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ABSTRACT 
The Japan Power Demonstration Reactor (JPDR) decommissioning project is 

progressively achieving its final goal," the project will be finished by March 1996 to release 
the JPDR's site into unrestricted use in a green field condition. The new techniques which 
developed or improved in R&D, the first phase of this program, have been successfully applied 
to the actual dismantling activities. Some decommissioning wastes have been managed as the 
first case of onsite shallow land burial based on the new regulatory frame of radioactive waste 
management. The experiences and the data obtained from the JPDR dismantling activities are 
expected to contribute to future decommissioning of commercial nuclear power plants. 

INTRODUCTION 
The JPDR is the first Japanese nuclear power reactor, which constructed during 

September I960 to August 1963 for the purpose of obtaining an experience on consti-uction 
and operation of a nuclear power plant, studying on characteristics of a nuclear power reactor, 
and contributing to development of domestic technology by irradiating nuclear fuels made by 
Japanese industries. 

The JPDR attained criticality initially August 2*2,1963, and it started power generation 
of 45 MWt March 15, 1965. After several years run of the JPDR, the reactor was shutdown 
and it was modified by installing recirculation pumps to enhance nuclear capability to the 
power of 90 MWt. The modified reactor, JPDR-II, attained first criticality February 1972 
and operated for about four years. The JPDR was shutdown in March 1976 due to several 
problems such as cracking on the nozzle of in-core monitor turbines, the failure of control rod 
drive mechanisms and other complications. Consequently the possibility of re-starting the 
reactor and the use for other objectives had been evaluated by experts in JAERI, then it was 
finally decided to decommissioning the JPDR as a demonstration project for future 
decommissioning of commercial nuclear power plants. 

The JPDR decommissioning progTam was initiated in 19S1 under contract with the 
Science and Technology Agency (STA) in Japan.(I) The JPDR decommissioning program 
consists of two major phases; Phase 1 began in 1981, aiming at developing the technology 
necessary for reactor decommissioning. Phase 2, actual dismantling of the JPDR began in 
1986 to reach green field condition, that is, stage 3 in IAEA definition, using the technology 
developed in Phase 1. To date the dismantling activities are in progress successfully, and 
various data on the dismantling activities have been collected and accumulated in the 
decommissioning database.® 

JPDR DECOMMISSIONING PROJECT 
JPDR 

The JPDR is a Boiling Water Reactor (BWR) designed by General Electric (GE) Co. 
Ltd. It has the containment vessel with a hemispherical topdome, cylindrical body and 
hemispherical bottom shape, which is called reactor enclosure. The total operation time and 
output of electricity were about 17,000 h and 1.4 x 106 kWh, respectively. 
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The residual radioactive inventory in the JPDR facility is estimated to be approximately 
130 TBq as of April 1988. Almost all radioactive inventory remains in the reactor internals, 
the reactor pressure vessel (RPV) and the biological shield. Table 1 shows the major 
specifications, operation history and radioactive inventory of the JPDR. 

Japanese Policy for Decommissioning Nuclear Power Plants 
The nation's policy for decommissioning nuclear facilities described first in the long 

term program for research, development and utilization of nuclear energy (Long-Term 
Program) issued 1982 by Atomic Energy Commission, Japan. Even the Long-Term Program 
was revised since then, the basic nation's policy for decommissioning nuclear facilities has not 
been changed so far. It described that in decommissioning commercial power reactors, as a 
rule the nuclear reactor should be dismantled and removed as soon as possible after its 
operation is terminated. It described about development of dismantling technology, as 
development efforts and field testing will be continued using the JPDR and other facilities for 
the purpose of obtaining dismantling technology and know-how that can be applied in actual 
decommissioning of commercial power reactors and similar nuclear facilities. 

Time Schedule 
The project had started with R&D (Phase-1) on technology development such as 

underwater plasma arc cutting, robotic manipulator, underwater arc saw cutting, shaped 
explosives, rotary disk knife, mechanical cutting and water jet cutting, which included basic 
studies and mockup tests using these techniques. 

During the Phase-1, the JPDR spent fuels were transferred to Power Reactor and 
Nuclear Fuel Development Company (PNC) for reprocessing. Actual dismantling activities 
started 1986; components around the RPV were first dismantled to prepare the space fbi 
subsequent dismantling activities using remote dismantling machines. Figure 1 shows the time 
schedule of the JPDR decommissioning program. The major milestones conducted so far are 
described briefly as follows. 

The reactor internals were dismantled using the underwater plasma torch operated by 
the robotic manipulator during 1987 to 1990. The piping connected to the RPV were then cut 
and removed using the rotary disk knife, shaped explosives and conventional tools in 1990. 
The RPV was dismantled using the underwater arc saw cutting system during 1990 and 1991. 
After removing all steel components in the reactor cavity, the biological shield was dismantled 
using three techniques: mechanical cutting (diamond sawing and coring), abrasive water jet 
cutting and controlled blasting during 1991 to 1994. In parallel with the above dismantling 
activities, the components in auxiliary buildings were removed using conventional cutting 
tools. For example, the turbine was dismantled by using oxi-acetylene gas torch, in-air 
plasma torch and conventional cutting tools. The dismantled components were put into mainly 
1 m3 steel containers. The steel liner of the spent fuel storage pool was also removed to be 
put into containers. The activities on decontamination of building inner surfaces and final 
survey of radioactivities were on going for cancellation of radiation control area. The JPDR 
decommissioning project will be finished by March 1996. 

JPDR DISMANTLING ACTIVITIES 
In the JPDR decommissioning project, various kinds of dismantling techniques were 

developed and these were applied to the actual dismantling activities. Table 2 lists the 
techniques developed in this progTam.(3)"(5) For example, the underwater arc saw cutting was 
applied to dismantling the RPV by in-situ underwater cutting. This was the first case in the 
world. In this section, the dismantling activities will be described focusing on the techniques 
developed in the JPDR decommissioning program. 
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Dismantling Techniques to Steel Components 
•Underwater plasma arc cutting : The plasma torch (1,000 A in max, Ar + H, for plasma gas) 
is possible to cut 130 mm thick stainless steel components underwater. The torch was 
mounted on two types of remote operation systems: master/slave robotic manipulator and mast 
type manipulator systems. Both of them were controlled outside the R/E. The robotic 
manipulator was applied to dismantling of the core spray, the feedwater sparger and the core 
grid support bolts, and the mast type manipulator was applied to the other parts of reactor 
internals. 

• Shaped explosives : The shaped explosive is cylindrical with a copper-lined V-groove on 
the circumferential surface. When the explosive is detonated, the copper liner collapses and 
accelerates in the direction of the pipe wall to be cut. It is easy to use the remote setting on 
a cutting portion to separate a pipe by detonation. The shaped explosives were applied to 
cutting of the pipes in the core spray system and the emergency condensate system (26 inches 
diameter, schedule 80 thick carbon steel pipes). Also, these were applied to cutting the control 
guide tubes underwater. The in-air cuttings were successfully completed, however, the 
underwater cutting was not successful due to decreasing the detonation force by the water 
between the explosive and the pipe wall. 

• Rotary disk knife : The cutter part of this system consists of a small disk knife and two 
rollers. The edge of the disk knife is pressed against the inner surface of pipe to be cut, and 
is rotated by the driving shaft connected to the hydraulic motor. Two machines were 
fabricated for cutting the pipes in the recirculation system (318 mm diameter, 17 mm thick) 
and the feedwater/unloading closed cooling system (114 mm demeter, 9 mm thick). The larger 
disk knife is available for both straight line and curved line with the elbow. In the case of 
cutting the elbow part, the cutter part could not be inserted into the elbow part due to the 
projection which had been made by welding, resulting in failure of cutting. 

• Underwater arc saw cutting : This system consists of the base support structure, the main 
mast, the saw blade and the blade drive mechanism. The base support structure mounted mast 
rotating/lifting mechanisms which controls the positions of the saw blade circumferentially and 
vertically. The main mast is equipped with three outriggers which fixes their movement. The 
saw blade and its driving mechanism are mounted at the lower end of the mast, and driving 
mechanism rotates the saw blade by hydraulic pressure and changes the direction of the saw 
blade horizontally and vertically. This system operated remotely outside the reactor building. 
The maximum arc power was 40,000 kA at 50 V direct current, and could cut 250 mm thick 
carbon steel plate underwater. The top flange portion of the RPV body was cut vertically into 
9 pieces. The other parts were cut into 8 horizontal pieces and 9 vertical pieces. 

Dismantling Techniques to Concrete Structures 
Three techniques: mechanical cutting, abrasive waterjet cutting and controlled blasting 

were developed to dismantling concrete structures. Figure 2 shows cross-sectional view of 
the biological shield showing the area classification related to the dismantling techniques. 

• Mechanical cutting : In the mechanical cutting, concrete blocks were removed by sawing 
and coring. The machine consists of sawing blade and coring cylinder. It was installed into 
the reactor cavity by wires from the bridge at the service floor. The vertical position of the 
machine was changed depending on the height of dismantling portions. It was horizontally 
fixed with three outriggers, and was rotated circumferentially by the driving mechanism. The 
upper protrusion of the biological shield was dismantled using this machine. The averaged 
cutting efficiency was 1.3 m2 per hour. 
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• Abrasive water jet cutting : The water jet cutting system consists of the nozzle of water jet, 
the nozzle drive mechanism, the supersonic wave sensor to confirm the cutting completion, 
the supporting assembly, pumps and abrasive supply mechanism, etc. The nozzle of water jet 
could be moved horizontally and vertically by the drive mechanisms. The pressurized water 
up to 2,000 kg/cm2 was projected into the concrete surface to cut the concrete structure with 
reinforcing bars. It was cleared that the system could cut the reinforcing concrete structures 
up to 60 cm in thickness. It was applied to dismantling of the lower protrusion of the 
biological shield. 

• Controlled blasting : In the controlled blasting, the explosives which installed in holes of 
about 3 cm in diameter were detonated sequentially with tune interval of blasting to control 
the direction of the mechanical force. The explosives were vertically charged to the inner 
layer of the biological shield, while these were charged horizontally to the outer layer of the 
biological shield. Urbanite, an improved form of Dynamite was used as the explosives due 
to relatively slow detonation velocity. 

WASTE MANAGEMENT 
Waste Categorization 

The wastes resulting from decommissioning are basically categorized into activated, 
contaminated and non-radioactive wastes. Further the wastes of contaminated and activated 
materials were classified into four levels as follows. 

(a-i) >4KBq/g, (c-i) >400 KBq/cm2 

(a-ii) 4 K - 40 Bq/g, (c-ii) 400 KBq/cm2 

(a-iii) 40 - 0.4 Bq/g, (c-iii) 4 K - 40 Bq/cm2 

(a-iv) <0.4 Bq/g (c-iv) <40 Bq/cm2 

Where the levels, (a-i) through (a-iv) are applied to the activated components and the 
levels (c-i) through (c-iv) contaminated components and building surfaces. More detailed 
levels were considered in some case. 

Before starting the dismantling activity at each work area, the components to be 
dismantled were classified into the groups based on the on-site measurement of radioactivity 
levels. The wastes were put into 200 litter drums, steel containers (1 m3 or 3 m3), or shielded 
containers depending on their radiation levels. The wastes were also separately packaged in 
terms of material and component types. The containers filled with wastes were temporarily 
placed at the temporal storage yard in the JPDR facility, then these were transported 
periodically to the JAERI's waste storage facility. In the dismantling activities, various kinds 
of by-products such as vinyl sheet, gloves, shoe covers were produced. The by-products were 
put into carton boxes, of which size is approximately 30 cm in diameter and 50 cm in height. 
The carton boxes were transported periodically to the waste treatment facility for incineration 
and compaction, where these were treated together with the wastes produced by another R&D 
studies of JAERI. 

In addition to the solid wastes, gaseous and liquid wastes were also produced from the 
dismantling activities. Gaseous wastes were filtered and exhausted through the stack after 
confirming that the radiation level was less than 3 x 10"6 Bq/cm3. Liquid waste was treated 
by the water treatment systems, which were used during the operation of the JPDR. After 
confirming that its radioactivity was less than 0.4 Bq/cm3, it was diluted with water to be one 
hundredth in radioactivity, then discharged to the Pacific ocean. 

Wastes Arisings 
Approximately 4,600 tons of waste have arisen as of March 1994. Among the wastes, 

the radioactive waste weighed about 3,500 tons. The weight breakdown by materials are 1,100 
tons in metal, 2,000 tons in concrete and 230 tons in by-products. The waste weight 
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breakdown by radioactivity levels are also listed as follows : 
a-i) 41 tons, a-ii)146.1 tons, a-iii) 410.2 tons, a-iv)lS72.8 tons, 
c-i) 0 tons, c-ii) 34.3 tons, c-iii) 190.7 tons, c-iv) 1415.0 tons 
Figure 3 shows the flow of the waste treatment in the JPDR decommissioning program. 

Shallow Land Burial 
Due to the revision of the measures for implementing the Nuclear Regulation Low, it 

becomes possible to dispose concrete waste in extremely low levels into onsite shallow land 
burial place. The most wastes resulting from the demolition of outer layer of the biological 
shield and from decontamination of the building surfaces were put into flexible containers, 
which were placed at temporary storage yard. These will be disposed at the shallow land 
burial place. 

The final radioactivity survey has been conducted after decontamination of the building 
inner surface. First, radioactivity was surveyed to each area by contamination detector (conta-
mat), then samples were taken from each area for confirmation of that the radioactivity of 
cobalt-60 is low (3 Bq/kg) enough compared with the natural background. The final 
confirmation of radioactivity will be conducted in such a way that one sample per each 10 m2 

area at penetrated contamination areas or one sample per each room at surface contamination 
areas will be taken and the radioactivity of the sample will be measured. 

DATA COLLECTION AND ANALYSIS 
Information about the JPDR dismantling activities have been collected and accumulated 

in the decommissioning database. The data have been collected on data collection and 
retrieval systems, that use the JAERI mainframe (FACOM - M780) and minicomputers. In 
addition, information about machine performance and operability were also collected when 
newly developed decommissioning techniques were applied to the dismantling activities. The 
data on project management such as waste arising, manpower expenditure and radiation 
exposure of workers are analyzed and reported as a periodical documentation. These are used 
for managing the JPDR dismantling work. Figure 4 shows the concept of data collection and 
retrieval systems developed for the JPDR decommissioning program. The breakdown of the 
worker dose measured in the dismantling activities is shown in Fig. 5 as an example of the 
data collected in the JPDR dismantling project. 

CONCLUDING REMARKS 
The JPDR decommissioning program is in the final stage; various dismantling 

techniques were developed and demonstrated in the actual dismantling of the JPDR. Various 
data on project management and performance of dismantling machines developed in Phase-1 
have been collected in the dismantling activities, and the data were accumulated in the 
decommissioning database. 

These data and know-how obtained in the dismantling activities will be useful for 
future decommissioning of commercial nuclear power plants. 
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Table 1 Major Specifications, Operation History 
and Radioactive Inventory of JPDR 

Specifications 
Type of reactor 
Thermal power 
Pressure vessel 

material 
inner diameter 
height 
thickness 

Biological shield 
material 
thickness 

Reactor enclosure 
inner diameter 
height 

Operation history 
Operation time 
Output of electricity 

Radioactive inventory 

BWR 
90MWt (45MWt initially) 

ASTM-A302-56GrB 
2.1 m 
8.1 m 
7 cm 

reinforced concrete 
1.5 to 3 m 

15 m 
38 m 

17,000 hours 
1.4 x 106 KWH 
131 TBq 
(as of April, 1988) 

Table 2 Dismantling Techniques Developed in R&D (Phase 1) 

Technique 

Underwater arc saw 

Underwater plasma arc 

Rotary disc knife 

Shaped explosive 

Mechanical cutting 

Abrasive water jet 

Controlled blasting 

Components to be dismantled 

Reactor pressure vessel (RPV) 

Reactor internals 

Piping connected to RPV 

Piping connected to RPV 

Biological shield 

Biological shield 

Biological shield 

Cutting ability 

250 mm thick carbon steel in water 

130 mm thick stainless steel in water 

12 inch8, Sch 160 (stainless steel) 

26 inch, Sch 80 (carbon steel) 

cutting efficiency : 1.3 m2 per hour 

450-600 mm thick reinforced concrete 

Blasting efficicne : 0.1 m3 per hour 

" 1 inch = 2.54 cm 
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Fig.l Time schedule of the JPDR decommissioning program 
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Fig.2 Area classification and applied techniques to dismantling biological shield 
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