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Status of Recovery and Utilization of Useful Metals from

Spent Nuclear Fuel

Keiichi Kawase Hiroshi Okada Yukio Wada
Youichiro Kishimoto

(Nuclear Fuel Technology Development Division,Tokai Works)
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Abstracts(PNC Technical Review)

Development of Refueling Support System

Hiroshi Nishimura Shoichi Hayashi Kazuya Sano
Koji Hochin  Yukihiro Iguchi
PNC Technical Review No. 83 p. 19— 33 (1992)

The refueling of Fugen Nuclear Power Station requires correct management of fuels, etc. And

empirical knowledge is

y for efficient planning and refi
Fugen developed refueling support system and put it into practical operation. The system
features a network of refueling equipment and Al rules aquired from operators knowledge. The
system helps make an optimized plan, displays step-by-step guidance and prints out lists of fuel
locations and movements.
The system reduced the labor of the operators, optimized the management and improved the
reliability of the refueling.

Key Words: Al, Expert System, Support System, Refueling, Network, Fuel Management,
Work Station

Status of Recovery and Utilization of Useful Metals from Spent
Nuclear Fuel

Keiichi Kawase Hiroshi Okada Yukio Wada
Youichiro Kishimoto
PNC Technical Review No. 83 p. 51—54 (1992)

Spent nuclear fuel contains significant quantities of valuable metals such as platinum group
elements (ruthenium, rhodium, palladium) and technetium which is neary absent in nature,
World mine production of platinum group elements is limited to only certain areas in the world
and is very small.

It is considered that their consumption could greatly increase because of the growth of
high-technology industries.

Therefore, there is iderable incentive to recover them from spent nuclear fuel as new

source of noble metals. Technical feasibility of recovery reactor-produced noble metals from
spent nuclear fuel has been evaluated by several facilities.

PNC has begun to study and develop technologies for the partitioning of useful elements in
spent fuel to exploit new fields of nuclear energy since 1988. The development of technologies to
recover and utilize platinum group metals from actual insoluble residues in the reprocessing

plant is discussed.

Key Words: Ruthenium, Rhodium, Palladium, Insoluble Residues, Spent Nuclear Fuel,
Partitioning-Platinum Group Elements, Technetium
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Development of Autonomous Operation System

Akira Endou Kenshiu Watanabe Tetsushi Miki
Yoshiaki Himeno
PNC Technical Review No. 83 p. 34 —45 (1992)

To enhance operation reliability of nuclear plants by removing human factors, study on an
autonomous operation system has been carried out to substitute artificial intelligence (Al) for
plant operators and, in addition, traditional controllers used in existing plants. For construction
of the Al system, structurization of knowledge on the basis of the principles such as physical
laws, function and struciure of relevant objects and generalization of problem solving process
are intended. A hierachical distributed cooperative system configuration is employed because it
is superior from the viewpoint of dynamical reorganization of system functions. This
configuration is realized by an object-oriented multi-agent system.

Construction of a prototype system was planned and the conceptual design was made for
FBR plant in order to evaluate applicability of Al to the autonomous operation and to have a
prospect for the realization of the system. The prototype system executes diagnosis, state
evaluation, operation and control for the main plant subsystems.

Key Words: Autonomous Nuclear Plant, Autonomus Operation System, Structurization of
Knowledge, Generalization of Problem Solving Process, Hierachical Distributed
Cooperative System, Multi-Agents System, Reorganization, Methodology

Diversity, Information Diversity, Information Compression and Reutilization

Engineering Scale Test of Salt-Free Electro-Oxidation Cell

Tadahiro Washiya Yoshinori Ueda Tomio Kawata
PNC Technical Review No. 83 p. 55—61 (1992)

Currently the Purex Process is used in LWR fuel reprocessing. One of the significant features
of the improved Purex Process, which is the “Salt-Free” Purex Process, is the reduction of the
amount of salt-bearing waste generated in the process. Applying electrochemical technology to
the Salt-Free Purex Process is highly desirable. This process can be used for oxidation and
reduction process elements and it uses electrons instead of chemical reagents to drive reactions
which reduces the amount of waste.

PNC has been developing the In-situ Electro-Oxidation Cell by performing fundamental
studies and engineering scale test as one of the activities of the development of the Salt-Free
Purex Process. This paper describes the overview of development of the Electro-Oxidation Cell
applied in the Purex Process at PNC and the results of Engineering scale test.

Key Words: Purex Process, FBR spent fuel, Salt-bearing waste, Electro-Oxidation Cell, Salt-
Free, Engineering scale test

Transport Phenomena of todine from Noble Gas Bubble into Sodium

Kazuhito Shimoyama Hiroyasu Ishikawa Shinya Miyahara
PNC Technical Review No. 83 p. 46— 50 (1992)

The xenon-iodine mixed gas bubble behavior tests were carried out in a liquid sodium pool to
study the transport phenomena of iodine from the bubble into the sodium.

In the tests, the bubble was generated in the pool by crushing a quartz glass ball which
contained the xenon-iodine mixed gas. The test parameters were a) the bubble diameter (the
mixed gas volume), b) the initial iodine concentration, c) the sodium temperature, and d) the
sodium pool depth.

From the tests, the following results were obtained.

(1) The mass transfer rate of iodine from the bubble into the sodium correlated adequately
with both the bubble diameter and the iodine concentration.

(2) An empirical equation, to evaluate the attenuation factor of iodine in the sodium, was
obtained by deducing a mass transfer coefficient from the relation between the mass

transfer flux and the iodine concentration,

Key Words: Noble Gas, lodine, Sodium, Xenon, Krypton, Cover Gas, Experiment, Bubble,
FBR, Fission Product, Source Term, Safety Research.

Development of Remote Inspection for Stainless Steel Lined Vessel

Takashi Hirayama Yasuo Nojima Kazuo Ishikawa
Tetsuo Kozaka Satoshi Ogawa
PNC Technical Review No. 83 p. 62 —66 (1992)

The Tokai Reprocessing Plant is provided with 30 vessels made with stainless steel to store
low active liquid waste. Number of effort has been made to develop the remote inspection
technology for these vessels since 1984.

Developed one is originated from conventional submerged TV camera robot that is used in
the field of ocean resources research. The inspection robot has been modified in series by
adopting inspection devices.

Synthetic test was made in 1988. The result of this test reveals that modifications are sufficient
to apply this robot for the inspection,

Further modifications are carrying out to advance the functions and increase the abilities.

Key Words: Remote Inspection, Lined Vessel



Development of Nuclear Material Accountancy Control System

Naonori Hirosawa Sadamitsu Kashima Mitsunori Akiba
PNC Technical Review No. 83 p. 67 —69 (1992)

PNC is developing a wide area of nuclear fuel cycle.

Therefore, much nuclear material with a various form exists at each facility in the Works, and
the controls of the inventory changes and the physical inventories of nuclear material are
important.

Nuclear material accountancy is a basic measure in safeguards system based on Non-
Proliferation Treaty (NPT),

In the light of such importance of material accountancy, the data base of nuclear material
control and the material accountancy report system for all facilities has been developed by using
the computer.

By this system, accountancy report to STA is being presented certainly and timely. Property
management and rapid corresponding to various inquiries can be carried out by the data base
system which has free item searching procedure.

Key Words: Nuclear Fuel Cycle, Inventory Changes, Physical Inventories, Nuclear Material
Accountancy, Safeguards, NPT, Data Base System, Nuclear Material Control,
Accountancy Report, Property Management

Using Geological Information to Develop New Exploration Project for
Uranium Deposits in Southern Africa

Osamu Takahashi

PNC Technical Review No. 83 p. 70— 76(1992)

Unconformity related uranium deposits which contain a large amount of resources with
higher grades will be economically superior to other types of deposits.

This paper presents the integrated use of geological information, which includes compilation
data for the Precambrian geology in southern Africa and selected structural geologic data for
some analogues of unconformity related uranium deposit in Canada (e.g. Key Lake deposit in
Athabasca Basin) and the Precambrian rock hosted uranium deposit in Africa (e.g. Oklo-
Munana, Rossing, Shinkolobwe and Dome deposits).

Finally, some favourable geological terraines for unconformity related uranium deposit and
the Pre-cambrian rock hosted uranium deposit were selected on the basis of geological
information.

Further significant discoveries are likely in the following geological terraines.

1. Both the unconformity related and Oklo-Munana type deposits are favourable at (a) and (b).
(a) the Lower Proterozoic Eburnian belts which are unconformably overiain by sequences of
Kibaran and also the unmetamorphosed sequences in Pan-African. The age and paleo-
environment of the unmetamorphosed sequences in Pan-African is comparable to Kibaran.
(b) the unmetamorphosed sequences in Eburnian.

2. The Rossing, Shinkolobwe and Dome type deposits are favourable at the Upper Proterozoic
Pan-African Belts.

Key Words: Unconformity Related Uranium Deposits, Geological Information, Southern
Africa, Uranium Exploration
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