renewal

program) considering features of both tasks. Especially, the condition directed tasks are applied to

the equipment in which the main cause of the performance degradation is induced by fast neutron

irradiation.

Time directed tasks

The time directed tasks are performed according to a given schedule or after a given amount of

use. JRR-3M arranges a program to renew the equipment in consideration of experience of

operation and maintenance, recommendation by manufacturer and smoothing for an annual

operation time and budget. In order to arrange a long-term maintenance program, a lifetime of the

reactor has been estimated at 30 years in consideration of a lifetime of the heavy water tank that

seems to be difficult to be renewed.

The followings describe renewal programs for the primary cooling main pumps and the

CRDM system.

The primary coolant main pumps have been overhauled and checked their performance every

year and got the good result. Since operation records on the pumps also shows no abnormality,

there is no renewal program until now but an annual overhaul program in order to examine the

availability of the pumps. Although insulation resistance of the pumps checked annually has kept
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good condition, electric motors of the pumps are renewed every 15 years (half of the lifetime)

considering a forecast of the degradation of insulation resistance during the lifetime. They will be

renewed in 2003.

The CRDM system has been overhauled and driving performance, leakage of coolant and the

insulation resistance of the movable electromagnets have been checked every year. Although the

maintenance and operation records have shown the good condition, the movable electromagnets

will be renewed in consideration of the degradation of insulation resistance. The movable

electromagnets of six CRDMs will be renewed between 2006 and 2008. It had been experienced

that the CRDM system had lost its function due to two troubles with a fuse and a small fan and the

reactor had shut down accidentally. This causes to replace the fuses every year and the small fans

every two years.

Condition directed tasks

9C

8T

The condition directed tasks are performed after identification and diagnosis reflecting the

actual status of the degradation of the equipment at the present time.

The facilities located near the fuel elements are to be irradiated by fast neutron and degraded

the mechanical properties. The renewal

program is made in consideration of fast neutron

fluence. It will be shown the long-term

maintenance program on the control rods,

beryllium reflectors and heavy water tank as

follows. Figure 3 shows a horizontal cross

section of the reactor pool.

Control rods are composed of hafnium

absorber and other parts mainly made of stainless

steel. The renewal program on the control rods

is determined in accordance with degradation of

mechanical properties by exposure of fast

neutrons to hafnium absorber. Fast neutron

2G

fluence to the control rods has evaluated by

calculation in accordance with reactor operation

records and the maximum fast neutron fluence of

4G

5G

Fig.3 Reactor Pool and Heavy Water Tank
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6 X 1021 n/cm2 is maintained for the renewal program of the rods. Four shim control rods had been

renewed in 1997 for the first time and four shim and two regulation control rods will be renewed in

2004.

Beryllium reflectors are located surrounding the fuel region. The beryllium reflectors do not

serve as a principal support since the loading stresses of the beryllium reflector are small.

Deformation of beryllium reflector has been observed every year in order to assess a renewal

program of the reflectors. Although the reflectors are planned to be renewed in about 2000, this

renewal program may be changed in accordance with observation of deformation.

The heavy water tank surrounding the beryllium reflectors is made of aluminum alloy A5052

for good resistance of the alloy to corrosion. The exposure to fast neutron makes the aluminum

alloy A5052 increase tensile stress and proof stress and decrease elongation. Irradiation tests on

the test pieces made of A5052 have been carried out so as to evaluate a change of mechanical

properties such as proof stress and elongation along with the irradiation by fast neutron. The

results of the irradiation tests prove the design and show that there is no need to renew the heavy

water tank for the present. In order to confirm availability of the tank, visual test of an outer wall

of the tank is carried out using an underwater camera every ten years and in 2000 for the first time.

CONCLUSION

An appropriate preventive maintenance program is required so as to achieve a safe and secure

operation of the research reactors. Preventive maintenance includes time directed tasks and

condition directed tasks. Preventive maintenance of JRR-3M is almost the time directed tasks but

some facilities are maintained using the condition directed tasks with monitoring and calculating the

amount of fast neutron fluence. The JRR-3M has been operated in good condition for 9 years with

the appropriate preventive maintenance.

- 2 1 8 -


