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THE O-ARAI FR CYCLE SYMPOSIUM 2004

—The direction of the world in FR cycle dévelopment
and the role of “Joyo” and “Monju” reactors —

(Meeting Document)

Mamoru KOI* and Hiroyasu MOCHIZUKI*
Abstract

The O-arai Fast Reactor (FR) cycle s'ymposium 2004 was held on the theme of the
direction of the world in FR cycle development and the role of “Joyo” and “Monju” reactors in the
O-arai Engineering Center (OEC) on 27 February 2004. Approximately 400 people including

- municipal people, specialists of FR cycle technology development in Japan and other countries,
students, etc attended the symposium.

In the morning session, after having greetings from Mr. Takaaki KOTANI, the mayor of
O-arai town, and Mr. Chokei SAKAT, the village chief of Asahi village, Prof. Shunsuke KONDO,
Chairman of the Atomic Energy Commission of Japan addressed a special presentation entitled
“Imi:ortance of FBR Technology Development in Nuclear Energy Policy of Japan”. Then, Mr.
Takashi NAGATA, director of OEC/JNC, conducted a key-note address entitled "The direction of
FBR cycle technology development and its perspective ".

In the afternoon session, the technical issues about the roles and programs of the FR
cycle technology were presented by specialists from the U.S.A.; Russia, France, China, Korea, and
Japan. Then, Prof. Hisashi NINOKATA was invited as the chair person in order to conduct the
panel discussion on the theme of technical issues which should be solved by international
cooperation and the rule of “Joyo” and “Monju” reactors.

Furthermore, approximately 100 people including municipal people participated in a
special session. The female staffs of a public-relations team called “SUGARS” in OEC introduced
intelligibly the structures and the features of FR, and an active opinion exchange between ladies

of municipals and the specialists of public relations was performed.

* Research and Development Coordination Section, O-arai Engineering Center
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THE O-ARAI FR CYCLE SYMPOSIUM 2004

-The direction of the world in FR cycle development and the role of “Joyo” and “Monju” reactors-

Date:
Place:

Sponsor:

Program

10:00 - 18:15, 27 February 2004

FBR Cycle international Research and Development Center
O-arai Engineering Center (OEC)

Japan Nuclear Cycle Development Institute (JNC)

4002 Narita, O-arai, Ibaraki 311-1393, JAPAN

Japan Nuclear Cycle Development Institute {(JNC)

Supported by: :

Fee:

Tokyo Institute of Technology (TIT), Ibaraki University, Atomic Energy Society of Japan
(AESJ), The Japan Society of Mechanical Engineers (JSME), The Federation of Electric
Power Companies (FEPC), Japan Atomic Industrial Forum, Inc. (JAIF), The Japan
Electrical Manufacturers’ Association, Oarai Town, Asahi Village, WIN-Japan, Japan
Atomic Energy Research Institute (JAERI)

Free

* Symposium will be carried out with simultaneous translation between English and Japanese.

Chair person: Ms. Junko OGAWA, President, WiN-Japan

10:00
10:05

10:16

11:00

11:30

13:15

Opening Speech by Mr. Yuichi TONOZUKA, President of JNC
Addresses

Special Presentation
Importance of FBR Technology Development in Nuclear Energy Policy of
Japan :

Dr. Shunsuke KONDO, Chaiman, Atomic Energy Commission of Japan

Keynote Address
The direction of FBR cycle technology development and its perspective
Mr. Takashi NAGATA, JNC, JAPAN

Lunch break

Technical Session

1) AFCI and Generation IV in the United States
Dr. Ralph G. BENNETT, INEEL, USA

2) FAST REACTOR TECHNOLOGY: CURRENT STATUS AND PROSPECTS
Dr. Vladimir POPLAVSKIY, IPPE, RUSSIA

3) Gas cooled Fast Reactors technologies and related cycle in France
Dr. Jean-Louis CARBONNIER, CEA, FRANCE

4) Sodium Cooled Fast Reactor Fuel Cycle Technology in China
Dr. Daogang LU, CIAE, CHINA

5) Sodium Cooled Fast Reactor Fuel Cycle Technologies in Korea
Dr. Yoon Sub SIM, KAERI, KOREA
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6) FBR Cycle System Development in Japan
Dr. Yoshio KANI, JNC, JAPAN

16:25 Coffee break

16:40 Panel Discussion
~Technical issues which should be solved by lnternat:onal cooperation and
the rule of “Joyo” and “Monju” reactors -
Chair person:
Dr. Hisashi NINOKATA, TiT, JAPAN
Panelists;
Dr. Raiph G. BENNETT, INEEL, USA
Dr. Viadimir POPLAVSKIY, IPPE, RUSSIA
Dr. Jean-Louis CARBONNIER, CEA, FRANCE
Prof. Mi XU, CIAE, CHINA
Dr. Yoon Sub SIM, KAERI, KOREA
Dr. Takamichi IWAMURA, JAERI, JAPAN
Dr. Yoshio KANI, JNC, JAPAN

18:10 Closing Remarks by Mr. Yoichiro KISHIMOTO, Vice-President of JNC
18:15 Closing of the Symposium
18:30 ~ 20:00 Reception
Facility Tour
Fast Experimental Reactor “Joyo” :

You can see the “Joyo” reactor where the renovation to increase
thermal power by 40% has been finished.

Alpha-Gamma Facility :
You can see hot cells where MOX pellets containing Am have been
successfully fabricated by remote control.

Schedule

Time: 15:30 — 17:00
Date: 26 February 2004
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[KEYNOTE ADDRESS]
The direction of FBR cycle technology development and its perspective

, Takashi NAGATA
O-arai Engineering Center, Japan Nuclear Cycle Development Institute (J NC)

1. FBR Cycle and its importance

In both stand points of stable energy supply and maintaining environment, the
development of nuclear power energy is important to our country who imports
approximately 80% energy resources. Hence, the commercialization of the nuclear
fuel cycle which reprocesses spent fuels in order to separate and recover uranium
and plutonium,

There are two nuclear fuel cycles, light water reactor (LWR) and fast breeder
reactor (FBR) cycles, which use light-water reactors and fast-breeder reactors,
respectively. The LWR cycle is in a practical stage, and Japan Nuclear Fuel Limited
is constructing.a commercial reprocessing plant and a MOX fabrication plant at
Rokkasho in Aomori prefecture. On the other hand, the FBR cycle is in a
development stage. However, it can increase the efficiency of uranium utilization up
to several ten times of LWR cycle, and can supply energy for more than thousand
years using the discovered uranium resource. Furthermore, it has a capability to
recycle TRUs and LLFPs positively and to decrease the radio-toxicity of radioactive
wastes to the level of natural uranium within several hundred years.

2. Status of FBR Cycle Development in Japan

The “Joyo” as a first fast reactor is in operation successfully for 1/4" centuries

since the first criticality in April 1977. It has been used for the plural objectives such

~ as the confirmation of breeding characteristics, the mastering the FBR operation, the
inspection technology and the fuel fabrication technology. Furthermore, it has
contributed to develop fuels and materials for “Monju” and future commercial reactors,
and also for use of outside organizations such as universities. The MKHIl program
that is the renovation of “Joyo” in order to increase the irradiation capability up to 4
times was finished on 27th November 2003, and the irradiation test is re-started in
2004 in order to develop advanced fuels and materials.

The “Monju” reactor achieved the first criticality in 1994. However, it stops by the
sodium leak accident from a secondary loop occurred in December 1995. All staffs
in JNC are making efforts to restart it as soon as possible by investigating thoroughly
the cause of the leak, discussion of countermeasures to prevent the accident, and
checking up the safety of the whole plant just after the accident and by doing
necessary works for obtaining the application to change the design and work plan.

In terms of fuel fabrication technologies, the development of the MOX fuel was
developed through the experiences of “Fugen”, “Joyo” and “Monju”. The
development is successfully conducted and approximately 1500 fuel assemblies
fabricated in the Tokai Works were loaded and used in these reactors without any
single failure. . ‘

The technology of reprocessing for FBR spent fuels is developed on the basis of
the experience of reprocessing for light water reactors at the Tokai Works.
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3. Trend of Nuclear Power in the World and FBR Development

In order to establish the technology for commercialization by around 2015, JNC
and utilities in Japan have started a feasibility study (FS) from July 1999 with the
cooperation- between CRIEPI, JAERI, universities, makers, etc. In phase-1 of FS,
promising conceptual candidates were extracted in March 2001. The next five year

-plan called phasedl was started from April 2001, and an intermediate report of
phase-ll is under compiling now.

From now on, the R&D program which conforms to reality is planed as a program
with accountability, taking into account of comments about the above compilation. In
the future plan, it is important to re-start “Monju” reactor as soon as possible and use
the reactor as a commercial scale fast reactor core via the demonstration of
technologies for a FBR electricity generation plant and the establishment of sodium
technology.

In fast reactor development, Russia, China and India show their enthusiasms of
development. In developed western countries nowadays, the development of
nuclear energy has stagnated in a certain period; however, the GenerationdV
International Forum (GIF) attaches great importance on the utilization of nuclear
energy and the establishment of nuclear fuel cycle.

JNC is going to seek the development of the FBR cycle technology app!ymg
international cooperation and taking into account of the current tendency

4. Conclusion

It goes without saying that the business relating nuclear development and
utilization cannot be conducted without understanding and supporting of the society
particularly the region of construction site. As a member of the local society, we
would like to develop the commercialized FBR cycle technology according to the
philosophy of the charter of O-arai town such as “raising nuclear power” loving clean
water and plants.
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_ [Technical session]'
AFCI and Generation IV in the United States

: Dr. Ralph G. BENNETT
Idaho National Engineering and Environmental Laboratory (INEEL)

This presentation will consider the current status of the two leading programs of the
U.S. Depariment of Energy to develop next generation nuclear energy systems,
including advanced fuel cycles, for the U.S. The Generation IV program is aimed at
developing and demonstrating advanced nuclear energy systems that meet future
needs for safe, sustainable, environmentally responsible, economical,
proliferationresistant, and physically secure energy. The Advanced Fuel Cycle
Initiative (AFCI) is aimed at developing and demonstrating technologies that enable
the transition to a stable, longterm, environmentally, economically, and politically
acceptable advanced fuel cycle. The presentation will also focus on the status of
international collaborations of the programs.
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[Technical session]

FAST REACTOR TECHNOLOGY:
CURRENT STATUS AND PROSPECTS

V. POPLAVSKIY,
State Scientific Center of the Russian Federation
Institute for Physics and Power Engineering

The temper of NPP with fast reactors that was formed by the end of 1950-es, implied
the use of sodium cooled fast reactor (SFR) with three-circuit heat removal system
and steam turbine cycle.

By now, SFR technology has been mastered (to various extent) by 10 countries.
During this period, 30 designs of experimental, demonstration and commercial
reactors have been developed. Out of these, 18 reactors have been constructed.
Total time of fast reactor operation all over the world is 300 reactor-years.

The basic property of fast reactors, namely: their capability of fuel breeding was
confirmed experimentally. Studies performed on Phenix, BN-350 and other reactors
confirmed design value of breeding ratio.

High lifetime of the main components of fast reactors demonstrated by the Russian
fast reactors (up to 300 th. hours — operating experience of BR-10, BOR-60, BN-350
and BN-600 reactors), load factor (average value of the BN-600 reactor for 22 years
of operation is 74%), low radiation dose rates (collective dose rate of the BN-600
personnel is within 0.3 man.Sv), positive experience gained in accident control and
high degree assimilation of repair technologies ~ all these factors provide the basis for
the statement that SFR technology has been practically mastered with respect to
operating reliability and safety criteria. On the other hand, specific capital cost of fast
reactors is higher as compare to that of LWR. ,
Therefore, the most important task related to this nuclear technology today is fo
assure its competitiveness. |

On the current stage of SFR technology development, construction of 4" power unit of
Beloyarskaya NPP with the BN-800 reactor is of high importance. ,
BN-800 reactor design inherits all basic approaches used in the BN-600 reactor and,
hence, the whole experience gained for many years of the BN-600 reactor operation.
On the other hand, some innovative approaches have been used in the BN-800
reactor design in order to improve SFR safety and increase their competitiveness.

As regards near-term prospects, analysis of experience of design and operation of
fast reactors in Russia and other countries (BR-10, BOPR-60, BN-350, BN-600,
Phenix and Superphenix) and design of BN-800, BN-1600 and PFR reactors has
shown that SFR technology provides significant reserves for further improvement of
technical, economical and safety parameters.

The main areas of technology improvement are as follows:

- improvement of NPP thermodynamic characteristics (using higher sodium
temperature and supercritical steam pressure);

- increase of the fuel burn-up value (by the use of materials with higher radiation
resistance);

- effective use of inherent safety characteristics in combination with engineered
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safety systems based on passive operation principle;
- increase of integration of circuits and components (reactor and steam generators);
- simplification of reactor refueling components and auxiliary systems;
- extension of power unit lifetime,

Taking into account the above propositions, design proposal has been prepared by
the Minatom of Russia on the advanced large-size sodium cooled fast reactor
BN-1800. Preliminary estimates have. confirmed high efficiency of proposed design
approaches aimed at the improvement of technical and economical characterlst:cs of
this nuclear technology.

Table 1. Comparison of specific characteristics of sodium cooled fast reactors

Parameters BN-600 BN-800 BN-1800
in operation under conceptual
(BNPP) construction design
(BNPP) studies
Power, MW .
- thermal 1470 2100 4000
- electric 600 880 ~ 1780
Technical and economical
characteristics (with respect io
those of the BN-600 reactor)
~ specific metal consumption ‘
(t/MWe) of reactor plant 1 0.7 0.33
- specific capital cost
(rouble’@1/kWe) of NPP :
{one power unit) 1 0.9 0.48

In Russia, construction of the BN-800 reactor is under way on the site of Beloyarskaya
NPP. Two types of fuel (pellets and vipac fuel) are considered as applied to this
reactor. The concept of fuel cycle of the BN-800 reactor implies development of
approaches to its closure.

In this view, it would be rather useful to prepare the common program of development
of elements of closed fuel cycle using BOR-60, Joyo, BN-600, BN—BOO and Monju
reactors.

Recently, comprehensive R&D work programs have been performed aimed at the
introduction of heavy metal coolants (Pb and Pb-Bi eutectic) to fast reactor technology,
SVBR-75/100 and BREST-OD-300 designs being the examples.

The use of coolant, which is chemically inert with respect to water and air oxygen,
facilitates simplification of safety systems. However, reactor technology becomes
much more complicated, so the effectiveness of such :nnovatlons is still to be proved
using experimental plants.
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[Technical session]
" Gas cooled Fast Reactors technologies and related cycle in France

Jean-Louis CARBONNIER
French Atomic Energy Commission (CEA)
Nuclear Energy Division

R&D on future nuclear energy systems in France applies to innovative reactor, fuel
and the fuel cycle technologies following two major strategic axes:
- Innovations for pressurized water reactors, PWRs :
~-economy and safety
-recycling of Pu and possibly the M.A.
~-improvements in cycle: partitioning of M.A.
— 4th generation nuclear energy systems
- sustainability ,
-improved economy and safety
- non proliferation features
-other applications than electricity : hydrogen, desalination ...

a consistent set of gas cooled systems

Given the significance of fast neutrons systems, closed fuel cycles and high
temperature, the CEA developed a specific interest in a consistent set of gas cooled
systems: _ '

- a modular reactor with high temperature (850 °C) for the international market
around 2020,

- an up-graded version o very high temperature (>950 °C) for the massive
production of hydrogen, and

- a system with fast neutrons with full recycling as a vision of sustainable
nuclear technology

Gas cooled Fast Reactor (GFR) designs goals

Safety :
- No off-site FPs release.

- —refractory fuels with a very high capacity of fission products confinement
-Core Melt Exclusion Strategy

Sustainability

.= Full use of uranium and waste minimization: integral recycling of all actinides and
self-generating cores with a breeding gain close to zero
~Core power density between 50 and 100 MW/m®

Non-proliferation goals and criteria
- Avoid separated materials
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Experimental and Technology Demonstration Reactor (ETDR)

An experimental reactor with a thermal power around 50 MW appears to be
necessary to demonstrate the feasibility of a high temperature Gas cooled Fast
neutron Reactor. lts contribution will be determinant to develop and qualify sub
assembly conception, to validate a first safety analysis, to demonstrate core operation
and control, and to develop and qualify associated instrumentation.

Next major stakes within the Generation IV Forum include:
- to confirm the viability and the performances of the GFR system and to
pre-select reference system options in 2005 (DHR system, fuel form, cycle...)
-to make the international collaboration on GFR fuel and fuel cycle a success
-to reinforce the EDTR as internationa! demonstrator of GFR technologies

Transition from LWRSs to Generation [V systems fuel cycle _

Third and forth generation reactors have to coexist during 21st Century: items such as
Pu recycling, Minor Actinides storage and recycling have to be considered in a
symbiotic approach. Recycling of Minor Actinides from the LWRs in the generation
IV fast reactors has to be demonstrated at an industrial scale. JOYO and MONJU
are able to bring determinant contribution to these demonstrations.

A set of experimental reactors are needed to perform such wide R&D
~ MTRs to perform materials and fuel screening tests: Jules Horowitz Reactor will
start in 2013 :
- Fast flux experimental reactors: Sodium cooled reactors allows higher flux intensity
~reactors devoted to a reactor type demonstration: '
-HTR 10 and HTTR devoted to thermal helium cooled reactors systems
- NGNP, taking profit of previous HTR works and devoted to hydrogen
production demonstration
- ETDR mainly devoted to GFR demonstrations.

GFR 600 MWth design GFR 2000 MWth design
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[Technical session]
Sodium Cooled Fast Reactor Fuel Cycle Technology in China

Daogang LU, Mi XU and Hongyi YANG
China Fast Reactor Research Center
China Institute of Atomic Energy (CIAE)

1 Introduction

Presently in the mainland of China there are 8 units of reactors with the total capacity
of 6.1 GWe in operation. The successful operation of these nuclear power plants
has being encouraged the Government and society continuously to develop more.
Even though so far there is no national program on nuclear energy development
issued by the government of China, it is clear that the R&D of nuclear energy in China
is following a 3-step strategy of PWR-FBR-Fusion reactor and the nuclear fuel cycle
principle. It is also clear that a 3-step program of FBR development in China has
become the common sense. As the first step China Experimental Fast Reactor
(CEFR), 65MW1 is under construction. The first criticality of the CEFR is planned in
the end of 2005. Of course FBR is the most important key element in the closed cycle
of nuclear fuel. Around FBR some of the other developments are also being
preliminarily carried on, such as the development of MOX fuel, the reprocessing
research of spent fuel, the transmutation research of MA using FR and ADS, the
geologic disposal research of high level radioactive waste and so on.

2 Present status and progress

2.1 Development of fast reactor

For the continuously development of nuclear energy and the effective utilization of the
uranium resource, the development of fast breed reactor was listed in the national
Hi-Tech “863 program” started in 1986 as the largest engineering project. After the
collection and preparation of necessary computer codes and the decision of main
technical selections, the conceptual design of CEFR was started in 1990 and
completed in 1993. The preliminary design was started in the early of 1995 and
finished in August 1997 with the cooperation from Russia FBR association (IPPE
OKBM and Atomenergoproekt). The detail design by Chinese-self was started since
the early 1998, and now still continued.

The constructlon of reactor main building (57 meters above the ground) with about
40,000m? floor surface was completed in August, 2002. Presently 90% of the
concrete constructions have been completed. The steel liner and the ventilation
pipes are being installed. About 95% detail design and 90% safety-related design
demonstration tests have been carried out. More than 100 contracts for components
and equipments have been signed, including main ones of primary, secondary and
tertiary circuits and fuel handling system. The large part of components including
rotating plugs, reactor main vessel, internal structure and diagrid plenum are made by
domestic factories. Some are imported from foreign companies. The test program
after installation of components and systems, physical start-up program and final
safety analysis report are all under preparation. Presently 25 operators including 4
senior operators are accepting training. It is expected to begin fuel loading in
September 2005 and the first criticality before the end of 2005.
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2.2 Development of MOX fuel

An experimental facility of MOX fuel has been planned for productlon of CEFR fuel
assemblies. The plutonium will be from the pilot reprocessing factory built for NPP
spent fuels in China. The production capacity of the facility is 500 kg per year. The
facility will start operation in the end of 2005,  In 2007 MOX fuel pins for radiation test
will be produced. MOX fuel subassemblies for irradiation test will be produced in
2010.

2.3 Reprocessing of spent fuel

In China, the strategy on the closed fuel cycle is adopted, the R&D programs on the
civitian spent fuel reprocessing have been impiemented. A central wet storage
facility with the capacity of 550 tHM for intermediate storage of the spent fuel has
completed recently. The pilot plant is under construction and its hot commissioning
will be initiated by the end of 2003. Considering the needs of further development of
nuciear power, a large-size commercial reprocessing plant wil1 be put into operation
possibly around 2020.

2.4 Transmutation of MA and LLFP using FR and ADS

Only some theoretical researches have been performed in the transmutation of MA
and LLFP using FR. While a five years program on Accelerator Driven Sub-critical
System (ADS), which could transmute the MA more efficiently, has been launched
under support of national key basic research development program. The design
study has been carried out and a conceptual design has been completed with a target
of 30mA proton current and 1GeV energy.

2.5 Repository of high level radicactive waste

Beishan area in Gansu province China is the pre-selected area for the high level
radioactive waste repository, where the crust is very stable. Presently 8 granite
blocks have been investigated. In one of them Jiujing block two bore holes have
been drilled with a depth of 703.8 meters and 500 meters separately. [t is expected
that a site-specific underground research laboratory will be planed in 2005.

3 International cooperation

The preliminary design of CEFR was completed by China-Russia joint design. In the
stages of detailed design, construction and even the operation of CEFR, China are
keeping close relations with Russia. As for the theoretical computation in physics,
thermal-hydraulics and structural analysis, we have got much cooperation from
France. We also keep information exchange with Japan. We wish to entarge the
technical exchange and cooperation with Japan and to utilize sufficiently the
experience of “JOYQO” and “MONJU”, especially for the safety of FR.

4 Future program

As the second step of FBR program in China, a 300MWe-600MWe Prototype Fast
Breeder Reactor (PFBR) has being considered. A relative proposal has been
considered to submit to the government. '
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[ Technical session]
Sodium Cooled Fast Reactor Fuel Cycle Technologies in Korea

Yoon Sub SIM, Do Hee HAHN
KAERI

A liquid metal reactor (LMR) has the potential of enhanced safety by utilizing inherent
safety characteristics, transuranics (TRU) reduction and resolving the spent fuel
storage problems through proliferation—resistant actinide recycling. From this, LMR
will be the most promising nuclear power option and the LMR development program
was approved as a national long-term R&D program in 1992 by the Korea Atomic
Energy Commission (KAEC)[1], which decided to develop and construct a liquid metal
reactor with the goal of developing an LMR that can serve as a long term power
supplier with competitive economics and enhanced safety. Based upon the KAEC
decision, the Korea Atomic Energy Research Institute (KAERI) has-been developing
KALIMER (Korea Advanced Llquid MEtal Reactor). According to the revised
National Nuclear Energy Promotion Plan of 1997 approved by KAECI2], the basic

" design of KALIMER-600 was to be completed by 2006 and the possibility of
construction was to be considered sometime during the mid 2010s.

Based on the KAEC decision and the plan, development of the conceptual design for
the liquid metal fast reactor KALIMER-150 was completed and now the design
concept of the uprated reactor of KALIMER-600 is being developed. Also
evolutionary technologies for alternative liquid metal fast reactor types are being
developed on a long term basis.

Development of KALIMER-600

KALIMER-600 is a fast neutron spectrum reactor and cooled by sodium. It has a net
plant capacity of 600MWe and consists of primary and intermediate heat transport
systems, steam generation system, turbine/generator and related systems,
instrument and control system, NSSS auxiliary systems, and other BOP systems.

The core is loaded with metallic alloy fuel. Enhancing proliferation resistance is one
of the important design goals in the KALIMER-600 concept development and the core
is designed to have conversion ratio slightly larger than unity without blanket
assemblies so that high grade plutonium is not produced while eliminating the need of
the external feeds of fissile materials. PHTS (Primary Heat Transport System) is a
pool type and constructed in a big sodium pool. This design feature eliminates the
possibility of coolant loss by pipe break and also provides a large thermal damping of
the system which yields a slower transient, longer grace time at an accident, and
eventually increases plant safety. The IHTS consists of two identical loops and this
feature contributes to the flexibility of plant operation and increases the reliability of
the decay heat removai by the normal procedures.

The safety systems of KALIMER-600 are based on the passive concept and the

decay heat is removed at an accident by the complete passive system PDRC(Passive
Decay heat Removal Circuit System) which is an unique design feature of KALIMER.
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The developed conceptual design of KALIMER-600 can be used as a reference
design for further LMR system design technology development and also as one of the
possible options for future LMR construction.

Development of Evolutionary Technologies for Alternative Designs

To enhance the economics and the proliferation resistance of an LMR, a study on the
ultra-ong-ife core (ULLC) is being made. ULLC is characterized by the long burning
period and the refueling without reprocessing of the burned fuel. It can operate from
about 10 years up to more than 30 years without refueling. The refueling fuel is
prepared from the burned fuel simply by mixing all the nuclear materials from the
burned fuel together without separating Pu and then recladding the mixed nuclear
material.

Development work is also being carried out on the evolutionary design of a steam
generator which integrates the IHTS(Intermediate Heat Transport System) of the
current LMR designs into the steam generator. The SG structure is-made so that the
possibility of SWR occurrence is practically eliminated. By this approach, the
expensive, whole IHTS and mitigation system for SWR and also the concern on SWR
occurrence can be completely eliminated. Through these effects, the construction
cost can be substantially decreased and the plant safety can be enhanced.

Restart of Monju and FR Cycle Technology Development ,

More operational data and experience can be accumulated by restart of Monju in
industrial application of the fast reacior technology which is essential in coping with
the energy supply in the near future. The accumulation of operation experience will
be very beneficial not only fo Japan and but also to the world.
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[Technical session]
FBR Cycle System Development in Japan

Yoshio KANI
O-arai Engineering Center, Japan Nuclear Cycle Development Institute (JNC)

1. Introduction

in the nuclear development for brightening next generations’ society, it would be
our prime mission to establish a clear perspective on the sustainable energy supply,
avoiding resource exhaustion and preserving global environment. The FBR cycle
technology is one of the most effective measures to give a concrete solution, which
substantiates fully the fission energy potential achieving the resource-saving and
waste-minimum system. With these functions it may also extend utilizations such as
for hydrogen production and desalination in addition to electricity generation.

In Japan, under its own national development program, the experimental fast
reactor “Joyo” has been designed, constructed and operated, and the power plant
technology developed for prototype fast breeder reactor “Monju” has attained its 40%
power operation. Meanwhile, the design study and associated R&D for the
demonstration reactor has also been performed mainly by Japanese utilities. In

. conjunction with these activities, JNC and utilities have organized and conducted,
since 1999, a joint R&D project, “The Feasibility Study on Commercialization of FBR
Cycle System (FS)”, under allxJapan scheme collaborating with CRIEP], JAERI,
venders eic. In this project, promising system concepts as the sustainable energy
suppliers with evolutionally adaptive performances for future demands are pursued in
the light of the most up-to-date technologies, and a development plan (road map) in
visible time range for target system and associated key technologies are to be
proposed by early 2006.

. 2. Target System and Approach

In the FBR cycle development, major requirements are set as a framework for
profiling system concepts, that is, (i} workability as major energy-supplying system, (ii)
priority to efficiency in resource saving and waste minimization, (i} smooth system
introeduction in cohabitation phase with the present energy infrastructures and (iv)
capability of flexible deployment to drive future markets. Accordingly as indices to
measure the conformity with the future needs, five technical goals are specified for the
target system, featuring safety, economy, resource, environment and nonproliferation
aspects.

In pursuing firm technical perspectives to achieve these goals, FS Phase-
(1999-2000) involved the exiraction of candidate system concepts for
commercialization surveying and characterizing wide options with innovative
technologies. Then in Phasedl (2001-2005), representative concepts with
emphases on the system consistency between reactor and fuel cycle are being
constructed in parallel with development of key element technologies, and promising
concept(s) will be nominated as commercial target system with development plans,
where we aim, as major milestone, at establishing the FBR cycle technology
framework around 2015.

Through the study we reached a guiding principle that, as a basic system in the
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target domain the full-TRU-burning function in multiple-recycling scheme should
provide an effective solution for the future requirements, realizing the conversion of
heavy-metal waste into fuel and thereby promoting the clean discharge out of the
system. This scheme employs the low-decontamination cycle including MA and the
homogeneous core loading, both of which enjoy the merit of hard spectrum core for
easy burning and enhance the proliferation resistance.

3. Present Status and Perspectives on Key Technology Development

The present study allocates main design and R&D efforts to reinforcement of
key technologies essential to judge the feasibility and achievement level of the target
system.

In the field of the reactor system, how the compact plant shape is attainable with
high safety performance and how the fuel cycle flow is optimized in reactor core
concepts are the highlighted concerns in the sense of the economic, resource and
environmental requirements. On this subject, the present status leads to a rather
clear picture that the sodium-cooled reactor gives the most promising performances in
fulfilling widely the requirements, mainly because of the inherent nature of cooling
capability under low pressure for high power density cores, applicability of advanced
materials and coreffuel design flexibility to be compatible with fuel cycle. Also
clarified is that as for the Pb-Bi- and gas-cooled reactor concepts, fundamental
knowledge on fuel and material technologies as well as safety performances should
further be accumulated so as to draw their potential gains, whereas the water—cooled
system exhibits limitations in core performances as fast reactors in contrast to wide
applicability of the plant design experiences in LWRs. A concrete image of the
compact reactor is now materialized as an advanced large-scale sodium-cooled
2-oop design concept applying high-flow and short-piping configuration, and it can
achieve a significant reduction in plant scale. This implies such the advanced
technology would contribute directly to sizable reduction in the plant construction cost.
The next step research will also address the focus to ISI&R (in-service-nspection and
repair) and steam generator technology advancements.

In the area of fuel cycle technology, high efficiency processes and simplified
system integration are the main concerns to establish the advanced system achieving

- high recovery of TRU in low-decontamination cycle and clean discharge of wastes in
both quantity and quality as well as the reduction of cycle cost.  For this purposes,
design effort on fuel reprocessing and fabrication systems is on-going along with
R&Ds of key process technologies. In the development of the advanced agueous
technology, which employs newly bulk exiraction of heavy metal (uranium
crystallization) and improved MA recovery process based on wide process and
component tests as well as research experiences accumulated so far, the system
concept is well materialized and reaching the stage to envision the target system.
Further improvement by introducing a new direct extraction method is tried for the
system simplification. Concerning the dry reprocessing technology, the design study
on various concepts and basic experiments on main processes are in progress and
now at the stage for depicting a whole picture of the concepts and main technical
issues. Therefore, in the next step another effort will be directed to make clear
perspectives especially on performances related to the waste reduction and MA
recovery functions. As for the fuel fabrication technology, knowledge from recent
fabrication test of Am-added MOX fuel combined with system design effort for the
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simplified palletizing method is making a good prospect in realizing basic
specifications of oxide TRU fuels. Also technical bases for alternative methods by
vibration packing (for oxide fuel) and injection casting (for metal fuel) are accumnulated
through component testing, and system applicability of these methods are to be
scrutinized clarifying performances in TRU utilization.

Current knowledge obtained from the wide research strengthens general
perspectives on the major performances of FBR cycle system, that is, technical goals
such as economic competitiveness, uranium utilization efficiency, the amount of
system discharge of wastes and the radio-toxicity in long-ived waste materials would
be achieved now in the visible range with the target system.

4. Roles of Research Facility and International Collaboration

The advanced system development towards commercialization actually needs a
wide spectrum of knowledge and thick technical evidences, and thus steady and
effective utilizations of research infrastructures available in both domestic and
overseas domains are highly required. To establish vital technologies for the target
system Joyo and Monju, in particular, should act as indispensable two propulsion
wheels with mutually compensating roles in different development scenes. The
international collaboration becomes increasingly important to augment the
economization of development resources, research efficiency and collective
knowledge, and to activate the movement fowards future deployment in various
countries. Collaborations such as mutual exploitation of infrastructures and work
share in developments should be promoted under adequate international scheme e.g.
in the GEN-V project.
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The Coming Roles of “JOYO” Sttt
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The Roadmap of “MONJU”
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- The Roadmap of the FS
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The Vista of FBR System <=5

N0t (140MWt)

..:,:é “MONJU" (230MW

Phemx (14/250MWe)

~ Experimental’ BOR-—GO (12MWe)
| Prototype 'BN-600 (GOOMWe)
) ’»BNfSOO_,(SOOMWe)

 7?'ExperlmentalﬁiFBfRfj (13ngj;
_ Prototype  PFBR ._(BOOMW_G)

EFR (20MWe) |

"-;Expe;yméﬁtaln




JNC TN9200 2004-001

International Cooperatlon
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The Circumstance: Russia |
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The Circumstance: China
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The Circumstance: Japan

O Appreciation for the Understandlng &
Cooperation from the Community
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Epoch around the World

O Promoting International Cooperatlon
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(1) AFCI and Generation IV in the United States
KE7 A ¥ RELTHRERLTR EHRETNBE
Ralph G BENNETT

— 105 —



JNC TN9200 2004-001

Q-arai Fast Reactof Fuel Cycle Symposium 2004: The Direction of the World in Fast
Reactor Fuel Cycle Development and the Role of the Joyo and Monju Reactors

AFCl and Generation IV in the U.S.

Outline

* Programs with a vision to
develop an advanced fuel cycle
in the U.S.

— Generation IV

— Advanced Fuel Cycle Initiative

* Qutlook for Collaborations

O-araf Fast Reactor Fuel Cyele Sympesium/Bannett 27 Fab 2003 Slide 2
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AFCI and Generation IV in the U.S.

Gen eration I V Mission

Nuclear Energy Production
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O-araf Fast Reactor Fuel Cycle Symposfum/Bennett 27 Feb 2003 Slide 3

AFCI and Generation IV in the {.S.
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High-Level Waste Output
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AFCl and Generation IV in the U.S.

Forecast for Energy Growth

» Annual outlook is 1.5% growth B b e e
in U.S. energy to 2025

+ Most growth is in natural gas
and coal

« Imports will increase 100

* Nuclear can contribute if
deployed in the near-term, but
waste will become a major issue
for significant growth
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AFCl and Generation IV in the U.S,

Potential for Nuclear in Transportation
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energy security and stability 10
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AFCI and Generation IV in the U.S.

Generation IV Nuclear Energy Systems

Systems that are deployable by 2030 or earlier

+ Six ‘most promising’ systems that offer
significant advances towards:

~ Sustainability
—. Economics

— Safety and reliability

~ Proliferation resistance and ph ysical

protection

Summarizes R&D activities and priorities for

the systems

+ Lays the foundation for Generation IV R&D

‘program plans

O-arai Fast Reactor Fuel Cycle Symposium/Bennett
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AFCl and Generation IV in the U.S.

GIF Progress 2000 — 2002
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R&D interests goals « Identified methodology date
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participants date selection
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+ CH Joined

O-aral Fast Reactor Fuel Cycle Symposlum/Bennett

Miami, 2001

27 Feb 2003 Siide &
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AFCI and Generation 1V in th.e U.s.

GIF Progress 2002 — 2004

T T
i
{

Rio de Janelro, 2003

C-aral Fast Reactor Fuel Cycle Symposium/Bennett

Jan 02 May Jul Sep Jan 03 Mar Sep Jan 04
: : '. '. : '. :
t I 1 1 1 1 1
] "
t : : Roadma : : :
. t Issue .
Paris 1 Tokyo Cape Town Toronto Zurich
« Initial : + Identified RAD » Formed R&D * Draffed * Draft R&D
selection of | prejects steering principles agreements
six sysfems 1« Formed MATF commitlees for fegal * R&D Plans
Rio de Janeiro for GFR, agreements
. Fin:;iz ed SCWR, SFR + LFRSC
" . and VHTR . » Regulators’
:;_’;zf;,o: of six session
* Reviewed R&D » EU Joined
plans

27 Feh 2003 Stide 9

AFCI and Generafion IV in the U.S.

Advanced Fuel Cycle Initiative

The goal of the DOE NE AFCI iS to implement fuel
cycle technology that:

« Enables more effective use of the currently
proposed geologic repository so that it will
serve the needs of the U.S. for the
foreseeable future,

* Reduces the cost of geologic disposal of
commercial spent nuclear fuel,

» Enables recovery of the energy value from
commercial spent nuclear fuel,

* Reduces the toxicity of high-level nuclear
waste bound for geologic disposal, and

» Reduces the inventories of civilian
plutonium in the U.S.

O-aral Fast Reactor Fuel Cycle Symposium/Bennett

N

Repoit 1o Congress

-

Advanced Fuet Cyde Initlative:
The Future Path for Advaiced
Spent Fuel Treatment and
Trersmutation Research

Poweiby

e

Sncr i T @
iy 23

27 Feb 2003 Stide 10
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AFC! and Generation IV in the U.S.

AFCI Phased Approach

4 Phase 0 Phase 1
. Phase 2
o
ip
=2
23
s pE
8 i:
L t2
S 85 Phase 3
m V3
] :‘Z -: Phase 4
§ I8
g ‘D"
22
5 E
£
i e
£ 5 armance
3 :
Nuclear Energy Production
O-arai Fast Reactor Fuel Cycle Symposium/Bennett 27 Feh 2003 Slide 11
AFCI and Generation 1V in the U.S.
Technologies in AFCI Phases
2000 2010 2020 2030 2040 2050 2060

| | ] | |

+ All spent fuel sent to starage
! =Ullimate direct disposal in repository

= Liranium disposal as LLW
«Cabr extracted for decay storage
+ AllTRUs and remalning FPs to HLW

- Entry Into - o
Generation iV Econemy -

O-aral Fast Reactor Fuef Cycle Symposium/Bennett

' 27 Fob 2003

= Uranium disposal as LLW

»CsB8r extracled for decay storape
=Pu/Npracovered for thermal recycle
»MAs and remalning FPs to HLW

« Uranium recovery for mse

« CgBrextracted for decay storage
+TRUS di d 1o dodicated

* Remalning FPg to HLW

* Uranlum recovery fer re use
+ CsBr extracted for decay storage
s Actinlde recycle to Gen IV reactors

Slide 12
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AFCI and Generation IV in the U.S.

LVVR Spent Fus)

Hulls, Te

Phase 1 Processing

Low-Level Waste

Decay Storage

Repository

Waste Form Fabrication
Q-aral Fast Reacfor Fuel Cycle Symposiumlﬂenﬁett 27 Feb 2002 Slide 13
AFC! and Generalion IV in the U.S.
Phase 2 Processing
— Uranium
| ERSAERERS Low-Lavel Waste
i = UREX
LWR Spent Fusl
Decay Slorage
LWR/ALWR
Hulls, Tc B
Pufo Extraction Fuet Fab
Deniltraf
Repesitory
Waste Form Fabrication

O-arai Fast Reactor Fuef Cycle Symposium/Bennelt 27 Fab 2003 Stide 14
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AFCI! and Generation 1V in the U.S.

Phase 3 Processing

LWR Spent Fuel

Hulis, Tc
PuMo

Residual
Fisslon
Products

Wasle Form Fabricaticn

O-arai Fast Reactor Fuel Cycle Symposium/Bennett

Re-enrichment

Dacay Storage

LWRIALWR
Fuel Fab

Gen IV Reactor
FuelTarget
Fabricaticn

=fen

Repesitory

27 Feb 2003 SHde 15

AFCI and Generation IV in the U.S.

AFCI International Collaborations

IAEA

European Fuel Cyc

Commission

2003 Agree't Russia

France
CEA

2000 Agree't

Switzerland
2001 MEGAPIE
Agreement

O-araf Fast Reactor Fuel Cycle Symposium/Bennett

27 Feb 2003

Korea
ADSMWaste

Japan
JNC/JAERI

Stida 16
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AFCI and Generation IV in the U.S.

Highlights of AFCI Collaborations

+ CEA (since Sep 2000) Covering all areas of AFCI
— Fuels, materials, separations, systems, efc.
« PSI (Dec 2001) MEGAPIE
» OECD/NEA ongoing participation in WPPT and other sub-groups

+ EC (Dec 2003) just beginning, may include waste transmutation,
inert matrix fuel (MILE) and coupled reactor/accelerator experiments

« ROK Interest in areas of ADS, pyroprocessing, and waste disposal;
current collaborations in reduction of spent oxides, and safeguards
development

« JNC/JAERI Joint Coordinating Committee (JCC) meetmgs ongoing
— Aqueous and pyroprocessing R&D

- Advanced materials for reactors and ADS
- — Potential JPARC transmutation facility ~2006
— Potential irradiations in JOYO _
— Potential technology demonstrations with MONJU

O-arai Fast Reactor Fuel Cycle Symposium/Bennett ’ 27 Feh 2003 Slide 17

AFCI and Generation IV in the U. 8,

Summary

« Two main programs are exploring an advanced
fuel cycle in the U.S.

— Generation IV
— Advanced Fuel Cycle Initiative

* Both are collaborating on many activities with
international partners

» The excellent facilities in Japan are a basis fo
expand collaborations on both programs

O-arai Fast Reactor Fuel Cycle Sympesiun/Bennett 27 Feb 2003 Stide 18
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[ ]
(2) FAST REACTOR TECHNOLOGY: CURRENT STATUS AND PROSPECTS
BEVEIRNF-HFEF BIAE
Vliadimir POPLAVSKIY
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FAST REACTOR TECHNOLOGY.
CURRENT STATUS AND PROSPECTS

V. POPLAVSKIY
IPPE, RUSSIA

BASIC TRENDS OF DEVELOPMENT OF NUCLEAR POWER
IN RUSSIA ARE PRESENTED IN

«STRATEGY OF DEVELOPMENT OF NUCLEAR POWER IN
RUSSIA IN THE FIRST HALF OF XXI CENTURY»

Fuel base of Russian nuclear power:

1. Total power is kept af the current level
(20 GWe) — operation is assured for 80 to 90
years.

2 Power increase rate 1-2 GWe/year - uranium
resources will be exhausted in the first half of
XXI century. _

«Strategy» envisages development of fast reactors
and closure of fuel cycle
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. THE MAIN STAGES OF DEVELOPMENT OF FAST

REACTORS IN RUSSIA
1. 1940-ies - acknowledgement of unique properties of fast
reactors

2. 1950-ies - formation of requirements to the fast reactor
and its aspect

¢ reactor physics studies
+ overview and choice of coolants (liquid metals, steam or gas)

3. 1980-ies and 1990-ies - development of sodium cooled fast
reactors
4. Recent years - reckoning up the first stage of FR
development and looking for the ways to increase their
cometitiveness

CURRENT STATUS OF FAST REACTOR
TECHNOLOGY IN RUSSIA

Experience gained in mastering technology
(120 reactor-years — 40% of FR reactor-vears all over the world)

Russia (USSR) — good results of mastering FR technology

Experimental Demonstration Commercial NPP Advanced
reactors reactors reactors reactor
designs
BR-1 (1954)
BR-2 (1956) ) BN-1600
BR-5 (1959) — BN-350 it BN-600 -+ BN-800 —* (basic
design)
BR-10 {1973) : (1973) (1980) under BN-1800
construction
. BOR-60 (1969) {design
) proposal)
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LIFETIME of FR COMPONENTS W/O MAJOR REPAIRS

Reactor BR-10 BOR-60 BN-350 BN-600
(start-up) {1958) (1969) {1973) {1980)
Components
Non-replaceable componenis . .
o reactor vessel 150,000 200.000 170.000 130.000
o primary piping 300.000 200.000 170.000 |  130.000
Sodium pumps 170.000 130.000 100.000 100.000
{electromagnetic) (centrifugal) {centrifugal) | (centrifugal)
Intermediate heat exchangers '
300.000 200,000 176.000 130.000
Steam generators Various pilot SG
- designs 150,000 105.000

}

BN-600

Concentration of experience of R&D work
and operating experience
of BR-5, BR-10, BOR-60 and BN-350 reactors

DEGREE OF TECHNOLOGY MASTERING

Reactor has been operated successfully during 1980 - 2003 period

Reactor is bearing big scientific, technological and ideological
burden (any abnormal operating condition is estimated from the
standpoint of feasibility of FR technology justification)
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BN-600 reactor poWer diagram

A%
8

1563 1864 8BS 1986 1867 1BB3 1060 1990 400t 1902 1093 1BQ4 1905 1208 1007 1008 1969 2000 2001 2002

Average load factor for 22 years of operation - 74%
Load factor in 2002 -71.35%
Load factor in 2003 -75.7%

Conclusion can be drawn on that according to the
following criteria:

o operating reliability
e safety assurance

technology has been almost mastered.

Task

reaching competitiveness

- 119 —




JNC TN9200 2004-001

THE MAIN TRENDS
OF FR TECHNOLOGY DFEVELOPMENT

BN-800 as current stage
of technoloqgy development

In our opinion, construction of IV power unit of
BNPP

is nof only consolidation of technological success
in Russia, but also significant component of
scientific and practical progress in FR ftechnology

Safety

» passive safety systems
» sodium void reactivity effect

Competitiveness

Decrease by 35% of metal consumption of reactor plant
(as compared to that of the BN-600 reactor)

Fuel cycle
s implementation of program of weapons grade plutonium
utilization )
s demonstration of fuel cycle with high requirements from
the standpoint of environment protection (MA
incineration and reprocessing w/o Pu extraction)

10
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Short-term FR technology development

The main trends of technology modification are as follows:

» improvement of NPP thermodynamics (increase of sodium temperature and
use of supercritical steam pressure),

e increase of fuel burn-up (use of materials with improved radiation properties),

e effective use of inherent safety characteristics in combination with
engineered passive safety sysfems,

» increase of integration of circuits and components (reactor and steam
generator),
simplification of reactor refueling system and auxiliary systems,
extension of power unit lifetime.

Based on the above provisions, design proposals were developed
by the Minatom of Russia on advanced large size sodium cooled
fast reactor (BN-1800)

11
THE MAIN TECHNICAL CHARACTERISTICS
OF POWER UNIT WITH BEN-1800 REACTOR
Nao. Characteristics Values
1. |Electric power 1780 MWe
2. |Thermal power 4000 MWth
3. |Primary sodium temperature, reactor outlet/inlet 575/410°C
4. |Secondary sodium temperature, IHX outlet/inlet 540/370°C
5. |Temperature in the third circuit, SG outlet/inlet 525/270°C
6. |Steam pressure at the SG outlet 25.0 MNA
7. |Reactor vessel diameter 17m
8. |Fuel! inventory (UPuN) : 86 ¢t
9. |Plutonium inventory _ ' ‘ 12 ¢
10. | Number of primary pumps 3
11. | Number of IHX 6
12. | Number of secondary loops 6
13. | Number of evaporators-superheaters 6
14. | Power of evaporator-superheater 536 MW
15. | Number of reheaters 6
16. | Power of reheater 131 MW
17. | Specific metal consumption of reactor plant 4.4 tMWe
12
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COMPARISON OF FR SPECIFIC INDICES

Parameters BN-600 ' BN-800 BN-1800
in operation under {conceptual
(BNPP) construction design studies)
(BNPP)
Power, MW
* thermal 1470 2100 4000
e electric 600 880 1780
Technical and economical
characteristics (relative to the
BN-600 reactor)
¢ specific metal consumpftion 1 0.7 0.33
(MWe} of reactor plant -
s specific capital cost _
(roubles’91/kWe} of NPP 1 0.9 0.48
(one power unit NPP} :

13

POSSIBLE WAYS OF LONG-TERM DEVELOPMENT

OF FR TECHNOLOGY

The main trends of modification:

high temperature potential of sodium

advanced {“carnotized”) gas turbine cycle

ferrous metallurgy and hydrogen power engineering)

e Further improvement of NPP thermodynamics on the basis of using

+ Simplification of NPP design, use of two-circuit design with

« Expansion of area of use of FR technology (chemical industry, non-

Fundamental properties of fast reactors {fuel breeding
and high friendliness to the environment) should be developed

14
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Pb-Bi BASED FR TECHNOLOGY

it is assumed that:

e High coolant boiling point and reactor-turbine
arrangement will deterministically eliminate coolant loss
accident;

o Chemical inertness of Pb-Bi alloy will eliminate the

possibility of fire and hydrogen release in case of circuit
leak. |

By now, design proposals on SVBR-75/100 reactor
have been developed

15 }
THE MAIN CHARACTERISTICS OF SVBR-75/100
REACTOR
Characteristics " { Values
1. Rated thermal power, MWth 280
2. Saturated steam pressure at the SG outlet, MPa 9.5
3. Primary coolant temperature (outlet/inlet) "C 482/320
4. Core dimensions, D x H, m 1.645x 0.9
5. Average power density in the core, W/L 146
6. Average linear power of fuel element, kW/m ~24.3
7. Refueling interval, years ~8
8. Fuel inventory (UO.) in terms of uranium: mass, 0144/16
ke/enrichment, %
9. Number of steam generator modules 2x6
10. Number of the main pumps 2
11. Core lifetime, eff. hours 53000
12. Amount of the primary lead-bismuth coolant, m* 18
16
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LEAD COOLANT BASED TECHNOLOGY
(BREST-0D-300 TYPE REACTOR)

Basic provisions of technology concept:

o Improved safety and competitiveness required for
- advanced NPP

s Assurance of coolant resources for the large
scale nuclear power (no Bi limitations)

o High radiation safety because of absence of
polonium :

By now, design proposals on the NPP with BREST-300 reactor
have been developed

17
THE MAIN TECHNICAK CHARACTERISTICS
OF BREST-300 REACTOR
Characteristics Values
Thermal power, MWth 700
Electric power, MWe 300
Number of fuel subassemblies in the core 185
Core diameter, mm 2300
Core height, mm 1100
Fuel element diameter, mm 9.1; 9.6; 10,4
Fuel UN +PuN
Fuel inventory (U+PulN, tons . 16
Core lifetime, years 5
Refueling interval, years 1
Core breeding ratio 1
Lead temperature (inlet/outlet), °C 420/540
Max cladding temperature, "C 650
Steam temperature at the SG outlet, ’'c 520
Steam pressure at the SG ouflet, MPa 24.5
Net efficiency of power unit, % 43
18
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It should be noted that by now, many studies have been performed
on BREST-OD-300 reactor:

» Mastering of coolant technology (control and removal of impurities,
start-up and normal operation modes, accident conditions, etc.)

« Justification of reliability of materials (corrosion resistance at high
temperature)

s Optimization of design approaches taking into account experimental
results

In general, it is supposed that declared economics and safety
characteristics of NPP with fast reactors using heavy liquid metal coolants
are still to be proved on the prototype reactors. Only after that conclusions
can be drawn on the prospects of deployment of the above nuclear
technology in the large scale nuclear power.

19

CONCLUSION

Considering current status and prospects of development of various
nuclear technologies with fast neutron reactors the following points
can be noted:

1. Sodium cocled fast reactors have demonstrated their relinbility and safety.
Further modification of their technical and economical characteristics is
required. Recent studies carried out in Russia, France and Japan have
shown that there are considerable resources for increasing competitiveness
of this technology.

2. Significant progress has been observed in the studies on techrology of fast
reactors using heavy liquid metal coolants (HLMC). In principle,
considerable safety improvement and cost reduction of fust reactors with
HLMC can be expected. However, it is still to be confirmed on the

prototypes.

20
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INTERNATIONAL COOPERATION IN FR AREA

1. International cooperation in FR area has been always
intensive

2. In the view of decrease of R&D work .programs,
consolidation of countries continuing development of FR
technology is required

3. Establishment of international bilateral and multilateral
programs on effective use of FR in operation IS expedient
JOYO, Monju - Japan
Phenix - France
FBTR | ~ India
BOR-60, BN-600 - Russia

21

POSSIBLE COOPERATION AREAS:

o Studies on structural materials, fuel technology and
fuel cycle;

o Development of innovative high efﬁc;ency safety
systems;

» Modification of NPP components;

¢ Increase of load factor.

4. Reactors under construction, namely: BN-800 (Russia),
PFBR (India), CEFR (China), can be involved into
cooperation area.

Russia is open for discussion of the principle areas and forms
of cooperation in R&D work programs on fast reactors.

22
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[BeffER ]
(3) Gas cooled Fast Reactors technologies and related cycle
in France |
LWERFHFENY Sy L 1 KR BFFHRDE
Jean-Louis CARBONNIER
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N— The O-Arai fast reactors cycle Symposium
February 2004

Gas cooled Fast Reactors technologies
and related cycle in France

Jean-Louis Carbonnier
French Atomic Energy Commission (CEA)

~ Nuclear Energy Division

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 1

Summary

(&) - Introduction

- The Generation IV systems

- The French position : a consistent set of gas cooled
systems

- GFR design goals and criteria
- The on-going and scheduled work related to GFR
- Transition from LWRs to Gen |V Fast reactors

- Overview on experimental reactors

' NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 2
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Introduction

- R&D on future nuclear energy systems in France applies to
- innovative reactor, fuel and the fuel cycle technologies following
(&7} two major strategic axes:
- Innovations for pressurized water reactors, PWRs :
- economy and safety
- recycling of Pu and possibly the M.A.
- improvements in cycle : partitioning of M.A.

- 4t generation nuclear energy systems
- sustainability
- improved economy and safety
- non proliferation features
- other applications than electricity :
- Hydrogen ‘ |
- desalination

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 3

Missions of Generation IV systems

Development of
s future nuclear energy systems

D

* Deployable by 2030

» With significant advances in :
— Sustainability
— Safety and reliability

— Proliferation and physical
protection ‘

— Economics

Chartered S+
July 2001 PN

« Competitive in various markets

» Designed for different applications

Electricity, Hydrogen, R b
Desalinated water, Heat France

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 4
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Generation IV : 6 innovative systems

Lead Fast Reactor

" Once Through =~ = - OneClosed |

Very High Temperature Reactor Supereritical Water Reactor ‘““ ot -\-‘i Er
Molten Salt Reactor
NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 5

a consistent set of gas cooled systems

—— - Given the significance of fast neutrons systems,

(&) closed fuel cycles and high temperature to meet these

—— goals, the CEA developed a specific interest in a
consistent set of gas cooled systems :

- a modular reactor with high temperature (850 °C)
for the international market around 2020,

- an up-graded version to very high temperature
(>950 °C) for the massive production of hydrogen,
and

-_‘a system with fast neutrons with full recycling
as a vision of sustainable nuclear technology

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 6
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Participation to other systems

- Sodium Fast Reactor system (SFR)

The SFR, as an aiternative, is of interest for the CEA because of
the potential of the technology and the broad experience available,
CEA intends to:

- share the expertise acquired in Frénce on Rapsodie Phenix
and Superphenix,

- participate in further investigations on key issues for sodium
cooled reactors,

- contribute to the development of key technologies for the
Generation IV version of this type of system

- Super Critical Water cooled Reactor (SCWR) :
- system and safety studies

- Molten Salt Reactor (MSR) :
- system and safety studies, molten salts reprocessing

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 7

GFR designs goals and criteria (1/2)

Safety goals and criteria
- No off-site FPs release

- effectiveness and reliability of all physical barriers,
containment, vessel

- refractory fuels with a very high capacity of fission products
confinement at high temperature (1600 °C) and robust
structural materials

- Core Melt.Exclusion Strategy

Sustainability qoals and criteria

- Full use of uranium = integral recycling of actinides

- Waste minimization =» integral recycling of all actinides

- Minimize feedstock usage with a self sustaining cycle only
requiring depleted U feed = self-generating cores with a breeding
gain close to zero (or greater if necessary)

- For GFR long term deployment =» recommendation that total
system Pu inventory not exceed 15 tons Pu per GWe

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 " 8
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~ GFR designs goals and criteria (2/2)

Power density -

= ECONIOMICS @Nd sdstainability - High power density (~100 MW/m3)
en (Minimization of fuel inventory and needs for the deployment,
dynamics of the fuel cycle)

- Safety approach - Moderate power density (~50 MW/m3)
(Pecay heat removal in case of depressurization event)

—> Core power density between 50 and 100 MW/m3

Non-proliferation goals and criteria

- Avoid separated materials & minimize the use of fertile blankets

- Burn-up objective of 10-15 at% (economics) with an interim
objective of 5-8 at% taking into account the challenging fuel design
issues )

- Unattractive spent fuel characteristics (high Bu, actinides recycling)
- Minimization of fuel fransportation = on site fuel treatment as an

option :
NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 9
Logic of the GFR R&D plan
2005 2010 2015 2020 2025
T ~_, | viability phase |
Ce] J' | Demonstration phase
Decision to build Decision to build GFR system
ETDR
Recycle /
experiment

He loops First core E
Demonstration core |
ETDR ]
GFR R&D ; GFR system
Design and Safety ‘

Fuel/Core materials, Fuel cycle
Materials components
High performance direct cycle

General planning and links

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 10
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Helium loops test facilities

Heater Test section 1000° C HELIUM TECHNOLOGY LOOP (Helite)

Cooler (1MW, Q~ 04 kg/s, T < 950°C, P> 7 MPaj
REX from German loop KVK (10 MW)

ection 500° C > 2006: Components qualification
(recuperator, IHX, cooler, instrumentation)
§00° C Helium purification & quality control
500\ Recuperator Thermal transients, Modeling
Cogler / 100° ¢
200° C 7 2007-2012: Thermomechanical tests of HX
’ mock-ups {He/He recuperator, He/N, IHX)
100° C _ - Thermomechanical behaviour
‘ - Flow distribution & pressure drop
Compresseér - Non desftructive examinations
Mapol - Simulation of accidental transients
= {Depressurization...)

OTHER TEST LOOPs

- Large air flow rate loop (> 3kg/s) to test large component sections
- 10 MW helium loop to test component mock-ups

- Small scale system loop for testing direct conversion cycle operating r_nodes
~ Collaborations : OKBM, JAERI, Von Karman Institute

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 11

GFR candidate fuel concepts

Composite fuel Pin fusl with
(ccgamics) ceramic
cladding
AEEERERANNN NS0 N O ———
Advanced fuel
particles

I I [ ]

0 50
Gas: 40 % % of Actinides
Structures : 10 % vol core content

NUCELEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 12
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_Fuel technologies for the GFR

 Development of dense actinides fuels, fast neutrons & high
temperature resistant,

Cej | Dispersed fuels |

FUTURIX
irradiation test
pin in PHENIX

S/A:
conceptual design

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 13

Generation 1V fuel cycle options

- Recycling of all Actinides
- Group separation of all Actinides

- Integration of treatment and re-
= fabrication processes and
technologies

- Minimizing waste

URANIUM

ACTINIDES FPs

e

REACTORS

ATALANTE hot lab

PROCESSING

Drastic reduction of ulfimate
waste long-term radio-toxicity

Le procéd de
“Gélification extern

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 14
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Integral recycling : example of processes

_Gas trapping |——

#85Kr, 3H

]

é

Pulsed currents
destructuration

g

vy, MG

.| Dissolution

HNO,

= Filtering

J

1r"‘”"’"“"**Si

AnC

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 15

MASURCA
critical assembly

for gas cooled cores

H

it

Y S rpu——

o de Mkt s oo ondrac PP R
v s

600 MWth

GFR design and safety studies

Principles of safety
systems and reactor
confinement

2000 MWth

NUCLEAR ENERGY DIVISION

The O-Arai FR Cycle Symposium February 2004 16
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300 and 1200 MWe GFR possible options

[rr————

2400 MWt/h/1158 MWe

. 600 MWh/275 MiNe

70 bar

100 MWim?

103 MW/m?

850°C

480 °C

1320 kg/s ; 66.4 mis

1320 kafs ; 42.4 mis

330 ko/s ;60 mfs

24 m? 58m?
0.59 bar 0.489 bar 0.4 bar
10,40, 50 % 15,65, 20 10,55, 35
CERCER (U,Pu)C {U,PujC solid solution CERCER (U,Pu)C
SiC (50/50) and SiC cladding SiC (70/30)
1200°C 1500 °C 1135 °C
66 tons 53 tons 16 tons
(8.7 tons/iGWe) { 6.56 tons/GWe) (9.3 tons/Gwe)
3 X 9260 EFPD 3 X745 EFPD 3 X 441 EFPD
10 % FIMA 10 % FIMA 5 % FIMA
~1290/341+211 -868/352+554 -1136/367/+356

NUCLEAR ENERGY DIVISION

The O-Arai FR Cycle Symposium February 2004 17

Experimental and Technology Demonstration Reactor (ETDR)

A step towards a GFR prototype
oy » To develop and qualify GFR S/A conception
+ To validate a first Safety analysis
» To demonstrate core operation and control
* To develop and qualify associated instrumentation

- Feasibility of a high temperature gas cooled Fast
neutron reactor

A support to gas cooled reactors development
» To develop and save knowledge in design and operation
« To possibly add a demonstration of hydrogen production

* To qualify S/As for a thermal spectrum VHTR (flexibility,
accelerated factor, ...)

NUCLEAR ENERGY DIVISION

The O-Arai FR Cycle Symposium February 2004 18
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The ETDR : major guide lines for design

General Speciﬁcations consistent with GFR ones

ETDR specificities
- Small power size £ 50 MWth
- Primary system with circulators (similar to indirect cycle)

Safety
- main cooling function assured in all conditions by gas forced and
natural convection
- not fully representative of the GFR (lower power density and
improved fuel performance), yet will bring important references.

Specifications for a performing « irradiation tool »
- Flux/fluence : core with high volume power
- Experimentation : short cooling delay, adequate fuel handling
under pressure

Evolutionary Core configuration
1- Starting core with known technology and few experimental S/A
2- Demonstrative core

NUCLEAR ENERGY DIVISION - The O-Arai FR Cycle Symposium February 2004 19

NUCLEAR ENERGY DIVISION

ETDR core evolution

, > First core characteristics

— Volume 0.24 m3, 200 MW/m3, 50 MW, He T 2 850°C
— 47% Pu, CER-CER UPUC/SiC, AIM1 cladding

- Back-up UPuO, 34%Pu '
— Fast neutron flux >1.0 1075 n/cm?2/s

ey
- SRR
| Starting Core | seagstetstuto
2atade8s 200 aRe
SoBa2oSa

G

RS Ae T
— He Temp. 2560° C Experimental fuel for the | -~ CRI ST
. demonstrative core : "’:3%3533"6
high density fuel v

»BPemonstration core
— Volume 0.24 m3, 210 MW/m?, 50 MW, He T 2 850°C
— 30% Pu, CER-CER UPUC/SiC, adanced fuel S/A with ZrC matrix
— Fast neutron flux 1.8 1015 n/cm?2/s max.

— He Temp. 2850° C 32N
| Demonstrative Core I & 2P}

2.
odo8 Slesasatis
38a.5305aga008

Experimental fuef : "onggz§So‘
AM enriched 50,

The O-Arai FR Cycle Symposium February 2004 20
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Summary : GFR main features and technical challenges

- First GFR trade-off studies and developments of key technoldgies open
promising prospects for the system’s viability and performances

- This early work leads {o consider a safety approach based on both
active systems in the short term and passive systems in the longer term,
-and to set the unit power around 2400 MWih for a better economic
competitiveness

- The initial work that benefited from bilateral collaborations with the US
(I-NERI} and Japan (JNC) is to develop within the multilateral
collaboration of the Gene-ration |V International Forum with large
synergistic R&D needs with the VHTR

- Next major stakes within the Generation 1V Forum include:
- to confirm the viability and the performances of the GFR system
and to pre-select reference system options in 2005 (DHR system,
fuel form, cycle...)
- to make the international collaboration on GFR fuel and fuel cycle a
success '
- to reinforce the EDTR as international demonstrator of GFR
technologies

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 o2

Transition from LWRs to Generation IV systems fuel cycle

2030/2040
+ GEN HI & GEN IV reactors

— 31 generation Pu recycling
— Full Pu recycling (GEN V) Cm? | l"“ +MA
— Recycling of stored MA :
— Dedicated MA burners

l ] L] ¢ L ]

Am?
if GFR delayed

if needed

U, Pu + MA

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 22
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_How to manage MAs from LWRs

- French PWRs from 2015 to 2035, with Pu recycling, new
-—--=_ partitioning facilities and Am and Cm storage, will produce :

(Z0 -~ s6tofMA. (38 tAm, 14t Np, 5 Cm)

- recycling of Am in PWR using the MOX fuel with enriched
uranium (MOX UE) may be a way, but recycling in Fast reactors
seems more promising and needs to be demonstrated.

- several ways to recycle Amin FR ;

- homogeneous way in core with ~2.5 % Am (5 % Am to be
investigated)

- homogeneous way in blanket (depleted U + 10 to 40 % Am),
Am produces non proliferating Pu 238.

- heterogeneous way in moderated subassemblies (once
through)

JOYO and MONJU are able to bring determinant contribution
to these demonstrations .

NUCLEAR ENERGY DIVISION The O-Arai FR Cycle Sympoesium February 2004~ 23

Overview of existing experimental reactors

several types of reactors are needed to develop generation [V
systems :

- MTRs to perform materials and fuel screening tests:
- several does exist but are quite old.
- Fast flux experimental reactors :

- BOR 60, Joyo, Phénix, Monju devoted to test in realistic
high fast flux conditions

- reactors devoted to a reactor type demonstration :

- HTR 10 and HTTR devoted to helium cooled thermal
reactors systems

'NUGCLEAR ENERGY DIVISION The O-Arai FR Cycle Symposium February 2004 24
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Experimental reactors for needs from 2015 to mid century

- MTRs to perform materials and fuel screening tests:
- Jules Horowitz Reactor will start in 2013 |
- Fast flux experimental reactors :

- Joyo, Monju, CEFR : Sodium cooled reactors allows higher
flux intensity than gas cooled reactors and at that time the
Monju’s contribution for industrial size demonstrations will be
very valuable,

- reactors devoted to a reactor type demonstration :

-HTR 10 and HTTR devoted to helium cooled thermal
reactors systems ‘

- NGNP, taking profit of previous HTR works and devoted to
hydrogen production demonstration

- ETDR mainly devoted to GFR fuel assemblies, core, safety
and technology demonstrations.

NUCLEAR ENERGY DIVISION' The O-Arai FR Cycle Symposium February 2004 25
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(4) Sodium Cooled Fast Reactor Fuel Cycle Technology in China
hEETAERIEEE BT

Daogang LU
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| Sodium Cooled Fast Reactor Fuel
Cycle Technology in China

Daogang Lu, Mi Xu and Hongyi Yang
China Fast Reactor Research Center

China Institute of Atomic Energy (CIAE)
2004.02.27

1 Introduction (1)
Presently in the mainland of China there are 8 units of reactors with the
total capacity of 6.1 GWe in operation.

The successful operation of these nuclear power plants has being

encouraged the Government and society continuously to develop more.

NPP Type - Power(MWe) Commercial operation
Qinshan-1 PWR 300 1993
Daya Bay PWR | 2X900 Jan. and Jun., 1994

" Qinshan-2 PWR 2600 Apr. 2002 and 2004
Qinshan-3 PHWR - 2X728 Dec., 2002 and Nov., 2003
Lingao-1 PWR 2X984 May, 2002 and Mar., 2003
Lian yungang PWR 2X1000 2004 and 2005
Sanmen PWR 1 2X1000 2010 (to be expected)
Lingao-2 PWR . 2X1000 2010 (to be expected)
Yangjiang PWR - 2X1000 2010 (to be expected)
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1 Introduction (2) | UTE OF ATUHTC CAERGY

Even though so far there is no national program on nuciear energy
development issued by the government of China, it is clear that th.e R&D of
nuclear enérgy in China is following a 3-step strategy of PWR-FBR-Fusion
reactor and the nuclear fuel cycle principle. It is also clear that a 3-step

~ |program of FBR development in China has become the common sense. -

Reactor Power(MWe) Design Beginning Commissioning
CEFR 25 1990 2006
PFBR 300~600 2005 2020
MFBR nx300 (If needed)

DFBR 1000~1500 2010 2025
CFBR 1000~1500 2018 2030

1 Introduction (3)

As the first step China Experimental Fast Reactor (CEFR), 6SMWt is under
construction. The first criticality of the CEFR is planned in the end of 2005,

Around FBR, the most important key element in the closed cycle of nuclear
fuel, some of the other developments are also being preliminarily carried on,
such as |

+» the development of MOX fuel

* the reprocessing research of spent fuel

* the transmutation research of MA using FR and ADS

* the geologic disposal research of high level radioactive waste
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2 Present status and progress

2.1 Development of fast reactor (1)

For the continuously development of nuclear energy and the effective’
utilization of the uranium resource, the development of fast breed

reactor was listed in the national Hi-Tech “863 program” started in

1986.

As the largest engineering project in “863 program” the CEFR project
was approved by the government in 1995. Table 1 shows the

milestone of the CEFR .

2.1 Development of fast reactor (2)

* Nuclear island (Fig.1)

Site 35km from the center of Beijing
1.5ha

Floor Surface of Buildings 43731m2

Size of Main Building 78m X 68m X 57m(height)

Water Supply 4500 ton/day
- Power Supply 3000kW

Thermal Power 6SMW

Electric Power (net) 20MW

Plant Life 30years
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2.1 Development of fast reactor (3)

» System (Fig.2 )
2 Loops: 1 primary pump, 2 IHXSs, 1 secondary pump, 1 expansion tank, 1
evaporator, 1 super-heater, 1 turbine and 1 generator in each Loop

Primary Circuit: 360°C/530°C inlet/outlet temp. of core
360°C/516°C inlet/outlet temp. of IHX
260 Ton quantity of Sodium
1328.4 Ton/h Flow Rate, totally
Secondary Circuit: 495°C/310°C inlet/outlet temp. of IHX
48.2 Ton quantity of Sodium
986.4 Ton/h Flow Rate, totally
Tertiary Circnit: 480°C  Steam Temp.
14 MPa Steam Pressure
96.2 Ton/h Flow Rate

2.1 Development of fast reactor (4)

* Reactor block (Fig.3)

Main vessel: standing on the skirt (diameter of 8m, height of
12m and thickness from 25mm to 40mm)

Two DHRS heat exchangers: hung from the shoulder of main
vessel :

Double rotational plugs: sitting on the neck of the main vessel

Control rod driving mechanisms: supported by the rotational
plugs

Fuel handling machine: supported by the rotational plugs
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2.1 Development of fast reactor (5)

+Core and fuel subassembly (Fig.4 __ Fig.5)

Activity zone height 45cm, diameter 60

First loading UO, (417kg) U (236.6 kg enrichment
64.4%), Burn up 60000MWd/tU

Second loading MOX (Pu,U)0, 2¥Pu 65.76kg, 2*°U 92.33
kg (enrichment 36%), Burn up 100000MWd/tU

Operation cycle (min.) 73days
Linear power (max.) 430W/cm
Neutron flux rate 3.7-10'>n/cm?/s

Cladding temp. in nominal operation (max.) 700°C

2.1 Development of fast reactor (6)

+ Safety Characteristics

Small reactor  large cooling capac'ity

Negative temperature coefficients, power coefficients

and sodium void coefficients

Two independent DHRS in vessel (Fig.6 Table 2)

No any emergency intervention requirements for residents

States GB6249-86 CEFR limits
Operational 0.25mSv/a 0.05mSv/a

DBA SmSv/accident 0.5mSv/accident
BDBA 100mSv/accident S5mSv/accident
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2.1 Development of fast reactor (7)

* Recent Status of CEFR

Detail design is near completed. 85% components and systems have
been ordered.

The systems below 16.8m are under installation since June, 2003.
About 300 components have been installed in the building.

The other buildings, such as turbine generator, cooling towers, gas
station, desalination station, maintenance building are under
construction.

Components from domestic enterprises share 70% equipment
budgets) including mainly: Reactor Vessel and Internal Structure,
Rotating plugs, Tanks and Valves , Piping , Reactor I & C Systems

FSAR and pre-operation testing documents have been started to
develop.

25 CEFR operators are under training
(Some pictures in construction site )

2.2 Development of MOX fuel

An experimental facility of MOX fuel has been planned for
production of CEFR fuel assemblies.

The plutonium will be from the pilot reprocessing factory built
for NPP spent fuels in China.

The production capacity of the facility is 500 kg per year.

The facility will start operation in the end of 2005.
In 2007 MOX fuel pins for radiation test will be produced.
MOX fuel subassemblies for irradiation test will be produced in

2010.
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2.3 Reprocessing of spent fuel

In China, the strategy on the closed fuel cycle is adopted, the
R&D programs on the civilian spent fuel reprocessing have
been implemented.

A central w;et storage facility with the capacity of 550 tHM for
intermediate storage of the spent fuel has completed recently.
The pilot plant is under construction and its hot commissioning
will be initiated by the end of 2003.

Considering the needs of further development of nuclear power,
a large-size commercial reprocessing plant will be put into

operation possibly around 2020.

2 (N4 TRSTITUTE OF A

2.4 Transmutation of MA and LLFP using FR and ADS

Only some theoretical researches havé been performed in the
transmutation of MA and LLFP using FR.

While a five years program on Accelerator Driven Sub-critical
System (ADS), which could transmute the MA more efficiently,
has bgen launched under support of national key basic research

development program. The design study has been carried out
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2.5 Repository of high level radioactive waste

Beishan area in Gansu province of China is the pre-selected
area for the high level radioactive waste repository, where the
crust is very stable.

Preseﬁtly 8 granite blocks have been investigated. In one of
them Jiujing blbck two bore holes have been drilled with a
depth of 703.8 meters and S00 meters separately.

It is expected that a site-specific underground research

laboratory will be planed in 2005.

3 International cobperaﬁon

The preliminary design of CEFR was completed by China-Russia joint
design. In the stages of detailed design, construction and even the
operation of CEFR, China are keeping close relations with Russia.

As for the theoretical computation in physics, thermal-hydraulics and

structural analysis, we have got much cooperation from France.

We also keep information exchange with Japan. We wish to enlarge the
technical exchange and cooperation with Japan and to utilize
sufficiently the experience of JOYO and MONJU , especially for the
safety of FR.
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At first, we would like to express our wish to the
earliest restart of MONJU.
We also make the following propdsals for cooperation
with JOYO and MONJU

* Biennial technical exchange meeting (taking rurns in
China and Japan)

— Safety analysis.

— Pre-operation test, physics start-up experience.

— Operation experience.

+ Irradiation of Chinese FR fuels and materials in
JOYO.
» The helps with following subjects from JOYO or
MONJU are expected:

| — Anti-earthquake analysis of CEFR core.

— Total instantanuous blockage accident analysis.

* Welcome Japanese colleagues to use CEFR for
testing or irradiation of fuels or materises when

CEFR in operation.
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4 Future program

As the second step of FBR program in China, a 300MWe-600MWe
Prototype Fast Breeder Reactor (PFBR) has being considered.

A relative proposal has been considered to submit to the government.

Table 1 Milestones of CEFR Project

Before 1990 Fundamental R&D

1990 Start of the conceptual design and cite selection

Dec. 1995 Approval of the project

1995 | Start of the Sino-Russia joint preliminary design

1998 Start of the detail design

May 2000 Approval of the construction and the first barrel of
concrete

Aug. 2002 Completion of the main building

Dec. 2005 The first criticality
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Table 2 Parameter of the DHRS

Parameters Working Stand-by
Transfer Power MWt 0.525 0.052
Primary Na Flow Rate in DHX*) kg/s | 5.8 1.66
Secondary Na Flow Rate in DHX kg/s | 2.93 1.37
Air Flow Rate in Air cooler kg/s 2.4 0.11
Primary Na Temperature ‘C

Injet at DHX 516 516

Outlet at DHX 444 490
Secondary Na Temperature “C

Inlet at Air cooler 514 515

Qutlet at Air cooler 373 485
Air Temperature C

Inlet at Air cooler 50 50

Outlet at Air cooler 264 496
Secondary Na Pressure MFPa 0.6 0.402

| ig. 1 Nuclear island of CEFR
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Fig.2 System sketch of CEFR
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Fig. 3 Reactor block
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Fuel subassembly 81

Stainless steel rod 1

Stainless steel reflector | 37
subassembly

Stainless steel | 132
reflector rod
Stainless steel | 167
reflector rod
Shielding 230
subassembly

Storage position for | 54
spent fuel subassembly

Safety subassembly | 3

Regulation 2
subassembly
Compensation 3
subassembly
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i
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Fig. 5 Fuel subassembly
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CEFR Reactor Building Completion Ceremony (2002.08.15)

— 155 —




JNC TN9200 2004-001

.. li nba
WL

il

ey

16)

07

ium Storage Tank (2001

CEFR Sod

Storage Tanks (2001.07.16)

1Um

CEFR Sod

— 156 —



JNC TN9200 2004-001

R

CEFR Hot Cell under Installation (2001.10.26)

CEFR Reactor Block Support Structure (2001.12.06)
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A part of Fuel Transpotation Machine (in China
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(5) Sodium Cooled Fast Reactor Fuel Cycle Technologies in Korea
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Sodium Cooled Fast Reactor Fuel Cycle Technologies
| in Korea

The O-Arai Fast Reactor Cycle Symposium 2004
O-arai Engineering Center, JNC
February 27, 2004

Sim Yoon Sub, Hahn Dohee
Korea Atomic Energy Research Institute

1 The O-Arai FR Cycle Symposium 2004 ; @ Karea Atomic Energy Research Institute

Outline

O Korean Nuclear Power Program

O Development of KALIMER

U R&D Activities for Sodium Cooled Fast Reactor
U International Collaboration |

O Re-start of Monju and Collaboration

a Summary

2 The O-Arai FR Cycle Symposium 2004 : 2@3 Korea Atomic Energy Research Institute
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Status of Electricity Generation in Korea

Q Electricity Generation Installed Capacity in 2002

* Total:  53.8GW
* Nuclear: 15.7 GW (29.2%)

0 Electricity Generation in 2002

» Total: 306 Twh
» Nuclear: 119 Twh (38.9%)

O Nuclear Power Plants

" 18 Un-its in operation: 14 PWRs and 4 PHWRs
= 2 Units under construction
= 8 Units planned to start commercial operation by 2015

3

The C-Arai FR Cycle Symposium 2004 @3 Korea Atomic Energy Research [nstitute

Nuclear Power Plant Construction

oo KNU 280
Type Capaclty, MWe
’g“ 20— ] PWR 600,900
@ PHWR 600, 700
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4  The O-Arai FR Cycle Symposium 2004 g@ Karea Atomic Energy Research Institute
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Nuclear Power Plants in

Korea

[) Planned (6+0+0) == Jf*?’&“ "

"PHWR R Operamon | .
{Operation + Consiruction + Plan) i

Aaaan
ULCHIN (4+2+0)

{As of the End of 2002) o5 % - 00 WOLSONG
pwr f Operation YONGGWANG=: i ph {4+0+2)
fi Construction B0aGe Saa0uon

KORI
(4+0+4)

Undetermined Site : 2 Units

5 ‘@ Korea Atomic Energy Research Institute

The O-Arai FR Cycle Symposium 2004

Fast Reactor Technology Development

| Phase 182/(1997-2001)

© 7 iPhase3(2002-2008)
Development of Basic:Key. Technologies.
‘[ Establishment of Advanced Concepis’

evelapment of Basic Technolc
EiS Y Conceptual Design.

- “Establishment of .
+;Concepfual Design..

“~Validation of Advanced

- Gore Deslgn’ :
~Validation of Advanced

- System Design: -
~Key Sodium Technology
- Safety Analysis’

]

[~ Enhancement of Basic:

- Design requirements ..
- Design Specification -~
‘= Performance Analysis’
.= Safety Analysls -

|

Development and ] E asic:

- improvementof ; | , -.Kay Computer Code -
- Computer Codes .~ Ivalidation of Advanced
mpu“r (1] L |- Design Concepts...-

- Experiments for
s Code Validation -

|
l

[ " pasic Experiments -

6

The O-Arai FR Cycle Symposium 2004 @ Korea Atomic Energy Research Institute
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Development of KALIMER

U Design Objectives

» Sustainability

= Safety

» Economics

= Proliferation Resistance

{1 Conceptual Design of KALIMER-150
= Completed in 2002

0O Development of KALIMER-600
Design concept

= Key Design Features
- Power : 600MWe
- Plant efficiency : ~38%
- Pool type reactor
-2-Loop IHTS
- Passive RHRS : PDRC
- Superheated steam cycle

Design Concept of KALIMER-600

7 The O-Arai FR Cycle Symposium 2004

&% Korea Atomic Energy Research Institute

KALIMER-600 Proliferation Resistant Core

U Sodium-cocled reactor core loaded with metal fuels

Q Self-recycling of transuranics with minimum amount of excess Pu produced
0 Enhanced proliferation resistance by removing blanket assemblies

O Design optimization to reduce sodium void effect: 4 ZrH, moderator rods/FA

@ hnorDiver 102
Middl Diver 126

. & oweroner 108
b, @ comoired 12
@ uss 1
Reflector 72
@ oo 78

Vs 14

@ e 80
Total 708

8  The O-Arai FR Cycle Symposium 2004 ‘@3 Korea Atomic Energy Research Instifute
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PDRC: Passive Decay Heat Removal Circuit

O Design Features Steady state normal
operation mode

» 2-Loops with AHX and DHX
» Passive design concept

» No operator actions
* No emergency power

Cold Fel

= No heat fracing for normal operation

7
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Rx, internal structures

9  The O-Arai FR Cycle Symposium 2004 @ Korea Atomic Energy Research Institute

KALIMER-600 Mechanical Structure Design

U Reactor system arrangement
i i {HTS Pump
= Reactor and containment vessels .

* Reactor internal structures IHTS Pioi
, iping
= HTS piping arrangement against

muitiple failure at SWR

4 Structural design-& analysis

» Evaluation of reactor structural
integrity and feasibility

» Seismic isolation system design
Primary Pump

Reactor Core
RV and CV

10 The O-Arai FR Cycle Symposium 2004 g@?, Korea Atomic Energy Research Institute
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KALIMER-600 Safety Analysis

Q Objective : s i
= Evaluation of safety performance for
ATWS

10+

3

&
d

Reactivities, conis

L ATWS Events
= UTOP: Unprotected Transient OverPower
» ULOF: Unprotected Loss of Flow

- = JLOHS: Unprotected Loss of Heat Sink Time,sec
_ _ UTOP: Reactivities

4

O Preliminary Results
= Fuel, clad and coolant temperatures
within limits <
g
=
100 200 x0
Time, sec
UTOP: Temperatures
11 The O-Arai FR Cycle Symposium 2004 @3 Korea Atomic Energy Research Institute

On-going R&D Activities for Sodium Cooled FR

Q Development of Application Technologies for Improvement
» Core Design Studies '
* Development of Thermal Striping Analysis Methodology

» Development of Structural Integrity Assessment Technology for
Elevated Temperature Structures

» Development of Water Leak Detection Technology
= Development of Computer Codes

T Development of the Evolutionary Technologies for Advanced Designs
= Uitra Long Life Cycle Core with Direct Re-fabrication
» Development of Integrated IHX/SG

12 The O-Arai FR Cycle Symposium 2004 . @3 Korea Atomic Energy Research Institute
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Core Designs
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13 The O-Arai FR Cycle Symposium 2004

@3 Korea Atomic Energy Research Institute

ULLC with Direct Re-fabrication

U Design Goal : Higher power densities (~20 W/cc) than conventional
ULLC(Ultra Long Life Core)'s (~60 W/cc)
= Cladding fast neuiron fluence limit reached in 10 years
» DUPIC-like direct re-fabrication process adopted
» Enhanced proliferation resistance

1 Concept studies on ULLC for operations of more than 30 years
» Search for optimum & minimum core power for sodium coolant
« 1000 MWe core with U metal fuels
» 1000/ 500 / 300 MWe cores with TRU metal fuels

= Pb-Bi coolant
» Pb-Bi cooted 500 MWe core with TRU metal fuels

14 The O-Arai FR Cycle Symposium 2004

2@3 Korea Atomic Energy Research Institute
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ULLC with Direct Re-fabrication (cont)
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15 The O-Arai FR Cycle Symposium 2004 @3 Korea Atomic Energy Research Institute

Development of Integrated IHX/SG

O Objective
= Enhanced plant safety through
elimination of SWR event in SG
* Reduced construction cost through
simplification of IHTS

W On-going Activities
= Development of integrated iIHX/SG

concepts
* Tube arrangements . g
» Flow paths for intermediate - e
medium
» Evaluation of heat transfer
agega Fead Waler
capabilities Py
i i =
» Study on Configurations of NSSS :
with integrated SG s
. . s g
» Experiments on the basic features
on integrated SG NSSS arrangements with integrated IHX/SG
16 The O-Arai FR Cycle Symposium 2004 E@E Koraa Atomic Energy Research Institute
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Development of Integrated IHX/SG (cont)

0 Tube Bundle configuration Study o Configuration of NSSS with the New SG
- Integrated configuration
. Single region .double region
- Separated configuration
. radial vertical

Basic loop type Loop type with shortened
saodium piping

blM
I s e
401
«lLH
201 Ti
104 &
0 0z 04 05 08 1 % 02 04 06 08 4 Loop Type with Pool type with small
L Wi small containment containment
Single region type Double region type
17 The O-Arai FR Cycle Symposium 2004 ‘ E‘@{ Korea Atomic Energy Research Institute

Development of Integrated IHX/SG (cont)

U Objective of Experiments
» Verification of the basic performance
of the integrated SG

* Measurement convective heat
transfer coefficients g
nressurizer Test section o
0 Experimental Conditions 1 (2 fluids)
* Heat transfer media : :j
* Wood metal / Wood metal / Wate ——
* Pressure : 0.8MPa '

g =
: |
pump 4T

» Temperature : 75~165 / 10~75°C
» Heat transfer rate: 30 KW

iTest section
(3 fluids)

pump

Schematic Diagram of Test Facility

18  The O-Aral FR Cycle Symposium 2004 8@3 Korea Atomic Energy Research Institute
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Sodium Experimental Facilities

Water Mock-up PVCS Wire Spacer Pressure
Experimental Fagility Experimental Facility‘Drop Experimental Facility

Exprim ntal Hydr dynamic
Faclil Experimental Facil

Large L ak Water Mock—up ¥ i cous c tc ion
Experimental Facility o 3 N Experitnental Facility

o AN R

mall EM Pump * Sodium Fire

Test Facility

19 The G-Arai FR Cycle Symposium 2004 S@} Korea Atomic Energy Research Institute

International Collaboration

L Participation in the -NERI and GEN-V Projects
= Passive Safety Optimization in LMRs
= ENHS Core Design

Q1 IAEA Fast Reactor Knowledge Preservation

= Establishment of a comprehensive, international inventory of fast reactor
data and knowledge

* Extra-budgetary contribution

U OECD/NEA IRPhE Project
» Establishment of international database of reactor physics experiments
and measurements
Q Participation in the GEN-V Projects

» KALIMER has been selected as one of the two candidate reactor types for
the future GEN-IV international activites in the sodium cooled fast reactor.

20 The O-Aral FR Cycle Symposium 2004 g{% Korea Atomic Energy Research Institute
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Re-start of Monju and Collaboration

Q When the Monju plant is restarted, valuable operational data and
experience can be accumulated from the fast reactor of the most
recent technology. It will be very beneficial to the fast reactor
technology development in the world.

QO Potential collaboration items with Monju
= Evaluation of new design features in Monju

= Assessment and calibration of the design analysis codes using the
operation data from Monju

21  The O-Arai FR Cycle Symposium 2004 @ Korea Atomic Energy Research Institule

Fast Reactors in the World
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Summary

{1 The 3" phase of LMR Design Technology Development Project started
in 2002 with the goal of developing basic key technologies and
advanced concepts.

0 KALIMER-600 design concept is being developed.

O Studies on the evolutionary technologies for advanced designs are
being carried out.

0O International Collaborations :
= On-going: I-NERI, IAEA FR KP, and OECD/NEA IRPhE Projects
= Planned: Gen-lV Participation

u Réstart of Monju will be beneficial to the FR technology development
also in Korea and the world.

23 The O-Arai FR Cycle Symposium 2004 2@ Korea Atomic Energy Research Institute
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THE O-ARAI FR CYCLE SYMPOSIUM 2004
27 February, 2004

- rgeSysemadchnical rpetlves -

Yoshio Kani

O-arai Engineering Center

Japan Nuclear Cycle Development Institute

Development of Fut 'e"Soc:ety

Highly Effi clent Resource Utilization -
: Resource-Savmg and Waste M:mm:zatlon g
" 'by Recycling: - ‘

Global Effects through Energy Technology
f{"(prevaience effect oh economy efc.) -

”Securlty ‘gamst Maldlstrlbl..tt.lbﬁ.,. Uneerta ity etc.

FBR Cycle: Role and Value
~-Realistic Answer to Transition Needs . -
- Improving Security and Stahillty

.'j-ereduclng Waste in Quantlty and Quallty
COHLW A2 ~1M00 .
- Radio-toxicity -)1!100 ~ 1I1000

Prowdmg Strategy for Technology Prevalence Augmentmg Resource Value . .
- Uranium Utilization Efficiency —>>x100

“(domestic’ |mplementat|on to wide-area - i :
collaboratlve utlllzatlcm) . (extension to 1000s year utilization) :, - -

— 180 —




JNC TN9200 2004-001

D Resorree Procurement
{Mining & Conditioning)

- FBR .Cy;:le

_[TRU Mulit-Recyele)

Less thifi 1100 of LWR %

[ :Sinall Consumption

. et from Breoding, High Busanp] . *
ng:

ckeaey #nd]

- LWRCyele

D, WVRMOX)

@ Utilization (Energy Conversion) .

Frzctionate &

Recydl
@ Processing & Recovery |
1o Of

ey kA

(Fuel Reprocessing)
— 300kg

@ Disposal
(Treatment &

Dispesal of
‘aste)

Lav-Level Was:

fr— b i for LWR
FBR: Sodi-Cooled Reactor fhoma.oore)
FBR reprocrasing: Avanecd Aqucous Procas

[]==9 : LWR-MOX Case
(1/3MOX: diluent supply from irradiated depleted )

ﬂs“mmm'

, o
[MOX Fucl Sto
fwilllPu:DDkg]n Storage I

FBR Cycle Realizes Resource Saving and

Small Waste Discharge to be Suitable for
Sustainable Energy System

- Commercialized System Should:
»Play major role in supplying Basic Energy Source
(with reasonable economy),
»>Attain high efficiency in Saving Resource and
“Minimizing Wastes (major attributes to sustainability),
»Construct effective Transitory Path and Scheme
through co-habitation phase with existing system
(for smooth and realistic introduction), and
»Provide Flexibility and Readiness for future demand

and market deployment
(scale/pace of introduction, regional/world-wide
utilization and extended application needs)
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— _ (year)
"R&D Phase R
Progression | ¢

vaiuat
.. Various Optfi
= Extracting ::
. promising. -
Locandidates. -2

~-1Economic Competitiveness iy - .
“Etficlent Utilization of Resources.
. ..-Reduction of Environmental: ‘Burden

» Robust Safety: Minimizing additional societary risk to be
negligible compared to existing level ‘

= Economy Alfractiveness: Achieving price and cost
competitiveness to future LWRs

» Efficient Resource Ultilization: Attaining sustainable fuel
production and adaptability to extended needs

» Environment Friendliness: Reducing waste generation and
Alleviating long-lived-nuclides loads to waste
management (underground repository)

> Enhanced Proliferation Resistance : Upgrading intrinsic
measures (without extraction of pure Pu)
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€ Multiple Recycling System to Burn All TRUs
under Low-decontamination and

Homogeneous MA-loading Cycle Scheme

— Converts uranium-derived heavy-metal
wastes into fuel through FBR neutron power
in combination with thorough recovery of TRUs

— Confines long-lived eletdents giving environmental
effects inside system

75, Realizes Resource Maximization
, and Clean Waste Discharge and
iy Excludes pure-Pu state throughout system flow

Repository

System Concept {Design Study)

Performance

Key Technology Evaluation

Development

~r] ®Pursuit for Compact Plant Architecture
| with High Safety Performance, and
/ @ Optimization of Core and Fuel Design
for Economizing Fuel Cycle
-Cooling Capability to Enhance System Performance
Applicability of Advanced Materials
Achievability of High Burnup and Cycle Consistency

) € High Recovery of TRU, and -
| High Process Efficiency to Improve Waste Generation
and Cycle Cost

-Compact/Simplified Process and Facility

Validation of Recovery and Separation Performances
~Qualification of Fabrication and Irradiation of TRU fuel
*Clarification of [Innovative technologies

8

(applicability and main issues)
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~ Water Cooled Reactor

Ldaptablllty of ex:stmg plant =
technology in ABWRs - .
ill " in contrast to attainable core

performances inferior to other

:. concepts as fast reactor

' '-_¢De319n oriented to close-packed core _
| -accommodating. cooling capabmty and-
safety performances .
iél\llaln subjects: Develo ment of

| safety. technology and fuel claddlng
matenal TN S

| technology for enhanced _
.j_coolmg_cepablllty ?"d suelevel

h:gh-temperature utilizatior applyi

- gas-turbine direct cycle -
-#Critical subjects : Developi 4
- high temperature-resistance ateri
~+nitride fuel and fuel cycle technology -
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Advanced 2-100 reactor concet to give eetive solutions by
incorporating innovative technologies '
— Generation-IV Reference Concept

Effect of Compact Design

Construction Cost (10%en/kWe)

100 N Monju
Large-dia. piping and A 280MWe X Dem"l:“;gaﬁ"“
-capacity-heat exchanger 40 | prsssnr

-

% LWRh 670MWe \Commercial
 I— | \ FBR
1500MWeN ﬂf\

‘Components integration

A

1HX and 1y pump 20 -Fure )

LWR
1500MWe

MOX fuel core MOX fuel core  Metal fuel core
~_{High breeding type) (Economical type) [High breeding or economical
[FBR Introduction stage] [Equilibrium stage] use in extension stage]
Innes sgre SIA o msl::dm blanket S/A fﬂ&i_‘:‘?fﬁgf\ 2 O‘I-;‘:'f ;:::gﬂ

(40cm)
Ieking
Contrél rod ; ¥ g
{Primary} {Aulad blankst Elimination) Sentralrod 4y " Shielding
Controf rod : o Poma}  conirol rod
{Back up) {Back up)
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Faongna ]
& Using Flow Splitter "{.————
CEE e "] Onset
| velocity of
Vortex
Cavitation
by Flow

|| splitter

Reduction of
upward
velocity by
FHM plug
and Dipped

Sub-assembly

Sub-assembly
Packed Bed 2
: L. Upper axial
~’}' blanket
223Tmm A Particle fuel
N G g e Particle
, Coated particle “Particte W/ buffer
annular frit L Loulrer axial | : I Ker||11.st bieiehle - | w/o buffer
blanket i 7
Pillar l anke %;‘;’:%':::" / (Nitride fuel) 7
) TiN) Buffer layer
. o (Low Dens, TiN)
/ Sealing layer 2 i_l
R — {High dens. TiN) 1 Axial
T & A1 shielding
Buffer layer 5.
1.94 m {Low dens, TIN) i
arnel
{Nitride fuel) =
Coated particle fuel [ Additional particles {SiC) ] I Sdilid._rﬁa‘tr'ig(.(Si‘C)'. l 14
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Electrolyser.
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Reprocessing System-

(Inlcgraied Facility with Fiel Fabrication Syucm) .

s RounansdP s

AUy ey

- Chemienl

o : - Ovidath Bk
- —Oxuie Fuel Cyc!e- St e e Oxide Fuel Cyclel- . ;_-Metal (&Oxu!e) Fuel Cycle-

Target-compliant concept - Concept fitting to small “Concept fitting to small
with prospective view on -.sca!e plantand nee - scale metal process and -
- technical vrablhty _accumulation of | S needmg accumulation of -
. .supported by wide - knowledge to validate || - ‘wide and basic::
experiences an varlety of “process principles : |l knowledge to clarrfy
-R&B: results o S torefine system || system. performances
' <Main Technical Efforts and". 1| ! e :

Next Resedrch Suhjects > :

“rationalization of facility scale

~crude recovery of d large quantlty of
uranjum by crystallization: ™ :

‘cycle” .-
*recovery: of ming? actinldes by_

- ¢Economical Improverent -+ . - rel:ated basic teehn A " underihe hot condmon
. of smallscale plant.. .~ ..~ |- mechamsm ] TCOIRTILHEY WKL 2 PE L
supergritical-flutd girect extractlon evelopmentof SO N S
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alen - q) Sl i wastetreatmentmethod and. .o

("~ Oxide-Electrowinning "\ /~~ Metal-Electrorefining
_ Reprocessm“_ i --:Rep'ro:eessing System.

process f°’£§3a'§§°ﬁ5’>¥ e +recovering prodicts as metalf

Fusl Fabrication

-< Main. Technical Efforts and B
: Next Research Subjects p

process for TRU recovary o
ATRU- ‘recovery by extraction: proccz)e)s(s

¢ p. System-level engmeenng anf [
e S5 lated bagic technology
ngineeringand . .| |- »val:dahon of the. basic technigue ™

Blanket Fucl .

Main subject of Technical Development

Realizing compact equipments 1

Establlshing processes for
concent

m(k reprocensng :lﬂ)“
10000Y
o 2y g

HLLW Traatment “iTR'-' K powder preparation

Establishing
crystallization process

ptimizing operatin
conditions

(Dpﬂ'l’hmng operation and
system

Establishing condition of

Subjects ouerthe system
(TR rication tgchnology)

amota Operalfan, efc.

a

50 0 150 o 250 300 350
ey (HMy)

Evaluation of Unit Reprocessing Cost
‘Relevant to Reprocessing Quantity

‘Succeeded in manufacturmg Am-contamed
MOX pe!let (3wt%) under remote control

: Irradratlon Programme for evaluatmn ol‘
the redlstrlbutmu of Am in “JOYO” will start from 2005
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Appearance of Multi-Porous Adsorbent
{developed by Instifute of Research and Innovation)

Concentration, 103 M
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Elements by SETFICS Flowsheet

Separation Behaviour of Heavy Rare Earth

pH
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Recyele of Salt

UTRU;
 Gome n,}:g

' "I_r_lje_c.:ﬁh'nVCas:ﬁl_lg, .

.. Pin Fabrieation

‘Assemibling

Recovered Metal

- PuZr Alloy fie
- Cathode Dhnlutiun

uch as elet -re:ﬁmng,
aftj-5ta extracuou,‘Cd distillation,étc. .

“équipment installed b
e e !
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- 18§ —




JNC TN9200 2004-001

lmprove the U and TRU recovery speed WIth

large-scale electrorefining equipment,

4 pairs of electrodes and

simultaneous usage of solid and liquid
cathodes

Li Reduction of U and TRU in molten
~ salt into metals with pyrocontactors

before separation of FP, and
Subsequent extraction in metallic
cadmium

21
challengmgtarget sufﬁc:ent performanoe permissible
(0. 625)\ .0 \ performanoi
Sodium-cooled large-scale reacto ' |
(MOX fuel : lIarge-scale fuel cycle) Capital cost
) ] Opcration and
Sodium-cooled large-scale reacto Dn::”:tem"e cost
(Metal fuel : small-scale fuel cycle) el cost ;
1
Lead-bismuth-cooled medium-scz] :I I
(Nitride fuel : large-scale fuel cycle) I
Helium gas-cooled large-scale regetm ] I
(Nitride coated particle fuel : large-scatef :
Water-cooled large-scale reactor|z= :
(MOX fuel : large-scale fuel cycle) - i
00 02 04 08 08 1.0 12 14
Generatlon Cost (normalized with 4.0 yen/kWh)
.l Sodm -0 oled rcactor!MOX High' performance assxst.ed by oompact reactor desxgn and
o iy 'seale effeets from advanced ‘#quepus repracessing & pelletlzmg fuel fabncatmn o
_ -I Sod.lum-cooled reacborll\/[etal Potentmlly reaches 1tive _' .
: electro-reﬁmng reprocessing. -and injection casting fuel fabrication,
m Lead-bmmuth-cooled reactor & Helium gas-cooled reactor/Nitride: Potentially reach sufﬁ'
l Water'cooled reactorlMOX Potentxally reachés nearly sufficient performance, g
: though 1ts low bum up Iargely affects fuel cost '
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Fig.4 Toxicity reduction by TRU burning 23

| Majér R.oles of Research Facilities
in Commercializing Advanced System Technology

@ Driving Technology Innovation thru Functional Validation
@®Promoting Industrialization in System-Level Implementation

*Crucial functions for realizing TRU cycle

i 7 Wide & di @ " System demonstration
Joyo Shoit-lnt;ﬁ:i:::bpaecks Mon] u Industrial tech. develop.
Tech.Innovation | Screens & Selects
. New Technologies*
Exploration (TRU fue!, new materials efc.) _ ,
L. Optimizes Basic Specs. and | Provides Basic System Data
Systemization | validates F.unctions of Validates Core-Design
Promising Techs.* Characteristics in combination
Identifies Fuel-Perform. Limits with fuel cycle techs. (TRU burning)
Industrialization Accumulates Power Plant
Implementation Technology in Praqtlces
" Practice Develops & Systemizes
Operation/Maintenance Techs.
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Eff CIent R&Ds towards Estabhshment of FBR Cycle

Monju Restart
; ~ Syears ~1Q0years ~1 Syears

Present

———e—

pac
Non“aqueous*
: reproces Tig,

. GENJV e
- SF R (Sodlum-CooIed FR) e
JNC

and LLFP@MBgnm eti

~'GFR (Gas-Cooled FR):’

= LFR'(Lead-Cooled FR) -

CEVHTR (Very~H|gh-Temperature Reactor)

‘| - SCWR (Supercritical- Water—CooIed Reactor)
R MSR (Molten Salt Reactor) -

GEN-IV Multllateral Collaboratmns

Towards Global Standards of Next—Generatlon System

Central Position for International Deployment in:
-Common Regime for Key Technology. Deveropment

Jomt Research usmg “Mon_;u”&”]oyo” '
-Communication Forum for shearing expertise

__-C?p_pg-;‘rat_lqn‘?l_g::l_?gs_;q;_a._r_;d‘ NewResearchAI )| - Future Joint Project on System Design’

Bp
[, W
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> Under common goal definition, system delineation on wide concepts and
associated technology has been carried out with emphases on drawing
out their potential merits, accompanied with key-technology development
to accumulate supportive knowledge and database.

» The study reaches an advanced stage, giving a good outlook for the
development, where target-compliant system can be drawn by
composing FBR-cycle technology based on outcomes obtained so far.

» Main research subjects to materialize effectively such the system have
also been clarified, and we are now elaborating next-step deployment
with R&D planning.

> It should be noted, in particular, that in paraliel with concretizing
technology efficient utilization of research facilities and resources is
inditspensable to establish TRU-cycle, which is the vital key to the
system.

> From the viewpoint of brightening the path to efficient commeréialjzation,
the international cooperation is increasingly highlighted such as in R&D
promotion under international regime and joint utilization of research
Tacilities.

27
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(2) Consideration of Long Term Fast Reactor Development Program
in China
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Consideration of Long Term Fast Reactor

Development Program in China

Xu Mi, Lu Daogang, Yang Hongyi
China Institute of Atomic Energy, Beijing
2004.02.10 -

1. Introduction

* Recently, in China the annual primary energy
production per capita is only around one tonne
standard ceal equivalent (tsce), about half as large as
the would average value or only one sixth of which in
advanced developed countries.
~+ Itis estimated that the annual primary energy
production per capita should be increased to three

tsce in the middle of this century.

— 208 —



JNC TN9200 2004-001

Table 1 Envisaged Primary Energy Production

in China for 2050
Exploitable  Standard Coal Total Requirement

Energy Equivalent
In 2050 (billion tsce)
(billion tsce)
Oil 0.1 X10%
0.45
Gas 1500 X 10°m3
Hydraulic 260~370GWe 0.65
Coal 3.4X10%t 2.50
Nuclear 240GWe 0.60
. Others : 0.30
Total o 4.5 45

2. China Needs Fast Breeders

Due to the weak national investment capability
and experience reasons, the Government takes a
moderate nuclear development policy up to now,
marked by only 8 NPP units with total 6.1GWe
capacity in operation, 3 units in construction and
another 4 units is waiting for approval in China

mainland.
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Alongside the steady growth of national economy
and encouraged by succeszul operation of Qinshan
-1 and Daya Bay NPPs and by smooth progress of
NPPs constructed, the nuclear power development
will progressively have a rather bigger steps, as

- programmed (to be approved by the government)
to reach 32GWe in 2002 and proposed to have 45~
50GWe in 2030. |

CA TASTITTE 08 04 B

As abovementioned, in China the nuclear power
capacity should be developed to 240GWe in the
middle of this century. If only PWRs to be deployed
with a s{rategy fuel once-through cycle or Pu recycle
in PWR, 240GWe PWRs need 1.45 or 0.94 million
tones natural Uranium to support their fuel consum
-ption for a 40 years operation.It is impossible to
support so such huge Uranium consumption by

internal resources or world.

— 210 ~



JNC TN9200 2004-001

Just by this reason, the fast breeder reactors and
related closed fuel cycle will play a very important

role in Chinese Nuclear Power Development.

In order to estimate the maximum confribution
| by matched PWR-FBR development, assumihg:
(1) the total capacity of PWRs in 2020 and 2030
will reach 32GWe and S0GWe respectively;
(2) In each period the capacity increases lineérly;
(3) Large Fast Breeder Reactors will be deployed
from2030, and with metal fuel closed cycle.
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Table 2 Nuclear Electricity Capacity Growth
by Matched PWR-FBR

Year PWRs(GWe) U Requirement Accumulated(10°t) PWR+FBR(GWe)

2005
2010
2020
2030
2040
2050

85
16.3
32
50
47.9
33.7

5.5
16.5
549
1175
186.0
246.4

85
16.3
32
77
160
386

Table 3 Estimated MA and LLFP Accumulation

from PWRs

Year PWRs(GWe) MA(®) LLFP(t)
2005 8.5 0.6 1.0
2010 16.3 2.0 3.2
2020 32 7.0 11.2
2030 50 15.4 24.7
2040 - 479 25.0 40.5
2050 33.7 34.0 54.0
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Partitioning and Transmutation strategy has been
basically decided in China. The fast reactor is a
rather realistic burner for MA and LLFP. A
preliminary analysis has shown that the middle size
fast burner was suitable with advantage of safe and

- dynamic properties not much worse, and the

support ratio could be 1:2.

So, matched PWR-FBR development and their

- related closed fuel cycle, the fission nuclear energy
will be sustainable one to support the national

~ economic development and public living standard
improvement, and the nuclear could be really clean

energy.
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3. China FBR Development Strategy Study
Table 4 China FBR Dévelopment Strategy Study

Reactor  Power(MWe) Design Beginning Commissioning

CEFR 25 1990 2006
CPFR 300~ 600 2005 2020
CMFR X300 (If needed)

' CDFR  1000~1500 . 2010 2025
CCFR  1000~1500 2018 2030

Table S Technical continuity of Chinese FBRs

CEFR| CPFR CDFR CMFR
Power MWe 25 300~600 | 1000~1500 | 4~6X300
Coolant - Na Na Na Na
Type Pool Pool Pool Pool
Fuel Uo, MOX Metal MOX+Ac

MOX Metal Metal+Ac
Cladding Cr-Ni | Cr-Ni, ODS | Cr-Ni, ODS | Cr-Ni, ODS
Core Qutlet Temp."C| 530 | 500~550 500 500~550
Linear Power W/em | 430 | 450~480 450 450
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Burpn-up MWd/kg | 60~100 | 100~120 120~150 100
DRPs DRPs DRPs DRPs
Fuel Handling
SMHM SMHM SMHM SMHM
IVPS IVPS IVPS IVPS
Spent Fuel Storage
WPSS WPSS WPSS WPSS
Safety ASDS | ASDS+PSDS |ASDS+PSDS| ASDS+PSDS
afe
PDHRS PDHRS PDHRS PDHRS

The China Experimental Fast Reactor (CEFR) with the
power 6SMWt matched with a 25MWe turbine generator
is the first step of China fast reactor engineering
development, Which concepfual design was started in
1990 and completed in 1993. The preliminary design was
carried on from 1995 to 1997 when we have good
cooperation with Russian Fast Reactor Association
composed of ® I U1, O KBM and A 3 I1. Now the detail

design to be nearly completed.
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Fig 2 Ceremony for CEFR main building completion (2002—08-15)
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(K THSTIITE O TORTC DGR
4. Conclusion

(1) It could be summarized for the FR development
in China: The CEFR project is under execution,
CPFR is being prepared for making application to

include it to the National Eleventh Five Year Plan

and others are only suggestion.

| iz 01TV TNSTITUTE OF AVALC ENGREY

(2) If we look at the energy resources in the world:
-the good conventional energy resources, oil, gas are exhausted day
by day;
~coal has COz and local pollution problems;
-among the new energy resources studied up to now, only nuclear
energy, precisely to say, fission nuclear energy is safe, clean,
economically acceptable, and could be used in large scale;
-the country which is lack of energy resource needs large scale
nuclear application, meanwhile the FBRs are necessary because
uranium exploitable technically and economically is limited in the
world.
So, to develop the FR is an important human enterprise. The
countries which develop the fast reactor technology are actually to

make the important contribution to the sustainable world.
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(3) The fast reactor development needs a long term
period. It is very important to use FR experiences from
other countries. From our side we wish more
international cooperation With the FRs in the world

including JOYO and MONJU.
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(3) CEA R&D programme on transmutation
ERFNFAYS v A BRA RFFRASHE
Jean-Louis CARBONNIER
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CEA R&D programme on transmutation

~ Different options for transmutation
=9 (J Np, Am, Cm diluted in conventional PWR or FR fuels

2 Am, Cm major component of a target (for once through
strategy)

QO Tc, | major component of a target
L} Am, Cm major component of a “ dedicated ” fuel (ADS)
Concepts/Process

L} Reference technology (powder metallurgy, wet
reprocessing).

LI Alternative (simplification of fuel fabrication).
Fabrication process

[ Material Properties

Behaviour under irradiation

Irradiations in Phénix

Goals
- PROFIL = Nuclear data
- ANTICORP1 = Technetium
- MATINA = Inert matrix and microstructures

- ECRIX et CAMIX-COCHIX = Americium targets
-METAPHIX = Metallic fuels
-FUTURIX = Specific fuels (ADS and Generation V)
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" Nuclear data : PROFIL- R and PROFIL- M

*Objective
P To improve the accuracy of the cross sections
& data of various interesting nuclei.

v PROFIL R (in PHENIX) : irradiated in a fast
flux

v PROFIL M : irradiated in a locally moderated
spectrum (optimized concerning transmutation
efficiency)

Content
v'Actinides (~ 5 mg) : Th, U, Np, Pu, Am
v'"Natural Boron (Profil M)

v' PF (= 20 mg) : Rb, Zr, Mo, Tc, Ru, Rh, Pd, Ar,
I, Cs, Pr, Nd, Sm, Eu, Gd

PROFIL - R Pins

— PROFIL-R pins

Isotope

Height 10 mm
PROFIL-R container
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Americium targets ECRIX, CAMIX COCHIX

- |10 demonstrate the technical feasability of the

(&) americium transmutation in an heterogeneous concept,

~—— in a locally moderated spectrum of a fast neutron
reactor :

v'ECRIX-B : Moderated by ''B,C = well known moderator

v ECRIX-H : Moderated by CaH2 > enhanced transmutation
efficiency

v'"CAMIX : Optimization of americium compound

v'COCHIX : Optimization of microstructure (macromasses to
decrease the volumic fraction of the matrix damaged)

ECRIX B and H

ECRIX H ECRIX B

s chopprse e

o

—Column height :

200 mm (= 2,75 g of Am

with 95 % of 241Am)
—Targets :

AmO, ; -MgO microdispersed
Gpm < 100 pm

CALCIUM HYDRIOR {CAH 3}

+ objective : Fission rate = 30 at%

*ECRIX B ("'B,C) : irradiation time = 670 EFPD
=Transmutation rate = 80 %

*ECRIX H (CaH,) : irradiation time = 340 EFPD
= Transmutation rate = 90 %
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a0

CAMIX COCHIX

*Content : 0,7 g Am/ems, height of the target column = 100 mm
v'CAMIX 1 : Sol. Sol. (Amg 46,21 78, Y6.16)O2-x
v'CAMIX 2 : CERCER micro. (Amyg 5,20 66, Y0.14)O5 in MgO
particule size 40 < $ < 60 um
v'COCHIX 3 : CERCER macro. (Amg 5,2t ga: Y0.14)O2.« i MgO

particule size 100 < ¢ < 125 pm (30% vol of the matrix
damaged)

*Objectif : |
Fission rate = 30 at%
= irradiationtime = 340 EFPD

Transmutation rate = 90 %

Phenix irradiation experimental programme

Expétience Durds | 1098 1889 2000 2001 2002 2003 2004 2008 2006 2007 2008 2000 2010

AEPP

ECRILB

ECRIKH..

METAPHIZY - -
METAPHIX 2 . | 380

METAPHIXS . |

[ R&D - Concaption - Fabrication ] Imadition | Exsmsns NO- Examens D] -

Remantés ap puissanca PHENIX
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&

Conclusions

By 2006
- Important experience concerning inert matrix
=>MgO is today the reference matrix
-homogeneous mode :

- usual technologies may be used with Am
(demonstrated with Np)

- Cm need simplified methods (thermal power 30 times
Am, neutron activity = 3600 times Am)

- Irradiations including Am are loaded in PHENIX
= Demonstration of the technical feasability

*Between 2008 and 2010
Post irradiation examination will allow
= Conception optimization
=Improvement of the performances

— 224 —




JNC TN9Z00 2004-001

[/8RIVETR]

(4) JAERI-JNC Integrated Program
Fabrication and Irradiation Tests of Fuels and Targets
for Minor Actinide Transmutation
ARRFARAR TRIVF—2RT LARRHE

afRE
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JAERI-JNC Integrated Program

Fabrication and Irradiation Tests of Fuels and
Targets for Minor Actinide Transmutation

Takamichi lwamura

Japan Atomic Energy Reseafch Institute

~ The O-arai FR Cycle Symposium 2004
-The direction of the world in FR cycle development
and the role of “Joyo” and "Monju” reactors-
27 February, 2004, JNC O-arai, Japan

Integration of R&D for Nuclear Energy Systems

ext Generation Nuclear Fuel Cycle Systems :
(Pu Utthzatlon/Breedmg, ransmutatton, Praly'eratlon

Res:stance, ete) s
’.Bas1c Technologxes for. DlverSIficatlon of Nuclear_,-.
'Energy Utlllzatlon (e.g Hydrogen Productzon) E

-f ADS for Transmutarwn'ofﬁMﬁt
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Innovative Nuclear Energy Technologies

_Present/ Near-Term

Electricity Generation Systems

Accelerator Driven
Systems

Hydrogen Production Systems

HLW :High Level Waste

MA :Minor Actinide (Np, Am, Cm)
FP :Fission Product

LLFP :Long-lived FP(I-129, Tc-99)

MA-fueled subcritical core
Spallation Target

, Vitrified J

Waste

ty.

et

20

- geologic

.repository .

| subsurface storage |
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JAERI-JNC Integrated Program

Integrated Program

Existing Programs

-FBR Fuel Development { }-ADS Fuel Development
(MA Recycle with ’ 7 (MA Recycle by
.. U and Pu) Dedicated System

Fabrication, Characterization, and Irradiation

Mainly oxide-]
*fuels and targets a

Collaboration & InformaﬁoW

Schedule of the Integrated Program

_ 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008

Test Design b

R&D on Fabrication Processes . ; #

Characterization and Property Measurements §

Preparation of Irradiation (incl. licensing process}) { i

JOYO Irradiation ; s

PIEs (FMF, AGF) . e
I}fﬁﬁg er

> Candidate Fuels and Targets under Consideration for Irradiation Tests

INC +——1— JAERI

Fuels (U,Pu,Np)Ox (U,PuNp)N
Targets | IM-(Pu,Am)Ox | IM-(Pu,Np)N, IM~(Pu,Np)Ox
IM = Inert Matrices such as MgO and ZrN

— 228 —



JNC TN9200 2004-001

Expectation to JOYO

> For demonstratlng effectlve transmutatlon of MA irradiation tests
under fast neutron c1rcumstances are mdlspensable.

several useful lrradlatlon dev1ces. o

> There are three hot laboratorles close
to J OYO 111 Whlch elaborate PIEs for
fuels and materla]s can be carrled out

‘P Llcensmg for 1rradxatlen tests of MA
fuel Is expected 111 the lntegrated program-

- Transmutation .
Experimental Facilty |
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Reduced-Moderation Water Reactor (RMWR)

7.6m
Whole core

(pancake type)

Fuel assembly
(tight-lattice)

i

i’ -!l‘

Reactor Vessel

¢ Full power: 2001
»Thermal power: 30MW
# Outlet temp.. 950 °C -

€ Safety demonstratlon
fest. : :

& Operatlonal experlence B

S Hydrogen Production system |

& Out—of-plle test
TR underway
@ Isolatlon valve test
R underway

e System ‘connects with
'HTTR : planned

;wStep1 Laboratory scale

eStep3 Pllof scale -
@Step4: Connects wrth H'ITR

: completed-
eStepZ Bench scale _
: : underway' '
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(5) Effects of FBR Cycle Deployment fib
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Figure 10. Accumulative uranium demand (B)
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Accumulative uranium demand (million tonU)

50 :
40 _ ..............................................
LWR Once through
30 r --------------------- T ity
Pu mono- 1ecﬁc11ng
o0 L in LWR, -
Ultimate respurces \
(16.2)
10 pr B e T
Known resources = Wm
0 [ LWR-:-FR(‘?OSO BiR7.29, 55)
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Figure 11. Accumulative uranium demand (C2)

#LLWR+FR(2030,

B.R.1.24, 5y)

—LWR+FR(2030,
B.R.1.24, 3y)

2100

Spent fuel storage (million tonHM)

5 ; :
(excluding Storage at reafctor site)
A b
LWR Once- through
v T A S ]
Pu mbno recychng

2 _____________
1 _____________

, T LWR+FR(2030,B.R.1.24,5y)
0 i
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Year

Figure 12. Spent fuel storage (B)

- 233 -




