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2 ITINERARY;

November 3 -Travel to Minneapolis

November 4 -Leave USA for Tokyo, Japan

November § -Tokyo, DOE Tokyo Staff, Atomic Energy Bureau/Science and Technology
Agency, Embassy, JAERI and JGC Corporation,

November 6 -Mito, National Research Institute for Pollution and

November 7- Mito, Power Reacter and Nucleas Fuel Development Corporation, Tokai
Works and Oarai Works.

November 8 -Mito, Japan Atemic Energy Research Institute

November 9 -Takasaki, Takasaki Radiation Chemistry Research Establishment Tokyo, Power
Reactor and Nuclear Fuel Development Corporation

November 10-Kyoto, Kyoto University

November 13-Tajimi, Power Reactor and Nuclear Fuel Development
Corporation, Chubu Works.

November 14-Osaka, Ministry of International Trade and Industry/Agency for Industrial
Science and Technology.

November 15-Mepart Osaka, Japan for U.S.

3, TRIP COST;: Estimatea cost per traveler of $4 378.00

4, ABSTRACT: The Department of Energy Of e of Environmental Restoration and Waste
Management (DOE/EM) participated in a series of fact finding meetings and facility tours in
Japan. Meetings with Power Reactor and Nuclear Fuel Development Corporation (PNC)
were conducted in accordance with the bilateral agreement between the United States
Department of Energy and Power Reactor and Nuclear Fuel Development Corporation (PNC)
In the opening session with Japan's Science and Technology Agency the EM delegation, led
by Mr. Leo P. Duffy, jointly underscored the continuing U.S. commitment that the
technologies to be discussed would be limited to peaceful uses in the areas of environmental
restoration and waste management. The delegation visited government, quasi-government
and private organizations during the November 3-14, 1990, fact finding mission including the
Science and Technology Agency (Tokyo), the Ministry of Trade and Industry (Tokyo, Mito,
Osaka), the Power reactor and Nuclear Fuel Development Corporation (Tokyo, Tokai, Oarai,
Chubu), the Japan Atomic Energy Research Institute (Tokai, Tokyo), Kyoto University, JGC
Corporation (Oarai), and Kobe Steel. The delegation concludes that expanded collaboration
in several technical areas described in this report appear to be of potential mutual benefit.
Several areas of potential technical collaboration appear to have considerable merit in
addition to successful on-going interactions related to vitrification, decommissioning, and
TRU. This repc i provides meeting summaries and selected information on a wide range of
technologies by organization,



&, _PURPOSE OF TRIP: This trip was one in a series of fact-finding visits to Japan on
environmental restoration and waste management. The following four pre-trip objectives

were successfully met.

QBJECTIVE 1! IDENTIFY SPECIFIC TECHNOLOGIES OF MUTUAL INTEREST
The facility and site visits were designed to encourage useful dialogue for identifying:

1) transferrable technologies,

2) technologies under development, and

3) areas for cooperative technology development.

The delegation identified key technologies that have potential for the highest payoff for use in
EM site characterization and restoration efforts. The delegation was provided with a
substantial ameunt of technical information thzough presentations and published materials
with broad applicability to the EM mission. A number of technology breakthroughs with
potential for significant impact for EM site characterization and environmental restoration
were presented to the delegation.

QBJECTIVE II:  DETERMINE IF AN ANNEX TO THE CURRENT DOE-PNC
AGREEMENT IS REQUIRED

The current agreement appears to broadly cover DOE-EM/PNC exchanges. However, the
agreement may need to be modified if new initiatives are pursued with PNC. The agreement
will be revisited after joint workshops are conducted in early 199] to determine if joint
technical collaboration with organizations other than PNC will be pursued. Collaboration
and possible agreements with JAERI, MITI and Kyoto University needs to ke pursued since
they are developing technologies or conducting research in areas relevant to DOE-EM,

OBJECTIVE IlI: IDENTIFY TECHNICAL AREAS OR SPECIFIC TECHNOLOGIES
THAT SHOULD BE INCORPORATED IN "DOE-EM/PNC RECORD
OF MEETING"

DOE and PNC agreed thai several workshops would be arranged over the coming months to
focus on areas of joint technical interest in preparation for the Bilateral Coordination Meeting
in the spring of 1991. DOE appointed Dr. Donald Alexander as the DOE-EM coordinator,
PNC appointed Mr, Takao Yagi as PNC-EM coordinator.



The workshops will provide reports recommending areas of technical collaboration to the
DOE-EM/PNC Coordinating Committee in the Spiing of 1991, The U.S. delegation
identified several technical areas for continued collaboration in the November 9th meeting
with PNC including decontamination and decommissioning, vitrification and TRU handling,
treatment and disposal,

Areas of particular interest to the delegation which will be considered for futrre collaboration
with PNC include:

i

6.

-

the use of the plasma-arc saw for dismantling reactor vessels and related
contaminated structures,

smelting of slightly contaminated ferrous metals for recycling;
methods for removal of contaminated concrete,

methods for reusing slightly contaminated concrete,

methods of waste reduction and minimization;

partitioning and transmutation;

7. robotics;

Areas of particular interest to the delegation which will be considered for future collaboration
with MITI, JAERI and Kyoto University include:

1.

-
-~

methods for the removal of uranium from seawater;

. applications of fiber-optics and lasers for in situ analysis of

groundwater,
methods for the removal of organics such as trichloroethylene;

simulation modeling of groundwater contaminant migration,

. research on actinide chemistry,

methods of underground characterization;
inorganic microencapsulated adsorbents;

optical microsensors for gases; and,
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d-metal oxide catalysts for sensor applications

OBJECTIVE 1V: INITIATE MECHANISM FOR COLLABORATION WITH OTHER
JAPANESE ORGANIZATIONS

s b

the findings of the delegation, as outlined in Objective Il1, mechanisms for
collaborating with MITI, JAERI, and Kyoto University should be pursued. A bil
agreement between the USNRC and JAERI for exchanges in waste management cur

exists and could serve as a model for DOE/EM-JAER] and DOE/EM-MITI. Amend

»
alera

existing USNRC/JAERI agreement does not appear 10 be a viable option. Agreer

MITI and JAERI would be initiated by developing a broad scope of work, seeking State
Department concurrence and then arranging meetings with MITI and JAERI representatives
in Washington to discuss the U.S. proposal. Upon general agreement between parties

0O
W

aborate, formal agreements would be written, approval and signing of which would be

ted through the DOE Office of International Affairs, IE-12

e !
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being explored is to expand the existing DOE/JAERI Agreement or
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DETAILED TRIP REPORT

INTRODUCTION:

As the next step in the development of a cooperative initiative between the U.S. and Japan
for technology development in the area of environmental restoration and waste management,
Leo P. Duffy led a U.S. delegation to Japan on November 3-14, 1990,

The trip was closely coordinated with and supported by the Power Reactor and Nuclear Fuel
Development Corporation (PNC). The PNC is a Japanese quasi-governmental agency
responsible for developing fuel cycle technologies (including technologies related to reactor
design, uranium mining and enrichment, spent fuel reprocessing, and radioactive waste
disposal).

The Department of Energy (DOE) currently has an agreement (finalized in 1986) with the
PNC for the cooperative development of technology and techniques for radioactive waste
management. Objectives of the delegations trip to Japan focused on (1) identifying with the
PNC specific technologies either in existence or under development that are applicable to EM
efforts and that should be considered for exchange; (2) determining whether an annex to the
existing DOE-PNC Agreement is required to support technology exchange and cooperative
development efforts; and (3) identifying (in cooperation with PNC) appropriate future
initiatives with other Japanese organizations having technologies that appear applicable to
DOE's clean-up and waste-management activities.

Meetings and on site visits during the trip focused on specific Japanese research and
development (R&D) initiatives of particular interest to the Office of Environmental
Restoration and Waste Management (EM), including robotics, plasma-arc saw, recycling of
slightly contaminz’»d metals and concrete, methods of waste reduction and minimization,
partitioning and transmutation, fiber optics, filtration, sensors, research on actinide
chemistry, inorganic micro-encapsulated adsorbents, goid-metal oxide catalysts,
trichloroethylene extraction and uranium extraction from groundwater.

GENERAL OBSERVATIONS:

The delegations general impressions of the activities and facilities reviewed during the trip
are as follows:

o lechnology development initiatives were generally at the same level of development
for similar DOE initiatives:

{ elimi S it : . redundant facilities: both countnies

o asis the case in many U.S. research facilities, many Japanese research facilitics are
greatly under-utilized. Collaboration will reduce underutilization for.
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MONDAY, November §

Abstract of Activities for November 5, 1990:

The first day of the trip was devoted to meetings with the directors of Japan's Science and
Technology Agency (STA), the Japan Atomic Energy Research Institute (JAERI), and the
Power Reactor and Nuclear Fuel Development Corporation (PNC).

The organizations have the following responsibilities:

o The STA formulates policies for nuclear research and development, and establishes
and enforces technical and safety standards applicable to nuclear material
management and disposal.

o The JAERI is a quasi-governmental research organization responsible for

1

implementing nation~! 1uclear energy programs.

o The PNC is a quasi-governmental research organization responsible for developing
fuel cycle technologies (including technologies related to reactor design, uranium
ining and enrichment, spent fuel reprocessing, and radioactive waste disposal). The
Department of Energy (DOE) currently has an agreement (finalized in 1986) with



the PNC for the cooperation of technology development for radioactive waste
management,

Principal spokesmen for each organization during meetings with the U.S. delegation were
Mr. Hiroto Ishida, Deputy Director-General for the STA's Atomic Energy Bureau; Mr,
Toyojira Fuketa, Vice President of JAERI; and Mr. Takao Ishiwatari, President of PNC.

During the meetings with these and other representatives of each organization, Mr. Duffy
discussed the following topics:

0 Actions being taken by the DOE under the "Ten Point Plan" established by
Secretary of Energy James Watkins to improve the DOE's performance and
accountability in protecting the environment and public health and safety.

o The development and implementation of DOE's program for environmental
restoration, waste management, and related research and development initiatives
under the "Environmental Restoration and Waste Management Five-Yea* Plan."

0 Objectives of the U.S. delegation’s trip to Japan, with emphasis on:

1) identifying with the PNC specific technologies either in existence or under
development that are applicable to efforts of the Office of Environmental Restoration
and Waste Management and that should be considered for exchange (specific
Japanese rescarch and development initiatives of preliminary interest to the Office of
Environmental Restoration and Waste Managemen. were noted to include robotics,
fiber optics, partitioning and transmutation, filtration and sensors);

2) determining whether an annex to the existing DOE-PNC Agreement is required to
suppon technology exchange and cooperative development eiforts; and

3) identifying (in cooperation with the PNC) appropriate future initiatives with other
Japanese organizations having technologies that appear applicable to DOE's cleanup
and waste-management activities.

The spokesmen for each organization expressed interest in working to identify areas of
cooperative effort. However, they emphasized the need (under existing laws and treaties) to
limit such cooperation to activities that are not directly related to U.S. nuclear defense
activities.

Later that day, the STA responded to press inquiries on the DOE-EM visit. The STA
reviewes: the mission of the U.S. fact finding team, reviewed technologies of particular
interest to the DOE, noted its intent to cooperate positively in the DOE's fact-finding mission
and the identification of cooperative technology initiatives, described the potential



development of a government-to-government agreement by 1992, and emphasized the nee
focus any such initiatives on the peaceful uses of nuclear energy

Meeting at U.S. Embassy, Tokyo

Address
EMBASSY OF THE UNITED STATES OF AMERICA
1-10-5 AKASAKA
MINATO-KU TOKYO 107
FROM THE U.S.A
APO SAN FRANCISCO, CA 96503
PHONE: (03) 224-5066

(ADDRESS FOR MAIL FROM U.S,)
U.S. DEPARTMENT OF ENERGY
U.S. EMBASSY - TOKYO

APO SAN FRANSISCO, CA 96503

1) W vidad the Aalao : - > y
I N1s stalt provided the dgelegation wilh an overview of 1ocal protocois
1 the Ascension of the Emperor, and background information on

In 1nternational technology exchanges

Meeting with US/DOE Japan Staff, Tukyo




UNITED STATES DEPARTMENT OF ENERGY
AMERICAN EMBASSY
10-5§ AKASAKA |-CHOME
MINATO-KU, TOKYO 107
PHONE (02) 224-5475

Participants:

Milton Eaton
Senior DOE Representative

Toshiaki Okubo
Senior Energy Affairs Specialist

Mayumi Kainuma
Energy Affairs Specialist

Detaiied Meeting Notes:

The DOE Representative and Staff are responsible for all in country coordination of DOE
related activities. The staff can provide on-site secretarial and other support services. The
logistics for the delegation including the arrangement of lodging, travel accomodations and
coordination of the itinerary and coordinating agenda topics with Japanese organizations prior
to the trip were all arranged by the DOE Embassy Staff. The delegation highly recommends
that all future EM exchanges with Japan be coordinated with the Senior DOE Representative.

Meeting with Science and Technology Agency, Tokyo

Address:
SCIENCE AND TECHNOLOGY AGENCY
ATOMIC ENERGY BUREAU
2-2-1 KASUMIGASEKI
CHIYODA-KU, TOKYU
PHONE (03) 581-527

Role ¢f STA in Nuclear Energy Development:

10



The AEB formulates policies for nuclear energy R&D and supervises activities at
JAERI, PNC, the National Institute of Radivlogical Sciences, and the Institute of
Physical and Chemical Research (RIKEN). AEB also provides administrative support to
the Atomic Energy Commission (AEC).

The Nuclear Safety Bureau (NSB) determines technological standards and enforces
safety regulations concerning new types of nuclear reactors, research reactors, nuciear
fuel processing and reprocessing facilities, radioactive waste and transportation of
nuclear fuel substances. NSB also provides administrative support to the Nuclear Safety
Commission (NSC).

STA is also conducting the OMEGA Project, exchanging information of advanced waste
treatment technology. The project involves two technological fields - partitioning and
transmutation of TRU elements. A meeting of the OMEGA Project was convened in Tokyo
during the first week of this visit.

Participants:
Hiroto Ishida
Deputy Director-General
Atomic Energy Bureau

Yukio Sato
Director, Power Reactor Development Division
Atomic Energy Bureau

Tomoyuki Murakami
Research and International Affairs Division
Atomic Energy Bureau

Yukihide Hayashi
Director, Research & International Affairs Division
Atomic Energy Bureau

Shizuo Hoshiba
Director, Nuclear Fuel Cycle Back-End Office

Agenda:

*Meeting with Mr, Ishisda, Deputy-Director General, Atomic Energy Bureau.

11



Detailed Meeting Notes:

Mr. Ishida chaired the meeting with STA. The DOE delegation provided STA with a copy
of the presentation by Mr. Duffy entitied “The Program of the United States Department of
Energy on Environmental Restoration and Waste Management® (See References). Mr. Duffy
underscored the Department's commitment to involve all affected parties in the restoration of
contaminated sites. He noted by way of example that Indian Nations, with lands affected by
environmental contamination resulting from DOE activities, are participants in the restoration
process.

Environmental restoration is being undertaken by many technologically advanced nations.
However, the resource requirements are staggering and the demands on scientific and
engineering personnel will increase substantially. Therefore, the U.S. delegation suggested
that the joint international sharing of technologies should be pursued to reduce the overall
resource requirements and accelerate clean-up.

Mr. Duffy assured STA that EM's role is limited to environmental restoration and waste
management. Once a facility is turned over to EM, EM has the responsibility for the
management of site clean-up. Mr. Duffy also stated that Secretary Watkins created the EM
organization as an entity with clear separation from military activities.

STA responded very positively to continued technology exchanges with DOE-EM. STA
underscored that joint activities must be restricted to peaceful uses and that the waste
generated by military activities which are recovered with jointly developed technologies must
not be used for military activities again.

**M:. Duffy underscored the U.S. commitment to peaceful uses. He stated that many of the
environmental problems being dealt with by EM were derived from non-nuclear wastes such
as solvents, PCBs, and heavy metals.

Meeting with Japan Atomic Energy Rescarch Institute, Tokyo

Address:
JAPAN ATOMIC ENERGY RESEARCH INSTITUTE
FUKOKU SEIMEI BLDG.
2-2-2 UCHISAIWAI-CHO
CHIYODA-KU, TOKYO 100, JAPAN
PHONE 03-592-2101

12



Role of JAERI:

JAERI is a quasi-governmental research organization which implements national long-term
programs in nuclear energy, including joint projects and international cooperative efforts.

Research Activities:

R&D of nuclear energy, nuclear safety, high temperature gas-cooled reac'~-s, nuclear
fusion, radiation applications, nuclear powered ships, basic research, dec . .nissioning
of nuclear reactors,

Design, construction and operation of reactors;
Education and training of researchers and engineers in the field of nuclear energy, and
Dissemination of information obtained through R&D activities.
Participants:
Kazuo Sato
Executive Director
T. Tsujino
Deputy Director
Office of Planning

Masashi lizumi
Director, Office of Planning

Keisuke Kaieda
Senicr Staff, Office of Int'l Affairs

Hideki Omichi
Senior Staff, Office of Planning

* o L s

*Development of Technologies on Decommissioning of Nuclear Fuel Cycle
Technologies”, Japan Atomic Energy Research Institute. 5 pages.

*JPDR Decommissioning Program”, written by T. Hoshi from the 9th TAG Meeting on
October 8-12, 1990 at the Japan Atomic Energy Institute. 10 pages.
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*New JRR-3, Compiled by the Research Reactor Operation at the Tokai Research
Establishment®, Japan Atomic Energy Research Institute. 6 pages

"Progress Report on Safety Research of High-Level Waste Management for the

£ } . ¢ ¢
Peniod April 1988 to March 1989", Edited by Haruto Nakamura and Susu
Department of Environmental Safety Rescarch, Tokai Research Establishment

Atomic Energy Research Institute

"Reactor Decommissioning Technology Development and Actual
compiled by the Tokai Research Establishment,

Y pages

fies on Glass Waste Form®, writter

10 pages

!«'..-‘ '.\'.

ition of Cesium from Nuclear Waste in a nister Hirosh: Kan
Shizuo Kikkawa, Shingo Tashiro and Haruto Nakamura. at Japan Aton

Z0N0

Energy Research Institute. Department of Environmental Safety Research, 6 pages

*Meeting with Execut

Detailed Meeting Notes

‘he DOE delegation provided JAERI with a copy of the presentation by Mr, Duffy entitled

'he Program of the United States Department of Energy on Environmental Restoration and

TTNOUS NUMOET

Waste Management” (See References). Mr. Duffy stated that there are an enormous n
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es in the United States that need to be restored. He emphasized the delegation’s interes
M 518 T MAa DY P a the Alpan ‘ i » » nel fino ' r ¥
technologies which may expedite the clean-up of these sites including sensors, fiber
e measuring tecnniques for groundwater, robotics, biotechnol

d waste torms
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da

4 E ’ » "\ | \ S ) 1 8 M " » A r 1 1 2 3 4 . » A tr
Mr. Kazuo Sato stated that the JAERI representatives were favorably impressed wit
; ' o ntatinn and ) kad e : ¥ . t ' .
Dufty's presentation and looked forward to future col.aboration with DOE-EM with the
') ' all ¢

caveat that all technology exchanged be used exclusively for peacefu! uses. He stated that

JAERI would be very interested in reviewing any DOE-EM proposals for collaboration




Meeting with Power Reactor & Nuclear Fuel Development Corporation, Tokyo

Address:
POWER REACTOR & NUCLEAR FUEL DEVELOPMENT CORPORATION
0.13, 1-CHOME, AKASAKA
MINATO-KU, TOKYO, 107 JAPAN

Role of PNC.

Plays a central role in developing fuel cycle technologies, and fast breeder reactors. PNC
has developed technologies for prospecting for uranium Aeposits, refinement and conversion,
centrifugal uranium enrichment, spent fuel reprocessing and radioactive waste disposal and is
preparing to cooperate with industry for demonstration and utilization of these technologies.

PNC operates the following facilities:

Tokai Works, Oarai Engineering Center, Fugen Nuclear Power Station (ATR prototype
reactor), Monju Construction Office (FBR prototype reactor), Tsuruga Office, Chubu Works,
and Ningyo Toge Works.

PNC has a plan to establish "Storage Engineering Center” in Horonobe, Hokkaido, to store
vitrified HLW and to study technology for geological disposal in deep underground
formations.

Participants:
Takao Ishiwatan
President

Yoshikazu Hashimoto
Executive Director

Masao Yamamoto
Deputy Senior Director

Saburo Kikuchi
Secretary to the President

Kiyoshi Kikuchi
Ing. Geologue, Department des Ressources Nucleaires

Tadashi Mano

General Manager, Conditioning Research Program
Radioactive Waste Management Project

15



Takashi Yoshikawa
Manager, Int'l Cooperatior. Office, Int’l Division

Reiko Nunome
Int']l Cooperation Office, Int'] Division

Akira Wadamoto
]

Engineer, Conditioning Research Prog
Radioactive Waste .’\1.&.’\15;",»: nt }'.’(,“;\f

Bibliography of Literature Received: i '-o ‘

"FBR Development PNC for Commercialization®, PNC, B pages

*Meeting with PNC President

Detailed Meeting Notes

Dr. Takao Ishiwatari welcomed the U;‘L:}'a':x*"‘ and stated that PNC was ;";‘mc\f with the ‘;“":'

standing exchange program with the Department of I.r‘x;‘.’g.\ He stated that future tech nology
: &- Pilg } ] E

exchanges should be preceded by a statement of clear objectives, should be open to interested

varties. and he underscored the need to limit collaboration to areas of peaceful uses of

[ ear techr 2y

Y that th 117 lanat ’ "y . tad 5 A 3t la ) " "ot I
Mr. Duffy stated that the U.S. delegation appreciated the sensitivities. He stated that DOE

EM has nothing to do with weapons technologies. The technologies being developed by
DOE-EM will have applications for the clean-up of contamination from industry, agncuiture

1] ¢ Y Mar ! } >
as well as nuciedar aCluvitics




TUESDAY, November 6
Abstract of Activities for November 6, 1990:

A tour of STA's National Research Institute for Pollution (MITI, Tsukuba Science City)
focused on the review of research on a water treatment system to promote biological
treatment of hazardous chemicals; decomposition of CFC's through use of a thermal plasma
reaction; measurements of organic pollutants in groundwater through fiber optics and the use
of iaser enhanced ic:nization methods for detecting trace amounts of inorganic pollutants; and
remote sensing techniques using satellites for air pollution analysis. The laboratory appeared
to be greatly under-utilized.

The delegation then traveled to Mito and visited the JGC Cerporation's QOarai Center, where
the following technology developments were reviewed: uranium removal from waste liquids;
advanced cement solidification of hazardous wastes; on-site stabilization processes using
fixing agents and cement or bentonite, automated waste-container inspection system; and
incineration technologies for hazardous and radioactive waste.

Meeting with National Research Institute for Pollution & Resources (NRIPR):

Address:
NATIONAL RESEARCH INSTITUTE FOR POLLUTION & RESOURCES
ONOGAWA 163
TSUKUBA SCIENCE CITY
IBARAKI 305, JAPAN

Role of NRIPR:

NRIPR is 1 of 16 research institutes of the Ministry of International Trade and Industry
(MITT); 9 are located within Ibaraki Prefecture and 7 are located elsewhere. The NRIPR has
9 departments conducting research in 4 overall areas: Resources, Industrial Safety, Erergy,
and Environmental Protection. The R&D budget for FY 1990 was 1,895 Miliion Yens
(Approximately $32.1 Million.) The total staff consists of 319 peopls, out of which 243 are
technical officials.

The departments and the research activities are described on P.5 of the NRIPR brochure.
(See Attachments) Major R&D activities of the NRIPR are:

- Energy: Development of new fuels as alternatives to oi', including oil shale and
geothermal resources development.
Coal: Gasification and liquefaction, and clean energy production.
Fuel: Production of high quality natural gas, gas generation from bioma s in sludges,
and extraction of useful material from sea.
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Combustion: Project on control of oxides of Sulfur and Nitrogen emissions,
development of a system for high combustion efficiency, and heat pipes for clean
energy.

Resources: Materials processing, mining and geotechnology development.

Materials: Extraction of rare earths, development of fine silicone particles, and de-
ashing and ¢--ulfurization of voal.

Mining: Recovery of manganese and cobalt from sea bottom, and research on
geothermal technology

Industrial Safety: Safety in coal mines and other industries (prevention of fires and
explosions)

Environmental Protection: environmental assessments, atmospheric environmental
protection, and water pollution control. Examples of environmental assessments are.
impacts of housing projects, land reclamation, discharges of pollutants to land and sea,
including remote sensing of pollutants in land and sea. Examples of atmospheric R&D
are: Decrease/eliminate atmospheric discharges of pollutants from industries,

mr asurement and control of exhausts from automobiles, and prediction of pollutant
movements. Examples of water pollution control are: control of pollutants from
agriculture and industries, and wastewater treatment (biophysical and biological).

Participants:

Akira Takata
Director

Osayuki Yokoyama
Deputy Director

Akira Miyazaki
Chief of Water Analysis Laboratory
Water Pollution Control Department

Seiji Matsumoto
Research Planning Office

Yasumasa Yamashita
Director, International Cooperation Office

Masanao Hirai

Director, Water Poliution Control Department

18



Shooichi Taguchi
Interspheric Environments Lab.

Bikliosohy o7 14 Recaived from NRIPR:

*Summary of National Research Institute for Pollution and Resources®, NRIPR, 44 pages.

Agenda:
*Tour National Research Institute for Pollution and Resources (NRIPR)
*Attended Presentations at NRIPR on following topics:
1) New Water Treatment System "Aqua Renaissance '90":
-Nitrogen Removal by an Activated Siudge Process with Cross-Flow
Filtration
-Evaluation Technique for Organic Membrane Materials
2) Treatment of Industrial Types of Waste Containing Halogenated Organic Compounds
3) Prediction of Groundwater Pollution
-Measurement of Pollutants

-Measurements of Pollutants i» Groundwater

4) Treatment and recovery of Biological Refractory Chemicals in
Waste  ater with Supercritical Fluid.

5) Biological Treatment of Hazardous Chemicals
6) Remote Sensing Technologies

7) Mechanisms of Environmental Pollution

8) Biomass Energy

9) Waste Forms (Research on Solidification and Storage Techniques
of High-Level Nuclear Wastes)

10) Research on High Performance Chemical Sensors
11) Anti-Pollution Technology

-Research on Automation Techniques for Monitoring Pollution in
Lakes
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-Research on High-Performance Materials for Treatment of Hazardous
Waste
Research ¢ ptical Micro-Sensors for Gases

lard N\

Sl iCl Vil
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1on >f the projects

NEW WATER TREATMENT SYSTEM “Aqua Renaissance 907
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The sources of CFC ir Japan are: Production of CFCs which are used as solvents,
propellants, refrigerants, and in semiconductor industries. The types of soiutions are being
worked: Development of degradable CFC, restrict emissions of CFC to the atmosphere,
where possible reuse it, and "break up® CFC. CFCs used in the semiconductor industries
cannot be reused because of the impurities in it

The tour focused on thermal degradation of CFC. The NRIPR has built a pilot plant Thermal
Plasma Reactor to treat 30 liters per hour of CFC. The reactor is heaied by induction
heating, developing maximunm, temperature of 10,000° C and up to 7,000° C in the reaction
zone. Briefly, the process is: CFC is evaporated and mixed with water vapor. The mixture is
thermally treated in the plasma reactor in the presence of Argon gas. Off-gases, consisting of
HC!, HF, and water vapor, are treated in beds of KOH and CaD. Problems with the current
system are: deposition of Carbon in the nozzles and efficiency of 70%. R&D is in progress
to solve the carbon deposition problem and 10 ‘mprove the efficiency. Estimated cost of the
process is S00 Yens (about $4) per kg of CFC treated.

Remote $

By: Dr. 8. Taguchi, Senior Researcher, Interspheric Environments Laboratory,
Environmental Assessment Department

NRIPR is curreatly working on the Interspherometric Monitoring for Greenhouse Gases
(IMG) project to remotely measure concentrations of gases in the atmosphere, that are
associated with greenhouse effect. The gases under consideration are: water vapor, CO,,
oxygen, and chlorinated hydrocarbons. This project is sponsozed by MITI, with participation
of many other organizations, such as STA. Sensors will be attached to a satellite ADEOS,
which will be in synchronous orbit; the satellite is scheduled to be¢ launched in February,
1996. Sensors are being developed by TOSHIBA. Gas concentrations will be measured as a
function of the difference between transmitted and reflected lights.

By: Dr. A. Miyazaki, Chief, Water Analysis Laboratory, Water Pollution Control
Department

The NRIPR is developing remote sensors for characterization of contaminated groundwater,
Rapid analytical methods will be used to monitor groundwater quality. The R&D consists of
two parts: development of remote optical fibers for measuring organic chemical
contaminants; and develcpment of a laser ionization method for determining concentrations
of inorganic pollutants. Sensors have been developed for measuring TCE in ppb range and
chloroform in 200ppm range.

During the lunch with NRIPR, Dr Akira Takata, Director-General, said that Mr. Yasumasa
Yamashita, Director, International Office will be the contact point.
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Meeting with JGC Corporation:

Address.
JGC CORFPORATION
ENGINEERS & CONSTRUCTORS
OARA! RESEARCH & DEVELOPMENT CENTER
NUCLEAR & ADVANCED TECHNOLOGY DIVISIOHN
2205, NARITACHO OARAIMACHI, HIGASHIIBARAKI-GUN
IBARAK! PREFECTURE, 311-13 JAPAN
PHONE: 03.279-5441

Participants:
Takao Nakajima
Executive Vice President
General Manage:

Hiroshi Kuribayash
Director, Senior Deputy General Manager

Yasuhiro Moriya
Manager, Oarai Research & Development Center

Norimitsu Koshiba
Section Manager, Sales, No. | Sales Department

Hiroshi Yamashita
Manager, U.S. Marketing Dept.
U.S. Project Operations

Mamoru Shibuya
Oarai Research & Development Center

Takuro Yagi
Manager, No. | Team
Technology Development Department

Stephen D. Goetsch

Market Development Coordinator
No. 1 Team, Technology Development Dept.
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Mr. Moriya briefly described the facilities included on the tour:

old Test Facility. Radioi Test Buildings & Pilot Plaot Test Buildin:

Initial waste management R&D, using non-radioactive material, is conducted in the Cold Test
facility. This facility is equipped with chemical and physical analytical capabilities, as well as
electron microscope, plasma emission spectrochemical analyzers, elc.

The radioisotope test facility is used for radioactive waste treatment R&D, as well as for use
of radioisotopes for liquid wastes generated at the Center, and demonstration of compliance
with environmental regulations. The Center is not permitted to discharge any liquid wastes
con.aining radioisotopes (allowable radioactivity is iess than 10'mC/liter. JGC reuses all
waste water,

High Temperature Demonstration Plant. This plant directly converts mixtures of combustible
and non-combustible radioactive wastes, including sludges, into stable granular form. This
system could be used for mixed waste processing also. Waste material is shredded and fed
into a cyclone furnace sludge incinerator/melter. High temperature, between 1400°C and
1500°C, is obtained by induction heating. The bottom ash and slag is removed in a molten
state and cooled to form granular material. Off-gases are cooled and passed through ceramic
and HEPA filters, and then discharged to the atmosphere.

Robotics:

Robot that moves on the fioors as well as ¢climbs over obstacles on walls was viewed and
discussed.

Steve Goetsch made the following comments:

Soil Stabilization:

JGC submitted a proposal to INEL (August 1990) in response to PRDA for On-Site
Stabilization Process (OSSP). The concept of the process is to stabilize by chemical and
physical methods soils contaminated with heavy metals, mercury, uranium and TRU
isotopes. The process uses a proprietary fixing agent (non-silicate compound + cementitious
agent) to render the contaminates insoluble. The insoluble reaction products will be adsorbed
into the soil. The advantages of this process are: low leach rates, and minor volume

increases. This process has application to Qak Ridge and Rocky Flats Plant,
Unanium-Selective CI Besis 1 _

This process utilizes a uranium selective chelate resin (UR-3100) for removing uranium from
liquid wastes. This resin is highly selective for uranium, and the ion can be easily eluted
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from the resin by using NaHCO, to give a concentrated solution of uranium  §%- 00
been tested with a solution containing zinc, copper, and iron, The resin did no 2 <ot 2 0g
or copper, and absorbed very small quantities of iron. Solutions containing urahwm up o
71.1 ppm could be processed through this system. JGC proposed this systen: for Weldon
Springs (did not receive any response, HydroPure got the contract); and has proposed the
system for the Portsmouth Plant. Jerry Westerbeck from Fernald will be going to Japan to
look at this system.

The process consists of pretreatment and mixing with cement. This process has been used for
immobil' zation of spent resins, boric acid wastes and incinerator fly ash and bottom ash. In
the case of spent resins and boric acid waste, an additional step is introduced in the system -
s0'i¢ :quid separation or waste concentration. For Incinerator wastes, pretreatment consists
of treatment with Ca(OH), and NaOH, while for spent resins, cement and water are used. In
case of boric acid wastes, pretreatment is provided by using calcium borate. The leachability
of the immobilized waste form is very low, Tests with wastes containing cadmium or
mercury showed that bentonite, instead of cement works better as an immobilization agent,
This system has potential application to the mercury problems at Oak Ridge,

The system consists of the following steps: Visual inspection unit - top, sides and bottom of
waste drums are inspected by three ITV cameras; Surface Contamination and Dose Rate
Measurement Unit - Smear samples are taken from four locations of the drums 10 determine
surface contamination density. At the same time surface dose rates are measured by sensors
built into the smear sampling unit,; Radioactivity/Weight Measurement Unit - Nondestructive
determination of radioactivity concentrations of each radionuclide in the drum are made by
spiral scanning Ge semi-conductor sensor, a piastic scintillator ( radivactivity concentration is
determined from total dose - plastic scintillator , g scaling factors, and nuclides), and
weights are determined by a simple machine; and Labeling Unit - Identification labels with a
serial number and surface dose rates are automnatically printed on the drums. TRU radioassay
and free liquid detection systems are available, but have not been incorporated in the system.
JGC submitted a proposal in response to INEL PRDA. This system could be potentially used
for analysis gas in head space of drums to be disposed of at WIPP,

Inginerators.

Different types of incinerators at JGC were very briefly described: rotary kiln for hazardous
waste, radwaste, irradiated carcasses, and medical waste.
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WEDNESDAY, November 7

Abstract of Activities for November 7, 1990:

A visit to the PNC's Tokai Works focused on R&D activities related to the (1) glass
vitrification of high-level waste; (2) processing of transuranic waste through a process of
incineration. and acid digestion, with the production of metal ingots, ceramics and liquid
residues that are discharged into the sea; and (3) treatment of solid and liquid low-level waste
through incineration, compaction and filtration processes. Presentations were also provided
on environmental monitoring programs at the Tokai Works, and, upon request, the facility's
building that houses a high-level wasic tank was toured.

Meeting with Power Reactor and Nuclear Fuel Development Corporation, Tokai Works:

Address:
TOKAl WORKS, PNC
MURAMATSU, TOKAI-MURA
319-11 IBARAKI-KEN, JAPAN

Role of PNC:

Plays a central role in developing fuel cycle technologies and fast breeder reactor and ATR.
PNC has developed technologies for prospecting for uranium deposits, refinement and
conversion, centrifugal uranium enrichment, spent fuel reprocessing and radioactive waste
disposal and is preparing to cooperate with industry for demonstration and utilization of these
technologies.

Participants:

Tanehiko Yamanouchi
Direcior

Y. Kishimoto
Director
Technology Development, Coordination Division

Yoshiro Asakura

Director
Waste Plants Operation Division
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Takao Tsuboya
Director
Waste Technology Detelopment Division

Ken-Ichi Matsumoto
Deputy Director

Shin-Ichiro Torata
Assistant Senior Engineer
Waste Tech. Devel. Division

Hiroyuki Umeki
Manager, Geological Isolation Technology Section
Waste Technology Development Division

Bibll by of Li -
Budget Information from PNC, Tokai. PNC, Tokai, | page.
“Nuclear Fuel Cycle, Tokai Reprocessing Plant”, PNC- Tokai Works, 15 pages.

"Present Status of R&D Activities on HLLW and TRU Cond:tioning in i okai Works", PNC
Tokai Works, 26 pages.

*Some Aspects of Netural Analogue Studies for Assessment of Long Term
Durability of Engineerew Barrier Materials, CEC 4th Natural Analogue
Working Group Meeting", Prepared by Y. Yusa, G. Kamei and T. Arai, PNC, 19
pages.

*Tokai Vitrification Facility®, PNC, Tokai Works, 3 pages.

*#u-Contaminated Waste Treatment Facility®, PNC, Tokai Works. 3 pages.

Agenda:

1) Attended Presentations at PNC Tokai Works on following topics:
- Present status of R&D Activities on HLLW and TRU Waste Conditioning in Tokai
Works. (T. Tsuboya/PNC)
- Present Status of Waste Treatment Facilities in Tokai Works (Y. Asakura/PNC)
- Present Status of other activities on Nuclear Fuel cycle in Tokai Works
(Y. Kishimoto/PNC)
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In the area of Low Level Liquid Waste Treatment silver nitrate and sodium sulfite are added
to the low level liquid waste. The silver precipitates the iodide ions present, the silver iodide
is removed via ultra filtration. Sodium hydroxide and ferric nitrate are then added to the
supernatant and plutonium, uranium and the fission products are precipitated and removed
via ultra filtration. lon exchange is used to remove the cesium and strontium ions. Sodium
is removed by evaporation and the liquid is released to the sea. The Spent Solvent

O /dative Decomposition Process consists of oxidizing the solvent with hydrogen peroxide
in the presence of a copper (II) oxide catalyst producing carbon dioxide, water, and calcium
hydrogenphosphate. Lanthanum (1{]) is then added to precipitate the plutonium phosphate.

Eacilities (PWTE and LWTE):

Y. Asakura, presented "Present Status of Waste Treatment Facilities in Tokai Works®. This
presentation basically covered the Pu-Contaminated Waste Treatment Facility (PWTF) and
the Low Level Waste Treatment Facility (LWTF). The PWTF uses conventional
incineration for metals, HEPA filters and cellulose. The ash is melted and converied to
ceramics and the metals are melted and converted to an ingot. The PVC chloroprene is
shredded, followed by cyclone incineration or acid digestion; the ash is melted and converted
to carainics. A flow diagram is included in the presentation. In the WTF for solids the
combustibles are incinerated by open incineration, the Cl containing materials are incinerated
by closed incineration, HCL is collected, the ash is melted and converted to ceramics. The
non-combustibles are cut, lecontaminated and melted into ingots or pressure compacted.

The low leve! liquid waste undergoes ultrafiltration, absorption, and is solidified. The flow
diagram for these processes is also included in Asakura's presentation.

Bu Monitorine in Sutfase Watens:

Y. Kishimoto reviewed the Present Status of Other Activities on Nuclear Fuel Cycle in Tokai
Works. He identified the sampling and monitoring points off site, the sampling points for
surface water and sediment, and the analysis and measurement methods they are using.
Included in his presentation was the concentration of Pu-239 and 240 in sea sediments off
shore of Tokai-mura.

The Plant Tour from 10:00 to 12:00 consisted of the Tokai Vitrification Facility, the
Engineering wemonstration Facility-111, the Engineering Test Facility and the Chemical
Processing Facility. From 1:30 to 2:30 pm the delegation was given a plant tour of the
PWTF (Pu-contaminated Waste Treatment Facility) by Y. Asakura.
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Meeting with PNC, Oaral Engineering Center:

Address:
POWER REACTOR & NUCLEAR FUEL DEVELOPMENT CORPORATION
OARA] ENGINEERING CENTER
4002, NARITA
OARAI, IBARAKI, JAPAN
PHONE: (0292)67-414]

Rele of PNC:

Plays a ceniral role in developing fuel cycle technologies and fast breeder reactor and ATR.
PNC has developed technologies for prospecting for uranium deposits, refinement and
conversion, centrifugal uranium enrichmeat, spent fuel reprocessing and radioactive waste
disposal and is preparing to cooperate with industry for demonstration and utilization of these
technologies.

Basically, the mission of OARALI is to conduct research and development of key technologies
associated with FBR and ATR power plants. This includes design studies for framing plant
systems with safety and economic comipetitiveness, research and development on base
technologie: and innovative technologies, research and development using experiences
obtained through construction and operation of Joyo, Monju, and Fugen, and research and
development on fuel recycling (this ir+ludes research in the area of transmutation.)

Participants:
Mitsuru Kamei
Deputy Director
Technology Development Division

Kyoichiro Suzuki
Deputy Director
Qarai Engineering Center

Hidehiko Miyao
General Manager
Waste Management Section

Hiroki Kanemaru

Manager, Administration Div.
PNC Oarai Engineering Center
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Masao Shiotsuki
Senior Research Engr., Waste Mgmt. Sec.
Oarai Engineering Center

Shigeyoshi Kawamura
Waste Management Section
Oarai Engineering Center

Masahiko Itoh

Rescarch & Devel. Coerdination Section
Technology Development Division

Bibli by of Li Backivad:
“Development of a Heat Resistant and Angle Beam Type Electro-Magnetic Acoust'.

Transducer®, Compiled by K. Ara, H. Rindo, K. Nakamoto, T. Doi, K.
Morimoto, and T, Sakamoto, Oarai Engineering Center, PNC, § pages.

*Development of Decom missioning Technologies for Nuclear Fuel Cycle Facility in Waste
Dismantling Facility", Oarai Engineering Center, PNC, 18 pages.

. *Research and Development in Oarai Engineening Tenter®, Oarai Engineering
Center, PNC, 16 pages.
Agenda:
1) Arrive Oarai Engineering Center

2) Tour Waste Dismantling Facility (WDF),

Detailed Meeting Notes:

H. Miyao at OARAI presented the activities of the Waste Dismantling Facility. The efforts
in decontamination included dry ice blasting (ice-blasting), electo-polishing, and redox
processes. In the area of dismantling they were using plasma cutting, robotics, and laser
cutting. In the area of monitoring they were using radiation image display through remote
measurement.
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THURSDAY, November K

Abhstract of Activities for November K, 199(;

Meeting with JAERI, Tokai-Mura
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*JPDR Decommissioning Program®, written by T, Hoshi from the 9th TAG Meeting on
October 8-12, 1990 at the Japan Atomic Energy Institute. 10 pages.

*New JRR-3, Compiled by the Research Reactor Operation at the Tokai Research
Establishment®, Japan Atomic Energy Research Institute. 6 pages.

*Progress Report on Safety Research of High-Level Waste Management for the Period April
1988 to March 1989, Edited by Haruto Nakamura and Susumu Muraoka, Department
of Environmental Safety Research, Tokai Research Establishment, Japan Alomic
Energy Research Institute, 74 pages.

*Reactor Decommissioning Technology Development and Actual Dismantling of JPDR,*
compiled by the Tokai Research Establishment, Japan Atomic Energy Research
Institute. 9 pages.

*Safety Studies on Glass Waste Form”, written by §. Muraoka at Japan Atomic Energy
Research Institute. 10 pages.

*Summary of WASTEF Facility", from Japan Atomic Energy Research Institute.
10 pages.

*Volatilization of Cesium from Nuclear Waste in a Canister®, Hiroshi Kamizono,

Shizuo Kikkawa, Shingo Tashiro and Haruto Nakamura, at Japan Atomic
Energy Research Institute. Department of Environmental Safety Research, 6 pae s,

Agenda:
1)  Visit JAERI Tokai Research Facility.
2)  Tour of JRR-3 (Japan Research Reactor No. 3).

3)  Tour of Japan Power Demonstration Reactor-BWR TYPE (JPDR).
-R&D for decommissioning technology.

4) Tour of Waste Safety Testing Facility (WASTEF).
-Glass solidification technology for high-level radioactive wastes
management.

Detailed Mesting Notes:

The delega ‘on was given a short overview of the JPDR decommissioning program which is
continuing * wrough Jim Fiore and Bill Murphie (EM40). Mr. Hoshi is responsible for
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decommissioning of the JPDR. The program started in 1981. The first phase vompleted in
1986 involved technology development for cutting and disassembly and waste management.
Phase 11 involving actual decommissioning started in 1986. Equipment surr. ... 4ing the
reactor vessel was removed by 1989, Reactor internals were removed by 1559 and the
pressure vessel was projected for removal in 1990, Removal of the biological shield
concrete is projected by 1992 and site restoration should be completed in 1993. Mr. Duffy
asked where the materials were being stored. All materials are being stored on site at Tokai.

Concrete Disposal:

Two thousand tons of concrete are proposed to be stored in shallow land burial sites. The
Japanese are exploring ways to reuse minimally contaminated concrete.

All dismantling of the biclogical shield is remote. Dose levels for workers in the U.S. and
Japan is SRem in special cases. Plasma arc cutting is conducted underwater to prevent
release of fumes. Shaped explosives are used to minimize air contamination. A central
vacuum system is used to remove dust from cutting and blasting operations. The arc cutter
system has been adopted from the U.S. The U.S. typically uses a vacuum system at the
cutter head in addition to the central vacuum s, stem with appropriate in line filters,

Studies of steel are being conducted to determine the extent of corrosior. and to evaluate
*cracking” and embrittlement, particularly in weldment matenals.

FRIDAY, November 9
Absiract of Activities for November 9,1990:

The delegation visited the JAERI Radiation Chemistry Research Establishment in Takasaki
where presentations focused on research initiatives related to the practical application of
nuclear energy (¢.g., irradiation of food products to prevent spoilage). Of particular interest
were studies on uranium extraction from seawater, The development of a new accelerator
lab will depend heavily on the ability to attract foreign scientists committed to live with their
families at the site in a foreign-scientist community development.

The delegation then traveled to Tokyo for a final meeting with PNC. A record of meeting
was signed, and the delegaiion agreed that Dr. Donald H. Alexander would be assigned the
lead for working with the Japanese to formalize cooperative R&D initiatives. The PNC close-
out discussion focused on R&D initiatives of particular interest 1o the U.S. including:
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Meeting with JAER] Takasaki Radiation Chemistry Research Establishment!
Address
FAKASAK!I RADIATION CHEMISTRY RESEARCH ESTABLISHMENT
JAPAN ATOMIC ENERGY RESEARCH INSTITUTI
WATANUKI-MACHI, TAKASAKI
GUNMA _ 370-12. JAPAN
l PHONE: 0273-46-1.21]
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Shoichi Sato
Director, Department of Research

Isao Ishigaki
General Manager
Radiation Processing Devel. Laboratory
Department of Development

* Amidoxime-Group-Containing Adsorbents for Metal Tons Synthesized by Radiation-Induced
Grafuag®, Written by J. Okamoto, T. Sugo, A, Katakai and H. Omichi. JAERI,
Takasaki Radiation Chemistry Research Cstabiishment, 11 pages.

*A New Type of Amidoxime-Group-Containing Adsorbent for the Recovery of Uranium
from Seawater”, Writien by H. Omichi, A. Katakai, T. Sugo and J. Okamoto. JAERI,
Takasaki Radiation Chemistry Research Establishment. ¢ pages.

Agenda:
1) Tour Takasaki Radiation Chemistry Research Establishment,
Detailed Meeting Notes:

Activities at RCRE are centered upon the use of Co-Go and electron beam irradiation
facilities; principal activities are the 1) synthesis and modification of polymers for industrial
and medical applications, 2) environmental protection, and 3) development of materials for
nuclear/space applications.

The most interesting recent development is the irradiation of a chelating membrane (5 micron
thickness), which has been used to absorb uranium from sea water (2 gr U/Kg in 20 days).
Uranium i¢ desorbed from the membranes at ~ pH 2. Dr. Alexander suggested that the use
of polyethylene beads may be more efficient for certain applications. He noted that
polyethylene beads have been used as tracers and have been pumped through groundwater
systems, We discussed the potential use of micron-sized U-adsorbent beads to remediate
uranium-and heavy element-contaminated ground water through vertical/horizontal wells.
Adsorbant micro-spheres are being developed at MITI, Osaka, Other industrial applications
included the development of new slow-release drugs, vulcanization of latex (which leads to
less incineration residue and SO emissions), and curing of various coating materials.
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RCRE has developed technologies for the treatment of flue gases, municipal wastewater and
sewage siudge. The latter two applications, although effective, have also met resistance in
Japan. RCRE is evaluating electron beam irradiation of flue gases (SO' and NO") in the
presence of ammonia. The resulting ammonium nitrate/sulfate solids can then be removed
by an electrostatic precipitator,

Nuclear/Space Applicalions;

Irradiation of materials that are used for nuclear and space applications is performed at
RCRE. This includes wire, cable, and insulating materials.

EM programs should consider scientific exchange with JAERI-Takasaki. STA offers
scholarships for studies at these facilities. Irradiation of chelating membranes for adsorption
of actinides, such as uranium or adsorption of organics such as trichloroethylene could be
critical to meeting EM objectives.

Meeting with PNC, Tokyo

Address:
POWER REACTOR & NUCLEAR FUEL DEVELOPMENT CORPORATION (PNC)
913, I-CHOME, AKASAKA
MINATO-KU, TOKYO, 107 JAPAN

Participants:
Takeo Ishiwatari
President

Yoshikazu Hashimoto
Executive Director

Masao Yamamoto
Deputy Senior Director

Saburo Kikuchi
Secretary to the President

Kiyoshi Kikuchi
Ing. Geologue, Department des Ressources Nucleaires
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Tadashi Mano
General Manager
Conditioning Research Program
Radioactive Waste Management Project

Takashi Yoshikawa
Manager, International Cooperation Office
Iniernational Division

Reiko Nunome
International Cooperation Office
International Division

Akira Wadamoto
Engineer, Conditioning Research Program
Radioactive Waste Management Project

*FBR Development in PNC for Commercialization , PNC, 8 pages.

"Technical Draft for Comments RD&D Program on Low-Level TRU Bearing Waste
Management Technologies”. PNC, 43 pages.

Agenda:
*Meeting with PNC President.
Detailed Meeting Notes:

DOE and PNC agreed that several workshops would be arrangec over the coming months to
focus on areas of joint technical interest in preparation for the B lateral Coordination Meeting
in the spring of 1991. DOE appointed Dr. Donald Alexander as the DOE-EM coordinator.
PNC appointed Mr. Takao Yagi as PNC-EM coordinator.

The workshops will provide reports recommending areas of technical collaboration to the
DOE-EM/PNC Coordinating Committee in the Spring of 1991. The U.S. delegation
identified several technical areas for continued collaboration in the November 9th meeting
with PNC including decontamination and decommissioning, vitrification and TRU handling,
treatment and disposal.

Attas of particular interest to the delegation which will be considerea tor future collaboration
with PNC include:
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RECORD OF MEETING

BETWEEN
THE UNITED STATES DEPARTHMENT OF ENERGY
AND
THE POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION
OF JAPAN

IN THFE RADIOACTIVE WASTE MANAGEMENT
NOVEMBER 9, 1950
TOKYO

In accordance with the terms of the Agreement between the United
States (U.S8.) Department of Energy (DOE) and the Power Reactor
and Nuclear Fuel Development Corporation of Japan(PNC) in the
Area of Radinactive Waste Management, representatives of the two
organizations met in Tokyo on November 9, 1990,

A technical delegation led by Mr., Leo Duffy, Director, Office of
Environmental Restoration and Waste Management (EM), Department
of Energy (DOE), met with officers and staff of the Power Reactor
an Nuclear Fuel Development Corporation of Japan(PNC), to
dircurs potential areas of possible technology exchange during
19¢1, The wrap-up meeting was convened after participants
corpleted tours of PNC sites and facilities,

Mr., Ishiwa ari, President, PNC welcomed Mr., Duffy and the U.S§,
delegation provided a brief overview of the status of PNC waste
management activities. He encouraged continued technology
exchanges,

Mr, Duffy thanked PNC for their hospitality and efforts in meking
the arrangements to visit PNC sites and facilities. He provided
3 brief overview of tho status of the DOE-EM program and
underscored his continued desire to pursue exchanges of
technology.

DOE and PNC agreed that several workshops would be arranged over
the coming months to focus on areas of joint technical interest
in preparation for the Bilateral Coordination Meeting in the
spring of 1991, DOE appointed Dr. Donald Alexander as the DOE-EM
coordinator. PNC appointed Mr. Takao Yagi as PNC-EM coordinator.

Dr. Alexander and Mr. Yagi will meet in Washington, D.C. in
December 1990, to define workshops in common areas of interest.
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SATURDAY, November 10
Abstract of Activities for November 10, 1990:

A meeting was held with Professor Higashi of the Kyoto University, where the delegation
discussed actions taken by the DOE under the "Ten-Point Plan® and the development and
implementation of the DOE's program for environmental restoration, waste management and
related R&D under the "Five-Year Plan®. Professor Higashi expressed great interest in the
status of the U.S. high level waste repository program and in the concept of a student
exchange. The University Staff expressed interest in pursuing opportunities for joint R&D
projects related to neptunium chemistry.

Meeting at Kyoto University:

Address.
KYOTO UNIVERSITY
DEPARTMENT OF NUCLEAR ENGINEERING
YOSHIDA, SAKYO-KU
KYOTO 606, JAPAN
TEL 075-753-5831

Participants:
Kunio Higashi
Professor

Hirotake Moriyama
Associate Professor

Kazukuni Shimoura
Associate Professor

Tetsuji Yamaguchi
Faculty of Engineering

M. 1. Pratopo
Faculty of Engineering

Ichizou Kokaji
Chief of Reprocessing Section
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Agenda:
1) Meedng with Professor Higashi, Kyoto University,

2) Discussed following topics:
« Yucca Mountain Pioject Overview
- High Level Repository Siting
« Treatment of Slightly Contaminated Soils

Detailed Meeting Notes:

Site C) o { Remediati

Professor Higashi introduced faculty members and students, Mr. Duffy gave an overall
presentation on the EM program and emphasized technology needs. Mr. Duffy invited Dr.
Alexander to give a brief overview of performance assessment and site characterization
activities at Yucca Mountain. Following the Yucca Mountain presentation, the participants
discussed the three issues raised by Dr. Higashi:

1) A brief explanation on the present status of Yucca Mountain Project (Conceptual
Desigr of the repository, and related matters),

2)  Permanent disposal of HLW.

3)  Treatment of soils which are slightly contaminated with metal oxides.

Dr. Alexander opened discussion on the Kyoto University research in neptunium chemistry,
Several new compounds which raise the solubility limit of neptunium in groundwater were
mentioned. This information could have a significant impact on transport calculations for
neptunium in groundwaters, Copies of recent publications are being acquired.

MONDAY, November 12, 1990
Ascension Day
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TUESDAY, November 13, 1990

Abstract of Activities for November 13, 1990:

The delegation visited the PNC Chubu Works where presentations were provided on R&D
activities conducted at the Tono Uranium Mine to support the development of geologic
disposal technologies. Activities reviewed included the performance of engineered barriers
and corrosion testing; geochemical investigations of groundwater; and the development and
validation of migration models of radionuclides. PNC representatives noted strong public
opposition to the development of a geologic repository in the area.

Meeting with PNC, Chubu Works:

Address:
CHUBU WORKS
POWER REACTOR AND NUCLEAR FUEL
DEVELOPMENT CORPORATION
OFFICE 9£9-31, SONODO, JYORINJI
TOKISHI, GIFUKEN, JAPAN
PHONE: 0572-54-1271

Role of PNC, Chubu Works:
PNC Chubu Works is developing technical capability to characterize sites for the permanent
disposal of CHLW.

Participants:
Yozo Sugitsue
Director

Toshio Tomishige
Deputy Director

Toshihiro Seo
Geologist, Waste Isolation Research Section
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Kozo Sugihara
Research Engineer
Waste Isolation Research Section

Shougo Fujita
Manager, General Affairs Section

Biblicaranhy of L Basaiva

*Field Tour Guide for Tono Mine Gallery (Tsukiyoshi Deposit),* PNC Chubu Works, 28
pages.

*Natural Analogue Study of Tono Sandstone Type Uranium Deposit in Japan,”
Written by C. Sato, Y. Ochiai and S. Takeda. Waste Management and Raw
Materials Division, PNC-Chubu Works, 11 pages.

*Natural Analogue Study of Tono Sandstone Type Uranium Deposit in Japan,*
Written by T. Seo, Y. Ochiai, §. Takeda and N. Nakatsuka. PNC-Chubu
6 pages.

Agenda:
1)  Tour PNC Chubu Works.

2)  Tono Mine Gallery
Stop 1- Engineered Barrier Materials Field Tests.
Stop 2,3- Hydrogeochemistry of Groundwater.
Stop 4- Geochemistry of Natural U-Th Series Nuclides Uranium
Mineralization.
Stop 5- Mine-by Experiments of Excavation Responses.
Stop 6- Shaft Excavation Effect Project Site.

3)  General Discussions re: (‘hubu Works Activities.

Detailed Meeting Notes:

The delegation was welcomed by Chubu Works Director Yozo Sugitsue and Deputy D owor
Toshio Tomishige, We were told that Tono is a well known area for ceramics. The P

office at Tono (Chubu Works) was established about 25 years ago with the discovery
uranium. The deposits represent approximately 2/3 of the known Japanese reserves.
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Exploration has since shifted overseas and has proven to be more economic, especially in
Canada, Australia, Africa and China. Since 1986 Chubu Works has been devoted to R&D.

Chubu Works has § sections: 1) administrative; 2) overseas vxploration; 3) geologic
research; 4) Uranium deposit evaluation; and 5) physics and chemistry technology.

The ore at Tono is 135 meters deep with 7500 meters of developed underground galleries.
The stratigraphy consists of sandstone, mudstone, and conglomerates over a granite
basement. The ore is covered by marine mudstones and clays.
PNC is conducting a variety of site characterization studies at Tono:

0 natural analogue studies;

0 isotopic disequilibria,

0 excavation response/disturbance studies:

0 corresion tests (glass and stainless steel)

0 development of a hydrogeologic model; and

0 fault studies.

The fault at Tono is a reverse fault with a displacement of approximately 30 meters and with
an age of about 10 million years,

PNC has been conducting regional hydrogeologic studies at Shomasama where they maintain
an extensive core library with several 1000 meters of core.
Other important HLW site characterization studies are ongoing in Horonobe tuff,

Engi | Dhaar Bucart v

Two stations in the underground facility are devoted to engineered barrier experiments. The
first involves the long term evaluation of bentonite backfill in a weathered granite block.
The principal approach is similar to the U.S. approach of vertical emplacement of the waste
packages in the floors of the drifts. However, since the Japanese site is expected to be
saturated, bentonite blocks would be emplaced around the container. The objective of the
first station is to examine the durability and behavior of the barriers under field conditions
and develop methods for monitoring and performance evaluation. The second station is
designed to examine a range of barrier materials including glass, copper, bentonite, stainless
steel and bentonite blocks. Experiments include waste glass leaching (heating test), overpack
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materials corrosion test (heating test), and monitoring the migration of groundwater
contaminents.

The nuclide migration test is designed to examine uranium migration (and uranium series
nuclides) along the Tsukiyoshi fault which has displaced the ore body by 30 meters.
Geologic, mineralogic, geochemical, migration and retardation studies are being pursuad.
Groundwater chemistry tests indicate mixing of surface and deep waters through tritium
studies. Uranium phases include andersonite (Na,Ca(UO,)(CO,),*10H,0 and zippeite
(KiU0)(S0,),(0OH),,*H,0.

Sever.J drifts have been set aside for excavation response testing. Extensive cross hole
testing and radial in-wall monitors are used to monitor excavation response. Measurements
to date indicate minimal response.

An exploratory shafi is being excavated to the testing horizon. A radial set of instrumented
boreholes are being used tc monitor groundwater drawn down. Performance evaluations,

similar to those at the Canadian URL and planned at Yucca Mountain are underway.

WEDNESDAY, November 14

Abstract of Activities for November 14, 1990;

The delegation visited the Government Industrial Research Institute in Osaka, The visit
included a review of research on solidification and storage techniques (the research focused
on glass vitrification and appeared to have been discontinued); water treatment systems for
industrial waste using membrane materials and microorganisms; and pollution detection
technologies using high-performance chemical sensors and optical microsensors for gases.

Meeting with MITUAIST:

Address:
MITU/AIST
GOVERNMENT INDUSTRIAL RESEARCH INSTITUTE, OSAKA
MIDORIGAOKA 1, IKEDA, OSAKA
PHONE: (0727) 51-8351
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' Farticip. nts
T. Komiyama

Director General
Takako Takahashi

Masatake Haruta
Head of Catalysis Section

Teruo Kodama
Director, Research Plannir2 Office

Makoto Kinoshita
Glass and Ceramic Matenials Department

Steven N. Crichton
Visiting U.S. Scientist, Glass Science Section
Glass and Ceramic Materials Department

Kunishige Higashi
Senior Researcher

‘ Tetsuhiko Kobayashi

Research Chemist

Yoshiko Nakahara
Director, Material Chemistry Department

Bibliography of Literature Received.
"AIST Summary®, AIST, 35 pages.

"Aqua Renaissance '90 Project”, National Research and Development Program, MITI, 6
pages.

"Budget, Staff and Scale Information®, MITI, 7 pages.

“Fine Structure of Nobel Gold Catalysts Prepared by Coprecipitation”, Written by
M. Haruta, H. Kageyama, N. Kamijo, T. Kobayashi, and F. Delannay. GIRI-Osaka,
10 pages.



*40th ISE Meeting -Extended Abstracts®, Volume !, International Society of
Electrochemistry, 3 pages.

*Glass and Ceramics for the Future®, Glass and Ceramic Material Department, GIRI-Osaka.
27 pages.

"Gold Catalysts Prepared by Coprecipitation for Low-Temperature Oxidation of
Hydrogen and of Carbon Monoxide", Written by M. Haruta, N. Yamada,
T. Kobayashi, and S. lijjima. GIRI-Osaka, 9 pages.

*Gold Supporting Tin Oxide for Sclective Co-Sensing®, Written by T. Kobayashi, M. Haruta
and H. Sano. GIRI-Osaka, 4 pages.

"Methodology for Making R&D Programs of Chemical Sensors®, Written by
M. Haruta, K. Hiiro, H. Tanigawa, H. Takenaka, S. Yoshikawa and H. Sano.
GIRI-Osaka, 28 pages.

*New Technology Japan", Vol. 17, No. 2, May 1989, 2 pages.

“Qutline of Researches", Government Industrial Research Institute, AIST, MITI,
9 pages.

"Preparation and Catalytic Properties of Gold Finely Dispersed on Beryllium Oxide",
Written by M. Haruta, K. Saika, T. Kobatashi, S. Tsubota and Y. Nakahara. GIRI-
Osaka, 4 pages.

"Preparation of Highly Dispersed Gold on Titanium and Magnesiun. Oxide", Written by S,
Tsubota, M. Haruta, T. Kobayashi, A, Ueda, Y. Nakahara. GIRI-Osaka, 9 pages.

*Proceedings- 9th International Congress on Catalysis", M. Haruta, T. Kobayashi and F.
Delanney, GIRI-Osaka, 6 pages.

"Proceedings of the 3rd International Meeting on Chemical Sensors", Cospons~red by the
Edison Sensor Technology Center, Resource for Biomedical Sensor Te  slogy,
Electronics Design Center and Case Western Reserve University. § pages.

"Research on HLW Management in GIRI-Osaka", GIRI-Osaka, 2 pages.
"Selective Co Sensor Using Ti-DOPED Fre,0, with Coprecipitated Ultrafine Particles of

Gold". Wntten by T. Kobayashi, M. Haruta, H. Sano and M. Nakane. GIRI-Osaka,
11 pages.



Agenda:
1)  Visit AIST/MITI's Government Industrial Research Institute in Osaka.
2) Dr. T. Komiyama outlined the research activities of the institute,

3)  Dr. M. Kinoshita discussed solidification and storage techniques of high-level nuclear
wastes. He also presented the first part of a presentation on the New Water Treatment
System (Aqua-Renaissance '90 project).

4) Dr. Y. Nakahara gave the second portior of the new water treatment system (Agua-
Renaissance '90 project) detailing micro-organisms. Dr, Nakahera also
discussed anti-pollution technology.

§)  Dr. Masatake Haruta made presentations on the development of new catalysis for
sensor technology and micro-encapsulated spheres for the adsorption of contaminants.

Detailed Meeting Notes:

The MITI Government Industrial Institute in Osaka was establishes in 1918. The Institue is
well known for its work on batteries, metal alloys for storage of hydrogen, and development
and adaptation of new compounds for optical applications. They have manufactured some
large optical lenses (the delegation saw some display) and are conducting optical fiber
research,

Perhaps one of the most promising efforts for collaboration with EM involves the efforts of
the Glass and Ceramics Materials Department and Matenals Chemistry Department to
develop a wide range of sensors, adsorbants, and HLW glass waste forms.

GLASS AND CERAMIC MATERIALS DEPARTMENT
: L Cammic Materials Revel Ontical G

The institute is developing glasses with high refractive index and low dispersion such as Lak
and LaF utilized for lenses in the camera industry. They have succeeded in casting high
quality discs 2m in diameter for telescopes with low thermal expansion.

Nugclear Waste Form Glass

Glass is being evaluated as a waste form for high ievel wastes. Chemical and physical
properties, including ionic diffusion, electrical conductivity of the melt, thermal conductivity,
volatilization, crystallization and phase separation of waste form glasses have been evaluated
for over a decade. They have established glass compositions and melting technology
necessary for solidification of waste glass. Basic research continues on phase separation,
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nucleation and crystallization, volatilization, diffusion, electrical conductivity, and mixed
alkali effect. They have also compared synthetic glass leachability with natural glasses.

lon Conducting Class for Sensors
The Institute has been investigating Lithium-ion-conducting glasses for sensor applications.

Li enhances conductivity at 0.3 Li20*0.3B203%0.4Li2S04,
Parous Glass for Biochemical Catalysis and Bioreaction

Porous glasses have been successfully developed for biochemical catalysis as carriers of
enzyymes. Enzymes thus immobolized by adsorption on the porous glasses maintain high
acany for @ long pcnod and may bc used repeatedly.

The Institute is developing a series of membranes for water purification. The project is
coordinated with MITI-Mito. For detaiis see materials from Tuesday November 6, 1990.

Chemical and Bio Sensor Tachnol

The Institute sponsors state-of-the-art research in sensor technology as the references attest.
Emphasis is placed on the development of catalysts with an emphasis on gold plated metal
oxides. The Institute is developing sensors for chemical detection in gas and liquids and
enzyme immuno sensors. They have worked on multiple layer sensors. They are also
working jointly with Belgium to develop sensors to ¢ :tect gases such as CO

Catalysts for Gas Detection

Preparation of well defined metal compound catalysts is attempted by using homodisperse
fine particles as a building block and by applying modern thin film techniques. Catalysts are
characterized using EXAFS, XPS, and IR. The work is focused on the catalytic behavior of
ultrafine gold particle and their interaction with the support oxides. These materials have
widespread application as catalysts for low temperature oxidation of CO and as sensors for

flammable gases. This technology is epplicable to Hanford tank characterization.
[ c Shell Mi |

The Institute is developing inurganic porous spheres and inorganic-shell microcapsules for
adsorption of contaminants. The chemical and physical properties governing adsorption can
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be selectively controlled by preparation conditions. These microcapsules could have wide
application for restoration activities.

Glass Composite Membranes

Containment of microbes in the reactor and reuse of the filtered water by separating
microbes and pollutants from waste water is being researched. Glass and glass-ceramic
membranes are being evaluated. A range of membranes are being selected for each reactor

type.
Meeting with Kobe Steel:

Address:
KOBE STEEL, LTD.
TEKKO BLDG.
8.2, MARUNOUCHI 1-CHOME
CHIYODA-KU, TOKYO, 100 JAPAN
PHONE: TOKYO (03) 218-6733

Participants:
Yoshimasa Yama. »'0
Chief Manager. Sales & Marketing
Nuclear Engineering and Equipment Lepartment

Detailed Meeting Notes:

Waste Management, Incineration, Ash Melting, and Crud-Slurry Solidification

Kobe Steel provides technological support to PNC. Although we did not have a formal
meeting scheduled, we met with Mr, Yamamato who provided the delegation with
information on their capabilities. They are involved in the management of alpha
contaminated wastes, incineration and ash melting for piutonium-contaminated combustible
wastes, and crud-slurry solidification systems. Trey have a U.S. Patent (4330698 My 18,
1982) on their Microwave Melter.
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THE PROGRAM OF THE UNJTED STATES DEPARTMENT OF ENERGY
NMENTAL RESTORATION AND WASTE MANAGEMENT
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Commercial uranium mining and milling operations, along with processing of
radioactive materials in the early years of nuclear development, have left
come sites and facilities contaminated. Reactors at the Savannah River,
Manford, and ldaho sites have produced high-level radioactive wastes that are
stored locally in underground tanks. Operation of DOE facilities has
resulted in the creat on of burial grounds, storage faci ities, underground
tanks and pipes, surface impourdments, treatment facilities, and accumulation
areas that have the potential for releasing radionuclides and hazardous
chemicals into tne environment. The primary contaminants at major DOE sites
are summarized in Table 1.

The Unfted States has, since the inception of its nuclear program, managed the
bulk of its wastes in a mannar considered safe and consistent with the
standards and understancing of environmental protection needs at the time,
These standards have become more stringent and the old practices were, in some
cases, found to be inadequate. Some unsatisfactory disposal practices have
occurred in the use of injection wells, draiffage trenches, and shallow-land
burial sites. Most wastes since these early days are stiil stored or disposed
of safely, but improvements, such as high-level waste vitrification plants now
under construction, can add to long-term safety. The high-level wastes
resulting from DOE programs, along with a ;mall amount of high-leve' wastes
produced in the reprocessing of commercial spent fuel at West Valley, New
vork, are cafely isclated for the short term, Active programs are under way
for vitrifying and disposing of the high-level portion of the wastes which are
stored at the Savannah River, Hanford, [daho, and West Valley sites, and for
disposing of the low-level portion of the wastes as a cement-based waste form
in engineered vaults.

The environmental restoration work now under way typically involves low levels
of contaminants in relatively large volumes of soil, water, or structures.
Characterization of the environmental problems created by the early practices
used for disposing of the low-level liquid and solid radicactive, transuranic,
and hazardous wastes is just beginning. A true measure of contamination has
yet to be established and the ongoing characterization of site contamination
will continue for some time.



TABLE 1.

SITE

FERNALD

HANFORD

IDAHO

LIVERMORE

0AK RIDGE

ROCKY FLATS

SAVANNAH RIVER

RADIOACTIVE

Uranium contamination
of surface soil and
groundwater

§80,000 m° of soil
contaminated with
VU, Pu and fission
products

66 tanks of HLW have
leaked to surrounding
soil

Groundwater contaminated
with Tc-99, Cs-137,
tratium and uranium

Soi) contaminated
with Py

On-site groundwater ang
soil contamination
with tritium and Ra-226

On-site and off-site
soils contaminated with
U, Tc-99, Np-237 and
fission products

Off-site public waters
contaminated with
fission prod.cts

Groundwater contaminated
with Tc-99

Groundwater and soil
contaminated with U and
Pu

Groundwater and soil
contaminated with U,
Pu, tritium and
fission products

3

Primary contaminants at major DOE sites.

—NON-RADJOACTIVE

hAdjacent stream contains
PCBs, organic sclvents
and heavy metals

Areas contaminated
with acids, chemicals and
organic solvents

Groundwater contaminated
with organic solvents and
chromium

On-site groundwater and
soil contaminated with
organic solvents, PCBs
and heavy metals

Widespread mercury
contamination

Soils and groundwater
contaminated with metals,
PCBs and organic solvents

Groundwater and soi)
contaminated with organre
solvents, nitrates and
heavy metals

Groundwater and soil
contaminated with organic
solvents, nitrates and
metals



the United States Goverament is committed to effective waste management and
correcting past inadequacies at its facilities. In concert with the growing
oub) ic demands for reducing environmental pollution and correcting
environmenta) problems, the DOE has embarked on a major effort to restore its
contaminated sites to satisfactory conditions and to improve the management of
wastes currently being generated. DOE's three goals are to reduce risk to
human health and the environment, to responsibly manage and minimize the
overall cost of the necessary restoration activities, and to complete this
¢cleanup work within 30 years.

00E'S ORGANIZATION FOR ENVIRONMENTAL RESTORATION AND WASTE MANAGEMENT

To implement this effort, the DOE has established a new Office of
Environmental Restoration and Waste Management to comsolidate the Department’s
activities in this area. The new Office, ouMined in Figure 2, integrates
management, budgets, and technologies for the DOE-wide waste management and
¢leanup program., [t contains three programmatic offices and two support
offices.

The Office of Waste Operations has program responsibilities for waste
management at all DOE sites. Waste management includes the treatment,
storage, and disposal of several types of waste: high-level radioactive
wastes: transuranic wastes, including the Waste Isolation Pilot Plant (WIPP);
low-level radicactive wastes; chemically hazardous wastes; mixed wastes; and
sanitary solid wastes. Waste minimization efforts are managed within this
Dffice. as are corrective activities at waste management facilities.

4 PNL/ 1PS0-11/90
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term storage and disposal of spent fuel and high-level waste, and (together
with the Department of Transportation) transportation of radicactive materials
and wastes.

SCOPE OF THE ENVIROWMENTAL RESTORATION AND WASTE MANAGEMENT PROGRAM

The activities of the DOE in the areas of environmental restoration and waste
management have been divided into four technical areas for management
purposes: (1) Corrective Activities, (2) Environmental Restoration, (3) Waste
Operations, and (4) Technology Development. Categories (1) and (3), being
similar in nature, are both managed by the DOt Office of Waste Operations.

CORRECTIVE ACTIVITIES

Corrective Activities are those activities necessary to bring active and
standby DOE facilities into compliance witﬁ fbcal. state, and federal
regulations. Because corrective activities must be completec in a timely and
effective manner to protect the public health and safety and the environment,
these activities will generally be accompljshed by the application of existing
technologies rather than new technologies that would require significant time
for development. Examples of corrective activities are the installation of
modern equipment to monitor air and liquid waste streams and replacement of
obsolete waste handling and sturage equipment.

ENVIRONMENTAL RESTORATION

Past operations connected with DOE nuclear programs have resulted in
contamination of a large number of sites and facilities with quantities of
radicactive, hazardous, and mixed wastes. Environmental restoration is
concerned with asse:sment and cleanup of such sites and facilities to meet
prescrbed standards derived from federal and state laws. A listing of
typical environmental restoration activities is presented in Table 2.

7 PNL/1P80-11/80



TABLE 2. Typical environmental restoration activities.

Uranium Mill Tailings Remedial Action Program (UMTRAP)
Formerly Utilized Sites Remedial Action Program (FUSRAP)
Remediate contaminated surface waters

Remediate contaminated underground waters

Remediate contaminated soils
Remediate improper burial grounds

D&D contaminated inactive facilities
Note: Contaminants may include:

- Qrganics (polychiorinated biphenyls
(PCBs), trichloroethylene (TCE),
volatile organic compounds (VOCs),
pesticides, petroleum products)

- Heavy metals (mercury,™darium,
beryllium, lead, etc.)

- Radionuclides {including plutonium,
thorium, and uranium)

- Chemicals (nitrates, asbestos,
acids)

The DOE has two major restoration programs underway. Since 1974, the FUSRAP
has been working to restore 30 inactive federal facilities contaminated with
radiocactive and/or hazardous materials. Nine sites have been completed. The
UMTRAP activity has been underway since 1978. The program was established by
a federal law to remediate uranium mill tailings resulting from uranium
production conducted between the early 1950s and the early 1970s. The program
is stabilizing 24 sites. Stabilization has been completed at 5 of these

sit2s.

Contaminated soil cleanup represents a major problem. The soil columns at
several of the sites are contaminated with radioactive and hazardous
substances resulting from the use of ponds and drainage fields for disposal of

8 BNL/1P80-11/80



process effluents. Characterization and cleanup of these sites is difficult
because of the low concentrations of the contaminants, their variability, and
the large volumes of soil involved. The Hanford site, for example, covers an
area of 1,450 square kilometers. The near-surface disposal sites on the
Hanford Reservation contain 1.1 million cubic meters of solid waste which were
buried before segregation of alpha-contaminated waste was required. There are
also 32,000 cubic meters of soil contaminated with transuranic radionuc)ides.

Soils are often excavated and disposed of in secure landfills or processed at
the surface to separate the contaminants. A technique (in situ vitrification)
to convert soils in place to a vitreous and crystalline mass using electrical
current is being developed. The resulting mass significantly lowers the
solubility of inorganic contaminants. Such a treatment will also destroy
organic hazardous chemicals. Other prospective treatments for organic
contaminants include vacuum extraction, chemical oxidation, temporary removal
and soil treatment, and bioremediation. '

Groundwater contamination arises from leaking tanks, buried waste, and from
lagoons previously used for the disposal of liquid wastes. For example, at
the Portsmouth uranium enrichment facility, the groundwater has been found to
be contaminated with trichleoroethylene and polychlorinated biphenyls. [f the
level of contamination is high and the available technical means are not
adequate, interdiction wells can be used to temporarily retard migration. New
interdiction techniques under consideration are soil freezing, vitrified
barriers underneath the contamination zone, and various forms of grouting and
chemical injections to retard migration. It must be recognized, however, that
in the case of complex aquifers contaminated with dense, non-aqueous phase
liquid:, current restoration technologies are probably inadequate.

Decontamination and decommissioning (D&D) of obsolete facilities produces
significant amounts of additional radicactive and hazardous waste. DD needs
to rely on techniques to minimize the generation of waste by means of better
characterization and selective decontamination using materials that can be
recycled, Certain metals such as stainless steel, aluminum, nickel, and lead
might be recycled and used for containment and shielding materials in future

9 PNL/1PS0-11/8C



construction. The use of robotic manipulatoers can improve safety by reducing
the radiation dose to workers.

WASTE QPERATIONS

Waste Cperations include the treatment, storage, and disposal of wastes
generated as a result of ongoing operations at active facilities., This
includes the programs to build vitrification facilities for high-level wastes
at the Savannah River, Hanford, ldaho, and West Valley sites, and the WIPP
repository for transuranic wastes. One of the major waste operaticns
objectives is to effectively manage its processes and facilities in a safe and
environmentally responsible manner. Current efforts in this area also include
such tasks as establishing management controls over nonradicactive wastes,
including segregation of waste types and minimizing waste produced in DOE
facilities.

Mixed wastes, which contain both hazardous cfemicals and radioactive
materials, can be reduced by minimizing the use of hazardous materials and
identifying non-hazardous substitutes. The mixed wastes that already exist
can be treated to separate or destroy the hazardous components. A number of
physical and chemical processes are availaéle to treat the waste:
electrochemical recovery of metals, leaching, washing, chromatographic
separation, evaporation and distillation, and smelting. Reactive metals can
be deactivated by controlled chemical reactions, and organic compounds can be
destroyed by heat provided by sources such as plasma arc furnaces, glass
melters, and even solar energy.

High-level radioactive waste treatment, although well-advanced, can be
tailored to address specific problems. Chemical compositions can be adjusted
to reduce the volume and the associated disposal cost. Stored calcined high-
level waste can be processed into a ceramic or glass to provide more stable
forms for gerlogic disposal.



TECHNOLOGY DEVELOPMENT

Many waste management methods used in the past are no longer adequate. DOE is
striving to transcend current environmental restoration and waste management
practices and tools, replacing them with more effective and efficient
techniques. Where needea capability is not presently available, the Office of
Technology Development will seek to develop it. This can occur through
applied research and development by its laboratories, through adaptation of
technology from other fields, or through development in concert with industry,
arademic institutions, and the international scientific community. Current
environmental restoration must be performed effectively the first time and
preclude the need for additional restoration in the future. Waste management
must prepare and treat residual materials to produce a minimum volume of
physically and chemically stable waste forms. Facility operations must
minimize waste generation by eliminating or recyc\ing'hazardous materials.

To achieve these improvements, the attention of the scientific and engineering
communities 1s required. The long-term protection of human health and the
environment must be assured, and public confidence and respect for the
technical community are at stake. The aims of the environmental restoration
and waste management programs are to ensure that unacceptable risk of exposure
to contamination is eliminated and that there is no lasting adverse impact on
the environment resulting from radicactive and hazardous wastes.



ENVIRONMENTAL RESTORATION AND WASTE MANACEMENT PLAN

The 1992-96 update of the DOE Environmental Restoration and Waste Management
five Year plan has been completed. The plan describes the current state of
rechnology and identifies improvements needed to fulfill DOE's three goals of
reducing risk to human health and the environment, decreasing the overall
cost of its restoration activities, and completing its cleanup work within 30
years. The technology development part of the plan provides for:

o development of new technologies and techniques for waste
minimization;

o development of technologies for improved waste treatment and storage;

o site characterization for environmental restorat’ion using in-situ
monitoring, modsling to predict and p;e?bnt migration of contaminants,
and improved methods for assessing environmenial and human health
risks;

o development of large promising, but underdeveloped, new technologies
such as robotics, bictechnology, and remote sensing to add new
capabiiity and reduce the cost and/or risks of remediation;

o establishment of an outreach program through schools and universities
for educating students in science and waste management; and

o international technology exchanges to reduce or eliminate duplication
of efforts and to assist the internationa) waste management community
in solving similar types of problems.

The technology development plan will continue to evolve over time because the
field of waste management is dynami¢., Technology development will focus on
near-term research, development, and application, and it will not constitute
basic research. DOE intends to support development of innovative concepts

12 PNL/1PSC-11/90









Technology Development Program will seek to develop and demonstrate
technologies to provide permanent solutions for generated wastes,

In the past, the highest-quality technological efforts have been directed
toward other missions than waste management. The Technology Development
Program will serve as a catalyst for applying today's technology to unresolved
¢cleanup and waste management problems in ways never before considered, as well
as the means tor development and demonstration of new and innovative
environmental protection technologies. OOE will be providing hundreds of
millions of dollars to develop technical expertise through a series of new
partnerships between DOE's national laboratories, industry, and universitiec.
Integrated demonstrations will use experts from all sources in a systems
approach, including collaboration with other agencies.and countries.
International technology exchange will be a ﬁﬁjor activity to help provide a
global approach to solving waste management problems.




The Program of
the United States Department of Energy
on Environmentzal Restoration and
Waste Management

Leo P. Duffy

Director, Office of Environmental Restoration and
Waste Management
U.S. Department of Energy

Visit to Japan
November 1990
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Presentation Qutline

e DOE Waste Management Legacy
e DOE ER & WM Orgapization
« ER & WM Program Scope

 Technology Development Program

S9010078.2



DOE Waste Management Legacy

» Some past practices are below present standards
» Many facilities and sites are contaminated

« Envircnmental restoration needed
— Uranium mill tailings '
— Contaminated soils :
— Surface and groundwater contamination
— Decommission inactive facilities

e Hzzardous chemical and mixed wastes inciuded

590100753



DOE ER & WM Goals

e Reduce risk to human health and environment
» Decrease cost of restoration

» Complete cleanup in 30 years

S9010075 4
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ER & WM Program Scope

e Corrective activities
e Environmental restgration
« Waste operations

e Technology development

S9010075.5
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Environmental Restoration Technologies

Site Characterization
Sensors
Fiber Optics
Remote Measuring Technologies
for Groundwater

iq Robotics

N "~ Tank Characterization
Sann Robotics
"""" Sensors

Piber Optics

Cieanup
Biotechnology
Filter Technology
Waste Forms
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Iintegrated Demonstration

« Cost-effective mechanism to evaluate the
performance of related technologies as part of a
complete system

» Components include:

— Ail steps to solving the problem (planning, site
characterization, waste treatment, waste disposal,
site menitoring, etc.)

— Development and application of innovative
technology solutions

— Evaluations relative to reguilatory requirements

SN TLE



The Three Dimensions of the integrated Demo
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Components of ER Integrated Demonstrations

TI&IT TTRIT TT&IT TT&IT TT8T

W[ llll il

v r ‘YX\ Y
R&D R&L R& R&D
s oo SeRt 5 ey

Site Secondary Monitoring
Ptanning J' CI:; ”oﬂm’ Performance '"'"'"' Waste Trmt. and Final
Assessment as Actions
(as needed)
1 As needed r

1y

Recommended
Technologies for Use
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WO Iniegrated Demonstrations
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Planned Integrated Demonstrations

» Groundwater and soils cleanup
— Cleanup of organics in saturated soils and groundwater

— Cleanup of organics in unsaturated soils and
groundwater
— Cleanup of plutonium/uranium contaminated soils

» Waste retrieval and processing
— Remediation of underground ‘storage tanks

— Remediation of buried wastes
— Decontamination and de commissioning

e Waste minimization
— Radioactive waste minimization
— Non-radioactive waste minimization




Waste Minimization

« Avoidance of waste generation
— Administrative actions
— Material substitutions
— Recycling
— Process changes

 Volume reduction
— Supercompaction’
— Waste concentration
— Waste processing

S9010075 .10
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International Technology Exchange

 Provides global approach to waste management
» Transfers innovative technologies

» Reduces cost and remediation time

« ITE mechanisms include: '
— Joint projects

— Exchange of staff

— Exchange of students

— Workshops

— Exchange of documents

S9M0075.12



Summary

» DOE is committed to 30-year goal to clean up sites

« DOE established Environmental Restoration and Waste
Management Organization

» Technologies that are safer, faster, better, and cheaper
will be developed

 DOE will utilize expertise from all sources
— International technology exchange will be a major
activity

59010075 13



TECHNOLOGIES DISCUSSED AT JAPAN ATOGMIC ENERGY RESEARCH
INSTITUTE JAERD

- High Level Radioactive Waste

- Mineralogical Research

- Leaching and Volatilization of Radionuclides from Glass Waste
- Spectroscopic Method

- Fixation

- Long-Term Reaction Path Modelling

- Plutonium

- Adsorption of Neptunium

- Irradiation of Materials

- Cold Neutron Source

. Peactor Decommissioning Technology Development

- Dismantling

- Decomimissioning

- Safety Studies on Glass Waste Form

- Waste Safety Testing Facility

. Volatilization of Cesium from Nuclear Waste Glass in & Canister

BIBLIOGRAPHY OF LITERATURE RECEIVED:

*Development of Technologies on Decommissioning of Nuclear Fuel Cycle
Technologies,® Japan Atomic Energy Research Institute. S pages.

*JPDR Decommissioning Program®, written by T. Hoshi from the 9th TAG Meeting on
October 8-12, 1990 at the Japan Atomic Energy Institute. 10 pages.

*New JRR-3, Compiled by the Research Reactor Operation at the Tokai Research
Establishment®, Japan Atomic Energy Research Institute. 6 pages.

*Progress Report on Safety Research of High-Level Waste Management for the Period April
1988 to March 1989°, Edited by Haruto Nakamura and Susumu Muraoka, Department
of Environmental safety Research, Tokai Researh Establishment, Japan Atomic
Energy Research Institute, 74 pages.

*Reactor Decommissioning Technology Development and Actual Dismantling of JPDR,*
compiled by the Tokai Research Establishment, Japan Atomic Energy Research
Institute, 9 pages.

*Safety Studies on Glass Waste Form®, written by S, Muraoka at Japan Atomic Energy
Research Institute, 10 pages.



‘ *Summary of WASTEF Facility*, from Japan Atomic Energy Research Institute.
i0 pages.

*Volatilization of Cesium from Nuclear Waste in a Canister®, Hiroshi Kamizono,
Shizuo Kikkawa, Shingo Tashiro and Haruto Nakamura. at Japan Atomie
Energy Research Institute. Department of Environmental Safety Research, 6 pages.
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R&D of DECOMMISSIONING TECHNIQUES

—  Applhicable to Miscellanecus items
— Remote Handiing Superior to Contact
Handing in Ecor.omics end Safety
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ICE-BLASTING

ELECTRO-POLISHING

REDOX PROCESS
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HIP METHOD
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Yorking Devs and Manpower

Total nusber of days required to cutting by the arc-savw was 50
days and It 1s consideradbly less than the planned ones ( 60
days). It was concluded that this was due to Increasing the
skill of workers by progressing the cutting operations. On the
other hand, about 8 months were required for such preparatory
works as instailations of cutting system, water tank and water
treatment system o6 well as removals of these systems,

Manpower expenditures were of 1,700 man-days for arc-saw cutting
snd of sbout 6,200 man-days for the preparatory works,

Rediation Exposure

Total radiation exposure of workers in the work was about § man-
rem. Radiation exposure for cutting with the remote operated arc-
sew cutting system was only 0.2 man-rem. but the rest was come
fros the preparatory works as shown in Table 2. This learger
rediation exposure during the preparatory works was resulted
from the installation of the water tank since the workers were
obliged to access to the RPV during this work, where the
rediation dose rate was of 20 - 80 mR/hr ( Maximum dose rate at
the surfece of the RPY was about 7 R/hr at the core center

level).

kediosctive Contamination

Insignificant contnalnn&lon in the air was observed . A little
contapination ( 8 X 107" uCi/cc ) was measured in water, but It
{s easily reduced by the water treatment system with filters.
Almost all of dross generated by cutting was also removed by the
dross coliecting pan which was installed in the lower portion of
the RPV without difficulty.

Cutting of the Lower Spherical Partion of the KPV

The lower &pherical portion of the RFY was hang up onto the
service floor and was cut by using a conventional gas cutting
technique. Radiation dose rate was about 10 mR/hr &t the surface

of the RPV.

2) Removal of Components in Turbine Building

Dismantling work of the components in the turbine bullding has
been started in April, 1990. Components of the condensate and
feed water system, the auxiliary system, the sea water
clreulation system, etc., were removed. Turbine and generator
will be removed in coming quarter.



3) Future Flen

Instellation of the diapond and coring concrete cutting systen
will be started in Octodber and cutting of the biological shield
concrete ot the highly activated portion using this systen will
be carried out during Decesder, 1990 and January, 1991 Water
jet cutting will be folloved from March to July, 1981.

Repoval of the components in the turbine building hes Dbeen
continued until next year, Removal of components In the waste
treatpent bullding., the fuel storage bullding, ete., will be
{nitiated from April, 1980,
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Filg. 1 Basic concept of arc saw cutting system
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Photo a Cutting work for the RPV body




JPDR DECOMMISSIONING PROGRAM

Japan Atomic Energy Reseach institute
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PURPOSE OF JPDR DECOMMISSIONING PROGRAM

1. To obtaln actual experience on dismantling of
nuclear power plant

2. To develop and demonstrate dismantling techniques

s 3. To obtaln data concerning;

1) radlation (exposure of workers, dirbonne activities,
radiation level, etc.) ‘

2) waste (measurement and Segregaotion,
decontamination, etc.)

3) system engineering (number of worke s, werking
time, cosSt, etc.)
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STANDARD DISMANTLING SEQUENCE OF COMMERCIAL
POWER REACTORS IN JAPAN

(planned for 1,000 MWe piant by MITI)

1
Permanently
shut down : :
—————3 Safe store ——> Dismontiling |
%) of {
| i
reactor | i 1
N S i
after 30-40 years 5-10 years
operation to reduce
gctivities
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OPERATIONAL HISTORIES OF JPDR

1963 .8 Critical

1963 .10 Electricel power generation

4S WMt operaotion in notural \
convection of coolant )

1969.9 Shutdown reoctor to increase power
1969,10 Modificotions of reoctor core aond
~ 1971.1¢ plant to 90 MWt

1972 .2 Critical In new core

1972.5 Electricol power generation

( power increase to approx. 60 MWt )

1876.3 Final shutdown

1982.12 Apply the decommissioning permit

1986,7 Apply the revised decommissioning
report

198812 Start physicol dismantlement



T Ruom 103009 pun

JO Quupad0ad Juomdiuess]
JAB W WIPRUOD Melewiuweiwodag

11

i
1

=

L.

P
-
,A.LL

T T m——

‘v_

M
A
\ E

:

VuLanw T § K!#fec"t&

™ 1 ﬁ,
a.vb..atovwwué_n.o.,m :




JPDR DECOMMISSIONING SCHEDULE
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Kinds and Activity of Radioactive Vaste

generated from the JPDR Decosmissioning

Kinds of Radiocactive Yaste

Activity (Ci)

—_—————

Ueight (Ton)

Core- Internals

" Control rods, 4,050 20
Activated Corz shroud, etc.
Components
Pressure Vessel 40 110
diological Shield 10 1,350
Concrete
Components 4 7 1,640 e
Contaninated { _ i
2
Cocponent s Concrete 0.2 830
Resin, etc. 0.5 130
Total 4,100 4,100

et —reesama




Radloactive

Solld Waste
LLW Ex. LLW Exempt. W
r_._l___ ‘
On-Site On-Site On-Slite
Storage Storaoge Storage
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Lond Disposal

with with
Engineered Natural
Barriers Barrlers
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in Japan
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Reuse

Unrestricted |
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RADIATION EXPOSURE FOR WORKERS

Dismantling Item Man-Days Man-rem
Equipments 8,700 14
RPV Internals _ 9,200 17
RPV 4,100 26
Blo. Shield Concrete 4,500 8
Contalnment 9,000 1
Sub Total 35,500 _G—é_
Other Bulldings 37.500 34

Total 73,000 100
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High guality irradiation conditions and high neutron flux conditions have been
required in recent years for neutron irradiation and rieutron beam experimentsin the
re . ach reactors. To fulfil these requirements, it was decided that the Japan Research
Reactor No.3J(JRR-3) should be reconstructed to be upgraded, and the project of new
JRR-3is now progressing. The JE 1.3 was constructed in 1962, originally for general
studies of nuclear reactors, irradiation of materials,production of radioisotopes, and
research and development . nuclear reactors.

The new JRR-3 is equipped with various kinds of experimental facilities for irra.
diation and ' ram experiments including a cold neutron source so that the new reactor
may be utilized as a multi-purpose research reactor which is at the highest level in
the world, with the maximum thermal neutron flux of about 2x10"n o8, one order
higner than that of the old reactor. The safety for the new JRR-3 is fully preserved
with highly reliable control systems and cooling systems (including a facility to pre-
vent the core from being unflooded).

The work of the construction for the new JRR-.3 started in August, 19585 and
Initial criticality of the new reactor was achieaved in March, 1990,

Isometric Vlew o( B_qqctor Poo_l_

Major Specifications of the New JRR-3

v

Low Enriched Uranium,
Reactor Type | Light Water Cooled and Moderated,
Swimming Poo: Type
. Rated Power [ 20MW
| ' Approx. 60cm dia. and T5¢m high |

Size of Core
(with Beryllium Reflector)

.

UAlx-Al Dispersed, MTR Plate T pe
' 20% Liariched Fuel

Low Tenmrature
L Chanm I ube
-

‘ Fuel

| 26 Standard Fuel Elements ane
' !““A rd ‘ 6 Follower Fuel Elementa
f!"‘ ‘ | 6 Control Rods, Box Type

Control Rod | Absorber, followed with Follower
“ Fuel Element.
| . Swimming Pool Type
Reactor Pool | 4.5m dia
8.5m deep
. ‘ % Horizontal Beam Tube@

17 Vertical Irradiation Poles and

Experimental

Facilities
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Experimental beam facilities 5 aat MMl ap s o 14 S Reoaier

Nine beam tubes and five neutron guide tubes are installed in order to lead out
neutrons for beam experiments.

Good quality thermal neutrons can be obtained for the experiments in the new
JRR-3 with these beam tubes arranged tangentially to the core because the 7
rays and fast neutrons not preferable to the experiment are much reduced in such
a tangentially arranged beam tubes.

The neutron guide tubes lead out neutrons in the distance so that a sufficient
number of beam experimental apparatus can be provided t¢c many experimenters

and users.

~old neutron source (CNS)

with a wave length of the same or:

- ES— -

. . y [ w - » - s
Cold neutron has very low energ) I .

{ Reactor Pool

der as the molecular structure of sub- { ’ ¢
. . ) ) e B Low Temperatu
stance. So, it is able to research the | e Tehe
structure of macro-molecule such as | arwg Charaber |
a high polymer with the cold neu- l"d"“::h
i
“ -
e |

fron. ‘ Cote

\
|
va ha - " Y |
|
. |
Meavy Waler d o ‘
- T A
1‘.,‘ - : - . Fie t "
..."4/' - o -
- al
»
| M .
|
|
Modera Ce I
|
|
& |
Thermal Neutrof

NS and Neutron Guide Tube

CNS converts thermal neutron into cold neutron with liquid H, at 2K, The cold
neutron beam is led to the beam experimental apparatus in the beam hall

through neutron guide tubes



_COULING sYSTEMS)

Cooling circuit systems

are composed of a prima.
ry circuit i econdary
circuit and a heavy wa
er circunt Core heat |s
finally removed into at
H."kp?\or: through the
(nuilh;’ LOwer

The primary circuit has
two independent siphon
break valves to prevent
the core from ben
unflooded

Flow Diagram of Cooling Systems

. FUEL

Standard Fuel Element

Plate-type Aluminium-Uranium alloy fuels which have
'uy'nl pownel density, more «lel.\Pw"‘,} and higher
performance than Oxide-Uranium fuels of light water
reactors, are used in the new JRR:3 as in other
research reactors., The new JRR-3 .ll1-",it~ two Kinds
of fuels, standard fuel element and follower fuel

I!'.”\lf‘-( ,~'”“\\H|y !,’H t-nl»(lul [n(i

Summary of Fuel Specification

Item tandar ¢l Element




(UTILITYEERVICES)

For irradiation, vertical.

irradiation holes are arranged
both in the core and in the
heavy water tank,

For beam experiment, hor-
izontal beam tubes are
arranged in the heavy water
tank.

Irradiation utilization facilities

For the purposes of reactor
fuels and materials exposure
tests, radioisotope production
and activation analysis, these
facilities are used to irradiate
by neutron the samples in-
serted into the vertical irra.
diation holes.

Name No
Hydraulic rahbit

PR

Application

General ireadiation

General irradiation

t\rlnﬂum analysis of
the short life radio

Silicon irradiation

irradiation facility 2
(HR)

Preumatis rabbit

irradincion facility 2
(PN

b .

Activation analysis

iresdintior facility 1
PX3 nuclides

Uniform irradintion

facihity ]
sl

Rotating irradiation

fac ity |

DR

Capmule irradiation
!

Faposure test

Vertical Irradiation Holes
HR. PN, PN3, 81, DR, RG, VT.1, BR, 8H
Horizontal Beam Tubes:

1G~6G, TR, 8T, W

Summary

Radioisotope production

Radioisotope production

Material irradiation

large materinl irradiation

The rabbit s conveyed and cooled by water This facility
is used to irradiste the relatively heavy and high heat

generating samples.

The rabbit is conveyed and cooled by N, gas. This
facility is used to irradiate the light and low heat

generaling samples.

The radintion measurement
the irradiation. This facility is used to analyze the short

life radio nuclides

The sample is rotated and moved up and down during
the irradiation. This facility is used to irradia‘e the

sample uniformly

The sample s rotated during the irradiation This
facility is used to irradiate the sample uniform!y in the

radial direction

This facility s used to

Y

Arrangement of Experimental Holes

Feature

irtadiate for long period or

, started immediatels after




1969

Year

7~

o

A

W 1 E . s

Beam Experimental Facilities

History of JRR.3

Major Events
Beginning of JRR:3 construction
'\‘fh\‘ i Con ‘I’C(‘J"

Reactor critica

Rated power 10,000 KW achieved
Beginning of Rl production
Heginning of common use

Beginning of homemade fue! use

Medice! irradiation for & bhratn turmor

SEn ;v't 'u\",'k'\uv!\ (J nuclear {UO‘l in l”ll

Beginning of shift to U'O, fuel core

Integrated power 200,000 MWH achieved

Completion of shift to 10 fue ’e

‘76

Year

Mujor Events

Integrated power 300,000 MWH schieved

The twentieth anniversary since the res
eritical

Close of common use

Finish of safety review for rew JRR.J

Beginning of the construction work for

new JRR.J

Construction

Completion of new JRR
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@  Reactor Decommissioning Technology Development
: and
Actual Dismantling of JPOR

Tokal Research Establishment

Japan Atomic Energy Research Institute



Preparing for Reactor Decommissioning

Necessity of Reactor Decommissioning Technology Development
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Schedule of Reactor Decommissioning Technology Development and Actual
Dismantling of JPDR
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Decommissioning Alternatives
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Safety Studies on Glass Waste Form

S Muraoka

In erder to achieve the safe disposal of radioactive waste,
{t is necessary to promote the development of waste management
technology s well as the safety asseossment study In JAER],
safety studies for centribution to establlishment national safety
eriteria and safety assessment are being conducted as well s
basic research to support develoyment of waste management
technology whiech I8 adaptable to environmental conditions In
Japan

Chartacterization of radioactive waste has been carried out
for some items to evaluate the safety, according te process of
transportation, storage and disposal.

ln this decument, some of our recent activities are
described briefly ¢f the JAERI's studies on the glass waste form

for high level waste disposal

¢1) Velatilizatien of l37C| and IOSRu from Boresilicate Glass
Containing Actual High Level Waste (1)

At the safety evaluation test In relatian te operation of
storage facility, the volatillizatien eof Cs and Ru from
boresilicate glass conta.ning actual MLW was examyned In an
almost cleosed canister.

The MHLW glass used for the present study was borosilicate
glass. The reagents fof the glass additives and the simulated MLV
which should be converted inte 1300g of oxide glass were mixed
simultaneously and placed in a vitrification apparatus with about
one liter of a denitrated actual HLW sgolution About 50g ot
various oxides were assumed to come from the actual HLW solutien
This mixture was calcined at about 760°C, melted at 1200°C, for 2
hours in the vitrification apparatus. Half the molten glass was
poured inte an 8. lem=i.d., 24 dcm=high stainiess steel canister,
kept at 600°C for 2 hours, and then cooled to room temperature at
a ceoling rate of less than 40°C/h. The furnace temperature
was raised in steps from 28°C te 1000%°C (Fig. 1).The temperature
rise by the decay heat of the HiLW was so small In the present
study that it did not sl{fect the temperature control of the
glass. During the course of heating, part of the air In the upper
space of the canister was colloctcg in an evacuasted sampling
bottle with a voelume of about 7 em”.

Radioactivity from veolatile elements trapped by both the
sampling Dbdottle and the sampling needle was measured by an
intrinsic Ge solid state d"155°" Fiang 2 shows the temperature
dependence of volatility of Cs and Ru at a fixed time of 24
hours when both nuclides are at apparent sgaturation
concentrations. The solid line in the figure represents the data
obtained in our previous work (2] in which the activation energy
of about 140 kJ/mol was obtained on simulated W' W glass



containing about 1.6 x 10‘0 Bq of 134,. The present data shows

falrly good agreement viég previous one o .
The voll\il!'{aq Ru measured at 600°C and BOO"C is about
one f{ifth that of Cs. Since Gray [3) has pointed out that the
activation energy for varlous olomont,oero almest the same as
each other, the alr contamination of Ru at & wusual storage
jggrerature of 400°C 1s also expocted to be gpe fifth that of
Cu;_’ us, the normallized concentration of
§ x 10 at 400°C. This extrapolated value may be conservat!ve,
since 400°C 18 below the softening point of the present glass and
dt!f;slon m.y not be a significant mechanism at this \om?agaturo
shou)d be alse mentioned that the velatility of Ru at
1000 C co 14 "°5 be measured; it was under the detection limit of
b x Bq/cm This ls probably an example that the backward
step plnyu an Important role; the stainless steel agnSstor s
markedly oxidized at sround 1000°C and reacted with I Ru in the
alir inside the canister. 1t is also probable that Ru04 is not
,6gblo at high temperatures, and this Is one of the causes that
Ry disappeared at around 1000°C.

(2) Release of Neptunium from a 237Np doped Borosilicate Waste
Glass (4)

The MCC | statiec leach tests vorc performed for a 237Np
doped borosilicate waste glass at SO °C with delonized water and
silicate water leachants to spe ulate the release mechanism of Np
from waste glasses, The composition of the Np doped glass s
shown (n Table 1. Totloglvossols were used as  leach containers
and SA/Y ratio was 0. lcm

Deionized water and silicate yater were used as leachants.
At the desired leach durations, the Np concentrations {in the
leachates were measured by gamma counting with a high purity
germanium detector,

The amounts of Np released from the glass are plotted as a
functien of time as shown in Fig. 3 in terms of the normalized
elemental mass loss (NLy Although the release behaviors as a
function of time are approglably different between the do!sn!zcd
water and silicate water, the (NL)y, values of about Sg/m are
similar for the two leachates after 5) day leaching. The release
behavior of Np In this study are compared with those of other
elements (Flg. 4). A linear relation between log(NL) and log(time)
Is observed for Na, B and Cs within the studlied leaching
duration. As time proceeds, NL's for Np and Sr approach to
constant values.

According to our previous study, Na, B and Cs were found |in
the Jleachates but not found in the surface layer; they are
released from the bulk glass by decomposition of the glass and
diffuse through the surface layer without being trapped. Sr was
detected both In the surface layer and in the leachates. Probably
Np, representing a similar time dependent release behavier to
that for Sr, is also present in the surface layers

It is reasvnable to assume that Np concentrations in
leachates are controlled by the solubllities of Np solld phases
formed in the surface layer. This assumption leads to that the
solid phases formed in the surface layers must be primarily

Ru would be about



{dentified In order to predict Np concentrations in glass
leachates. Since noene of pregent analytical techniques I8
applicable to wel surfaces, the Np species In the surface layers
can not be jdentified directly. Then, an attempt was made to
speculate it based on the predicted speclies In the bulk glass and
that in leacnates.

tn bulk glasses either the tetravalent or the pentavalent
species possibly exists, Np species In aqueous solutions can be
estimated by pH and Eh of the solutions. However, such redox
parameters have nat been studied for solutiens contained In
surface layers. Instead, we use pH and Eh values of the
leachates. The measured pH and Eh of the leachates In the present
experiments are plotted in Fig. 5 These values change with time,
but they are similar for different leach durat'ons except 3 days
Referring available pH=Eh diagrams, the tetravalent and th»
pentavalent species are possibly present In comparable amounts In
the present leachates, and the trivalent and the hexavalunt
speclies Aare probably absent., Since the tetravalent and/or
pentavalont speclies are expected to exist In both the bulk
glasser and leachates, the valence of Np in the surface layer is
also likely to be tetravalent andZor pentavalent. -

Considering the above estimation on the valence and OH as a
predominant complexing anlon present In the leachates, we take
Nroanzo(am) and NpOs,OH(am) as Np solld phases in the surface
layer, and assume the following three types of solubllity
equilibrium; (1) NpoOH (am) =NpOo+, NpOZOH(aq) and Vp02C03~

(2) Np sz20<|m)-§pO *
(3 NP02XH20(OM)'NP( H)‘(.q)

Apparent steady state concentrations of Np from MCC=] leach
tests are plotted In Flg 6. Solubilities of NpOon(am) and
NpOg:HZO(nm) calculated from equilibrium constants at  25°C are
alse shown In the same flgure by dotted and hatched reglons,
respectively. These reglons include the predicted solubllities
for different lonic strengths of aqueous solutions. As seen in
this figure, Np concentrations In the leachates are apparently
limited by the solublilities of Nposzgo(‘m); the above mentioned
equilibria (2) and (9) are expected. Np concentrations obtained
from the leachates are distinguishably lower than the
solubilities of Npoon(am). [t Np In the surface layers had been
NpOQOH(an), the Np concentrations in the leachates should have
been higher, approaching to the NpOo,OH Cam) solubilities. These
facts imply that Np exists as the tetravalent solid phase
NpO tzo(am) rather than the pentavalent solid phase NpOZOH(am)
in ?ho surface layers of leached waste glasses.

(3) Leaching Behavior of Simuluted High Level Waste Glass in
Groundwater (5), [6)

The purpose of the work is to examine the leaching behavior
of simulated high level waste glass in actual groundwater in
Japan. In=situ burial tests were carried out by Iimmersing the
sample {in groundwater coming through schalstein type rock In
southwestern Japan. The results werc compared with the ones of
laboratory test obtained wusing synthesized groundwater and

delonized water,






because at §00°C the helium was completely depleted from the
glass specimen

The test results are shown in Fig. 8 Density of the
specimens decreased slightly with the increase of time and the
decrement of 1. 1% was observed at 10,000 years equivalent
Regarding leachabillity based on t.e t tal weight losses, some
fluctuating results were sbtained in t. e initial stages of the
test but subseque tly the curve is flat te the 10,000 years
equivalent. Microsceplic observation also did net show any change
in the microstructure Those results seem to suggest that alpha
radiation has no significant Influence on the performance of
glass forms to confine high level wastes,
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| '
Volatilization of "’‘Cs from simulated high-level
waste glass in a canister during several reheatings up
to a maximum of 1000°C was examined. The results
showed that the temperaticce dependence of the
cmount of *Cs suspended in the air inside the can-
ister could be divided into two categories. As the tem-
perature was increased above 500°C, the amount of
"MCs suspended in the air inside the canister also
increased. On the other hand, for temperatures
<300°C, the amount of "*Cs suspended in the air
inside the canister had an alruost constant value after
several reheatings wup (o a maximum of 1000°C., In this
case, ilie air contamination by cesium-bearing material
inside the canister is considered to be significant even
at wasle storage temperatures <500°C.
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Temiperature dependency of the 'Cs concentra-
tion that represents the amount of '**Cs suspended
in the air inside the canister (Aivg,) at a lixed time
of 1 day. The dala were collected during the [i st
cycle of rehieating up to 1000°C (e), the secoad
cycle up 10 900°C (m), the third cycle up to %0.*C
{x), the fourth cycle up to 700°C (o), and the qilth
cycle up 1o 400°C (a), which correspond to Fig. 2.
The error bars show the standard deviation of each
plot. Note: Thus far, we have not yet examined Lhe
cxacl cesiuin speciation. We speculate, however,
that cesiuin niny exist as a vapor phase [or temper-
aturss of more than 500°C and [ine parlicles con-
(aining cesivin play an important role in air
contnmination for temperatures of <500°C, There-
fore, it is not appropriate (o plot in partial pressures
of single chemical specie in the present paper.
lustead, we prefer (o plot in Ansg,, which does not
neet) the cesium speciation, :
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1. WASTEF
The Waste Safety Testing Facility WASTEF) constructed at

the Tokai Research Establishment, Japan Atomic Energy Researcr

-

Institute (JAERI has been operated since November 1982 tc
research safety evaluation of the long-term storage and disposal
of high-level radioactive wastes (HLW

The present research includes tests on characteristics
confinement ability and durability of materials applied tc

artificial barriers and natural barriers against the waste

L
release under storage and disposal conditions

The tests will continue tO the research with act al was
after accumulating the cdata obtained with radiocactive synthe
wastes.

The research has been ;ex'f:;."ci in accordance with the
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2. Layout of WASTEF

Five concrete shielded cells (3 beta-gamma cells (No.1-3) and
2 alpha-gamma cells (No.4&5)) and a lead shielded cell are main-
tained and operated in the first floor.

Liquid waste tanks, ventilation and exhaust system, emergency
power supply system and utilities services are installed in the
basement floor.

|
l Loading area ! Service area
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|
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4 Tests in WASTEF

Flow chart of tests in WASTEF

Cell No. Carrying=in Preparation Test
No. ] arrying+«in Canning 44={Storaqe test
of RI
NO.2 Cartying=in of vitrification]
actual HLLW S Gan
IV:!::!xed product |-
. 1
(5x10° Ci max.) (% 1 max.|)
I S
- ,...-___-..-‘4-- —
Ne. ) Catrying=1in —#(F?:;:T;?T;E}——————n—{B:sposal tesE}J
of RI |
(Cutting,bore-
holing, powdering,
etc. ) |
No. 4 [ Measurement of
characteristics
1= -
NO.S Carcrying=in of h;reparazxon of Alpha-radxatxonJ
alpha-nuclides product with stability test
alpha-nuclides
Lead r—kensuremcnt of
cell radioactivity
Observation by
microscope
.




Test item and its Purpese in WASTEF
Test item Pirpose Measurement items
Storage safety evaluation on +Temperature distribution
long-term storage of «Volatility &t high temperature
vitrified package «Cooling efficiency
Corrosion rate of packaging
bispoual safety evaluation on +Immobility of nuclides in

geological disposal

rocks
«Compatibility of glass and

engineered barriers

Characterization

Accumulation of basic
data on glass forms

Density

+Heat generation
«Thermal conducctivity
«Leachability
+Activity distribution

Alpha-radiation
stability

Long-term durability
evaluation of glass
forms

«Stored energy
«Number of helium
+Change of structure

-

Vitrification

Safety evaluation on
vitrification
facility

+Integrity of applied materials
.performance of off-gas system
«Material balance of process
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TECHNOLOGIES DISCUSSED AT THE NATIONAL RESEARCH INSTITUTE FOR
POLLUTION AND RESOURCES (NRIPR)

. Environmental Assessment Activities

. Water Pollution Control Activities

. Remote Sensing Techniques for Marine Pollution Analysis

. Study of CO2 Behavior in the Environment

. Treatment of Individual Types of Waste Containing Halogenated Organic Compounds
. Measurement of Pollutasts in Groundwater

. Bio Treatment of Hazardous Chemicals in Waste Water

BIBLIOGRAPHY OF LITERATURE RECEIVED FROM NRIPR

*Summary of National Research Institute for Pollution and Resources®, NRIPR, 44 pages.
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Nationa! Research Instityte for Polivtion ang Resources
(NRIPR) was estabished v 19562 as the Resources Research
instityle by the merger of two inglitutes the Fuel Research
Institute and Mining ang Salety Research institute The former
had carried oul stugies on the utilgation of fossii tuels ang ther
combystion technoiogy. and the istier. the explatation ang
ylilization of ynderground rescurces and mining sately

Resources Research (nstitute was rearganied into NRIPR
in 1970 so 8% lo mee! the s0CiIl demands at the time and
expanded its research feld to inciude ndustria: poliution contro

NRIPR was turther recrganized in 1988 10 accelerate 13
research activiies on fulure indusiry and the global erviron
ment The present NRIPR s composed of nine Research Depant
ments, Administration Department Research Planning Oflice
Technology Advice Office and two Coal Mine Salety Research
Centers in Mokkado and Kyushy
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. TECHNOLOGIES DISCUSSED AT JGC CORPORATION
. Radioactive Waste Management Technologies

1. Treatment of High Conductivity Liquid Waste

2. Treatment of Liquid Waste Containing Ammonia

3. Microwave Dryer for Spent Resins

4. New Vacuum Conveying System for Radioactive Liquid Waste

. Incinerator Technologies

. SIAS
. Gasification Furnace Incinerator
. Hazardous Waste Incinerator
Energy- Recovery of Liquid Injection
Radioisotope Carcass Incinerator
Radwaste Incinerator
7. Medical Waste Incinerator
High Temperature Waste Incinerator
9. CyForMelt
10. Induction Heating Melting System

- Tritium Separation/Concentration
Wet Oxidization
Reprocessing Facility Real-Time Gas Monitoring System
Mixed Waste and Reprocessing Management Technologies

1. Advanced Cement Solidification

2. Induction Heating Melting System

3. Incineration of Spent TBP Contaminated U and Pu
4. Liquid Waste Treatment

. Hazardous Waste Management Technologies

Recovery of Solvent from Off-Gas by Activated Carbon Fiber Filter
In-situ Stabilization of Cd and Pb Contaminated Soil

Hazardous Waste Incinerator

PCB and VCM Waste Incinerator

Energy Recovering Type Liquid Injection Incinerator

Gasification Furnace Type Incinerator

Treatment of Heavy Metal and Organisms Contained in Liquid Waste
. Regeneration of Spent Activated Carbon

. BIBLIOGRAPHY OF LITERATURE RECEIVED FROM JGC CORPORATION
* Advanced Waste Management Technologies®, JGC Corporation, 100 pag>s




ADVANCED WASTE MANAGEMENT

TECHNOLOGIES
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URANIUM - SELECTIVE CHELATE RESIN

Reasonable Cost - Good Perfo. mance

Six years of Operating Experience at Ningyo Touge
Uranium Processing Facility

Proposed for Use at Weldon Spring
(Competing technoiogy not yet demonstrated)

Proposed for Limited Use at Portsmouth Gaseous
Diffusion Plant

Under Consideration at Private Uranium - Contaminated
Sites

Could Substantially Reduce the Cost of Removing
Uranium from Waste Liquids




JGC'S ACHIEVEMENTS IN THE NUCLEAR FIELD IN U.S.A.

VIRGINIA POWER
(NORTH ANNA AND SURRY NFW
RADWASTE FAQUITIES)

PORTLAND GENERAL ELECTRIC

COMPANY

{EVALUATION FOR IMPROVEMENT

OF DECONTAMINATION FAQUTIES

AND SOUID RADIOACTIVE WASTE

VOLUME REDUCTION)
EPRI ARIZONA BLIC VICE
(SURVEYS ON INCINERATORS, company C SER
ROBOTICS AND LLW DAW SCREW COMP -
MANAGEMENT IN JAPAN) AND DAW SORTING Tantey e




ON - SITE STABILIZATION PROCESS (OSSP)

4

Utilizes a Promising Stabilization Compound

Proposed in Response to IMEL's PRDA

TCLP Test Results Indicate Good Results

Test on Uranium-Containing Soils Required

Structure of Stabilization Agent can be varied to improve

stabilization Characteristics of Particular Contaminates



JGC ADVANCED CEMENT SOLIDIFICATION

Waste to be Conventional
treated cement method JGC technology Remarks
Incinerator No pretreatment |Pretreated by the |A retarded cement
ash Ca(OH); and NaOH [hydrating reaction
problem are solved.
Spent resin [No pretreatment |Pretreated by the |[Swelling
cement and water |[phenomenon of
the immersion test
are protected.
Boric acid No pretreatment |Hydrate calcium Volume reduction
waste metaborate are and stable products

generated by
pretreatment

are provided




Leach Test Results - Treated by fixing agent and bentonite -

A

Fixing agent (1 ) and bentonite | Fixing agent(il) and bentonite
Method EP - Toxicity TCLP

Sample | Criteria Sample | Cnitena

(mg/l) | (mg/l) (mg/i) | (mg/l)
Cd 0.63 1.0 O 0.04 0.066 O
Cr <0.01 5.0 O 0.11 |(0.084~52| O
Hg 0.20 0.2 O =5 0.025 | —"
Pb <0.01 5.0 O 033 |0.18~051| O

1) Analysis Is now in progress



Leach Test Results

A

- Treated by fixing agent (1) and Cement -

Method EP - Toxicty TCl?
Sample | Criteria Sample | Criteria
(mg /1) (mg/1) (mg /1) (mg /1)
Cd 4.86 1.0 X 0.10 0.066 X
Cr 0.68 5.0 O 0.11 0.084~5.2| O
Hg 0.20 0.2 O - 0.025 -~
Pb 0.71 5.0 O 036 |0.18~051| O J

1) Analysis is now in progress




JGC INCINERATION TECHNOLOGIES

800 - 900 °C

® SiAS (Formerly Labopherix)
-~ Submerged - flue Incineration and Stabilization
- Treats organic and inorganic liquid wastes simultaneously

— Laboratory use (6 operating units)

’

e Gasification Furnace Incinerator
- Pyrolizer
- Municipul industrial wastes (Used tires, refusefuel pellets)
- Industrial facility (Many operating units)

® Hazardous Waste Incinerator
- Rotary kiin type
- Industrial wastes or sludges
—~ Waste management facility (8 operating units)

e Energy - Recovering Liquid Injection Incinerator
- Liquid injection type
-~ High concentration COD liquid waste
- Industrial facility (1 operating unitj



AUTOMATED WASTE CONTAINER MANAGEMENT SYSTEM

Current system can include up to 11 types of fully
automated inspection operations non - destructively

Complete computerized record of Inspection
Modularity aliows flexible design options

Compressive strength & voidage inspection units
currently on location at customer sites

TRU radioassay technology available, but not yet
incorporated. Subject of JGC proposal in response to
INEL's PRDA

Free liquid detection technology similary not yet
incorporated. Also part of response to INEL's PRDA

Would likely reduce DOE cost & manpower requirements
for dispositioning “Grouted” drums at Oak Ridge



JGC INCINERATION TECHNOLOGIES (Con't)

Greater than 1400 °C

® High Temperature incinerator
— Thin - film melting furnace
- Combustible & Incombustible Wastes
-~ Nuclear Power Facilities (2 operating units)

¢ CyFurMelt
- Cyclone furnace sludge incinerator/ melter
— Municipal Sewage Sludge
- Municipal Sewage Facility (2 operating units)

® nduction Heating Melting System
- Uses Electric induction to melt ash
- Treats (vitrifies) ash
- Nuclear Facility Use (Under development)



JGC INCINERATION TECHNOLOGIES { CONT.)

Ed

Radioisotope (Rl) Carcass Incinerator

- Cyclone Type

~ Carcasses, Spent Solvents

- Medical Industry ( 70 operating units, Most are not for Rl Waste )

Radwaste Incanerator

—~ Hearth Furnace, Wanson, SGN Type

-~ Combustible Radwaste ( a, }, y contamination )
- Nuclear Facility ( 3 operating units)

Medica! Waste Incinerator

- Hearth Furnace

- Medical, Infections Waste

- Hospital (1 operating unit)



OTHER TECHNOLOGIES

£

® Tritium Separation/Concentration
- Counter flow catalytic column
~ Laser - stripping

e Wet Oxidation
—~ Well - Tested
- May soon be available at SEG’s facility in Oak Ridge
~ Treats resirs, filteraids, and chelate agents
- Low temperature & pressure system

—

® Reprocessing Facility Real - Time Gas Monitoring System o
~ Will detect '%C, 1, & ?H in stack gases (¥



HIGH TEMPERATURE INCINERATOR

Efficient r

—~ High Temperature Combustion Assures Compiete Destruction

- Accepts a Wide Range of Combustible and incombustibie
Radioactive Waste

- Accepts Wastes Containing Up to 20% Water

Safe
- Low Flue Gas Content/Simple Filtration System
~ Very Stable Vitrified Product

Cost - Effective

—~ Simple Operation

~ Stable, Easily Solidifiable Product
- Compact Facility

Experience

- Demonstration Plant

— Operating Plant

- Second Operating Plant now under Construction
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JGC

L] JGC'S BACKGROUND

O Established : October 25, 1928

O Employees : 2,800
(Including)
18 in the US.A
120 in other foreign countries

O Contracts completed :$1,” 80 Million (fiscal year 1989)

O Contracts awarded : $3,800 Million (fiscal year 1989)

Memo




.'00 JGC'S ACTIVITIES AND FIELDS (1)

Fields of Activity

'Nuclear piant services
'Radioactive waste management
'Spent fuel reprocessing plant

) Electric power generation plants
) Environmental conservation facilities
JRobotics

) Petroleum refineries

) Natural gas processing plants

) Natural gas liquefaction plants

) Town gas manufacturing piants
) Petrochemical plants

) Gas chemical plants

OCoal chemical plants
Olnorganicchemical plants
Opipelines

OAirport facilities

OPort and offshore facilities
CDesalination plants

CMunicipal sewage treatment facilities
QSyntheticrubber resin fiber plants
Qfood prucessing plants
QPharmaceutical plants

OMedical facilities

OOil terminals

O Development and apglicat'on of
new technoiogies

Memo ;



JGC JGC'S ACTIVITIES AND FIELDS (2)

‘ Services Offered

O Feasibility studies O Construction

O Project management O Test and start up

O Planning O Training

O Basicd@es.n O Maintenance and post -

installation services

O Detailed design O Financing arrangements

O Procurement O Process license arrangements

O QA/QC

Q Transpcrtation O Research and development
L

Memc;- ....... i s



WORLDWIDE OFFICE NETWORK

(Excluding the US.A ]}

[Lmom«: OFFICE \
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