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abstract

This report collects the results of safety research in nuclear fuel cycle at Power

Reactor and Nuclear Fuel Development Corporation, in order to answer to the

Questionnaire of OECD/NEA.

The Questionnaire request to include information concerning to research topic,

description, main results (if available), reference documents, research institutes involved,

sponsoring organization and other pertinent information about followings:

a) Recently completed research projects

b) Ongoing (current) research projects

Achievements on following items are omitted by the request of OECD/NEA.
• uranium mining and milling
• uranium refining and conversion to UFg

• uranium enrichment

• fuel manufacturers

• spent fuel storage

• radioactive waste management

• transport of radioactive materials

• decommissioning

We select topics from the fields of a) nuclear installation, b) seismic, and c)PSA, in

projects from frame of annual safety research plan for nuclear installations established

by Nuclear Safety Commission.

We apply for the above a) and b) projects as follows :

a) Achievements in Safety Research, fiscal 1991 -1995

b) fiscal 1996 Safety Research Achievements : Progress
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AEN AGENCEDEL'OCDEPOUR L'ENERGIENUCLEAIRE

NEA OECD NUCLEAR ENERGY AGENCY

Issy-les-Moulineaux, 30 June, 1998

To: Members of the Working Group on Fuel Cycle Safety

As agreed to at the last meeting, the Questionnaire on Safety Research in the
nuclear fuel cycle was reviewed by a small task group.

The revised version is attached to this letter. You are kindly requested to provide
responses to the NEA Secretariat prior to 15th September 1998. The results will be
discussed at the next meeting of the working group which is scheduled to be held
on 29-30 October 1998 in Paris.

The notification and agenda for the meeting will be transmitted in late July.

.Re;

v
Barry Kaufer

Nuclear Safety Division

cc. (w/o att.): Tom King, US NRC

Le Seine St-Germain 12, Boulevard des lies 92130 Issy-les-Moulineaux France
Tel: (33-1)45 24 10 55 Fax: (33-1) 45 24 11 10 E-mail: barry.kaufer@oecd.org
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Introduction and Background

Questionnaire on Safety Research in the Fuel Cycle

The mandate of the CSNI Working Group on Fuel Cycle Safety states that the
objectives are:

[SEN/SIN(76)37] To prepare a State-of-the-Art report on the safety of the
fuel cycle which would identify critical safety issues and
indicate areas where further research or analysis was
needed, and to propose a programme of work with
indication of priorities.

[SEN/SIN(80)62] To periodically review the whole situation in the field of fuel
cycle safety and to recommend priority actions.

Discussions over the past few years have indicated that many Member countries
are performing various types of research on the fuel cycle. Additionally, work is
being carried out in other forums both within the NEA and in other international
forums (e.g. IAEA). As indicated above, an essential objective of the working
group is to identify areas where further research or analysis is required. Within
the current atmosphere of limited resources, it is necessary to ensure that future
international research projects be carefully reviewed to ensure that proper co-
ordination is maintained.

The questions below are asked in order to solicit information from the Member
countries in order to compile a database of current and proposed research
activities and for planning and prioritising the programme of work.
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QUESTIONNAIRE

Please respond to the following (before 15 September 1998). Responses should
be brief but notto preclude important information. Response forms are attached.

1. What specific research activities are being performed in the area of fuel cycle
safety? Responses should include information on: research topic, description,
duration, main results (if available), reference documents, research institutes
involved, sponsoring organisation and other pertinent information.

a) Recently completed research projects
b) Ongoing (current) research projects
c) Future (planned) research projects

2. Please identify critical safety issues, indicating areas where further research or
analysis is required (list by priority).

3. Which of the above research activities do youjeel would be suitable or require
further[international co-ordination (list by priority)?

4. What do you feel are the three most important (prioritise) issues which should be
part of the future programme of work in the Working Group on Fuel Cycle Safety?

For questions 3 and 4 possible topics (taken from 'The Safety of the Nuclear Fuel
Cycle', include but are not limited to the following (Note that the terminology used
below is used by other committees and organisation in their work and responses
should be specific as to their relationship to the Working Groups objective and
mandate - Safety of the Nuclear Fuel Cycle):

• uranium mining and milling
• uranium refining and conversion to UF6
• uranium enrichment
• fuel manufacturers
• spent fuel storage
• radioactive waste management
• transport of radioactive materials
• decommissioning

o



Question 1a - Recently Completed Research Projects

Topic:

Description:

Main Results:

References (publications w/respect to project):

Research Institutes (involved in project):

Sponsoring Organisation (name & address):

Principal Research Institute and/or Project Leader (name and address):
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Question 1b- Ongoing (Current) Research Projects

Topic:

Description:

Preliminary Results (if available):

References (publica tions w/ respect to project):

Research Institutes (involved in project):

Sponsoring Organisation (name & address):

Principal Research Institute and/or Project Leader (name and address):
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Question 1c - Future or Planned Research Projects

Topic-

Description:

Research Institutes (involved in project):

Sponsoring Organisation (name & address):

Principal Research Institute and/or Project Leader (name and address):
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Question 2 - Please identify critical safety issues, indicating areas where further
research or analysis is required (list by priority).

Question 3 Which of the above research activities do you feel would be suitable or
require further international co-ordination (list by priority)?
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Question 4 - What do you feel are the three most important (prioritise) issues which
should be part of the future programme of work in the Working Group on Fuel Cycle
Safety?

__
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Question la - Achievements in Safety Research, 1991-1995

Topic: Development of Subcriticality Measurement System

Description:
1) To establish an analysis system for performing criticality safety analysis of nuclear

fuel handling facilities, and to perform criticality safety experiment analysis using
the established analysis system, and evaluate the analysis system.

2) To experimentally verify various effective multiplication factor measurement
techniques, including those for measuring the effective multiplication factors of
nuclear reactor cores; to establish a technique for measuring extremely low
effective multiplication factors, which have posed a problem at nuclear fuel
facilities, and to develop a subcriticality monitor.

Main Results:
1) Upon analyzing and assessing criticality safety analysis techniques according to

public criticality experiment data and using Monte Carlo calculation codes (KENO,
GMVP and MVP, etc.) and Sn transport calculation codes (TWOTRAN), the total
effective multiplication factor was verified as being within 1 %-K. In the analysis of
criticality characteristic data for the DCA subcriticality measurement experimental
reactor core (a two-range reactor core), it was verified that the Monte Carlo
calculation method (KENO) reproduces measurements of a complex, strongly
heterogeneous two-range reactor core with a high degree of accuracy (within 0.5%-
K). The Sn transfer calculation method (TWOTRAN) showed accuracy of 1% to
2%-K, but accurately reproduced trends in the measurement data, and so was
verified to be an effective way of understanding neutron behavior.

2) Regarding the development of subcriticality measurement techniques, basic
experimentation in the heavy water moderation system (i.e., the ATR system) was
performed, demonstrating the ability to measure subcriticality. One of the
subcriticality measurement techniques, the Feynman- a method, was shown with a

modern measurement and calculation system to detect a change in the effective
multiplication factor of 0.9 in roughly one minute. The results of preliminary
experimentation in the uranium-heavy water system using Cf source detectors
showed the Mihalczo method (Cf source driven noise analysis method) capable of
measuring an effective multiplication factor of down to 0.7.

References (publication w/ respect to project)
1. Ohtani, "Using the Feynman-a Method to Measure Low Multiplication Factors,"

Atomic Energy Society of Japan, Spring 1993 Annual Meeting, A15.[in Japanese]
2. Hayashizu et al., "Basic Consideration of Subcriticality Measurement with the

Feynman- a Method," ibid. A16. [in Japanese]

3. Ohtani, "Using the Feynman-a Method to Measure Low Multiplication Factors -

Part 2," ibid., Fall 1993 Conference, E23. [in Japanese]
4. Ohtani, et al., "Subcriticality Monitoring by the Feynman- a Method," 5th

International Conference on Criticality Safety, 1995. [in Japanese]
5. Hazama et al., "Development of Californium Source Detectors," Japan Atomic

Energy Society, Fall 1994 Conference, E34. [in Japanese]
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6. Hazama, "Impact Assessment of Detector Properties in the Mihalczo Technique,"
ibid., Fall 1995 Conference, A30. [in Japanese]

7. Otani, "Development of Subcriticality Monitors Using the Feynman- a Method,"

ibid., Fall 1994 Conference, G33. [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
N. Otani
Criticality Engineering Section, Experimental Reactor Division, O-arai Engineering
Center
4002 Narita, O-arai, Ibaraki, 311-1393, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Improvement of Methods for Criticality Safety Control at Plutonium
Fabrication Facility

Description:
To engage in research to establish practical criticality safety analysis and assessment
techniques for use in the fuel pellet (e.g., MOX fuel) handling process.

Main Results:
1) Systematization of criticality safety analysis techniques

Criticality benchmark calculations were performed for the MOX powder system and
MOX heterogeneous system to permit comparison with SCALE4 calculations and
MCNP calculations, thereby determining MCNP and SCALE4 properties. In
addition, the burn-up credit criticality benchmarks performed by OECD/NEA NSC
were participated in. The criticality mass of metal carriers and oxides of the primary
minor actinide (MA) nuclides were calculated and compared with data (i.e.,
calculated values) from published literature.

2) Preparation of a criticality safety guidebook
A criticality safety guidebook pertaining to plutonium handling facilities was
prepared. Using the CSAS25 module of SCALE4, criticality safety data were
calculated from the results of criticality benchmark calculations performed during
establishment of criticality safety analysis methods.

3) Development of an online criticality safety monitoring system
As serial subcriticality estimation algorithms using the ARMA model, a serial
estimation method equivalent to the Kalman filter algorithm was examined, and an
algorithm permitting faster follow-up of parameter estimation was developed. To
select and assess the appropriate algorithm for subcriticality estimation, neutron
detection fluctuation signals were measured at UTR-KINKI and DCA, and an
analysis of data was performed.

References (publication w/ respect to project)
1. Nojiri, Momose, Narita and Takada, "Criticality Benchmark Calculations using

Scale 4 Code," Atomic Energy Society of Japan, Annual Spring Conference, 1992.
[in Japanese]

2. Nojiri, Narita and Fukasaku, "Criticality Safety Data Calculations Using the
SCALE4 System," Atomic Energy Society of Japan, Annual Spring Conference,
1993. [in Japanese]

3. Shimizu, Nojiri, Narita and Fukasaku, "Comparative Calculations of MCNP4N and
KENO V.a in Criticality Benchmarks of the MOX Powder System," Atomic
Energy Society of Japan, Annual Spring Conference, 1994. [in Japanese]

4. Shimizu, Nojiri, Narita and Fukasaku, "Comparative Calculations of MCNP4N and
KENO V.a in Criticality Benchmarks of the MOX Powder System - Part 2,"
Atomic Energy Society of Japan, Fall Conference, 1994. [in Japanese]

5. Shimizu, Nojiri, Narita and Fukasaku, "Criticality Benchmark Calculations for
MOX Heterogeneous Systems," Atomic Energy Society of Japan, Annual Spring
Conference, 1995. [in Japanese]

6. Nojiri, Yamana, Koma and Fukasaku, "Survey Research on Criticality Safety Data
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for Actinide Recycling," Atomic Energy Society of Japan, Fall Conference, 1995.
[in Japanese]

7. Mochida, Yamada and Nojiri, "Basic Research on Development of a Criticality
Safety Monitoring System Based on Serial ARMA Model Identification," Atomic
Energy Society of Japan, 1994 Fall Conference, 1994. [in Japanese]

8. I. Nojiri, et al., "Basic Study on On-line Criticality Surveillance System," the 5th
International Conference on Nuclear Criticality Safety, 1995.

9. Nojiri and Yamada, "Basic Research for Development of an Online Criticality
Safety Monitoring System," PNC TN8410 96-042, 1996. [in Japanese]

10. Shimizu et al., "Criticality Safety Guidebook for MOX Handling Facilities, PNC,
1996. [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki. 319-1194, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Neutron Dosimetry in Nuclear Fuel Facility

Description:
1) To systematize nuclear data, etc., for accurately calculating the strength of neutrons

emitted by higher-order plutonium fuel, etc.; to generalize shielding codes, and to
develop and assess shielding materials.

2) To carry out performance comparisons of new neutron detector elements, improve
the elements, perform tests of application at nuclear fuel facilities, and develop an
accurate dose measurement method.

3) To systematize the methods of measuring and assessing leakage neutrons and carry
out measurement and assessment of surrounding facilities.

Main Results:
1) A code system used on UNIX workstations was established for neutron dose

assessment. With regard to the development and assessment of neutron shielding,
basic data were obtained for transparent shielding materials suitable for use in
shielding design at actual facilities.

2) Measurement data were obtained for use in the design and prototyping of an
advanced TLD badge, and results applicable to the development of individual
dosimeter were achieved.

3) Considerable data on the facility's neutron spectrum were obtained, and proper
control of worker exposure was initiated.

References (publication w/ respect to project)
1. Nakao, Tsujimura, Nakamura, Momose, Ninomiya and Ishiguro, "Neutron

Spectrum Measurement of Pu02-U02 Mixed Fuel and after Penetration of Lead
Acrylic Shielding," Journal of the Atomic Energy Society of Japan, No. 12, 1993.
[in Japanese]

2. N. Tsujimura, T. Momose, K. Shinohara and H. Ishiguro, "Comparison of Neutron
Dose Measured by albedo TLD and Etched Tracks Detector at PNC Plutonium Fuel
Fabrication Facilities," Proceedings of IRPA9, 1996.

3. Nojiri, Takefuji and Momose, "Development of Transparent Neutron Shielding
Panels - Part 2," 28th conference of the Health Physics Society of Japan, 1993. [in
Japanese]

4. Nojiri, Shimizu, Narita, Tanji, Kurosawa and Sugita, "Establishment of an
Environmental Dose Assessment System for Nuclear Fuel Cycle Facilities," 30th
conference of the Health Physics Society of Japan, 1995. [in Japanese]

5. Takefuji, Nojiri and Momose, "Development of Transparent Neutron Shielding
Panels - Part 1," 28th conference of the Health Physics Society of Japan, 1993. [in
Japanese]

6. Nakao, Tsujimura, Nakamura, Momose, Kobayashi and Ninomiya, "Neutron
Spectrum Measurement of Pu02-U02 Mixed Fuel," Atomic Energy Society of
Japan, spring conference, 1992. [in Japanese]

7. Momose, Ban, Ninomiya, Ishiguro and Nakamura, "TLD Albedo Response
Measurement in Calibration Phantoms," Dounen-Gihou No. 81, 1993. [in Japanese]

8. Momose, Ban, Ninomiya and Ishiguro, "Reciprocal Comparison Research on
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Individual Dosimeters," Dounen-Gihou No. 81, 1993. [in Japanese]
9. Masuyama, Ban, Ninomiya, Nomura, Nakamura and Tsujimura, "Assessment of the

Neutron/Gamma Separation Capabilities of TLD Albedo Dosimeters," 28th
conference of the Health Physics Society of Japan, 1993. [in Japanese]

10. H. Masuyama, N. Ban, K. Ninomiya, T. Nomura, T. Nakamura and N. Tsujimura,
"Evaluation of the Characteristics of Neutron/Gamma Dose Separation with TLD
Albedo Dosimeters," NETU-60, 1993.

11. Arisawa, Tsujimura, Momose and Nomura, "Examination of Methods for Assessing
Individual Neutron Dose Equivalents with TLD Badges - Part 1," Atomic Energy
Society of Japan, 1994 annual fall conference, 1994. [in Japanese]

12. Tsujimura, Arisawa, Momose and Nomura, "Examination of Methods for Assessing
Individual Neutron Dose Equivalents with TLD Badges - Part 2," Atomic Energy
Society of Japan, 1994 annual fall conference, 1994. [in Japanese]

13. Tsujimura, Arisawa, Momose and Nomura, "The Interrelationship Between TLD
Albedo Dosimeters and Solid Track Detectors at Nuclear Fuel Handling Facilities,"
30th conference of the Health Physics Society of Japan, 1995. [in Japanese]

14. Tsujimura, Momose and Shinohara, "The Interrelationship Between TLD Albedo
Dosimeters and Solid Track Detectors at Nuclear Fuel Handling Facilities - Part 2,"
Atomic Energy Society of Japan, 1995 annual fall conference, 1995. [in Japanese]

15. T. Momose, N. Tsujimura, K. Shinohara, H. Ishiguro and T. Nakamura,
"Measurement of TLD Albedo Response on Various Calibration Phantoms,"
proceedings of IRPA9, 1996.

16. Tsujimura, Ejiri, Komatsuzaki, Momose and Shinohara, "Improving the Sensitivity
of Automatic TLD Readers," 31st conference of the Health Physics Society of
Japan, 1996. [in Japanese]

17. Yoshida, Ueno, Kobayashi, Omine, Miyakosho and Michikawa, "Establishing a
Method of Neutron Energy Assessment for Nuclear Fuel Facilities," 27th
conference of the Health Physics Society of Japan, 1992. [in Japanese]

18. Yoshida, Endo, Momose, Matsumoto and Ebana, "Establishing a Method of
Neutron Energy Assessment for Nuclear Fuel Facilities - Part 2," 29th conference
of the Health Physics Society of Japan, 1994. [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Corrosion-resistant Materials

Description:
To perform corrosion experiments on various materials in various hot and cold
environments, and to ascertain their corrosion trends in environments unique to the
reprocessing of uranium and plutonium, etc.

Main Results:
Corrosion testing was performed using uranyl nitrate solution and plutonium nitrate
solution, and the effects of uranium and plutonium on the corrosion properties of two
types of stainless steel (310 Nb and 304 ULC) and three nonferrous metals (Ti, Ti-5Ta
and Zr) were determined, the parameters being nuclear material concentration, nitric
acid concentration and solution temperature. The results indicated that plutonium has a
stronger effect than uranium on stainless steel corrosion, and that nonferrous metals
maintain passivity in the presence of both uranium and plutonium, showing good
corrosion resistance.
In addition, corrosion testing was performed with FBR spent fuel reprocessing solution,
which contains the aforementioned nuclear materials and fission products (FP). Cold
testing was also performed using pure nitric acid solution. Stainless steel showed a
greater rate of corrosion in the reprocessing solution than that in the pure nitric acid
solution, while the nonferrous metals showed good corrosion resistance in the presence
of both solutions.

References (publication w/ respect to project)
1. T. Nagai, T. Koizumi, H. Yamaguchi, T. Kawata and S. Hayashi, "The Corrosion

Resistance of Various Metallic Materials in Plutonium Nitrate Solution,"
proceedings of the 38th Corrosion Prevention Forum, D-108, 309 (1991). [in
Japanese]

2. S. Takeda, T. Nagai, T. Koizumi and S. Hayashi, "Proc. Int. Conf. on Nuclear Fuel
Reprocessing and Waste Management (RECOD91)," 2, 555 (1991).

3. T. Nagai, S. Takeda and T. Kawata, "The Corrosion Resistance of Various Metallic
Materials in Uranyl Nitrate Solution," Atomic Energy Society of Japan, abstracts
from 1991 annual conference, Ml6 (1991). [in Japanese]

4. S. Takeda, T. Nagai and T. Koizumi, "The Corrosion Resistance of Various
Metallic Materials in FBR Spent Fuel Reprocessing Solution," Journal of the
Atomic Energy Society of Japan, 46-57 (1994). [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN
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Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Components & Materials Development Section, Reprocessing Technology
Development Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Plutonium Containment Technology

Description:
To perform fire testing in a glove box to determine the propagation characteristics of
fire, smoke and temperature, and to determine the optimum method of fire
extinguishing.

Main Results:
In fire testing and fire extinguishing testing in a full-scale glove box, experimental data
were obtained concerning fire detection methods, the fire-extinguishing capabilities of
extinguishing gases, and the response of ventilation systems during fire and the release
of fire extinguishing gases. Data useful in the design of glove box fire detection devices
and fire extinguishing devices were also obtained.
Using the above-mentioned testing-derived data, the FIRAC, fire accident ventilation
assessment code, were improved, and were verified as capable of glove box fire
assessment.

References (publication w/ respect to project)
1. Hayashi, Hirumachi and Narita, "Glove Box Combustion Testing and Analysis with

FIRAC Codes," Atomic Energy Society of Japan, 1992 fall conference, G8. [in
Japanese]

2. Hirumachi, Hayashi and Narita, "Ventilation System Responses During Intra-
partition Fire Testing Using a Glove Box," Atomic Energy Society of Japan, 1995
spring conference, L28. [in Japanese]

3. Hirumachi, Hayashi, Nagai and Takeda, "Ventilation System Responses During
Intra-partition Fire Testing Using a Glove Box - Part 2," Atomic Energy Society of
Japan, 1996 fall conference, D60. [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Long-term steady Storage of Depleted Uranium and Use for Reprocessed F,

Description:
To perform the research on optimum chemical compounds for depleted uranium during
long-term storage, and on the process for reconversion to this optimum uranium
compound; and to also examine methods for utilizing the byproducts that occur during
reconversion.

Main Results:
Overseas literatures concerning methods of depleted uranium hexafluoride conversion
were collected and examined. The general level of the commercial plants on current UF6

conversion technology at such plants was ascertained.

References (publication w/ respect to project)
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
I. Amamoto
Uranium Conversion Development Section, Waste Isolation and Ore Processing
Division, Ningyo Toge Works
1550 Kamisaibara, Tomada, Okayama, 708-0698, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Studies on Radiation Resistance of Sensors and Materials

Description:
1) To investigate the mechanism of depletion by radiation of compound

semiconducting materials and intra-cell component materials, and to considers
means of improving those materials' radiation resistance.

2) To collect data on radiation resistance.

Main Results:
The radiation resistance levels of materials and parts used in radioactive environments
in cells were ascertained. A total of approximately 1,000 items of data concerning
radiation-resistant semiconductors was registered, including data from irradiation testing
and data extracted from foreign and domestic references. These data will be useful in the
future design of equipment used in radioactive environments.

References (publication w/ respect to project)
1. Tanaka, "Radiation Resistance Testing and Research at Nuclear Fuel Recycling

Facilities," Osaka Nuclear Science Association, January 1994. [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Components & Materials Development Section, Reprocessing Technology
Development Division, Tokai Works
4-33, Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Optimization of Radiological Protection in Nuclear Facilities

Description:
1) To perform case studies simplified according to the general procedures of

optimization provided in ICRP Publication 55, etc., in order to determine the
important items requiring consideration for optimization.

2) To consider the above items in order to develop a concrete procedure of
optimization for nuclear fuel facilities.

3) To perform a case study of realistic optimization designed for an entire plant.

Main Results:
1) Optimization case studies were carried out for shielding measures for the handling

of uranium-plutonium mixed oxide (MOX) fuel in a glove box, and important points
concerning optimization were considered.

2) For the important cases selected, the concerning parameters and the methods of
optimization were considered and summarized.

3) Case studies relevant to working environments at nuclear fuel facilities (e.g.,
optimization of the location and number of dust monitors) were performed, and
calculation codes and other methods needed for analysis were systematically
identified.

References (publication wl respect to project)
1. Ban, Ninomiya and Ishiguro, "Optimization of Radiological Protection at Nuclear

Fuel Facilities: Case Studies and Issues for Future Consideration," 27th
Presentation Conference of the Health Physics Society of Japan, 1991. [in Japanese]

2. Ban, Ninomiya and Sakurai, "Optimization of Radiological Protection at Nuclear
Fuel Facilities," Dounen-Gihou No. 81, PNC TNI340 92-001, 1992. [in Japanese]

3. Ban, Ninomiya, Ozeki and Sakurai, "Creation of a Radiation Control Information
Database for the Optimization of Protection During Maintenance and Repairs," 27th
Presentation Conference of the Health Physics Society of Japan, 1992. [in Japanese]

4. Endo, Kojima, Matsumoto and Ebana, "Development of Technology for Assessing
the Behavior of Airborne Radioactive Materials," 29th Annual Meeting of Japan
Health Physics Society, May 1994. [in Japanese]
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Question la - Achievements in Safety Research, 1991-1995

Topic: Research on Real-time Monitoring Technique for Radioactive Discharge from
Reprocessing Plant

Description:
To consider methods of measurement for the continuous, realtime measurement and
monitoring of tritium, iodine and other substances in discharges not effected by 8sKr.

Main Results:
It was determined that a laser-based airborne iodine continuous monitoring system with
sufficient accuracy of measurement would be difficult to achieve with current
technology.
It was also verified that the concentration of organic iodine in actual discharge is so
extremely low that current chemical reaction-based technology is not sufficient to
mineralize organic iodine.
Testing of a prototype semiconductor detector verified that continuous monitoring of 129I
in actual discharge is possible with sufficient accuracy.

References (publication w/ respect to project)
1. Nagai et al., "Development of Methods of Continuous Monitoring of Discharge

Iodine," Health Physics Society of Japan, 28th presentation conference, April 1992.
[in Japanese]

2. Ishida et al., "Monitoring System of Gaseous Radioactive Waste from TRP,"
RECORD 94, October 1993.

3. Inaba et al., "Mineralization Technologies for Organic Iodine," Atomic Energy
Society of Japan, Fall Conference, September 1995. [in Japanese]
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Radiation Safety Section, Health and Safety Division, Tokai Works
4-33, Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study for Advanced Reliability of Remote Operation Technology

Description:
To establish a remote work system by developing an advanced remotely controlled
robot for use in the dismantling of equipment.

Main Results:
The confirmation of the viability of remote work devices for the dismantling of
equipment, along with the results of work analysis on combinations of remote work
devices and remotely controlled robots, suggests that safety and reliability in actual
dismantling can be improved by reducing the frequency of direct replacement, thereby
lowering exposure.

References (publication w/ respect to project)
1. I. Haginoya et al., "Development of Remote Dismantling Technology for In-Cell

Equipment: An Investigation of Cutting Technology," proceedings of the Atomic
Energy Society of Japan 1995 annual spring conference, K25 (1995). [in Japanese]
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study for Advanced In-Service Inspection Technology

Description:
To develop multifunctional In-cell inspection devices in order to establish the inspection
technology for In-cell equipment at reprocessing facilities.

Main Results:
New inspection systems were assessed in advance of the development of a
multifunctional inspection device for In-cell equipment. The potential use in defect
quantification of an infrared inspection system was verified, but a radioscopic system
was deemed difficult to use in defect identification because of its susceptibility to In-cell
environments.

References (publication wl respect to project)
1. O. Toyoda et al., "Development of Remote Inspection Technology for In-Cell

Equipment: An Investigation of Infrared Methods," proceedings of the Atomic
Energy Society of Japan 1995 annual spring conference, K24 (1995). [in Japanese]
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Question la - Achievements in Safety Research, 1991-1995

Topic: Studies on Improvement of Reliability of Remotely Operable Piping Connectors

Description: l

To investigate small piping joints and select joints suitable for remote operation, and
then perform various tests on those joints to determine joint life-span and implement
improvements designed to improve seal performance and reliability with respect to
corrosion resistance, etc.

Main Results:
The reliability of TRU joints, a type of small remote piping joint, and seal performance
under various corrosive environments was assessed, and the life-span of those joints (i.e.,
replacement time) was successfully estimated.

References (publication w/ respect to project)
None.
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study of Diagnostic Technique for the Anomalous Status of the Extraction
Process

Description:
a. Investigation of methods for assessing anomalous events
b. Creation of anomalous event assessment programs
c. To carry out verification testing using anomalous event assessment programs

Main Results:
a. Causes of 2nd extraction cycle anomalies were identified and a database of

anomalous event propagation patterns was created.
b. Anomalous event assessment programs (an anomaly diagnosis system and

simulation system) were designed and actual programming was carried out.
c. The anomalous event assessment programs were submitted to validation testing

using actual plant data, and the results were used to expand the anomalous event
database.

References (publication w/ respect to project)
1. Iwabuchi et al., "The Development of the Expert System at the Tokai Reprocessing

Plant", IAEA Technical Committee Meeting/Workshop to Demonstrate and Review
Expert System Prototypes, 1991.

2. Iwabuchi et al., "The Development of Instruction-System at Tokai Reprocessing
Plants: Part 3," Atomic Energy Society of Japan, 1992. [in Japanese]
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Plant: Part 4," Atomic Energy Society of Japan, 1993. [in Japanese]
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Insoluble Residue Handling

Description:
a. To investigate the behavior of insoluble residue resulting from the dissolving of

spent fuel, and to identify the issues for further research.
b. To investigate and evaluate, by testing, the methods for handling insoluble residue.

Main Results:
Testing was carried out to determine sludge stirring characteristics of the flat tanks that
are one type of primary process equipment at fast reactor fuel reprocessing plants, and
the pumping performance of fluidic pumps and the filtering performance of filters, and
data concerning the behavior of insoluble residue were collected.

References (publication wl respect to project)
None.
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Question la - Achievements in Safety Research, 1991-1995

Topic: Basic Study on Solvent Degradation

Description:
1) To verify the multiplicative effect of combinations of degradation factors and

ascertain the rate of degradation, etc.
2) To identify compounds that form in solvents and develop methods for the analysis

thereof.
3) To ascertain and database the characteristics of solvent degradation.

Main Results:
1)
a. By analyzing a simulated degraded solvent obtained by irradiating a solvent

loading nitric acid with gamma radiation, the quantity of degradation compounds
and the relationship between nitric acid concentration and gamma dose were
ascertained.

b. Using the same simulated degraded solvent, an uranium extraction test was carried
out, ascertaining the effect on uranium extraction performance.

c. An improved in-hood gas chromatograph analyzer was fabricated, permitting the
analysis of hot samples.

d. The difference in solvent degradation depending on radiation type was evaluated
through comparison of solvents degraded by reprocessing-hot test and gamma-
Irradiation.

2)
a. A literature search was carried out to identify degradation compounds, from TBP

and dodecane and approximately 50 different degradation compounds were
identified.

b. A method of analyzing degradation compounds such as DBP using the
esterification-gas chromatograph (GC) method was developed.

3)
a. Data concerning degraded solvent characteristics and solvent degradation products

were systematized.

References (publication w/ respect to project)
1. Togashi, "Safety at Fast Reactor Fuel Reprocessing Facilities," PNC TN8410 94-

043, 1994. [in Japanese]
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Spent Fuel Dissolution

Description:
To perform the batch dissolution of irradiated fuel from the fast experimental reactor
Joyo in order to evaluate dissolution characteristics and off-gas behavior, etc., and to
evaluate the properties and quantity of insoluble residues by the collection of them.

Main Results:
1) Reaction surface area in the empirical formula for dissolution rate was assessed and

changes in the reaction surface area in the dissolution process were investigated,
and the results incorporated into a simulation code.

2) The composition of insoluble residue and the quantity that occurs under normal
dissolution condition were evaluated, as was the quantity of plutonium in that
insoluble residue was confirmed.

3) The emission behavior of dissolution off-gas was evaluated from measurements of
85Kr, a component of off-gas. The emission rate of 85Kr generally agreed with the
fuel dissolution rate, demonstrating the potential of using 85Kr measurement in
dissolution monitoring.

References (publication w/ respect to project)
1. S. Nemoto et al., "Dissolution of Mixed Oxide Spent Fuel from FBRs,"

RECOD '93.
2. Togashi and Toyoda, "The Dissolution Behavior of Primary Fission Products and

Actinide Nuclides," PNC TN8410 92-212, 1992.[in Japanese]
3. San-youshi et al., "Research on the Dissolution of Irradiated Fast Reactor Spent

Fuel at CPFs," Atomic Energy Society of Japan, 1993 annual spring conference, [in
Japanese]

4. Togashi, "Safety at Fast Reactor Fuel Reprocessing Facilities," PNC TN8410 94-
043, 1994. [in Japanese]

5. Nemoto et al., "Research on the Dissolution of Irradiated Fast Reactor Spent Fuel,"
Dounen Gihou, No. 95, 1995. [in Japanese]

6. Shibata et al., "The Reprocessing of Irradiated Fast Reactor Fuel: Dissolution and
S5Kr behavior" Atomic Energy Society of Japan, 1995 fall conference, [in Japanese]
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-32 -



Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Iodine Adsorbents for Reprocessing Plant

Description:
a. To determine the characteristics of various iodine adsorbents and select the

appropriate one for actual reprocessing exhaust by submitting various iodine
adsorbents to adsorption property tests and holding capability tests using actual
exhaust.

b. To perform various tests on a newly developed silver-impregnated hydrophobic
adsorbent to validate its performance in actual exhaust.

c. To analyze decontamination factor (DF) data on silver-xeolite (AgX) filters used at
the Tokai Reprocessing Plant in order to effect an operating assessment of the AgX
filters.

d. To establish a method of storing and disposing of used AgX filters by performing
safety tests concerning the desorption of radioactive iodine emitted by the filters.

Main Results:
Performance tests of the various adsorbents using actual exhaust yielded new
knowledge of the characteristics of various adsorbents under various conditions. A
silver-impregnated hydrophobic adsorbent that promises to facilitate volume reduction
was developed and performance was verified with respect to the adsorbent fabrication
process, volume reduction process and adsorption characteristics. (Development was
subsequently terminated upon discovering that the silver-impregnated hydrophobic
adsorbent undergoes exothermic decomposition in a NOx environment.)

References (publication w/ respect to project)
1. Inami et al., "Development of Iodine Removal Technology at the Tokai

Reprocessing Plant," Atomic Energy Society of Japan, 1991 fall conference, 1991.
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5. Takeshita et al., "The Volume Reduction of Used Hydrophobic Adsorbent,"
Journal of the Atomic Energy Society of Japan, February 1994. [in Japanese]
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Reprocessing Plant," Atomic Energy Society of Japan, 1994 fall conference, 1994.
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Adsorbent for the Removal of Radioactive Iodine: Part 3," Atomic Energy Society
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of Japan, 1995 annual spring conference, 1995. [in Japanese]
9. Takeshita et al., "Effect of Grain Size of AgNO, Loaded in Porous Material on

Adsorption of CH,I," J. At. Energy Soc. Jpn., 32, 941 (1995).
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Question la - Achievements in Safety Research, 1991-1995

Topic: Krypton Recovery and Storage Technology Development

Description:
a. Development of krypton recovery technology:

- Assessing the performance of each process unit and the durability of devices
- Assessing the effects of FP storage
- Verifying and assessing storage cylinders

b. Development of immobilization technology

Main Results:
a. Development operation was carried out with off-gas from the reprocessing plant

using the designed amount of radiation (approx. 1 x 10'5 Bq). The facility's
designed performance of a recovered krypton purity of at least 90% and a recovery
rate of 90% was easily achieved.

b. Continuous operation test with small vessels and scale-up tests in advance of large
vessel development were carried out. The plasma analysis for the evaluation of
these tests was carried out. The thermal behavior and characteristics of a Kr-
immobilized alloy made by ion implantation become almost clear by measurement
of the amount of re-discharge Kr from alloy and observation of crystal charge of
alloy.

References (publication w/ respect to project)
1. S. Hayashi et al., "Krypton Gas Fixing Testing: Part 6," proceedings of the Atomic
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Safety Handling with Reprocessed Uranium Conversion

Description:
To investigate the behavior of fission products (FP), transuranic elements (TRU),
uranium isotopes and daughter nuclides contained in reprocessed uranium, to assess
dose equivalent rates associated with external exposure from some nuclides
accumulated in the process, and to assess effects on the environment.
To use these results to consider various safety measures, such as removal equipment
and shielding materials that effectively reduce worker exposure and emissions into the
environment.

Main Results:
Operation of the conversion facility was initiated in late August of 1994, and
approximately 111 tU of reprocessed uranium were safely converted.
Data concerning the dose equivalent rates from external exposure resulting from
accumulation of the trace impurities (FP, TRU), uranium isotopes and the daughter
isotopes thereof, along with data on environmental effects, were obtained.

References (publication w/ respect to project)
None.
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Question la - Achievements in Safety Research, 1991-1995

Topic: Development of Assessment Technique for Airborne Radioactive Material
Behavior

Description:
1) To determine the behavior of radioactive aerosols in the work environments of

facilities where large amounts of radioactive materials are handled by:
a. establishing quantification technology for airflow radiation measurement
b. developing the technology for measuring particle size and particle size distribution

in work environments.
2) To develop models of work environments at nuclear fuel facilities, create analysis

codes for aerosol behavior in said work environments, and develop rapid, accurate
techniques for assessing the diffusion potential of radioactive materials and the status
of exposure in the event of air contamination.

Main Results:
Quantitative measurement techniques for use in analysis of the behavior of radioactive
materials was established through fabrication of devices for airflow radiation
measurement and particle size measurement. The techniques established were used to
measure airflow radiation in process rooms yielding data that permitted the prediction
of radioactive material behavior during leakage, thereby making possible more-accurate
assessment from the viewpoint of radiation control.
In addition, the development of improved analysis codes for the assessment of
radioactive material behavior made possible analysis of the diffusion and distribution of
radioactive materials during leakage in a process room and the analysis of attained
quantities of radioactive materials at various points. This in turn can be used to
determine the proper positioning of dust monitors and other radiation control devices
and the level of alarm settings, and to estimate workers' internal exposure in the event
of leakage.

References (publication w/ respect to project)
1. Endo, Kojima, Matsumoto and Ebana, "Development of Technology for Assessing

the Behavior of Airborne Radioactive Materials," 29th presentation conference of the
Health Physics Society of Japan, May 1994. [in Japanese]
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Question la - Achievements in Safety Research, 1991-1995

Topic: Hydrogen Generation in Storage Solutions of Spent Fuel Reprocessing Plant

Description:
To use samples from a highly radioactive effluent storage tank system and from a
plutonium product solution storage tank system to ascertain changes in the amount of
hydrogen generated when parameters such as acid concentration and radioactive
concentration are changed.

Main Results:
1) Basic testing
a. A technique of hydrogen analysis based on gas chromatography was adopted.
b. A device for testing with highly radioactive solution was constructed and cold test

was carried out.
2) Testing with plutonium nitrate solution

a. Changes in the amount of hydrogen generated at different concentrations of
plutonium in the plutonium nitrate solution were measured.

b. Changes in the amount of hydrogen generated at different concentrations of nitrate
in the plutonium nitrate solution were measured.

c. Changes in the amount of hydrogen generated at different depths of plutonium
nitrate solution were measured.

d. Using the above results, the generation-related behavior of hydrogen in plutonium
nitrate solution was analyzed and evaluated.

3) Testing with high level radio active liquid waste solution
a. Changes in the amount of hydrogen generated at different concentrations of nitrate

in the highly radioactive effluent were measured.
b. Changes in the amount of hydrogen generated at different radioactive strengths in

the highly radioactive effluent were measured.
c. Changes in the amount of hydrogen generated at different depths of the highly

radioactive effluent were measured.
d. Changes in the amount of hydrogen generated at different concentrations of

symbiotic elements in the highly radioactive effluent were measured.
e. Using the above results, the generation-related behavior of hydrogen in highly

radioactive effluent was evaluated.

References (publication w/ respect to project)
1. Y. Kuno, T. Hina, "Radiolytically Generated Hydrogen and Oxygen from

Plutonium Nitrate Solution", J. Nucl. Sci. and Technol., Vol. 30, No. 9, 1993.
2. Y. Kuno, T. Hina, "Testing to Determine the Generation Behavior of Hydrogen in

Reprocessing Water Solution: Part 1," proceedings of the Atomic Energy Society of
Japan 1992 fall conference, pg. 416. [in Japanese]
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Question la - Achievements in Safety Research, 1991-1995

Topic: Experimental Studies on Metal Uranium Safety Handling

Description:
Investigation of both the high-temperature properties of metallic uranium and the
methods of measuring those properties, and arrangement of data on the high-
temperature properties of metallic uranium by the estimation or measurement of
material properties.

Main Results:
The high-temperature properties of metallic uranium and the methods of measuring
those properties were investigated, and by carrying out actual measurement, previously
inadequate data (regarding viscosity coefficient and thermal diffusivity) were
supplemented with quantitative properties of molten metallic uranium.

References (publication w/ respect to project)
1. M. Haraguchi, "Research on Safety in the Handling of Metallic Uranium," PNC

TN 8410 94-014, 1994. [in Japanese]
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Question la - Achievements in Safety Research, 1991-1995

Topic: Study on Seismic Behavior of Equipment in Plutonium Processing Facility

Description:
a. To investigate packing, flexible joints and other types of connections used in glove

boxes and classify those connections by structure.
b. To subject the structures to be verified to analyse in order to determine the behavior

of the coupling.
c. To consider methods of assessing the properties of structure using the information

obtained through the activities in item b. above.

Main Results:
a. The survey indicates that three types of connections are in use: 1.) connecting the

glove boxes with a flange having a packing inserted, 2.) connection the glove boxes
with a vinyl bag, and 3.) connecting the glove boxes with a stainless steel bellows-
type joint. Of these, the finite element method was used to determine the rigidity of
stainless steel bellows as the need to investigate this approach became apparent.

b. Making it possible to estimate the vibration properties of bellows joints, it was
decided to use estimates in the analysis instead. In this analysis, the soundness of
bellows-type joints used to connect the type of glove boxes used at plutonium
handling facilities was confirmed through separate seismic resistance analysis.

c. Seismic resistance analysis with the finite element method demonstrated the
adequate combined seismic resistance for plutonium handling facilities of upper and
lower glove boxes connected with a stainless steel bellows-type joint. In addition, a
comparative assessment of the results of separate and combined analysis of glove
boxes connected by a stainless steel bellows-type joint showed in seismic behavior
between the upper and lower glove boxes.

References (publication w/ respect to project)
None.
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K. Omura
Tokai Fuel Plant Maintenance Section, Tokai Fuel Plant, Tokai Works.
4-33, Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Application Study on Base-isolation to Nuclear Facilities

Description:
a. To investigate design input earthquake ground motions according to ground

conditions and seismic design classification.
b. To investigate methods of analyzing and assessing three-dimensional vibrations

that simulate horizontal, rocking and torsional motion of base-isolated structures.
c. To investigate the proper approach to the safety assessment of types of base

isolation devices for different types of nuclear reactor facilities in accordance with
the results of a consideration of the permissible limits and the safety in ultimate
state of superstructures and base isolation devices.

Main Results:
a. The design input seismic ground motion for base-isolation design was designed for

facilities of class A and As seismic design classification at the Tokai location in
accordance with the facilities' ground conditions and seismic activities at the site,
contributing to safety design standards for base-isolated structures of high seismic
design classification.

b. The investigation of techniques for analyzing and assessing three-dimensional
vibrations showed that simulation of earthquake motions of base-isolated structures
is possible with sufficient accuracy, and it was verified that proper design can
reduce rocking and torsion components to negligible levels.

c. The investigation of safety in the ultimate state of an overall base-isolated structure
enabled to define design criteria for superstructures and base isolation devices that
allow for the qualitative assessment of margin of safety. In addition, safety design
standards were updated accordingly.

References (publication w/ respect to project)
1. Ohira et al., "Study on a Sliding Type Base-Isolation System as a Failsafe Device,"

11th International Conference on Structural Mechanics in Reactor Technology,"
1991.

2. Ohira et al., "Study on a Failsafe Mechanism in Base-Isolation Devices," 11th
International Conference on Structural Mechanics in Reactor Technology," 1991.

3. Ohira et al., "Response Characteristics on Base-isolated Structure with Hardening
Stopper Type Failsafe Device," ibid., 1991.

4. Ohira et al., "Study on Applying Base Isolation to Nuclear Fuel Facilities: Parts 11
through 14," proceedings of technical presentations at the 1991 Japan Architecture
Society conference, [in Japanese]

5. Sato et al., "Study on Seismic Isolation for Equipment of Nuclear Fuel Facilities:
Parts 4 through 6," proceedings of technical presentations at the 1991 Japan
Architecture Society conference, [in Japanese]

6. M. Ohira et al., "Study on Soft-landing Mechanism in Base-isolation Devices,"
10th World Conference on Earthquake Engineering," TN8410 92-036, 1992.

7. Sato et al., "Study on Seismic Isolation for Equipment of Nuclear Fuel Facilities:
Part 7," proceedings of technical presentations at the 1992 Japan Architecture
Society conference, [in Japanese]
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8. Uryu, Nakayama et al., "Study on Seismic Isolation for Equipment of Nuclear Fuel
Facilities: Parts 8 and 9," proceedings of technical presentations at the 1993 Japan
Architecture Society conference, [in Japanese]

9. Uryu, Suzuki et al., "Response Characteristics of Base-Isolated Structures Having
Multiple Protection Devices under large Distortion: Parts 1 and 2," 9th Japan
Seismic Engineering Symposium, 1994. [in Japanese]

10. Hirano, Uryu et al., "The Seismic Observation and Aging Characteristics of Base-
Isolated Structures: Parts 1 through 5," proceedings of technical presentations at the
1994 Japan Architecture Society conference, [in Japanese]

11. Uryu, Nakayama et al., "Study on Seismic Isolation for Equipment of Nuclear Fuel
Facilities: Parts 10 and 11," proceedings of technical presentations at the 1994
Japan Architecture Society conference, [in Japanese]

12. Uryu, Tada et al., "Full-scale Experimentation on Laminated Natural Rubber
Isolators under High Bearing Conditions," Menshin, No. 8, May 1995. [in
Japanese]

13. Uryu, Tada et al., "Full-scale Experimentation on Lead Dampers Simulating
Critical Distortion," Menshin, No. 8, May 1995.

14. Uryu, Hirano, et al., "Full-scale Experimentation on Laminated Natural Rubber
Isolators under High Bearing Conditions: Parts 1 through 3," proceedings of
technical presentations at the 1995 Japan Architecture Society conference, [in
Japanese]

15. Uryu, Suzuki et al., "Full-scale Experimentation on the Energy Absorption
Capabilities of Lead Dampers," proceedings of technical presentations at the 1995
Japan Architecture Society conference, [in Japanese]

16. Uryu, Nishikawa et al., "Study on the Rigidity, Distortion and Critical
Characteristics of Base-Isolating Laminated Rubber: Vertical Characteristics,"
structural journal of the Japan Architecture Society, No. 477, November 1995. [in
Japanese]

17. Uryu, Nishikawa et al., "Study on the Rigidity, Distortion and Critical
Characteristics of Base-Isolating Laminated Rubber: Horizontal and Vertical
Characteristics under Shear Deformation," structural journal of the Japan
Architecture Society, No. 479, January 1996. [in Japanese]

18. Suzuki, Uryu et al., "Full-scale Experimentation with Laminated Natural Rubber
Isolators under High Bearing Conditions: Parts 4 and 5," proceedings of technical
presentations at the 1996 Japan Architecture Society conference, [in Japanese]

19. Takayama and Uryu et al., "Full-scale Experimentation on the Energy Absorption
Capabilities of Lead Dampers: Part 2," proceedings of technical presentations at the
1996 Japan Architecture Society conference, [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN
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K. Hirano
Construction and Maintenance Management Office,
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: Development of Reliability Evaluation Method for Reprocessing Plant

Description:
a. To investigate foreign and domestic reliability assessment techniques and codes for

reprocessing facilities and general chemical plants with similar processes, to
determine their appropriateness for reprocessing facilities, and to develop and
improve reliability assessment codes.

b. To survey and collect data from reprocessing and other plants in order to create and
implement a database of operating maintenance data needed to implement
reliability assessment at reprocessing facilities and data concerning device- and
equipment-level failures.

Main Results:
a. A literature search of reliability assessment techniques and codes for reprocessing

facilities and general chemical plants with similar processes was carried out. A
support system was developed to facilitate rationalized HAZOP at reprocessing and
other large facilities. In addition, HAZOP procedures for electric circuit systems
not covered under conventional HAZOP were proposed. Using these techniques,
HAZOP analysis was carried out for plutonium purification process and the cooling
systems for the highly radioactive effluent storage process at reprocessing plants.
HAZOP analysis was also carried out at a chemical plant (a double olefin plant) to
test the general applicability of the support system that was developed.

b. A survey of reliability data used at nuclear reactor facilities was carried out to
determine applicability in reliability assessment at reprocessing facilities. In
addition, a survey of data used overseas in PSA research at nuclear fuel cycle
facilities was also carried out, and a new database program of device failure rate
data, including already-existing reliability data, was created to promote the
effective use of device failure rate data. As part of the development of a
reprocessing facility equipment maintenance support computer system
(TORMASS), a device- and equipment-level failure database was created, the
equipment control and maintenance history registries were updated, a database
input program and calculation program were developed, device utilization data
were input, and maintenance histories were registered.

References (publication w/ respect to project)
1. Nojiri, Narita and Takahashi, "Development of a Reprocessing Facility HAZOP

Support System," Atomic Energy Society of Japan, annual fall conference, 1994.
[in Japanese]

2. Nojiri and Kanamori, "Creation of a Reliability Database for Nuclear Fuel Cycle
Facilities," Atomic Energy Society of Japan, spring conference, 1995. [in Japanese]

3. Taniguchi, Iwasaki, Tachihara and Nogami, "Development of TORMASS,"
Atomic Energy Society of Japan, annual fall conference, 1992. [in Japanese]

4. Taniguchi, Iwasaki, Fukanoki, Nogami, Maki and Ogata, "TORMASS: Overview
and Achievements in Equipment Maintenance," Atomic Energy Society of Japan,
annual spring conference, 1996. [in Japanese]

5. Nojiri and Narita, "Today's Probability Theory Safety Assessment Research for
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Reprocessing Facilities," Dounen Gihou, No. 86, 1993. [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33, Mutramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question la - Achievements in Safety Research, 1991-1995

Topic: PSA Application Study for the Reprocessing Plant

Description:
a. To create a system model for primary equipment and perform assessment using

reliability data.
b. To consider anomalous event and accident scenarios and, using system models,

identify the sequences and quantify the probabilities of occurrence.
c. To carry out analysis and assessment of transitions in anomalous events and the

transition analysis of radioactive materials.
d. To analyze and systematize the major risk factors.

Main Results:
The KRITIK calculation codes, used to assess the quasistatic behavior of nuclear fission
during solution system criticality, were introduced and implemented, along with the
RIDO analysis codes, used for assessing the dynamic behavior of ventilation systems.
A system model, having its peak event defined as lead oil explosion in the plutonium
evaporation canisters used in the plutonium enrichment process, was established and
quantification of the accident occurrence probabilities was investigated.
For highly radioactive effluent storage process, system models were established and
quantification of event occurrence probabilities and the risk of radioactive material
release was investigated.

References (publication w/ respect to project)
1. Nojiri and Narita, "PSA Application Study for a Model Reprocessing Plant,"

IAEA-TECDOC-711, pg. 41, 1993.
2. Nojiri and Narita, "Today's Probability Theory Safety Assessment Research for

Reprocessing Facilities," Dounen-Gihou, No. 86, 1993. [in Japanese]
3. Nojiri, Narita and Tamura, "Implementation of the Dynamic Risk Assessment

Code RIDO," Atomic Energy Society of Japan, 1994 annual spring conference, [in
Japanese]

4. Nojiri and Narita, "PSA Application Study for the HAW Storage Process of a
Model Reprocessing Plant," PSA '95, Nov. 1995.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33, Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question 1b - 1996 Safety Research Achievements .'Progress



Question lb -1996 Safety Research Achievements: Progress

Topic: Development of Subcriticality Measurement System

Description:
a. Development of subcriticality analysis techniques

To investigate reactor physics definitions and calculation techniques for deep
subcriticality, on which few if any investigations have been performed.

b. Development of subcriticality measurement technology
To perform subcriticality measurement tests on a light water moderation system
containing uranium and plutonium fuel at a subcriticality measurement testing
facility and establish measurement techniques

c. Development of a subcriticality monitor
To develop a subcriticality monitor based on the subcriticality measurement
techniques validated in item b. above.

Preliminary Results (if available):
a. Development of subcriticality analysis techniques

An investigation was carried out on techniques for calculating/? and 1, which are

needed to correlate a (prompt neutron attenuation constant), measurements made

with the Feynman-alpha method, to effective multiplication factors.
b. Development of subcriticality measurement technology

Subcriticality measurement tests were carried out in a light water moderation system
containing ATR-grade uranium and plutonium, and basic performance was
ascertained.

c. Development of a subcriticality monitor
For the Feynman-alpha method, assessment was carried out on an online
measurement system that sends measurement data directly to computers.

References (publication w/ respect to project):
1. Hazama, "Subcriticality Measurement in High Background Radiation

Environments Using the Miharuzo? Method," proceedings of the Atomic Energy
Society of Japan 1997 annual spring conference, E4. [in Japanese]

2. Aihara, Otani, Yagi and Hazama, "Reactor Core Characteristics in a DCA
Subcriticality Measurement System," PNC TN9410 96-133. [in Japanese]

3. Mohri, "Assessment of Nuclear Characteristics of a Two-range D'CA Reactor Core
Loaded with 'Joyo' MK-I Fuel Specimens," PNC TN9410 96-293. [in Japanese]

4. Otani, "Development of Wavelet Analysis-based Methods for Detecting Critical
Approach," PNC TN9410 97-011. [in Japanese]

5. Hazama, "An Operating System for DCA Subcriticality Measurement Testing
Systems and Its Applications," proceedings of 1996 Yayoi Workshop, 3. [in
Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

- 4 9 -



Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
N. Aihara
Criticality Engineering Section, Experimental Reactor Division, O-arai Engineering
Center
4002 Narita, O-arai, Ibaraki, 311-1393, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Study on Criticality Safety for Nuclear Fuel Cycle Facilities

Description:
a. Development of advanced criticality safety analysis techniques

To expand and improve criticality safety analysis codes and nuclear data, etc., and to
quantify margins of safety in conventional techniques for actual plant systems.

b. Improvement of criticality safety data
To collect criticality safety data similar to that of actual plant systems, and to
improve criticality safety data for minor actinide nuclides.

c. Development of a criticality safety monitoring system
To develop and assess a monitoring system capable of detecting and therefore
preventing potential criticality accidents.

Preliminary Results (if available):
a. BWR spent fuel was analyzed using the SCALE code system as the OECD/NEA

burn-up credit criticality benchmark.
b. Using a newly acquired nuclear data library, minimum criticality for minor actinide

nuclides was calculated with the SCALE code system, and the results were compared
with those obtained last year with the MCNP codes.

c. Using online criticality estimation algorithms based on the auto-regressing moving
average model, parameter estimation was investigated for reactor noise data
measured last year with the O-arai Engineering Center's DCA. Improvements were
also made in the neutron noise measurement system, which was used to measure
reactor noise data in the DCA.

References (publication w/ respect to project):
1. Shimizu, Nojiri, Yuri, Matsumoto and Fukasaku, "Criticality Safety Guidebook for

MOX Handling Facilities," PNC TN1410 96-074. [in Japanese]
2. Nojiri et al., "Calculation Study for Criticality Safety of Fissionable Actinides,"

GLOBAL, October 1997.
3. Shimizu et al., "Validation of CSAS25 and MCNP4 for MOX Homogeneous

System and Calculation of Criticality Safety Data for MOX Facilities," ANS
Nuclear Criticality Safety Division Topical Meeting, Sept. 1997.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33, Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Study on Neutron Dosimetry in Nuclear Fuel Cycle Facilities

Description:
a. Development of advanced exposure dose calculation techniques

To expand the amount of nuclear data used to accurately calculate the strength of
neutrons emitted by super-grade plutonium fuel, etc., and to develop advanced
calculation codes for shielding.

b. Development of neutron shielding materials
To develop and assess a practical neutron shielding suited to the conditions of use at
actual facilities.

c. Measurement and assessment of neutron dose
To develop advanced measurement and assessment techniques, perform actual
measurement and assessment inside and outside the facility, and create a neutron
dose database.

Preliminary Results (if available):
a. The neutron dose assessment code system used on UNIX workstations, NPSS-W

was upgraded and its applicability examined with verification calculations performed
with neutron radiation measurement data and with sky-shine calculations modeled on
plutonium waste storage facilities.

b. The measurement and testing originally planned could not be implemented.
c. An investigation was begun to obtain benchmark data for neutron sky-shine.

References (publication w/ respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Investigation on Abnormal Occurrences at Nuclear Fuel Facilities

Description:
a. Safety verification testing of solvents, etc.

Regarding the exothermic reaction between nitric acid and advanced solvents such as
CMPO (including degraded solvents), to measure heating values and determine
reaction rates in insulation systems and pressure releasing systems in order to
determine the range of safe process operation.

b. Investigating the intra-process behavior of trace products
To determine the intra-process behavior of solvent degradation products, hydrazoic
acid and other unstable trace products, to improve intra-process behavior assessment
codes, and to investigate the processes of intra-process generation and annihilation.

c. Testing and analysis concerning aerosol behavior during anomalous events
To perform, in a glove box ventilation system, cold testing on the behavior, source
term, and containment of TRUs and other radioactive materials during anomalous
events (principally fires), and to develop improved assessment codes.

Preliminary Results (if available):
a. Safety verification testing of solvents, etc.

The exothermic characteristics and reaction rates of mixed organic solvents
containing CMPO and nitric acid were measured using a sealed cell differential
scanning calorimeter (SC-DSC) for sealed non-adiabatic systems and an accelerating
rate calorimeter (ARC) for sealed adiabatic systems.

b. Investigating the intra-process behavior of trace products
The parameters necessary for numerical simulation of hydrazoic acid were
investigated.

c. Testing and analysis concerning aerosol behavior during anomalous events
Aerosol analysis functions were added to the FIRAC codes, and testing related to the
plugging factor of HEPA filters was carried out.

References (publication w/ respect to project):
1. Hirumachi et al., presentation of 1996 Safety Research Achievements (nuclear fuel

cycle), PNC TNI 100 96-008. [in Japanese]
2. Hirumachi et al., "The Response of Ventilation Systems during Intra-Cell Fire

Testing with a Glove.Box: Part 2," PNC TN8410 96-158, Atomic Energy Society
of Japan, 1996 fall conference, [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN
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Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN

- 5 4 -



Question lb -1996 Safety Research Achievements: Progress

Topic: Safety Examination of Glove Box System

Description:
a. To investigate methods for testing and assessing the containment abilities of glove

boxes used in plutonium fuel fabrication, and to carry out actual measurement and
assessment.

b. To ascertain the containment abilities of the gloves, vinyl bags and other glove box
components by assessing their mechanical strength and radiation resistance
characteristics, and to study structural and material improvements to actualize
superior containment abilities.

Preliminary Results (if available):
a. Glove box containment abilities

As a preliminary test, a glove box that had been used for a long period and which
was scheduled to be dismantled, was checked for plutonium leaks in the absence of
negative pressure.

b. Studies of glove box components
The components of glove box were developed and improved, and the trial use of
certain prototype components was begun. In addition, plans for the degradation
testing of containment components of glove box, were drafted for the glove boxes
dismantled after a long period of use.

References (publication w/ respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
Y. Suzuki
Tokai Fuel Plant, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN

- 5 5 -



Question lb -1996 Safety Research Achievements: Progress

Topic: Study on Safety Handling Technology of MOX Powder

Description:
a. To assess the floating behavior of powder from MOX powder handling equipment

through the assessment and nondestructive measurement of MOX powder in high-
efficiency particulate air (HEPA) filters.

b. Obtaining basic data fully on MOX powder:
(1) Particle size distribution, density transition and other physical/chemical

characteristics
(2) The hydroscopicity and thermal characteristics, etc.

c. To carry out verification research on powder trapping using the cyclone and other
equipment, and to perform design research on the structural and material
optimization of the shielding to reduce exposure during glove box operation.

Preliminary Results (if available):
a. Nondestructive measurement of MOX powder in HEPA filters

• Characteristic testing was carried out with nondestructive measurement devices

(WDAS and HRGS), data analysis and assessment was performed, and a plan for the
measurement of MOX in the filters on actual glove boxes was drafted.

b. Obtaining basic data on MOX powder
• Measurement of the particle size distribution of the powders (PuO2 and mixed

converted powder) was begun.
• Measurement of the temperature of MOX powder during handling in the pellet

fabrication process was begun.
• Collection and survey of existing data relating to the above was begun.

c. Development of powder trapping technology and shielding design research
• Testing was begun to determine the efficiency of powder collecting devices used in

pellet fabrication.
• The data reduction on shielding was begun.

References (publication w/ respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN
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Principal Research Institute and/or Project Leader (name & address):
T. Takahashi
Plutonium Conversion Section, Plutonium Fuel Product Division, Tokai Fuel Plant,
Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Studies of Explosion Characteristics of Hydrogen Mixed Gas

Description:
a. Determining the explosion limit of mixed gas

To use the spark ignition and other methods to determine whether explosions occur
in the low hydrogen region of a three-component mixed gas (hydrogen, nitrogen and
oxygen) and to determine the explosion limit gas composition.

b. Study of the explosion behavior of mixed gas
To carry out the explosion testing of hydrogen-containing gas in the low hydrogen
concentration region to observe and measure explosion-induced increases in pressure
and temperature and to ascertain explosion behavior.

Preliminary Results (if available):
a. Determining the explosion limit of mixed gas

1) Literature survey of hydrogen explosions
Literature concerning this topic was collected and examined to yield a
systematized body of existing knowledge.

2) Determining the specificity of the threshold of hydrogen explosions
Experimentation revealed the singular characteristic of hydrogen — not seen in
other flammable gases — in which the explosion threshold varies considerably
depending on the propagation direction of the flame applied.

3) Measuring the explosion range of a 3-component gas comprising hydrogen, air
and nitrogen (argon)
The explosion range of a 3-component gas comprising hydrogen, air and
nitrogen (argon) was measured and triangular diagrams of this explosion range
were created. Nitrogen and argon were compared from the viewpoint of explosion
prevention.

References (publication w/ respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
T. Mishima
Plutonium Fuel Production Facility Construction Section, Tokai Fuel Plant, Tokai
Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question 1b -1996 Safety Research Achievements: Progress

Topic: Research on the Application of Apparatuses with Static Safety to Nuclear Fuel
Facilities

Description:
a. Feasibility study of static heat removal systems

To fabricate a heat removal apparatus comprising a heat-receiving water tank
modeled after a high-level activated water tank, a separate heat siphon-type heat pipe
and a heat releasing water tank, and to carry out testing of heat transference
characteristics and other testing having as its parameters the conditions of the heat
pipe and working fluid, etc. To upgrade the codes for assessing the heat removal
performance of heat removal systems, primarily heat current analysis codes, in order
to determine their applicability to a high-level activated water tank.

b. Feasibility study of static hydrogen removal systems
To test the life-span and shape effect of platinum group catalysts and other hydrogen
and oxygen recombination catalysts in order to determine the optimum catalyst, and
to improve codes for assessing the flows of generated hydrogen gas and
characteristics of the removal thereof in order to determine their applicability to tank
ventilation systems.

c. Conceptual design and performance assessment for advanced high-level activated
water tanks
To create conceptual designs and assess the performance of high-level activated
water tanks having static heat removal systems and static hydrogen removal systems.

Preliminary Results (if available):
a. Feasibility study of static heat removal systems
• The thermal fluid analysis code PHEONICS was used in test calculations to assess

the heat removal performance of separate siphon-type heat pipe.
• An investigation was carried out concerning the method of testing with a basic heat

removal testing apparatus, such as test parameters and conditions.
b. Feasibility study of static hydrogen removal systems
• The hydrogen removal capabilities of hydrogen and oxygen recombination catalysts

under static gas conditions were investigated, and testing was carried out to assess
the characteristics of Pt/TiO2 catalysts.

References (publication w/ respect to project):
1. Takeda, "Feasibility Study on the Application of Static Safety Systems to Nuclear

Fuel Facilities," PNC TN8412 97-040. [in Japanese]
2. Hirumachi et al., "Study on the Application of Devices with Static Safety Functions

to Nuclear Fuel Facilities - Part 1: Feasibility Study of Static Heat Removal
Systems," PNC TN8414 96-353, Atomic Energy Society of Japan, 1997 annual
spring conference, K10. [in Japanese]

3. Hirumachi et al., "Study on the Application of Devices with Static Safety Functions
to Nuclear Fuel Facilities - Part 2: Feasibility Study of Static Removal Systems for
Radiolytic Hydrogen," PNC TN8414 96-354, Atomic Energy Society of Japan,
1997 annual spring conference, Kl 1. [in Japanese]
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Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Safety Technology Development Section, Health and Safety Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Study for Advanced In-Service Inspection Technology

Description:
To develop a new inspection system using remote sensing technology by first selecting
types of sensors (e.g., infrared) then submitting the sensors to basic tests to determine
their applicability to In-cell use and the range and parameters of inspection, and to
ascertain their potential as inspection sensors.

Preliminary Results (if available):
As part of a basic study on this new inspection system, work related to sensor selection
was performed in relation to inspection technology for estimating clogging due to
sludge accumulation as a soundness parameter in facility control.

References (publication w/ respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Components and Material Development Section, Reprocessing Technology
Development Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Studies on Radiation Resistance for Electrical Apparatus and Electronic
Components

Description:
a. To irradiate commercially available electric and electronic components and collect

data on their degradation to devise and assess measures for preventing degradation.
b. To accumulate irradiation testing data on electrical and electronic components.

Preliminary Results (if available):
A survey of life-extending technology for electrical and electronic components was
carried out as the first stage of a study to develop technology that extends the life of
semiconductors by preventing radiation-induced degradation.

References (publication w/ respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Takeda
Components and Material Development Section, Reprocessing Technology
Development Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Research on the Computer-aided Radiation Monitoring and Control System at
Reprocessing Plant

Description:
a. Development of a radiation monitoring system

An expert system for radiation protection has been investigated at Tokai reprocessing
plant. The system in the preliminary design base has the following functions 1) to
provide the needed radiation control information based on the online data from
stationary monitors which show an anomalous tendency, 2) to trace the causes of
incident, and 3) to suggest proper counter measures against the incident quickly.

b. Development of radiation work control support system
An expert system for radiation control in radiological works has also been
investigated at Tokai reprocessing plant. The system in the preliminary design base
has the following functions 1) to provide the radiation control information required
for radiation work and 2) to support the planning of radiation control measures with
simulation if necessary.

Preliminary Results (if available):
a. Development of a radiation monitoring system

The concept of the expert system for radiation protection was considered. As a result,
the problems with current monitoring were identified, and preliminary support
system was proposed by using expert system construction system. The proposed
system was examined under various situations including determination of the cause
incident.

b. Development of radiation work control support system
The flow of radiation work was clearly defined and the required knowledge and
experience for skilled personnel were investigated. These results were used to narrow
down the relevant parameters and to investigate the feasibility of systematizing the
estimation of dose equivalent.

References (publication w/ respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
J. Ishida
Radiation Safety Section, Health and Safety Division, Tokai Works
4-33 Muramatsu, Tokai, Ibaraki-ken, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Development of Advanced Iodine Removal Process

Description:
a. To verify the performance of silver-impregnated hydrophobic adsorbent with actual

off-gas and improve durability, an issue of basic research.
b. To develop a complex system of iodine removal by applying zeolite to a NOx

recovery system.

Preliminary Results (if available):
a. In advance of developing silver-impregnated hydrophobic adsorbent, the

relationship between NOx resistance and porousness was investigated, and the
conditions of NOx exposure preprocessing were investigated to determine ways of
improving durability in NOx atmospheres. In addition, iodine adsorption
capabilities were verified with actual reprocessing plant off-gas. (Development was
terminated upon determination of the difficulty of preventing the exothermic
decomposition of silver-impregnated hydrophobic adsorbents in NOx
environments.)

b. The effects of NOx in off-gas in different operating conditions at reprocessing
plants were investigated in advance of developing an iodine removal system, and
various adsorbents were subjected to comparison testing with actual off-gas.

References {publication wl respect to project):
1. Inami, Nogami, Maki and Ogata (PNC), and Takeshita, Sazarashi and Kumagai

(Institute of Research and Innovation), "Development of Silver-Impregnated
Hydrophobic Adsorbents for Removal of iodine from Reprocessing Plant Off-gas,"
Dounen-Gihou, No. 98, June 1996. [in Japanese]

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
T. Onishi
Maintenance Section, Technical Service Division, Tokai Reprocessing Plant, Tokai
Works
4-33 Muramatsu, Tokai, Ibaraki-ken, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Study on Krypton Recovery and Immobilization Technology

Description:
a. To verify technology for krypton recovery from reprocessing off-gas through

development operation of a krypton recovery technology development facility.
b. To assess processes and immobilized masses in hot immobilization testing using

recovered krypton, and to investigate and test technologies for the long-term
storage of immobilized mass.

Preliminary Results (if available):
a. Technical literature summarizing results achieved thus far, including 11 cold test

operations, 5 hot test operations and 7 development operations, was prepared.
b. The installation of a hot testing apparatus for performing immobilization testing

with recovered krypton was completed, and hot gas was introduced to verify the
safety of the apparatus. In advance of developing a large vessels with cold
equipment, prolonged continuous implantation testing was performed with a
double-length vessel.

References (publication w/ respect to project):
1. S. Hayashi, S. Kamiya et al., "Development of Technology for Krypton

Immobilization by Ion Implantation," Dounen-Gihou No. 101, PNC TNI340 97-
001 P103-P117. [in Japanese]

2. S. Hayashi, S. Kamiya, S. Ikeda and Y. Nakanishi, "Study on Immobilization
Technology of Krypton Gas by Ion Implantation and Sputtering Process.",
Global '97

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
SAN-KAI-DOH-BLDG. 9-13, 1-Chome, Akasaka, Minato-ku, Tokyo, 107-8445
JAPAN

Principal Research Institute and/or Project Leader (name & address):
S. Ikeda
Low Level Waste Technology Section, Waste Technology Division, Tokai Works,
4-33 Muramatsu, Tokai, Ibaraki, 319-1194, JAPAN
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Question lb -1996 Safety Research Achievements: Progress

Topic: Study on Seismic Isolation for Nuclear Facilities

Description:
a. Investigation of the suitability of siting in quaternary deposits

To investigate the effects of ground nonlinearity on input earthquake ground motion
in the context of base-isolated structures in nuclear fuel facilities having quaternary
deposits as their bearing stratum in order to determine the suitability of siting.

b. Investigation of vertical earthquake motion in base-isolated structures
To carry out the seismic observation and numerical analysis of ordinary base-isolated
structures with an emphasis on the effects of ground conditions on the amplification
of vertical motion in order to determine the feasibility of advanced techniques for the
safety assessment of base-isolated structures in nuclear fuel facilities sited on
quaternary deposits.

c. Investigation of the seismic safety of equipment and piping
To perform vibrational analysis of the large racks, large glove boxes and other
equipment and piping particular to nuclear fuel facilities, simulating the floor
response particular to base-isolated structures, and to investigate techniques for
assessing seismic safety.

Preliminary Results (if available):
a. Soil samples taken from the quaternary deposits at the O-arai Engineering Center

were subjected to indoor soil testing, and the ground and input earthquake ground
motion of ordinary base-isolated structures were investigated to determine
conditions.

b. With an emphasis on the effects of the amplification of vertical earthquake ground
motion, preparations for seismic observation of the free surface of base stratum (GL-
180 m) and ground level at the O-arai Engineering Center were carried out. Seismic
observation was also continued at the Tokai and O-arai centers. In 1996, 35 waves
were captured at Tokai and 19 at O-arai.

c. An analytic model of pipe (connecting pipe) traveling between the superstructure and
lower foundation slab of base-isolated structures was created.

References (publication wl respect to project):
1. M. Uryu et al., "Ductility Testing of Connecting Pipe for Base Isolation,"

proceedings of technical presentations at the Japan Architecture Society conference,
September 1996. [in Japanese]

2. M. Uryu et al., "Full-scale Experimentation on Laminated Rubber Isolators under
High Bearing Conditions: Parts 4 and 5," proceedings of technical presentations at
the Japan Architecture Society conference, 1996. [in Japanese]

3. M. Uryu et al., "Full-scale Experimentation on the Energy Absorption Capabilities
of Lead Dampers: Part 2," proceedings of technical presentations at the 1996 Japan
Architecture Society conference, [in Japanese]

4. M. Uryu et al., "Use of Base-isolated Structures in the Tokai Reprocessing Facility
Building: Parts 1 and 2," proceedings of the Atomic Energy Society of Japan 1996
Fall Conference, [in Japanese]

5. M. Uryu et al., "Use of Base-isolated Structures in the Tokai Reprocessing Facility
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Building: Parts 3 and 5," proceedings of the Atomic Energy Society of Japan 1997
Spring Conference, [in Japanese]

6. M. Uryu et al., "Full-scale Experimentation on the Energy Absorption Capabilities
of Lead Dampers: Part 3 - Overview of Dynamic Testing of Large Distortion and
Response Wave Excitation," proceedings of technical presentations at the
September 1997 Japan Architecture Society conference, [in Japanese]

7. M. Uryu et al., "Full-scale Experimentation on the Energy Absorption Capabilities
of Lead Dampers: Part 4 - Energy Absorption Capabilities," proceedings of
technical presentations at the September 1997 Japan Architecture Society
conference, [in Japanese]

8. M. Uryu et al., "Use of Base-isolated Structures in the Tokai Reprocessing Facility
Building: Part 6 - Design Criteria for Base Isolation Devices," proceedings of the
Atomic Energy Society of Japan 1997 Fall Conference, [in Japanese]

9. M. Uryu et al., "Use of Base-isolated Structures in the Tokai Reprocessing Facility
Building: Part 7 - Overview of the Shaking Table Testing of Connecting Piping,"
proceedings of the Atomic Energy Society of Japan 1997 Fall Conference, [in
Japanese]

10. M. Uryu et al., "Use of Base-isolated Structures in the Tokai Reprocessing Facility
Building: Part 8 - The Results of the Shaking Table Testing of Connecting Piping
and an Analysis Thereof," proceedings of the Atomic Energy Society of Japan
1997 Fall Conference, [in Japanese]
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Question lb -1996 Safety Research Achievements: Progress

Topic: Study on Reliability Evaluation Methodology for Nuclear Fuel Cycle Facilities

Description:
a. Collection and organization of reliability data

To continuously collect and organize device reliability data from the Tokai
Reprocessing plant and MOX plants and to investigate and collect data on human
reliability.

b. Expansion and improvement of reliability assessment techniques
To expand system analysis techniques for reprocessing facilities and promote their
application at other nuclear fuel facilities, and to improve techniques for human
reliability assessment used at nuclear fuel facilities.

Preliminary Results (if available):
a. Collection and organization of reliability data

Of the various forms of maintenance implemented at the Tokai Reprocessing Plant, a
program that calculates trends in equipment-specific maintenance work primarily
from routine maintenance history registration, etc., in TORMASS was created for
facilities with registered equipment specifications.

b. Expansion and improvement of reliability assessment techniques
To expand system analysis techniques, the feasibility of system analysis procedures
that encompass equipment other than piping was investigated, also making use of the
HAZOP support system under development until the previous year.
Also, the feasibility of developing an advanced HAZOP support system was also
investigated.
To improve human reliability assessment techniques, an investigation into the
development of a human error analysis support system for nuclear fuel facilities was
carried out.

References (publication w/ respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation

Sponsoring Organization (name & address):
Power Reactor and Nuclear Fuel Development Corporation
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Question lb -1996 Safety Research Achievements: Progress

Topic: Study on the Application of PSA to Nuclear Fuel Cycle Facilities

Description:
a. Determination and quantification of the sequences of anomalous events

To consider scenarios of anomalous events and accidents and create system models
in order to determine accident sequences and quantify the probability of their
occurrence.

b. Analysis of anomalous event progression and assessment of nuclear material
transition
To develop and improve techniques for analyzing and assessing the progression of
anomalous events and use these to assess the transition of nuclear materials at model
plants.

c. Analysis and systematization of major risk factors
To analyze and systematize major risk factors from results such as event probability
and the risk of radioactive material release.

Preliminary Results (if available):
Analysis equivalent to level 1 PSA was carried out by developing system models,
defining data, investigating the quantification of event probabilities and considering the
applicability of PSA techniques, using the plutonium conversion technology
development plant inside the Tokai Reprocessing Plant as a model and focusing on
"hydrogen explosions inside roasting-and-reduction reactors," one of the assumed
events in safety assessment at the Tokai Reprocessing Plant.

References (publication wl respect to project):
None.

Research Institutes (involved in project):
Power Reactor and Nuclear Fuel Development Corporation
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