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Development of High Power CW Electron Linac

Shin-ichi Toyama  Satoshi Tani
PNC Technical Review No. 88 p. 19 — 28 (1993)

Based on the OMEGA program, PNC has been pursuing a possibility to transmute long-lived
fission products using accelerators. To develop high beam acceleration techniques, which will be
needed in the future transmutation systems, a high power CW electron linac was designed and
main components such as a klystron and an accelerator guide were trially fabricated and tested.
The energy of the accelerator is limited to 10 MeV, but the maximum/ average beam current are
100 mA/20 mA, which are extremely high compared those of the existing electron linacs.

As a result of high power test, the klystron and the accelerator guide showed excellent
performance, thus, it has been demonstrated that the high beam current will be obtained at the
actual linac. Fabrication of accelerator components will be started next year and all the
components will be installed in 1996,

Key Words: OMEGA Program, Long-Lived Fission Products, Transmutation, Electron
Linac, Klystron, Accelerator Guide, High Power Test.

Development and Fabrication of MOX Fuels for Fugen

Mitsuru Miura  Nobuo Sukegawa Takatoshi Okita

Kenji Watanabe Morimoto Deguchi  Yoshibumi Yokosuka
Shinobu Ishida  Seiji Otani

PNC Technical Review No. 88 p. 54 — 63 (1993)

Fabrication of MOX fuel for Fugen has started in Plutonium Fuel Fabrication Facility
(PFFF) at Tokai Works, PNC in July, 1975. 500 MOX fuel assemblies was fabricated by May,
1992. Up to now, about 550 MOX fuel assemblies have been fabricated.

These assemblies have been irradiated in Fugen without any faiture, and good performance
was demonstrated.

Experience and features of Fugen MOX fuel fabrication and the recent study of using a dry
recovered powder from Joyo pellets as Fugen raw materials are described in the paper.

Key Words: Plutonium, Mixed Oxides, ATR, FBR, JOYO, FUGEN, PFFF, DCA, Mixed
Oxide Fuel.

Separation and Purification of n-Dodecane from Spent Organic
Solvent in Nuclear Fuel Reprocessing by High Pressure Crystallization

Takeshi Nemoto Akio Todokoro
PNC Technical Review No. 88 p. 29 — 39 (1993)

The high pressure crystallization is a newly developed crystallization process where pressure
instead of cooling temperature is controlled as the motive force to crystallize or to melt. The
applicability of this process for separating n-dodecane from solvent was studied by using
simulated solvent. .

This paper reports on behaviour of crystal growth and melt of n-dodecane in solvent, and on
separation of n-dodecane from solvent. The conclusions are as follows:

1) A high purity over 98.5% has been attained under the conditions that the feed
concentration of n-dodecane was 70%, and the separation temperature and pressure were
~10°C and 100 MPa, respectively.

2) It is possible to reuse in nuclear fuel reprocessing as solvent for extraction and diluent
washer process,

3)  This process is the method by means of phase change of substance. Therefore it does not
produce any other waste, and it can be used for reducing the generation radioactive waste.

From these results, it is suggested that this high pressure crystallization process will provide a
new type of separation process for n~dodecane in solvent.

Key Words: Solvent Regeneration, Fuel Reprocessing, Salt Free Process, High Pressure
Crystallization.

Study on Creep-Fatigue Evaluation of Chrome-Molybdnum Steel

Kazumi Aoto  Yusaku Wada
PNC Technical Review No. 88 p. 64 — 70 (1993)

Though chrome-molybdenum steel has quite different basic material properties from
austenitic stainless steel, the life fraction rule based on an advanced ductility exhaustion theory
proposed for SUS304 is able to give proper prediction for creep-fatigue life of chrome-
molybdenum steel. The applicability of the present evaluation method to chrome-molybdenum
steel is validated by both mechanical study and micro-structural observation. The mechanism of
creep-fatigue failure of Mod.9Cr-1Mo(NT) is one of the most controversial subjects among
researchers. However, it is clarified in this report that creep-fatigue damage of this material
under actual loading conditions is dominated by creep-cavitation of grain boundaries as same
way as that of austenitic stainless steel.

Furthermore, for the fife reduction of fow cycle fatigue of chrome-molybdenum steel with
compression-side strain hold, both effects of mean stress and oxide-wedge are denied and it is
insisted that the acceleration of fatigue-crack propagation is occured by oxide-progress location
and its thickness.

Key Words: Chrome-Molybdenum Steel, Creep-Fatigue, Creep Damage, Creep Cavity,
Linear Damage Rule, Life Fraction, Ductility Exhaustion, Compression Strain
Hold, Oxide, Fatigue Crack Propagation, Elevated Temperature Structural
Design.

Basic Study of Photochemical Valency Adjustment of Plutonium (Pu)
and Neptunium (Np) in Nitric Acid Solution

Yukio Wada Kyoichi Morimoto Takayuki Goibuchi
Hiroshi Tomiyasu
PNC Technical Review No. 88 p. 40 — 53 (1993)

A photochemically-induced valency adjustment method has been studied to remove Np from
the mixed nitric acid solutions of Pu and Np in connection with the Purex reprocessing. The
valencies of Pu and Np ions were adjusted to be Pu(IIl) and Np(V) under the initial conditions
and their concentrations were 1X 1074 and !X 10~? mol - dm ™3 respectively. Experiments were
carried out under various conditions changing irradiation intensities of the Hg lamp in various
concentrations of HNO,. It was found that the rates of redox reactions of Pu ions were
significantly affected by the irradiated light as well as the acid strength. Under the irradiation of
4 0.015W Hg lamp in 3M HNO; solution containing a tenhold excess of hydroxylamine and
hydrazine, more than 95% Pu(111) was oxidized rapidly to Pu(IV) within 10 minutes irradiation
and it remained at the same valency even after continuous further irradiation. On the other
hand, the irradiation did not change the valency of Np(V) under the conditions studied. These
valency conditions, i.e. Pu(IV) and Np(V), are appropriate for separating Np from Pu by solvent
extraction with TBP-n-dodecane. The present results lead to the conclusion that the
photochemical method has a high potential for removing Np from mixed solution of Pu and
Np.

Key Words: Photochemical Separation, Purex Process, Valency Adjustment, Plutonium,
Neptunium, Transuranium, Solvent Extraction, Refining, Redox Reaction,
Redox Potential, Hg Lamp, Valency Control, Photo-Excitation.

Highly Developed Operation Supporting System “FATRAS” for
Fugen

Takuo Kaneseki Naoto Sakurai Masaru Kobori
Hiroshi Nishimura Hiroshi Ikeda
PNC Technical Review No. 88 p. 71 — 75 (1993)

Highly developed operation supporting system which can simulate the plant’s behavior just as
well as a fullscope simulator has been introduced to the prototype advanced thermal reactor
(ATR) Fugen since 1990. This system (FATRAS) is used for many purposes including learning
ATR’s characteristics, operation training and examination related to improvement in operation
technology.

This FATRAS has touch-screen CRTs and a main contro} panel simulation board. Several
small simulation indicators and switches are provided on this board. With these switches and
CRTs, a trainee can experience many operations in the same way as with the actual plant
equipment.

Through such experience, operators of the plant learn ATR plant dynamics and plant

interlocks, and practice operation.

Key Words: Operation supporting system, Plant’s behavior, Simulator, Learn ATR’s
characteristics, Operation training, Development system organization, Function,
Simulation model.



The Establishment of Continuous Operation for the Denitrator in
Uranium Denitration Facility of Tokai Reprocessing Plant

Atsushi Watanabe Toyomi Uchida Noboru Matsuda
Kiyotaka Taki Akira Maki Kanzi Akiyama
PNC Technical Review No. 88 p. 76 — 79 (1993)

Uranium Denitration Facility was constructed to establish the continuous operation of
Uranium Denitration Process, causing the stable operation of TRP. At the beginning, this
facility had experienced only one week continuous operation under the designed capacity,
I't/day. It had been difficult to maintain the long term continuous operation of this facility,
because the injection nozzie of uranyl nitrate was clogged frequently.

So that, we carried out various tests to find out the factor of nozzle clogging, and finally, we
established the condition of the long term continuous operation for the facility.

Key Words: Uranium Denitration Facility, Uranium Denitration Process, continuous
operation, injection nozzle, nozzle clogging.

Outline of Geological Isolation Research Facility and Test Program of
R&D in this Facility

Tadashi Mano Hirohisa Ishikawa
PNC Technical Review No. 88 p. 80 — 83 (1993)

R&D work to confirm technical feasibility of the geological disposal concept of HLW is
underway based on the multi-barrier concept with a variety of geological environment. With this
in mind, major objectives of the study have been defined to clarify the physical and chemical
laws which dominate the phenomena in a repository.

The new facility for performance assessment study of geological isolation system has been
constructed to investigate phenomena anticipated in the multi-barrier system of geological
disposal. The facility has engineering scale test equipment which can provide deep underground
conditions and can examine how multi-barrier system behaves under such conditions. The

outline of the research and development at the facility is described in this paper.

Key Words: Geological Isolation, Performance Assessment, Multi-barrier, Engineering Scale,
Underground Condition, Coupled Process, Physical Phenomena, Chemical
Phenomena, Validation Experiment.

Uranium Series Disequilibrium in Natural Environment
— Chemical Procedures and Applications —

Masatoshi Okita  Yoji Ochiai
PNC Technical Review No. 88 p. 84 — 87 (1993)

The radioactive disequilibrium within U-series nuclides occur as a result of geochemical
separations due to different geochemical behaviour of each unclide through weathering,
alteration and mobilization in near-surface environment. After the separation of parent and
daughter nuclides, each nuclide decreases independently according to the law of radioactive
decay. The analytical interpretation of U-series disequilibrium tells us, therefore the geochemical
behavior of radioactive nuclides in the rock, ore and natural water during the last one million
years.

In this report, advanced quick chemical pretreatment methods for alpha spectrum analysis
are discussed based on recent our research work in the chemical pretreatment. Its analysis on
migration of U-series unclides based on radioactive disequilibrium and its application to

uranium exploration are also described.

Key Words: Uranium Series Disequilibrium, Geochemistry of Uranium, Chemical,
Pretreatment, Migration of Uranium Series Nuclides, Uranium Exploration.
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PNC Washington Office

Suite715, 2600 Virginia Avenue, N. W., Washington D.C.20037
U.S A

PNC Paris Office

4-8, Rue Sainte— Anne, 75001 Paris

France
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PNC Exploration(Canada)Co. Ltd.

2401-650, West Georgia Street, Box 11571
Vancouver Centre, Vancouver, B. C. V6B 4N8§
Canada

PNC Exploration(Australia)Pty. Ltd.

16th Floor, Royal Exchange Bldg., 56 Pitt Street, Sydney,
N. S. W. 2000

Australia

PNC Exploration(Australia)Pty. Ltd.

Perth Branch

26 Lyall Street, South Perth

W. A. 6151

TEL
TEL
TEL
TEL
TEL
TEL

TEL

TEL

TEL
FAX

TEL
FAX

TEL
FAX

TEL

FAX

TEL
FAX

TEL
FAX

(03)3586—3311
(0868) 44—2211
(0572)54—1271
(0292)82—1111
(0292) 67 —4141
(0770) 23—3021

(0770) 26 —1221

(0770) 39—1031

202-338-3770
202-333-1097

1-4260-3101
1-4260-2413

(1)501-0564
(1)501-0566

604-681-6151

604-682-3452

2-241-1594
2-251-1584

9-474-1120
9-474-3709



