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ABSTRACT

Japan Research Reactor No.2(JRR-2), heavy water moderated and cooled tank type research reactor with
maximum thermal power of 10MW, was used over 36 years, and was permanently shut down in December,
1996. Afterward, dismantling report was submitted to the STA, and dismantling was begun in 1997.
Decommissioning of JRR-2 is planned in 11 years, and the program are divided into 4 phases. Phase 1 had
already been ended, phase 2 is being executed at present. Reactor body will be removed in phase 4 by one
piece removal or caisson techniques. On reactor building, it is planned to use effectively as a hot
experimental facilities after decommissioning ends. For ensuring safety under decommissioning, detailed
examination on work method, exposure and radioactive waste quantities is executed on each dismantling in
advance. On exposure of worker in phase 1, it was achieved to control lower than the estimate. How to treat
tritium contamination also becomes an important problem to achieve ensuring safety. On heavy water,
transportation to foreign country is planned in phase 2. On primary cooling system and reactor building
concrete, various investigation and examination is being advanced aiming at phase 3 and 4.
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1. INTRODUCTION

Japan Research Reactor No.2(JRR-2) was used over 36 years since critical had been achieved in 1960,
and was permanently shut down in December, 1996. Afterward, dismantling report was submitted to the
Science and Technology Agency(STA) in May, 1997, and the dismantling was begun in August in the same
year. Decommissioning of JRR-2 is planned in 11 years by dividing into 4 phase, and phase 2 is being
executed at present in plan to March, 2000.

In this report, decommissioning plan and current status of JRR-2 is introduced. Afterward, work on
ensuring safety under decommissioning and work on tritium contamination which become an important
problem to ensure safety is introduced.

2. JRR-2 OUTLINE 1)

JRR-2, based on CP-5 research reactor in Argonne National Laboratory(ANL), USA, was heavy water
moderated and cooled tank type research reactor with maximum thermal power of 10MW. Maximum
thermal neutron flux was 1.3 X 1014 n/cm2-sec. Though enrichment and type of JRR-2 fuel had been
changed several times, the fuel used last was 45wt% enriched uranium cylindrical type.

On utilization facilities, facilities for experimental and irradiation utilities were set up. On experimental
utilization facilities, horizontal experimental tubes and thermal column were set up. The facilities had been
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utilized various irradiation experiments, neutron beam experiments and medical irradiation(BNCT) in
recent years. On irradiation utilization facilities, vertical irradiation holes, pneumatic tubes and in-core
irradiation holes were set up. The facilities had been utilized RI production for industry and medical,
irradiation of reactor fuel and material, production of semiconductor materials(Si doping) and activation
analysis.

JRR-2 achieved critical with 20wt% enriched uranium fuel in 1960, reached rated output 10MW with
90wt% enriched uranium fuel in 1962, and started utilization operation for 10MW in 1965. And then JRR-2
had been used for a wide field on research and development to nuclear power over 36 years. But JRR-2 was
permanently shut down in December, 1996, because the purpose was achieved and it was decided that
BNCT was continued in JRR-4 after remodel. Afterward, dismantling report was submitted to the STA in
May, 1997, and dismantling was begun in August in the same year. JRR-2 schematic figure is shown in Fig.
1.
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Fig. 1 JRR-2 schematic figure

3. DECOMMISSIONING PLAN AND CURRENT STATUS 2>

Decommissioning of JRR-2 is planned in 11 years from 1997 to 2007, and the program are divided into 4
phases. Phase 2 is executed at present. Decommissioning plan is shown in Table 1, and concept figure of
each phase is shown in Fig. 2.

Decommissioning is planned as ensuring safety is always put on the mind, according to "Basic Concepts
for Assuring Safety in Dismantlement of Nuclear Facility (On the Occasion of JPDR Dismantlement)"
approved by the Nuclear Safety Commission on December 19, 1985, and by referring to knowledge
obtained for decommissioning of JPDR and Mutsu. At phase 1, 2, activities to ensure safety of reactor
facilities while decommissioning is executed is mainly planned, and it will be promptly ended in the first 3
years. Afterward, at phase 3, 4, Large scale dismantling is planned with spending 4 years in each phases.
The outline of each phases is as follows.
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Table 1 JRR-2 decommissioning plan

Fiscal Year '96 97 '98 '99 '00 "01 '02 '03 '04 '05 '06 '07 '08

Phase Main Item
Decommissioning and Mirage ment of Reactor Facilities

SJ Submission of DbmantBng Report Bid of Decommissioning

Phase 1
Permanent Shutdown
and Drain of Coolants

Removal of Control Rod Drive lVfechanism

Drain of Primary and Thermal Shield Coolants

Phase 2
Isolation of Cooling
System and Reactor
Confinement

Q)

kobtion of Cooling System and
Reactor Confinement

Removal of Experimental Facilities and
Secondary Cooling System

CD Revaluation of Activity hventory
® Transportation of Heavy Water to Foreign Country

Phase 3
Decontamination and
Removal of Cooling
System

Establishment of Decontamination
Technique of Tritium

Decontamination and Removal
of Cooling System

Evaluation of Reactor Building
Contammation

Phase 4 Removal of Reactor

Phase 1: Permanent Shutdown and
Drain of Coolants

Phase 2: Isolation of Cooling System
and Reactor Confinement

Phase 3: Decontamination and
Removal of Cooling System

Fig. 2 Concept figure of JRR-2 decommissioning

Phase 4: Removal of Reactor
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Before phase 1 is started, movement of fuel elements from core to spent fuel pool and drain of secondary
coolant were executed as usual maintenance work.

Phase 1 : Permanent Shutdown and Drain of Coolants
In phase 1, permanent shutdown and drain of coolants have already been executed in period from August,

1997 to march, 1998. Permanent shutdown was executed by removing the control rod drive mechanism.
This work was executed as first work of decommissioning. Drain of coolants was executed by draining
primary coolant(heavy water) and thermal shield coolant(light water) from reactor core and cooling system.

Possession heavy water of JRR-2 is 15m3. After it was drained from reactor core and cooling system in
phase 1,10m3 was stored in JRR-2 heavy water storage facilities set up newly by remodeling of tank which
already exists in phase 1, and 5 m3 was stored in JRR-3 heavy water storage facilities which already exists.
Because heavy water of JRR-2 is contaminated rather by tritium, tritium concentration is about 4.3 X
107Bq/cm3, how to treat heavy water become an important problem to ensure safety under decommissioning.
As plan for the future, the detailed examination is being advanced at present aiming at transportation to
foreign country in phase 2. By the way, drained thermal shield water(10m3) was transported to the
radioactive disposal facilities and disposed.

Phase 2 : Isolation of Cooling System and Reactor Confinement
In phase 2, isolation of cooling system and reactor confinement are mainly planned. This phase is planned

in period from November, 1998 to March, 2000, and is being executed at present.
Isolation of cooling system is being executed by cutting off joints of reactor core and primary cooling

system in period from January to March, 1999. Reactor confinement will be executed by sealing open parts
of reactor body after November, 1999 and by March, 2000.

Additionally, In phase 2, on activation activity of reactor body and contamination activity of cooling
systems, revaluation by activity measurements are planned, and samplings for that purpose has already been
executed as first work of phase 2. Removal of experimental facilities and secondary cooling system are also
planned in phase 2, and transportation of possession heavy water to foreign country is also planned as above
mentioned.

Phase 3 : Decontamination and Removal of Cooling System
In phase 3, decontamination and removal of cooling system are mainly planned in 4 years from April,

2000 to 2003. First, it is planned to establish decontamination technique of tritium contamination by the
proof test. Afterward, decontamination of primary cooling system will be executed by adopting the
technique, and removals and disposals of primary and thermal shield cooling systems will be executed as
decrease of exposure and radioactive waste is achieved. Additionally, it is planned to evaluate inventory of
tritium contamination of reactor building concrete, and it is also planned to remove equipment in spent fuel
storage facilities. By the way, it is planned to transport all spent fuels of JRR-2 to DOE-SRS(USA) by the
middle of phase 3.

Phase 4 : Removal of Reactor
In phase 4, it is planned to remove reactor body by adopting one piece removal or caisson techniques, and

decommissioning will be ended. This phase is planned in 4 years from 2004 to 2007. Removed reactor body
will be stored in the storage facilities constructed newly in either outside or inside of reactor building. On
reactor building removed reactor body, it is planned to leave, and to use effectively as a hot experimental
facilities after decommissioning ends.
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4. WORK ON ENSURING SAFETY

Before first dismantling is executed, general safety measures, safety measures at each dismantling and
radiation control are examined to achieve ensuring safety, and described to dismantling report. As safety
evaluation, about worker, collective dose equivalent at each dismantling are evaluated, and about the
general public, dose equivalent rate outside site at ordinary dismantling and heavy water leakage accident
assumed to be the most serious accident are evaluated. As a result of those evaluations, it is confirmed not to
give risk of exposure which becomes a problem. On those evaluations, new evaluation is taken into
dismantling report as decommissioning progress. Before each dismantling is executed, detailed examination
on work method and exposure is further executed.

At phase 1, though collective dose equivalent was estimated as about 90 man" mSv, actually it could be
controlled to 9.2 man • mSv by not approaching high dose points. Internal exposure by tritium could be also
prevented by installation of enough greenhouse and wearing ventilation mask and so on.

5. DISPOSAL OF RADIOACTIVE WASTE

Because how to treat radioactive waste generated in dismantling becomes an important problem to
achieve ensuring safety under decommissioning, radioactive waste quantities on each dismantling is
estimated with dividing by activity revels and properties.

Radioactive solid waste quantities generated total process of decommissioning is estimated about
1375ton. Reactor body, about 720ton, will be stored in the storage facilities constructed newly as above
mentioned, other, about 655ton, cooling facilities, experimental and irradiation facilities, reactor building
concrete and so on, are disposed in radioactive disposal facilities inside site.

Radioactive liquid waste quantities is estimated about 1724m3, and main nuclide is tritium. The majority,
about 1650m3, is general waste fluid generated in each dismantling. The one of concentration standard or
less are disposed in JRR-2 , and the one of more than concentration standard are disposed in radioactive
disposal facilities inside site.

Main nuclide of radioactive gas waste is also tritium, and it is released from the stack as it is confirmed
that concentration of nuclides is standard or less.

6. WORK ON TRITIUM CONTAMINATION

Because JRR-2 is a heavy water reactor, how to treat tritium contamination of heavy water, primary
cooling system and reactor building concrete becomes an important problem to achieve ensuring safety
under decommissioning. On treatment of possession heavy water 15m3, transportation to foreign country is
planned in phase 2 as above mentioned. On tritium contamination of primary cooling system,
decontamination, removal and disposal are planned in phase 3 after decontamination technique of tritium is
established by the proof test as above mentioned. As preparation for it, various investigation and
examination, for example distribution and chemical properties of contamination, basic technique of
decontamination and final disposal method, is being advanced in phase 2. On tritium contamination of
reactor building concrete, it is as follows

6.1 Tritium Contamination of Reactor Building Concrete
On tritium contamination of reactor building concrete, a preliminary investigation had already been

executed before decommissioning was begun. The tritium infiltration contamination of floor concrete in 9
places and the tritium surface contamination of wall concrete in 6 places was measured in this investigation.
Tritium contamination distribution of basement concrete is shown in Fig. 3, and tritium infiltration situation
of first floor and basement concrete is shown in Fig. 4.

As shown in Fig. 3, tritium specific radioactivity exceeded clearance level of tritium, 200Bq/g(in
commercial reactor case), under examination at present in Japan in all of measurement points of basement.
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Tritium
Specific Activity

Unit: Bq/g

H8-1
H8-2
H8-3
H8-4
H8-5
H8-6
H8-7
H8-8
H8-9
H8-10

1.25 X103

6.37 X101

5.63 X102

2.02X10*
2.05 X103

1.44X10*
3.78 X103

2.12 X103

7.73 X102

7.82 X102

Fig. 3 Tritium contamination distribution of reactor building basement
concrete. # indicate measurement points of floor, A. indicate
measurement points of wall. Measurement points of wall is about
1150mm from floor surface.
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Distance from Surface(cm)

Fig. 4 Tritium infiltration contamination of reactor building concrete.
H8-01 ~ 10 indicate measurement points of basement, H8-11 ~ 15
indicate measurement points of first floor.

- 2 1 2 -



JAERI-Conf 99-012

And tritium specific radioactivity exceeded clearance level under examination also in the majority of
measurement points of first floor. Therefore it was clarified that whole area of reactor building was
contaminated by tritium.

On tritium infiltration situation, as shown in Fig. 4, maximum tritium specific activities was measured in
the depth from 10 to 30cm in heavy water pump room, and on the surface in other area. Changes of specific
radioactivity in direction of depth is gradual, and no exponential. On tritium infiltration contamination in
JRR-2, It is guessed to have caused for infiltration of water which contains tritium in heavy water pump
room and for infiltration of steam which contains tritium in other area of reactor building.

As a result of preliminary investigation, existence of tritium infiltration contamination over whole area in
reactor building was clarified, however it is difficult to forecast whole tritium infiltration situation from
measurement results of small number obtained because the rule is scarce. Therefore it is planned in phase 3
to grasp whole content of tritium infiltration contamination over whole area of reactor building by executing
a full investigation. And examination on disposal method of reactor building concrete, about 230ton,
generated as radioactive waste in phase 4 and effective use of reactor building after decommissioning ends
will be advanced based on a full investigation.

7. SUMMARY

(1) Decommissioning of JRR-2 is planned in 11 years from 1997 to 2007, and the program are divided into
4 phases. Phase 1 had already been ended, phase 2 is being executed in plan to March, 2000.

(2) Reactor body will be removed in phase 4 by one piece removal or caisson techniques. On reactor
building, it is planned to use effectively as a hot experimental facilities after decommissioning ends.

(3) For ensuring safety under decommissioning, detailed examination on work method, exposure and
radioactive waste quantities is executed on each dismantling in advance. On exposure of worker in phase
1, it was achieved to control lower than the estimate.

(4) How to treat tritium contamination becomes an important problem ensure safety under decommissioning
because JRR-2 was heavy water reactor. On heavy water, transportation to foreign country is being
planned in phase 2. On primary cooling system and reactor building concrete, various investigation and
examination is being advanced aiming at phase 3 and 4.
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