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The second annual meeting was held at Studsvik AB in Sweden to exchange information 
on radioactive waste treatment technology including recycling of materials and technical 
developments for the neutron irradiation experiments in materials testing reactors. The 
information exchange meeting was held on the basis of the implemental agreement between 
the Studsvik AB and the Japan Atomic Energy Agency (JAEA) for cooperation in nuclear 
energy research and development. The major items of the information exchange were the 
present status of waste treatment in both organizations including acceptance criteria of 
wastes in Studsvik facilities, experience and current status of RI production technology in 
both organizations as well as the sensor development. The future plan in cooperative program 
was also discussed. This report describes contents of the information exchange and 
discussions in two cooperation areas. 
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1.  Introduction 

Material irradiation studies by using research reactors and technologies on radioactive 
waste treatment are the important research and development areas in the nuclear worlds 
today. The Studsvik AB and the Japan Atomic Energy Agency (JAEA) are the organizations 
leading in these areas in the nuclear worlds. Both organizations wished to push on the 
research and development by establishing cooperative program in these fields. The 
memorandum of understanding between both organizations for the future cooperation in 
nuclear energy research and development was signed on May 23, 2006, then the implemental 
agreement was signed on December 12, 2007. 

Under the implemental agreement on cooperation for the Studsvik AB and the JAEA in 
nuclear energy research and development, the first meeting was held on July, 2008 at JAEA 
to exchange the information with active discussions. The second meeting was prepared by the 
Studsvik AB, and held at Sweden on September 14-18, 2009. In this meeting, information 
exchange was carried out on two cooperation areas, “Radioactive waste treatment technology 
including recycling of materials” and “Technical developments for the neutron irradiation 
experiments in materials testing reactors”. Moreover, the future cooperation plan under this 
agreement was discussed, and the action plan for both parties was proposed in two 
cooperation areas. Contents of information exchange and discussions in the meeting are 
prescribed in this report. 

2. Cooperative program between JAEA and Studsvik AB

The objective of this Implementation Agreement is to establish a general framework of 
cooperation in the field of research and development of nuclear energy and to define terms 
and conditions under which the parties will cooperate in a balanced basis.  

The specific areas are defined in the agreement as follows: 
Radioactive waste treatment technology including recycling of materials, 
Technical development for the neutron-irradiation experiments in materials testing 
reactors.

The first area covers the radioactive waste treatment, recycling of nuclear materials, and 
measurement of radioactivity. The second area covers international standard in 
neutron-irradiation experiments, industrial application of materials testing reactor, and 
advanced irradiation technology.  

Activities of cooperation are also defined in the agreement as follows: 
Exchange of general information, 
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Exchange of scientific and technical information on specific topics, 
Short visits by specialists to the facilities of the other party relevant to the area of 
cooperation, 
Joint research and development studies on specific topics, 
Exchange or attachment of staff. 

3.  Information exchange meeting 

3.1 Outline of information exchange meeting 
On the basis of the agreement, the second annual was held for information exchange at 

Studsvik AB in Sweden on September 14-18, 2009. The two meetings for cooperation areas; 
radioactive waste treatment technology including recycling of materials and technical 
developments for the neutron irradiation experiments in materials testing reactors were held 
separately. The agenda is attached in the appendix A1. 

The subjects are as follows: 
Radioactive waste treatment technology

A study on waste treatment for effective recycling-II (JAEA) 
Pre-treatment & super compaction of radioactive wastes at advanced volume 
reduction facilities (JAEA)
Studsvik radioactive waste acceptance criteria (Studsvik Nuclear AB) 
Segregation technique, cost of processing, transport, secondary waste return criteria 
(Studsvik Nuclear AB) 

Irradiation technique in materials testing reactor
Experience of reactor operation (Studsvik Nuclear AB) 
Experience of RI production (Studsvik Nuclear AB) 
Present status and future plan of JMTR (JAEA) 
Status of irradiation technology development in JMTR (JAEA)  

The technical tours are also arranged to observe the present status of radioactive waste 
treatment and material studies. 

3.2 Summary of presentation 
Radioactive waste treatment technology
(1)A study on waste treatment for effective recycling-II 

A study on waste treatment for effective recycling was explained (see “A study on waste 
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treatment for effective recycling-II” in Appendix 3). 
Radioactive wastes arising from research activities are gathered and stored in the waste 

treatment and storage facilities located each nuclear site of JAEA. In the Nuclear Science 
Research Institute of Tokai R&D Center, it is planned to treat the wastes for volume reduction 
and to form the final disposal packages by the Advanced Volume Reduction Facility. The other 
sites/centers are relatively behind to take measures of waste treatment; waste treatment 
facilities are under construction or in planning stage. 

Among the wastes stored in present, more than 80 percent of the wastes is in 
unconditional or temporally-conditioned state which will meet no regulatory requirement. 
Since some wastes stored in the facilities aged more then 40 years, it will be necessary to 
pre-treat the wastes to be grouped into such categories of combustible, metal, non-metal and 
harmful materials. After grouping the wastes, they will be treated for conditioning by such 
methods of compaction, incineration, melting in order to forming final disposal packages and 
collecting the data to meet disposal standard. Before starting the disposal business, waste 
treatment facilities must be constructed to treat the wastes for final disposal. 

Since there is no consideration to treat wastes for releasing in AVRF and some difficulty of 
carrying slightly contaminated materials out of the NSRC site, it is necessary to find 
alternative way for efficient waste management. There are no commercial base radioactive 
waste treatment facilities for treatment/conditioning to form final disposal packages. There is 
also little experience of treatment of substances for recycling. It might be therefore important 
to consider treatment of the wastes in foreign facilities if it is difficult to treat them using the 
existing facilities in JAEA. 

The fusibility of treatment of the wastes in foreign facilities was evaluated It is basically 
possible under the present legal frame to export radioactive waste for treatment in foreign 
facilities. However, since there is no precedent experience, it might be required by the 
government to explain the detailed plan and its justification. The major points to be cleared 
are as follows: 

Is it advantageous to treatment wastes in a foreign facility?  
Is it possible to explain necessity of treatment by foreign facility instead of using 
JAEA facilities? 
Is it possible to dispose of the waste which is returned from the foreign facility?  

Evaluation should be made from the above points of view. Planning of procedures is also 
important which include waste export, treatment by a foreign facility, returning of secondary 
waste, disposal of the waste, etc. Finally we are planning to prepare the report on treatment 
in a foreign facility focusing on justification and its advantageous aspect. 

 (S. Yanagihara) 

(2) Pre-treatment & Super compaction of Radioactive Wastes at Advanced Volume Reduction 
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Facilities
The Advanced Volume Reduction Facilities (AVRF) was explained (see “Pre-treatment & 

Super compaction of Radioactive Waste at AVRF” in Appendix 3).  
AVRF was constructed at Nuclear Science Research Institute (NSRI) of the Japan Atomic 

Energy Agency (JAEA) in order to reduce the volume of the stored low-level radioactive solid 
wastes (LLW) and to make waste packages suitable for near-surface disposal In the facilities, 
wastes are segregated by its materials in pre-treatment system and the volume of the wastes 
is reduced by super compactor, incinerator, metal melting system or non-metal melting 
system.  The facilities are now in preparing stage for steady operation from FY2011. 
Pre-treatment and super-compaction of radioactive wastes are main treatment methods until 
2014. The melting systems will be operated in small scale in the period in order to accumulate 
data of radioactive inventory of LLW for disposal.  The major activities as pre-treatment and 
compaction are described below.  

1) Pre-treatment of the solid wastes 
Acceptance criteria of wastes for pre-treatment in the AVRF are as follows: 

Size:  less than 3m 7m 3m(H)  
Weight: less than 7tons 
Surface dose rate: less than 2mSv/h  
Nuclides in waste: / <1/10

After acceptance of wastes into the AVRF, wastes are segregated to metal for super 
compactor, metal for melting, non-metal, combustibles, undesirables and multi-material 
complex components (difficult to be separated). The metal less than 10mm thickness is 
selected for super compactor and the metal over than 10mm thickness is selected for metal 
melting system. Heavy metals, aluminium and combustibles are removed from the wastes to 
super compactor as undesirable materials for near-surface disposal. For the wastes to melting 
furnace or incinerator, polymers contains SiO2 or F are removed in order to prevent making 
damage to off-gas treatment system. Liquid and organic materials are also removed carefully 
from the wastes to melting system in order to prevent increasing the pressure inside the 
system.

The metal wastes which need to be cut for segregation and metal wastes over 200L drum 
size are cut using several cutting techniques. YAG laser cutter used to be applied to cut the 
simple-shaped large tanks. This cutter can cut the metal with organic materials such as 
rubber at the same time automatically, but it needs to be memorized the cutting route 
beforehand. Recently complicated-shape wastes have been getting dominant, handy devices, 
such as plasma cutter, are used mainly. 

HEPA filters, which account for 10% of generating wastes, have been segregated as wood 
frame and media by using saber saw. The wood frames are shredded and the chips are burned 
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in the incinerator. The media, which consists of aluminium and organic materials, is 
compacted by packing machine and segregated as undesirables. 

Results of pre-treatment in AVRF are described as follows: 
By pre-treatment of metal wastes from decommissioning of JPDR, about 74% of the 
wastes were classified as metals for super compactor or for melting system. About 7% of 
the wastes were separated as non-metal and 13% of the wastes were multi-material 
complex components such as cable, motor etc. Undesirables such as lead were also 
contained up to 6%. 
By the pre-treatment of HEPA filters, the medias as undesirable materials are compacted 
and the volume is reduced to about 1/9. Because of the generating rate of the HEPA filters 
in NSRI, the undesirable materials will be produced about 5m3/y constantly.   

2) Volume reduction by super compactor 
The super compactor consists of the horizontal direction unit with 500 ton force and the 

vertical direction unit with 2,000 ton force. Compacted drums are filled into new 200-liter 
drums as close as possible to the limit of the height. The hot operation of the super compactor 
started at March 2009, and total 139 drums were compacted as of June 2009.  The averaged 
volume reduction ratio was about 1/4 and the weight of the drum filled with compacted wastes 
was about 700kg. 

 (T. Momma) 

(3) Studsvik Radioactive Waste Acceptance Criteria 
After the introduction of Department RadWaste in the Studsvik Nuclear AB (see 

“Welcome to Department RadWaste” in Appendix 3), Waste Acceptance Criteria (WAC) for 
both metallic LLW and combustible LLW were explained using the Studsvik report 
(STUDSVIK/N-08/220, STUDVIK/N-09/041), “Volume reduction of LLW for the nuclear 
industry, summary of criteria for acceptance” and “Metals recycling guideline RP89” in 
Appendix 3. 

 (A. Stenmark) 

(4) Segregation technique, cost of processing, transport, secondary waste return criteria  
Segregation technique is depending on material type, size of material and complexity. 

(Carbon Steel, Stainless Steel, Lead, Copper, Aluminum, Heat Exchanger, Pumps, SG’s, etc.). 
Generally three segmentation techniques are used; alligator sheer, hot cut with torch, cold cut 
with band saw. Favorable technique depends on material type and size as well as 
contamination level.  

Torch is fast but not suitable on very thick Carbon Steel because of the large volume of 
slag generated and it is not functional on Stainless Steel, Lead and Copper.  
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Alligator sheer is fast, economical on thin material and does not generate any secondary 
waste (slag).  

Band saw is good technique for thick material as it generates metallic saw dust not 
adding to the secondary waste volume and can be used on very thick materials but one draw 
back is unfortunately the slow capacity and higher cost. Band saw is also effective on metallic 
lead (thick) as it can not be hot cut with torch. 

Cost of processing is always depending on type of waste, radioactive contamination and 
the volume to process. Studsvik has delivered budgetary quotations to indicate cost of 
processing and is happy to quote actual waste volumes with sufficient description data 
provided. 

Transportation of LLW is best done with 20 foot IP-2 containers whenever size of waste 
allows doing so. If waste is larger it can transported according international transportation 
rules. Best mean of transportation of large components should be decided after good 
identification of waste and radioactive contamination is done. Cost etc. is well understood for 
IP-2 container transportation and for larger items it must be calculated on a case by case 
basis.

Secondary waste return criteria are always in agreement between client and Studsvik. 
Several aspects must be considered, such as, container used for return transport (size and 
design), allowed maximum activity concentration in returned package etc. From Swedish 
perspective one important regulatory rule is to process all waste, including return transport 
to client within 24 months.  

 (A. Stenmark) 

Irradiation technique in materials testing reactor
(1) Experience of reactor operation 

Experience of reactor operation, competence of operation personnel and categorization of 
accident were explained (see “Regulations concerning the competence of operations 
personnel” and “Categorization of incidents at nuclear facilities” in Appendix 3). Training for 
a position, retraining etc. were introduced as the competence of operation personnel at 
Studsvik. Importance of the collaborated maintenance works with reactor operator, 
irradiation facility operator, RI production operator and irradiation rig designer was pointed 
out, and the works were done with well exchanged in different fields. Three categorized 
incidents, “Severe lack in safety”, “Minor lack in safety” and “State in the facility that can 
lead to a lack in barriers or deep defense”, were introduced, and experience number of 
abnormal state for R2 were categorized.  

Waste treatment was explained, and the waste management, clearance release, removal 
of contamination etc. were introduced (see “Waste treatment R2-facility” in Appendix 3). The 
necessity of the plan considering the waste disposal treatment was emphasized. Status of 
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decommission for the R2, waste treatment and management, contamination removal method, 
were shown through facility tour of R2.   

(2) Experience of RI production 
Experience of Si semiconductor production and RI prodection was explained (see “Si 

irradiation facility in R2” and “RI (P-32) production in R2” in Appendix 3). For the Si 
semiconductor production, the details of equipment were shown, and experience of production 
rate (15t/year), experience of a damaged were explained. For the RI production, production 
experience of 192Ir, 125I, 32P, 177Lu was introduced, and the production technology was 
discussed. Iridium for industrial use was presented as the largest production in the Studsvik 
R2 from commercial point of view. Mo irradiation was briefly discussed, and the reason why 
the R2 did not produced this isotope is that the transport time to the treatment facility is too 
long.

For the PIE technology, the general information of Studsvik hot laboratory was shown 
through facility tour. 

 (L.Gustafson, M.Karlsson, J.Flygare) 

(3) New irradiation facility in the JMTR 
Present status and future plan of JMTR was summarized and the new irradiation 

facilities which are being constructed in the JMTR were introduced (see “Present status and 
future plan of JMTR” in Appendix 3). 

The JMTR operation was stopped in August 2006 in order to conduct its refurbishment. 
The reactor facilities are refurbished during four years from beginning of FY 2007, and 

the operation of new JMTR will start in FY 2011. Usability improvement, target and expected 
roles of new JMTR, replacement of reactor components, construction of new irradiation 
facilities for aging management study were summarized as follows. 

1) Usability improvement of the JMTR 
The usability of the JMTR will also be improved to be attractive to users, shown as 

follows.
a)  Achievement of the reactor available factor from 50% to 70%, 
b)  Shortening of turnaround time to get irradiation results earlier, 
c)  Realization of more attractive irradiation cost in comparison with other testing reactors 

in the world, 
d)  Establishment of more simple irradiation procedure and more satisfied technical 

support system, 
e)  Guard of the business confidence by perfect information control, etc. 
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2) Target of new JMTR 
a) Proposal of attractive irradiation tests 
b) Establishment of international center 
c) User-friendly management 

3) Expected roles of new JMTR 
a) Lifetime extension of LWRs 

- Aging management of LWRs, 
- Development of next generation LWRs 

b) Progress of science and technologies 
- Development of fusion reactor materials and developments, 
- Development of HTGR (High Temperature Gas cooled Reactor) fuels and materials, 
- Basic research on nuclear energy, etc. 

c) Expansion of industrial use 
- Production of silicon semiconductor for hybrid car, 
- Production of 99Mo - 99mTc for medical diagnosis medicine 

d) Education and training of nuclear scientists and engineers 

4) Replacement of reactor components 
Refurbishment of the JMTR is promoted by two projects, "replacement of reactor 

components" and "construction of new irradiation facilities". 
The replaced components are decided from the accumulated experience/knowledge 

through forty years operation. Aged or old-designed components such as control rod drive 
mechanism, reactor control system, primary cooling pumps, secondary cooling pumps, electric 
power supply system and so on, will be replaced by present-designed ones. For example, the 
circuits of reactor control system and process control system which consist of a huge amount 
of relays and soldered wirings will be replaced by present-designed integrated circuits. 

As for un-replacing facilities, such as heat exchangers, pressure vessel, secondary cooling 
towers etc, safety review was carried out from a view point of the aging and maintenance 
management. Their long-term operation in future has been certified by this investigation. By 
these replacements aiming at the safe/steady reactor operation, the failure possibility for each 
component will be decreased, and the failed component will be able to repair promptly. This 
leads improvement of the reactor operation rate in future. 

5) Construction of new irradiation facilities for aging management study 
New irradiation facilities, i.e. irradiation test facilities of materials and fuels for the 

aging management study of LWRs, will be installed in the JMTR, and following items will be 
carried out. 
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a) Fuel irradiation tests 
- Transient tests under power ramping conditions, 
- Irradiation tests under high duty conditions, such as high rod internal pressure, uprated 

power and high burnups 
b) Material irradiation tests 
- Stress Corrosion Cracking (SCC) tests under irradiation conditions, 
- Material irradiation tests of hafnium under high temperature water condition for 

corrosion, 
- Fracture toughness tests of reactor pressure vessel materials with 1T-CT specimens 

Irradiation test facilities of materials and fuels are now being developed and will be 
installed in the JMTR during a shutdown period about 4 years until 2010. Requirements are 
addressed on high performance of LWRs, e.g. power up rating, longer operation cycles and 
modified water chemistries for lifetime extension of the power plants to obtain evaluation 
data of fuel and materials under irradiation conditions.  

For the fuel tests, a new type of a power ramp test facility is also under development to 
provide the constant surface temperature of fuel rod specimen during a boiling transient. It is 
planned to realize the linear test-fuel power by controlling the pressure of surrounding 3He 
gas screen, absorber of neutrons. For the material tests, an irradiation capsule with larger 
test section with large sized specimen of reactor materials is now being developed to 
investigate the scale effect on the IASCC behavior. 

(M.Ishihara)

(4) Status of irradiation technology development in JMTR 
1) Irradiation facilities for LWR 

Information exchange of the irradiation facilities for LWR was carried out using the 
annual report (JAEA-Review 2008-082) and the proceedings of 2008 KAERI/JAEA joint 
seminar (JAEA-Conf 2008-010).  

Facility for fuel transient behavior test to evaluate the safety for the high burn-up 
light-water reactor fuels (uranium and MOX fuels) was designed. The facility will be capable 
of carrying out power ramping and boiling transition tests on light-water reactor fuels. The 
testing facility will consist of shroud irradiation equipment, capsule control equipment, and 
He-3 power control equipment. As some parts of the design details, the system design and the 
instrumentation design were carried out. The shroud irradiation equipment consists of 
reactor piping, cooling system, capsule exchanger, and an instrumentation and control system. 
The capsule control equipment supplies water simulating a light-water reactor environment. 
The He-3 power control equipment controls the power of the testing fuel by changing the He-3 
pressure. In the system design, two parallel wastewater-treatment-lines are considered to 
conduct continuously the fuel failure test by changing lines. At the same time, the wastewater 
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is designed to be reutilized through being circulated (purified) to reduce the amount of 
discharged water. 

To study the Stress Corrosion Cracking (SCC) under neutron irradiation for the 
light-water reactor in-core materials, the material irradiation test facility was designed. The 
facility consists of a water environment control system, weight-loading control unit and 
capsules. The water environment control system feeds quality-controlled, high-temperature 
and high-pressure water to the capsule to simulate the in-core environment, such as the 
temperature, pressure, and water quality of the light-water power reactor. The system also 
purifies and circulates water from the capsules. The design of the water environment control 
system in the BWR material irradiation facility simulating the BWR environment and the 
BWR/PWR material irradiation facility simulating the broad water environment was carried 
out. The components of dissolved oxygen / hydrogen concentrations and zinc injection were 
designed for the BWR material irradiation facility to simulate the BWR condition. The system 
also provides the temperature control, flow rate and pressure control. Additionally, the boron 
and lithium injecting components were designed for the BWR/PWR material irradiation 
facility. The water environment control system was designed to selectively remove boron and 
lithium from the circulating water. 

2) RI production 
RI production with JMTR was explained [see “RI production with JMTR”, “Development 

and design for Mo-production facility in JMTR”, “Hydraulic rabbit irradiation facility” and 
“Development on 99Mo production technology by Molybdenum Solution Irradiation Method 
(M-SUIMIT)” in Appendix 3]. 

RI productions of future plan are mainly short lived radioisotopes for medical use, 99Mo, 
89Sr, 188W, 90Sr and 125I.

The hydraulic rabbit irradiation facility and molybdenum solution irradiation method 
were discussed for 99Mo production. For the hydraulic rabbit irradiation facility, it will be 
possible to produce at about 20% of 99Mo imported to Japan when the new hydraulic rabbit 
irradiation facility will be installed. Moreover, possibility of 99Mo production increase by the 
increase of MoO3 density and the number of irradiation rabbits was explained. In this case, 
the amount of 99Mo production will be reached about 37 TBq/week (1,000ci/week). 

In order to increase the amount of 99Mo production, the molybdenum solution irradiation 
method was proposed as a new production method having several advantages such as large 
irradiation volume, high efficient and low cost comparing with conventional method. Aiming 
at the realization of the molybdenum solution irradiation method, un-irradiated and  ray 
irradiated tests of the molybdenum solution were carried out, and the combination of 
potassium molybdate solution and stainless steel was selected as the candidate materials 
from the result of the compatibility and the chemical stability. 
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3) Sensor development 
Sensor development was introduced (see “Status of irradiation technology development in 

JMTR” and “Development of ceramics oxygen sensor” in Appendix 3). 
For the higher temperature irradiation tests like the LWRs fuel, the development of new 

multi-paired T/C for the higher temperature measurement is carrying out. For the first step, 
N (nicrosil-nisil) type multi-paired T/C usable at over 1000  under the neutron 
irradiation,was developed and the trial fabrication test was conducted. It is clear that 
accuracy of the hot junction axial position is ±1mm, and accuracy of temperature 
measurement is ±1% up to 1050C. For the optical measurement, the image observation, 
displace measurement, etc. were proposed by optical fibers using insensitive region (about 
1000 nm) by neutron irradiation.  

For the ceramics oxygen sensor, trial fabrication test by the Spark Plasma Sintering 
(SPS) method was carried out, and fabrication condition became clear. 

4) PIE technology 
PIE technology was presented (see “General information of JMTR-HL” and “Lifetime 

extension study of beryllium reflector in material testing reactors” in Appendix 3). 
For the general information of JMTR hot laboratory, renewal plan of BOCA assembling 

apparatus, activity of IASCC and LWR fuel test and experiences of PIEs were introduced. 
For the Lifetime extension study of beryllium reflector, lifetime extension program by 

changing material grade and beryllium waste disposal program by the world wide 
collaboration were introduced.  

(K.Tsuchiya, H.Izumo, E.Ishitsuka) 
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4. Future plan 

Future plan was discussed with both organizations on two cooperation areas, 
“Radioactive waste treatment technology including recycling of materials” and “Technical 
developments for the neutron irradiation experiments in materials testing reactors”,. 

4.1 Future plan of radioactive waste treatment technology. 
It was confirmed that the study on effective waste treatment will be continued by both 

organizations. Especially by focusing on the waste treatment of nuclear science research 
institute, the waste treatment for final disposal and/or clearance will be studied concerning 
sharing the role of various waste treatment facilities.  

4.2 Future plan of irradiation technique in materials testing reactor 
It was confirmed that general information exchange was completed in the area of 

dosimetry test procedure, irradiation technology, RI production, Si production, sensor, PIE 
technology by information exchange during two years, and it should go ahead to the detail 
information exchange aiming the development of a sensor and the device for irradiation and 
PIE technology. It was also confirmed that continuous information exchange will start from 
next year to find out the common profit development items. 
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5. Concluding remarks 

Under the implemental agreement on cooperation in nuclear energy research and 
development between the Studsvik AB and the JAEA, the second meeting was held at 
Studsvik AB in Sweden. Very instructive information exchange for both parties was made on 
two cooperation areas, “Radioactive waste treatment technology including recycling of 
materials” and “Technical developments for the neutron irradiation experiments in materials 
testing reactors”. Moreover, future cooperation plan was discussed and the concrete aim and a 
method were recognized by both parties. It was also confirmed that next meeting will be held 
in Sweden in next year.   
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Appendix 

A.1 Agenda of the meeting 

1. Radioactive waste treatment group 
(1) General introduction and overview of program  
(2) Visit of radioactive waste facilities

- Deep sea harbor  
- Metal treatment/melting facilities  
- Decay storage and ingot dispatch for recycling 

(3) Information exchange  
- Study on waste treatment for effective recycling S.Yanagihara (JAEA) 
- Assurance for radioactive metal clearance and recycling A.Stenmark (Studsvik) 
- Present status of waste treatment for volume reduction T.Momma (JAEA) 
- Treatment and volume reduction of radioactive metal A.Stenmark (Studsvik) 

(4) Discussion  
- Segregation technique, cost of processing, transport, secondary waste return criteria 
etc.
- Future plan and conclusions 

(5) Visit to facility  
- Äspö laboratory in Oskarshamn 

2. Irradiation technology group  
(1) General introduction and overview of program  
(2) Information exchange 1  

- Experience of R2 reactor operation and education program L.Gustafson (Studsvik)
- Si irradiation facility and RI production technology of R2 M.Karlsson (Studsvik)

(3) Information exchange 2  
- Waste treatment in R2 L.Gustafson (Studsvik)
- Present status and future plan of JMTR M.Ishihara (JAEA) 
- Status of irradiation technology development in JMTR E.Ishitsuka (JAEA)
- Visit to R2 and hot laboratory

(4) Discussion   
- Future plan and conclusions 
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A Study on Waste Treatment for 
Effective Recycling (II)

The 2nd Studsvik-JAEA Meeting on Nuclear Development

Satoshi Yanagihara
Nuclear Cycle Back-end Directorate

JAEA

September 15, 
2009

Outline

Present status of low level radioactive 
waste management in JAEA

Low level radioactive waste disposal 
business

Strategy of radioactive waste treatment for 
disposal or clearance

Feasibility of waste treatment in a foreign 
facility

Summary
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Radioactive wastes arising from research activities are 
gathered and stored in the waste treatment and storage 
facilities located each nuclear site of JAEA.

In the Nuclear Science Research Institute of Tokai R&D 
Center, it is planned to treat the wastes for volume 
reduction and to form the final disposal packages by the 
Advanced Volume Reduction Facility. 

The other sites/centers are relatively behind to take 
measures of waste treatment; waste treatment facilities are 
under construction or in planning stage.

Present Status of Low Level 
Radioactive Waste Management

Tokai Research and Development Center
Decommissioning of research facilities is 
under way. Waste treatment facilities are 
under planning for TRU wastes. A large 
amount of wastes are stored in the center.

Aomori R&D Center: Decommissioning of Nuclear 
Ship Mutsu; wastes are stored in the storage facility.

Oarai research and Development Center:
Decommissioning of DCA, wastes are stored 
in the storage facilities. The waste treatment 
facility for intermediate level wastes are under 
construction.

Tsuruga Head Office: Decommissioning 
of Fugen is under way. It will be necessary 
to take measures for the wastes arising 
from decommissioning. 

Ningyo-toge Envi. Eng. Center
Decommissioning of Uranium Refinement and 
Conversion Facility is under way. It is necessary to 
take measures for the waste arising from 
decommissioning.

R&D Institutes/Centers and Major 
Decommissioning &Waste Management 

Activities

Horonobe Underground 
Research Center 

Naka Fusion Institute

Takasaki Advanced Radiation 
Research Institute

Kansai Photon Science Institute

Tono Geoscience Center

J-PARC Center

Eleven R&D Institutes/Centers are located in Japan.

2DCA: Deuterium Critical Assembly
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Decommissioning activities is on going; equipment in periphery of the reactor 
core has been dismantled.
Technology developing program is under way; improvement of existing 
technology such as abrasive water jet cutting.
The wastes from its operation have been stored in the waste storage facility.
It will be necessary to take measures for minimization/conditioning of the 
wastes arising from dismantling activities.

Fuel Cycle Facilities in Ningyo-Toge Environmental Engineering Center
Decommissioning activity is on going.
Technology development program is under way; decontamination, 
dismantling method.
There is no waste treatment facility to form the final disposal packages. 
It will be necessary to take measures for treatment of wastes arising from 
dismantling activities.

Decommissioning and Waste Management 
Activities in R&D Institutes/Centers

Fugen Nuclear Power Station in Tsuruga Head Office

Research Laboratories in Tokai Research and Development Center

Basically two nuclear sites are located in the center; Nuclear Science Research 
Institute and Nuclear Fuel Cycle Engineering Laboratory. The wastes are stored 
in the waste storage facilities in each site.
Decommissioning programs in under war for relatively small size facilities such 
as research laboratories and critical assembly.
The amount of wastes stored in the center is taken to be more than 80% in JAEA. 

3

*:Final Disposal Form: 170,000 drums equivalent

Present Status of Radioactive Wastes Stored in 
JAEA Research Sites

Oarai:8%

Fugen:6
Ningyo-toge Envi. Engi. Center:4%

Pu Facilities:8%

Tokai Reprocessing Facility:24%

Monju:1%

Naka:0.1%

Takasaki:0.1%
Mutsu:0.3%

Others:0.1%
Nuclear Science Research 
Institute:39%

Nuclear Fuel Cycle Engineering 
Laboratories:42%

Approximately 
340.000 drums*U Facilities:10%

Proportion of the amount of radioactive wastes stored in each site

4
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Storage of concrete debris in pits

Clearance of Concrete Debris Generated 
from JRR-3 Refurbishment

Reactor contaminant

Reactor

Reactor

Storage space

33
m

17
m

GL

Temporary shelter

23
m

10
m

27
m

Control Room

Hot Cave

: Range of dismantled
concrete

Cross-sectional view of JRR-3

Concrete debris are in rad-waste storage 
pits.
Weight: 4050 tons
Radioactivity:3.7 1010Bq

Verification of clearance levels are under way for releasing concrete debris 
generated from JRR-3 refurbishment.
Approximately four thousands tons of concrete debris will be released.
These will be utilized for construction of parking lots etc. within the NSRI site. 

Storage pits for radioactive waste

5

Advanced Volume Reduction Facility

The Advanced Volume Reduction Facility (AVRF) was constructed to form final disposal packages 
of wastes  as well as reducing the volume. A large variety of volume reduction and treatment 
equipment have been prepared such as mechanical, thermal cutting and melting treatment 
apparatuses. Depending on the characteristics of the wastes, a process type will be selected from 
such options as melting, compaction, incineration, cutting. 

Roles
Minimization of waste volume
Strengthen of confinement ability 
Easiness of characterization

Major functions
Sorting
Cutting
Melting by Induction furnace
Melting by plasma touch
Super compaction
Incineration

Roles
Minimization of waste volume
Strengthen of confinement ability 
Easiness of characterization

Major functions
Sorting
Cutting
Melting by Induction furnace
Melting by plasma touch
Super compaction
Incineration

Advanced Volume Reduction 
Facility

Size Reduction & Storage 
Facilities 6

Cutting by laser

waste

plasma torch

Activities in AVRF

Pre-treatmentMelting of waste

Advanced Volume Reduction Facility
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Low Level Radioactive Waste Disposal 
Business

By amending the Law of JAEA 2008, it enabled JAEA to put disposal 
business into effect for low level radioactive wastes originated from 
radioisotope usage and by research laboratories.

About 530,000 drums (200 liter) equivalent are expected to be the total volume 
of disposal by 2048. The total cost for the business is estimated to be 200 
billion Japanese yens with 170 billion yens for JAEA and 30 billion yens for 
others.

The first step is to determine the site of repository, then the disposal 
facilities will be constructed for about 8 years since then. It includes 
designing of the repository, safety evaluation, and regulatory matters. 

The first emplacement of wastes in the disposal facility will be planned 
to start around 2017.

7

Radioactive Wastes for Disposal

JAEA

Trench

Others

Quantity of waste for disposal

Image of disposal facility Estimated cost of disposal business

200
billion
Yen

The total cost for the 
business is estimated to 
be 200 billion Japanese 
yens with 170 billion 
yens for JAEA and 30 
billion yes for others.

Outline of Low Level Radioactive 
Waste Disposal Business

¥ Low level radioactive waste originated from reactor or 
nuclear material usage facilities except commercial 
nuclear power plants, which is capable of disposing in 
shallow land.

¥ Low level radioactive wastes originated from radio- 
isotope usage or radiation beam generation facilities, 
which is capable of disposing in shallow land.

About 530,000 drums 
(200liter) equivalent are 
expected to be 
accumulated by 2048.
JAEA will produce about 
430,000 drums, Others 
about 100,000 drums

Concrete-pit type facility

Trench type facility

Administrative and 
Auxiliary buildings

Concrete 
pit

530,000

Trench

Concrete- 
pit

JAEA Others

8
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Data Collection and Analysis for Waste Disposal
It is required to verify compliance with technical criteria for disposal in each disposal 
waste package separately.
The verification includes evaluation of the amount of radioactive inventory in nuclide 
base, physical and chemical properties, etc. 
Rapid and simplified measurement will be necessary for rationally collecting information 
to prepare waste disposal.

Important nuclides for safety evaluation 
in disposal evaluated so far

Radioactive
Waste

Waste for 
Disposal

Verification of Waste

9

Waste Treatment for Forming Final 
Disposable Packages

It is required to condition the wastes for forming final disposal 
packages which will meet regulatory requirement.

Among the wastes stored in present, more than 80 percent of the 
wastes is in unconditional or temporally-conditioned state which will 
meet no regulatory requirement.

Since some wastes stored in the facilities aged more then 40 years, 
it will be necessary to pre-treat the wastes to be grouped into such 
categories of combustible, metal, non-metal and harmful materials.
After grouping the wastes, they will be treated for conditioning by 
such methods of compaction, incineration, melting in order to 
forming final disposal packages and collecting the data to meet 
disposal standard.

Before starting the disposal business, waste treatment facilities must 
be constructed to treat the wastes for final disposal.

10
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Strategy of Radioactive Waste 
Treatment for Disposal or Clearance

Radioactive wastes have 
been produced by nuclear 
activities in such facilities

Use of Present Facilities
¥AVRF

Construction of new facilities or
modification of present facilities
¥High level TRU
¥Low level TRU
¥Relatively high level 

Clearance for reuse or recycling
¥No specific facilities prepared

¥Research reactors ( )
¥Research facilities ( )
¥Research facilities )
¥Reprocessing facility
¥Uranium refining facility

Measures for efficient waste 
treatment is under consideration.

It is important to consider practicable recycling/reusing of 
substances after releasing in compliance with clearance 
procedures. 11

Clearance melting/treatment of materials is out of scope in AVRF 
processing at present.

Radioactive waste and materials possible for recycling
Very low level radioactive waste stored in the storage facility
Slightly contaminated materials classified to non-radioactive group

Radioactive wastes necessary for consideration of their treatment
Ion exchange resins( ~420drums : incineration, plasma melting
HEPA filter media ~40drums: increase in future : plasma melting 
Aluminum material ( ~420drums : melting by induction furnace 
Multi-material-complex components such as pumps, lining pipes, motors 
( ~420drums : sorting by hands, compaction, incineration, melting
Harmful materials: Storage?

Scope of Radioactive Waste Treatment by 
Advanced Volume Reduction Facility

Capability of treatment in Advanced Volume Reduction Facility
sorting by hands, incineration, compaction 
melting by induction furnace, plasma torch

12
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Since there is no consideration to treat wastes for releasing in 
AVRF and some difficulty of carrying slightly contaminated 
materials out of the NSRC site, it is necessary to find alternative 
way for efficient waste management.

There is no commercial base radioactive waste treatment 
facilities for treatment/conditioning to form final disposal packages. 
There is also little experience of treatment of substances for 
recycling.

It might be therefore important to consider treatment of the 
wastes in foreign facilities if it is difficult to treat them using the 
existing facilities in JAEA.

Alternative Way to Treat Radioactive 
Wastes for Disposal or Clearance

13

Feasibility has been studied from the following points of view:
Regulatory frame on import/ export of radioactive wastes
Transportation of radioactive materials or large components
Waste treatment in foreign facilities
Handling of returned radioactive materials in regulatory frame
Advantage/disadvantage of radioactive waste treatment in foreign 
facilities

Feasibility of Waste Treatment in 
Foreign Facilities

14

It is basically possible under the present legal frame to export 
radioactive waste for treatment in foreign facilities. 
However, since there is no precedent experience, it might be required 
by the government to explain the detailed plan and its justification.
A reasonable explanation will be necessary to realize international 
treatment of radioactive wastes.
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Radioactive waste stored in JAEA site

Very low-level radioactive metal waste
Possibility of releasing as a non-radioactive material if these are 
treated by melting.

Ion exchange resins
Extreme volume reduction will be expected. However secondary 
waste should be brought back to Japan for disposal or storage.

Extremely low level radioactive materials arising from decommissioning 
activities.

Slightly radioactively-contaminated materials stored in JAEA site

Substances Being Considered for 
Treatment in Foreign Facility

15

Effective Treatment of Radioactive Waste 
for Recycling

Is it advantageous to treatment wastes in a foreign facility?
Evaluation from viewpoints of cost, treatment method, 

characterization of waste, etc.

Is it possible to explain necessity of treatment by foreign 
facility instead of using JAEA facilities?

Justification of exporting wastes/materials for treatment 
by a foreign facility in the first case in Japan

Is it possible to dispose of the waste which is returned 
from the foreign facility? 

Evaluation of that there is no problems to meet disposal 
standard.

16
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Future Approach to Rational Treatment 
of Radioactive Waste in JAEA

Evaluation of advantage of waste treatment by a 
foreign facility comparing the costs taking 
consideration of the following cost items;

transportation, pre-treatment, melting, disposal, etc.

Planning of procedures including waste export, 
treatment by a foreign facility, returning of secondary 
waste, disposal of the waste, etc.

Preparing the report on treatment in a foreign facility 
focusing on justification and its advantageous aspect.

17

Summary

Various kinds of radioactive wastes have been stored in JAEA 
facilities, and rational treatment and disposal of low level radioactive 
wastes are the major subjects to be solved in the near future.

Amending the Law of JAEA, it enabled JAEA to put disposal business 
into effect for low level radioactive wastes originated from radioisotope 
usage and by research laboratories.

It might be important to consider treatment of the wastes in foreign 
facilities if it is difficult to treat them by the existing facilities in JAEA in 
effective way.

A reasonable explanation will be necessary to realize international 
treatment of radioactive waste.

Evaluation of advantage/disadvantage of foreign treatment is 
necessary by comparing the costs taking consideration of the detailed 
cost items.

18
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MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

0

T. Momma

Dept. of Decommissioning and Waste Management
Nuclear Science Research Institute (NSRI), JAEA

Pre-treatment & Super compaction 
of Radioactive Waste  at  AVRF

Sep. 2009
MMWWDDDD MMWWDDDDDept. of Decommissioning

and Waste Management

MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

1

Pre-treatment
Cutting (Down sizing)
Segregation

Advanced Volume Reduction Facilities (AVRF)

Waste Size Reduction & 
Storage Facilities (WSRSF)

Waste Volume Reduction 
Facilities (WVRF)

Facilities of AVRF:
Low Level Solid WasteLow Level Solid Waste

Storage

DisposalDisposal

WSRSF (large size waste)

Pre-treatment
Segregation

WVRF

Super Compaction
Incineration
Melting (metal, non-metal)

Objective:
To make disposable waste packages by treating Low-level solid wastes (LLW) 
in NSRI.

To reduce the volume of stored LLW.

To accumulate data of radioactive inventory of LLW for disposal.
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MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

2

Steady Operation (4,000drums/year) will start at FY2011.

Pre-treatment and super compaction are mainly operated until FY2014. Melting will 
start in small scale 2010 in order to accumulate data on radioactive inventory of 
LLW for disposal.

For the present, metal wastes from reactors and HEPA filters are main targets for 
treatment. Target items will be extended gradually.

10
6

15

14
55

Non-metal

Metal         
(Reactors)

Metal
(Laboratories)Solidified

Packages

Highly Contaminated 
or Activated Materials

Categorization of Stored Wastes in NSRI
(Total: about 130,000 drums)

*Until FY2003, HEPA filters were packed 
into drum with incombustible materials by 
compaction(100tons) without any pre-
treatment. They were classified as ÒNon-
metalÓ.

Wastes arising (except for combustible) 
in NSRI: about 2,000drums/y

10% of them are HEPA filters*

Wastes (existing) Wastes (arising)

Strategy of Waste Treatment in AVRF

MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

3

- Down sizing to under 
0.3m

- Separate materials
- Confirm an existence 

of undesirables 

Pre-treatment Flow in AVRF

Cutting

Super compactor

Incinerator

- Metal 10mm thick

Induction furnace

Plasma furnace

- Metal >10mm thick

- Non Metal 

- Undesirables

Segregating

Confirmation

Confirm radioactive 
info. Especially for 
Stored wastes

-Surface Dose rate
- concentration 

Waste acceptance criteria 
Size:  less than 3m 7m 3m(H)
Weight: less than 7tons
Surface dose rate : less than 2mSv/h
Nuclides in waste / < 1/10

Storage facilities- Multi-material complex 
components (difficult to 
separate)

- Combustibles 
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MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

4

Undesirables

Undesirable for Disposal (concrete pit type repository)
¥ Heavy metals
¥ Aluminum

Undesirable for Melting and Incinerating

¥ Combustibles (Cellulose, Isoprene) Incineration

¥ Polymers (rubber, plastic) containing SiO2 or F
¥ Heavy metals

Damage for Off-gas filter, Refractory

¥ The wastes which contain Liquid, Organic materials 
Difficult to control the pressure inside the melting system

Undesirable for Melting

MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

5

Cutting of Metal Wastes 

Thermal cutting
(YAG laser cutter)

Mechanical cutting
Rotary band-saw

Thermal cutting
Plasma cutter

Characteristics:
- Cutting remotely.
- Suitable for simple-shaped 
large metal

- Memorizing of cutting route 
is necessary.

Cutting is performed in order to 

- reduce the size of the wastes less than 0.3m.

- segregate materials and/or confirm the existence of undesirables.

Proper cutting techniques are selected according to the shapes and the material of the 
wastes.

Characteristics:
- Cutting speed is fast.
- Suitable for complicated-
shape.
- Unsuitable for metal with 
rubber  coating, etc.

Characteristics:
- Cutting speed is slow.
- Suitable for thick material.
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MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

6

ÒMetal wastesÓ from 
Decommissioning of 
JPDR

Pre-treatment (Cutting and segregation) of metal 
wastes in FY2008

¥The number of treated drums :472
¥ work days        :119
¥ workers            :    6 (2 3teams)

Metals for induction furnace
30%

Metals for super compactor
44%

for Incinerator
2.0%

for Plasma furnace
5.0%

Undesirables
(Al, Pb, etc.)
6.0%

Containing
heavy metals
5.0%

Valves 4.0%

Aluminum
23%

Lead, Mercury etc. 
6.0%

Silicone, Teflon
0.1%

Complex
components
13%

Results of 1,200 
drums which are 
labeled as ÒmetalÓ.

Cables 52%Pumps, Motors 10%

Segregation of Metal Wastes (1/3)

MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

7

Wastes for Super compactor

Wastes for Induction furnace

Metal wastes such as pipes and 
L-shaped steel bars etc.
(thickness<10mm)
Heavy metal
Aluminum           had removed
Combustible

Metal wastes which are difficult 
to compact.
(thickness>10mm)
Heavy metal
Liquid                 had removed
Combustible

Segregation of Metal Wastes (2/3)
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MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

8

Undesirables for disposal

Lead

Silicone

Instruments
(containing heavy metal)

Cables

Undesirables for  
melting, Incinerating

Pump MotorTeflon

Multi-material-complex components 

Aluminum

Segregation of Metal Wastes (3/3)

MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

9

HEPA Filters

Wood frame

Media

Combustible
Wastes

Undesirables

Cutting and 
separate the 
frame and 
media using 
Saber saw

Incinerator

(contains Al)
Compaction
by Packing 
machine

Shredding

(Volume reduction ratio:1/9)

Arising:
30 50m3/y

300 500filters/y

5m3/year

Pre-treatment of HEPA filter

Pre-treatment of HEPA filters in FY2009   
¥Treated filters : 341(37.2m3)
¥ work days:   25
¥ workers : 7
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MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

10

Metal
wastes

Storage
area

Fi C i f d d

Compaction power:
500 t (horizontal)
2,000 t (vertical)

Comparison of compacted 
and non-processed drums

Volume Reduction by Super Compactor

Operational record of Super compactor (March Õ09 Ð June Õ09)

¥Treated drums (before) : 139(average 170kg/drum)
¥ drums (after) :  36

Volume reduction ratio : about 1/4
¥ work days          :  37
¥ workers : 3

MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

11

Metal melting system and Non-metal melting system are in commissioning 
stage.

Until FY2014, melting system will be operated in small scale to accumulate 
data of radioactive inventory of LLW for disposal.

Plan of Melting

Metal melting system Non-metal melting system

Capacity
: 4 t/batch

Electric power
: 1.2 MW

Capacity
: 2 t/batch

Electric power
: 1.3 MW 2

Induction furnace Plasma furnace

FY2010 Operation starts FY2012 Operation starts
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MMWWDDDD MMWWDDDDDept. of Decommissioning
and Waste Management

12

Summary

In order to reduce the volume of LLW in NSRI and to make them into 
waste packages for disposal, pre-treatment and / or super compaction 
have been carried out. For the present, stored metal wastes from reactor 
and HEPA filters have been treated.

Segregation of wastes arising from reactor facility, which are labeled as 
ÒmetalÓ, related in about 74% of the wastes being classified as metals 
for super compactor or induction furnace, about 7% of the wastes being 
non-metal and about 19% of the wastes being undesirables or Òdifficult 
to be separated wastes (complex components)Ó.

Volume of HEPA filters was reduced to 1/9 by pre-treatment, although 
the reduced filters were classified as undesirables(5m3/y) due to 
containing Al.

Super compaction of pre-treatmented metal wastes started at March 
2009.  Averaged volume reduction ratio was about 1/4.
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Volume reduction of
LLW for the

Nuclear Industry

Summary of CFA
(Criteria For Acceptance)

Metal waste
and

DAW-(Dry Active Waste) Anders Stenmark 2008-05-28

CFA for treatment in Studsvik

Incinerables Metals
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CFA for treatment in Studsvik

*Detailed information in Studsvik CFA for intended waste

Metal Melting Services*

Dimension*

Radiological characterization*

*Detailed information in Studsvik CFA for intended waste
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Nuclide restrictions*

Other limitations*

*Detailed information in Studsvik CFA for intended waste

Packaging*

Transport*

*Detailed information in Studsvik CFA for intended waste
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Mesh-Pallet
-Standard waste basket used (re-usable)

- 24 in one full height 20 ft ISO

- ~75 % of the waste have been
delivered in these baskets

th

(re-usable)

Other alternative package

Waste Packages
Containerized scrap (transported in 20ft IP-2)

Waste Packages
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Secondary Waste*

*Detailed information in Studsvik CFA for intended waste

Recycling of free released metal*

*Detailed information in Studsvik CFA for intended waste
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Regulations for Free Release of Metal
Metal mass specific activity Before and After

re-melting 10:1
according to RP 89, the

1

1

1

1

1

1

10 000

10 000

1

100

1 000

Ingots to
contracted

foundries Bq/g

0,1Cs 137
0,1Ra 226

0,1U 235 & 238

0,1Am 241

0,1Pu 238, 239, 240

0,1Co 58 & Co 60
1000Ni 59, 63

1000Fe 55

0,1Mn 54

10C 14

100H 3

Entering open
market
Bq/g

Nuclides

CFA for treatment in Studsvik

Metals
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Dimensions and packaging*

Radiological characterization*

*Detailed information in Studsvik CFA for intended waste

Other limitations*

Transport*

*Detailed information in Studsvik CFA for intended waste
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Secondary Waste*

*Detailed information in Studsvik CFA for intended waste
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Metals Recycling
guideline RP89

Anders Stenmark
Studsvik Nuclear AB, department RadWaste
November 25th - 2009

Regulations for Free Release of Metal

Recommendation RP89
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Regulations for Free Release of Metal
Metal mass specific activity Before and After
re-melting >10:1 according to RP 89*, the

(Please read whole guideline for details regarding free release limits as described in

1

1

1

1

1

1

10 000

10 000

1

100

1 000

Ra 226

U 235 & 238

Am 241

Pu 238, 239, 240

Co 58 & Co 60
Ni 59, 63

Fe 55

Mn 54

C 14

H 3

Metal entering
open market

Nuclides
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Regulations concer-

ning the Competence of

Operations Pers-onnel
Lennart Gustafson

Competence regulations

Regulations concerning the competence of operations
personnel at Reactor Facilities are specified by the
Swedish Radiation Protection Authority.

On the basis of the Ordinance on Nuclear Activities the
Swedish Radiation Protection Authority has issued the
regulations.
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Applicability and definitions

The regulations contain provisions concerning the

competence of operations personnel at nuclear power

reactors and research and materials testing reactors.

Basic provisions

The necessary competence for the operations personnel

to carry out tasks that are important to safety shall be

analyzed.

A systematic competence evaluation shall be conducted

to check that the operations personnel have the sufficient

competence.

In order to hold a specific position, operations personnel

must be authorized for that position.
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Authorization for a certain position may be issued for a

maximum period of validity of three years.

During the period of validity of issued authorization, an

evaluation shall be made every year of whether essential

competence for safety is being maintained.

An employee may, at the same time, be authorized for a

maximum of two different positions.

In order to hold an authorization for control room duties,

the employee shall work in the control room to the extent

necessary in order to maintain familiarity with the tasks of

the position.

The authorization shall be revoked by the licensee if the

employee does not complete the stipulated training or

does not work enough time in the position or if the

employee does nor pass the annual compe-tence

evaluation.
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The application, effectiveness and suitability of the

system for training and competence evaluation of the

operations personnel shall continousely be investigated

by the licensees quality assurance function.

Training for a position

Programmes of training which aim at providing

authorization for specific positions shall exist for

operations personnel. The programmes shall be based on

analyses.

In order to gain admission to training the employee in

question shall have such a documented educational

background and experience that the employee can

complete training within the time frame established by the

training programme.
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Retraining

Operations personnel shall undergo retraining every year

for each position. The retraining shall be of the scope and

direction that is necessary for the personnel to maintain

and develop the competence that is essential for safety.

Documented procedures shall exist for the inventory of

training needs and planning retraining.

Competence of operations personnel at
Studsvik

During operation of the two test and research reactors at
Studsvik there was four positions of employees in one
reactor operation group and also operations management
personnel .

For each position there was a education programme with
far-reaching demands in written and practical
examinations.
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The operations personnel was educated and trained in
steps starting as field operator conducting rounds and
other operational measures locally in the facility.

Next step was control engineer for the experimental
systems in the facility and then control room engineer for
the reactors.

Every operations group was managed by a senior
engineer.

The operations management personnel was specially

trained employees from the operations management,

reactor physics and the technical departments.

The nuclear license and operations responsability,

including competence demands, was delegated from the

president to the reactor department manager and farthest

out to the operation manager.
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Categorization of inci-

dents at nuclear facili-

ties
Lennart Gustafson

Categorization of incidents in nuclear
facilities

The Swedish Radiation Protection Authority classify
incidents in nuclear facilities in three categories:

- Category 1 - Incidents established with severe 
safety extent,

- Category 2  Incidents of minor safety extent

and

- Category 3  Lack in barriers or deep defence.
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Category 1 incident

Severe lack in safety regarding one or more barriers or in
deep defence in the systems or the facility.

The facility has to be immediately bringed to a safe
position.

Before the facility can be bringed in operation again the
investigation and the steps carried through have to be
safety reviewed and approved by the Authority.

Category 2 incident

Minor lack in safety regarding one or more barriers or in
deep defence in the systems or the facility.

The facility can be in operation when steps are carried
through in order to remedy the problems.

The incident and steps in order to remedy the problems
have to be safety reviewed by the reactor organization
and reported to the Authority.
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Category 3 incident

State in the facility that can lead to a lack in barriers or deep defence,

if steps will not be carried through in order to remedy the problems.

Steps planned to be carried through have to be safety reviewed by

the reactor organization, before they are carried through.

The facility can be in operation without any limits when steps are

carried through, in order to remedy the problems.
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0

Neutron Irradiation and Testing Reactor Center
Oarai Research and Development Center

Japan Atomic Energy Agency

2nd Studsvik-JAEA meeting
14-15 Sep., 2009, Studsvik, Sweden

Present statusPresent status and future plan of JMTRand future plan of JMTR

M. Ishihara

1

Horonobe
High-level rad-
waste research

Tsuruga
Prototype fast breeder Monju,
Decommissioning of Advanced
Thermal Reactor Fugen

Naka
Fusion R&D, ITER
support

Takasaki
Radiation application

Aomori
Decommissioning of nuclear
facilities, Broader Approach
technologies for nuclear
fusion energy R&D

Ningyotoge
Decommissioning
of uranium
enrichment plants

Tono
High-level rad-
waste research

Tokai
Basic research,
Safety studies,
Neutron Science,
Nuclear fuel-cycle
technologies, Rad-
waste management
and disposal, etc.

Oarai
Experimental reactors
Joyo, HTTR and JMTR;
Advanced reactor R&D
including FBR cycle
commercialization

Kansai
Photon & Synchrotron
Radiation Science

Location Map of Research Centers of JAEA
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2

JMTR

HTTR

FMFAGF

MMF
WDF

DCA

Japan Materials Testing
Reactor (JMTR)

Hydrogen Production
Test Facility

High Temperature
Test Reactor (HTTR)

Joyo

-Cerveaux FBR Cycle International R&D Center)

Administration ofÞce

Sodium Engineering
Facility

Fuels Monitoring Facility FMF)

Alpha Gamma
Facility AGF)

 Material Monitoring
Facility�MMF)

Over Ðview of Oarai Research Center

3

Facilities of JMTR

Reactor Building

Hot Laboratory

Canal

Reactor

JMTR & Hot Laboratory are connected by Canal
   - Easy Transfer of Irradiated Specimens
   - Re-instrumentation
   - Coupling Irradiation
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4

Outline of JMTR

Core ConÞgurationCore ConÞguration

Standard Fuel Element
Fuel Follower / Control Rod
Aluminum Reßector Element
Beryllium Reßector Element
Beryllium Frame
Gamma-ray Shield Plate

Reactor Power 50 MWt

Fast Neutron Flux (Max) 4×1018 n�m2�s

Thermal Neutron Flux (Max) 4×1018 n�m2�s

Flow of Primary Coolant 6000 m3�h

Coolant Temperature 49��56�
Core Height 750�

Fuel Plate type, 19.8% 235 U

Irradiation Capability (Max) 60 (20*) capsules
Fluence/y  (Max) 3×1025 n�m2 �y

dpa of Stainless Steel (Max) 4 dpa
Diameter of Capsule 30 - 65mm
Temp. Control (Max) 2000�

SpeciÞcations of JMTRSpeciÞcations of JMTR
Low ! Area

HR

OSF
1

Shroud Facility

Hydraulic Rabbit

* : capsule with in-situ measurement

5

Outline of JMTR hot laboratory

Post irradiation examination facility
(hot laboratory)

J M T R

CanalCanal

Hot laboratory and JMTR are connected directly by canal
��Transportation of irradiated samples is easy

        - Quick irradiation is possible
        - Re-irradiation test of irradiated samples is easy

SheathTIG-welding

Irradiated
specimenHeater

Capsule assembling technology in a hot cell for re-irradiation tests

Tohoku Univ.

RI production
facility

LWR

Hot labo.
Inside/outside of

JAEA

Un-irradiated specimenMain post irradiation examination of fuel
�Eddy current test , X-ray micro analysis , Gamma scanning ,
    Microstructure observation, Hardness test
Main post irradiation examination of material
�Crack propagation test, Creep test, Tensile test, Fatigue test,
    Fracture toughness  test, Impact test, SP test

Irradiated specimen

Re-irradiation test

Export

Import

Specimen ßow

Concrete cell
Microscope lead cell
Lead cell
Iron cell
Cover type XMA cell

: 8
: 4
: 7
: 5
: 1
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6

Outline of JMTR refurbishment

7

JMTR refurbishment schedule

Irradiation facility
(include PIE facility)
- LWR material
- LWR fuel power rump
- LWR fuel loop
- Improvement of
  Hot-laboratory

Refurbishment of JMTR

Re-operation evaluation
of JMTR by government

Periods of JAEA

Items

1st 2nd 3rd

50MWOperation of JMTR

Schedule will be changed by
   demands.

ʻ05
H17

ʻ06
H18

ʻ07
H19

ʻ08
H20

ʻ09
H21

ʻ10
H22

ʻ11
H23

ʻ12
H24

ʻ13
H25

ʻ14
H26

ʻ15
H27

ʻ16
H28

ʻ17
H29

ʻ18
H30

ʻ19
H31
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8

Renewal schedule of reactor facilities

FY
 System

2007
(H19)

2008
(H20)

2009
(H21)

2010
(H22)

2011
(H23)

 Reactor control system

 Cooling system

 Exhaust system

 Power supply system

 Boiler system

 PuriÞcation system

: SpeciÞcation design, fabrication and replace works, inspections etc.

Restart

9

Expected roll of new JMTR

9
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10

User-friendly management after reoperation

The reactor facilities are refurbished during four years
from the beginning in FY 2007, and the operation of

new JMTR will start in FY2011.

11

Planning of new irradiation facilities

Be H ßame

Si semiconductor
production

Progress of science
and technology

- Fusion reactor Development(ITER)
- High Temperature Gas cooling
   Reactor Development
- Basic research
- University use, etc.

   Basical study

99Mo production

Gamma ray
shield plate

: Al Reßector
: Be Reßector

- Aging management
- Development of next
  Generation LWRs

Life time extension
of LWRs

  LWR material

    LWR fuel power rump

   LWR fuel loop

Extension of industry use
<Example>

Cryogenic temp. Irr
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12

New facilities for aging management study

1) Fuel irradiation tests for LWRs (2011-2016)
- Transient tests under power ramping conditions
- Irradiation tests under high duty conditions, such as high rod
  internal pressure, upgraded power and high burn-up

2) Material irradiation tests for LWRs (2011-2016)
- Stress Corrosion Cracking (SCC) tests
  under irradiation conditions
- Material irradiation tests of hafnium under high temperature
  water condition for corrosion
- Fracture toughness tests of reactor pressure vessel materials
  with 1T-CT specimens

13

HRD program using JMTR

13

1.On-Job Training Program by the refurbishment of reactor
   facilities and the installation of new irradiation facilities

2. Education and Training Program by the development of
    advanced irradiation technology
  - Development of advanced in-situ instrumentation technology

[ex] In-situ Observation Technology of Reactor Core under reactor operation,
Remote Sensing Technology of Irradiation Behavior without Cable,

             Elemental technology  (High temperature multi-paired thermocouple,
             Uniformly irradiation, sensor of oxygen and hydrogen)
- 99Mo production technology development by new Mo solution irradiation

    method
  - Development of recycling technology on used beryllium reßector irradiated
    by neutron (recycling technology aiming at production of beryllium pebbles
    as a neutron multiplier for ITER blanket test module)

Presented by Dr.J.Sugimoto at 2007 HRD workshop 
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14

HRD program for Malaysian engineer in 2008

1. Outline of Oarai R&D Center and JMTR
  - Reactor, Utility facilities, Irradiation facilities, Hot laboratory
2. Operation & management of JMTR
3. Management of radioactive waste disposal in JMTR
4. Radiation management in JMTR
5. Refurbishment of JMTR
 -Radioactive waste disposal facility
 -Instrumentation and control system
 -Primary and secondary cooling system
6. Quality assurance activities in JMTR
7. Permission and approval for JMTR refurbishment
8. Safety analysis of JMTR
9. Technical evaluation for aging management in JMTR

Term : Nov. 24 - Dec.19, 2008

HRD program using JMTR Refurbishment

15

Construction of World/Asian Networks

EfÞcient facility utilization and providing high
quality irradiation data by role sharing of
irradiation tests with characteristics of
each testing reactor

- Study of fuel / material for LWRs
- Education, training etc.
- Stable supply of RI, 99Mo etc.

Information exchange
Interchange of staffs, etc.

Construction of international cooperation system
by world wide testing reactor network

Framework of World Network

HBWR

European center
HFR

HFIR

HANARO

OPAL

US center
JMTR

ATR
World Network

Asian center

Asian Network

Mutual understanding

WWR-K

TRIGA PUSPATI
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16

Summary

16

-The JAEA placed that the JMTR is a testing reactor which
supports the basic  technology of the nuclear energy, and
decided the refurbishment of the reactor facilities during four
years from FY 2007; operation of the new JMTR will be started
from FY 2011.

-New irradiation facilities are planned to install in the JMTR;
LWR fuels/materials irradiation facilities, Industrial use for Si-
semiconductor production, for Mo-99 production to medical
use and so on are under.

-Human resource development (HRD) program using JMTR is
carrying out by both On-Job-Traing and Education and
Training.

-Construction of international cooperation system by world wide
testing reactor network is proposed, and also the Asian
network..

17
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