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SUMMARY

|. Project Title

Decontamination Technology Development for Nuclear Research Facilities

ll. Objective and Importance of the Project

1. High Radioactive Dry Decontamination Technology Development

The spent fuel treatment processes such as DUPIC, a technology development for
management and utilization of spent fuel and transmutation, etc. are the process operated
remotely in a hot cell as the dry treatment technologies of high radioactive nuclear
material so that it is important to apply the dry decontamination technologies to the
inside of these hot cells contaminated with high radioactive materials. In the advanced
countries, the development of dry decontamination technologies are insufficient enough to
be applied because the wet treatment technologies are generally used. Therefore, the
development of the dry decontamination technologies indigenous to Korea is required
because our country goes ahead with dry treatment technologies of the spent fuel.

The dry decontamination technologies for the high radioactive material are required for
contributing to the technological independence of the back end nuclear fuel cycle
indigenous to Korea and advancing the technology for the treatment of high radioactive
nuclear materials, for the remote control and for the maintenance and repair of a hot
cell through the security of high radioactive decontamination technology as the common
bottleneck technology in the development of dry treatment of high radioactive materials,
the direct application of the technology by demonstration and the development of the

decontamination process equipment for the treatment of high radioactive nuclear materials.

2. Metal Waste Melting Decontamination Technology Development
Decontamination and decommissioning(D&D) becomes one of the most important
nuclear industries in the developed countries including USA, UK and France where the

D&D for the retired nuclear facilities have been carried out on a large scale. D&D of

vii



the retired TRIGA MARK II and III research reactors and uranium conversion plant at
Korea Atomic Energy Research Institute(KAERI) has alréady been under way. Prompt
countermeasure should be taken to deal with a lots of wastes generated by dismantling
the retired nuclear facilities.

The recycle or self disposal of metallic wastes can be considered as one of the waste
management options under the circumstances of the absence of a waste disposal site in
Korea and the capacity limitation of the temporary waste storage facility in KAERI. The
recycle or self disposal of the metallic wastes through an appropriate treatment have the
merit from the positive view point of the increase in resource recyclability as well as
the decrease in the amount of wastes to be disposed resulting the reduction of disposal
cost and the enhancement of disposal safety. Therefore, the development of melting
decontamination technology, which has been known as the most effective technology for

the volume reduction and recycling of the metallic wastes, is required.

Ill. Scope and Contents of the Projects

1. High Radioactive Dry Decontamination Technology Development

Considering the contaminant characteristics of the objects to be decontaminated in
high radioactive facility, the technologies of CO, pellet blasting, PFC dry
decontamination and plasma decontamination have been selected as the dry
decontamination technologies for high radioactive nuclear research facilities to be
required in the development of domestic back end nuclear fuel cycle. In order to grasp
process characteristics for CO, pellet blasting and PFC dry decontamination, the frailty
of existing decontamination processes was analysed and the revised process equipments
were designed and fabricated. For the purpose of developing the decontamination
processes, the decontamination efficiencies were evaluated by means of the
decontamination tests using various surrogate specimen contaminated physically and the
real specimen taken from the research reactor and a uranium conversion plant. On the
basis of the test results, on-site applicability and the decontamination performance were

evaluated by carrying out the demonstration of CO, pellet blasting and PFC spray
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decontamination in a hot cell of the Solid Waste Examination Facility(SWEF) and the
Irradiated Material Examination Facility(IMEF). In order to develop plasma dry
decontamination technology, the decontamination process efficiency and the applicability
were evaluated by means of plasma diagnosis using plasma dry decontamination
experiment for contamination nuclide and QMS/AES/OES diagnosis apparatus.

The contents and the scope of this study are as follows:

e Basic process development for high radioactive dry decontamination
- Characteristic study on the CO, blasting decontamination equipment
- Study on the PFC dry decontamination process equipment
- Study on the security of unit plasma decontamination process
e Development of high radioactive dry decontamination equipments
- Preformance tests for the CO, blasting decontamination
- On-site applicability and performance tests for the PFC dry decontamination
- Study on the stabilization of plasma decontamination process
® Demonstration of high radioactive dry decontamination technology
- On-site demonstration of the CO, blasting decontamination
- On-site demonstration of the PFC dry decontamination
- Security of the optimum plasma decontamination process for each facility and

component to be decontaminated

2. Metal Waste Melting Decontamination Technology Development

In order to develop the volume reduction and the recycling technology for radioactive
dismantled metal wastes, the characteristics of dismantled metal waste was investigated
and the process concept for melting decontamination of the metal waste was established.
The thermodynamic considerations were performed on the reaction characteristics between
metal to be melted and radionuclide and between slag and radionuclide to understand the
characteristics of melting decontamination of metal wastes. The melting tests were
performed according to a kind of metal and a slag and the variation of slag
concentration to investigate the melting characteristics of metal wastes and the
distribution of radionuclide and establish the optimum condition of melting
decontamination using lab-scale arc melting system. The pilot scale(200kg/batch)

demonstration of melting decontamination was carried out using high temperature melting



facility at KAERI and the performance and the economical aspects were evaluated for

the volume reduction of dismantled metal wastes by melting decontamination

The contents and the scope of this study are as follows:

o Evaluation of key technology for melting decontamination of dismantled metal
wastes
- Investigation of the characteristics of dismantled metal wastes and the scenarios
for recycling of dismantled wastes
- Evaluation of key technology for melting decontamination of dismantled metal
wastes and the establishment of concept of melting decontamination facility
e Design, fabrication and trial operation of test equipment for the melting
decontamination of dismantled wastes contaminated with beta-gamma radionuclide
and uranium and the performance test
- Design, fabrication and trial operation of lab-scale melting decontamination test
equipment
- Investigation of melting and radionuclide distribution characteristics for melting
of dismantled wastes contaminated with beta-gamma radionuclide and uranium
e Pilot scale demonstration for melting decontamination of dismantled wastes
contaminated with beta-gamma radionuclide
- Pilot scale demonstration for melting decontamination of dismantled wastes
contaminated with beta-gamma radionuclide using high temperature melting
facility at KAERI
- Suggestion of complementary scheme for high temperature melting facility for

melting decontamination of dismantled wastes contaminated with uranium

V. Results and Proposal for Application

1. High Radioactive Dry Decontamination Technology Development

The originative dry decontamination process equipments have been developed for the
development and demonstration of in-situ dry decontamination technology applicable to
the nuclear facility contaminated with high radioactive material, which is a goal of high
radioactive dry decontamination technology required in common in the R&D on dry

treatment of spent fuel. The performance and on-site applicability for dry decontamination



was verified by means of technology demonstration in high radioactive IMEF M4 hot
cell.

e The originative CO; pellet blasting equipment was developed by improving
additional components such as feed screw, idle roller and air-lock feeder to clear up
the problems of freezing and discontinuity of blasting and by adopting pneumatically
operated vacuum suction head and vacuum cup to prevent recontamination by
collecting contaminant particulates simultaneously with the decontamination. The
optimum decontamination process was established according to the kind of materials
such as metal, concrete and plastic and the type of contaminants such as particulate,
fixed chemical compound and oil. An excellent decontamination performances were
verified by means of the lab-scale hot test with radioactive specimen and the
technology demonstration in IMEF hot cell.

e The PFC dry decontamination equipment applicable to the surface contaminated
with high radioactive particulate was developed. This equipment consists of the unit
processes such as spray, collection, filtration and dry distillation designed
originatively applicable to inside of dry hot cell. Through the demonstration of
PFC spray decontamination process in IMEF hot cell, we secured on-site
applicability and the decontamination efficiency more than 90 %. And also, we
grasped the characteristics of hot particulate contaminated with the inside of high
radioactive hot cell and developed the cyclone with the collection efficiency more
than 85% for 3 um particles and hot particulate removal equipment.

e Through the plasma dry decontamination experiment for contamination nuclide and
QMS/AES/OES  diagnosis apparatus, the optimum decontamination process and
etching rate were established and it could be found that the plasma decontamination
mechanism is caused by fluoridation reaction. We could obtain the etching rate of
fixed contamination adhered strongly to the substrate surface using the specimen
simulated substrate surface in the form of oxide film. It was evaluated that an
atmospheric pressure plasma can be applied for a broad surface of the facility due
to the concentration of reaction radical by 100 to 1, 000 times higher than that in
the low vacuum plasma and operation without process chamber in low temperature

effectively.

Xi



2. Metal Waste Melting Decontamination Technology Development

We investigated the characteristics of dismantled metal waste melting and the
radionuclide(Co, Cs, U) distribution into ingot and slag by melting decontamination
experiments using electric arc melter. The radionuclide was remained in the ingot or
transferred to the slag and the dust according to the composition of slag. Uranium was
formed so stable oxide by binding with the oxygen easily compared to iron that it
moves to the slag phase from the ingot phase even though there is a little difference in
the degree of transfer. On the contrary, the possibility to remove Co by selective
oxidation from the ingot phase hardly exists because the Co does not oxidize easier
than iron. On the other hand, the Cs was almost remained in the slag and the dust
phases by volatilization from the melt with the consideration of thermodynamic free
energy, vapor pressure and solubility. It could be known that the decontamination is
accomplished through volatilization of the radionuclide(e.g. Cs), transportation of the
radionuclide(e.g. U) as an oxide to the slag, and homogeneous distribution of the
radionuclide(e.g. Co) in the ingot resulting the reduction of specific radioactivity during
the course of melting of the metallic wastes contaminated with radioactive materials.
Consequently, we obtained the decontamination factors greater than 100 for Cs and of
10~100 for wuranium. The pilot scale(200kg/batch) demonstration for melting
decontamination was carried out successfully using high temperature melting facility at
KAERI. The volume reduction factor of 1/7 and the economical feasibility of the

melting decontamination were verified.

V. Application Plan for the Research Results

1. High Radioactive Dry Decontamination Technology Development

High radioactive dry decontamination technology can be used as an in-situ dry
decontamination technology which prepares for the contamination and the maintenance
and repair of radioactive facilities. Especially, the process can be utilized to
decontaminate selectively the components, facilities and the electronic devices

contaminated with particulate materials. The dry decontamination technologies can be

Xii



applied in the design and operations of demonstration facility related to the technology
for spent fuel management, maintenance and repair, and decommissioning of the nuclear

material treatment facility and nuclear power plant.

2. Metal Waste Melting Decontamination Technology Development

The melting decontamination technology will be utilized on the volume reduction and
recycling of large quantity of metal wastes produced in the course of R&D activities
related to the nuclear fuel cycle as well as the 350 tons of radioactive metal waste

generated from the retired TRIGA research reactors and a uranium conversion plant.
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Fig. 2.1.1.1 Phase diagram of carbon dioxide
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