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FOREWORD
At present nuclear power accounts for approximately 7% of total electricity generation
worldwide. Given continuing population growth ant the needs of the third world and
developing countries to improve their economic performance and standard of living, energy
demand is expected to continue to grow through the 21 st century. The proportion of energy
supplied as electricity is also expected to continue to increase. Although fossil-fuelled
electricity generation is the option preferred by several countries for the short term, there are
rising concerns over climatic consequences caused by extended burring of fossil fuels as a
result of the demands of a fast expanding world population. In this situation, nuclear
electricity will become more and more important, and the known reserves of uranium would
be consumed quite quickly by thermal reactors. Ultimately, a large nuclear programme can be
sustained only by introducing fast reactors. One can conclude that there are strategic reasons
for pursuing the development of fast reactors. It is essential to have this technology available
for introduction.
The recycling of plutonium into fast reactors would allow the incineration of the
associated extremely long-lived transuranics, particularly actinides, thus reducing the required
isolation time for high level waste from tens of thousands of years to hundreds of years. This
additional important mission for fast neutron spectrum systems is gaining worldwide interest.
The role for fast reactors must also be considered in the framework of the utilization of
weapons-grade materials for peaceful purposes.
Over the past 33 years, the IAEA has actively encouraged and advocated international
co-operation in fast reactor technology. The present publication contains information on the
status of fast reactor development and on worldwide activities in this advanced nuclear power
technology area during 1999/2000, as reported at the 33rd Annual Meeting of the IWG-FR at
the VIC, Vienna, Austria, from 16-18 May 2000. This publication is intended to provide
information regarding the current status of LMFR development in IAEA Member States.
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Summary Report
1.

INTRODUCTION

The 33rd Annual Meeting of the IWG-FR was held at the Agency's Headquarters (VIC) in
Vienna from 16-18 May 2000. The meeting was attended by Members of the Group and Advisers
from the IWG-FR Member States (MSs) - China, France, Germany, India, Japan, the Republic of
Korea, the Russian Federation, the United Kingdom and the United States of America -, as well as
by the representative of the European Commission (DG Energy and Transport).
Mr. P. E. Juhn, Director of IAEA's Nuclear Power Division, who welcomed the IWG-FR on
behalf of he IAEA, opened the meeting. In his remarks, he emphasised the importance of the
IWG-FR in helping the Agency achieve its goals. He noted that while utilisation of breeding to
secure the long-term fuel supply for electricity generation with nuclear power and meet the
sustainability requirements has been the main aim of Fast Reactor development (and remains the
ultimate goal), the goals of Fast Reactor R&D, as well as Fast Reactor deployment in the medium
term, have shifted in some cases towards transmutation and incineration of actinides and long-lived
fission products, with the clear objective of decreasing the contaminated part of the nuclear fuel
cycle. Mr. Juhn emphasised that the flexibility required to meet sustainability requirements vis-a-vis
natural resources and long-lived radioactive waste management asks for a continuous development
of the fast neutron spectrum reactor technology, the only one to offer the needed flexibility with
regard to breeding and incineration/transmutation. Thus, the topics that constitute the core of the
IWG-FR's activities rely on strong common R&D needs in the Member States, and hence on the
need to exchange information and perform collaborative studies. It is widely recognized that the
IWG-FR is the only tool for world-wide exchange and collaborative research studies in the Fast
Reactor area. Given the common technical ground between plutonium utilization R&D activities
and the development of technologies for the transmutation of long-lived fission products and
actinides, it is therefore reasonable for the IWG-FR to consider both aspects. Concluding, Mr. Juhn
emphasised that this would enhance the synergies between the activities performed in all the
mentioned areas, and ultimately increase the added value of the outcomes of IAEA's activities for
the Member States.
Mr. J. Kupitz, Head of the Nuclear Power Technology Development Section, also welcomed
the participants. He announced that his report on the highlights of the Section's activities will be
given in due time under the respective agenda topic.
Mr. J. Leclere, France, chaired the meeting. Before handing over the conduct of the meeting to
the Chairman, the Scientific Secretary of the meeting conveyed apologies for not being able to
participate from the representatives of Brazil, Italy, Kazakhstan and Switzerland.
The Chairman and the participants introduced themselves and gave a short presentation on
their background and experiences.
The draft agenda prepared by the Scientific Secretary of the meeting and distributed to the
participants prior to the meeting was accepted without modifications.
The objectives of the meeting were:
1)
to co-ordinate the exchange of information on the status of FR development and
operational experience;
2)
to review the progress since the 32nd IWG-FR Annual Meeting, including the status
of the actions;
3)
to consider meeting arrangements for 2000 and 2001;
4)
to review the Agency's co-ordinated research activities in the field of FR, as well as
co-ordination of the IWG-FR's activities with other organizations.
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PRESENTATION AND DISCUSSION OF LMFR DEVELOPMENT IN THE MSs.

The participants made presentations on fast reactor development. Highlights for the period
since the 32nd IWG-FR Annual Meeting are as follows:
China
China has presently 300 GWe total electricity capacity installed, of which only 2.1 GWe
(corresponding to 0.7% of the total) is nuclear. By 2020, China envisages to have 800 GWe of total
electricity capacity installed, with 40 — 50 GWe nuclear (corresponding to 5 - 6% of the total).
Projections up to 2050 indicate the share of nuclear increasing up to 20% of the total installed
electricity capacity. Such planned large-scale utilization of nuclear energy necessitates the
establishment of a closed fuel cycle and fast breeder reactors.
As the first step of the development of fast reactor technology, the Chinese Experimental Fast
Reactor (CEFR) Project is in the detailed design stage. CEFR is a sodium cooled pool type reactor
having a thermal power of 65 MW, matched with a 25 MWe turbine generator. The conceptual
design and preliminary design have been completed in 1993 and 1997, respectively. Presently,
CEFR's Preliminary Safety Analysis Report is in the final review stages by the China National
Nuclear Safety Administration (CNNSA). In the meantime, the ordering of components is steadily
on going, and the site is being prepared (steel works for the foundation base of the reactor building
are being arranged). Provided no additional difficulties emerge, the CNNSA license should be
issued shortly, allowing the first pouring of concrete to happen not too late in 2000.

France
In 1999, the relative share of nuclear to the total electricity production (500 TWh) was 75%,
an increase of 1.8% as compared to the previous year.
In 1999, the availability factor of the French nuclear power plants was 79.3 %, slightly lower
than in 1998 (81.1 %). This decrease is due to the extension of planned shut-downs of some 1300
MWe plants (required to improve the confinement tightness) and to required modifications of
piping and shut-down cooling systems of some 900 and 1300 MWe plants.
In 1999, 482 incidents were declared, of which 116 rated level 1, and 3 rated level 2.
With the connection to the grid, in December 1999, of Civaux 2, the construction of the last
N4 PWR has been completed. EdF now owns 58 PWRs for a total capacity of 63 GWe. The nuclear
park being young and taking into consideration possible life extensions, replacements are not
necessary before 2015 — 2025. A decision with regard to the construction of an EPR unit is not
expected in the short term.
Over the last year, there were important changes in the industrial organisation in France. In
November, EdF acquired 25 % of EnBW (the 4th German electricity utility), while its subsidiary
London Electricity bought SWEB, one of UK's distribution companies (l'300'000 customers). EdF
also acquired shares in Swedish and Finnish companies. A reorganisation of FRAMATOME share
holdings was decided in July: COGEMA becomes, with 34 %, the main shareholder, while Alcatel
should completely withdraw within two years. At the end of the year, FRAMATOME and
SIEMENS announced the fusion of their nuclear activities, the share of capital being 66 % for
FRAMATOME, and 34 % for SIEMENS. D. Vignon will be the president of the new joint venture.
As regards Rapsodie, the reconstruction phase (decontamination and rebuilding of the
southern hall and peripheral gallery of the reactor) was completed in 1998. CEA's In-house Inquiry
Committee issued a final report, after several years of studies, on the causes of the accident. Based
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on new experimental results, the report concluded that the only reason for the tank's pneumatic
bursting was a considerable and sudden discharge of gas, due to the runaway of exothermal
chemical reactions, which could not have been foreseen in 1994, due to lack of knowledge.
Considering the acquired knowledge, the prohibition as regards cleaning sodium puddles with
alcohol was confirmed for all CEA facilities. A lecture was given at the 1999 ANS Winter Meeting
("Alcohol explosion during Rapsodie fast reactor decommissioning (March 1994)" by P.
Marmonier and J. Desreumaux).
In 1999, at Phenix, the following renovation works, inspections and maintenance activities on
the reactor that had started in November 1998 were continued:
earthquake related building and equipment improvements
ultra-sonic inspections of the welds of the reactor core shell
general maintenance work of the installation and regulatory controls of the pressure
instruments.
Upon completion of this work, the reactor should restart in early 2001 with the 51 st cycle, having as
main objective to complete the irradiation experiments foreseen mostly within the framework of the
"Axis 1 of the 1991 Law".
The ministerial decree ruling the start of the decommissioning of Superphenix was issued on
31 December 1998. According to this decree the following operations can be carried out, provided
specific agreements of the safety authorities are granted:
core unloading from the reactor vessel to the fuel storage water pool;
removal from service of non-required systems;
primary vessel draining and storage of the sodium.
An increased number of systems and components were removed from service all along the year.
Core unloading began at the beginning of December 1999.
During the year 1999, a reassessment of the R&D strategy for nuclear power generation was
conducted at CEA. The main conclusions of this review are summarised below:
for the next period, there will be no need of new nuclear plants construction in France;
the main objective will be to ensure optimum operation of the existing reactors and fuel
cycle facilities, and to increase the available technical and economical database in
preparation of the next steps;
in approximately 20 years (depending upon the lifetime of the existing plants), the
renewal of the existing reactors will begin. Providing at that time the ability to control
the plutonium stockpiles was identified as a main objective. A major consideration for
that is to develop special fuel elements, allowing multiple-recycling of plutonium in
light water reactors which certainly will constitute a significant part of the new nuclear
park. The ability to accept and control plutonium mass streams will be an important
characteristic of any kind of future reactors;
the minimisation of radioactive waste will be a key issue for the nuclear industry, and it
will be a major requirement for future reactors. Other criteria will be to make the best
use of uranium and plutonium, and to achieve these goals with a maximum of flexibility
(for instance to burn or breed plutonium). The fast neutron spectrum appears to be the
best answer, given its characteristic high r| value (produced/absorbed neutrons).
From this study, it clearly appears that fast reactors will be necessary in the long term. However, the
time of their industrialisation is difficult to determine today. In any case, it is clear that a rather long
period is available for R&D. Owing to Phenix and Superphenix operation, the EFR project and, last
but not least, to an important R&D programme, one technical solution is well known today: the
sodium cooled fast reactor. Thus, intensive R&D in this area appears no longer to be necessary. It
will be reduced accordingly to the study of the main drawbacks of sodium, and rely on international
collaboration. The R&D program is now devoted to alternative solutions, among which the gas
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cooled fast reactor appears to be promising, with a possible economic advantage from direct cycle
concepts. The objective is not to remain dependent on only one solution. The CAPRA-CADRA
programmes, extended to all reactor types, are continued, since their objective is to assess the
performances of various possibilities for plutonium management and radioactive waste destruction.

Germany
Since 1998, the German Federal Government is formed by a Red/Green Coalition whose
declared goal is the irreversible phase-out of nuclear power production. It is the Government's
intention to achieve this in a consensus with the utilities. Accordingly, there has been no change as
compared to 1998 with regard to the operation of the existing nuclear power plants (most
satisfactory), the determination not to build any new plant, and the spent fuel transport issue. There
are no industrial fast reactor activities in Germany. At FZK, some fast reactor research activities are
still being pursued, justified by the interest in actinide incineration. The R&D topics include
neutronics, safety analyses, irradiation experiment TRABANT, and ADS. There is no intention to
build a new facility. The ADS activities are structured along four major topics:
system analyses (neutronics, thermalhydraulics, safety);
HLM technology centred on the KALLA facility (oxygen control and purification,
material sciences (corrosion, coating, surface treatment), thermalhydraulics);
Co-operation with France and Russia (various ISTC projects, corrosion
experiments: very interesting and encouraging results were obtained with a corrosion
protection technology based on aluminium-coating);
Irradiation experiments in Petten's HFR.

India
Electricity growth rate in India in 1999-2000 improved compared to the previous year and the
installed electric capacity reached 97.5 GWe, with nuclear reaching about 2 GWe . The nuclear
power plants performed very well, with average capacity factor of over 79%. Two new 220 MWe
reactors, Kaiga-2 and RAPS-3, were commissioned during the year.
FBTR was operated at various power levels up to 12.5 MWth with a maximum linear power
rating of 320 W/cm. A peak fuel burn up of 51500 MWd/t was achieved. Test irradiation of Zr-Nb
pressurised capsules were completed (in-pile creep measurements for the PHWR programme).
During the year the reactor operated for 1340 h, out of which 600 h at high power. During the 8
MWth run for Zr-Nb irradiation, a reactivity gain was noted whenever the power reached a certain
level (the precise level was dependent on the primary flow). The phenomenon was found
reproducible. A series of tests were carried out to find out the cause of the phenomenon and to
identify the stable operating regime. The reactivity addition is about 40 pcm and is found to be selflimiting, and was absent at high primary flows through the core. The phenomenon is found to take
place in a specific range of core temperature rise and is probably related to thermally induced
geometric changes in the core. Further investigations are in progress.
The detailed design and technology development for the 500 MWe Prototype Fast Reactor
(PFBR) was continued. Detailed design works were continued for the nuclear steam supply system
(NSSS). Detailed system engineering for the balance of plant (BOP) and integration with NSSS is
being allotted to selected competent consultants. The effects of manufacturing tolerances were
studied very critically from functional, design code, manufacturing capability and cost
considerations. Drawings and specifications for the technology development of grid plate were
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diagrams and operation notes for top shield coolant system, sodium heat transport circuits and
related auxiliary circuits were prepared. In order to study the erection sequence of the reactor
assembly components, a 1:5 scale model of the reactor is being fabricated. The review of the PSAR
by two level safety committees was continued. The "rapid" Environmental Impact Assessment
Report was prepared and measurements for the "detailed" report are in progress. Construction of the
reactor is scheduled to start in 2001, and action towards indigenous materials sourcing for all critical
components is underway.
R&D in reactor physics, shielding, engineering development, safety engineering, structural
mechanics thermal hydraulics, instrumentation, metallurgy, non-destructive evaluation, chemistry
and reprocessing were continued. These include cover gas heat transfer, sodium heaters, sodium
pumps, drive mechanisms, flow restrictor devices, buckling damage, sodium-concrete interaction,
activity transport in sodium, fuel development, materials testing and characterisation, corrosion
measurements and electrochemical meters.

Japan
The Japan Atomic Energy Commission (JAEC) decided to prepare a new "Long-term Plan for
Nuclear Energy Utilization and Development" with the goal of clarifying the basic policy and the
implementation programme for nuclear energy research, development and utilization in the 21 st
century. To this end, the "Long-term Planning Conference" (chaired by the counsellor Sho Nasu of
the Tokyo Electric Power Co., Ltd.) was initiated by the JAEC in June 1999. This Conference
started its deliberations on a new long-term plan for atomic energy development and utilization by
selecting 111 members and the main topics for six subcommittees. Since the subcommittees include
opponents of atomic energy who have initiated heated discussions, powerful leadership is required
to achieve deliberation results, a joint chairpersonship system (two chairpersons for each each
subcommittee) has been adopted. The topics of the subcommittees are as follows:
(1)
Nation, Society and Atomic Energy
(2)
Utilization of Atomic Energy as an Energy Source
(3)
Future Prospects of Technologies Related to Fast Breeder Reactors
(4)
Frontier Research and Development to Pioneer the Future
(5)
Radiation Utilization Contributing to the National Life
(6)
International Development from New Points of View
The six subcommittees will report the results of their deliberations to the "Long-term Planning
Conference" by the first half of 2000. The "Long-term Planning Conference" will issue the new
plan by the end of 2000.
In the period from April 1999 to March 2000, the most important highlight of the Japanese
Fast Breeder Reactor (FBR) Project was the start, in July 1999, of the phase-1 of the feasibility
studies for fast reactor cycle systems aimed at commercialisation. These feasibility studies are being
performed jointly by JNC and eleven electric power companies. The goal of the feasibility studies is
to investigate a wide variety of options for FBRs and the related fuel cycles aiming at the
development of an economically FBR cycle system for commercialisation.
As regards the Experimental Fast Reactor JOYO, the 33 rd and 34th cycles were completed
after the 12l periodical inspection. The 35th cycle, started in March 2000, is presently ongoing.
This cycle is the last transition cycle towards the high performance irradiation core MK-III (increase
of the neutron flux, increase of the reactor availability, upgrading of the irradiation technologies).
The 13th periodical inspection and final reconstruction works for the JOYO upgrading programme
will start at the beginning of June 2000. The first criticality of the MK-III core is foreseen for 2002.

-6The Prototype Fast Breeder Reactor MONJU remains shutdown after a sodium leakage
accident in the secondary heat transport system that occurred in December 19995 during the 40%
power pre-operational testing phase. As a result of a thorough investigation of the cause of the
accident and a comprehensive safety review of the plant, the following countermeasures and design
changes have been put forward
(1)
For the prevention of sodium leakage: Modification of the thermocouple wells
(2)
For the early detection of sodium leakage: An additional sodium leakage monitoring
system with an enhanced TV camera network
(3)
For the reduction of the amount and duration of sodium spillage: Modification the
drain circuits
(4)
To achieve rapid extinguishing and prevention of re-ignition: Further subdivision of
the secondary circuits building into airtight zones, and additional system to inject
nitrogen gas
(5)
For the suppression of moisture release from the concrete structure: Coverage of the
walls and ceilings with insulating material.
However, at least as important as the technical solutions are the efforts to regain public confidence
(e.g., extensive promotion and local explanatory meeting campaign in all the 35 cities, towns and
villages of the Fukui prefecture, "Come-and-See" campaign, etc.). Further, it is expected that
JAEC's draft of the final report of the deliberations on the "Long-term Plan for Nuclear Energy
Utilization & Development" will indicate a consensus among its members with regard to the
importance of accumulating MON JU operational experience. As regards the outlook for MON JU, it
is anticipated that, after application for governmental safety evaluation of the design modification
has been submitted, at least 4 years will be necessary before MONJU can be restarted. This time
span includes the safety licensing examination of the sodium leakage countermeasures, the actual
improvement work such as fabrication/installation/examination, refuelling, and start-up procedure.
The role of MONJU after its restart can be classified into the three phases shown below (however,
the detailed plans for the second and third phases will depend on the results of the already
mentioned feasibility studies for fast reactor cycle systems aimed at commercialisation):
Phase 1: Demonstration of technological choices targeted at MONJU as an electricity
generation plant. The operational data from MONJU will be used to assess and
validate the design of the core, pumps and heat exchangers and related equipment
and systems.
Phase 2: Demonstration of technological choices for improved economics. The promising
technologies selected on the basis of the feasibility study will be demonstrated, as
far as possible, with the help of MONJU operational data (e.g.: increased target
burn-up for MONJU will be > 150000 MWd/t; plant facilities may also be used
for the technical demonstration of a simplified cooling system, improved fuel
handling and a passive reactor shut-down system).
Phase 3: Demonstration of technological choices for commercialisation of the Fast Reactor.
The role of MONJU would also be enlarged to demonstrate as far as possible the
technologies considered essential to the widespread use of Fast Reactor power
plants (e.g., minor actinides utilization).
As regards the development of the Demonstration Fast Breeder Reactor (DFBR), the
optimisation design study (phase-2) was finalized in 1999. The electric utility companies through
the Japan Atomic Power Company (JAPC) performed this study. It features improved economic
viability whilst maintaining the highest level of safety. The target for a construction cost reduction
by about 10% compared to the phase-1 design was achieved. The future outlook for DFBR will be
premised on achieving economic viability (i.e., competitive costs compared to future LWRs and
other sources of power generation). The detailed development program for DFBR will be re-
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examined in the future according to the results of the already mentioned feasibility studies for fast
reactor cycle systems aimed at commercialisation.

Republic of Korea
Currently about 34 % of total electricity is generated by nuclear power plants and the role of
nuclear power plants in electricity generation is expected to become more important in the years to
come in Korea due to its poor natural resources. The significance of nuclear power will become
even greater, considering its practical potential in coping with emission control of green house
gases. This heavy dependence on nuclear power eventually raises the issues of efficient utilization
of uranium resources, which Korea imports from abroad, and of spent fuel storage.
From the viewpoint that liquid metal reactors (LMRs) have the potential of enhanced safety
utilizing inherent safety characteristics, transuranics (TRU) reduction and resolving the spent fuel
storage problems through proliferation-resistant actinide recycling, LMRs will be the most
promising nuclear power option. It is also noted that recent efforts to develop a long-life
proliferation resistant reactor also utilize LMR technologies. The LMR Design Technology
Development Project was approved as a national long-term R&D program in 1992 by the Korea
Atomic Energy Commission (KAEC), which decided to develop and construct an LMR with the
goal of developing an LMR which 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 Liquid Metal
Reactor). According to the revised National Nuclear Energy Promotion Plan of June 1997, the basic
design of KALIMER will be completed by 2006 and the possibility of construction will be
considered sometime during the mid 2010s.
The objective of the LMR Design Technology Development Project is to develop design
technologies necessary for an economically competitive, inherently safe, environmentally friendly,
and proliferation-resistant fast reactor concept. The three-year Phase 1 of the LMR Design
Technology Development Project was completed in March 2000. In Phase 1, the basic computer
codes and methods necessary for design and analyses have been developed or updated, and an effort
has been made to establish a self-consistent conceptual design of the system configuration,
arrangement and key features satisfying the design requirements. Efforts have also been made to
develop basic sodium technologies, such as a measurement or detection technique, as well as an
investigation on thermal-hydraulics and sodium fires. At the end of Phase 1, a preliminary
conceptual design report and experimental reports have been issued. The conceptual design of
KALIMER will be developed during Phase 2 of the Project, which will take two years.

Russian Federation
In 1999, total electrical output from nuclear power plants (NPPs) in the Russian Federation
was 120 TWh, i.e. 16 % higher than in the previous year. The average load factor of all NPPs in
1999 was 64.5 %, as compared to 55.6 % in 1998. The number of NPP abnormal operation events
was reduced from 102 in 1998 to 88 in 1999.
During 1999, the operation of the fast reactors BR-10, BOR-60 and BN-600 was successful.
April 8, 2000 marked the 20th anniversary of the first energy production in BN-600. In 1999, there
were two scheduled and two unscheduled shutdowns of BN-600. In March 1999, the power unit was
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subassembly, power operation of BN-600 resumed. In October 1999, a reactor scram occurred due
to personnel error made during the reactor power increase procedure after scheduled preventive
maintenance. In November 1999, one heat removal loop was shut down because of relay circuit
device failure. The examination of the central rotating column during the second scheduled
preventive maintenance proved its good condition. The main components (reactor, steam generators
and turbines) showed a stable performance without any failures. Problems and drawbacks
mentioned above did not result in any violation of safe operation limits and conditions. In 1999,
BN-600 was operated with a load factor of 76.4 % as compared to 47.9 % in 1998. The design life
of the BN-600 reactor will expire in 2010. Now work is underway on the justification of the
possibility to extend its lifetime by 10 more years. Studies for a BN-600 hybrid core design aiming
at the utilization weapons-grade plutonium are being pursued.
On 29 December 1999, 30 years had passed since the start of BOR-60 operation. In 1999,
BOR-60 operated at different power levels up to 55 MW. There were six shutdowns related to the
implementation of planned maintenance work, and one unscheduled shutdown caused by a relay
failure in the circuit of the slow reactor shutdown system. The reactor availability for 1999 was
equal to 0.75. Irradiation tests of fuel, absorber and structural materials were performed under
neutron flux and sodium temperature conditions. The design life of BOR-60, being equal to 20
years, had expired in 1989. Presently, the BOR-60 lifetime has been extended till 2002, and
measures are under development in order to ensure its safe operation until 2010.
In 1999, BR-10 operated during 4935 hours at different power levels. The following studies
were carried out: production of isotopes, studies of radiation creep effects of the pin cladding
material and advanced materials for fusion reactors, irradiation of lavsan film by fission products,
treatment of cancer patients, etc. The fast (En>0.1 MeV) neutron fluence margin at the reactor vessel
(replaced in 1983) is sufficient for the safe operation of the reactor during 2.5 - 3 more years. Thus,
it has been decided to retire BR-10 on 1 January 2003. Accordingly, during the year 1999, technical
and economical studies for the BR-10 decommissioning were pursued (a report was issued on the
safety justification of the reactor decommissioning process) and approved.
According to the revised "Program of Nuclear Power Development in the Russian Federation
for the Period 1998-2005 and for the Period until 2010", three power units will be commissioned
until 2005. Until 2010, 7 to 9 power units having a total capacity between 6.1 and 7.7 GWe are
planned to be commissioned. Among other power units to be commissioned before 2010, there is
also the BN-800 unit at the Beloyarskaya site. Startup for BN-800 is scheduled for 2009.
Currently, efforts are undertaken to justify lifetime extensions of the power units in operation
(and first of all of those of the first generation) by 10 years.
In Russia, the following main R&D activities are presently under way in the area of fast
reactors:
review of the BN-800 reactor design to reduce construction cost;
justification of the hybrid core design for the BN-600 reactor;
justification of life extension of BR-10, BOR-60 and BN-600;
development of advanced fast reactor designs with enhanced safety, and appropriate
experimental support studies, for two concepts:
=> large size (about 1600 MWe) sodium cooled, mixed-oxide fuelled fast reactor, and
=> BREST-300 demonstration fast reactor with lead coolant and nitride fuel.

United Kingdom
In 1999, the average load factor of the British Energy nuclear power stations was 82 %. Both
Dungeness units have experienced unscheduled outages to repair cracks in steam pipes. Both units
have recently returned to power. The BNFL Magnox stations produced approximately 23 TWh, or
around 6 % of the total electricity in the UK. Presently, UK's nuclear capacity (about 13 Gwe
installed) enables almost 12 million tonnes of carbon saving in comparison to electricity generation
from gas-fired power stations. If no new nuclear power plant is built to replace the ones reaching the
end of their lifetime, those carbon savings would dwindle down to approximately 1 million tonnes
by the year 2019, when only Sizewell 'B' will be left in operation.
The UK nuclear industry structure can be summarised as follows:
(1)
British Energy
private company
largest UK generator
growing overseas investments (especially in the USA)
no fast reactor involvement
(2)
AEA Technology
privately-owned technology consultancy and research organization
less than 50 % nuclear-related business
retains significant nuclear expertise, including fast reactor systems
small fast reactor team supports BNFL programmes
(3)
NNC
engineering and technology consultancy
divested from General Electric Co., now owned by 31 Group, NNCstaff, and
BNFL
significant reactor expertise, including fast reactor systems
fast reactor team supports BNFL programmes
(4)
BNFL
government-owned international business
enrichment, fuel manufacture, reactor construction and services,
decommissioning, and waste management
recent acquisition of ABB nuclear operations
maintains small UK involvement in fast reactors
(5)
UKAEA
government-owned organization responsible for managing historical UK
nuclear liabilities (including the Dourney site) and for fusion research.
The UK fast reactor activities do not receive any Government funding, except for UKAE's
decommissioning work at Dourney. The fast reactor activities are centred on a small BNFL-funded
forward programme. It includes UK-based activities (knowledge preservation, fuel cycle modelling
and scenario studies, and gas-cooled fast reactor feasibility studies), as well as collaborative
activities both in a European (CAPRA/CADRA, ADS) and international framework (IAEA
activities, EdF-BNFL-Japanese Utilities fast reactor exchange, Europe-Japan R&D exchange, NNCBNFL-Fuji Electric collaboration on gas-cooled fast reactor development, and several bilateral
agreements with Japanese organisations).
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United States of America
In 1999, the US fast reactor program include the EBR-II termination programme, FFTF
activities in view of a decision whether to restart or deactivate the facility, one Nuclear Research
Initiative (NERI) award, the Accelerator Transmutation of Waste (ATW) activities, and some nonDOE funded R&D.
For EBR-II, the demonstration programme of treating 100 driver and 25 blanket assemblies
was successfully completed in summer of 1999. On 18 April 2000, the National Academy
Committee issued a favourable draft report of their review of the "Electrometallurgical Treatment
R&D Project". The committee concluded that all of the criteria developed for judging the success of
the demonstration project have been met. Further, the committee found no technical barriers to
process the remainder of the EBR-II fuel. Accordingly, the "Environmental Impact Statement" for
the treatment of the remainder EBR-II fuel and blanket assemblies (a 6-year programme) has been
issued. The "Record of Decision" from the Secretary of Energy is expected in May 2000.
FFTF is currently defueled, but in hot standby. In August 1999, the Secretary of Energy has
directed DOE to prepare an "Environmental Impact Statement" and other analyses to determine
whether FFTF should be restarted or deactivated. A "Nuclear Infrastructure Programmatic
Environmental Impact Statement" is presently underway. This study considers the range of missions
for which steady state neutron facilities are required, and assesses the impacts of operating FFTF,
other DOE facilities, or entirely new facilities.
Among the Fiscal Year 1999 NERI awards there was also "Novel, Integrated Reactor/Power
Conversion System" (proposed by the University of New Mexico with collaborators from
Westinghouse). The project will study the use of a single working fluid (sodium) as a heat transfer
medium in a fast reactor and as a direct energy conversion medium utilising an Alkali Metal
Thermal-to-Electric Converter (AMTEC).
The ATW Roadmap was completed in 1999. It emphasised lead-bismuth and sodium-cooled
fast systems, but recognise that other systems might also be considered. The Roadmap proposes a 6year science-based programme to develop and evaluate the various technology concepts. After this
6-year phase, the decision about the preferred system should be made, leading to a demonstration
programme.
Presently, ANL is performing preliminary concept development studies for a "secure,
transportable, autonomous reactor - liquid metal cooled", the so-called STAR-LM. This work is
presently funded by JNC, and has the objective to evaluate normal operation characteristics and
accident scenarios for a 100 % natural circulation liquid metal reactor system.

European Commission
The EC's 5th framework programme (FP5) has the stated objective to investigate and evaluate
new or revisited concepts for nuclear energy that offer potential longer term benefits in terms of
cost, safety, waste management, use of fissile material, less risk of diversion, and sustainability. In
1999, the following topics in the area of innovative or revisited reactor concepts were selected:
four HTR development projects grouped in one cluster (fuel technology, reactor
physics and fuel cycle studies, materials, co-ordination and synthesis)
High Performance Light Water Reactor (HPLWR)
Gas-cooled Fast Neutron Reactor (GCFR).
In the area of long-lived radionuclides partitioning, three topics were selected:
Pyrochemical processes (PYROREP)
Aqueous processes, BTP, dithiophosphinic acid (PARTNEW)
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In the area of technological support to transmutation of long-lived radionuclides, the
following three topics were selected:
Neutron/proton irradiation damage (SPIRE)
Lead corrosion studies (TECLA)
Plutonium nitride fuel fabrication and irradiation (CONFIRM).
In the area of basic studies in support of transmutation of long-lived radionuclides, the
following three topics were selected:
Experimental sub-critical neutronics studies (MUSE)
Nuclear data for ADS engineering design (HINDAS)
Nuclear data for transmutation (N_TOF-ADS)
As regards the area of preliminary ADS designs, submission of projects is expected for the
October 2000 call.
Mr. L. Rossi informed the IWG-FR that the EC is in the process of drafting an "indicative
nuclear programme document" (the last one was published in 1997). This is an important
development for the IWG-FR, since this document will identify the R&D needs in the nuclear
energy area. There are signs that the EC intends to re-initiate the debate about nuclear energy issues
within the general context of security of supply, the Kyoto limits and industrial deregulation. The
drafts are internal documents, and the consultations are expected to last for about two years.

Special report by the Russian Federation on the status of BN-600 hybrid core development
Before giving a short update on the status of the design studies aiming at the definition of a
BN-600 hybrid core (uranium (UOX) and weapons-grade plutonium (MOX) zones), Mr. Y.
Ashurko conveyed the thanks of the Russian colleagues for the support given by the IWG-FR to the
BN-800 design work (publication of the IAEA-TECDOC-1139 "Transient and accident analysis of
a BN-800 type LMFR with near zero void effect", May 2000).
The requirements for the BN-600 hybrid core were the following:
maximise the number of MOX subassemblies
zero sodium void reactivity effect, when the core and the axial zones above the
core are voided
no breeding in the radial shield zones
same design for UOX and MOX subassemblies
maximum pin linear power not higher than in the presently operating (UOX) core
compensate loss of power in the radial shield zones by increasing the number of
core subassemblies
utilization of the same standard control and safety rods used in the UOX core also
for control and shutdown of the hybrid core.
The main design results to-date can be summarised as follows:
low enrichment zone increased by 36 subassemblies at the expense of the medium
enrichment zone
91 UOX subassemblies of the inner row of the high enrichment zone are replaced
by MOX subassemblies
radial fertile blanket replaced by steel
total number of core subassemblies increased by 25
B4C shielding subassemblies introduced behind the radial steel zone to reduce
fluences at the in-vessel storage zone as well as on the lateral core structures.

-123.
REPORT OF THE SCIENTIFIC SECRETARY ON THE ACTIVITIES OF THE
WORKING GROUP
The report on the IWG-FR activities for the period since the 32nd Annual Meeting of the
IWG-FR had been distributed electronically in advance to the members of the IWG-FR. The
Working Material document IAEA-TC-385.72 IWGFR/101 was distributed at the meeting. The
Scientific Secretary summarised the main IWG-FR activities.

3.1

Meetings

In the period covered by the activity report, the IAEA Secretariat has held the following
meetings related to the work scope of the IWG-FR:
WG-FR Annual Meeting (TCM, Vienna, 18-20 May 1999)
Review of National ADS Programmes (AGM, Taejon, ROK, 1 - 4 November 1999)
Thorium-based Fuel Cycles in ADS to Incinerate Plutonium and Reduce Long-term
Waste Toxicities (RCM, Vienna, 8 -10 November 1999)
Evaluation of Fast Reactor Core Physics Tests (AGM, Vienna, 22 - 24 November 1999)
Updated Codes and Methods to Reduce the Calculational Uncertainties of the LMFR
Reactivity Effects (RCM, Vienna, 24 - 26 November 1999)
Proposals for New Activities on ADS (CS, Mol, Belgium, 30 November - 3 December
1999)
Database Development for ADS R&D (CS, Mol, Belgium, 6 - 8 December 1999)
PPAS Sub-programme A2 (AGM, Vienna, 6-10 March 2000)
3.2

Main Outcomes
The main outcomes of the meetings listed under 3.1 are summarised hereafter:
IWG-FR Annual Meeting (TCM, Vienna. 18-20 May 1999):
=> Finalize in 1999 CRP on "Inter-comparison of Analysis Methods for Seismically Isolated
Nuclear Structures"; in case of urgent need convene small CS in 2000
=> Publish final report (IAEA TECDOC) on "Methods and Codes for Calculations of
Thermalhydraulics Parameters for Fuel, Absorber Pins and Assemblies of LMFRs"
=> Publish final report (IAEA TECDOC) on the "Comparative Calculations for Severe
Accidents in a BN-800 Type Reactor"
=> Publish final report (IAEA TECDOC) on "Unusual Occurrences During LMFR Operation:
Review of Experience and Consequences for the Reactor System"
=> Convene AGM on "Evaluation of Fast Reactor Core Physics Tests"
=> Convene first RCM of the CRP on "Updated Codes and Methods to Reduce the
Calculational Uncertainties of the LMFR Reactivity Effects"
=> Convene AGM on "Design and Performance of Reactor and Sub-critical Blanket Systems
with Lead and Lead-Bismuth as Coolant and/or Target Material"
=> Expand the IWG-FR work scope to include non-sodium cooled fast reactors and
accelerator driven systems (ADS)
=> Establish the IWG-FR as a forum for information exchange in decommissioning activities
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Review of National ADS Programmes (AGM. Taeion. ROK. 1 - 4 November 1999):
=> Establish the "ADS Status Report" as a "living document" on the Internet, strongly
connected to the ADS R&D Database
=> Finalize and maintain the ADS R&D Database as the core component of an IAEA ADSWeb Page
=> Support the existing experimental facilities that are relevant to ADS R&D. In a first step,
an IAEA organized meeting should aim at justifying the use of the respective facility
vis-a-vis ADS R&D, by (a) identifying these facilities, (b) assessing their characteristics,
and (c) documenting the ongoing and planned activities and their relevance for ADS
R&D
=> Initiate exchange of information on the fuel and irradiation target technology development
for ADS (TCM)
=> Assessment of proliferation aspects of ADS and its fuel cycle (TCM)
=> Provide guidance and recommendations on specific safety requirements for ADS (TCM)
=> Preparation and release of evaluated and validated low and intermediate energy range
cross section libraries
=> Initiate information exchange on the evaluation of the radiation damage in ADS structural
materials (TCM)
=> Initiate information exchange on ADS waste management and decommissioning issues
(TCM)
=> Organize a conference on kinetic codes developments
=s> Initiate a major conference on "The Role of ADS in Nuclear Power for the 21 st Century"
Thorium-based Fuel Cycles in ADS to Incinerate Plutonium and Reduce Long-term Waste
Toxicities (RCM. Vienna, 8 - 10 November 1999):
=> Expectations of the CRP participants: advice and guidance with regard to their R&D
activities in the area of ADS
=> Additional efforts (stages 1 & 2) based on latest/updated results necessary to accomplish
in depth analyses for meeting expectations
=> Work on third stage ongoing
=> Final drafts of stages 1 & 2 reports and progress on stage 3 will be discussed at a CS
beginning of July 2000 in Minsk, Belarus
=> All results available at last RCM early 2001
Evaluation of Fast Reactor Core Physics Tests (AGM, Vienna, 22 - 24 November 1999):
=> Large volume of integral data (i.e., measurements, associated uncertainties, corresponding
experimental techniques) has been accumulated from various power LMFRs
=> Some data are unique and accurate -» extremely valuable from a technical standpoint
=> Data are not always well documented —» serious risk of loss of information
=> Even more high-value physics data accumulated from experiments performed in zeropower critical facilities (ZPR, ZPPR, ZEBRA, SNEAK, MASURCA, FCA, BFS, STEK,
etc; most shut down)
=> Some data incorporated in electronic databases
=> Altogether, this large quantity of integral data represents a considerable asset —» strong
value for future developments of nuclear energy, in particular for emerging concepts
currently under consideration
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=> Motivation/incentives for knowledge preservation efforts in this area:
In some Member States on-going fast reactor projects
- Extensive use of these experimental data to validate neutron data libraries and codes
(ongoing, continuously evolving activity)
Know-how valuable for potential future developments (e.g., innovative fast reactors,
accelerator driven systems, other systems with fast spectra)
It is anticipated that, with the continued progress to be expected in basic evaluated
nuclear data, in neutronics methods and code modelling capabilities, additional
physical insight could be gained in the future from the re-analysis of the accumulated
experimental data
=> Recommendations:
Establish exhaustive review of all available sources of fast reactor experimental data,
including data from critical facilities
- Establish list of existing data, including the publicised benchmarks
Identify from this inventory the most valuable (in terms of contents, quality,
representativity, retrievability, etc.) data
- Identify the complete set of information required to provide a valuable and consistent
record of the experiment, as well as its interpretation and analysis
Conserve the most relevant data in a systematic format (quality assurance
requirements!), to serve as reference benchmarks
- Establish general data base format for the long-term storage and retrieval of the data
International Working Group on Fast Reactors (IWG-FR) should endorse the creation
of a database that would contain the selected experimental data in an uniform and
easily retrievable form
Updated Codes and Methods to Reduce the Calculational Uncertainties of the LMFR
Reactivity Effects (RCM. Vienna, 24 - 26 November 1999)
=> Objective of the CRP: comparison (whenever possible backed by experimental results) of
calculated LMFR reactivity coefficients and their effect on core transient behaviour
=> Proposed benchmark model and specification (IPPE/OKBM), discussed and agreed with
minor modifications
=> Presentation of participants' reactor physics methods and the intended contributions to the
benchmark analyses
=> Workplan:
Phase 1: RZ-Homogeneous
Phase 2: Hex-Z Homogeneous
- Phase 3: Hex-Z Heterogeneous and burnup
- Phase 4: BFS-62 analysis
- Phase 5: Minor actinides (to be decided)
IAEA and Chief Scientific Investigator (from OKBM) co-ordinates information flow
and analysis of results
Proposals for New Activities on ADS (CS, Mol, Belgium, 30 November - 3 December 1999):
=> Topics of interest:
Analytical and experimental validation of data and codes used in ADS simulations
Comparative assessment of solid and liquid fuels for ADS
Safety aspects of ADS
Non proliferation aspects of ADS

-15Review of ADS coolant properties
Fluid dynamics benchmarks
Enhancement of the effectiveness of the spallation source
=> Proposed activities:
"Data and Calculational Methods for ADS Source Related Neutronic Phenomenology
with Experimental Validation" (CRP)
- "Technical Assessment of the Beam-Target Interface for ADS" (CRP)
"Assessment of Methods and Comparison of Different Proposals for ADS Neutron
Source Enhancement" (TCM)
"Developments in the Field of Heavy Liquid Metal Thermal Hydraulics Related to
ADS" (TCM)
"Assessment of ADS Dynamics and Safety Physics" (TCM)
"Comparative Assessment of Solid and Mobile Fuels for ADS, and Non-Proliferation
Aspects" (TCM)
Database Development for ADS R&D (CS. MoL Belgium. 6 - 8 December 1999s):
•=> MS Access97 version operational
=> Internet version (browser approach) being developed
=> Efforts necessary to complete the database with data from the Member States having
activities in this area (e.g., Belgium, Germany, France, Italy, Japan, Rep. of Korea,
Sweden, USA,...)
=> Spread the news, make information about the database available
=> Database will be part of the IAEA WebPage on ADS activities
PPAS Sub-programme A2 (AGM, Vienna. 6-10 March 2000):
(Outcomes summarized in section 4)
3.3

Actions from the 32nd Annual Meeting of the IWG-FR

The action list from the 32nd Annual Meeting of the IWG-FR and their status are given
hereafter:
1) Finalize CRP on "Inter-comparison of Analysis Methods for Seismically Isolated Nuclear
Structures "
J CRP ended with last RCM held in conjunction with Post-SMIRT seminar in Cheju, Rep.
of Korea, 23 - 27 August 1999
</ Small CS will be held next month in Moscow to finalize some contributions
1) Publish final report (IAEA TECDOC) on "Methods and Codes for Calculations of
Thermalhydraulics Parameters for Fuel, Absorber Pins and Assemblies ofLMFRs"
• IAEA TECDOC "LMFR Core Thermalhydraulics: Status and Prospects" submitted for
publication
1) Publish final report (IAEA TECDOC) on the "Comparative Calculations for Severe
Accidents in a BN-800 Type Reactor"
</ IAEA TECDOC 1139 published
1) Publish final report (IAEA TECDOC) on "Unusual Occurrences During LMFR Operation:
Review of Experience and Consequences for the Reactor System "
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IAEA TECDOC submitted for publication

1) Re-instate AGM on "Evaluation of Fast Reactor Core Physics Tests "
• AGM re-instated and held in Vienna, 22 - 24 November 1999
I) Initiate CRP on "Updated Codes and Methods to Reduce the Calculational Uncertainties of
the LMFR Reactivity Effects"
S First RCM held in Vienna, 24 - 26 November 1999
1) Convene A GM on ' 'Design and Performance of Reactor and Sub-critical Blanket Systems
with Lead and Lead-Bismuth as Coolant and/or Target Material"
</ AGM scheduled from 23 - 27 October 2000 in Moscow
I) Initiate collaborative CRP on "Advanced Power Reactor Options for Effective Incineration
of Radioactive Waste (Inter-comparison of LMFR, ADS and Molten Salt Reactor Systems) "
with OECD/NEA
y IAEA participation in NEA's second "P&T Expert Group"
y Contributions to "FR technology" (request of EFR contribution)
y IAEA proposal to delay first RCM of the CRP to better take into consideration results
and recommendations of NEA's second "P&T Expert Group"
1) Expand the IWG-FR work scope to include non-sodium cooled fast reactors and accelerator
driven systems (ADS)
y Involvement of the Scientific secretary in NPTDS' "Utilization and Transmutation of
Actinides and LLFP" activities (as presented in this activity report)
•/ Draft of modified Terms of Reference for the IWG-FR
1) Establish the IWG-FR as a forum for information exchange in decommissioning activities
No concrete actions yet
3.4

IAEA Documents

The following documents have been issued by the Secretariat of the IAEA in the period
covered by this report:
LMFR Core and Heat Exchanger Thermalhydraulic Design: Former USSR and Present
Russian Approaches, IAEA TECDOC-1060 (May 1999)
Status of Liquid Metal Cooled Fast Reactor Technology, IAEA TECDOC-1083 (May
1999)
Transient and Accident Analysis of a BN-800 Type LMFR With Near Zero Void
Effect, IAEA TECDOC-1139 (May 2000)
Status of National Programmes on LMFR, IAEA-TC-385.71 Working Material,
IWGFR/99 (1999)
Summary Report of the Advisory Group Meeting on the Evaluation of Fast Reactor
Core Physics Tests, No Reference Number
Updated Codes and Methods to reduce the Calculational Uncertainties of the LMFR
Reactivity Effects, IAEA-RC-803 Working Material IWGFR/100 (2000)
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The complete list of products (since 1996) is given in Annex I.

4.
SUMMARY OF THE ACTIVITIES OF THE NUCLEAR POWER DEVELOPMENT
SECTION (NPTDS) AND REPORT ON THE PROGRAMME PERFORMANCE
ASSESSMENT SYSTEM (PPAS) OF THE SUBPROGRAMME A2 (NUCLEAR POWER
TECHNOLOGY DEVELOPMENT)
The Head of the Nuclear Power Technology Development Section, Mr. J. Kupitz, briefed the
participants in the IWG-FR Annual Meeting on NPTDS' activities. He focused his presentation on
the major highlight since the 32nd Annual Meeting of the IWG-FR, i.e., the peer review of the Subprogramme A2 (implemented by the NPTDS), performed within the framework of the Agency's
Programme Performance and Assessment System (PPAS). His presentation was based on the
material prepared by the NPTDS for the PPAS expert panel. This material included: A2 Subprogramme overview, single project overviews, background information, and Sub-programme A2
synthesis, as well as single project self-assessment reports. At the time of the 33rd Annual Meeting
of the IWG-FR, the PPAS was not yet completed; thus, no final outcomes could be presented.
Mr. Kupitz started by recalling the scope of Sub-programme A2, i.e., to:
provide a global forum for experts from Member States to exchange information on
technology advances and development needs, and to establish and carry out
collaborative research projects;
provide balanced, objective information to all Member States on technology status,
both development and development trends for current and future reactor systems and
their applications;
provide, the core technical competence for the IAEA in nuclear power reactor
technology development and nuclear plant design.
During the time covered by the PPAS review, the Sub-programme A2 consisted of eight
projects: four projects defined along the main reactor lines (LWRs, LMRs, GCRs and HWRs), plus
four projects related to Small and Medium Sized Reactor development, cogeneration and heat
applications, emerging nuclear energy systems for energy generation and transmutation, and the
technical support to technical co-operation activities. As recommended by the PPAS of Major
Programme 1 (Nuclear Power and Fuel Cycle), NPTDS presented to the Sub-programme A2 PPAS
panel the proposal to consolidate these eight projects into five projects by combining the light and
heavy water projects into one project "Advanced Technologies for Water-cooled Reactors", and by
combining the liquid metal reactors project with the emerging nuclear systems one into one project
"Nuclear Systems for Utilization and Transmutation of Actinides and Long-lived Fission Products".
Mr. Kupitz presented the Sub-programme's funding trends (steady reduction, when extra assigned
overhead costs are disregarded), and summarized the Sub-programme's target groups, the various
projects' deliveries and some proposed performance indicators.
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RESEARCH COORDINATION MEETINGS ARRANGEMENTS FOR 2Q00

The Scientific Secretary informed the IWG-FR members about the two Research Coordination Meetings (RCMs) foreseen in 2000:
5.1 RCM of the CRP on "Updated Codes and Methods to Reduce the Calculational Uncertainties
of the LMFR Reactivity Effects". Participating Member States: China (China Institute of Atomic
Energy), France (CEA), Germany (FZK), India (IGCAR), Japan (JNC), republic of Korea (KAERI),
Russia (IPPE, OKBM), United Kingdom (AEA Technology), and USA (ANL). The IAEA
Secretariat has established an Internet-based workspace for the implementation of the CRP
activities. The date for the next RCM (November 2000) is confirmed. The reference venue for the
RCM is Vienna.
5.2 "Kick-off RCM of the CRP on "Advanced Power Reactor Options for Effective Incineration
of Radioactive Waste (Inter-comparison of LMFR, ADS and Molten Salt Reactor Systems)".
This is a collaborative CRP with OECD/NEA. Its start was planned for 2000. Presently, IAEA
is participating in, and contributing to NEA's second "P&T Expert Group". The IAEA Secretariat
proposes to defer the start of the CRP so as to better take into consideration in its work scope the
results and recommendations of NEA's second "P&T Expert Group". The members of the IWG-FR
stress the importance of a good co-operation with NEA and of avoiding any duplication of work.
They agree with the IAEA proposal, and suggest that NEA presents at the IWG-FR 2001 Annual
Meeting the results and recommendations of the study performed by the "P&T Expert Group". The
CRP would consider these results and define its work scope accordingly. The "kick-off RCM could
then take place in 2001. The representative from China indicated his country's major interest in two
aspects of ADS: transmuting effectiveness and economics.

6.
DISCUSSION OF THE EXPANSION OF THE IWG-FR WORK SCOPE AND
MODIFIED TERMS OF REFERENCE
The Scientific Secretary distributed the draft of the IWG-FR's modified Terms of Reference
(TOR). The text was discussed, and several comments and suggestions were made. The action to
prepare a new TOR draft taking into consideration the IWG-FR comments was put on the Scientific
Secretary. The members of the IWG-FR stressed the importance of the provision made in the TOR
that it is the responsibility of the Scientific Secretary to assure the co-ordination with the
Department of Nuclear Safety, the proposed IWG on Nuclear Fuel Cycle Options, and the other
IWGs within the Department of Nuclear Energy performing activities in areas of common interest.
The IWG-FR asks that the Scientific Secretary report at the Annual Meetings on these co-ordination
efforts.
The members of the IWG-FR discussed the Agency's intention to merge, from 200Ion, the
two projects "Liquid Metal Cooled Reactors" and "Emerging Nuclear Energy Systems for Energy
Generation and Transmutation" into one project (see also section 4). The rationale for this is given
by the broadening of the fast reactor R&D activities in many Member States (different coolants,
fuels, consideration of hybrid systems). To reflect all aspects of the ongoing R&D activities in the
area of fast neutron spectrum systems (i.e., long-term sustainability aspects for fast reactor
development to enhance the utilization of the natural resource uranium, and short/mid-term aspects
linked to the transmutation of long-lived nuclides), the members of the IWG-FR proposed the
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Actinides and Long-lived Fission Products".
The members of the IWG-FR expressed their interest in maintaining activities related to the
technology of thorium-fuelled reactors. This includes, but is not restricted to, technology
developments involving thorium-fuelled systems and their potential to curb actinide production
(e.g., in connection with ADS).

7.
OVERVIEW OF IAEA ACTIVITIES IN THE AREA OF NUCLEAR SYSTEMS FOR
UTILIZATION AND TRANSMUTATION OF ACTINIDES AND LONG-LIVED FISSION
PRODUCTS
In view of the inclusion of the activities related to fast neutron emerging nuclear systems into
the IWG-FR work scope, the Scientific Secretary presented IAEA's ongoing and planned activities
in this area.
The overall objectives of this project are:
the review of technological advances and design approaches of emerging nuclear
systems for energy production with reduced actinide generation and for the utilization
and transmutation of actinides and long-lived fission products
the comparative assessment of some of these emerging concepts
knowledge preservation in reactor technology
7.1

7.2

Review of national AD S programmes
Within the framework of this task, KAERI hosted an IAEA AGM in Taejon, from 1 to 4
November 1999. The outcomes of this AGM are summarized in section 3.2

CRP on the use of thorium-based fuel in ADS
This CRP was established in 1996. Participating Member States are Belarus (Academy of
Sciences of Belarus), Czech Republic (Nuclear Research Institute Rez), France (CEA), Germany
(FZK), Italy (ENEA), the Netherlands (NRG), Russia (IPPE), Sweden (RIT), CERN, and (as an
observer) Spain (CIEMAT). The Scope of the CRP is to quantify the potential of the ADS in
conjunction with thorium-fuel to burn trans-uranics (TRU from LWR-MOX discharge), minor
actinides (MA from both LWR-MOX and fast reactor discharge), and long-lived fission products
(LLFP). The CRP has 3 stages:
Stage 1: quantify the neutronics parameters (enrichment vs. sub-criticality level,
burnup curve, void effect, ...) of a simplified Energy Amplifier (completed 1997;
TCM Madrid, September 1997)
Stage 2: quantify the potential (maximum transmutation rate; TRU and MA
inventories vs. sub-criticality; sensitivity of ADS spectrum to external source
spectrum) of fast spectrum ADS to burn TRU, MA and LLFP (completed 1998; TCM
Petten, December 1998)
Stage 3.1: direct continuation of stage 1 with an extension towards Th & TRU fuel,
fixed geometries, and detailed burnup procedure
Stage 3.2: analytical and experimental study of the ADS simulator being setup at
MINSK under the ISTC B-70 project (thermalised neutron spectrum, both continuous
and pulsed source regimes); possibly initiation of an ADS kinetics study.
The next meeting of the CRP is planned for 10 - 11 July 2000, in Minsk, Belarus.
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7.3

TCM on "Core Physics and Engineering Aspects of Emerging Nuclear Energy Systems for
Energy Generation and Transmutation"
This TCM is planned for 28 November - 1 December 2000; pending US DOE approval, it
will be hosted by Argonne National Laboratory in Argonne. The scope of the TCM is to:
review the status of R&D activities in the area of hybrid systems for energy generation
and transmutation
discuss in-depth specific scientific and technical topics of common interest to the
R&D community working in this area
recommend to IAEA activities specifically targeted to the needs of the Member States.

7.4

Coolant technology for sub-critical blankets of fusion/fission hybrids
A consultancy will be held on this topic at the ITEP in Moscow, from 6 - 7 July 2000. The
scope of the consultancy is to:
review the status of the fusion/fission hybrids R&D activities, with particular emphasis
on coolant technologies
identify areas of common interest between the fusion and fission communities, and the
corresponding R&D topics
define the Agency's supporting role (through information exchange and collaborative
R&D).
The final outcome of this task will be a "Background Report on the Use of Fusion/Fission
Hybrids for Utilization and Transmutation of Actinides and Long-lived Fission Products".
7.5

Establish an international database on ADS related R&D
The scope of this activity is to gather and store information on ADS related R&D, so as to:
provide Member States and the IAEA with up-to-date, consistent and readily
accessible reference information on existing and developing experimental facilities and
codes for ADS R&D
assist the IAEA in implementing its ADS related programmes
assist the IAEA in identifying future activities.
The MS Access97 version of the database is operational. The Internet-based version is under
development; a first "beta" version will be available in June 2000. It is urgent now to start data
collection, and active co-operation of the scientific community is requested and highly appreciated.
7.6

Planning of new Activities in the ADS area
The planning of IAEA's activities in the ADS area takes into consideration the most recent
feedback from the Member States received at the AGM in Taejon ( 1 - 4 November 1999) and at the
Consultancy in Mol (30 November - 3 December 1999). From these meetings, and from other
contacts and common activities, it appears that the topics of interest for new activities are in the
following areas:
Analytical and experimental validation of data and codes used in ADS simulations
Comparative assessment of solid and liquid fuels for ADS
Safety aspects of ADS
Non proliferation aspects of ADS
Review of ADS coolant properties
Fluid dynamics benchmarks
Enhancement of the effectiveness of the spallation source
Accordingly, the following tasks will be proposed for consideration in the Agency's 2002 - 2003
programme and budget:
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Neutronic Phenomenology with Experimental Validationn
CRP on "Technical Assessment of the Beam-Target Interface for ADS"
TCM on "Assessment of Methods and Comparison of Different Proposals for ADS
Neutron Source Enhancement"
TCM on "Developments in the Field of Heavy Liquid Metal Thermal Hydraulics
Related to ADS"
TCM on "Assessment of ADS Dynamics and Safety Physics"
TCM on "Comparative Assessment of Solid and Mobile Fuels for ADS, and NonProliferation Aspects"
Major conference (symposium) on "Advances in Accelerator Driven System (ADS)
Technology".
These proposals will have to compete, however, with all the other tasks proposed within the
framework of the A.2 Sub-programme.

8.

PROPOSALS FOR FUTURE IWG-FR ACTIVITIES

The IAEA Secretariat has received the following proposals:
Establish "co-ordinated studies" on "generalization and analysis of the operational
experience with fast reactor equipment and systems gained in the UK (DFR, PFR),
Germany (KNK-II), France (Rapsodie, Phenix, Superphenix), Russia (BR-10, BOR60, BN-600), Kazakhstan (BN-350), USA (EBR-1, EBR-2, Fermi, SEFOR, FFTF),
India (FBTR) and Japan (JOYO, MONJU)". This proposal was made by the Russian
Federation;
Convene a technical meeting on "primary sodium pipe rupture event in LMFR". This
proposal, originally made in 1999, was re-submitted by the Indian representative;
To develop a "PC-based computer code for the calculation of equilibrium
concentrations in fluid fuel systems under continuous partitioning and removal of
fission products". Proposal made by the Energy Research Centre of the Anjou
University in Suwon (Republic of Korea) as a task within the framework of the CRP
on "Advanced Power Reactor Options for Effective Incineration of Radioactive Waste
(Inter-comparison of LMFR, ADS and MoltenSalt Systems)";
Convene a technical meeting on fast reactor "knowledge preservation". This proposal
was made by France;
Convene a technical meeting on the "management of sodium from FBR dismantling"
("sodium decommissioning"). France made also this proposal.
An updated version of the "List of Proposed Topics for IWG-FR Technical Meetings" is given
in Annex II. The members of the IWG-FR consider items 1 and 3 on the list to have become
obsolete, and decide to remove them. Further, topic 7 has been implemented (see section 3.2), and
topic 6 will be implemented before the end of the year (23 - 27 October 2000, AGM in Moscow,
see section 3.3). A vote on the priority of the remaining topics yielded the following result: topic 8
(28 points), topic 5 (25 points), topic 4 (24 points), topic 2 (13 points). Thus, topic 8 (TCM to be
hosted by Kazakhstan or France) and 5 (TCM to be hosted by India, or alternatively to be convened
at IAEA headquarters in Vienna) are retained for 2002. Topic 4 is retained for 2003 (TCM to be
hosted by Russia, IPPE Obninsk).
With regard to the Russian proposal on "fast reactor operational experience", a first TCM that
covers this topic is planned by the IAEA Secretariat for 2001 "Feedback from Operational and
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Decommissioning Experience With Fast Reactors". It is anticipated that this TCM will provide the
bases for a possible extension of the task towards a CRP, as indicated in the Russian proposal.
With regard to the French proposal on "knowledge preservation", it was agreed that IAEA will
provide the framework for fast reactor knowledge preservation. It must be stressed, that this activity
has already started in 1999 with the AGM on "Evaluation of Fast Reactor Core Physics Tests" (see
section 3.2). Further, IAEA will co-operate with OECD/NEA in the wider field of reactor physics
knowledge preservation, with the fast reactor area being IAEA's responsibility. This topic will be
proposed for consideration as a specific activity in IAEA's 2002 - 2003 programme and budget.
In addition to these activities, the members of the IWG-FR agreed to include into the IWG-FR
future activities the two ADS related CRPs (CRP on "Benchmark on Data and Calculational
Methods for ADS Source Related Neutronic Phenomenology with Experimental Validation" and
CRP on "Technical Assessment of the Beam-Target Interface for ADS", see section 7.6). These
CRPs will also be included in the proposals for the 2002 - 2003 programme and budget.

9.

MEETINGS ARRANGEMENTS FOR 2001
At the present time, the following meetings are foreseen to be held in 2001:
RCM within the framework of the CRP on "Up-to-date Codes and Methods to Reduce
the Calculational Uncertainty of the LMFR Reactivity Effects" (hosting agreement
received in principle from CEA)
RCM (kick-off) within the framework of the new CRP on "Benchmark Analyses on
Data and Calculational Methods for Accelerator Driven System (ADS) Source Related
Neutronic Phenomenology with Experimental Validation"
RCM (kick-off) within the framework of the new CRP on "Comparative Assessment
of Advanced Power Reactor Options for Effective Incineration of Radioactive Waste
(Inter-comparison of LMFR, ADS and Molten Salt Reactor Systems)"
Technical Committee Meeting "Review of National Programmes on Fast Reactors,
34th Annual Meeting of the IWG-FR" (20th week, Almaty, Kazakhstan)
Technical Committee Meeting "Review of National ADS Programmes" (possibly in
conjunction with the Technical Committee Meeting "Review of National Programmes
on Fast Reactors, 34th Annual Meeting of the IWG-FR")
Technical Committee Meeting on "Feedback from Operational and Decommissioning
Experience with Fast Reactors", in co-operation with NEFW, NSRW, NSNI (see also
section 8, proposal submitted by the Russian Federation).

10.

SUMMARY OF THE CONCLUSIONS/ACTIONS
Postpone the start of the CRP on "Comparative Assessment of Advanced Power Reactor
Options for Effective Incineration of Radioactive Waste (Inter-comparison of LMFR,
ADS and Molten Salt Reactor Systems)" to 2001; invite NEA representative to present
the results of their "Second P&T Expert Group Study" at the Technical Committee
Meeting "Review of National Programmes on Fast Reactors, 34th Annual Meeting of the
IWG-FR" in May 2001 and participate in the definition of the CRP's scope (for the
moment, China has expressed strong interest in studies related to the incineration
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effectiveness and economics of ADS; there are also research proposals from Bulgaria
and Japan).
Define and maintain an objective centred on "Preservation of Fast Reactor Experience"
(proposals made by the Russian Federation and France). It is understood that the IAEA
will provide the general framework for knowledge preservation activities in the Fast
Reactor area. A start has been made in 1999 with the AGM on "Evaluation of Fast
Reactor Core Physics Tests" (see section 3.2). Further, IAEA will co-operate with
OECD/NEA in the wider field of reactor physics knowledge preservation, with the fast
reactor area being IAEA's responsibility. Specific tasks will be proposed for
consideration in he Agency's programme and budget for 2002 - 2003. Last but not least
it is recalled that the Technical Committee Meeting on "Feedback from Operational and
Decommissioning Experience with Fast Reactors" (in co-operation with NEFW,
NSRW, NSNI), planned for 2001, will advance this issue, and give indications on how
to proceed to best meet the Member States' needs.
After internal review and discussion, the Scientific Secretary will distribute the revised
"Terms of Reference of the IWG-FR".
The IWG-FR expressed the recommendation that activities in the area of thoriumfuelled reactor technology development should be maintained.

11. DATE AND VENUE OF NEXT MEETING
The IWG-FR gratefully acknowledged the invitation expressed by Kazakhstan (email message
dated 4 June 2000 from Mr. Sergey Krechetov). It was agreed that the Technical Committee
Meeting "Review of National Programmes on Fast Reactors, 34th Annual Meeting of the IWG-FR"
be held in Kazakhstan (in Kurchatov City - the "capital" of the former Simipalatinsk nuclear test
site), from 14 - 18 to May 2001.

Annex I
List of products (reports, computer software, database)
prepared within the framework of the LMFR project since 1996

2000
IAEA-RC-803
Working Material
IWG-FR/100(2000)

TECDOC-1139

Updated Codes and Methods to reduce the Calculational Uncertainties of the
LMFR Reactivity Effects
Transient and accident analysis of a BN-800 type LMFR with near zero void
effect
Final report of an international benchmark programme support by the IAEA and EC,
1994-1998.

1999
TECDOC-1060

TECDOC-1083

IAEA-TC-385.71
Working Material
IWG-FR/99 (1999)
no reference number

LMFR core and heat exchanger thermohydraulic design: former USSR and
present Russian approaches
This document includes the methodology and philosophy of the analytical and
experimental investigations in their application to the core and heat exchanger
thermohydraulic design of LMFRs.
Status of liquid metal cooled fast reactor technology
Present status report which intends to provide comprehensive and detailed
information on LMFR technology with the following topics: experience in
construction, fast reactor engineering, reactor physics and safety, core structural
material and fuel technology, fast reactor engineering.
Status of National Programmes on LMFR
Summary Report of the Advisory Group Meeting on the Evaluation of Fast
Reactor Core Physics Tests

1998
TECDOC-1039
TECDOC-1015

Internet
IWG-FR/98
(Published by
Cadarache Centre,
France)

Influence of high dose irradiation on core structural and fuel materials in
advanced reactors
Proceedings of the TCM held in Obninsk, Russian Federation 16-19 June 1997
Advances in fast reactor technology
Updated and new information on the status of LMFR development, as reported at the
30th meeting of the International Working Group on Fast Reactors, held in China in
May 1997.
Fast Reactor Database
Sodium Removal and disposal from LMFRs in normal operation and in the
framework of decommissioning
Proceedings of a TCM held in Aix-enProvence, France, 3-7 November 1997

1997
TECDOC-946

TECDOC-933
IWG-FR/92
(Published by PNC,
Japan)

Acoustic signal processing for the detection of sodium boiling or sodium-water
reactions in liquid metal fast reactors
A summary of the work performed under a CRP carried out from 1990 to 1995. It was
the continuation of an earlier CRP entitled Signal Processing Techniques for Sodium
Boiling Noise Detection (1984-1989).
Creep-fatigue damage rules for advanced fast reactor design
Proceedings of a TCM held in Manchester, United Kingdom, 11-13 June 1996
Evaluation of radioactive materials release and sodium fires in fast reactors
Proceeding of a TCM held in O-arai, Japan, 11-14 November 1996

1996
TECDOC-908

TECDOC-907

Fast reactor fuel failures and steam generator leaks: transient and accident
analysis approaches
A survey of activities on transient and accident analysis for LMFRs.
Concepetual design of advanced fast reactors
Proceedings of a TCM held in Kalpakkam, India, 3-6 October 1995

Annex II
International Atomic Energy Agency
INTERNATIONAL WORKING GROUP ON FAST REACTORS (IWG-FR)
Technical Committee Meeting - 33rd Annual Meeting of the Working Group on Fast Reactors
VIC, Vienna, 16 - 18 May 2000
List of Proposed Topics for the IWG-FR Specialist's Meetings
No

1.
2.
3.

4.

5.
6.

7.

8.
9.

10.

Title

Country

Proposed for
consideration
at the IWG-FR
meeting in

Remarks

Operability with failed fuel pins

Japan

1985

Reliability data evaluation for fast
reactors
Experimental fast reactors experience,
main scientific and engineering results,
new projects

Japan

1991

China

1993

withdrawn

The problems of complex mass
exchange in LMFR (primary and
secondary circuit)
Primary sodium pipe rupture event in
LMFR
Design and performance of reactor and
subcritical blanket with lead and
lead-bismuth as coolant and/or target
material
Evaluation of fast reactor core physics
tests

Russia

1995

TCM to be
implemented in 2003

India

1999

TCM to be
implemented in 2002
AGM
23-27 October 2000,
Moscow

Japan

1998

Management of sodium from FBR
dismantling
Co-ordinated studies on "generalization
and analysis of the operational
experience with fast reactor equipment
and systems"
Fast reactor knowledge preservation

France

2000

Russia

2000

France

2000

1998

withdrawn

AGM
22-24 November
1999, Vienna
TCM to be
implemented in 2002
first TCM planned in
2001

AGM
22-24 November 1999,
Vienna;
future co-operation
with NEA

International Atomic Energy Agency

INTERNATIONAL WORKING GROUP ON FAST REACTORS (IWG-FR)

Draft Agenda for the
33rd IWG-FR Annual Meeting,
IAEA Headquarters, Vienna, Meeting Room A7
16 - 18 May 2000

Tuesday, 16 May 2000
10:00
11:00

12:00
13:30
15:30
16:00
18:00

Opening, IAEA introductory remarks, appointment and Chairperson's remarks, selfintroduction by participants, adoption of the agenda
Progress reports on national programmes, and brief comments on topics of interest for
future co-operation within the IWG-FR framework (for each Member State
representative approximately 40 — 45 minute presentation, including discussion;
sequence of presentations: country name alphabetical order)
Lunch break
Progress reports on national programmes, and brief comments on topics of interest for
future co-operation within the IWG-FR framework, cont'd
Coffee break
Progress reports on national programmes, and brief comments on topics of interest for
future co-operation within the IWG-FR framework, cont'd
Adjourn

Wednesday, 17 May 2000
09:00
09:30
10:30
11:00
12:00

Progress reports on national programmes, and brief comments on topics of interest for
future co-operation within the IWG-FR framework, cont'd
Report by IPPE/OKBM/MINATOM on "BN-600 Hybrid Core Design Methodology
and Results" (presented by Y. Ashurko)
Coffee break
Summary of IWG-FR activities, status of the actions and report on IWG-FR documents
by the Scientific Secretary
Lunch break

13:30

14:00

15:30
16:00

18:00

Summary of the activities of the Nuclear Power Technology Development Section
(NPTDS) and report on the Programme Performance Assessment System (PPAS) of
the Sub-programme A2 (Nuclear Power Reactor Technology Development) by the
Head of the NPTDS
Discussion of the Research Co-ordination Meetings (RCM) in 2000 with regard to
the following Co-ordinated Research Projects (CRP):
Updated Codes and Methods to Reduce the Calculational Uncertainty of the
LMFR Reactivity Effects
Advanced Power Reactor Options for Effective Incineration of Radioactive
Waste (Inter-comparison of LMFR, ADS and Molten Salt Reactor Systems)
Coffee break
Expansion of the IWG-FR work scope: discussion, practical measures, modified
Terms of Reference, etc
Overview of the IAEA activities in the area of "emerging nuclear systems for the
utilization and transmutation of actinides and long-lived fission products"
CRP on "Use of Thorium-based fuel cycles in Accelerator Driven Systems
(ADS) to Incinerate Plutonium and to Reduce Long-term Waste Toxicities"
Planned Advisory Group Meeting (AGM) on "Design and Performance of
Reactor and Subcritical Blanket Systems with Lead and Lead-Bismuth as
Coolant and/or Target Material"
Planned Technical Committee Meeting (TCM) on "Core Physics and
Engineering Aspects of Emerging Nuclear energy Systems for energy
Generation and Transmutation"
Planned Consultancy on "Coolant Technology for Subcritical Blankets of
Fusion/Fission Hybrids"
ADS R&D Database
Adjourn, "Wine & Cheese Party" in the IAEA Restaurant

Thursday, 18 May 2000
09:00

Future IWG-FR activities: proposals for new CRPs, TCMs, AGMs,
symposia/seminars
The following proposals have already reached the Scientific Secretary of the IWG-FR:
Proposal by IPPE (Mr. V. M. Poplavski) for a CRP on "Generalization and
Analysis of the Experience in Operation of FR Equipment and Systems"
Proposal by IGCAR (Mr. S. M. Lee) for a Specialist Meeting on "Primary
Sodium Pipe Rupture Event in LMFBR"
Proposed topic by the Energy Research Center of the Ajou University, Suwon,
Republic of Korea (Mr. Se Kee Oh) for the CRP on "Advanced Power Reactor
Options for Effective Incineration of Radioactive Waste (Inter-comparison of
LMFR, ADS and Molten Salt Reactor Systems)": "Development of a PC-based
Computer Code for Calculating Equilibrium Isotopic Concentrations in Fluid
Fuel Systems Under Continuous Partitioning and Removal of Fission Products"

10:30
11:00
12:00
13:30
14:30
15:30
16:00

In addition to the other proposals to be made by the representatives during the meeting,
the Scientific Secretary will present proposals for activities in the area of "emerging
nuclear systems for the utilization and transmutation of actinides and long-lived fission
products"
Coffee break
Future IWG-FR activities: proposals for new CRPs, TCMs, AGMs,
symposia/seminars, cont'd
Lunch break
Future IWG-FR activities: proposals for new CRPs, TCMs, AGMs,
symposia/seminars, cont'd
Conclusions and recommendations of the 33rd IWG-FR Annual Meeting
Miscellaneous, date and venue of next IWG-FR Annual Meeting
Adjourn meeting
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Abstracts
Considering the future clean energy supply in China, a rather consistent opinion is to
develop nuclear power step by step with the contribution from a supplementary one up to
an important one. The large scale utilization of nuclear energy determines obviously the
interest in fast breeders, due to China right now already has about 300 GWe total electricity
capacity using conventional energy resources.
As the first step of fast reactor technology development in the Country, The China
Experimental Fast Reactor (CEFR) project is still under detail design stage, which is a
sodium cooled pool type fast reactor with 65MW thermal power matched with a turbinegenerator of 25MW. The ordering of the components is continued. The site is ready and
the steel works for the 3mx69m><82.5m foundation base of reactor building are being
arranged layer by layer. The review to the PSAR by the China National Nuclear Safety
Administration (CNNSA) is going to the final stage, if every thing is going smoothly, the
first pouring of the concrete for the reactor building will be in this the middle of the year
2000.
The brief introduction of the CEFR design, safety characteristics, the main results of
safety analysis and design test demonstration are given in the paper.
1.

INTRODUCTION

We have stepped into the new century. In China when one discusses how to meet the
energy resource demands in this century in the case of limiting too heavy utilization of
burning coal in view of environment protection, a rather consistent opinion is that nuclear
power should be developed step by step with the contribution from a supplementary one up
to an important one, because it is safe, reliable, economic-acceptable, realizable and could
be used in large scale. The envisaged total electricity capacity and nuclear power capacity
development in China are shown in Table 1.
TABLE 1
Year
1994
1998
2003
2004
2010
2020
2050

ENVISAGED TOTAL AND NUCLEAR ELECTRICITY
CAPACITY DEVELOPMENT IN CHINA "'21 (GWe)
Nuclear share
Nuclear capacity
Total capacity
199
2.1
!%
0.7%
300
2.1
4.9
8.6
590
3.4-3.9%
20-23
5.0-6.3%
800
40-50
i r> o /
1200
240
s.\j /O

As such a large scale utilization of nuclear power, the fast breeders and closed

-itcycle have to be developed in China.
As the first step of fast reactor technology development in the Country, the China
Experimental Fast Reactor (CEFR) project started in the early of 1990's is still under detail
design stage. The ordering of the components is continued. The site is ready and the steelworks for the 3m x 69m x 82.5m foundation base of the reactor building are being arranged
layer by layer. The review to the preliminary safety analysis report by the National Nuclear
Safety Administration (CNNSA), having conducted two years, now is going to the final
stage. A severe accident which is plant power lost, shut down systems failed and decay heat
removal system also failed has been taken as source term accident. Its analysis results show
that the maximum personal effective dose equivalent out of site is 1.25mSv, less than the
limitation value of 5 mSv for CEFR.
If everything is going smoothly the first pouring of the concrete for the reactor building
will be in the middle of this year.
2.

CEFR DESIGN

After the collection and preparation of necessary computer codes and the decision of
main technical selections, the conceptual design of the CEFR was started in 1990 and
completed in 1993 including the confirmation and optimization to some important design
characteristics. Having spent almost whole 1994 for its preparation, the CEFR preliminary
design was started in the early of 1995 and finished in August 1997. After about another
half year for its necessary modification, the detail design is started since the early 1998.
Following presentation to this reactor is based on its preliminary design.
2.1

Introduction

The CEFR is a sodium cooled experimental fast reactor wifh(Pu.U)O2 as fuel, but UO,
as first loading, Cr-Ni austenitic stainless steel as fuel cladding and reactor block structure
material, bottom supported pool type, two main pumps and two loops for primary and
secondary circuit respectively. The water-steam tertiary circuit is also two loops but the
superheat steam is incorporated into one pipe which is connected with a turbine. The
following are general engineering characteristics:
Thermal Power
Electrical Power(T.G. Capacity)
Electrical Power(net)
Acreage of Reactor Site
Floor Space of Buildings
First Loading (UO2 64.4%)
Water Supply
Power Supply
2.2

65 MW
25 MW
20 MW
15 ha
43731 nr
417 kg
4500 t/d
3000 kW

Reactor Core

The reactor core, as shown in Fig.I, is composed of 81 fuel subassenibiies(Fig.2).
three safety subassemblies, three compensation subassemblies and two regulation
subassemblies, then 336 stainless steel reflector subassemblies and 230 shielding
subassemblies and in addition 56 positions for primary storage of spent fuel subassembiies

are included. 92%B-10 enrichment B4C is used for safety and compensation absorber, but
natural boron B4C (B-10 enrichment about 20%) for regulation and shielding
subassemblies.
The compensation and regulation subassemblies are also as first shutdown system.
Three safety subassemblies are as secondary shutdown system. Their drop down time is 1.5
seconds and 0.7 seconds respectively.
The design limitation to the core which was fixed before the core design is as
following:
Thermal Power
Linear Power (max.)
Operation Cycle(min.)
Inserting Rate of Reactivity(max.)
Positive Reactivity (each addition)(max.)
Reactivity Equivalent of Each Regulation Subassembly(max.)
Cladding Temperature in Nominal Operation (max.)

65
430
73
0.07
0.4
11
700

MW
W/cm
d

p/s

P
P

'C

Some results about core neutronics and thermohydraulics are listed in Tables 2TABLE 2

CEFR FUEL LOADING (EQUILIBRIUM)
Fuel

PuO2
U-235 enrichment
U-235
Pu-239
Total Pu
TABLE 3

wt%
%
kg
kg
kg

29.4
36
92.33
65.76
141

64.4
236.6

MAXIMUM HEAT RATE*
Parameters

Power of Fuel Subassembly
Linear of Fuel Pin
Volume Power Density
*:(Pu,U)O2/U02
TABLE 4

UO,

(Pu,U)O,

Cycle
Beginning
(MW)
0.980/0.957
(W/cm) 405/395
(MW/m3) 756/738

End
0.978/0.952
396/388
744/725

MAXIMUM NEUTRON FLUX RATEV(1015 a/cm
Position

Center (steel)
First Row of Fuel S.A"
First Row of Reflector S.A
First Row of Shielding S.A
Storage Position
:;;
:(Pu.U)O2/UO:
**:S.A-Abbreviation Subassem

Cvcle
Beginning
3.73/3.13
3.70/3.10
2.20/1.90
0.293/0.26;
0.0269/0.0252

End
3.76/3.15
[3.73/3.13
2.26/1.92
0.298/0.264
0.271/0.0254

TABLE 5

CLADDING AND FUEL TEMPERATURE* max. 'C
Cladding"
Fuel"*
Cycle
Cycle
Flow Region
End
Beginning
Beginning
End
1 (15FuelS.As)
670.44
2511.36
2497.30
665.68
2 (18FuelS.As)
670.76
2373.06
2370.10
665.02
3 (21 Fuel S.As)
662.24
2219.16
2213.50
659.68
4 (27 Fuel S.As)
656.66
656.68
2039.46
2030.60
* (Pu,U)O2
** Including 2a deviation of average square root related to the nominal value.
* * * Using 3a for uncertainty of design parameters.

2.3

Reactor Block

The CEFR block is composed of main vessel and guard vessel which is supported
from bottom on the floor of reactor pit, reactor core and its support structure, internal
structures on which main pumps, intermediate heat exchangers and DHRS heat exchangers
are supported and reactor top roof and double rotation plugs on which control rod driving
mechanisms, fuel handling machine and some instrumentation structures are supported. The
CEFR block is shown in Fig 3.
The main vessel has an outside diameter of 8010mm and a diameter gap of 175mm
toward guard vessel. The narrow gap design permits the core still immersed in sodium
when the main vessel leak accident has unexpectedly happened. Using 2D Sn computer
code, the calculation shows that the neutron fluence in main vessel during 30 years is about
1.0 x 1022 n/cm2. The anti-seismic analysis are under going. For main vessel only
temperature, strain and sodium leak detection are considered.
In the design a molten core catcher is equipped even though there is no any serious
accident in which the large part of core damage could be happened based on the analysis of
all the beyond design basis accidents.
2.4

Main Heat Transport System

The primary circuit is composed of main pumps, four intermediate heat exchangers,
reactor core support diagrid plenum, pipes and cold and hot sodium pools. In cold pool, two
primary loops are separated each other, but in hot pool they are linked up. In normal
operation the average sodium temperature in cold pool is 360°C and in hot pool it is 516°C.
The secondary circuit has two loops each one is equipped with one secondary pump,
two intermediate exchangers(IHX), evaporator, superheater, expansion tank, and valves.
The outlet sodium temperature of secondary circuit from IHX is 495 °C. When it leave
evaporator it will decrease up to 310°C, and in outlet of superheater it is 463.3°C.
The tertiary water steam circuit has one turbine generator, three low pressure heaters,
one deoxygen heater, one demineralization facility and feed water pumps.
Each evaporator is connected with one release-to-air valve and two safety release
valves are equipped, but for superheater, one release-to-air valve and one safety release
valve. And the by-pass de-temperature de-pressure valves equivalent to 67% full power are
equipped for discharging the steam to the condenser when the turbine is not in operation.
2.5

Safety Characteristics
The CEFR will be located in the China Institute of Atomic Energy (CIAE). about 40

km far away from Beijing City which owns about 10 million inhabitants. According to the
raising environment safety consideration, it is stipulated to have more strictly requests to
radioactive materials release standards for normal operation, design basis accident(DBA)
and beyond design basis accident(BDBA) than related national standards, as shown in
Table 6.
TABLE 6

MAXIMUM LIMTS OF PUBLIC EFFECTIVE DOSE EQUIVALENT
FROM THE CEFR
CEFR limits
GB6249-86
States
0.05mSv/a
Operational
0.25mSv/a
0.5mSv/accident
5mSv/accident
DBA
1 OOmSv/accident
5mSv/accident
BDBA

No any emergency intervention requirements for residents beyond 153m from the reactor.
The CEFR is a small reactor which has a bigger heat inertia than many other pool
reactors due to its relative primary sodium loading per MWt is larger. The core is designed
with negative temperature coefficients, and negative power coefficients.
These feedback properties are shown in Tables 7-10.
TABLE 7

TEMPERATURE REACTIVITY EFFECT
(Pu,U)O2/UO2 CORE, 250-360°C, %AK/K
Cycle

Sodium Density
Axial Expansion of Reactor Core
Axial Expansion of Lateral Reflector
Radial Expansion (diagrid plenum)
Doppler Effect
Total
TABLE 8

Beginning
-0.169/-0.182
-0.037/-0.034
-0.019/-0.019
-0.204/-0.184
-0.032/-0.022
-0.461/-0.441

End
-0.170/-0.186
-0.038/-0.034
-0.020/-0.019
-0.205/-0.188
-0.033/-0.024
-0.466/-0.451

POWER REACTIVITY EFFECT, HOT STANDBY-FULL POWER
%AK/K
(Pu,U)O2/UO2 core
Cycle

Sodium Density
Sodium Volume Fraction Exchange
Axial Expansion of Reactor Core
Axial Expansion of Lateral Reflector
Radial Expansion (S.A. Winding)
Doppler Effect
Total
TABLE 9

Beginning
-0.107/-0.122
-0.029/-0.028
-0.339/-0.259
-0.011/-0.010
-0.020/-0.020
-0.063/-0.034
-0.569/-0.509

End
-0.112/-0.124
-0.034/-0.029
-0.311/-0.300
-0.011/-0.010
-0.020/-0.020
-0.063/-0.036
-0.556/-0.519

DOPPLER CONSTANT OF CEFR CORE
(PuJU)O2/UO2 core
10"3AK/K

Fuel:633-1593K Cladding: 633-1000K
All Materials
523-633K
All Materials
373-523K

Kw(with Na)
-0.878/-0.394
-1.574/-1.170
-1774/-1.200

Kd(withoutNa;
-0.618-0.U3
-1.048/-0.519
-1.142/-0.578

TABLE 10 REACTIVITY EFFECT OF SODIUM LOST
(PurU)O2/UO2 CORE
%AK/K
Region Lost Sodium

Cycle

Core (Fuel Section)
Core (Fuel section + upper section of S.A)
Core (Whole Section of S.A)
Whole Core (including central stainless steel
rod, and stainless steel reflector)

Beginning
-2.366A-2.456
-3.067/-3.116
-3.737/-3J44
-5.196/-5.106

End
-2.404/-2.504
-3.110/-3.189
-3.7887-3.836
-5.194/-5.282

The reliable removal of decay heat after the shut-down of a nuclear reactor is an
important safety criterion. For this reason, two independent passive decay heat removal
systems (DHRS) are designed for the CEFR (Fig. 4 shows one system)Each one is rated to
a thermal power of 0.525MWt under the working condition, the decay heat is removed by
natural convection and circulation of primary and secondary coolant, and natural draft by
air. To have the start-up of DHRS the air dampers of the air cooler stacks are opened by
automatic signal of reactor protection system or in case of a lost of any service power
mechanically by the operator staff. Except for this procedure the CEFR DHRS is entirely
passive. Table 11 gives the parameters of the DHRS, of the CEFR.
TABLE 11 PARAMETERS OF ONE SET OF DHRS
Parameters
Working
Transfer Power MWt
0.525
5.8
Primary Na Flow Rate in DHX*) kg/s
2.93
Secondary Na Flow Rate in DHX kg/s
2.4
Air Flow Rate in Air cooler
kg/s
Primary Na Temperature °C
Inlet at DHX
516
444
Outlet at DHX
Secondary Na Temperature °C
514
Inlet at Air cooler
373
Outlet at Air cooler
Air Temperature °C
50
Inlet at Air cooler
264
Outlet at Air cooler
0.6
Secondary Na Pressure
MPa
*) DHX-Decay Heat Exchanger in DHRS
2.6

Stand-by
0.052
1.66
1.37
0.11
516
490
515
485
50
496
0.402

Main Design Parameters

TABLE 12

CEFR MAIN DESIGN PARAMETERS
Parameter
Unit

Thermal Power
Electric Power, net
Reactor Core
Height
Diameter Equivalent
Fuel
Pu, total

MW
!\'i V\

cm
cm
kg

Preliminary
design
65
20
45.0
60.0
(Pu.U)O
141

Pu-239
U-235(enrichment)
Linear Power max.
Neutron Flux
Bum-up, target max.
Bum-up, first load max.
Inlet Temp, of the Core
Outlet Temp, of the Core
Diameter of Main Vessel(outside)
Primary Circuit
Number of Loops
Quantity of Sodium
Flow Rate, total
Number of IHX per loop
Secondary Circuit
Number of loops
Quantity of Sodium
Flow Rate
Tertiary Circuit
Steam Temperature
Steam Pressure
Flow Rate
Plant Life
3
3.1

kg
kg
W/cm
n/cm 2 • s

MWd/t
MWd/t
°C
°C

m

t
t/h

t
t/h
°C

MPa
t/h
A

65.76
92.33(36%)
430
3.7* 1015
100000
60000
360
530
8.010
2
260
1328.4
2
2
48.2
986.4
480
14
96.2
30

CEFR SAFETY EVALUATION
General

In the PSAR and during its reviewing 17 postulated initiating events and DBAs and 8
BDBAs have been analyzed, The main results are introduced in the Tables 13 and 14
respectively. The calculation results show that the maximum effective dose equivalent
values at the periphery of site are all lower than the dose limitation during these accidents.

DBA AND PIE ANALIZED FOR CEFR(DOSE LIMITED 0.5
JTABLE J3
JDBAS
Accidents
Inadvertent
withdrawal
of
a
regulation subassembly, with scram,
DBA-f
first shutdown signal failed

mSv)
Main results
Na Temp.max.546 °C
Cladding Temp.max.571.9°C
Fuel Temp.max.2309°C
NaTemp.max.545.9°C
Cladding Temp.max.571.4°C
FuelTemp.max.2307.9X:
Na Temp.max.745.9°C
Cladding Temp.max.759.2X:
FuelTemp.max.2300°C
NaTemp.max.658.9X:
Cladding Temp.max.672.83 "C
Na Temp.max.841 X:
Cladding Temp.max.852°C
Na Temp.max.626.6 X:
Cladding Temp.max.640.5 X:
NaTemp.max.545X:

DBA-2

Inadvertent withdrawal of a section of a compensation
subassembly, with scram, first shutdown signal failed

DBA-3

One primary pump stuck, first shutdown signal failed, plant
power lost

DBA-4

One primary pump faults, first shutdown signal failed

DBA-5

Fuel subassembly blockage by 43% (plate form)

DBA-6

One secondary pump faults with scram, first shutdown signal
failed
Main steam pipe guillotine with scram, first shutdown signal
failed
Main feed water pipe guillotine with scram, first shutdown Na Temp max.487.5 °C
signal failed
Secondary sodium circuit leak, extinguishing system failed
Na 4.082t burnt
Na 23m3 in the guard vessel
Primary sodium vessel leak, signal system failed
l*109Bq released
Primary sodium purification pipe leak, leak signal system failed Na 236.2kg leaked
and ventilation filter failed
Large leak of cover gas, radioactivity detection system failed
Cover gas 35m3 leaked
Large Na-water reaction in SG, H-meter system failed
Pressure max.at IHX 0.85MPa
Pressure max.at SG 1.19MPa
Na Temp. max. 5 8 5 X:
Grid power lost with scram
Cladding Temp.max.590 X:
101m3 beaked
Argon large leak from decay tank
Inadvertent transfer of a high power spent fuel to handling Adiabatic during 25min
Cladding Temp.max.755 X:
cell(power 2.46KW)
Due to blockage
Seven fuel subassemblies melt

DBA-7
DBA-8
DBA-9
DBA-10
DBA-11
DBA-12
DBA-13
Plfvl
l'llv-2
BIK-3
IMU-4

Dose calculated(mSv)
negligible
negligible
negligible
negligible
negligible
negligible
negligible

I

negligible

CX?

negligible
negligible
0.115
1.67xlO"3
negligible
negligible
3.07x10°
negligible
0.025

i

TABLE_14_ MAIN ANALYSIS RESULTS OF CEFR BDBAs (DOSE LIMITED 5 mSv)
Main Results
BDBAs
Accidents
Grid lost
SD failed
DHRs failed
Na Temp.max.830°C
BDBA-1
V
V
Cladding Temp.max.850X:
V
V(10%Kept) Na Temp.max.585 °C
BDBA-2
Cladding Temp.max.590 °C
BDBA-3
Na Temp.max.563.6X2!
Inadvertent withdrawal of a regulation subassembly
Cladding Temp.max.592°C

BDBA-4
BDP.A--5
BDBA-6
BDBA-7
BDBA-8

Dose calculated
0.12
negligible
negligible

Fuel Temp.max.2515.2 °C
Primary sodium purification pipe leak (l/4dt), check valve Na 4773Kg leaked, with passive Na 0.0217
receiver and ventilation filter
foiled
Two check valves in primary circuit closed (10%Kept)
Na Temp.max.555 °C
negligible
Cladding Temp.max.580X:
Main and guard vessel leaked successively
Aerosol under natural
0.0125
Ventilation: 1410.13kg
With ventilation filter
Na Temp.max.854X:
Primary pressure pipe guillotine and plant power lost
Similar to BDBA-8
Cladding Temp.max.933 °C
NaTemp.max.890t:
1.25
Cladding Temp.max.920 °C

3.2

CEFR Accident Source Term

After a long time discussion with the CNNSA and reviewers, it is decided to take the
most severe accident ;i.e. plant power lost, shut down system failed and decay heat removal
system also failed as source term accident.
The calculation results show, as Fig5 and 6, that the maximum core outlet temperature
and maximum cladding temperature at hot channel are 890°C and 920°C respectively
during very short time. It is obviously that in this case the sodium is not boiling and fuel
pins haven't damaged yet.
In order to estimate the accident source term, we assume that seven fuel
subassemblies are melt and other 74 fuel subassemblies are gas leaked. The first
containment(cell No.210) with the leak rate of 4%AV/V/day at AP=0.018MPa could
confine the fission gas and aerosol leaked from reactor vessel. Despite of the confinement
contribution of the secondary containment, after 4 days confined by the first containment
the rest fission gas and aerosol will be exhausted to the environment through special
ventilation system(filters are considered failed) during following 3 days. The maximum
public personal effective dose equivalent out of the CEFR site is 1.25mSv. So. no
emergency plan is needed for CEFR accidents out of the site.
3.3

Total Instantaneous Blockage to Be Analyzed

The Total Instantaneous Blockage (TIB) has been chosen in Europe as a limiting
event. But actually it is not realistic since the sodium entrance designed with the multiple
periphery holes of a subassembly foot.
To prevent the propagation of subassemblies melt, the disadvantageous design of the
CEFR is that the Delayed Neutron Detection needs 66 seconds to find a 1.58cm2 damage.
But if one fuel subassembly TIB has happened, the sodium in the fuel section is boiling.
The fuel axial expansion and sodium void will give a negative reactivity of about -5x10"
4
Ak/k, so the reactor should be shutdown by itself.
But anyway, TIB event of CEFR is an interesting subject it is intend to analyze it in
the CEFR Final Safety Analysis Report.
4.

DESIGN TEST DEMONSTRATION

After the conceptual design of the CEFR, the design test demonstration was stared.
Following test demonstrations have been completed:
(1) CEFR core neutronic mock-up based on CEFR conceptual design
(2) Blockage test with 19 electric-heated pins bundle
(3) CEFR pool water simulation for decay heat removal test based on CEFR c o n c e p t :
design
(4) Sodium purification facility in middle scale
(5) Pressure drop of fuel subassembly model
(6) Sodium water reaction test under small leak

(7) Sodium boiling test
(8) Measurement methods demonstration of impurities O.C.Ii.Ca.Ci.B.Si.Li.Cd.Fe.
Co,Ni,Cr.Mn in sodium
(9) H-meter test
(10) Sodium fire (18kg) and its extinguishing with expansion graphite
(11) Domestic 316Tiss mechanics performance test
About 22 items of design demonstration have been conducted or planned, they are
mainly:
(1) CEFR core mockup based on detail design
(2) DHRS water simulation (pool) based on detail design
(3) Measurement of flow resistance coefficient of resistance devices of primary circuit
(4) Pressure drop of core subassemblies
(5) Mechanics test of core subassemblies
(6) Domestic 316Ti SS and natural B4C irradiation test
(7) Hydraulic features of sodium pump
(8) Demonstration of sodium pump axial seal
(9) Control subassembly driving mechanism prototype demonstration
(10) Anti-earthquake demonstration of shut down system driving complex.
(11) Grapple test for fuel handling machine
(12) Magnetic shaft coupling test
(13) Comparability demonstration of welding parts with sodium
(14)H-meter system demonstration
(15) Earthquake meter system demonstration
(16) Over pressure protection system demonstration
(17) Siphon demonstration for limiting sodium leak
(18) Passive leaked sodium receiver demonstration
(19) Washing and filtration demonstration of spray-filter system for Na,0 aerosol
(20) Delayed neutron detection system demonstration
(21) Radioactive impurity measurement methods demonstration in sodium and in Ar
(22)Delayed Neutron Detection system demonstration, etc.
Some important test facilities for design demonstration have been established in
the CIAE as shown in Table 15.

TABLE 15
TEST FACILITIES FOR CEFR DESIGN DEMONSTRATION
Main parameters
NO
Name
1. Sodium purification facility in middle O.3t/d
Ca^8PPm,0^20PPm
scale
2. Material corrosion sodium loop
2-5m/s
650'C
Core S.A. test
sodium
loop 110m3/h
600 °C
(ESPRESSO)
4. Large scale test sodium loop (CEDI)
320nr7h
650°C
5. Cleaning
facility
for
sodium N2 and steam
components
6. S.A. dimension measuring meter
4m. + 0.02mm
7. H-meter test sodium loop*
1.5 mVh 600 °C
8. Water loop
100m3/h,9MPa, 150°C
9. Zero power facility
50kg U-235
* in Tsinghua University Beijing
5

CONCLUSION

During the past 10 years we started, based on self-reliance, to design and build an
experimental fast reactor, even though we have prepared this technology for a long time
and have good international cooperation with Italy, France, Russia and IAEA but we are
still lack of experiences on this field. It reflects especially the schedule always delayed. But
it could be sure that the safety of the reactor and environment can be assured based on our
efforts. And especially the CNNSA is very rigorous to any nuclear facility, it goes without
saying to the CEFR which is the first fast reactor in China and located only 40km far away
from 10 million people City. The standard of nuclear power plants has been adopted for the
CEFR safety review. Concerning the PSAR almost thousand questions and answers have
been carried out since May 1998, the construction permission is possibly issued in May,
2000. It is estimated to have the first pouring of the concrete in the middle of the year
2000.
Now , the site has been prepared, the ordering of the components is just started. It is
envisaged that the construction completion will be in the year 2004.
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ENVISAGED TOTAL AND NUCLEAR ELECTRICITY
CAPACITY DEVELOPMENT IN CHINA [1"2] (GWe)
Year
1994
1998
2003
2004
2010
2020
2050

Total capacity Nuclear capacity Nuclear share
2. 1
199
1%
300
2. 1
0. 7%
4.9
8.6
590
20-23
3. 4-3. 9%
40-50
0 - \j"~~ 0 ,. O AJ
800
240
20%
1200

i
O
\

As such a large scale uti I ization of nuclear power, the fast
breeders and c I osed f ue I eye I e have to be deve I oped i n Ch i na.
As the first step of fast reactor technology development in
the Country, the China Experimental Fast Reactor (CEFR)
project started in the early of 1990's is sti I i under detas I
design stage.
The ordering of the components is continued.
The site is ready for first pouring of concrete.
After 2 years CEFR PSAR review by NNSA, the construction
permission will be issued in May.
The first pouring of concrete is waiting for the approval
by the Government, foreseen in the middle of this year

CEFR time-table and schedule
990-1992.7
1992.7-1993.12
1994.1~~1994.12
1995-1997

Conceptual design
Consultancy and confirmation
Preparation for preliminary design
Preliminary design

i
en

19982000, middle
2002.5
2002. 5-2004.6
2004.7-2005.6
2005.7-2005.9
2005. 9-

Detail design
^
First pouring of concrete
Completion of reactor building construction
Mount i ng
Adjusting and debugging
Loading and starting
First criticality

The design Iimitation to the core which was fixed before
the core design is as following:
Thermal Power
65
Linear Power (max.)
430 W/cm
Operation Cycle(min. )
73 d
Inserting Rate of Reactivity(max. )
0.07 p/s
Positive Reactivity (each add it ion) (max. )
0.4 |3
Reactivity Equivalent of Each Regulation
1 (3
Subassembly (max.)
Cladding Temperature in Nominal Operation (max.) 700 °C

en

The following are general engineering characteristics
of the CEFR:
Therma 1 Power
Electrical Power (T. G. Capacity)
E1ectr i caI Power (net)
Acreage of Reactor Site
Floor Space of Buildings
First Loading (U02 64.4%)
Water Supply
Power Supply

65

MW

25

MW
MW

20

1K
15
ha
I ^
rid
I \J

2
4373 1 m
417 kg

4500

t/c

3000

kW

?

55"CEFR MAIN DESIGN PARAMETERS
Parameter

Unit

MW
Thermal Power
Electric Power, net
MW
Reactor Core
cm
Height
cm
Diameter Equivalent
Fuel
Pu, total
kg
Pu-239
kg
U-235(enrichment)
kg
Linear Power max.
W/cm
Neutron Flux
n/cm 2 • s
Bum-up, target max.
MWd/t
Bum-up, first load max.
MWd/t
Inlet Temp, of the Core
°C
Outlet Temp, of the Core
°c
Diameter of Main Vessel (outs ide) m
Pr imary Ci rcuit
Number of Loops
Quantity of Sodium
t
Flow Rate, total
t/h
Number of IHX per ioop
Secondary Ci rcuit
Number of loops
Quantity of Sodium
t
Flow Rate
t/h
Tert i ary Ci rcu it
Steam Temperature
°C
Steam Pressure
MPa
F s ow Rate
t/h
Plant Life
A

Pre1 imi nary
des i gn
65
20
45.0
60.0
(Pu,U)02
141
65.76
92. 33 (36%)
430
3. 7X10 1 5
100000
60000
360
530
8.010
2
260
1328.4
2
2
48. 2
986.4
480
14
96.2
30
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FIG. 1 CEFR Core
Fuel subassembly
i Stainless steel rod
Stainless steel reflector subassemblv
; Stainless steel reflector rod
! Stainless steel reflector rod
; Shielding subassembly
Storage position forspent fuel subassembly
(s) Safety subassenibly
Regulation subassembly
isaiion subassembiv

31

37
732"
"767"
230"

r--u

/

1150

E-H

! hi"].kVipk'-: •"'' " " ^ ^
IIV
25B2

11/1! (W#W 1/11 )

in/y

rv/a (X*M* I/B

E:Ei:

n
1350

F-F

EF/? Fuel Assembly

G--G

i

Brief presentation about CEFR safety design
#Limitation to radioactive material releases from CEFR

MAXIMUM LIMTS OF PUBLIC EFFECTIVE DOSE EQUIVALENT
FROM THE CEFR
States_
GB6249-86
CEFRJjrtn ts
Operat i onaI
0.25mSv/a
0. 05mSv/a
DBA
5mSv/acc i dent
0. 5mSv/acc i dent
BDBA
10OmSv/acc i dent
5mSv/acc i dent
any emergency intervention requirements for residents
beyond 153m from the reactor.

•inherently safe characteristics
-Low pressure system
-Big inertia
-Big thermal conductivity of sodium
Pool type will strongly reflect sodium advantages, especially
260t sodium in main vessel.
o

•Passive safety properties
-Temperature coefficient -4. 19pcm/°C
f i rst Ioad i ng -4. 00pcm/°C
-Power coefficient -8. 69pcm/MWt
f i rst Ioad i ng -7. 83pcm/MWt
-DHRS with natural convection and natural circulation

PARAM^^
Parameters
Transfer Power MWt
Primary Na Flow Rate in DHX*) kg/s
Secondary Na Flow Rate in DHX kg/s
Air FI ow Rate i n A i r coo I er
kg/s
Primary Na Temperature °C
Inlet at DHX
Outlet at DHX
Secondary Na Temperature °C
Inlet at Air cooler
Out let at Air cooler
Air Temperature °C
Inlet at Air cooler
Outlet at Air cooler
Secondary Na Pressure
MPa

Working
0.525
5.8
2.93
2.4

Stand-by
0. 052
1.66
1.37
0. 11

516

516

514

515

50
264
0. 6

496
TU;

<r»

®
FIG. 4 CEFR Decay Heat Removal Svstem

Active safety systems
-Two independent shut-down system
-Two independent heat transportation loops
ResuIts
-17 Postulated Initiating Events and DBAs and 8 BDBA have been
analyzed
-As the envi ronment source term accident, the most severe BDBA:
Grid lost, shut down system failed and Decay heat removal
system fai led has been analyzed. The maximum pub I ic Personal
effective dose equivalent out of the CEFR site is 1.25mSv.

irst shut-down system for CEFR, % A k / k
Value without VaIue w i th
item
uncerta i nt i es uncerta i nt i es
Reactivity compensation
-0.52
-0.45
250°C-360°C
-0.56
-0. 64
?.60°C-ful 1 power
-1.01
-1. 16
250°C-ful 1 power
-1.27
-1.37
Burn-~up requirement
-0. 12
-0. 13
Operat i on requ i rement
-2. 14
-1.95
Hot-shut down requirement
-2.40
Cold shut down requirement
-2. 66
J,
Control S. A. Value
i
5.34
Tot a 1
4.54
3.58
Value with stuck rod
3.04
3.50
Value with stuck rod and burn~~up
2.98
Subcritical deepness at Hot shut down
Iota! drop down
3. 39
2. 40
drop down with stuck rod and burn-up
1^55
0. 84
Subcritical deepness at cold shutdown
Total drop down
"
2. 94
f~88~
Drop down with stuck rod and burn-up
1.10
0.32

Second shut-down system for CEFR, % A k/k
Value without Value with
Item
uncerta i nt i es uncerta i nt i es
Reactivity compensation
-0.45
-0. 52
250°C-360°C
-0.64
-0.56
i 260°C—ful 1 power
-1 . 16
-1.01
250°C-ful 1 power
Control S. A. Value
Tot a 1
2. 47
2.91
1. 61
Value with stuck rod
1.89
1. 58
Value with stuck rod and bur
n~up
1. 86
Subcritical deepness at Hot shut down
Total drop down
1. 83
2.35
drop down with stuck rod andburn-up 1. 30
0. 94
Subcritical deepness at cold shutdown
Total drop down
1.31
1. 90
Drop down with stuck rod andburn-up 0. 85
0. 42

-After the conceptual design of the CEFR, the design test
demonstration was started about 11 test demonstrations have
been completed.
-JAbout 22 items of design demonstration have been conducted
or planned.
I

,,,-n niuc
1 I L u.nu CEFR DESIGN DEMONSTRATION IN THE CIAE
NO
].

Main pa.rameters
Name
Sod i urn pur i f i cat i on fac i i i ty i n m i0.dd
1 e \ic$ t-Hrr m,
3t/d
'm
Material corrosion sodium loop
2-5m/s 650°C
Gore S. A. test sodium loop (ESPRESSO) 110mVh 600"C
Large scale test sodium loop (CEDI)
320m3/h 650 °C
Cl ean i ng fac i 1 ity for sod i urn components N 2 and steam
S.A. dimension measuring meter
4m, +0. 02mm
H meter test sodium loop*
n ouu u
1. 5 mVl
Water loop
100mVh,, 9iPa. 1{50°C
Zero power fac i 1 ity
50kg U-•235
in T s i n g h u a U n i v e r s i t y B e i j i n g

^ M M I I J ^ L J ^
DBAS
_
Accidents
Main results
Do^e_cct[cti 1 atcd(jj^iSv)
DBA-i
Inadvertent withdrawal of a regulation subassembly, with scram, Na Temp.max.546°C
negligible
first shutdown signal failed
Cladding Temp.max.571.9"C
Fuel Temp.max.2309°C
DBA-2
Inadvertent withdrawal of a section of a compensation NaTemp.max.545.9"C
negligible
subassembly, with scram, first shutdown signal failed
Cladding Temp.max.571.4 °C
FuelTemp.max.2307.9°C
DBA-3
One primary pump stuck, first shutdown signal failed, plant NaTemp.max.745.9°C
negligible
power lost
Cladding Temp.max.759.2 °C
Fuel Temp.max.2300 °C
DBA-4
One primary pump faults, first shutdown signal failed
Na Temp.max.658.9°C
negligible
Cladding Temp.max.672.83 °C
DBA--5
Fuel subassembly blockage by 43% (plate form)
Na Temp.max.841 °C
negligible
Cladding Temp.max.852 °C
DBA-6
One secondary pump faults with scram, first shutdown signal NaTemp.max.626.6 °C
negligible
failed
Cladding Temp.max. 640.5 °C
DBA-7
Main steam pipe guillotine with scram, first shutdown signal Na Temp.max.545 'C
negligible
failed
!.)8A-O
Main feed water pipe guillotine with scram, first shutdown Na Temp max.487.5 °C
negligible
signal failed
DBA-9
Secondary sodium circuit leak, extinguishing system failed
Na 4.082t burnt
negligible
DBA-ID
Primary sodium vessel leak, signal system failed
Na 23m3 in the guard vessel negligible
l*109Bq released
DBA--11
Primary sodium purification pipe leak, leak signal system failed Na 236.2kg leaked
0.115
and ventilation filter failed
1JBA-12
Large leak of cover gas, radioactivity detection system failed
Cover gas 35m3 leaked
1.67x10"3
DBA-13
Large Na-water reaction in SG, H-meter system failed
Pressure max.at IHX 0.85MPa
negligible
Pressure max.at SG 1.19MPa
i!ll--i
Grid power lost with scram
Na Temp.max.585 °C
negligible
Cladding Temp.max.590 °C
Pl.lv-2
Argon large leak from decay tank
101m3 beaked
3.07x10'3
Bll'v-3
Inadvertent transfer of a high power spent fuel to handling Adiabatic during 25min
negligible
cell(power 2.46KW)
Cladding Temp.max.755 °C
P|E-4____ _ Seven fuel subassemblies melt
Due to blockage
0^.025

[
6"^
0c
.
'

,viAii\ ANALYSIS RESULTS OP
BDBAs
Grid losl
15 DBA-!

"T "

BDBA-2
BDBA-.i

Cl-PR BDBAs (DOSE LIMITED 5 mSv)
Accidents
SD feiled
DHRs failed

"T

V

V(10%Kept)

Inadvertent withdrawal of a regulation subassembly

Dose calculated

Main Results

0.12

Na Temp.max.830°C
Cladding Temp.max.850°C
NaTemp.max.585iC
Cladding Temp.max.590 °C
Na Temp.max.563.6"C
Cladding Temp.max.592 °C

negligible
negligible

V
Fuel Temp.max.2515.2 "C
ij'i

)\.ii\-\

Primary sodium purification pipe leak (l/4dt), check valve

Na

failed

receiver and ventilation filter
Na Temp.max.555 °C
C1 adding Temp.max.58OXJ
Aerosol under natural
Ventilation: 1410.13kg
Na Temp.max.854°C
Cladding Temp.max.933 °C
NaTemp.max.890X:
Cladding Temp.max.920 °C

Two check valves in primary circuit closed (10%Kept)
BDBA~(>
BDBA-7
3 DBA-8

Main and guard vessel leaked, successively
With ventilation filter
Primary pressure pipe guillotine and plant power lost

4773Kg

leaked,

with

passive

Na

0.0217

negligible
0.0125

Similar lo BDBA-8
1.25

The most severe accident ; i. e.
-plant power lost,
•-shut down system failed and
decay heat removal system also failed
as source term accident.
C a leu I at ion results show that
imum core outlet temperature: 890°C and
imum cladding temperature at hot channel: 920°C
r to estimate the accident source term, we assume that
Q A
fuel subassembl ies are melt and other 74 fuel
subassembl ies are gas leaked.
5 maximum public personal effective dose equivalent out
the CEFR site is 1. 25mSv. So, no emergency plan is needed
or CEFR accidents out of the site.
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otal Instantaneous Blockage to Be Analyzed
1

It is not real istic since the sodium entrance designed with
the multiple periphery holes of a subassembly foot.
>•In the CEFR case if one fuel subassembly TIB has happened,
ium in the fuel section is boiling. The fuel axial
expansion and sodium void will give a negative reactivity
bout ~~5x1(T4Ak/k, so the reactor should be shutdown
But anyway, TIB event of CEFR is an interesting subject it
is intend to analyze it in the GEFR Final Safety Analysis

iniary Pressure Pipe guillotine and plant power lost
• Initial condition
-Reactor Power:107% nominal power
-Na inlet temperature 363°C
-First shut-down signal failed (P/G: 112%)
-Reactor shut-down by the Second shut-down signal
Tout^565°C
-The another primary pump at non-fai lure pressure pipe running
to o rpm in 4 0 s. by inertia.
-1 nstantaneous I y gu i II ot i ne of <& 245 X 11 p i pe
•d Results

-Na temperature max. 854°C
^Cladding temperature max. 933°C

STATUS OF FAST REACTORS IN FRANCE IN 1999 - IWGFR MEETING - VIENNA 16-18/05/00

FAST REACTOR DEVELOPMENT PROGRAM IN FRANCE IN 1999
Presented by

Jacques LECLERE (*)
Commissariat a l'Energie Atomique
Direction des R6acteurs Nucl6aires
Centre d'Etudes de Cadarache 13108 - Saint Paul lez Durance

ABSTRACT

XA0055613

The year 1999 was marked by important industrial reorganisations especially concerning Framatome, : the shareholding was
modified, and at the end of the year the fusion of nuclear activities with those of Siemens was decided.
The construction of the last N4 plants is completed, with no realisation expected in a near future; the decision on an EPR unit
is not expected in the short term. The operation of the plants was satisfying, the availability is nevertheless lower than in 1998.
Renovation , inspection and maintenance works were actively conducted at Phenix;
Decommissioning work was undertaken at Superphenix ; the core unloading began in December.
The R&D strategy was redefined ; on fast reactors, work decreases on sodium and increases on other valiants. International
collaborations remain active.
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C.TAILLAND for general information
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I. GENERAL SITUATION
1.1.

Some outstanding events

A major event was in February the opening of electricity market in Europe. Transitional dispositions were adopted by EDF,
according to which sites consuming more than 100 Gwh are eligible.
Important changes occurred in industrial organisation. EDF acquired in November 25 % of EnBW (4th German electricity
company) ; its subsidiary London electricity bought SWEB, one of the distribution society of UK (1300000 customers). EDF
has also participation in societies of Sweden and Finland. A reorganisation of FRAMATOME share holdings was decided in
July; COGEMA becomes, with 34 % of the share capital, the main share holder ; Alcatel should completely withdraw within
two years. At the end of the year, FRAMATOME and SIEMENS announced the fusion of their nuclear activities, the share of
capital being FRA 66 %, SIEMENS 34 %. M. VIGNON will be the president of the new society.
The average price of electricity decreased by 2 % in May ( 8,8 % in three years).
In August, a decree authorised the construction of a first underground laboratory for waste disposals, at Bure in clay. ; work
has now started. A second site, in granite, is looked for.

1.2.

Production of electricity

The date for 1999 are the following :
Production

Twh

Nuclear power plants
375
Conventional
power 48,5
plants
76,5
Hydraulics plants

Relative share

Variation

75
9,7
15,3

+ 1,8
-7,8
+ 16,3

Total
Of which EDF

500
469

+ 2,7
+ 2,6

Consumption

Twh

Variation

Exportation
Importation
Losses
Pumping
Net consumption

68,7
5
28,
6,3
401,5

+ 10,5
+ 8,9
-5,9
+ 12,5
+ 2,1

1.3.

99/98

99/98

Nuclear energy production data

With the criticality of CIVAUX 2 and its connection to grid in December, the construction of the N4 plants is now completed.
EDF owns 58 PWR, for a total capacity of 63 Gwe.
This nuclear park is still young, and the renewal will not begin before 2015-2025 (according to the possibility of life
extension). A decision of construction of one EPR plant is not expected in the short term.
The availability factor was 79,3 % instead of 81,1 in 1998 ; this decrease is due to an extension of planned shut down to
improve the confinement tightness of some 1300 Mwe plants, and modification of piping of shut down cooling system for
some 900 and 1300 Mwe plants.
Safety
482 incidents were declared, among which 116 rated level 1 and 3 level 2.
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At the end of December, one violent storm led to important damages to the Blayais plant, due to overflowing of the Gironde
river; this caused out put of several safety systems, and one of the three level 2 incidents. A reassessment .of the plants located
at seaside and riverside will be conducted.

1.4.

Status of fast reactors

Renovation works went on actively at Phenix plant; mainly with reinforcement again earthquakes; the ultrasonic inspection of
the welds of the conical shell supporting the core were successfully conducted. Maintenance works revealed cracks in SGU
units, whereas difficulties, now over come, were encountered during the fabrication of new IHX.
Decommissioning work are engaged at Superphenix : core unloading began at the end of 99 after preparatory work, among
which the installation of an electrical heating system of the primary vessel. A lot of systems and components were removed
from service.

1.5.

R&D

A comprehensive assessment on the strategy for nuclear energy development was conducted by CEA all along the year. It
confirmed the interest of fast reactors, with a long term perspective for industrialisation. As a consequence, the existing
program on sodium cooled FR is strongly reduced whereas work is engaged to study the other variants. This reorientation
became effective in 1999 ; CAPRA-CADRA remains a key component of this program.
To implement this program, the CEA is engaged since a long time in international collaborations, and considers as a major
objective to maintain them active, and possibly to extend them.

2.

RAPSODIE

After the reconstruction phase completed in 1998, (decontamination and rebuilding of the southern hall and peripheral gallery
of the reactor strongly damaged during the accident), CEA's In-house Inquiry Committee issued a final report, after several
years of studies, on the causes of the accident (see presentation May 1999).
This report concluded, on the base of new experimental results, that the only raison of the tank's pneumatic bursting which lead
to the accident is a considerable and sudden discharge of gas, due to a runaway of exothermal chemical reactions, which could
not have been forecast in 1994, by lack of knowledge.
Considering this new knowledge, the prohibition as regards cleaning sodium puddles with alcohol was confirmed for all CEA
facilities.
A lecture was given at the ANS Winter Meeting of November 99 ; ref : "Alcohol explosion during Rapsodiefast reactor
decommissioning (March 1994)" by P.Marmonier and J.Desreumaux.
Work to update the Operating reports of the plant started in 1999 (Technical recommendations, Safety reports and General
Operating Rules), and the Rapsodie plant has been safely maintained under monitoring.

3.

PHENIX

1999 was devoted to doing the renovation, he inspection and the maintenance work on the reactor, which had begun on
November 1998. When this work is finished, in early 2001, operations wtill start again, and the experimental irradiations, in
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majority scheduled in the context of the "1991" Law, Axis 1, can begin. Completion of these experiments is the main reason of
the renovation work undertaken to rejuvenate the Plant.
The work is divided into four projects:
the renovation work, which particularly concerns improving building and equipment behaviour in the event of
earthquake,
ultra-sonic inspection of the welds in the reactor core shell,
visual inspection of the upper internal structures of the reactor block,
general maintenance of the installation and regulatory controls of the pressure instruments.

View of the works on the reactor building

3.1

Renovation work

It concerned the entire industrial facility to varying degrees. The work done during 1999 was primarily civil engineering work
performed to consolidate the superstructures of the buildings and to avoid any interactions between the buildings in the event
of an earthquake. It consisted in reinforcing concrete pillars in the reactor building and the steel frames in the other buildings.
Likewise, several cement block walls in the steam generators building were disassembled and replaced by steel cladding.
Other significant operations were undertaken, such as the installation of a separation between the zones which have piping
containing secondary sodium and the zones having water or steam piping. Work started also on the installation of an original
design of anti-whip devices on the high pressure piping in the steam generator building.
Lastly, two independent circuits were built, to ensure emergency circuit cooling (this means the evacuation of the reactor's
residual power in the highly hypothetical event of a major earthquake supposed to have knocked out all the other systems).
Each one of the two geographically separated circuits has its own pumps, cooling tower, and diesel engine generator sets.
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One of the five taps in the double wrapper
Ultra-sonic inspection of the welds in the conical shell
This operation was preceded by significant preparation, which involved both the qualification and the validation of the method,
and the optimisation of the intervention conditions, in particular with the implementation of an ALARA approach.
To perform the ultra-sonic inspection, a robot was developed to be able to travel in the 100 mm wide space separating the main
reactor vessel from its double wrapper, in order to move the sensors. The ultrasonic waves, propagated throughout the conical
shell which was immersed in 150°C sodium, are able to detect any unacceptable defects in the welds they travel through.
This work began in August with the realisation of five taps in the double wrapper of the reactor vessel. Then, following the
authorisation of the Safety Authority, weld control took place from 18 October to 23 December. The quality of the signals was
very good, and confirmed the good condition of the inspected welds.

3.3.

Visual inspection of the internal structures

This inspection will take place in the year 2000, has been prepared. A test transfer of 135 m 3 of primary sodium to the storage
tanks and then back to the reactor was successful. After some fine-tuning problems with the remote vision inspection booms,
their production is nearly completed.

3.4.

Genera! maintenance of the installation

This maintenance and the regulatory inspection and control of the pressure instruments primarily took place in 1999. This work
revealed some cracks, involving a stress relaxation mechanism, on one steam generator unit; how to deal with these defects is
currently being defined. The production of new intermediate heat exchangers was deeply disturbed by the discovery of defects
in the integrity of the welds (porosity) in the tube/tubular plate liaison. After re-doing all the defective welds, the production of
the heat exchangers continued smoothly. Delivery is scheduled for the end of the second quarter 2000.
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All together, on-site, this work involved more than 2000 workers from over 250 companies, in addition to the personnel from
the plant and the added staff from GRAPH (the Phenix assistance group, made up of CEA / DAM and EDF / CLI agents).

4.

4.1.

SUPERPHENIX

Introduction

The ministerial decree ruling the start of the Superphenix decommissioning was issued on December 31, 1998. According
to this decree the following operations can be carried out, after specific agreements of the safety authorities :
•

core unloading from the reactor vessel to the fuel storage water pool,

•

removal from service of non-required systems,

•

primary vessel draining and storage of the sodium.

Progress achieved on these topics in 1999 is summarised hereafter.

4.2.

Core unloading

Beginning 1999, detailed safety studies on the selected option of unloading the core without the use of dummy
subassemblies have been completed together with the final definition of the unloading plan, from the periphery (breeders)
towards the centre of the core (fuel and absorber subassemblies). These studies have enabled the establishment of the
required set of safety documents, specific to the core unloading operation : the safety report and the general operating rule
reports. All these reports have been submitted to the approval of the safety authorities end of June.
After completion of design studies and of material procurement during the spring, the new electrical heating system has
been installed on the outer wall of the safety vessel and equipped with its thermal insulation. The system has been tested in
August and put into service beginning of September: it is capable of maintaining the primary sodium in the liquid state at
180°C without the use of the primary or secondary sodium pumps. All sodium pumps have been shutdown and all
secondary circuits have been drained. Thus the operational and maintenance costs for sodium pumps, secondary loops and
related auxiliary systems have been drastically reduced.
Before starting the core unloading, further works were needed on the fuel handling facilities. As a matter of fact these
facilities were not yet commissioned and in addition were designed for standard refuelling. Therefore they had to be
adapted to the particular conditions of the complete and definitive core unloading of some 650 subassemblies. Set up works
and qualification tests were carried out all over the year, but during the pre-operational tests a malfunction was detected on
the lifting winch chain in the reactor handling transfer chamber. The subsequent repair caused a delay of two months, so
that actual core unloading started only on December the first.
Core unloading consists in transferring each subassembly from the reactor vessel through the reactor handling transfer
chamber into various corridors and cells, allowing in particular sodium draining and then residual sodium cleaning in a
washing pit, before transfer to the water pool.
At the end of December, 18 breeder subassemblies had been successfully transferred and stored in the water pool. However
the feedback of these first unloading has led to the decision to improve the sodium draining procedure and the subassembly
washing equipment. The implementation of these modifications will cause an additional delay : the achievement of core
unloading is now anticipated for beginning 2002 (6 months beyond initial schedule).
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SUPERPHENIX
SODIUM HEATER OEVICE

)

Heating device for SuperphSnix primary sodium

OgCHAfJ<*£Ht£MTOES ASSEMBLAGES

Unloading system for Superph6nix subassemblies

\
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4.3.

Removal from service of non-required systems

The objective is to isolate and prepare the facilities in order to ensure that future dismantling operations will be carried out
in the best conditions of security and costs. Several systems and components are no longer required, in particular those
related to the electricity production facilities.
Throughout the year an increasing number of systems and components have been removed from service. Examples of these
are two out of the four diesel generators and almost all the equipment housed in the turbine hall: motor and turbine-driven
feedwater pumps, water / steam circuits, feedwater and condensate plant, both turboalternators with their auxiliary circuits,
etc.
These operations require a very good knowledge of the facilities and a rigorous preparation : electrical cables are
disconnected and insulated from the components, pipes are cut or isolated, circuits are drained, products such as industrial
oils are evacuated. Finally each operation is recorded by updating the plans of the facility and the data base.
The increasing number of systems and components removed from service as well as the shutdown of sodium pumps and
circuits have enabled operational and maintenance requirements to be further reduced. One important consequence is the
departure of 96 people from the site during the year; this brings up to 300 the number of departures since the decision of the
final shutdown of the plant. End 1999,401 people were on the site staff.
4.4.

Primary vessel draining and storage of the sodium

Secondary sodium is already stored in the solid state in existing storage tanks ; primary vessel draining for solid sodium
storage is in principle authorised by the decommissioning decree, however :
•

residual storage capacity on site is below the primary sodium inventory,

•

the decommissioning decree specifies that a new decree will have to be issued for final disposal of both primary and
secondary sodium.

Pending the next specific decommissioning decree and the related political decisions, only strategic studies were performed
during the year. These studies will continue with the comparison of alternative solutions and will focus on the following
strategy:
•

maintain the primary sodium in the liquid state in the primary vessel for several years,

•

design and construct on site a sodium destruction plant based on the proven NOAH process, already applied for
Rapsodie and PFR,

•

treat first the secondary and then the primary sodium in the new plant by transforming it into sodium sulphate and
releasing into the Rhone river the equivalent of 2.5 t of sodium per day. Considering the absence of fission products (no
clad ruptures), the radiological impact for the most exposed individual would be 1 uSv/year and during only two years,
i.e. ten times less than the IAEA " trivial" threshold (10 uSv/year) below which the risk for health is considered
negligible.

5.
5.1.

R&D

Strategy and objectives

During the year 1999, a reassessment of the R&D strategy for nuclear power generation was conducted by CEA. The main
conclusions of this review are the following :
for the next period, there will be no need of nuclear plants construction in France ; the main objectives will be to ensure
the test operation of the existing reactor and cycle plants, and to get technical and economical data to prepare the further
steps;
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in about twenty years (depending of the life duration of existing plants), the renewal of existing reactors will begin ; a
main objective was identified as providing then the ability to control the plutonium stock pile ; and a major
consideration for that is to develop special fuel elements, allowing multirecycling of Pu in light water reactors which
certainly will constitute a signification part of the new nuclear park. The ability to accept and control Pu will be an
important characteristic of any kind of possible reactors;
minimisation of radioactive wastes will be a key issue for nuclear industry, and it will be a major requirement for future
reactors ; other criteria will be to make the best use of uranium and plutonium, and to achieve these goals with a
maximum of flexibility (for instance to burn or breed Pu); a fast neutron spectrum appears to be the best answer - the
basic reason being the higli value oft) (produced/absorbed neutrons).
So, fast reactors will be necessary in (he long term; the time of industrialisation is difficult to determine today, as it depends of
the extent of the period of renewal of the existing reactors. But it is clear that a long period is available for R&D.
A technical solution is well known : sodium cooled FR, by the operation of Phenix, Superphenix, the EFR project and an
important program of R&D. So intensive R&D in this field appears no longer necessary ; it will be reduced to the study of
main drawback of Na, and rely on international collaboration. The main effort will be devoted to alternative solutions ; the
objective is not to remain dependant on only one solution, and to make in depth studies of all variants, in order to make later
the best choice for industrial development. All is open and we intend to explore the merits of gas - other liquid metal - cooled
FR, molten salts reactors or water cooled reactors.
The CAPRA-CADRA programs remains identified, as they have for objective to assess the performances of the various
possibilities for Pu management and radioactive wastes destruction.

5.2.

Mains results of R&D work on sodium cooled FR

5.2.1 Fuel and subassembly
On core materials, work concentrates on ODS steels for cladding, in collaboration with JNC, and remained in 99 devoted to
fabrication problems, with success in elaborating samples, and welding. PIE results were gained on highly irradiated 15/15 Ti
(density, tensile and creep properties). An experiment, Andromede, is in preparation to irradiate at high dose ferritic materials
in Phenix. Synthesis were made on wrapper materials : EM10, and comparaison of EM12 and T91. An experiment on
martensitic material is prepared for irradiation in BOR 60.
The GERMINAL code, describing the behaviour of fuel under irradiation was improved and the validation data extended.
A comparison of internal cladding corrosion of 15/15 Ti, 12-25 Ti, and EM12 was made, indicating good results for 15.15 and
EM12. Work on characteristics of the reaction between CsMoO4 and Na was completed and modelised.
In the frame of the CAPRA program, work was completed on the behaviour of CAPRA S/A in seismic conditions, and on
mechanical behaviour of heterogeneous bundles. A mechanism was proposed to explain the rupture of TRABANT1 fuel pin
(BOL corrosion with delayed rupture). The PIE examination of high burn-up PFR pins were completed.

5.2.2. Core
Work continued on ERANOS system qualification. Improvements were identified as necessary for the ERALIB library :
especially for sodium void effect, reflector gain of steel-sodium and neutronic protections. Relying on the results of CIRANO
program, the qualification was extended to CAPRA cores.
Improvements were made on the qualification of the DARWIN code, for fuel cycle, and identification of some remaining
lacks.
Work is completed on the description of thermal hydraulics and mechanics and the relevant codes are finalised.
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The interest of the examination of the Super Profil experiment was confirmed; indeed, it consisted of the irradiation of a lot of
pure isotopes in Superph6nix, and had reached the objective (320 EFPD). The actions to conduct and difficulties to overcome
were identified.

SUPERPROFIL Experiments in 8UPERPHENIX
irrsKfiatfon of samples of separated isotopes:
Pu isotopes, Np-237, Am-241, Am-243, Cro-244, Th-232, U-233, eto ...
Also: selected ft&ston produds.
Objecflve: Hsgh sccuracy detentntnatfon of Integral capture cross-sections.
pin

86

U
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5.2.3. Safety

Codes
A version of SAS4A code including a modulus on fuel was realised, and other models added during the year to lead at the
beginning of 2000 to a 99R3 version. Then the code manager should become JNC.
An important work continues on SIMMER III, in collaboration with JNC and FZK ; qualification of thermalhydraulics models,
and first.utilisation of the integral code on Phenix TIB problem.
For CONTAIN a detailed analysis of the code was completed.

Cabri tests
For the Cabri Raft program
The interpretation of RBI test led to evaluate the molten fraction to 11 % (recall: no fuel ejection across the pin rupture)
The RB2 test was successfully made in July ; the estimation is 20 % molten fraction and fuel ejection was observed. RBI and
RB2 tests represent so a very valuable information.
The TP2 test was successfully made in October, on a bundle of 3 pins submitted to a LOF + TOP sequence; pin failures, fue!
dispersion and plugging of the sodium channel were observed.

RB2 pin after test in CABRI
5.2.4. Sodium technology
An experimental on the thermalhydraulics of plugging meters was completed in 99. Some work was devoted to the study of
mechanisms of deposits, and transfer of contamination.
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Studies were conducted to optimise the SPm decontamination process, based on the analysis of samples coming from Phenix
IHX, for which some parameters had been changed during the application of the process.

Grain pull out

Intergranular
penetration

Solution SO:
15 g/L H2SO4
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Samples of IHX (in sensitized part) from PHENIX after decontamination

with different solutions

A limited program was completed on cold trap regeneration using separation of tritium by permeation across nickel tubes.
In support to Superphenix decommissioning, the feasibility of washing absorber elements was determined.
One test was conducted on the new facility FUTUNA2, on a sodium leak at very low rate (0,1 cm3/mn), showing a noticeable
corrosion.
Results were gained in the frame of the ISI program : optimisation of EMAT transducers for NDE : propagation of US in large
components ; modelisation of US telemetry; tests of visualisation under water; Na cleaning by classical ways and by laser.
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For sodium thermohydraulics, some R&D continued on gas training, and on validation of LES models for thermal stripping
eveluation.

5.2.5. Structural materials and mechanics
Work continued on 316LN behaviour under creep and fatigue conditions. Progress were made on the comprehension of
delayed cracking observed on 321 steel (Ph6nix SGU), showing a higher sensitivity to this mechanism at beginning of life. An
experimental program was devoted to the behaviour ao welded zones : toughness, rupture time under creep conditions,
correlations between stress and creep rate, and between time and temperature ; tests were conducted to assess ageing
phenomena on welds of Ph6nix components.

Defaut initial Delattt FmaS

Crack propagation in bended tubes at 600 °C -theoretical and experimental studies
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A synthesis was made of the Symphony program, conducted on fast reactor core behaviour under seismic conditions, with
consideration of fluid structure interaction. For RCC-MR code, the main achievements were : improvements of calculation of
crack propagation under creep-fatigue; buckling rules validation for piping. Several experimental tests were made in the frame
of the high temperature fracture mechanics program, on tubes and mainly on plates, with a part devoted to the propagation in
welded zones. In support of the leak before break studies, tests on tubes and plates and their interpretation allowed to validate
correlations between stresses and rupture area, and between rupture area and flow rate. The first tests of a program devoted to
the high temperature mechanics of welded structures were conducted.
In parallel, a lot of expertise of Ph<5nix components, and calculations, were made in the frame of the extension of life program.

5.2.6. Preparation of 2000 program
2000 will be the last year of significative funding of the R&D program on sodium cooled fast reactors. Specific actions will be
completed in 99 or 00, and the main objective is to write synthesis and leave a final file gathering all results from R&D, in
order to ensure the best conservation of knowledge acquired in the frame of what had been for a long period a very important
program. Generic actions, as behaviour of irradiated materials or high temperature mechanics for instance, will be continued in
the frame of the program on innovative reactors.

5.3.

R&D on alternative fast reactors

The evaluation of the interest of Pb or Pb/Bi cooled fast reactors had been initiated by an assessment of BREST 300
characteristics ; this work in 99 concerned mainly : neutronic calculation of the nitride core, leading to some discrepancies with
RDIPE results ; data prepared for the operating code OASIS ; thermalhydraulics calculations of the core. In connection with
the ADS program, a study is in preparation on the ways to prevent corrosion of structural materials.
On gas cooled fast reactors, a review was conducted by NOVATOME of the studies available on various solutions, in order to
get a good information on the existing knowledge. Reflexions were initiated to build a program for the next years. The first
studies were devoted to the problem of determination for core and reactor thermal parameters. Preliminary studies addressed
the point of core concept and decay heat removal. A first analysis was engaged of design rules for metallic or prestressed
concrete confinements.

5.4.

CAPRA

5.4.1. Background
In 1999, CAPRA was replaced by the new CAPRA-CADRA programme. The aim of CAPRA-CADRA is to separate the two
aspects of Pu burning (covered by CAPRA) and the transmutation of MAs and LLFPs (covered by CADRA). At the same
tune, the scope of the new programme was enlarged to cover a broader range of reactor types rather than being restricted only
to fast reactors.
The motivation for examining Pu burning within CAPRA is to demonstrate the feasibility of stabilising the accumulated Pu
stockpile in a reactor "park" comprising a mix of reactors totalling approximately 60 GWe output. Initially, plutonium would
be recycled in current and next generation PWRs using innovative MOX assemblies and core. An important additional aim is
to clarify the potential role of other innovative reactors that might be introduced in the medium term. In particular, the
capability of High Temperature Reactors (HTRs) to contribute to Pu management in the medium term future, in addition to
examining their economic competitiveness and safety, is being studied. In the longer term, the R&D effort is examining gas
cooled fast reactors (GCFRs) as a possible alternative option to the well known sodium technology.
For waste management, in addition to the main option of using fast reactors, Accelerator Driven Systems (ADSs) are also
being considered. Their potential contribution to the reduction of the global radiotoxicity of ultimate nuclear wastes will be
examined along with comparative assessments of efficiency, safety and costs. Other innovative technologies, such as molten
salt reactors (MSRs) and their associated fuel cycles are also being considered. The evolution of different reactor parks
including ADSs will be simulated.
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This programme is carried out within the framework of collaborative agreements between various Europeean countries
(Belgium, France, Germany, UK) and also involves an element of international cooperation, with partners outside Western
Europee (e.g. Russia, Japan).

5.4.2. Summary of main results

Homogeneous recycling
Neutronic calculations for several siz.es of EFR type cores showed than the minor actinides's is contents are limited to about
2.5 % due to the degradation of the safety related coefficients. Some measures to increase this value iike the reduction of the
core high, the use of axially heterogeneous cores, the introduction of moderators or the use of absorbers at the top and bottom
of the core were investigated. The implementation of the last two measures simultaneously allows to increase the MAs content
up to 7 % and to obtain a transmutation efficiency of 20 kg/TWhe.
The evaluation of the BREST 300 project using nitride fuel and lead coolant proposed by RDIPE (Russia) showed the
possibility of MAs multirecycling. Nevertheless, a significant discrepancy were founded between CEA and RDIPE results.
The SUPERFACT fuel irradiation results were submitted to NNC for oxide fuel behaviour calculations with a MAs content
less than 10 %. A fuel modelling taking into account chemical effects for americium was done by AEA-T.

Heterogeneous recycling
In 1999, NNC has studied in detail in core recycling targets with an optimisation of the fuel pins design to cope with the
problem of the pressure induced by the He and fission products generation.
The COMODORE 4 and ECRIX irradiations in PHENIX were calculated with an improved method at CEA.
The reference CAPRA cores with moderated targets were studied showing a transmutation rate of 90 % with hydrogenated
moderators. In this case, all the minor actinides produced by the park could by incinerated in the moderated targets recycled in
FRs constituting 50% of the park. The design of the targets was also optimised to increase the moderator content. In this
concept the subassembly is occupied by a moderator bloc with holes to integrate the fuel pins and the coolant.

ECRIX-B (moderator = 11B4C)

New concepts of targets

ECRIX-H (moderator = CaHY)
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This allows an improvement of about 30 % the transmutation efficiency of the targets. Nevertheless, this new design needs
some complementary qualification. In this case, the FR proportion in the park for the total transmutation of americium is
limited to 30 %.

To assess the fuel behaviour, the temperature and diameter of the fuel pins were varied in a sensibility study to analyse the
effect of the He production.

Dedicated cores
The transmutation capabilities and the safety aspects were studied for three different coolants: sodium, lead and helium. For
the first two, relatively small cores (150 MWth) with moderating fuel pins were used. In the helium case, a 1000 MWth core
with particles fuel was considered. The uncertainties on the mass flows and the multiplication factors due to cross sections data
were done for the three cores.
NNC and AEA-T developed a core design cooled by CO2 and based on the AGR technology. In this concept, the Pu and MAs
fuel pins are mixed with hydrogen moderated fuel pins. The very good transmutation performances of this core must be now
completed with safety studies.
The PINPOM irradiation project based on nitride fuels, was cancelled and replaced by a safety study conducted by CEA, AEAT, FZK, JAERI and JNC that could initiate an experimental programme.

5.5.

Subcritical reactor for ADS systems

The main objectives of the studies conducted in CEA are : the evaluation of ADS systems capacity in transmuting long life
radioactive wastes ; the determination of the aims and technical options of a demonstration plant. CEA is associated with
CNRS, EDF and FRAMATOME in GEDEON, which contributed to several proposals for the 5th European common research
program.
Basic studies on the neutronics and control of a subcritical core fed by an external source of neutron are conducted in the frame
of the "MUSE" program, in Masurca.
In 99, the MUSE 3 test, realised in 1998, were interpreted ; neutrons were produced by a generator using D-T reaction, giving
a source of 14MEV, placed in the centre of Masurca inside three types of configurations :
a critical configuration without transition zone
three subcritical configurations obtained by withdrawal of peripheral fissile zones
two subcritical configurations with a central zone consisting in a Pb and Na diffuser, aroud the source.
A satisfying comparison of measurement and calculations was obtained : on global reactivity of the system, on distribution of
fusion rates.
MUSE 4 was prepared, and started at the end of 99, it will use a neutron accelerator of high intensity provided by the CNRS.
A code system is developed by the CEA to simulate the physical phenomena from the creation of neutrons by spallation till
their final use in the subcritical system. This system, called SPARTE, has 3 main components :
HETS code for transport above 20 MeV
TRIPOLI code for transport under 20 MeV
DARWIN code for evolution of the different species
A new version of SPARTE was elaborated and tested in 1999 ; characterised by several models of particles/nucleons
interaction at intermediate energy levels.
Corrosion studies by Pb-Bi were conducted, the objective being the behaviour of the spallation modulus, for which the
reference is Pb-Bi - where as the reactor should be cooled by gas. They include corrosion by static Pb-Bi; corrosion kinetics in
circulating Pb-Bi; protection techniques by specific coatings (Al based).
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Production of electricity -main data
• Production
- nuclear power plants 375 Twh (75%) +1.8%
48.5 Twh (9.%) -7.5%
- conventional
76.5 Twh (15.3%) +16.3%
- hydraulic
• Total 500 Twh (+2.7%) among which 469 from EDF
(+2.6%)
- exportation
68.7 Twh
- importation
5 Twh
- pumping
6.3 Twh
- line losses
28 Twh
• Net consumption 401.5 Twh (+2.1%)
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fiuclear'powerplants

• 58 PWR units connected at the end of 99
- avaiiibility factor: 79.3% for 900 & 1300 Mwe
• lower than in 98 (81.1%), due to extension of planned
shut down to improve the confinement tightness of some
1300 Mwe plants, and modification of piping of shut
down cooling system for some 900 and 1300 Mwe plants.

- 4 8 2 incidents ; 116 rated level 1, 3 level 2
• no further construction engaged
• renewal not before 2015-2025
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Fast Reactors - outstanding events
• Phenix : renovation work in progress
• successful inspection of core support structure
• start -up expected in early 2001
* Superphenix : decommissioning work engaged
• core unloading started in December
• k&D ; reorientation engaged on alternative fast
reactors
Status of fast reactors in France in 1999
w e n t 2000 - Vienna 16-18/05/w

C^T
^ ^ ^

•
• • • • •
•
Direction des r<§acteurs nucleaires

0,-

Information on the accident of March 31,1994
- no technical news since last year
- communication at the ANS winter meeting in
November
Works on the plant
- updating the operation reports (technical
recommendations, safety reports, general operating
ruies)
Status of fast reactors in France in 1999

OC2TS
v >

- ~^s

IWGFR 2000 _ Vienna i6-i*o&oo

e

DirectiO n

•

•

•

•

•

«

des reacteurs nucleates

•' Bataon Pheni*;-0peratloii{end .of run 50)*

mm
«

•-

'

"OA —y-7::,
-1

" • *»

s -

s

. •
•

I

Status of fast reactors in France in 1999
IWGFR 2000 - Vknna 16-18/05/00

Direction des reacteurs nucteaires

I n a orrenovaaon works /
- Reinforcement of buildings against earthquakes
•
•
•
•
•

reactor
SGU
manutention
turbine buildings
reinforcement of sodium fire protection inside SGU
building (separation, ventilation, retention cans)

- Mitigation of the consequences of a rupture of
steam pipes
- New ultimate cooling circuits (water/air,
designed for seism) - two independant circuits
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• Inspection of structures of the primary circuit
• conical shell supporting the core
- by US across 6 holes in the «double envelop» shell,;
now completed ; very positive experience
• hanging structures of the vessel
- by US in 3 zones; inspected without problem
• upper structures of the reactor block - to be made in
2000
- by lowering the level of the sodium
-observation of the ACS and S/A heads
-position of S/A heads (to check there is no important
modification of the core support structure)

• Decennial maintenance works
Status of fast reactors in France in 1999

/~CS~H

#

were2000_ vienn* 16-18/os/oo

^—'.

D i r e c t i o n d e s r d a c t eurs

#

•

#

•

•

nucleaires

•

3 new IHX were ordered and supplied
- defects detected on welds for two of them
- repairing in progress
SGU : defects observed during inspection of a
modulus
- origin demonstrated to be a non evolutive
fabrication defect, giving intergranular
decohesion - 321SS delayed cracking excluded
- Inspection of 4 modulus from SGU 2
- feasibility of ND inspection being studied
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• Starting early 2001
• Then operation to 2/3 Pn for some years to
realise an experimental program, mainly devoted
on wastes transmutation and incineration
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without dummy S/A, from periphery towards center
cooling : no need of pumps, provided the sodium is kept
liquid ; possible by IHX and RUR, but not at the end of
removal
installation of an electrical heating system completed at
the end of August 99, in service in September
• heating wires and heat insulator on the outside of
safety vessel ~ 600 Kw
set up works and qualification of the fuel handling
facilities
16 breeder S/A transferred to water pool at the end of 99
modifications necessary to improve sodium draining
end of unloading anticipated for beginning of 2002
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-objective : isolate and prepare the facilities in order
to ensure that future dismantling operations will be
carried out in the best conditions of security and
costs.
-increasing number of systems and components
removed "from service
• two out of the four diesel generators
• almost ail the equipment housed in the turbine haii :
motor and turbine-driven feedwater pumps, water /
steam circuits, feedwater and condensate plant, both
turboalternators with their auxiliary circuits, etc.

- this allows departure of people : 96 in 99 ; 401 on
site at the end of the year
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I Sodium removal*
- secondary sodium is already stored in the solid
state in existing storage tanks
- pending a necessary specific decree, studies will
focus on the following strategy :
• maintain the primary sodium in the liquid state in the
primary vessel for several years,
• design and construct on site a sodium destruction plant
based on the proven NOAH process, already applied for
Rapsodie and PFR,
• treat first the secondary and then the primary sodium in
the new plant by transforming it into sodium sulphate
and releasing into the Rhone river
Status of fast reactors in France in 1999
IWGFR 2000 - Vienna 16-18/os/oo

("<pOj #
•
•
• •
•
•
^~*~*
Direction des reacteurs nucleates

- A reassessment of the strategy of R&D for nuclear
energy production was conducted by CEA in 1999.
The main conclusions are :
- The development of nuclear energy in France should
involve three phases:
• operation of existing plants
• renewal of the park, with the main objective of controlling
Pu inventory by multirecycling
e introduction of reactors able to ensure sustainable
development; complete utilisation of U ; using Pu ; burning
MA and LLFP - minimising ultimate wastes production -

This last objective is met with fast neutron spectrum
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• Superphenix will not restart
• Phenix is expected to operate still some years
According to the strategic analysis :
• Interest for fast reactors is confirmed to ensure
sustainable development of nuclear energy ; their
industrial deployment should take place in the
long term
• R&D will explore all technical solutions
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Programme on liquid metal cooled FR
Strong decrease of the existing program on sodium
rR
- sodium ; well known, world wide experience,
feasibility demonstrated. R&D needs limited to
some specific drawbacks, Phenix and MAD
Superphenix (*)
- cloture of technological actions and introduction of
innovative actions mainly to improve the potential
of sodium and improve acceptability
Limited work on other LM (Pb, Pb-Bi)
- Pb or Pb-Bi: some advantages (no reaction with
water nor air) but also some drawbacks (corrosion,
density, temperature, inspection...); does not
appear as a real alternative
(*) Mise a I'Arret Definitif
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Interest of gas cooled fast reactors
GCFR have attractive characteristics :
- monophasic,, non corrosive coolant; perspective of
direct cycle Y competitivity; synergy with HTR
Important development of GCFR studies to assess the
possibilities of the concept
- check there are no « killing » drawbacks (loss of
coolant...)
- make an in-depth evaluation of all characteristics
• fuel (classical or particles); core ; operation, safety :

• components; fuel cycle and waste
• genera! design (ETGBR, small reactor...)

The potential advantages led to give priority to this
version, on which CEA puts its main effort
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Molten salts or supercritical water: stage of basic
and exploratory studies
Relevant programs will be developped if the
results of this first assessment are promising
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R&D programme on Na cooied
As 2000 will be the last year of significant funding, this
program is concentrated on basic items, and the main
priority is to ensure the conservation of accumulated
knowledge
- redaction of synthesis
- management of the documentation
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R&D on ISia cooiedFR - Some results ( i )
• Fuel
-cladding : concentration on ODS ; comparison
of high burn-up behaviour of various alloys
• Core physics
- extension of qualification of ERANOS and
DARWIN
• Safety
- development of SAS4A and SIMMER 3
- 2 experiments for CABRI RAFT program
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R&D on Na cooled FR - Some results {2}
• Sodium technology
- work in support of Superphenix decommissioning
- I S I : tests of visualisation under water; Na cleaning
; optimisation of EMAT transducers
• Structural materials and mechanics
- priority to the study of :ageing phenomena ;
behaviour of welded zones ; high temperature
fracture mechanics
- application to Phenix
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1999 proaress In sodium wastes manaaement
R&D on processes
- investigation of cutting techniques for cold-traps (cont01)
- water-treatment of HA-sodium in pressure-sealed
reactor: prototype ordered
- definition of an experimental programme on WaterVapour-CO2 process
Facilities setting
- Feasibility study of ELISE (processing facility for nonradioactive sodium waste from CEA's R&D)
Waste cleanup
- Radioactive NaK processing continued in STED-Grenoble
- Definition of a decommissioning programme of nonradioactive sodium experimentaifacilities
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R&D programme on alternative FR
Evaluation of Pb or Pb Bi cooled FR
- assessment of BREST 300
• neutronics (discrepancy with RDIPE); operating code ;
thermaihydraulics

Gas cooled FR
- review by NOVATOME of the existing studies
- preparation of a program for the next years
- preliminary studies of core concept and DHR, of
design rules for metallic or prestressed confinement
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• The former CAPRA program was reassessed
• Two objectives are clearly distinguished
- Plutonium management: CAPRA
• Improved Pu Consumption in Advanced Reactors

- incineration of wastes : CADRA
• Consumption of Actinides and Wastes in Advanced
Reactors

• Both programs are jointly implemented under the
authority of the same Responsible
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Experimental programme iri Phenix
• Comprehensive programme built for the next years
- mainly devoted to transmutation of radioactive wastes
- partially replacing the programme foreseen in SPx
• Basic data
- 2 irradiations of samples of various isotopes
- 1 experiment on moderator materials
• Incineration of minor actinides
- homogeneous way : 3 experiments
- heterogeneous way: 3 exp. on matrices
4 on targets (+ 1 in HFR, 2 in BOR 60)
• Destruction of long lived fission products - 2 exp.
• Pu management (CAPRA) 1 exp. (+ 1 in HFR, 1 in BOR
60)
• Structural materials - 6 experiments
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CAPRA T CADRA- Spine results
• Homogeneous recycling
- study of cores able to use fuel containing up ot 7 %
MA (2,5 % for EFR)
• Heterogeneous recycling
- CAPRA cores : targets with hydrogenated
moderators ; optimisation of S/A : moderator block,
holes containing pins and coolant •=> 30 % increase
of transmatation efficiency
• Dedicated cores
- comparison of solutions cooled by Na, Pb, He
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Subcritical reactor for ADS systems

Main objectives of CEA studies :
-ADS systems capacity in transmuting long life
radioactive wastes
- aims and technical options of a demonstration plant
Basic studies in the frame of MUSE program
- neutronics and control of a subcritical core fed by an
external source of neutron, in MASURCA
• MUSE 3 tests in 98, interpretation in 99 (source : generator
using D/T reaction)
• MUSE 4 prepared in 99 (source : high intensity neutron
accelerator)

Development of a code system : SPARTE
Study of corrosion by Pb-Bi
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ADS-Activities at FZK

System analysis
- Neutronics
Safety
- Thermohydraulics
HLM Technology (KArlsrufae Lead LAboratory; KALLA)
Technology (O2 control, purification)
- Materials (corrosion, coating, surface treatment)
. Thermohydrauiics (heat transfer, natural
convection etc.)
Cooperation with Russia
. Various ISTC projects
• Corrosion experiments in existing loops
Irradiation experiments in HFR

KArlsruhe Lsad LAboratory KALLA

Technology Loop
Operation starting:
04/1999

Corrosion Loop
Operation starting:
06/2000

Thermohydraulc Loop
Operation starting:
08/2000
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STATUS OF KALLA BY 05/2000
&ALLA
KAriontha L

Infrastructure:
• Oxygen Control System (OCS) in operation
® 4
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ami fuelled tif May 30, 2000

Loop is built arid instrumented

if^erts: heat transfer and

ThermaflivdrauSic and Corrosion Loop:

• All technical drawirigs finished
• All vessels manufactured (sump, ©scpanston, cold trap)
• Main ancillary components delivered (valves,
• Assemblage and piping to be finished by July 2000
• Commissioning tests in September^2000
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Original and Al alloyed OPTIFER IVc by GESA after 3000 h in stagnant lead
at 550°C and an oxygen content of 8-10"6 at%
Al-alloyed by GESA

o
Co

Concentration profiles

Forschungszentrum Karlsruhe
Technik und Umweit

Nuclear Energy in Germany

Report to

May 2000

- MO
Forschungszentrum Karlsruhe
Technik und UmweJt

Nuclear Energy in Germany

• Since September 1998 Federal Govenment formed
by Red/Green Coalition
• Declared goal of Federal Government: irreversible
Phase Out
• Goal: No compensation to the utilities. Phase out in
consensus
• No change in
- Operation of existing plant
- Intention to build new plants
. Transport
• Consequences of Liberalissation:
Participation in EPR?

-MA
Forschungszentrum Karlsruhe
Technik und Umwelt

Fast Reactor Activities in Germany

• No industrial activities. Only research activities.
• Justification: Actinide burning. Participation in European
CAPRA project.
• No intention to built a facility.
• Research items:
- Neutronics
- Safety analyses
- Irradiation experiment TRABANT
- Accelerator-driven systems.
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STATUS OF FAST REACTOR DEVELOPMENT IN INDIA
April 1999 - March 2000
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Instrumentation & Electronics Group
Indira Gandhi Centre For Atomic Research
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ABSTRACT
Electricity growth rate in India in 1999-2000 improved compared to the previous year
and the installed electric capacity reached 97.5 GWe, with about 2 GWe nuclear. The nuclear
power plants performed very well with average capacity factor of over 79%. Two new 220 MWe
reactors, Kaiga-2 and RAPS-3, were commissioned during the year.
FBTR was operated at various power levels upto 12.5 MWt and a peak burnup of 51500
MWd/t achieved. Test irradiation of Zr-Nb pressurized capsules were completed in FBTR for the
PHWR programme.
Detailed design and technology development for PFBR were continued. Review of the
chapters of the PSAR by two level safety committees was continued. The "rapid" environmental
impact assessment report was prepared and measurements for the detailed report are in
progress.
R&D in reactor physics, shielding, engineering development, safety engineering,
structural mechanics thermal hydraulics, instrumentation, metallurgy, non-destructive
evaluation, chemistry and reprocessing were continued. These include cover gas heat transfer,
sodium heaters, sodium pumps, drive mechanisms, flow restrictor devices, buckling damage,
sodium-concrete interaction, activity transport in sodium, fuel development, materials testing
and characterisation, corrosion measurements and electrochemical meters.

1.0

INTRODUCTION

1.1

Economic Scenario

The GDP growth rate in India was maintained at 5.9% in 1999-2000 compared to 5.8% in
1998-99. More importantly an industrial recovery was seen with the growth of GDP from
manufacturing doubling to 7% in 1999-2000 compared to 3.6% in 1998-99 and in the
construction sector reaching 9% in 1999-2000 compared to 5.7% in the earlier year. The
inflation rate dropped to a very low level of 2 to 3%.

Total foreign exchange reserves increased over the year by US $ 4.5 billion to reach US $
34.90 billion (at end January 2000) which provides cover for about 8 months of estimated
imports in 1999-2000. India's stock of external debts stood at US $ 98.87 billion in September
1999 as against a value of US $ 95.2 billion in September 1998.
1.2

Electric Energy Production

Electricity production increased by 7.4% in April - December 1999 as compared to 7% in
the corresponding period of 1998. The total installed electric capacity in MWe at the end of
March 2000 is as follows:
Coal
Hydro
Gas
Nuclear
Wind
Diesel
Total -

59901
23816
9559
2330
1155
726
97487

The capacity addition in MWe during 1999-2000 was as follows:
Thermal (incl. Gas)
Hydro
Nuclear
Wind
Diesel
Total -

1.3

2441
1378
440
187
128
4574

Nuclear Power

The operating performance of the nuclear power plants for 1999-2000 is tabulated below.
While TAPS-1 and 2 are boiling water reactors the rest are pressurized heavy water reactors
(PHWRs). The performance has well exceeded the targets set and the generation has exceeded
last year's generation by over 11%. The table does not include Kaiga-2 and RAPS-3 which were
commissioned during the year.
The Nuclear Power Corporation achieved a provisional net profit of Rs.450 crores during
the year and paid a maiden dividend of Rs.50.44 crores to the Government. The 220 MWe
Kaiga-2 reactor attained first criticality on September 24, 1999 and was synchronised to the grid
on December 2, 1999. The 220 MWe RAPS-3 reactor attained first criticality on December 24,
1999.
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FAST BREEDER TEST REACTOR (FBTR)

FBTR is a 40 MWt/13 MWe, mixed carbide fuelled, sodium cooled, loop type reactor,
provided with two primary and two secondary sodium loops and four once through serpentine
type steam generators (SG). The reactor has 100% steam dump condenser which enables reactor
operation with turbo-generator (TG) bypassed. The reactor achieved its first criticality in
October 1985. Since then it is operated at various power levels upto 12.5 MWt with maximum
linear heat rating (LHR) of 320 W/cm. The present core has 29 fuel subassemblies (SA) (see
Fig.l). TG was synchronised to the grid for the first time in July 1997. During the past year the
irradiation of six Zr-Nb experimental SA for in-reactor creep measurement was completed as
needed for the PHWR programme. The Mark I fuel SA in the first ring which has achieved a
maximum burnup of 50,000 MWd/t without failure has been discharged for post irradiation
examination (PIE). The reactor has logged 22490 h operating time since first criticality, out of
which 7864 h has been at high power with the SG valved in. Maximum burnup of 51500 MWd/t
has been achieved without any fuel failure.
2.1

Reactor Operation

During the year reactor operated for 1340 h (Fig.2), out of which 600 h was at high
power. During the 8 MWt run for Zr-Nb irradiation in 1999, reactivity gain was noted whenever
the power reached a certain level (the precise level was dependent on the primary flow). The
phenomenon was found reproducible. A series of tests were carried out to find out the cause of
the phenomenon and to identify the stable operating regime. The reactivity addition is about 40
pern and is found to be self-limiting, and was absent at high primary flows through the core. The
phenomenon is found to take place in a specific range of core temperature rise and is probably
related to thermally induced geometric changes in the core. Further investigations are in
progress.
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Experiments were conducted to measure the sensitivity of the delayed neutron detection
(DND) system by loading a vented natural uranium fuel SA in different locations. The DND SA
was loaded at 00-00 and at 03-05 locations (Fig.l) and counts were taken at power levels upto
1.8 MWt, inlet temperatures from 520 K to 620 K and core sodium flows of 390 to 540 m/h.
The DN signals have been measurable although much smaller than the expected values by a
factor of about 50. The signals are found to increase with inlet temperature and reactor flows,
whereas the background is not sensitive to these parameters. The results indicate that a recoil
area of 12 cm2 is required for reactor scram. With the DND SA at 03-05, the contrast ratio of the
signals from both the loops is found to be 2.3, as against the value of 1.5 with the DND SA at the
centre. The low DND counts are due to the smaller flows of the present core, which results in
longer transit time. Further experiments are planned with more vented uranium metal pins.

2.2

System Performance

The performance of reactor systems, sodium systems, control rod drive mechanisms
(CRDM) and other safety related and auxiliary systems was satisfactory. The primary and
secondary sodium purity has been maintained below the plugging temperature of 378 K. Sodium
samples taken from primary and secondary loops were found to be conforming to nuclear grade
sodium. The four sodium pumps and their drives are operating very well and have logged about
100,000 h of operation each. Safety analysis based on reactor operating experience led to :lowering of rods (LOR) on low current in CRDM coil being deleted; Log P threshold being
increased from 110% to 125%; and threshold of LOR on control rod level discordance being
increased from ±20 to ±40 mm to improve reactor availability.
To detect any SG leak at lower sodium temperatures, hydrogen-in-argon detection system
(HAD) working on the principle of thermal conductivity was commissioned (Fig.3). This has a
higher sensitivity in detecting a leak at lower sodium temperatures than the mass spectrometer
based hydrogen-in-sodium detector, and will enable valving in of the SG at a more convenient
lower sodium temperature of 450 K.

Fig. 3 Hydrogen in argon detection system

2.3

Future Programm e

Safety clearance has been obtained for increasing the LHR to 400 W/cm and power to 15
MWt. It is planned to progressively raise the reactor power to this level. The reactor will be
operated with TG synchronised to the grid till the proposed revised target burnup of 65000
MWd/t is reached. Based on PIE results of 50000 MWd/t burnup fuel SA, assessment will be
made to enhance the burnup further. It is now planned to conduct safety related tests like decay
heat removal by natural convection with sodium pumps tripped, the station blackout test and
sodium void reactivity measurement.

3.0

PROTOTYPE FAST BREEDER REACTOR (PFBR)

PFBR is planned as a 500 MWe, pool type sodium cooled reactor with 2 primary pumps,
4 intermediate heat exchanger (IHX), and 2 secondary loops with 4 SG per loop. Separate safety
grade decay heat removal system (SGDHR) is provided for direct removal of decay heat from
the primary sodium pool. Reactor inlet and outlet temperatures are 670 K and 820 K
respectively with steam temperature at SG turbine stop valve of 763 K at 16.7 MPa. The detailed
design works were continued for the nuclear steam supply system (NSSS). Detailed system
engineering for the balance of plant (BOP) and integration with NSSS is being allotted to
selected competent consultant. Construction of the reactor is scheduled to start in 2001 and
action towards indigenous materials sourcing for all critical components is underway.
The effects of manufacturing tolerances were studied very critically from functional,
design code, manufacturing capability and cost considerations. Drawings and specifications for
the technology development of grid plate were prepared. Cooling arrangement for rotatable plugs
has been incorporated. Design specifications, P&I diagrams and operation notes for top shield
coolant system, sodium heat transport circuits and related auxiliary circuits were prepared. In
order to study the erection sequence of the reactor assembly components, 1:5 scale model of the
reactor is being fabricated.
Important detailed design activities completed during this period are given below.
3.1

Core Engineering

3.1.1

Events Analysis and Reactor Shutdown
Following temperature limits have been accepted for various design basis events (DBE).

Category

Coolant

Clad (K)

Fuel

I

-

973

No melting

II

No boiling

1073

No melting

III

No boiling

1173

< 10 % melting area in most rated pellet

IV

No boiling

1473

< 50 % melting area in most rated pellet

DBEs were listed in the four categories and analysed for consequences, and the need for
reactor shutdown by scram action on two diverse parameters. The sequence of action of various
scram parameters for all the DBEs were identified based on dynamic studies taking into account
a delay of 0.2s in effecting scram. For any DBE in which consequences on fuel, clad and coolant
are below its respective category limits, protective action of scram is not provided. For all other
DBE, the first scram parameter limits the consequences within the specified limits corresponding
to its category. In case the first parameter fails to trip the reactor, the second parameter should
limit the consequences within the specified limits corresponding to next higher category.
Based on above studies, the number of scram parameters has been optimised as 9. These
parameters and respective thresholds are as follows.
Parameter

LinP

Threshold

110 %
nominal

Tp

P

DND

P/Q

10s

±10
pcm

Yet to
be
decided

1.1

©CSAM

A6M

58,

nominal
+ 10K

nominal
+ 10K

10 K

nominal
+ 10K

Reactor scram is effected by two diverse and independent shutdown systems. Based on
the world design and operating experience of FBR the total number of unplanned shutdowns is
assessed as 760 of which 462 are at full power. To simplify the shutdown system, by eliminating
LOR and using only scram action, creep-fatigue damage was assessed under thermal transients
following reactor scram and the increase in the creep damage due to elimination of LOR is found
to be insignificant for the hot pool components except the control plug. The creep-fatigue
damage for the control plug is increased marginally (0.44 to 0.55) leading to a reduction in the
thermal striping limit: 57 K for the base metal and 53 K for the weld compared to 71 K and 64 K.
3.1.2

SA Flow in Event of Blockage at Top

SA are guarded against total blockage at the outlet due to falling objects by providing an
adapter. The adapter prevents total blockage at the outlet by providing a leakage flow path
through it to avoid sodium boiling. This leakage flow was theoretically estimated to be 53% of
the flow through the maximum rated SA (which is 36 kg/s). Subsequent full-scale water testing
gave the leakage flow as 62% of the nominal flow.
3.1.3

Estimation of Inter-Wrapper Sodium Flow in Stored SA

Under SGDHR conditions, the primary sodium is cooled by sodium-to-sodium decay
heat exchangers dipped in the hot pool of the reactor. In the absence of emergency power supply
to the primary sodium pumps, sodium circulation through core is only by natural convection.
Analysis of the core under natural circulation, neglecting inter-wrapper flow, indicates that the
clad temperature rise of the stored fuel SA could exceed the specified limit (923 K), due to high
resistance for the flow at these positions. However, the inter-wrapper flow could mitigate this
condition. The cold primary sodium leaving the decay heat exchanger flows down due to adverse
buoyancy, penetrates through the inter-wrapper gap of the shielding SA and flows over the
stored SA sheath, to cool it.

By a 2D axisymmetric
modeling of the hot and cold
pools and inner vessel, quasisteady
state
flow
and
temperature distributions in the
pools were evaluated using the
PHOENICS code (Fig 4). The
stored and shielding SA have
been modeled by the porousmedia approach. For a typical
case the inter-wrapper flow has
been estimated to be -0.2 kg/s,
which is enough to maintain the
clad hot spot limits for the
stored SA.

Fig. 4 Flow and temperature distribution
3.1.4

Clad Temperature Evolution during Spent Fuel Handling

It is essential that the integrity of the clad in a spent fuel S A is maintained by providing
adequate cooling all along its handling route starting from in-vessel storage to spent fuel storage
bay. To ensure the integrity, the maximum clad temperature is not allowed to exceed the
specified limit of 923 K. The decay power of the SA is 5 kW at the time of removal from the invessel storage. Theoretical prediction of temperature evolution involves complex heat transfer
processes (predominantly conduction within the sodium and convection and radiation during
travel in the argon space). Towards this, a two dimensional analysis has been done using two
different codes, viz. THYC and PHOENICS. It is found that the temperature limits on clad can
be maintained for all cases except for handling in the hot cell where provision is needed to cool
the SA directly.
3.2

Reactor Assembly

3.2.1 3D Thermal Hydraulic Analysis of Hot Pool
With the aim of determining
the
primary
sodium
flow
distribution at the IHX inlet, a 3-D
thermal hydraulic analysis of the hot
pool was done with detailed
modeling of IHX. A 90-degree
sector model of the hot pool was
developed on a boundary fitted
mesh, using the PHOENICS code
(Fig.5). The tube bundle of IHX has
been modeled using the porous

Fig. 5 Velocity distribution in the hot pool

h'l A
media approach. An isometric view of velocity distribution in three different planes is shown in
Fig.5. Based on this study, the cross flow velocity profile has been found at the IHX inlet; with
a maximum value of 2.4 m/s occurring at the bottom of the windows. Flow induced vibration
risks are being investigated for this velocity profile.
3.2.2

Thermal Hydraulic Analysis of IHX Sleeve Valve Closure Event

Each IHX is provided with a sleeve valve at its inlet window for the purpose of isolating
the IHX of a particular loop from the primary sodium circuit during emergency single loop
operation of the reactor. An accidental closure of a sleeve valve of one of the four IHX (IHX-1)
during normal operation has been considered as a design basis event and analysed to study the
consequences. It has been found by the analysis that there is no concern for fuel, clad and
primary coolant temperatures during the event, even without any safety actions. The main
concerns are basically on the
,
,
,
,
,
,
structural mechanics aspects (i)
flow induced vibration risks in the
200^
tubes in the unaffected units (IHX2, 3 & 4) due to increased primary
sodium flow, (ii) buckling risks for
the inner vessel due to increased
level difference between cold and
hot pools (2.5 m) and (iii) creepfatigue damage at the IHX
rubesheets due to high AT of 211
K at the hotter end of affected
IHX. The evolution of these AT are
shown in Fig.6. The reactor inlet
temperature is available as a scram
parameter. The difference between
IHX secondary outlet temperatures
of a particular loop is considered as
300
60
120
180
240
an alarm signal for initiating
Time, s
manual scram.
Fig. 6 Evolution of temperature gradients

3.2 3 Effect of Manufacturing Tolerances on Buckling Strength of Inner Vessel
Effect of manufacturing tolerances (ovality, local misalignment between redan and the
lower cylindrical shell) on the buckling strength of inner vessel is assessed based on analysis
using CASTEM 2000. For the analysis, the mechanical load due to pressure of 4.5 m of sodium
head under sodium spillover condition and self weight of about 62 t including 6 standpipes are
considered. The main thermal load is the axial temperature gradient of-1000 K/m due to the
thermally stratified layers formed in the vicinity of the lower bend region. While the initial shape
of geometrical imperfection is assumed as the buckling mode derived from the elastic buckling
analysis (Fig.7), the amplitude is kept as a parameter.
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Fig. 8 Effect of geometrical imperfection

Fig. 7 Buckled mode shape

The reduction of load factor is expressed as a function of amplitude of geometrical
imperfection (Fig. 8). Based on the study and the tolerance that could be achieved by the
industry, the thickness has been increased from 15 mm to 20 mm for the redan.

3.2.4

Dynamic Pressure on the Main Vessel under Leaked Condition

Occurrence of operating basis earthquake (OBE) when there is a leak from the main
vessel is a category IV DBE for PFBR. The main threat during this event is buckling of main
vessel under dynamic pressure that
could develop in the sodium contained
in the annular space between main
vessel and thermal baffle, as well as in
the leaked sodium contained in the
space between main vessel and safety
vessel. Seismic analysis is done using
CASTEM 2000 including the effects of
fluid structure interaction. The net
external pressure distribution on the
vessel is obtained as indicated in the
0.025
0.050
0.075
0.100
0.125
0.150
0.175
0.200
Fig.9.
Buckling analysis for this
Dynamic pressure (MPa)
pressure is being made.
Q

Fig. 9 Dynamic pressure distribution

- All 3.2.5

CDA Analysis with Reactor Internals

Earlier CDA analysis has given a work potential of 100 MJ. The main vessel with its
internals viz. grid plate, core support structure, inner vessel and control plug including the top
cover and support skirt were analysed for damage for this potential using an in-house code
FUSTIN. For the components which are not included in the model, added masses are considered
at the appropriate locations so as to maintain overall mass balance. Evolution of core bubble
expansion is shown in Fig. 10.

Fig. 10 Evolution of core bubble expansion under CDA

The net energy absorbed by the internals is ~5 MJ and 45 MJ by the main vessel. The
maximum strain in the main vessel is -2%. With the presence of grid plate and core support
structure, the downward movement of main vessel is insignificant (~6 mm). Hence the main
vessel does not impact on the safety vessel. The masses of core sub-assemblies, grid plate and
core support structure reduce the downward load on the bottom portion of the main vessel and
thereby reduce the roof pull down load during early stages of accident. The first peak load is 70
MN. As a consequence of the slug impact, the load at the second peak is -220 MN. The overall
structural integrity of primary containment is assured comfortably.
Because of inertia, the net tensile load on the vault is absent and the compressive load is
~ 52 MN. Thus the vault needs to be designed for a compressive load of 52 MN (transient) only
apart from the constant compression due to dead weight of reactor assembly (-40 MN). The
control plug plays a key role in reducing the sodium release to RCB. The quantity of sodium
release to RCB is about 600 kg which decides the pressure loading for the RCB.

3.3

Secondary Sodium Circuit

3.3.1 Freezing of Sodium in Pipes
In the secondary sodium loops, sodium freezing is used to isolate any failed SG and
continue operation with the remaining modules. Sodium freezing is proposed by removing a
portion of the insulation over the pipe and cooling it. Theoretical and experimental studies
indicate that sodium freezing is hindered due to natural circulation of sodium in the portion of
horizontal pipe. For a horizontal pipe size of 90NB, the measured temperatures of sodium
matched well with the prediction of PHOENICS code. It is seen that in horizontal pipes of large
diameters it is practically impossible to freeze sodium for reasonable lengths of insulation
removal with forced cooling. However, in vertical segments it is possible to form sodium plug
for even lm length of pipe cooled by forced convection of air.
3.3.2 Investigation of LBB for SG
Leak
before
break (LBB) argument
has been demonstrated
for SG shell as per the
French LBB assessment procedure A16
(1995) in conjunction
with CEGB/R-6, rev-3.
The J0.2 value of 100
kJ/m2 extracted from
the published material
test data generated for
the modified 9Cr-lMo
under 5000 h thermal
ageing at 823 K, is used
for the estimation of CQ.
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Fie. 11 LBB demonstration for SG

A leak rate of 1 kg/h which can be easily detected is derived from the sensitivity
requirement of ASME Section XI, including a factor of safety of 10. Accordingly the CL is
estimated. The required fracture mechanics parameters, viz. Japp and crack opening area AL are
computed by means of finite element method using CASTEM 2000 code .
The critical crack length (2CQ) is 538 mm which is decided by a large sodium water
reaction loading (5.3 MPa plus 137 kN-m out-of-plane bending moment). The detectable crack
length (2CL) is 246 mm. The available safety margin on the global instability (a = CG/CL) is found
to be 2.2 which is more than the required factor of safety of 2 for the LBB justification. Further,
it is also ensured that the ratio between limit load (ML) and applied load (Mapp) is about 2.25
which is again more than the minimum required value of V2 as per USNRC. Thus LBB
argument is demonstrated for SG (Fig. 11). The maximum design leak rate has also been
computed as 0.4 kg/s and the associated crack opening area is about 0.08 cm2 calculated based

on the detectable crack length under the large steam water reaction loadings. The corresponding
leak rate during normal operation is 0.4 g/s only.
3.4

Technology Development

Manufacturing technology development of critical components and materials was
continued. Manufacturing of prototypes of control and safety rod drive mechanism (CSRJDM)
and diverse safety rod drive mechanism (DSRDM) are in an advanced stage. Trials on inner
vessel conical sector with modified dies have been done to get a better profile. Manufacture of
roof slab sector is in an advanced stage, major welding procedures have been qualified and
manufacture of individual components is nearing completion. Transfer arm machine drawings
and documents were approved and top seals assemblies made in carbon steel are under
manufacture. All the 170 tube to tubesheet joints for SG reheater were made by in-bore welding
and post weld heat treated. Evaluation of weld joints was done by thulium as well as microfocal
X-ray machine for some of the joints. Further work on shell assembly is in progress (Fig. 12 and
Fig. 13).
23 m long SS 316LN tubes for IHX have been produced successfully. Indigenous
manufacture of finned tubes for the sodium to air heat exchanger has been taken up. Indigenous
manufacturing of raw materials such as clad tubes, IHX and SG tubes, large size ASS, modified
9 Cr-lMo and CS plates and welding consumables is continued.

Fig. 12 SG reheater welding

Fig. 13 SG reheater assembly

3.5

Safety and Environmental Aspects

3.5.1

Safety Review

The Project Design Safety Committee and the Internal Safety Committee continued the
two level safety review of the PFBR design. The following topics were discussed during the
year: core, reactor assembly, sodium heat transport circuits, radiation protection, design basis
events analysis, electrical and steam-water systems and their recommendations are being
incorporated.
3.5.2

Reliability Analysis

Preliminary reliability analysis of the shutdown system of PFBR has been completed. It
is found that failure probability of actuation system is 1.5 x 10"9 per demand and that of plant
protection system is 5 x 10"7. The statistics of off-site power failure at Kalpakkam, based on the
records available has been generated. It is observed that average frequency of power failure is
4.2/y, longest power failure duration is 9 h and average power failure duration is 32 min. Based
on this data and failure data of diesel generators, the station black out duration and frequency
distribution at Kalpakkam has been evaluated.

3.5.3 Environmental Impact Assessment (EIA)
In order to obtain statutory clearance for the construction of PFBR from the Ministry of
Environment and Forests, an EIA study is being carried out. A detailed tender specification was
prepared and the work was awarded to a competent consultant. The work commenced during the
middle of August 1999 and the measurement of the environmental parameters is to be done for a
year. A "rapid" EIA report with measurements based on one quarter is already prepared.
3.5.4

Site Evaluation

The site evaluation report was revised based on updated input for seismic, geological,
hydrological, meteorological, demographic data and land use. Site boundary doses due to
radioactivity discharges under normal operations and accidental conditions were evaluated. The
inter-relation between the radiological impact of PFBR and the other facilities at Kalpakkam is
being studied.

4.0

RESEARCH AND DEVELOPMENT

4.1

Reactor Physics

Eigenvalue separation method of studying the neutronic coupling of PFBR core has been
developed. Methodology of evaluating the number of tests needed to demonstrate the reliability
of the shutdown system absorber rods fall on demand and / or the number of pins to be irradiated
in a reactor to find failure rate has also been developed. 233U needed to be added to PFBR test
fuel pins was estimated for getting desired linear power when irradiated in FBTR.
A comparative study on codes and data used in shielding design of PFBR is continuing
against ID slab, ID spherical, 2D (r, z) and 2D (x, y) benchmark. A new multigroup data set,
named IGCS2 has been prepared from ENDFB/VI file for use in reactor shielding studies. The
set is being tested against the available shielding benchmarks,
4.2

Engineering

4.2.1 Large Components Test Rig (LCTR)
The operation of LCTR, a major sodium facility, was continued for heat transfer studies
related to PFBR roof slab. The first phase of the experiments was completed in one of the test
vessels, with dip seal at the bottom of the roof slab. The second phase heat transfer experiments
without dip seal needed removal of the 2 m dia dip seal after taking out the rotatable plug model
(Fig. 14) and entering the test vessel. After mockup trials outside, the actual job was carried out
satisfactorily and the second phase heat transfer experiments will be now continued.
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Fig. 14 Removal of PFBR rotatable plug model from test vessel

4.2.2 Sodium Testing
Work is being done to indigenise the production of various types of heaters suitable for
sodium operation upto 870 K. SS sheathed and MgO insulated cable heaters, of size 3 to 4 mm
dia, have been developed (Fig. 15). Development of high surface watt density heaters of rod
type and U type is in progress. These indigenously developed heaters were subjected to various
tests including endurance tests in sodium.
A new sodium rig named SILVERINA is being constructed for conducting various small
component experiments. This is a dynamic loop with AC conduction pump, storage tank, three
test pots, cold trap, plugging indicator, heater vessel and sodium sampler. All the components
were positioned and the loop piping was also completed. The loop will be commissioned shortly.
The experiments to be conducted at first are tests on safety rod drive mechanism electromagnet,
testing of invessel transfer machine bearing and study of sodium deposition in annular gaps.
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Fig. 15 Indigenously developed cable heater

4.2.3

Sodium Pump Development

The work related to the development of the hydraulics of the compact PFBR primary
sodium pump has progressed well in the industiy. Based on further review the pump speed has
been selected as 590 rpm. Manufacture of 1/2.75 scale hydraulic model and erection of test
facility have been completed. In parallel, experiments on an earlier model pump were completed
to establish procedures for cavitation erosion measurements by (a) paint application technique
and (b) fixing polished stainless steel specimens in vane inlet passages
The dynamic behavior of the primary pump rotor assembly is being investigated in a fullscale test setup. Measurement of vibration and shaft orbital plots at 140 rpm test speed was
completed and, based on the feedback, hydrostatic bearing design was modified. Experiments at
400 rpm have commenced.
A development contract is in progress at a research institute for validation tests on slip
joints required for primary and secondary sodium pumps. Leakage flow and cavitation
experiments on the primary pump slip joint have been completed under both pump aligned and
inclined conditions. Necessary design improvements are being incorporated. Manufacture of
piston ring seal for secondary pump slip joint is in progress.
4.2.4 Drive Median isms Tes ting
Testing of the full-scale dashpot assembly of the CSRDM has been completed for the
rated fall height, weight and oil temperature. The final design was found satisfactory.

Manufacture of the full scale dashpot assembly of DSRDM has been completed and
initial experiments have yielded satisfactory results. Based on qualification tests comprising
leak-rate, friction force and fast drop measurements, labyrinth type V ring seal has been selected
as the primary barrier in both the mechanisms.
In collaboration with a research institute, design and manufacture of a demonstration
temperature sensitive magnetic switch have been completed. High temperature magnetic
properties were successfully measured which formed the input data for switch design.
Manufacture of solid round required for prototype switch from a specially synthesised alloy of
Fe-Ni-Co alloy has been completed.
4.2.5

Flow Distribution Device Development

Work for evaluating flow distribution device at IHX tube bundle inlet, and temperature
mixing device at tube bundle outlet has been completed. The experiments on 1/2 scale air
models have yielded useful design feedback.
The efficacy of different flow distribution devices at the inlet plenum of SG to achieve an
acceptable velocity distribution across tube bundle was determined in a 3/5 scale model in a
water rig. An annular baffle plate with 40% porosity has given desired results.
4.2.6

Gas Entrainment Studies in the Hot Pool

One of the sources of argon gas entrainment in the reactor is through the IHX primary
inlet windows. To understand the mechanisms of gas entrainment, experiments have been
conducted in 1:18 and 1:9 scale slab models (Fig. 16). Froude similarity has been maintained
using water as the simulant. Core outlet velocity is taken as the characteristic velocity. It has
been found that the main mechanism of air entrainment in the models is liquid fall, generated
when the core outlet liquid impinges on the upper shell of inner vessel and travels upwards
before fall. Another mechanism observed on the free surface is shedding of shallow vortices
around IHX due to the liquid flow at the free
surface towards the control plug. This
mechanism is found to be weaker than the
liquid fall. No standing vortex gas core has
been observed at the free surface.
Preliminary analysis of the experimental
results indicates that the present window
submergence depth of 1.4 m is sufficient to
avoid gas entrainment. Studies on 1:27
model is in progress to understand further
the scale effects.
Fig. 16 1/9 scale slab model

4.2.7
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Testing of Drive System for FFIM

There are three failed fuel identification modules
(FFIM) each covering 66 fuel SA for the detection of failed
fuel by sampling sodium for delayed neutrons (Fig. 17).
Sodium sampling tubes are positioned above the top of
each fuel SA and the other ends are connected to the
selector valves, which consist of base plate, selector plug
and guide. Drive shaft of the selector mechanism is rotated
by a positional drive system (PDS). A DC servomotor
actuates the mechanism with speed feedback from a
tachometer. The positional accuracy required for the PDS
at the spline coupling is 10 arc-minutes.
Installation,
commissioning and testing of PDS was carried out along
with the relevant portion of FFIM. The satisfactory
performance of both software and hardware of PDS was
established. The test results confirm the feasibility of
making a selector valve for 66 positions of sampling tubes
within the limited space available.
Manufacture of a prototype selector valve for
testing in water and sodium is nearing completion.
Replacement time measurements on sodium capacity were
completed in a water rig.
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Instrumentation

An experimental study was carried out to determine
the effect of fill gases on the response time of FBTR core
thermowell which is identical in design to that of PFBR.
The study revealed that among the gases (argon, nitrogen,
helium) that were filled in the thermowell, helium gave rise
to faster response time with less dispersion.
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Fig. 17 FFIM - Schematic

The capability of the ultrasonic under-sodium
scanner developed for FBTR has been improved with the
addition of two more transducers to enable the imaging of
SA head. In addition, the scanner drive system has been
fitted with micro-step controlled stepper motors for
improving the spatial resolution during the scanning
process. Imaging trials were conducted under water and
Fig. 18 shows sample objects (SA head and letters "IGC"
stenciled on a SS plate).

Fig. 18 Objects and under water ultrasonic image

An in-core flow measurement device using an eddy current flowmeter has been
developed and hydraulic tested to determine pressure drop and leakage flow. Testing of the
device in sodium has also been completed before installation in FBTR.
Sodium level sensor systems developed at IGCAR, had its manufacturing technology
transferred to two local companies for manufacture.
4.2.9 New Facilities
In order to study the behavior of microleaks, self-wastage, leak enlargement and
impingement wastage of steam generator tubes, an experimental sodium facility has been
constructed. Ten tonnes of sodium required for this facility has been charged into the storage
tank.
All the sodium tanks for the steam generator test facility have been delivered at site.
Orders were placed for oil fired heater and design, supply, erection and commissioning of steam
water system. Order was also placed for suitable boiler feed pump. The design of the test
equipment i.e. steam generator was completed and order placed.
All the process vessels, mixing, dilution, storage tanks and agitators for mixing tanks for
boron enrichment facility have been installed at site and pipelines were erected. The resin shall
be charged into the vessels and commissioning work taken up shortly. In an experimental set up,
after charging boric acid, the borate band was displaced to a length of about 40m on continuous

operation of the set-up and an enhancement in the isotopic composition of 10B from 19.8% to
25% was achieved.

4.3

Structural Mech an ics

Validation of structural design of critical components was continued by conducting
experiments and collaborative projects with other R&D institutes in the country. Tests were
conducted in the domain of high temperature design, fracture mechanics and seismic analysis.
Some specialised facilities for simulating (i) creep-fatigue damage and creep crack growth on
specimens having component features; (ii) thermal ratchetting in axially loaded thin shells
subjected to moving axial temperature gradients; (iii) surface crack propagation behaviour in
dog-bone plate specimens subjected to predominantly bending stresses; are operating
satisfactorily. Sophisticated loading rigs have been constructed for structural integrity tests on
1/5 scale models of core support structure; 1/4 scale models of SG shell nozzle junction; 1/5
scale models of primary sodium pipe; and buckling of 1/20 scale models of main vessel; 1/15
scale models of inner vessel; and SG/IHX tubes. Seismic experiments were conducted on 1/30
scale model of main vessel filled with water at various
levels to understand the sloshing behaviour of the sodium
free level and a single row model consisting of 7 SA, using
the 2 t capacity slip table system. Tests conducted have
yielded interesting results, a few of which are given below.
4.3.1

Core Seismic Experiments

Validation of CORESEIS, a code for predicting the
dynamic movements of core SA under seismic base
excitation was continued by changing the core
configuration, from a cluster to a single row model
consisting of 7 SA (Fig. 19). Tests conducted in air with
varying base excitation levels (0.2-0.5g) and nature of
excitation (sinusoidal and random) have shown excellent
comparison of natural frequencies with code predictions.
The natural frequencies for the first three modes, viz. 3.4,
22.72 and 65.2 Hz are predicted by CORESIES with an
accuracy of ±1 %. Tests in water are in progress.
4.3.2

Structural Integrity Tests on 1/5
Scale Primary Sodium Pipe

Fig. 19 Row model on slip table
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In order to demonstrate the
structural integrity of primary sodium
pipe, 1/5 scale model of the pipe has
been tested for understanding the
deformation
behaviour,
particularly
ovalisation of the pipe section under
combined bending moment and torque
which is the typical loading combination
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Fig. 20 Test setup for primary sodium pipe
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applied at the purnp header nozzle under a seismic event. Fig.20 shows the test setup and Fig.21
depicts the comparison of measured ovalisation at a critical section with the predicted
deformation by CASTEM 2000.
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Fig. 21 Ovalisation of a critical pipe section ( x x Test,

Theory)

It is worth mentioning that the ovalisation in association with normal bending and
torsional deformations give important stresses at the critical location which need to be checked
from fatigue and fracture mechanics considerations. Crack propagation tests after incorporating
a notch at the critical locations are nearing completion.
4J.3

Buckling Tests on 1/15 Scale Models of Inner
Vessel

'?:
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Six 1/15 scale models of inner vessel were
fabricated with the radial tolerance less than ± 1 . 6
mm (2xthickness) and buckling tests were conducted
under pressure, concentrated load through 6 stand
pipes and pressure plus concentrated loads (Fig.22).
The models were analysed using ABAQUS and
CASTEM codes taking into account imperfection and
plasticity. The ABAQUS predictions are generally
conservative compared to CASTEM: the critical
buckling pressure is equal to 0.106 MPa by
CASTEM and 0.095 MPa by ABAQUS against the
measured value of 0.09 MPa. The critical buckling
load along the stand pipes is 1.5791 by CASTEM and
1.426 t by ABAQUS against the measured value of
1.6 t. This study has raised the confidence in the
buckling design of inner vessel.
Fig. 22 Buckled mode shape of inner vessel

4.3.4 Buckling Tests on IHX
Tubes
Since straight tubes are
used for IHX, buckling risks were
investigated carefully based on
tests and FEM analysis. Buckling
tests on full
scale tubes
incorporating the intermediate
supports with all the details were
completed at room temperature
and the critical buckling load
(axial compression) has been
compared with the theory. The
critical
axial
displacement
predicted by FEM is 5.5 mm over
six spans, compared to 6 mm by
Fig. 23 Test setup for buckling analysis of IHX tube
tests. The axial buckling load
predicted by theory is 7900 N compared to the measured value of 8500 N. Based on this
analysis, it is concluded that an IHX tube can accept a AT of 30 K to respect the RCC-MR
criteria.
4.3.5

Collapse Test on 1/4 Scale SG Shell Nozzle Model
In the LBB analysis of SG, one of the
important parameters which has been determined
numerically is collapse load for the shell nozzle
junction. In order to validate the collapse load
predicted by CASTEM 2000, a test has been
conducted on lA scale model of SG (Fig.24). The
collapse load obtained by test (4.32 t) has been
predicted satisfactorily. Fig.25 shows the loaddeflection curve which is the basis for the
collapse load estimation. Further tests on the
models incorporating fatigue induced throughwall-crack of various sizes are in progress.
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Fig. 24 Collapse test setup

Fig.25 Load-deflection curve

4.3.6

Validation o/FUSTIN Code

Phase II tests on 1/30 scale
models of main vessel (MV) without
internals were done for transient
deformation behaviour using varying air
gap above free level of water under
chemical explosion (pentolite). A few
collapse tests were also conducted to
assess the energy potential of the vessel.
Totally 24 vessels were tested. The
prediction by FUSTIN of vessel
deformations (D-type with no air gap,
B-type with 30 mm air gap and P-type
with 60 mm air gap) shows excellent
comparison with the observed shapes.
Further investigations are in progress.
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4.4

Safety Engin eering

4.4.1

Sodium-Concrete Interaction Studies

:,•„s-i-.e"5."

Fie. 26 Deformed MV model on the test bed

A locally available rock aggregate called dunite, that is basically an olivine mineral and
orthosilicate of magnesium, has been identified as a possible coarse aggregate for sodium
resistant concrete. This aggregrate is used in the refractory industry because of high thermal and
volume stability. Preliminary screening tests were conducted on dunite and the following are
some of the results:
a) Sodium exposure tests at 770 K indicated better compatibility of dunite with sodium
compared to limestone or granite.
b) Exposure to sodium hydroxide at 870 K indicated that dunite had better compatibility with
sodium hydroxide than limestone or granite.
c) By heating the dunite samples in furnace it was observed that at temperatures above 870 K
dunite had better thermal stability compared to limestone but below that temperature,
limestone was better.
4.4.2

Core Catcher Studies

To validate the computational model used for estimating the maximum temperature of the
core catcher plate and the surrounding sodium coolant in PFBR, an experimental programme in
water has been finalised. This envisages 1:4 scale model setup for the core catcher assembly,
simulating the decay heat of 1 MWt of core debris for the actual reactor and mapping of the
temperature at different locations as a function of time. It is proposed to study the heaping effect
of the core debris in the reactor by suitably varying the heat flux across the core catcher plate in
the experimental setup.

ife'f
4.4.3 Activated Corrosion Product Transport and Deposition Studies
The code developed for the estimation of the activated corrosion products in sodium
systems was applied to FBTR. Unlike the fixed source in experimental sodium loops, FBTR has
varying source depending on the power of operation. Hence, the validated code was modified to
include the core release terms in addition to the loop release terms. The FBTR primary circuit
has varying pipeline geometry and this was taken care of in the code by varying flow crosssections at the pipeline junctions with small increments from mass conservation considerations.
With the above modifications, the simulation was considered for the period beginning
from June 1990 to April 1999. The data required for the code are. of two types, namely, constant
and varying with reactor operation. The constant data set includes flow length and elemental
compositions of the structural materials present in the activation zone. The varying data set
consists of power of operation, temperature of the different segments of the flow circuit, oxygen
concentration in sodium and velocity of sodium. The ten-year period has been followed in 488
time segments based on the reactor operation history.
The preliminary results of the deposition pattern of54Mn and 60Co predicted by the code
are shown in Fig.27, at different locations of the primary circuit, taking the sodium outlet point
of the IHX as zero point.
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Fig. 27 Calculated activity deposition in FBTR

4.5

Fuel Development

4.5.1

Fuel Fabrication

The present Mark-I fuel of FBTR of composition 30 UC : 70 PuC, is being progressively
augmented by Mark-II fuel of composition 45 UC : 55 PuC. The required Mark-II
subassemblies are being fabricated.

Development work for mixed (U,Pu) oxide fuel for PFBR has been continued.
Measurements of thermophysical properties such as thermal diffusivity/conductivity and
coefficient of thermal expansion has been carried out on sintered pellets and three mixed (U,Pu)
oxide compositions of 21%, 28% and 40% PuO2 prepared by cold compaction/sintering route.
Thermal diffusivity has been measured from 873 K to 1873 K by laser flash technique and
coefficient of thermal expansion has been measured from ambient to 1473 K using high
temperature dilatometry.
Shrinkage behaviour of UO2, PuO2 and mixed (U,Pu) oxide pellets with 20%, 50% and
76% PuO2 has been studied under inert, reducing and oxidising atmospheres using dilatometry
technique. These studies are part of development of sintering process to fabricate mixed oxide
fuels over a wide range of Pu content.

4.5.2

Fuel Characterisation

Thermal ionisation mass spectrometry is used for the determination of isotopic
composition of U and Pu whereas electroanalytical methods like potentiometry, biamperometry
and coulometry are used for the determination of concentration of U and Pu after quantitative
dissolution of the solid samples. During the last couple of years, simple, rapid and accurate
electroanalytical methodologies have been developed which also help in minimising the
generation of laboratory waste containing complex ions like phosphate. Alpha spectrometry is
used for the determination of 238Pu and 241Am in plutonium samples. An alternate and simpler
approach based on alpha and gamma counting of the Pu solution containing Am is being
developed as this would obviate the chemical separation of Am and Pu. Isotope correlations
involving 238Pu/(239Pu+240Pu) alpha activity ratio determined alpha spectrometrically and atom
ratios of different Pu isotopes using the data from PHWRs are proving very useful for providing
data in the chemical quality control of FBTR fuel samples.
Moisture analysis using electrolytic method based on coulometry is done for U and Pu
samples as a part of the chemical quality control. A large part of the effort is involved in the
recovery of Pu from the scrap which involves quantitative dissolution of the sample followed by
recovery, estimation etc. Recently, work has been initiated to determine the percentage of U(IV)
and U(VI) in UO2 samples using biamperometry with the objective of investigating the
correlation, if any, with the surface reactivity of UO 2 powder.
Mass spectrometry coupled with isotope dilution is also used for providing data on
concentration of U and Pu in reference materials required in other analytical methodologies.
Electroanalytical techniques have also been used to characterise the indigenously developed
reference materials Rb2U(SC>4)3 and K4Pu(SO4)4 which are proving useful in the event of nonavailability of certified reference materials from abroad.

4.6

Metallurgy

4.6.1

High Temperature Mechanical Properties

High temperature low cycle fatigue studies on indigenously produced modified 9Cr-lMo
ferritic steel in normalized (1313K/lhr) and tempered (1033K/lhr) condition were carried out at
773, 823 and 873 K. Tests were conducted at a constant strain rate of 3xlO"3 s'1 at various strain
amplitudes in the range 0.25 to 1.0%. The cyclic stress response behaviour showed a brief initial
hardening followed by a gradual softening regime which continued up to the specimen failure.
Fatigue life was found to decrease with increase in temperature which was attributed mainly to
oxidation.
Creep rupture behaviour of modified 9Cr-lMo ferritic steel base metal and weld joint
were evaluated at 823, 873 and 923 K in the stress range 60-250MPa. Creep tests were
conducted on specimens subjected to post weld heat treatment at 1033 K/lhr. Weld pads were
fabricated by shielded metal arc welding process using basic coated modified 9Cr-lMo
electrodes. The weld joint showed lower creep strength than the base metal at all the test
temperatures. Inferior creep strength of the weld joint resulted from the premature creep failure
in the inter-critical region of the heat affected zone (HAZ). Creep failure occurred as a result of
progressive localization of creep strain in the inter-critical region of HAZ.
The creep-fatigue interaction behaviour of Alloy D9 with a Ti /C ratio of 4 was evaluated
in solution annealed and 20 % cold worked conditions. The introduction of tension hold reduced
the fatigue life in both the conditions. Cold worked material showed a continuous reduction in
life with increase in hold time whereas the solution annealed material exhibited a recovery in
fatigue life at longer hold times. The variation in fatigue resistance as a function of hold time was
rationalized on the basis of precipitation and damage behavior.
4.6.2

Plastic rj-Factor for Three-Point Bend Specimens of AISI 308 Weld and AISI 316
Stainless Steels

Instrumented impact test results obtained using V-notch and precracked Chaipy
specimens of AISI 308 weld and AISI 316 stainless steels were analysed for determining the
plastic "n-factor for three-point bend specimens used in J-integral evaluation. Tested 316 stainless
steel specimens were in various thermal aging/cold-work conditions whereas 308 weld
specimens were in the as-welded condition. The results were analysed using the various
procedures proposed in the literature and compared with experimental and finite element results
reported in the literature. Based on our analysis, two polynomial expressions of a!W for rjp\ are
presented: one gives an upper-bound in the alW range 0.05-1.0 while the other gives
conservative values for engineering use. Both provide a smooth variation of 7]p\ over the entire
alW range unlike some of the expressions given in the literature which show a discontinuous
change at an intermediate alW.

4.6.3

Dynamic J-R curves and Tension Impact Properties ofAISI 308 SS Weld

Instrumented tension - impact (dynamic tensile) and instrumented Charpy impact tests
were conducted on AISI 308 SS weld metal at room temperature. A few Charpy specimens,
precracked to different a/W ratios in the range 0.42 to 0.59, were also tested. Dynamic yield
strength obtained from tension - impact agrees well with that from Charpy V-notch (CVN)
specimens. The strain rates obtained during the tension - impact test are compared with the
various estimates of strain rates for CVN and precracked CVN specimens. A variation of the
compliance changing rate method was necessary for determining the crack initiation point while
crack growth was determined by power law key-curve procedure. J-R curves thus obtained from
CVN and precracked CVN specimens were compared with those computed from standard
procedures using dynamic tensile test results. The following conclusions emerged from this
study:
1. For both CVN and precracked CVN specimens of 308 SS weld, d(ACsp / Csp)/dd and dd/dP
plots with respect to d can be used to identify crack initiation.
2. Power law key-curve procedure is successful in accurately estimating the crack growth
during impact fracture of precracked CVN specimens of 308 SS weld.
3. Crack initiation point determined by above methods show reasonable agreement in both
CVN and precracked CVN specimens.
4. Owing to inertial load effects (and partly due to strain rate effects), dynamic yield stress CTyd
estimated using precracked specimens shows satisfactory agreement with that from tensionimpact tests.
5. J-R curves from CVN specimens are much higher that those from precracked specimens;
however, the slopes of the J-R curves seem to be similar. J-R curves from low-velocity tests
are lower than those from high-velocity tests.
6. J-R curves obtained using the EPRI standard procedure do not show good agreement with
those from precracked Charpy tests; however, the stress state prevailing in precracked
Charpy specimens of the present 308 SS weld seems closer to plane strain than to plane
stress.
4.6.4

Transformation of Delta Ferrite During Creep in a Type 316LN Stainless Steel Weld
Metal

A quantitative study on the transformation behaviour of delta-ferrite in a type 316LN
stainless steel weld metal during creep in the temperature range 823 - 923 K was carried out.
The fraction of delta-ferrite transformed was determined from Magne Gage measurements on the
samples after creep fracture at various stress levels, i.e., after different durations of creep
exposure. A comparison of the fraction of transformation in 316 and 316LN weld metals showed
that it was not influenced by the differences in chemical compositions between the two weld
metals. The transformation was found to follow the Avrami kinetics, X = l-exp(-bt") where X is
the fraction of delta-ferrite transformed, t is the time to rupture and b and n are constants, n was
found to be independent of temperature. An apparent activation energy for transformation, Q,
was determined from the temperature dependence of the constant b expressed as bo.exp(-Q/RT)
as ~ 160 kJ.mor 1 which is similar to that for Mo diffusion and for boundary diffusion in 316 SS.

X-ray diffraction analysis of the precipitates extracted from the creep tested samples indicated
the presence of Mo-rich phases rj and %.
4.6.5

Correlation of Deformation and Rupture Properties of 316 and 316LN SS Base and Weld
Metals

The creep data obtained on the base and weld metals of types 316 and 316LN SS were
analysed to obtain the correlation between minimum creep rate, rupture life and rupture ductility
using Monkmann-Grant (esw.fr = constant - MGR) and modified Monkmann-Grant (es.fr / Ef =
CMMG - MMGR) relations. It was found that in log s s versus log tr plots, data for both the base
metals fall on a single straight line with a slope of ~ -1.15 albeit with a high scatter. The data for
the weld metals on the other hand, showed a two-slope behavior; (i) with a slope of ~-1.2
corresponding to tt < ~ 3000 h at 873 K, and (ii) with a slope o f - -1.55 corresponding to tr > ~
3000 h at 873 K. The data band for the weld metals fall clearly below the data band for the two
base metals. In the MMGR plot for the base and weld metals, two-slope behaviour was not
observed; the data for both the weld metals for the whole range of test conditions fall on a single
line below that for the base metal though with a high scatter. The slopes of both the lines are
similar to that in MGR, namely about-1.15. Thus, the two-slope behaviour of the weld metal in
MGR could be attributed to the transformation of 5-ferrite to brittle intermetallic phases such as
a and % which result in drastic reduction in ductility.
Creep damage tolerance parameter X = Sf/es.tT of 316 and 316LN SS base and weld metals
was determined. For both the base metals X was found to be in the range 1.87 to 5.85 in the
whole range of stress levels at both the temperatures. For the weld metal, on the other hand, at
923 K it was in the range 10 to 20. At 873 K, X was found to be between 3.4 and 5.0 in the stress
range 245 - 320 MPa, which rises sharply to more than 30 in the low stress regime. It is also
reflected as an extended secondary stage in the case of weld metal, i.e., time to the onset of
tertiary creep forms a major part of the rupture life. The high damage tolerance factor for the
weld metal compared to the base metal was attributed to the nature of cavity nucleation sites in
the two materials, namely the grain boundaries in the base metal and the hard second phase
particles in the weld metal. The values of X were found to be consistent with those arrived at
from continuum damage mechanics and micromechanistic approach to creep fracture, i.e., X ~ 2
to 5 for necking and boundary diffusion controlled void growth, and X > 10 for damage by
degradation of microstructure by particle coarsening during creep in precipitation strengthened
systems. In the case of weld metal tested here, therefore, a high X value obtained at 923 K and at
low stresses at 873 K can be considered to be indicative of the fact that damage is associated
with precipitate coarsening.
4.6.6

On the Use of Heat Correction (HC) for Correlating Multiple Heat Stress Rupture Data
on 316LN Stainless Steel

SS 316LN is the choice as the structural material for PFBR and creep rupture database
for this steel is being developed. Least square fitting of isothermal stress rupture data on a large
number of heats of SS 316LN from the European Commission's Working Group to a multiple
heat correlation developed at IGCAR by Ray et al (hereinafter referred to as RSR) was carried
out. It is demonstrated that isothermal multiple heat stress rupture data on type SS 316LN

available in the literature can be successfully described by the HC used in RSR. For 99.73%
confidence interval, the uncertainty in predicted rupture life decreases from a factor of -39
without any heat correlation to a factor of ~ 6 by including RSR heat correlation. Also, it is
possible to consider SS 316LN heats as belonging to SS 316 group itself. The isothermal
correlations combining the already generated database on 316 SS with the available data on
316LN SS are established. These correlations can be utilised to (i) predict the rupture life of any
of the heats included in the analysis at these temperatures, (ii) to economically generate longterm data to extend the validity range for extrapolation, and (iii) to characterize a new heat of SS
316orSS316LN from a few short duration tests.
4.6.7 Development of Process for Aluminising of Inconel 718 Support Structures for PFBR
Steam Generator
The PFBR steam generator consists of evaporator modules containing Cr-Mo tubes of 18
mm OD and reheater modules consisting of 36 mm OD tubes that are supported at one metre
intervals by structures made of corrugated Inconel 718 strips. Aluminising of the Inconel 718 has
been chosen for this application because of the excellent performance of aluminide coatings in
reducing impact fretting wear of the tubes due to flow-induced vibrations. Originally a packcementation process was developed to carry out the work for one SG module. The disadvantages
of this process are, high cycle times, large number of operations and elaborate equipment
requirements. A new process for aluminising has been developed based on direct spraying of
aluminium metal, followed by diffusion treatment in vacuum. This process enabled aluminising
to be carried out at a much lower cost (about 20% of the cost) than the pack process. Further, the
process enables coating on the bearing side of the corrugated strips
Technology development involved standardising of process parameters to achieve the
necessary coating thickness viz. 50-110 microns. Actual work comprising of aluminising 1068
strips of varying lengths between 150 - 640 mm and containing 2 to 19 corrugations per strip was
carried out in 3 batches. Two of the treatment batches qualified based on thickness
measurements on test coupons, while a deficiency of up to 25% was observed on 50% of the
coupons used in the other batch.
4.6.8 Role of Compositional Factors in Hot Cracking ofAustenitic Stainless Steel Weldments
Hot cracking is an important problem encountered during the welding of austenitic
stainless steels. The weldability behaviour of clad material alloy D9 and structural material
316LN stainless steel that are of interest to the Indian fast breeder reactor programme, has been
investigated in detail. In D9, the relation between composition and cracking was studied to
optimise the titanium content for weldability. The effect of nitrogen on cracking of type 316LN
weld metal was of interest. The Varestraint test was used to study hot cracking behaviour in the
fusion zone and heat-affected zone (HAZ). The cracking was evaluated using the conventional
criteria of crack length.
Longitudinal and transverse Varestraint test results for 10 stainless steels including 316L,
316LN, and three heats of D9 were analysed. The results indicated that brittleness temperature
range (BTR) derived from the transverse Varestraint test was a better index of weldability than
total crack length derived from the longitudinal test. However, a maximum crack distance

(MCD) parameter has been found to correlate well with the BTR derived from the transverse
Varestraint test. A new relation has been proposed between total crack length and BTR using the
area density of cracking. The effects of titanium on cracking in D9 were investigated by testing
three heats with titanium levels of 0.21, 0.32 and 0.42% Ti. The results showed that in the
fusion zone, BTR increased from 324 to 334 K as the Ti content increased. EPMA analysis of
hot cracks revealed segregation of Ti, C, N and S to crack-faces and to segregate phases present
in the interdendritic regions. Electrochemical extraction revealed that the phases present were
TiC, TiC0.3N0.75 and carbosulphides T12CS and T14C2S2, which presumably form eutectics with
austenite and promote cracking.
The effects of nitrogen in two alloys 316L and 316LN was investigated by conducting
hot cracking tests with nitrogen addition through the shielding gas. Six nitrogen levels in the
range 0.036% to 0.187% were tested for 316L and three N levels between 0.073-0.189 % in
316LN. In the weld metal, nitrogen increased cracking in the higher-impurity content 316L
(0.047% P+S) while there was no significant effect on cracking in the 316LN (0.032% P+S). The
dependence of the effect of nitrogen on the levels of impurity elements present was further
established by tests in which nickel addition was used to produce an austenitic microstructure.
Nitrogen addition produced significant coarsening of the primary dendrite arm spacing (DAS)
with a relation of the form DAS=A(C) 5 where C is the concentration of nitrogen and A is a
constant including thermal variables. While the exact mechanism by which nitrogen acts to
produce these effects is unknown, it is believed that nitrogen increases cracking by influencing
segregation of the impurity elements P and S. Cracking in the HAZ increased with nitrogen
addition for both 316L and 316LN, and a particularly greater effect was observed in 316L
beyond 0.11%N.
4.6.9

Suitability of Colmonoy as Hardfacing Materials for NSSS Components ofPFBR

For evaluating the suitability of using Colmonoy in components operating above 673K,
the effect of long-term ageing on ultrasonic tested and passed Colmonoy-5 deposits on 316LN
SS was studied by subjecting them to accelerated ageing at three different temperatures, viz. 823,
873 and 923K, for different duration, viz. 0 (as-deposited), 200, 500 1000, 2000 and 5000h, at
each temperature. The time-temperature correlation for the hardness values (measured at room
temperature) of all the aged samples were obtained using the Larsen-Miller parametric approach,
given by LMP =T(C+ logio t), where LMP is the Larsen-Miller Parameter, T is temperature in
Kelvin, t is time in hours, and C is a constant. The constant C was determined as 14.4 for
Colmonoy-5 by least square fitting with the R2 of the fit being about 0.97. Using C = 14.4, the
room-temperature hardness of Colmonoy-5 after exposure (ageing) at 823 K for 2 years (for CSR
& DSR), for 3, 5, 10, 15, 20 and 25 years, and for 30 years (for IHX, FFIM, CSRDM and
DSRDM) was predicted. Further, to predict the hot hardness of Colmonoy-5 on prolonged
exposure at different operating temperatures (673 and 823 K) of PFBR components, the average
hot hardness values of Deloro-60 (equivalent to Colmonoy-6) were used and compared with the
hot hardness values of un-aged Stellite-6. The temperature dependence of hardness of these
hardface deposits was determined by an Arrhenius-type plot of /^(hardness at room temperature/
hardness at temperature) vs. \IT (K"1), which clearly showed that there is a distinct (softening)
transition in Colmonoy at about 700 K while the (softening) transition in Stellite occurs at about
922 K. Using the relationships for the two hardfacing alloys over the specific temperature ranges,

the hardness of Colmonoy at 673 and 823 K was predicted for prolonged exposure at 823 K, and
compared with the hardness values of the as-deposited Stellite at 673 and 823 K as reference. It
was observed that although there is expected to be about 30% reduction in the hardness of
Colmonoy after 30 years of exposure at 823 K, the hardness of Colmonoy is expected to remain
sufficiently higher than the hardness of as-deposited Stellite. Hence, the Colmonoy deposits are
expected to retain adequate hardness (about HV 525 at room temperature and about HV 450 at
823 K) after 30 years of exposure (ageing) at 823K. The microhardness profile across the
316 SS/Colmonoy-5 deposit interface in the as-deposited (un-aged) condition and after ageing
for 5000 h at 823, 873 and 923 K also do not show any adverse indications. Based on additional
information available with respect to variation in hardness of the Colmnoy-5 deposit on
prolonged elevated-temperature ageing, it is recommended replacing the Co-based Stellite by Nibase Colmonoy for components operating at both 673 and 823 K.
4.6.10 Physical Metallurgy Studies on Modified 9Cr-lMo Steel
The microstructural heterogeneity in the weldment of a TIG welded modified 9Cr-lMo
steel has been studied. The thermal cycles each microscopic region undergoes depends on its
distance from the source of heat. The microstructural variations which arise as a consequence of
the different types of phase transformations, experienced by various zones have been established
by detailed transmission electron microscopy.
The weld zone consisted of a uniform martensitic microstructure, the HAZ showed a
range of microstructures from a fully martensitic to a duplex structure. The base metal showed a
tempered martensitic structure with M23C6 carbides. The microstructural regions could be
identified with completely re-austenitised, partly re-austenetised or treated in the intercritical
region.
The gradual changes in microhardness which were observed from the weld to the base
metal, were correlated to the observed microstructural changes. Based on these studies, distinct
microstructural zones have been identified and possible thermal cycles deduced.
In order to study the mechanisms and kinetics of the tempering process, the weldments
were post weld heat treated in the temperature range of 923 to 1023 K for durations ranging from
30 minutes to 20 hours. Based on detailed transmission electron microscopy on thin foils and
carbon extraction replicas the mechanism of tempering was established. The kinetics of the
process was studied by following the variations in the microhardness levels of the weldment at
different temperatures.
The microstructural changes that take place like coarsening of laths, formation of
subgrains and cells, polygonisation of lath structure and precipitation have been studied. At
lower temperatures, the precipitation of carbides was responsible for the observed softening,
while at higher temperatures, recovery and recrystallisation of the lath structure proceeds to
considerable extent along with precipitation. Tempering mechanisms have been proposed based
on the microstructural changes in the different temperature regimes for this steel.

The kinetics of the process has been studied using the temperature dependence of the rate
of softening. The apparent activation energy (Q~ 0.6 eV) calculated by an Arrhenius analysis of
the recovery rate showed that the rate controlling step in the tempering process is the interstitial
diffusion of carbon in ferrite.
4.6.11 Prediction of Activities of the Constituent Metals in Ferritic Steels
The Kohler-type sub-regular solution model developed here earlier for austenitic (FCC)
steels was extended to ferritic (BCC) steels, to facilitate computation of thermodynamic
activities of up to 15 components namely Fe, Cr, Ni, Mo, Si, C, Ti, Nb, Ta, Al, Co, W, V, Cu and
Zn. For this purpose, the Kohler-type parameters (which are composition as well as temperature
dependent) corresponding to nearly 100 different binary (BCC) alloys with an almost even
number of Gibbs energy terms were evaluated from the literature. In addition, an approximate
model suggested by Hilert-Jarl was made use of to incorporate magnetic contributions to the
ferritic steels below their Curie temperatures. The model was tested for a break in the activitytemperature plot for Cr in 9Cr-lMo steel at 986 K, approximately below which temperature, the
experimental Cr activity measurements by employing metastable EMF technique (developed in
this lab) also could not be recorded.
However, the values of 0.66, 0.48, 0.11 and 0.11 for the activities of Fe, Cr, Mo and Mn
respectively could be calculated from this model for a 9Cr-lMo ferritic steel at 1000 K (which is
just above the Curie temperature) and the predicted Cr activity (0.48 at 1000 K) is in moderate
agreement with 0.40 actually measured using metastable EMF method.
4.6.12 Prediction of Cladding Attack by Te
A thermodynamic modeling of Cs-Te system in the context of Te-attack of the cladding
in FBRs was carried out by treating the single liquid phase of Cs-Te as a Kohler-type subregular-solution. The excess Gibbs energy of this phase is determined to be XcS x Xje x [(-289 0.00144 x T) x XTe + (-972 + 0.482713 x T) x XCs] kJ/mol in the temperature range 900-1100 K,
where X represents the mole fraction. The interaction parameters so deduced facilitated
computation of Te potential in the liquid Cs-Te region surrounding Cs2Te. This Te potential is
found to be more negative than those required for the Te-attack of the cladding and hence no
tellurides of Cr, Fe or Ni would be formed.
4.6.13 Ru Vapourisation from CaRuOs
To assess the retention capability of calcia, a trap for the hazardous RuCU released during
reactor accidents, the vapour pressure (VP) of RuO2(s) and CaRuCVCaO were measured (with
oxygen as carrier gas) over the ranges 936 to 1200 K and 1209 to 1405 K respectively by a novel
adaptation of a horizontal TG system as a transpiration apparatus. These VP data could be fitted
into the expressions 6.143-6688/T (K) and 5.260-7419/T (K) respectively for log (p/Pa) of
RuO4(g). The enthalpies of reactive vapourisation of RuO2(s) and [RUO2] in CaRuOj/CaO as
RuC»4 species were determined to be 128 and 142 kJ/mol the difference between which data was
found to be identical with the standard enthalpy of reaction between RuC«2 and CaO determined
earlier by EMF method in this lab. As this study confirmed the reliability of the VP data derived

from EMF measurements made earlier, a computation of VP from the EMF data on Cs, Sr and
La ruthenates was carried out to show SrO to be a better material to trap the volatile ruthenium
tetra-oxide.
4.6.14 Corrosion Behaviour of Reactor Materials
Potentiodynamic anodic polarisation studies on type 316LN SS, with different nitrogen
contents and different degrees of cold work, revealed that cold working up to 20% enhanced
pitting corrosion resistance (PCR) in neutral chloride sodium, followed by a decrease thereafter.
Increasing nitrogen content led to increased PCR up to 20% cold work; beyond 20% cold work,
increasing nitrogen content had an adverse effect on PCR.
Exposure of U-bent types 304LN and 316LN stainless steels and alloy D-9, in solution
annealed, sensitised, 20% cold worked and 20% cold worked + sensitised condition, to NaOH of
40 to 60% concentration at temperatures of 423 to 623 K, showed resistance of these materials to
caustic stress corrosion cracking (SCC). This indicated the feasibility of water-cleaning of
sodium-exposed components for periods up to 72 hours; and alloy D-9 fuel pins up to 12 hours.
Type 316 SS specimens, cold worked up to 25% and sensitised at 898 K for different
time periods, were melted on the surface using cw CO2 multi-beam laser under the following
conditions (i) 250 watts with dwell time of 20 seconds and (ii) 5 kW at a transverse speed of 20
mm/s. ASTM standards A262 Practice A & E, G108 and optical metallography were used to
characterise the specimens before and after melting. Results indicated immunity to inter-granular
corrosion for laser melted stainless steel due to desensitisation because of complete dissolution
of M23C6 and suppression of re-precipitation due to rapid quenching through the sensitisation
temperature range. Under identical melting conditions, the degree of desensitisation decreased
with increasing cold work. Hence, homogenisation of the microstructure of stainless steels with
higher degrees of cold work would require higher power levels and extended interaction times.
The influence of sensitization (898 K, lOOh) and air oxidation (1223 K, 5 min) of SS on
bacterial adhesion was studied using 304 SS specimens. The bacterial density on sensitised
coupons was highest followed by as-received and oxidised coupons. The sensitized and asreceived coupons showed cells embedded in exopolymeric substances and their attachment was
in a network like pattern. The pattern was continuous with bigger patches on sensitized coupons
and discontinuous on as-received coupons. Heavy mortality of attached cells was found on
oxidized coupons.
In the pilot plant for reprocessing FBTR mixed carbide fuel, an electrolytic dissolver for
highly corrosive and radioactive application was manufactured using titanium grade 2 material.
During qualification of the fabricated components the material was found to show high corrosion
rates of 20-32 mpy in Huey test (ASTM A262 practice C) for titanium welds. This was attributed
to high iron content and poor metallurgical quality of titanium. In order to improve the corrosion
resistance of the electrolytic dissolver, a suitable surface modification technique for the removal
of surface iron contamination and for production of stable oxide coating was developed. This
surface modification decreased the corrosion rate of titanium from 20 mpy to about 2-7 mpy in
the Huey Test after 240 h.
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EIS investigations were carried out on titanium surface modified by the above process
and other anodised titanium specimens in 1 M HNO3 at room temperature for duration up to 175
h. The coating modified by the new process showed higher polarisation resistance (1.5 x 107
ohms) in comparison with coating produced by anodization treatment in HNO3, 10% ammonium
persulphate, 10% H2SO4 and 10% ammonium sulphate. This indicated the higher corrosion
resistance of the new coating in nitric acid medium.
MOCTA, MOCTA with Pt and Pt + Ir coatings were immersed in 1 M HNO3 at room
temperature for durations up to 175 h, and EIS spectra were recorded. It was found that the
polarisation resistance of MOCTA (with RuO2 + TiO2 coating) decreased from 133.5 to 5.33 x
10"4 ohms, while it was stable around 9.6 x 104 ohms for Pt layered MOCTAG and around 1.75 x
105 ohms for Pt + Ir layered MOCTAG, after 175 h. The capacitance increased for conventional
MOCTA coating from 0.0534 to 0.0663 farads, while for Pt-layered MOCTAG it was stable
around 3.4 x 10"4 farads. These results indicated that the MOCTAG layers possessed improved
corrosion resistance and stability against ingress of nitric acid into the layers.
4.7

Irradiation, PIE and NDE

4.7.1

Accelerated Irradiation Tests on Zircalloy Pressurized Capsules

An irradiation experiment programme is underway to determine the in-reactor creep rates
of Indian made zirconium alloys used in PHWRs. FBTR is useful to conduct accelerated
irradiation tests on zirconium alloy specimens, due to high flux and hard neutron spectrum.
Literature survey indicates that steady state creep rate is established in alloys of zirconium at a
fiuence level of about 0.1 x 1021 n/cm2 (E >1 MeV). For carrying out the irradiation experiment
on the pressure tube materials in FBTR, the temperature of the sodium around the experiment
capsule should be close to 590 K, which is the temperature of pressure tubes during operation of
PHWRs. To meet this requirement, FBTR was operated at 8 MWt with inlet temperature of
sodium maintained at 580 K. Zirconium alloy Pressurized Capsules (ZPC) under bi-axial stress,
simulating the PHWR stress levels were irradiated in FBTR to various fiuence levels in the range
0.4 x 10 to 2.0 x 1021 n/cm2. (E > 1 MeV) over a period of 34 to 82 days. The pressurized
capsules were made from miniature size pressure tubes, which are geometrically similar to actual
pressure tubes of Indian PHWRs. These were filled with argon at 4.8 to 6.6 MPa pressure to
subject them to stress conditions, which were similar to those prevailing in the pressure tubes of
PHWRs. After irradiation, six carrier sub-assemblies, each containing one stainless steel
Irradiation Experiment Capsule (IEC), were taken into hot cells for post irradiation examination
to assess the extent of creep.
Each IEC contains five ZPCs anchored to it by means of a 4-mm diameter pin. To
retrieve the ZPC, the IEC was cut, using a diamond-wheel-cutting machine at six locations to get
five segments, each containing one ZPC. Milling on the segment was carried out by a remotely
operated in-cell CNC milling machine. After the weld joint was machined by remote milling
operation, the anchoring pin joining the ZPC to the segment was ready for ejection. This work
was carried out in a specially designed fixture, which could orient the ZPCs precisely against a
pushing jack so that the axes of the anchoring pin and the pushing jack coincided within

+0.5mm. This fixture also facilitated safe retrieval of one foil holder from each ZPC, containing
foils meant for activation analysis. The ZPCs were subjected to ultrasonic cleaning in ethanol
and dimensional measurements made for assessing the creep strain.
4.7.2

Evaluation of Tube to Tube Sheet Welds

In continuation of earlier work, 20 trial tube to tube sheet welds of reheater were received
from industry and microfocal radiography was carried out using single wall single image
technique. Of the 20 tubes, two were rejected due to clustered pores. External/internal concavity
was noticed in about 7 tubes and mismatch of the order of 200 microns and 300 microns were
present in three tubes. A sensitivity of 1.6% was achieved.
Eleven tube to tube welds also received were submitted to microfocal radiography using
double wall double image technique. Of the eleven tubes, eight tubes were rejected due to linear
indications (5 tubes) and clustered pores (3 tubes). A 50 micron wire could be detected.
4.7.3

Eddy Current Inspection ofPFBR Steam Generator Tubes

Modified 9Cr-lMo steel tubes for SG of PFBR are being manufactured indigenously. As
part of the quality control procedure, ultrasonic and eddy current testing are to be carried out on
all the tubes. In view of the ferromagnetic nature of the above mentioned steel, the DC saturation
method of eddy current testing was established which included, design and development of the
DC saturation coil and eddy current coil and standardization of inspection procedures. Inspection
of 54 tubes was carried out successfully by this procedure.
4.7.4

Ultrasonic Test Procedure Development for Evaluation of SS/Cu Brazed Joint of DC
Conducting Pump for PFBR.

To qualify the fabrication procedure to achieve defect free brazed SS/Cu joints used in
DC conducting pumps for PFBR, nondestructive testing was conducted on samples. Ultrasonic
NDT method was developed and standardized to ascertain the quality of the bonded region.
Whenever any lack of bond indications were observed during ultrasonic testing they were
quantified by way of size and extension. Complementary radiography testing was also done on a
few samples with lack of bond, to confirm the observations. These NDT trials helped in finally
arriving at a fabrication procedure to get defect free SS/Cu brazed joints.
4.7.5

Insitu Metallography of Secondary Sodium System Carbon Meter.

A carbon meter was installed across FBTR steam generator to measure carbon activity in
secondary sodium loop. Sodium at the cell portion (carbon meter) has to be maintained at a
constant temperature of around 873 K to measure carbon content. The tee joint connecting
carbon meter housing (made of AISI type 304 SS) to the circuit was found darkened after a few
days of operation. In order to find out any degradation in the microstructure, insitumetallographic examination of the carbon meter housing was carried out at two locations, one at
the blackened region and the other at the nearby region in order to assess the microstructural
condition of the material. After insitu polishing using portable grinder/polisher, special holder

was made to electrolytically etch the polished surface. The etchant used was 10% oxalic acid.
Since the polished region was inaccessible for direct optical microscopy, the microstructure was
taken onto a replica using cellulose acetate film for further analysis. The examination was carried
out as per ASTM standard A262- 93-Practice-A. The microstructure obtained at both these
regions are of "step-structure" in nature indicating that the material is not sensitized, even in the
blackened region.

4.8

Chemistry

4.8.1

Solution Chemistry

A comprehensive program was initiated to study the thermodynamics of actinide
extraction by amides. The enthalpy of extraction of uranyl nitrate by di-n-butyl octanamide was
measured directly using solution calorimetry. The enthalpy of hydration of di-n-butyl octanamide
and the integral enthalpies of mixing of di-n-butyl octanamide and n-heptane were also
measured. The heats of combustion of a number of amides were measured for the first time. The
uranyl nitrate - dibutyl octanamide complex was isolated and characterised and the enthalpy of
fusion, the entropy of fusion, heat of combustion and the melting point were measured.
The kinetics of extraction of uranium from nitric acid medium by a macroporous
bifunctional phosphinic acid resin was studied under particle diffusion controlled conditions.
Diffusion coefficient and the activation energy for the extraction were determined.
4.8.2

Thermochemistry

The program of studies on preparation and thermochemistry of urania-thoria solid
solutions was continued. A new method based on microwave combustion synthesis was
developed to prepare urania-thoria feed powder that could be cold compacted and sintered to
high densities (>95% theoretical density) at relatively low temperatures of around 1570 K. The
fabrication of high density UO2 pellets using microwave heating was demonstrated. This method
was found to be simple and rapid compared to the conventional fabrication procedures. The
stability of fine-grained (U,Th)O2 compounds, prepared by the microwave synthesis, towards
oxidation in air was determined by studying the kinetics of oxidation by thermogravimetry.
The enthalpy increments of (Uo.iTho.9)C>2, (Uo.sTho.5)02 and (Uo.9Tho.i)02 were measured
over the temperature range 473 to 973 K. Other thermodynamic parameters such as heat
capacity, entropy and free energy functions were derived from the measured enthalpy
increments. The thermal expansion of (U,Th)O2 of varying compositions was measured
employing high temperature X-ray diffraction technique. The binding energies of cations in the
solid solutions were experimentally determined by X-ray photoelectron spectroscopy.
The "spot-technique" for measuring the solidus/liquidus temperatures was extended to
temperatures below 1070 K, by a novel, "external — illumination" procedure, which has made it
possible to measure the solidus/liquidus temperatures of low melting metals and alloys. Ilie
technique has been demonstrated by measuring the melting point of Sn, Ag and Al.

Thermodynamic studies on actinide-gallium alloys were continued. The enthalpies of
formation of the intermetallic compound, ThGa2 was determined by using high temperature
solution calorimetry and precipitation calorimetry. The Gibbs free energies of formation of the
intermetallic compounds, UGa2, U2Ga3 and ThGa2 were determined by using molten salt
galvanic cell measurements in the temperature range 640-988 K.
4.8.3

Pyrochemical Reprocessing

Studies on the head end steps for the pyroelectrochemical reprocessing of oxide fuels
were initiated. Studies were carried out on the direct chlorination of UO2 and U3O8 powders
with and without the presence of carbon. It was found that in the presence of carbon the rates of
chlorination were much higher compared to the those in the absence of carbon. Chlorination
was also carried out on UO2 dispersed in LiCl-KCl eutectic salt which was found to be
proceeding at a much higher rate compared to direct chlorination in the absence of carbon.
4.8.4 Post-irradiation Studies:
Four pellets of irradiated FBTR fuel, discharged at a burn-up of 25000 MWd/t were
dissolved in nitric acid in the hot cells employing both direct dissolution technique as well as
electrooxidative dissolution technique. A flowsheet was developed for the separation of U,Pu,
minor actinides and 137Cs from spent fuel solution. The separation of 137Cs using ammonium
molybdate impregnated in XAD-4 resin was demonstrated in hot cells. This procedure yielded a
product solution with significantly reduced gamma dose which made it possible to carry out the
subsequent separation procedures in fume-hood.

4.8.5

Molten Salt Based Electrochemical Hydrogen Meter

Two electrochemical hydrogen meters based on a new molten salt electrolyte comprising
LiCl-CaC^-CaHCl for monitoring hydrogen in sodium coolant have been installed in the
secondary circuits of FBTR. The response of these meters (as well as that of standard hydrogen
monitoring system based on diffusion) to hydrogen injection into the sodium circuit were
periodically measured. The emf change of one such electrochemical meter for hydrogen
injections (40 ppb for each injection) is compared with the mass spectrometer signals of the
diffusion based hydrogen monitoring system in Fig.28. The performance of this meter in FBTR
over a period of 300 days is shown in Fig.29. The results show that the molten salt based
electrochemical hydrogen meter responds in tandem with the standard hydrogen leak detection
system in FBTR.
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4.8.6 High Temperature Mass Spectrometric Investigations on Mn-Te-O System
No previous vaporization study exists in the Mn-Te-0 system. Two series of mass
spectrometric experiments were conducted: 1) on different aliquots of Mn-Te-O samples, as
prepared; and 2) by adding known amounts of MnO or Mn3O4 or Mn to known amounts
of aliquots of different samples. All were isothermal vaporization experiments, conducted for
different durations at 950 K. The ions TeO2+, TeO+, Te2+, Te+, and O 2 + were monitored all
along. The vaporization residues were all characterized by X-ray diffraction.
Some equilibration experiments were separately carried out at 950 K under static (in
evacuated and sealed quartz tubes) and dynamic (flowing argon) conditions with samples
consisting of mixtures of 1) MnO + TeO2; 2) Mn + MnO + TeO2; and 3) MnCO 3 + TeO 2 . On
the basis of X-ray diffraction analysis of the products, four three-phase regions were identified
amongst Mn2Te3Og, MnTeO3, MngTesOie , Mn3TeO6, MnO, and Mn3O4 . Mass spectrometric
experiments were conducted on the pertinent three-phase mixtures to deduce finally
thermodynamic data for the ternary phases.
4.8.7

Thermal Conductivity Studies on Uranium-Rare Earth Oxides

As a part of the programme to study the heat transport properties of actinide-rare earth
mixed oxides, thermal conductivity of the mixed (U,R)oxides (R=La,Ce,Dy) was investigated
employing the laser flash technique and covering a temperature range from 600 to 1400 K and
compositional range from 0 to 15 mol% of the corresponding rare earth oxide. It was noticed hat
the thermal conductivity of the mixed oxide decreases with increase in rare earth content or
increase in temperature.
4.9

Fast Reactor Fuel Reprocessing

The pilot plant for reprocessing FBTR carbide fuel is nearing completion. The titanium
electrolytic dissolver and feed clarification have been erected. Centrifugal extractors are being
assembled. Control panel and instrumentation systems are being commissioned.
Distillation setup for generating vapour - liquid equilibrium (VLE) data was made and
data for 30% TBP/n-dodecane was obtained at 10 mm Hg and work is in progress for the VLE
data at lmm Hg. This data will be used to design the distillation column for the proposed
solvent recovery pilot plant. Experiments on fluid diodes in pump mode of operation were
continued. A new facility for engineering R&D related to reprocessing is nearing completion
where large sized pulsed columns, centrifugal extractors and other fluidic devices will be tested.
An accurate method has been developed for the determination of carbon in UC powders/pellets
as well in solutions of uranyl itrate obtained by dissolving the uranium carbide in nitric acid.
The methodology involves quantitative conversion of carbon present in the sample to CO2 which
is subsequently absorbed in a dilute solution of barium hydroxide. The conductivity shift of the
barium hydroxide is monitored online continuously using a PC based conductivity measurement
system.

New models for predicting tritium distribution coefficients in 30 vol.% TBP/ndodecane/UO2(NO3)2/nitric acid system at 298 K, and for predicting the distribution coefficients
of nitrous acid in 15-30% TBP/n-dodecane/nitric acid system were developed. Improved models
of Np(VI) and Np(IV) distribution coefficients and their temperature dependency in 30% TBP/ndodecane/nitric acid/water biphasic Purex system were also developed. A simple equation for
the densities of pure liquids was proposed and during benchmarking, performed even better than
the industry standard AlChE-DIPPR equation. A prototype code (PUThEX - Program for
simulation of Uranium separation from Thorium by Extraction) for simulation of interim 23
process, used for separation of U-233 from irradiated thorium, was developed. The agreement
between experimental and computer simulated stage-profiles was good.
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Abstract
This report describes the development and activities on fast reactors in Japan thru
April 1999 to March 2000.
During this period, the most important result on Japanese Fast Breeder Reactor
(FBR) Project was the phase-1 feasibility studies on commercialized fast reactor cycle
system has started on July 1999, associating with electric power companies.
In the Experimental Fast Reactor "Joyo", the 33rd and 34th rated power operation
carried out after the 12th periodical inspection. The 35th rated power operation is under
continuance by the end of May 2000.
The 13lh periodical inspection and
reconstruction works for the Joyo upgrading program (MK-III) will be started on the
beginning of June 2000.
In the Prototype Fast Breeder Reactor "Monju", countermeasures against sodium
leakage are being examined according to Monju comprehensive safety review.
The "Long-term Program for Development and Utilization of Nuclear Energy" is
now under deliberation in the special committee of the Japan Atomic Energy
Commission. The Commission will issue the new plan by the end of 2000.

1. General View
The Japan Atomic Energy Commission(JAEC) decided to prepare a new "Longterm Plan for Nuclear Energy Utilization and Development" in order to clarify basic
policy and the implementation program for the research, development and utilization of
the nuclear energy in the 21SI century.
The Long-Term Planning Conference(Chaired Councilor Sho Nasu of the Tokyo
Electric Power Co., Ltd.)was formed by the JAEC on June 1999. This Conference
started its deliberation on a new atomic energy development and utilization long-term
plan on the results of selecting 111 members and main themes of six subcommittees
under its control and formally decided them.
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Since the subcommittees includes opponent critics against atomic energy who are
initiate heated discussions and necessity of powerful leadership seems to be required for
concluding deliberation results, each subcommittee employs joint chairpersonship
system of two chairpersons.
The composition of the subcommittees are as follows:
(l)The First Subcommittee
; Nation, Society and Atomic Energy
(2)The Second Subcommittee ; Utilization of Atomic Energy as an Energy
(3)The Third Subcommittee ; Future Prospects of Technologies Related to
Fast Breeder Reactor
(4)The Fourth Subcommittee ; Frontier Research and Development to
Pioneer the Future
(5)The Fifth Subcommittee ; Radiation Utilization Contributing to the National Life
(6)The Sixth Subcommittee ; International Development from New Points of View
These six subcommittees will report the result of deliberation for the Long-Term
Planning Conference by the first half of 2000. The Long-Term Planning Conference
will issue the new plan by the end of 2000.

2. Experimental Fast Reactor "Joyo"
The Experimental Fast Reactor "Joyo" started its operation as a transition core
toward the high performance irradiation core after the 12th periodical inspection in June
1999. In parallel with the operation, the MK-III program is in progress. Until the
end of March 2000, fabrication of the cooling system components has finished.

(1) General status
The Experimental Fast Reactor "Joyo" has been operated as an irradiation test
facility for fuels and materials. The operation history and the accumulated operation
data are shown in Figure 2.1 and Table 2.1.
In June 1999, Joyo restarted its operation as a transition core toward the high
performance irradiation core (MK-III core) by loading ten numbers of MK-III core fuel
subassemblies in the peripheries of the MK-III core after the 12th periodical
inspection(from February 1998 to June 1999). In March 2000, the 35th rated power
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operation was started with the last transition core which includes twenty numbers of
MK-III core fuel subassemblies.
(2) Upgrading program of Joyo(MK-III program)
The Joyo upgrading program named MK-III program is planned to improve the
irradiation capability. The main objectives of this program are the increase of neutron
flux in the core, the increase of a plant availability factor and upgrading of irradiation
technologies. An outline of this program is shown in Figure 2.2.
Until the end of March 2000, the fabrication of cooling system components such as
IHXs(Intermediate Heat Exchangers) and DHXs(Dump Heat Exchangers) was finished.
The fabrication of shielding subassemblies, which contains pins filled with boron
carbide pellet, are under way.
The modification of the cooling system is planned to start in the end of 2000, and
the core modification will be started in 2001. The initial criticality of the MK-III core
is now scheduled in 2002. The schedule of the MK-III program is shown in Figure
2.3.

3. Prototype Fast Breeder Reactor "Monju"
(1) Present Status of Monju
Monju is a prototype FBR power-generating plant designed to have an output of 280
MWe (714 MWth), fueled with mixed oxides of plutonium and uranium and cooled by
3 sodium loops. The core of Monju and its sodium equipment were designed on the
basis of experience at Joyo and R&D results which had been obtained mainly at O-arai
Engineering Center(OEC).
The objectives of the development of Monju are to demonstrate the performance,
reliability and safety of a power-generating FBR plant, through experience of design,
fabrication, construction, operation and maintenance of the plant, and to contribute to
future FBR development in Japan and world-wide through supplying these results.
After completion of the fabrication and installation in 1991, Monju successfully
achieved its first criticality in April 1994, and supplied electricity to the grid initially in
August 1995. However the pre-operational test of the plant was abruptly interrupted
by a sodium leakage accident in the secondary heat transport system in December 1995
during a 40% power test, and Monju remains shutdown since the accident still now.

From technical point of view, a thorough investigation of the cause of the accident
and a comprehensive safety review of the plant were carried out after the sodium
leakage accident.
The following countermeasures against sodium leakage have
already been drawn up based on these results as well.
1) Prevention of sodium leakage
Modification of the thermocouple wells
2) Early detection of sodium leakage
An additional sodium leakage monitoring system with an enhanced TV
camera network
3) Reduction of sodium spillage both in its amount and in its duration
Modification of the drain circuits
4) Rapid extinguishing and prevention of re-ignition
Further subdivision into airtight zones, of the building for the secondary
circuits, and application of an additional system to inject nitrogen gas
5) Suppression of moisture release from the concrete structure
Coverage of the walls and ceilings with insulating material
On the other hand, it should be pointed out that recovery of public confidence,
which was seriously injured by mishandling of information at the accident, is essential
for restart of Monju.
Monju has to get agreement by local governors prior to
application for its modification accordmg to the promise with the local governments,
and the recovery of public confidence is one of the most essential indices for the local
governors to agree.
A lot of efforts have been performed, with including extensive promotion of local
explanatory meeting campaign in all the 35 cities, towns and villages in Fukui
prefecture, "Come-and-See" campaign, etc. The fact, that the total number of visitors
to Monju to observe leakage-spot exceeded 40,000 this April, can be called as a typical
example of the results of these efforts.
Fukui District Court positively ruled on this March 22, after trial since 1985, that the
governmental safety evaluation of Monju was conducted appropriately and lawfully,
and the request by the plaintiffs, to nullify the license and bar the operation of Monju,
was rejected. Meanwhile it is expected that a draft of the final report of the
deliberation on the revision of "Long-Term Plan for Nuclear Energy Utilization &
Development" by the JAEC will be issued soon, where necessity to obtain operational
data of Monju is recognized as one of the consensus among the members. Based on
the results of the extensive efforts to recover public confidence and with taking into

account these positive circumstantial features, we, JNC, believe that we can succeed
soon to achieve distinct advancement.
(2) Future Outlook of Monju
First of all, Monju has to make application for governmental safety evaluation on
modification of its design.
Here at least 4 years will be necessitated in Japan after
application is issued, for the resumption of operation of Monju, which includes the
safety licensing examination of the sodium leakage countermeasures, the actual
improvement work such as fabrication/installation/examination, refueling, and startup
checks. A progress after sodium leak accident and future outlook of Monju are shown
in Figure 3.1.
The role of Monju after the restart can be classified into the following three phases,
and the detailed plans for the second and third phases will depend on the results of the
feasibility studies on commercialized fast reactor cycle system.
CD Phase 1 : Demonstration of technologies as an electricity generation plant
The operational data from Monju will be used to assess and
validate the design of the core, pumps and heat exchangers and their
related equipment and systems.
(2) Phase 2 : Demonstration of technologies for improved economics
The promising technologies selected through the feasibility study
will be demonstrated at Monju as far as possible.
For example, it is already appreciated that fuel discharge burn-up
must be raised in order to improve economic viability, in the future
Monju's target burn-up will therefore be increased to 150000 MWD/t
or more. The plant facilities may also be used for the technical
demonstration of a simplified cooling system, improved fuel handling
and a passive reactor shut-down system.
(3) Phase 3 : Demonstration of technologies for commercialization of the
FBR
The role of Monju can also be enlarged to demonstrate as
far as possible the technologies, which are considered essential to the
widespread use of FBR power plants.
For example, with regard to the reduction of environmental burden,
it is possible, at Monju, to bum minor actinides and higher isotopes of
plutonium on the scale of the reactor core.
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4. Demonstration FBR
(1) Present Status of DFBR Development
Development of the demonstration FBR(DFBR) which will follow the prototype
FBR Monju was performed by the electric utility companies through Japan Atomic
Power Company(JAPC).
DFBR optimization design study (phase-2) which features
improved economic viability whilst maintaining the highest level of safety was
finalized in JFY 1999.
The target for construction cost of the DFBR was achieved to reduce estimated
construction cost of the plant by about 10% compared with that of phase-1 design; that
is, it does not exceed 1.5 times that of an LWR calculated in terms of 1000 MWe.
The main design features of the DFBR were:
- The intermediate heat exchanger and the primary sodium pump are inside the
primary vessel.
-

Electromagnetic pumps, integrated into the steam generator, are used for
secondary sodium circulation.

-

Secondary sodium pipework outside the primary containment will be enclosed
in a double-envelope structure; the atmosphere in the interspace between the
pipe and the outer wall will be nitrogen.

-

The "secondary vessel" which holds the combined SG/pump, will also function
as a dump tank, hence the requirement for a conventional the dump tank is
eliminated.

(2) Future Outlook for DFBR Development
Further development of the FBR system will be premised on achieving economic
viability which can compete with future LWRs and other methods of power generation.
In cooperation with JNC, JAPC has started in JFY 1999 the feasibility studies on
commercialized fast reactor cycle system.
The detailed development program will be re-examined in the future according to
the results of the feasibility studies.

5. Feasibility Studies on Commercialized Fast Reactor Cycle System
JNC has started a new research project on feasibility studies(F/S) for a wide variety
option of FBR and related fuel cycle in order to develop an economically competitive
FBR cycle system for commercialization. JNC and 11 electric power companies
agreed to jointly conduct the F/S, and JNC have established a new organization in JNCOEC on July 1999.
This organization (shown in Figure 5.1) has undertook F/S in order to determine
promising FBR cycle concepts and to define necessary R&D tasks.
The long-term targets of commercialized FBR cycle system are set as (a) ensuring
safety, (b) economic competitiveness relative to future LWRs, (c) efficient utilization of
uranium resources, (d) reduction in environmental burden, and (e) enhancement of
nuclear non-proliferation.
The purposes of the F/S are as follows:
(l)To construct innovative system concepts including those for fuel
manufacturing and reprocessing
(2)To conduct research and development of elementary technologies related
to the concepts
(3)To establish development plans for realizing the concepts

The F/S is divided into several phases. In phase-l(JFY1999-2000),the options are
surveyed from a broad range of technologies and conceptual designs are examined
respecting with above five targets. Several candidate concepts of the commercialized
FBR cycle system will be selected. In phase-2(following five years),the conceptual
design studies and engineering scale tests of key technologies will be conducted to
verify and validate the feasibility of technologies. In order to optimize the entire FBR
cycle system, a comprehensive evaluation will be conducted. The promising
commercialized FBR cycle systems will be identified, and the R&D tasks to be
conducted will be specified. The outline of the F/S is shown in Figure 5.2.
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General View(1)
D

The Long-term Planning Conference was formed by the Japan
Atomic Energy Commission on June 1999, in order to deliberate
on a new atomic energy development and utilization long-term
plan

•

The Conference has 6 subcommittees,and subcommittees will
report the result of deliberation for the Conference by the first half
of 2000.

•

The JAEC will issue the new plan by the end of 2000

General View(2)

[The Japan Atomic Energy Commission
[The Long-term Planning Conference
1st Subcommittee

Nation,Society and Atomic Energy

2nd Subcommittee

Utilization of Atomic Energy as an Energy

3rd Subcommittee

Future Prospects of Technologies Related to Fast Breeder Reactor

4th Subcommittee

Frontier Research and Development to Pioneer the Future

5th Subcommittee

Radiation Utilization Contributing to the National Life

6th Subcommittee

International Development from New Points of View

Experimental Fast Reactor "Joyo"(1)
•

The 33rd and 34<h rated power operation finished from June 1999 to
Feb. 2000 after the 12th periodical inspection

•

The 35th rated power operation (the last cycle by the MK-III
transition core) was started in March 2000 by loading 20 MK-ill core
fuel subassemblies

• The 13fh periodical inspection will be started on June and
completed on January 2003 on schedule

Experimental Fast Reactor "Joyo"(2)
•

The fabrication of the cooling system components(such as IHXs
and DHXs) was completed until the end of March 2000

•

The modification of the cooling systems is planned to start in end of
2000, and the construction of MK-III core will be started in 2001
along with the 13th periodical Inspection

•

The initial criticality of the MK-III core is now scheduled in 2002
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Schedule of JOYO MK-III Project

Initial Criticality : April 1994
Sodium Leakage Accident:
8 December 1995

Prototype FBR Monju
PUO2-UO2 - Fueled
Sodium - Cooled
3 Loop - Type
Electrical Output 280 MW

OHP-01

Start--up iFests of Monju
1993

(Re-start)

100%

Reactor power

, 50 %

Electric o u t p u t
o%

Main schedule

Main item

Initial criticality

Milestone
Start of construction
Start of fuel loading
Initial criticality
Initial generator
synchronization
Sodium leakage
accident

\r

Initial generator o ,.
, ,
., .
synchronization Sodium leak accident

Future plan to re-start
October 1985
October 1993
5 April 1994
29 August 1995
8 December 1995

Application for safety licensing aimed
at plant improvement
Plant improvement work
Comprehensive function tests
Fuel reload
Start-up tests
OHP-02

Secondary Sodium Leak Accident of Monju
Site of the sodium leak

IHX

Reactor core
Secondary main
circulation pump
Evaporator
Super heater

Condition around the broken • temperature sensor

Piping room of
secondary loop(C)
Details of the accident
S December 1995
19:47 Initiation of accidcnl. Fire alarms sounded.
19:48 Sodium leak detector sounded.
Smoke at leak site was confirmed.
20:00 Judged as small-scale leakage, normal reactor
shut-down began.
"^'50 New soundings of fire alarm increased rapidly.
An increase in white fume was observed.
21:20 Reactor was manually tripped.
22:55 Sodium drain from the piping of Loop C began.
23:13 Ventilator in the SG room stopped automatically.

Air cooler

December?. 1995
00:15 Sodium drain finished.

Conditions at
the Leak Site
OHP-03

TOWARD RESUMPTION OF OPERATION
TECHNICAL EFFORTS
"Cause Investigation

AGREEMENT by
LOCAL GOVERNORS

• Comprehensive Safety Review

SAFETY EVALUATION

•Planning of Countermeasures
RECOVERY OF PUBLIC CONFIDENCE
•Explanatory Meeting Campaign
""Come and See" Campaign, etc.
"New Japanese Long-Range Plan for Nuclear Energy
—•National Consensus on Necessity to Operate Monju
"Positive Judge by Fukui Distinct Court on 00/03/22

Progress after Sodium Leak Accident
and Future Outlook for Monju
1995

1996

1997

1998

Sodium leak accident
Vj
I
Cause investigation

From start of safety licensing examination
3rd
4th
1st
2nd
year
year
year
year

1999

Allowance for start of safety
licensing examination

V

Planning of
/ Preparation for safety
countermeasures/ licensing examination

Safety licensing examination
improvement work/

Comprehensive
safety review

Pre-operational test

Revision of Japan's long-term plan for
nuclear energy utilization & development

OHP-05

COUNTERMEASURpS^,-;.-.;.-' .
against SODIUM LEAKAGE
l)Prevention of Sodium Leakage
Modification of the Thermocouple Wells

2)Early Detection of Sodium Leakage
Additional Monitoring System with Enhanced TV Camera Network
3)Reduction of Sodium Spillage in Amount & Duration
Modification of the Drain Circuits
4)Rapid Extinguishing and Prevention of Re-Ignition
Subdivision of the Building for the Secondary Circuits
Additional System to Inject Nitrogen Gas
5)Suppression of Moisture Release from the Concrete Structure
Coverage of the Walls & Ceilings with Insulating Material

35 C i t i e s ^ o w n s n a ^ i n ^ g e s ^ ;
2 LocahTjy;^2jUocal^ffewspapfeVs_•*

FUKUI PREFECTURE

EFFORTS TO RECOVER PUBLIC
CONFIDENCE
•Explanatory Meeting Campaign in All the 35 Cities, Towns and
Villages in Fukui Prefecture:
11,500
•"Come and See" Campaign at Monju and other JNC's exhibition
halls:
187,000
•"Visit and Communication" Campaign to Local Government Offices,
Local Assemblymen, etc.:
30,200
•International and Regional Forums, Monitor Meeting, etc.:
5,400
total(at the end of 2000/02): 234,000

Future Outlook of Monju (Medium-and Long-term Prospects)

r
Phase 1
Role of Monju
Demonstration of FBR technologies
as an electricity generation plant

Phase 2
Demonstration of
technologies for
improvement of
economics

Phase 3
Demonstration
of technologies
for
tommercializatior
of FBR

Cdmpietion'^of technology develop-'
- '/*"' •
ment * -\- *, •
as.ari electricity generation plant

Progress of
Monju core

Maintenance
Safety licensing
examination
Improvement
work
Presentation
for re-start
Start-up test, etc.

Present core
(Burn-up :
55,000-*80,000
[MWd/t])

Technology
demonstration
core for
\(Burn-up :
imrnercialization
80,000^150,000 [MWd/t])
Advanced core

Use as
irradiation
facility

(Vibro-compacted fuel assembly, \ , B , , , - , __r_ i»-,w \
Aniinidft assembly
assemblv )1
VPartial core loading
Actinide
\of new type fuel assemblies)

OHP-09

Demonstration Fast Breeder Reactor "DFBR"(1)

•

DFBR optimization design study(phase-2) which features improved
economic viability whilst maintaining the highest level of safety was
finalized in JFY 1999

D The target for construction cost of the DFBR was achieved to
reduce estimated construction cost of the plant by about 10%
compared with that of phase-1 design

Demonstration Fast Breeder Reactor "DFBR"(2)
D Further development of the DFBR will be premised on achieving
economic viability which can compete with future LWRs and other
methods of power generation
•

In cooperation with JNC, JAPC has started the feasibility studies on
commercialized fast reactor cycle system in JFY1999

•

The detailed development Program will be re-examined in the
future according to the results of the feasibility studies on
commercialized fast reactor cycle system

Feasibility Studies on Commercialized Fast Reactor Cycle System(l)l

•

JNC has started a new research project on feasibility studtes(F/S)
for a wide variety option of FBR and related fuel cycle in order to
develop an economically competitive FBR cycle system for
commercialization

•

JNC and 11 electric power companies agreed to jointly conduct
the F/S, and have established a new organization in JNC- OEC on
July 1999

•

This organization has undertook F/S in order to determine
promising FBR cycle concepts and to define necessary R&D tasks

A$o

FR Cycle System Development Office
Project Management and Administration

O-arai Engineering Center (OEC)
System Engineering Technology Division
Design Study and Examination

University

Tsuruga
Head
Office

Prototype
MONJU

Solicitation of Idea'

Domestic Private Companies
(Plant Manufacture)

Electric Utilities,
JAPCO,
EPDC

Organization

Feasibility Studies on Commercialized Fast Reactor Cycle System(2)j

•

The long-term targets of commercialized FBR cycle system
•

Ensuring safety

•

Economic competitiveness relative to future LWRs

•

Efficient utilization of uranium resources

•

Reduction in environmental burden

•

Enhancement of nuclear non-proliferation

- AU.Feasibility Studies on Commercialized Fast Reactor Cycle System(3)

•The purposes of the F/S
•

To construct innovative system concepts including those for fuel
manufacturing and reprocessing

•

To conduct research and development of elementary
technologies related to the concepts

•

To establish development plans for realizing the concepts

Feasibility Studies on Commercialized Fast Reactor Cycle System(4)[

Phase-1(JFY1999-2000)
•

The options are surveyed from a broad range of technologies

•

Conceptual designs are examined respecting with above five
targets

•

Several candidate concepts of the commercialized FBR cycle
system will be selected

[Feasibility Studies on Commercialized Fast Reactor Cycle System(5)|

•

Phase-2(following five years)
•

The conceptual design studies and engineering scale tests of
key technologies will be conducted to verify and validate the
feasibility of technologies

•

A comprehensive evaluation will be conducted. The promising
commercialized FBR cycle systems will be identified

•

R&D tasks to be conducted will be specified

S:rSEn|ynn'g':Safety.('"fundamental condition)
%~>Ectinoniip!Cgrhpetitiveriess to future LWRs
' --^'Efficient Utilization of Resources
— Reduction of Environmental Burden
, — Enhancement of Nuclear Non-proliferation
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Status of Fast Reactor Design Technology Development in Korea
Dohee Hahn
Korea Atomic Energy Research Institute
150 Dukjin-dong, Yusong-gu, Taejon, 305-353
Republic of Korea

ABSTRACT
The LMR Design Technology Development Project was approved as a national long-term R&D
program in 1992 by the Korea Atomic Energy Commission (KAEC) which decided to develop and
construct a LMR with the goal of developing a LMR which 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 Liquid Metal
Reactor). According to the revised National Nuclear Energy Promotion Plan of June 1997, the basic
design of KALIMER will be completed by 2006 and the possibility of construction will be considered
sometime during the mid 2010s. Three year Phase 1 of the LMR Design Technology Development
Project was completed in March 2000 and a preliminary conceptual design report has been issued.
Conceptual design of KALIMER will be developed during the Phase 2 of the Project, which will last
for two years.

1.

Introduction

Nuclear power plants currently generate about 34 % of total electricity and the role of nuclear power
plants in electricity generation in Korea is expected to become more important in the years to come
due to poor natural resources. The significance of nuclear power will become even greater,
considering its practical potential in coping with the emission control of green house gases. This heavy
dependence on nuclear power eventually raises the issues of efficient utilization of uranium resources,
which Korea imports from abroad, and of spent fuel storage.
From the viewpoint that liquid metal reactors (LMRs) have the potential of enhanced safety utilizing
inherent safety characteristics, transuranics (TRU) reduction and resolving the spent fuel storage
problems through proliferation-resistant actinide recycling, LMRs will be the most promising nuclear
power option. It is also noted that recent efforts to develop a long-life proliferation resistant reactor
also utilize LMR technologies. The LMR Design Technology Development Project was approved as a
national long-term R&D program in 1992 by the Korea Atomic Energy Commission (KAEC), which
decided to develop and construct a LMR with the goal of developing a LMR which 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 Liquid Metal Reactor). According to the revised National Nuclear Energy
Promotion Plan of June 1997, the basic design of KALIMER will be completed by 2006 and the
possibility of construction will be considered sometime during the mid 2010s.
The objective of the LMR Design Technology Development Project is to develop design technologies
necessary for an economically competitive, inherently safe, environmentally friendly, and
proliferation-resistant fast reactor concept. Three year Phase 1 of the LMR Design Technology

Development Project was completed in March 2000 and a preliminary conceptual design report has
been issued. Conceptual design of KALIMER will be developed during the Phase 2 of the Project,
which will last for two years.

2.

LMR Design Technology Development Project

Limited basic design methods, computer codes and sodium technologies were developed by 1997, and
an initial design concept was proposed through the feasibility study of various innovative design
concepts. Due to the domestic economic difficulties and the influence of the reduced international
LMR development effort during Phase 1, the workscope of the LMR Design Technology Development
Project was modified in January 1999 to focus on the development of LMR design technologies rather
than to emphasize development of designs for construction with a tight schedule.
The LMR Design Technology Development Project is being carried out in three distinctive phases as
follows.
•

Phase 1 (July '97 - March '00)
- Development of Basic Technology and Preliminary Conceptual Design

In Phase 1, basic computer codes and methods for necessary for design and analyses have been
developed or updated, and an effort has been made to establish a self-consistent conceptual design of
the system configuration, arrangement and key features satisfying the design requirements. Efforts
have also been made to develop basic sodium technologies, such as a measurement or detection
technique, as well as an investigation on thermal-hydraulics and sodium fires. A preliminary
conceptual design report and experimental reports have been issued.

•

Phase 2 (April '00 - March '02)
- Development of Advanced Basic Technologies and Conceptual Design

During Phase 2, the conceptual design of KALIMER will be completed. Basic computer codes and
methodologies developed during Phase 1 will be improved, and additional ones will be developed if
necessary. These codes and methodologies will be utilized for the development of conceptual design
starting from the preliminary conceptual design developed during Phase 1. Before entering into Phase
3, current plan for Phase 3 will be reviewed thoroughly and a detailed plan will be established based
upon the studies on the objectives, workscopes, and a new trend on the development of fast reactor
design concepts.

•
Phase 3(April '02 - March '06)
- Validation of Basic Technologies and Development of the Basic Design
Phase 3 covers a five-year period from 2002 to 2006. The focus of the KALIMER basic design is to
produce the specific information required in the preliminary safety analysis report (PSAR).
Engineering and design tasks to be included are a system performance analysis under normal, transient,
and faulted conditions, specifications of major components and equipment, safety margin analysis, and
probabilistic safety assessment (PSA), among others. Supporting R&Ds will be carried out to validate
design codes and methods.

3.

Preliminary Conceptual Design

The key design parameters of KALIMER, which is a sodium cooled pool type fast breeder reactor, is
summarized in Table 1.
Table 1. KALIMER Key Design Parameters
OVERALL
150
Net plant Power, MWe
Core Power, MWt
392.2
Gross Plant Efficiency, %
41.5
Net Plant Efficiency, %
38.2
Reactor
Pool Type
2
Number of IHTS Loops
Safety Shutdown Heat Removal
PSDRS
Seismic Design
Seismic Isolation Bearing
CORE
Heterogeneous
Core Configuration
Core Height, mm
1200
Axial Blanket Thickness, mm
0
3443
Maximum Core Diameter, mm
U-Pu-10%Zr Alloy
Fuel Form
26.3
Feed Driver Fuel TRU Enrichment foi
Equilibrium Core, %
161.0
Assembly Pitch, mm
271 /127
Fuel/Blanket Pins per Assembly
Cladding Material
HT9
18
Refueling Interval, months

3.1

PHTS
Reactor Core I/O Temp., °C
Total PHTS Flow Rate, kg/s
Primary Pump Type
Number of Primary Pumps

386.2/530.0
2143.1
Electromagnetic
4

IHTS
IHX I/O temp., °C
IHTS Total Flow Rate, kg/s
IHTS Pump Type
Number of IHXs
Number of SGs

339.7/511.0
1803.6
Electromagnetic
4
2

Steam System
Steam Flow Rate, kg/s
Steam Temperature., °C
Steam Pressure, MPa

175.45
483.2
15.5

Core Design

Following is the list of activities performed during the Phase 1 of the Project for core design and
analysis:
•

Development of Preliminary Conceptual Design for
- Uranium Metal Core
- Breeding Characteristics Core
- Actinide Burner Core
- Ultra Long Life Core

•

Development of Computer Codes for
- Nuclear Design
- Core T/H Design
- Core Kinetics
- Fuel Design

•

Establishment of Database for the Validation of Nuclear Design Codes

The KALIMER breeder core, which has an average breeding ratio of 1.18 and a maximum discharge
burnup of 116.9 MWD/kg, is shown in Figure 1. Neutronics performance characteristics obtained from
the equilibrium cycle analysis shows that the KALIMER breeder core would work safely as well as
economically, achieving the design goal of a high breeding ratio under the design criteria. A study was
performed to investigate potential core design options to reduce the sodium void worth in the

reference KALIMER breeder core design envelope. As a part of the core design option study, a TRU
burner core design with a negative sodium void worth and a proliferation resistant characteristic core
design with an ultra long fuel cycle has been developed to evaluate alternative core design options for
further optimizing the KALIMER core conceptual design.
The BFS-75-1 benchmark experiment for investigating the design concept of the KALIMER uranium
metal-fueled core has been performed at the BFS facility in IPPE. A comparative analysis between the
calculated results and the experimental data of the BFS-75-1 critical assembly is in progress to
evaluate the prediction capability of the core nuclear analysis code system, being developed as a
standard analysis system in KALIMER core design and analysis. A database for LMR core physics
benchmark experiments has been constructed using the web environment, based on core physics
parameters and other integral results measured in fast critical facilities and related benchmark
calculation results that are currently available.
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Figure 1. KALIMER Breeder Core Layout

3.2

Fluid Systems Design

Following is the list of activities performed during the Phase 1 of the Project for fluid systems design
and analysis:
D

Preliminary Conceptual Design of Fluid Systems
- Setup of System Design Guide
- Setup of System Configuration for PHTS, IHTS, SGS and RHRS
- Sizing and Arrangement of Main Components
- Design of IHX/SG Isolation Strategies Against SWR Events
- Study on Characteristics of Major Components
- Setup of Residual Heat Removal Strategy
- Setup of Preliminary Plant Operation Strategy

•

Development of Computer Codes for
- Pool thermal hydraulics
- Sizing of Major Components: SG, EMP, IHX
- System Performance Analysis

The design requirements for each system were established consistently with the KALIMER top tier
requirements and the system design was developed based on the requirements of each system. The
configuration of the developed system is shown in Figure 2. Its main features are the pool type PHTS
of a large thermal capacity that makes the implementation of passive mitigation of a plant accident
practical, a two-loop IHTS with a greater operation flexibility, a steam generation system of the
superheated steam cycle with a high plant thermal efficiency, a PSDRS of a passive and reliable safety
grade decay heat removal system, an SGACS of an active RHRS allowing plant operation flexibility,
and a sodium-water reaction event mitigation system that processes sodium-water reaction products
and prevents the buildup of high pressure in the system .
Flare Tip

O
O
O
O

Pool-Type PHTS
2-LooplHTS
High Efficiency SGS
Simple Structure RHRS

Figure 2. KALIMER System Configuration
For the first step of the system design formulation, the plant heat balance was setup for a 100% rated
power condition considering the structure temperature, general characteristics of the BOP, and the
system economics. The developed heat balance is for a net electricity output of 150 MWe with a net
plant efficiency of 38.2% as shown in Figure 3.
The PHTS delivers the heat from the core to the IHTS. It is based on a pool concept to maximize its
thermal inertia and is equipped with EM pumps, a costdown inertia device, and the IHX. The
circulation pumps are EM pumps and they have an internal structure of a pull through type and are
designed so that the reactor vessel size can be minimized and the related piping can be simplified. To
maintain a proper core cooling capability in a pump power supply failure, the system design was made
so that the low momentum inertia of the EM pump is compensated by a costdown inertia device that

generates and supplies electricity from its stored kinetic energy during an event of loss of power
supply to an EM pump. The IHX is cylindrical and configured with doughnut style baffles and its
configuration prevents the formation of undesirable temperature non-uniformity in the IHX.
For the residual heat removal system design, the heat removal characteristics were studied in depth
and a new method for substantially improving the heat removal capacity was developed. The new
method and its performance improvement are shown in Figure 4. Also, the decay heat removal
strategy was set up by evaluating the heat removal capacity of the safety grade and non-safety grade
systems. As a byproduct from this study, it was confirmed that the KALIMER system does not
necessarily require an additional non-safety grade residual heat removal system.

IHX

Core
392.2 MWt

SG

395.0 MWt
(Total)

TBN

396.7MWt
(Total)

QpSDRS

1.2MWP
530.0 °C

529.8 C

511.0 C

511.0 C

r
PHTS

38o.:

2143.1 kg/s (Total)
4.0MWe (Total)
Net Plant Power = 150MWe

J
339.7 °C

480.0 C
15.0MPa
175.45kg/s
162.6MWe

SGS

IHTS

385.0 "C

C

483.2 °C
15.5MPa
\

339.0 °C

1803.6kg/s (Total)
1.7MWe (Total)

230.0 °C
17.5MPa

4.0MWe
(Total)

Gross Efficiency= 41.5%
Net Efficiency =38.2%

Figure 3. KALIMER Steady-State Heat Balance
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Figure 4.

Design and Performance Improvement of the New RHRS Design Concept

3.3

Mechanical Structure Design

Following is the list of activities performed during the Phase 1 of the Project for mechanical structure
design and analysis:
D

Preliminary Conceptual Design of Reactor Structure System
- Development of Design Requirements and Structural Design Bases
- Development of General Arrangements for
. Reactor Vessel
. Reactor Internals and UIS
. IHTS Piping System
. Seismic Base Isolation System and Reactor Building

•

Evaluation of Structural Integrity for Reactor Structures
- Seismic and Stress Analysis for Reactor Internals
- Thermal Stress Analysis for Reactor Head
- Preliminary Structural Analysis for IHTS Piping System
- Structural Evaluation for Seismic Isolation System

•

Development of Computer Codes for
- Structural Design and Analysis
- Seismic Analysis
- High Temperature Structure Analysis

The main features of the mechanical structure design in KALIMER are the seismically isolated reactor
building, the reduced total pipe length of the IHTS, the simplified reactor support, and the simplified
reactor internal structures. The overall configuration of the KALIMER reactor building, system, and
components is shown in Figure 5.

General arrangement drawing of the Reactor building (section-AA)

(a) Seismically Isolated Reactor Building

(b) Reactor System and Components

Figure 5. Arrangement of KALIMER reactor building, systems and components
As for the reactor internals, a simple skirt type core support structure, integrated cylinder type support
barrel, UIS and core shield support structure are conceptually designed and the design of the inlet pipe

is simplified. The baffle annulus structure in the reactor internals can accommodate a large thermal
difference between the hot pool and cold pool region. From the structural evaluations of the
conceptually designed baffle annulus structure subjected to the elevated temperature for normal
operations, the service limits of the stresses, accumulated inelastic strains during total service lifetime,
and creep-fatigue damages satisfy the ASME design rules for elevated temperature. The preliminary
seismic analysis model is developed for the structural evaluation of reactor internals. Time history
seismic response analysis and equivalent seismic stress analysis are performed. A comparison study
between the response characteristics of seismically isolated and non-isolated cases is also carried out
and the seismic margins are evaluated. In these seismic evaluations, the seismic isolation design
presents a great reduction in the seismic loads on the reactor structures compared with those for the
non-isolated design.
The conceptual design of the reactor head considering the components in contact with the reactor head
and the insulation/shield plates below the reactor head is carried out. It was shown that the preliminary
evaluation results for the reactor head satisfy the maximum allowable deflection and stress intensities.
For the conceptual design of the refueling system, the concepts of the plug-in/plug-out IVTM without
a rotating plug and a fixed plug type IVTM with a rotatable plug were reviewed and the design
concept of a fixed plug type is selected.
From the analyses arranging the seismic isolators (01.2m) between ground and lower basemat in the
KALIMER reactor building (W53m x D39m x H56m), a total of 182 seismic isolators are
preliminarily determined to have the seismic isolation functions.

3.4

Preliminary Safety Analysis

Following is the list of activities performed during the Phase 1 of the Project for the safety analysis
technology development:
a

Development of Codes and Methodologies for
- System-wide Transient and Safety Analysis
- Containment Performance Analysis
- HCDA Analysis

•

Preliminary Safety Analysis
- Development of KALIMER Design Database for Safety Analysis
- Event Categorization and Selection of Safety Related Events
- Preliminary Analyses of Unprotected Events
- Preliminary Estimation of Work Energies During HCDA
- Preliminary Containment Performance Analysis

Preliminary bases for the transient and safety analyses, an HCDA analysis and containment
performance analyses have been developed in order to provide a guidance for the overall safety
analysis technology development and the performance of the safety evaluation.
A system-wide transient and safety analysis code SSC-K is now being developed by modifying the
SSC-L code which was originally developed by the Brookhaven National Laboratory. Models for
reactivity feedback effects, pool thermal hydraulics and the passive residual heat removal system have
been developed and implemented into the code. Models for reactor protection systems, sodium boiling
and multi-dimensional hot pool thermal hydraulics are now being developed in order to expand the

applicability of the code. Efforts will also be made to verify and validate the transient and safety
analysis code through code-to-code comparison runs.
The preliminary analysis of unprotected events has been performed using the code and shown in the
Figures 5 and 6 are the results for the unprotected transient overpower accident. The power reaches a
peak of 1.16 times the rated power at 32 seconds, and stabilizes at 1.06 times the rated power after 7
minutes, as shown in Figure 4. The core mass flow rate is slightly reduced to 99.6% of the rated flow
due to an increase in coolant temperature. The changes in reactivity are shown in Figure 6. The net
reactivity starts out positive because of the reactivity from the control rods being removed, but turns
downward once the negative reactivity feedback increases enough to counter positive insertion. The
equilibrium temperatures reestablished after the initial phase of UTOP, where the core remains hotter
indefinitely to offset the increased reactivity, limits the maximum reactivity insertion during the event.
The analysis results for the various unprotected events are summarized in Table 2 which shows the
inherent safety characteristics of KALIMER based on passive reactivity feedback, the residual heat
removal system and the pool type reactor.
Table 2.

Limit
Event

Summary of Preliminary Safety Analysis for KALIMER

Core outlet average
temperature (°C)
Short
Long
Term
Term
760
700

584
610

556
566

UTOP
ULOF
ULOHS*
ULOF/LOHS

Peak cladding
temperature (°C)
Short
Long
Term
Term
790
704

579
605
753

753

Peak fuel
temperature (°C)
1070

815
777
755
779

753
651

651

627

Peak coolant
temperature (°C)
Short
Long
Term
Term
1070
960

Primary pumps are not tripped intentionally.
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Figure 7. Reactivities during a 30 cent UTOP

4.

Conclusions

During the three year preliminary conceptual design phase ('97-'99) of the LMR Design Technology
Development Project, efforts have been made i) to develop computer codes and design methodologies
essential for the conceptual design, ii) to perform basic sodium experiments necessary for the
validation of the computer code models, and iii) to develop a preliminary conceptual design of
KALIMER.
During the next phase of the Project which will last for two years, the conceptual design of KALIMER
will be established through the feedback of safety and performance analysis results to the system
design. Improvements of computer codes and experiments for computer model validation will be
performed as well.
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Nuclear Power Program in Korea
1

Operating Plants
- Commercial operation of Kori Unit 1 in 1978
- 11 PWRs and 3 CANDU-PHWRs
- Nuclear Power Share:
25.1% in Total Installed Capacity
34.4% in Total Electricity Generation

• Plants Under Construction
- 5 PWRs : Ulchin 4, 5 & 6, Yonggwang 5 & 6
- 1 CANDU-PHWR : Wolsong 4
Plan
- Additional 10 Nuclear Power Plants by 2015
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Nuclear Power Plant Construction Schedule
Caosciir (CW«)
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KMGR" Korso Nexl Genemiici Reactor
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In Operation
12.016 MWa
(25.1*)
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Long-Term Nuclear R&D Program

• 1992: Establishment of Long-Term Nuclear R&D Program ('92-'01)
• 1997: Revision of the Long-Term Program ('97 - '06)
• Major Goals
- Development of Indigenous Nuclear Power Technology
- Development of Advanced Nuclear Technologies
. Reactor and Nuclear Fuels
. Nuclear Safety
. Radioactive Waste Management
. Radioisotope Applications
. Basic Research
•Financial Support
- Ministry of Science and Technology
- Nuclear R&D Fund : Sales of Electricity from Nuclear Power
X»p.
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LMR Design Technology Development Project

1

LMR Project was launched in 1992 as part of the National Nuclear
Long-Term R&D Program

• KALIMER Design Concept was established in 1997, along with Development of
Basic Design Methods and Computer Codes
• 1st Phase of LMR Design Technology Development Project started in 1997
with the Goal of Developing LMR Design Technologies for the Efficient Use
of Energy Resources and Reduction of Nuclear Wastes for Storage
> Basic Design of KALIMER will be completed by 2006
• Construction of KALIMER will be considered during mid-2010s
> Emphasis on LMR Technology Development Through Design Option Studies

•

xiR
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LMR Design Technology Development Schedule
Phase 1 (1997-1999)
Development of Basic Technology
/ Preliminary Conceptual Design

Development of
Conceptual Design
- Design requirements
• Core and System
Configurations
- Preliminary Safety
Analysis

Phase 2 (2000-2001)
Developmenl of Advanced Basic
Technology / Conceptual Design

Phase 3 (2002-2006)
Validation of Basic Technologies
/ Basic design

Basic Design

Establishment of
Conceptual Design

-Specifications and
Drawings of Major
Components
- Safety Analysis

- Design Specification
- Performance Analysis
• Safety Analysis

Development of
Computer Codes

Improvement of
Computer Codes

Basic Experiments

Experiments for
Mc<)el Validation

Validation of
Computer CCKJOS

"^

Experiments for
Code Validation
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Key Design Features of KALIMER
OVERALL

PHTS

Net Plant Power, Mwe
ISO
Core Power, MWt
392.2
41.5
Gross Plant Efficiency, %
Net Plant Efficiency, %
38.2
Reactor
Pool Type
Number of IHTS Loops
2
Safety Shutdown Heat Removal
PSDRS
Seismic Design
Seismic Isolation Design

Reactor Core I/O Temp., °C
Total PHTS Flow Rate, kg/s
Primary Pump Type
Number of Primary Pumps

CORE

IHTS

Breeding Ratio
1.18
Core Configuration
Heterogeneous
Core Height, mm
1200
Axial Blanket Thickness, mm
0
Core Diameter, mm
3443
Fuel Form
U-Pu-10% Zr
Feed Fuel Enrichments (Total TRU) for
26.30
Equilibrium Core, %
Assembly Pitch, mm
161
Fuel/Blanket Pins per Assembly
271 / 127
Cladding Material
HT9
Refueling Interval, months
IS

IHX I/O Temp., °C
IHTS Total Flow Rate, kg/s
IHTS Pump Type
Number of IHXs
Number of SGs

386.2 / 530.0
2143.1
Electromagnetic
4

339.7/511.0
1803.6
Electromagnetic
4
2

STEAM SYSTEM
Steam Flow Rate, kg/s
Steam Temperature, °C
Steam Pressure, MPa

175.S
483.2
15.50

Conceptual Design of KALIMER Reactor System

• Electric Power
: 150MWe
• Nuclear Fuel
: Metal Fuel
• System Loop
: 2 Loop
• Steam Cycle
: Superheated Steam
• Passive Safety
: PSDRS, Metal Fuel
• Seismic Isolation Design

Korea Atomic Energy Research Institute
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Core Design and Analysis

• Development of Preliminary Conceptual Design for
- Uranium Metal Core
- Breeding Characteristics Core
- Actinide Burner Core
- Ultra Long Life Core
• Development of Computer Codes for
- Nuclear Design
- Core T/H Design
- Core Kinetics
- Fuel Design
• Establishment of Database for the Validation of Nuclear Design Codes

KALIMER Fuel Assembly

Number of Pins/ Assembly
Fuel Type
Smeared Density(%)
Cladding Thickness (mm)
Pin Diameter (mm)
Active Length (cm)
Plenum LenRth (cm)
Pin Pitch (mm)
Wire Diameter (mm)
Duct Inside Fiat-to-Flat (mm)
Duct Wall Thickness (mm)
Gap Distance between Ducts (mm)
Assembly Lattice Pitch (mm)
Assembly Length (em)

Driver
Fuel

Blanket

271
U-Pu-IOZr
75
0.55
7.40
120
175
8.90
1.40
149.6
3.7
4.0
16!
4S4.7

127
U-lOZr
85
0.55
12.0
120
175
13.2
1.10
149.6
3.7
4.0
161
484.7

Driver Fuel Assembly
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KALIMER Breeding Characteristics Core

Dcivet Fuel

-35

Internal Blanket 18

•Hiential Output (MW)
Con: Inlet/Outlet Tcinp.(-1CJ
Cote Height (an)

3M.2
M6.2IH0.0

Average Brtcdtng Ratio
Refueling Intervals (months)
No. of Batches for Driver Fud'ia'RB
External F«d TRU Composition

t. IS
IS
3/3/6
LWR
Discharged
26.M)
6JJ.2
2<.«
116«
286.5
791/I04.!'

Feed Fuel l!nrichment(Tcaill TRU) (%)
Burnup Reactivity Swing (pem)
Average Fuel Bumup (MWD/li^ cycle)
Peak Fuel Discharge Burnup (MWD/lcg)
Peak Linear Power (W/cni)
Sodium Void Rcactmty(BOEC/I-OEC) (pem)
Equivalent Diameter of Core
: !.44m
Equivalent Diameter of Total Core : 3.29 m

no

* considering (DF+IB+RBKJEM) voiding

*>Vip
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Fluid Systems Design
Preliminary Conceptual Design of Fluid Systems
- Setup of System Design Guide
- Setup of System Configuration for PHTS, IHTS, SG and RHRS
- Sizing and Arrangement of Main Components
- Design of fflX/SG Isolation Strategies Against SWR Events
- Study on Characteristics of Major Components
- Setup of Residua] Heat Removal Strategy
- Setup of Preliminary Plant Operation Strategy
Development of Computer Codes for
- Pool Thermal Hydraulics
- Sizing of Major Components: SG, EMP, IHX
- System Performance Analysis

';;»!'
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KALIMER System Configuration

Pool Type PHTS
2-toop IHTS
Superheated Steam Cycle
Simplified and Diversified RHRS

>:ip
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KALIMER Steady-State Heat Balance

1HX

Net Plant Power *< I SOMWc
Gross Efficiency"' 41.S%
Set Efficiency

-.IS.2%

SG

TBN

Mechanical System Design and Analysis
• Preliminary Conceptual Design of Reactor Structure System
- Development of Design Requirements and Structural Design Basis
- Development of General Arrangements
• Evaluation of Structural Integrity for Reactor Structures
- Seismic and Stress Analysis for Reactor Internals
- Thermal Stress Analysis for Reactor Head
- Preliminary Structural Analysis for IHTS Piping System
- Structural Evaluation for Seismic Isolation System
• Development of Computer Codes for
- Structural Design and Analysis
- Seismic Analysis

- High Temperature Structure Analysis
1S

S:«P

Korea Atomic Enwgy Research Institute

KALIMER Reactor System, Components and Equipments

• Arrangement of Reactor System
S/G
- Reactor Vessel and Containment
- Reactor Internal Structures
- Core, IHX, Primary EM Pump
- Reactor Support Type
- S/G and Secondary EM Pump Locations
1

Structural Design
- Check of Structural Interference
- Production of Design Data Such As
Sodium Volume, Structural Weight, and
Mass Center

RV Support Wall
IHX
EM Pump

Reactor Core

;3i^

IHTS
Piping
RVand
Containement
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Safety Analysis Activities
• Development of Codes and Methodologies for
- System-wide Transient and Safety Analysis
- Flow Blockage Analysis
- Containment Performance Analysis
- HCDA Scoping Analysis
-PSA
1

Preliminary Safety Analysis
- Development of KALIMER Design Data Base for Safety Analysis
- Event Categorization and Selection of Safety Related Events
- Preliminary Analyses of Unprotected Events
- Preliminary Analysis of Protected Events
- Scoping Analysis for HCDA
- Preliminary Containment Performance Analysis

Korea Atomic Energy Research Itislilule

Experimental Activities (1/2)
• Thermal-Hydraulic Experiments
- Free Surface Fluctuation
- Pressure Drop by the Wire Spacer of Fuel Assembly
- Pressure Drop and Flow Induced Vibration of Bundle Assembly
- Effect of Magnetic Field on Pressure Drop
- Experiments for Verification of T/H Computer Codes
• Measuring Technology and EM Pump Design
- Measuring Technology for Sodium Two Phase Flow
- Design Code (EMPAD) for Small Size EM Pump
•Sodium Fire
- Construction of Medium Scale Sodium Fire Test Facility
- Analysis of Sodium Pool Fire Phenomena and Validation of Computer Code

18
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Kurea Atomic Energy Research institute

Experimental Activities (2/2)
•Small Leak Phenomena Analysis
- Micro leak phenomena experiments and analysis
- Data acquisition and analysis on wastage equation and propagation
mechanism
- Experiment for the continuous detection of oxygen in sodium
• Large Leak Analysis
- Development and Validation of Computer Codes
-Initial spike pressure analysis
-Quasi steady state pressure analysis - Homogeneous Two Phase
-Quasi steady state pressure analysis - Discrete Two Phase
•Development of Leak Detection
- Hydrogen Leak Detection
- Passive Acoustic Leak Detection
19
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Korea Atomic Energy Research Institute

Summary
Main Products of Preliminary Conceptual Design Phase ('97 — '99):
• KALIMER Preliminary Conceptual Design Report
- Design Requirements
- Core and System Configurations
- Bounding Events Analysis
• Computer Code Systems and Design Methodologies
• Basic Sodium Experimental Results
Conceptual Design Phase fOO-'Ol):
• Establishment of Conceptual Design With Feedback of Safety and
Performance Analysis Results To System Design
• Improvements of Computer Codes
• Experiments for Model Validation
• Development of Detailed Plan for the Next Phase
2(1

>;i£

Korea Atomic Energy Research Institule.
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FAST REACTOR STATUS IN RUSSIA AS OF 1999
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ABSTRACT
The paper gives brief survey of general status of the Russian nuclear power in 1999.
Results of operation of BR-10, BOR-60 and BN-600 fast reactors are presented.
Current status of the project of the fourth unit of Beloyarskaya NPP with the BN-800
reactor is outlined as well as the prospects of its construction.
The main directions of further activities on fast reactors are presented, related to both
innovative projects development and R&D studies.

1.

GENERAL INFORMATION ON NUCLEAR POWER IN THE
RUSSIAN FEDERATION

1.1. RESULTS OF NPP OPERATION IN 1999
All types of NPP power units that were in operation in 1999 and their number are
presented in Table 1.
Table 1. The list of NPP power units under operation in Russia
NPP

Jfeof
power unit

Kolskaya NPP

WER-440
WER-440
WER-440
WER-440
WER-440
WER-440

1971
1972

WER-1000

1980

1000
1834

WER-1000
WER-1000
WER-1000
WER-1000

1985
1987
1988
1993

1000
1000
1000
1000

NPP
Novovoronezhskaya NPP

3
4

Installed electric
power, MW

Date of
commissioning
1973
1974
1981
1984

Reactor type

440
440
440
440

1760
417
417

1111111
Novovoronezhskaya NPP

10
11

NPP

Balakovskaya NPP

4000

NPP
12
13

WER-1000
WER-1000

Kalininskaya NPP

1984
1986

2000

NPP

lilil
14
15
16
17

Kurskaya NPP

1
2
3
4

RBMK-1000
RBMK-1000
RBMK-1000
RBMK-1000

1976
1979
1983
1985

RBMK-1000
RBMK-1000
RBMK-1000
RBMK-1000

1973
1975
1979
1981

RBMK-1000
RBMK-1000
RBMK-1000

1982
1985
1990

NPP
18
19
20
21
22
23
24

Leningradskaya N P P

Smolenskaya NPP

mmm

1
2
3
4
NPP
1
2
3
NPP

1000
1000
1000
1000
4000
1000
1000
1000
1000
4000

1000
1000
1000
3000

§glllp|||p||§i

mmm
25

EGP-6
EGP-6
EGP-6
EGP-6

26
27
28

1000
1000

Bilibinskaya NPP

1974
1974
1975
1976

12
12
12
12

1980

600

NPP
Beloyarskaya NPP <BN)
TOTAL ON NUCLEAR POWER

48

21242

-2.05In 1999, NPP electrical output was 120.010-106 MW-h, i.e. 116 % of the previous year
value.
Average load factor of all NPPs in 1999 was 64.5 % as compared to 55.62 % value in
1998.
The number of NPP abnormal operation events occurred during 1999 is 88, only 2 of
them being classified as safety related cases. These two events refer to the first level of the
INES international scale.
Fig. 1 shows dynamics of NPP abnormal operation occurrences including safety related
events during recent 8 years.
Safety related events that occurred during recent 8 years on the NPPs are presented in
Fig. 2 in accordance with the INES scale.
1.2.

PROSPECTS OF NUCLEAR POWER DEVELOPMENT IN THE
NEAREST FUTURE

According to the Program of Nuclear Power Development in the Russian Federation
for the Period of 1998-2005 and for the Period until 2010, NPP construction is planned.
The following three power units are to be put into operation until 2005:
- the first power unit with WER-1000 reactor of Rostovskaya NPP;
- the fifth power unit with RBMK-1000 reactor of Kurskaya NPP;
- the third power unit with VVER-1000 reactor of Kalininskaya NPP.
Until 2010, 7 to 9 power units having 6.08-7.72 GW total power are planned for
putting into operation.
Among other power units to be commissioned until 2010, there is BN-800 power unit
on Beloyarskaya NPP.
Currently, the work is made on extending by 10 years the design lifetime of the power
units in operation, and first of all those of the first generation.

2.

FAST REACTOR OPERATING EXPERIENCE

During 1999, three fast neutron reactor plants were in operation in Russia:
- BR-10 research reactor;
- BOR-60 research reactor;
- NPP with the BN-600 reactor.
2.1.

BN-600 REACTOR NPP

April 8, 2000 is the 20th anniversary of the first power gain of the BN-600 reactor.
Rated electric power of the reactor facility (600 MW) was reached in December 1981.
The chart showing the BN-600 reactor operation in 1999 is given in Fig.3.
The main characteristics of the BN-600 reactor for the recent two years and for the
whole period of its operation are presented in Table 2.
In 1999, there were two scheduled shutdowns of the power unit for reactor refueling
and scheduled preventive maintenance:
- from 12.02.99 to 25.02.99 - for refueling;
from 13.08.99 to 04.10.99 - refueling and medium maintenance.

-5L0GTable 2
Characteristics
Electricity output
Heat supply to the consumers
Load factor
Number of power unit
shutdowns
Number of loop shutdowns

Unit
106kW-h
103GcaI
%

1998
2519
327.3
47.9
1

1999
4017.2
394.8
76.43
4

From operation
start to 31.12.1999
71814.2
3396.1
69.20
84

0

1

67

In March 1999, the power unit was shut down according to special request because of
fuel element failure. After failed fuel SA had been revealed and replaced with the new one, the
power unit was again put into operation.
In October 1999, reactor scram occurred because of personnel error made in the
process of the reactor power increase after scheduled preventive maintenance.
In November 1999, one heat removal loop was shut down because of relay circuit
device failure.
Examination of central rotating column during the second scheduled preventive
maintenance demonstrated its good condition.
As regards the results of the BN-600 power unit operation in 1999, it should be noted
that the main components (reactor, steam generators and turbine generators) demonstrated
stable performance without any failures. Errors and drawbacks mentioned above did not result
in violation of safe operation limits and conditions.
Design life of the BN-600 reactor will expire in 2010.
Now the work is under way on justification of the possibility of the BN-600 reactor
operation life extension by 10 more years.
Evaluation of residual service life of irreplaceable components of the reactor plant has
shown that there is principle possibility of extending their lifetime and hence the life of the BN600 reactor by at least 10 years over the design value.
Hybrid core design for the BN-600 reactor is now justified in order to assure weapons
grade plutonium utilization.
This work is carried out under financial, scientific and technological support by the
USA, France and Japan.
2.2.

EXPERIMENTAL REACTOR BOR-60

In 1999, BOR-60 reactor facility operated at different power levels up to 55 MW. The
main indices of BOR-60 reactor facility operation in 1999 and those for the whole period of its
operation are presented in Table 3.
During 1999, there were six shutdowns of BOR-60 reactor, related to the
implementation of planned works and one unscheduled shutdown caused by relay failure in the
circuit of slow reactor shutdown system.
In 1999, tests of fuel, absorber and structural materials went on under conditions of
high parameters of sodium coolant and neutron flux.
The core contained standard SAs with vibropacked oxide fuel (UO2, UPuO2).

Table 3
Indices
Time of reactor operation
on power exceeding
minimum controllable
level
Reactor availability
Maximum reactor power
Output:
Heat
Electricity
Steam generator operation
time:
SG-1
SG-2
Heat supply to the
consumers

Unit

1 qtr

2 qtr

3 qtr

4 qtr

1999

From the
start to
31.12.1999

h

1632

1325

1809

1801

6567

166976

MW

0.755
55

0.606
50

0.819
50

0.815
53

0.7497
55

MW-h

81920
11148

57078
8462.4

66135
12096

84047
11385.6

289180
43092

6915487
1121260.4

1617
1617
29446

1325
1325
15029

1712
1712
1386

' 1790
1790
27356

6444
6444
73217

99411
52379
464152

h

Gcal

On 29 December 1999, 30 years had passed since the start of BOR-60 reactor
operation.
Design life of BOR-60 reactor being equal to 20 years expired in 1989.
By now, BOR-60 reactor operation life has been extended up to 2002, and measures
are under development in order to assure its safe operation until 2010.
2.3.

EXPERIMENTAL REACTOR BR-10

In 1999, BR-10 reactor operated during 4935 hours at different power levels.
The following studies were carried out on the reactor:
- irradiation of targets in order to produce 32P, 33P, 35S and 89Sr isotopes using (n-p)
reaction, M o " isotope using (n-f) reaction and 127Xe, 131I and 198Au isotopes using
(n-y) reaction;
- irradiation of specimens of uranium dioxide composition fuel;
studies on radiation creep of the fuel element cladding material;
studies on radiation creep of advanced materials for fusion reactors;
- irradiation of lavsan film by fission products in thermal neutron beam to produce
track membranes with sterilizing properties (diameter of pores varying from 0.5 to
5 |im, pores density being up to 109 pores/cm2);
- irradiation of oncological patients by fast neutron beam.
Design burn-up of the nitride fuel is 8% h.a.
Core fuel elements failures occurred with gas release to the primary circuit. Permanent
control of the fuel element cladding integrity, based on radioactivity of delaying neutron
predecessors in the primary coolant and gaseous fission products in the cover gas of the
primary pump vessels with the reactor operating on power was sufficient to prevent exceeding
permissible activity value of gaseous fission products, equal to 250 MBq per liter of cover gas.

Fast neutron fluence margin (En>0.1 MeV) upon the reactor vessel, replaced in 1983, is
sufficient for the reactor operation for additional 2.5-3 years.
By now, decision has been made on the completion of the reactor operation by January
1, 2003.
In 1999, technical and economical basis was prepared and approved for the BR-10
reactor decommissioning, and report was issued on safety justification in the process of the
reactor decommissioning.
2.4.

CURRENT STATUS OF BN-800 REACTOR NPP CONSTRUCTION

According to revised Program of Nuclear Power Development in the Russian
Federation for the Period of 1998-2005 and for the Period until 2010, construction of the BN800 reactor power unit is planned on the BNPP site.
Power unit construction is restrained by the lack of financing.
Start-up of the fourth NPP power unit is scheduled for 2009.
Now the work is carried out on modification and updating of the BN-800 reactor
design. Design modifications would facilitate significant reduction of the power unit
construction cost.

3.

THE MAIN DIRECTIONS OF DESIGN DEVELOPMENT IN
FAST REACTOR AREA

In the area of fast reactors, the following main activities can be considered that are
under way in Russia now:
- work on updating of the BN-800 reactor design;
- justification of hybrid core design for the BN-600 reactor;
- work on justification of life extension of BR-10, BOR-60 and BN-600 reactors
under operation;
development of advanced fast reactor designs with enhanced safety, including:
organization of development of the concept of large size (about 1600
MWe) sodium cooled fast reactor having enhanced safety characteristics;
development of improved safety fast reactor designs with alternative
coolants.
Application of lead as a coolant is an alternative approach to fast reactor development.
Since there is no experience gained on lead coolant use for fast reactors, appropriate
studies are required, in particular, on the issues of coolant technology, safety, environmental
impact, etc.
Currently, basic design of BREST-300 demonstration fast reactor with lead coolant
and on-site closed fuel cycle is under development, and supporting experimental studies are
carried out. Also, design studies are made on the large size BREST-1200 reactor (Fig. 4).
Beloyarskaya NPP site is considered as a place of BREST-300 reactor location.
Table 4 gives the main technical characteristics of BREST-300 and BREST-1200
reactors.

•7D<\Table 4
Characteristics

BREST-300

BREST-1200

;

Thermal power, MW

700

2800

\

Electric power, MW

300

1200

\

SA number in the core

185

332

|

Core diameter, mm

2300

4755

\

Core height, mm

1100

1100

i

Fuel element diameter, mm

9.1; 9.6; 10.4

9.1; 9.6; 10.4 ;

Fuel element lattice pitch, mm

13.6

13.6

i

Fuel

UN+PuN

UN+PuN

\

Fuel loading (U+Pu) N, t

16

63.9

\

8.5/6.0

\

' 2.1/1.5

Pu loading/ ( 239 Pu + 241 Pu), t
Fuel life, years

5

5-6

;

Refueling interval, years

1

1

|

Core BR

1

1

i

420/540

420/540

I

650

650

\

Inlet/outlet lead temperature, °C

\

Maximum cladding temperature, °C
Maximum lead velocity, m/s

;

1.8

:

1.6

\

Steam temperature at the SG outlet, °C

1

520

:

520

\

Steam pressure at the SG outlet, MPa

24.5

24.5

\

Net efficiency of the power unit, %

43

43

|

XkoFig. 1. Change of frequency of NPP abnormal operation
cases in Russia during 1992-1999 period
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Fig. 2. Change of frequency of safety related abnormal
operation cases in NPP during 1992 -1999 period
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Development of the hybrid core
for BN-600 reactor
When developing hybrid core, the
opinions were taken into account:

following

Number of plutonium subassemblies (SA)
should be maximum as possible, proceeding
from the conditions of safety providing;
- Main requirement of safety is to provide a
zero SVRE value, when the core and zones
above the core are drained;
- Pu production
be excluded;

in the

radial

shield

should

- Structure of SA with plutonium fuel should
be unified with standard uranium SA;
- Maximum linear heat rating of a core fuel
pin should be not higher than in operating
(uranium) core;
- Number of core SAs should be increased to
compensate the loss of power in the radial
shielding;
- Standard CSS rods of the uranium core
should be used to control and shutdown
reactor with hybrid core.

CODES AND NUCLEAR DATA

The calculations of the critical parameters, fuel
burn-up, power field, CSS rod efficiency have been
carried out in a three - dimensional ( hex - z ) geometry
using the TRIGEX diffusion code with the ABBN - 93
nuclear data version.
The
calculations
of
coefficients
and
integral
reactivity effects were performed in 26-group diffusion
approximations with the use of the two-dimensional
(r,z) RHEIN code, realizing the first-order perturbation
theory.
Critical parameters and SVRE refinement
was
performed with the use of MCNP 4A code. This code
allows reactor neutron calculations on the basis of:
- solving the neutron transfer equations in transport
approximation by Monte Carlo method;
- presentation
of
detailed
course
of
neutron
interaction
cross - sections
with
a
material
depending on the impacting neutron energy;
- maximum detailed description of actual geometrical
structure of the core components.

The hybrid core layout features relative to standard Ml core
• LEZ is expanded by 36 FSAs at the expense of MEZ
• 91 uranium FSAs in the inner rows of HEZ are replaced by MOX FSA;
•

The fertile radial blanket is replaced by steel to reduce plutonium
production;
i

• The total number of FSA is increased by 25 FSAs to compensate fertile
radial blanket power
• Boron carbide shielding SAs are installed behind steel SAs to avoid
neutron fluxes increase in in-vessel storage and unreplaceable lateral
structures.

£
j

-UGBasic uranium and hybrid core parameters.
Characteristic

Uranium core

Hybrid core

1470

Reactor thermal power, MW
Core SAs lifetime, eff. days

480

560

Time period of reactor operation between
reloadings, eff. days

160

140

Maximum linear heat rating of a core fuel
pin, W/cm

470

460

Core SAs number, including
-low enrichment zone (LEZ)
-medium enrichment zone (MEZ)
-plutonium zone (MOX)
-high enrichment zone (HEZ)

369
136
94

394
172
60
91
71

Fuel enrichment by U-235, W%
-LEZ
-MEZ
-MOX
-HEZ
Hexagonal wrapper tube dimensions of core
SAs, mm

,

139
17
21

17
21
21
26

26
96x2

Fuel pin number in core SAs

127

Fuel pin tube dimensions, mm

6.9x0.4

Fuel column height, mm

1030

Effective fuel density in core fuel pins, g/cm3

8.6

Lower axial blanket height, mm

350

Upper axial blanket height, mm

300

Effective density of depleted uranium oxide
in the axial blankets, g/cm3
Number of control and shutdown system
rods, including
control rods
reactivity compensating rods
scram system rods

- - 9.4
27
2
19
6

0
(J£|
0
0
O
@
^
^t
Q
^
(3)
0
(a)

- FSA of inner core (Z5=17 %) - 172
- FSA of intermediate core (Z^ =21 %) - 60
- MOX FSA of outer core (2^=21%) -91
-FSAofoulercore(Z 5 =26%)-71
- steel SA-303
-boroaSA-101
- scram rod (5 scram rods + 1 loop scram rod in pos. 14-20)
-shimrod- 19
- control rod - 2
- neutron source - 2
- spent FSA and neutron source in storage - 122
- steel shielding SA - 9
- service position - 8

Scope of documentation and terms
Title of design

Development

Approval

2001

2002

with pelleted fuel

1998

2002

with vibro-compacted fuel

2001

2002

with pelleted fuel

2001

2002

with vibro-compacted fuel

2001

2002

2001

2002

2001

2002

1998

2002

7. Boron carbide pin detailed design

2001

2002

8. Steel shielding SA detailed design

1998

2001

1. Hybrid core detailed design

2. MOX FSA detailed design

3. Fuel pin detailed design

4. Uranium FSA (with increased
resource) detailed design

5. Uranium fuel pin (for FSA with
increased resource) detailed design

6. Boron carbide shielding SA detailed
design

%/[C\ -
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Primary Fuels Used in UK Electricity Generation
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Other!
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67%
Nucle
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UK Electricity Produced by Nuclear Power
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Status of UK Nuclear Power Stations
Station

Type

Colder Hell
Chapelcross
Berkeley
Bradwell
Hunterston 'A'
Trawsfynydd
HinMey Point ' A '
Dunqeness ' A '
Sizewell ' A '
Oldbury-on-Severn
Wylfa
Hinkley Point ' B '
Hunterston ' B '
Hartlepool
Heysham 1
Dunqeness ' B '
Heysham 2
! Torness
! Sizewell ' 8 '

Maqnox
Maqnox
Maqnox
Maqnox
Moqnox
Maqnox
Maqnox
Maqnox
Maqnox
Maqnox T
Maqnox
AGR.
AGR
AGR
AGR
AGR.
AGR
AGR
PWR

Owner
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
British Enerqy
British Enerqy
British Enerqy
British Enerqy
British Enerqy
British Enerqy
British Enerqy
British Enerqy

Construction date
(Closure Date)
1956-1959
1959-1960
1962 (1988/89)
1962 (2002)
1964 (1990)
1965 (1993)
1965
1965
1966
1968
1971
1976
1977
1984
1984
1985
1988
1989
1995

Design Output,
MWe
200
200
276
246
300
390
470
440
420
434
950
1220
11901210
1150
1110
1250
1250
1188

British Energy
:
stations achieved an:
average load factor !
of 81% in 1999 ' j

j

Both units at
Dungeness have
recently returned toi
power following
j
unscheduled outages!
to repair cracks in j
steam pipes
I
BNFL Magnox
stations produce
typically 23 TW.h,
or around 6% of the
UK's electricity
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UK Nuclear Capacity and
Annual Greenhouse Gas Emissions Savings
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UK Nuclear Industry
Private company
Largest UK generator
Growing overseas investments (esp. USA)
No f a s t reactor involvement

AEATECHNOLOGY1

Adding value through knowledge

I BNFL (w

UKAEA

Privately-owned Technology Consultancy and Research organisation
Now < 50% nuclear-related business
Retains significant nuclear expertise, including some fast reactor expertise
Small fast reactor team supports BNFL programmes
Engineering and Technology Consultancy
Divested from General Electric Co, now owned by 3i Group, NNC s t a f f , and BNFL
Significant reactor design expertise, including fast reactor systems
Fast reactor team supports BNFL programmes
Government-owned international nuclear business, involved in enrichment, fuel
manufacture, reactor construction and services, spent fuel services, and decommissioning
and waste management. Recent acquisition of ABB nuclear operations (Combustion
. Engineering, ABB-Atom, ABB-Reaktor.
; Maintains small UK involvement in fast reactor.
Government-owned organisation responsible for managing historical UK nuclear liabilities
(including the Dounreay site), and for fusion research.

I BNFL

UK Fast Reactor Activities
• No Government funded programme, except for UKAEA's
decommissioning work at Dounreay
• Small BNFL-funded forward programme
• UK-based activities:
> Knowledge preservation
> Fuel Cycle Modelling and Scenario Studies
> Gas-Cooled Fast Reactor Feasibility Studies
plus...
• European collaboration
• International collaboration
• BNFL-Group collaboration

I BNFL

-in

European collaboration - 5th Framework
Proposals already accepted in principle:
• MUSE nuclear data experiments (in CEA's MASURCA facility)
• Nitride fuel experiment and modelling
• Pyrochemicai reprocessing
• Gas-cooled fast reactor design study
• MOX microstructure experiment
"Second round" proposals:
• Accelerator-driven sub-critical system design
• Fuel and inert matrix materials (possible)

IBNFL

International collaboration
• IAEA activities:
> IWGFR, China fast reactor safety reviews, adhocTCMsand AGMs
• EdF-BNFL-Japanese Utilities (FEPC) fast reactor exchange
meetings
• UK participates in Europe-Japan R&D exchange
• NNC-BNFL-Fuji Electric collaboration on gas-cooled fast reactor
development
• Collaboration agreements with Japanese organisations
>JAERI
>JAPC
>JNC

"IBNFL

UK-based activities
Knowledge archiving programme
• Key documentation is preserved in the UKfast reactor "Super-Archive"
• Dounreay decommissioning activities have highlighted the danger of
losing important historical information
• BNFLandUKAEA beginning a programme of data acquisition, review,
and archiving
Fuel cycle modelling and Scenario Studies
• An integrated model to study options for the integration of fast reactor
and waste transmuter systems within an overall nucfear "park"
Gas-cooled fast reactor programme
• Feasibility studies for gas-cooled systems based on UK AGR technology,
and on modular pebble-bed technology

European collaboration: CAPRA/CADRA and ADS
• CEA-led CAPRA/CADRA programmes remain the main focus for fast
reactor work
• in addition to its own team, BNFL supports small FR teams at AEA-T,
and NNC, and has two attaches at CEA Cadarache
• UK contribution is focussed on key skills areas:
> nuclear methodology and core design
> fuel performance modelling
> fuel cycle modelling
• 'Enlarged' European Accelerator Driven System Initiative:
> UK represented on the high level Ministerial Advisory Croup
>BNFL participate in the working-level Fuel and Fuel Cycle group, but
without any formal Government commitment to the programme

I BNFL

LMR-AMTEC
Liquid Metal Reactor (sodium), coupled with an Alkali Metal Thermal to
Electrical Conversion (AMTEC) device
Liquid metal primary circuit

Fast
reactor
core

AMTEC

Wick or EM pump

<out
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Status of PFR decommissioning
Sodium Removal Plant
• Construction and commissioning now complete
• Early difficulties with operation of sodium valves now solved
• First application on sodium from storage tanks expected in 1 -2
months
• Storage tank sodium has low activity - caesium removal plant will
not be needed
• the refuelling machine has been successfully re-commissioned
• the 10 control and shut-down rods have now been removed from
the core and placed in the buffer store with the fuel

I BNFL

Gas-Cooled Fast Reactor Activities
Gas-cooled fast reactor
studies build on UK work
done in 1970-80s
NNC and BNFL feasibility
studies conducted in the UK:
> ACR-based system
> pebble-bed system
• European collaboration
proposed in 5th Framework
• UK-Japan collaboration:
BNFL-NNC-Fuji Electric work
on Enhanced Gas Cooled
Reactor

Enhanced Gas Cooled Reactor

I BNFL

Other BNFL-Croup fast reactor activities
® Preliminary investigations planned for former "ABB-Reaktor"
designs of pebble-bed fast reactor systems
® Westinghouse design of a single-loop LMFR coupled with an
AMTEC device recently won US-DOE funding under the NERI
programme (with Univ. New Mexico)
> Proliferation resistant long-life core
> Safety and reliability: single sodium circuit, no steam circuit
> Simplicity and economy: simple plant layout, minimal
maintenance, no on-going fue! costs
> AMTEC technology developed as part of NASA space
programme

)BNFL

PFRfuel options
• No reprocessing since dissolver leak in 1996
• UKAEA have produced a public consultation document, setting
out 3possibiiities:
> process the fuel at Dounreay (repair the dissolver)
> process the fuel elsewhere (Sellafield, or overseas)
> construct dry storage facilities, and investigate direct disposal
in a final repository
• Government decision could be available in July

>BNFL

DFR decommissioning
NaK removal/disposal
• Discussions with Regulator on use of the existing NaK disposal
plant {which was last used over 10 years ago)
• Possibility of interim storage of NaK to facilitate primary circuit
decommissioning
Decommissioning studies
• 2 feasibility studies commissioned to investigate options for
removal of ~97O breeder elements
• Framatome study to remove DFR primary circuit pipework
• Assessment of tenders to decommission the DFR pond
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OUTLINE
1. EBR-II Termination Program
2. Status of FFTF
3. Nuclear Energy Research Initiative (NERl) Awards

4.

5.

* STAR-Encapsulated Nuclear Heat Source
* STAR-LW
* Novel, Integrated Reactor/Power Conversion System
* Measure Physics Characteristics of Lead-cooled Fast Systems
Accelerator Transmutation of Waste (ATM)
* Gas-cooled Version
* Pb/Bi-cooled Version
- Pb/Bi issues
* Sodium-cooled Version
Other (Non-DOE Funded)
* Direct Contact Steam Generation (MIT, INEEL, ANL)
* STAR-LM (ANL)
- JNC R&D Award

Reactor Engineering Division

SITUATION CONCERNING ELECTROMETALLURGICAL
PROCESSING OF EBR-II SPENT FUEL
Demonstration program of treating 100 EBR-II drivers and up to 25
blankets was successfully completed in Summer of 99.
Favorable report by National Academy Committee issued in draft form
On April 18, the National Research Council's Committee on
Electrometallurgical Techniques for DOE Spent Fuel Treatment issued the
final report from their review of the Electrometallurgical Treatment
Research and Demonstration Project. The committee concluded that all of
the criteria developed for judging the success of the demonstration project
have been met. Further, the committee found no technical barriers to the
use of electrometallurgical treatment (EMT) technology to process the
remainder of the EBR-II fuel.
(DOE Weekly: Electrometallurgical Treatment Technology Program)
EIS for treatment of remainder of EBR-II spent fuel and blankets has been
issued (-six year program)
Awaiting Record Of Decision (ROD) from Secretary of Energy (due May 00)
Presidents budget submittal for FY01 includes $65 M for termination
(including processing) - down $5M from FY00

EBR-II Spent Fuel Treatment
Background
(adding

•

EBR-II used a sodium bonded metallic fuel.
- Reactive materials (sodium and uranium metal).
- Highly enriched uranium (63-75% U-235).

•

Electro metallurgical treatment recovers uranium and
neutralizes reactive components.
- Basic process development started in the early
1980's.
- Integrated demonstration in the Fuel Conditioning
Facility (FCF).

..Gas
Plenum

.Sodium
Bond

Schematic Drawing of
EBR-II Fuel Element

Argonne National Laboratory

Mission Profile
>• Irradiation services for medical isotope production by the commercial sector
> DOE nuclear energy research and development
> International research cooperation
>• Production of plutonium-238 for NASA and national needs
History
• Operated 1982-1992 in support of DOE
research missions
• Placed in standby in 1992; steady state
neutron needs were expected to be met by
other facilities

Vision for Future: Establish the Glenn T. Seaborg
International Center for Nuclear Science and Isotopes

What changed since 1992?
• Reduction in DOE research reactor
infrastructure
- EBR-II and TREAT in Idaho shut down
- ANS Project at ORNL cancelled
- HFBR at BNL shut down
• Growth in current missions will exhaus
current reactor capacity •/'

Oaeilityi
Program Overview
• The largest and most modern research
reactor facility of its kind in the world
> Current in hot standby, defueled but with
sodium coolant systems operated at
400°F
>• In August, Secretary Richardson directed
DOE to prepare an EIS and other
analyses to determine whether the facility
should be restarted or deactivated:
- Nuclear infrastructure Programmatic
Environmental Impact Statement
underway
- Assesses impacts of operating FFTF,
other DOE facilities, or entirely new
facilities
- Considers the range of missions for
which steady state neutron facilities
are required

Nuclear Energy Research Initiative
• The FY 2000 NERI call requests proposals in
the areas of:
- Generation IV Nuclear Power Systems
- Improved Proliferation-Resistance of Reactor
Systems and Fuel Cycles
- Fundamental Nuclear Science

Over 100 proposals received
Selections to be made in late
May/early June

Generation IV Roadmap
The roadmap effort will include:
- A survey of the state of development of a broad portfolio of
relevant technologies and nuclear power system concepts
- Exploration of the technical issues that must be resolved
for each of the nuclear power system concepts
- Recommendations for a five-year program to begin
addressing these issues.
- Identification of possible collaborative efforts with other
countries.
- Identification of institutional challenges facing a Generation
/V program.

FY99 NERI Awards
Title:

The Secure, Transportable, Autonomous Light Water
Reactor-STAR-LW

Institution:

Westinghouse Electric Company

Collaborators: University of California-Berkeley, Massachusetts
Institute of Technology, Polytechnical Institute of Milan
Summary:

Develop a concept for a hard neutron spectrum, boiling
water reactor providing a high internal conversion ratio.

Reference:

M. D. Carelli, et. al., "IRIS, International New Generation
Reactor"

Reactor Engineering Division

FY 99 NERI Awards
Title:

Novel, Integrated Reactor/Power Conversion System

Institution:

University of New Mexico

Collaborators: Westinghouse, Team Specialty Services, Advanced
Modular Power Systems
Summary:

Use a single working fluid (sodium) as a heat transfer
medium in a fast reactor and as a direct energy conversion
medium utilizing an Alkali Metal Thermal-to-Electric
Converter (AMTEC).

Reference:

D. V. Paramonov and M. D. Carelli, "Novel, Integrated
Reactor/Energy Conversion System Concept," ICONE-8,
Baltimore, MD, USA, April 2000

Reactor Engineering Division

The confinement wall "weaves" the space between
two structural walls
NOTE:
OUTER BANO IS
WELDED TO OUTER
STRUCTURAL WALL.
INNER BANO IS
NOT YIELDED TO
INNER STRUCTURAL
WALL.

OUTER
STRUCTURAL
WALL

OUTER STRUCTURAL
WALL

INNER STRUCTURAL
WALL

UC Berkeley Nuclear Engineering

Accelerator Transmutation of Waste
(ATW)
ATW "Roadmap" completed last
year. Scope addressed
consumption of actinides/long-lived
fission products from LWR spent fuel
Emphasized Pb-Bi and Na-cooled
systems, recognized that other
systems might be considered

70,000 long of
95% 1 M * ttored watte;
• NopMontat
• Kondfotoxtcfltiton
produdi
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FY 2000 is the first in a six-year science-based program
to develop and evaluate technology concepts
After six years, down-selection to a preferred system for a
demonstration program.

ATW
Pb/Bi-cooled Transmuters
# Reference plant: two accelerators feed eight, 840 MWT
transmuter modules including co-located fuel cycle facility and
turbine generators (steam working fluid) for electricity production
# Fuel residence time of three years at 75% CF, cycle length of
one year
# Reference fuel is TRU-Zr metal alloy dispersed in Zr matrix
# Current high power density, low TRU fraction core design (3/00)
• TRU consumption rate: 237 kg/yr per transmuter module
• Burnup reactivity loss: 11.3%Ak (keff ~ .97 -» .86)
# Transmuter module combines features of:
• PRISM-B: module size constraint, seismic isolation approach,
RVACS inexhaustible heat sink, fuel handling/transfer system
• STAR-LM: inert coolant (Pb-Bi), high level of natural circulation
(plus augmentation), integral steam generators (delete IHTS)

Reactor Engineering Division

ATW
Sodium-cooled Transmuters
# Same reference plant, fuel cycle, fuel as Pb/Bi system
# Transmuter module wif! be based on PRISM-B reactor design
which was end product of DOE's Advanced Liquid Metal
Reactor (ALMR) program which terminated in 1995
# Core design for transmuter application is about to begin.

....
Reactor Engineering Division

Comparison of Natural Circulation in the Low Pressure
Drop Core of the Reference 300 MWt Reactor Concept
Coolant

LBE

Lead

Tin

Sodium

Core Inlet Temperature, C

350

350

350

350

Core Temperature Rise, C

185

165

173

149

Core Exit Temperature, C

535

515

523

499

Peak Cladding Temperature, C

581

554

553

519

Coolant Velocity Through Core, m/s

0.38

0.40

0.35

0.55

1670*

1737*

2270*

892

1222

1747

393

Margin to Boiling, C

Conclusions:

1135

All liquid metal coolants are capable of 100% heat transport by natural
circulation
•

transportable module configuration

•

modest hotleg and peak cladding temperatures

Sodium is a poor choice owing to poor neutronic performance
Tin is a poor choice owing to lack of materials compatibility database
Coolant boiling in core is relevant only for sodium

Reactor Engineering • D i v i s i o n ^ W ^ i l l ^ ^ ^ ^

LBE Work atANL
Preliminary Concept Development Activities
•

Secure, Transportable, Autonomous Reactor - Liquid Metal Cooled
(STAR-LM)
• Objectives of concept development - exploit benefits of LBE for
-* Proliferation resistance (no fuel handling on site, cartridge refueling, 15-year
operating cycle)
-» Heightened passive safety (inert coolant, 100% natural circulation)
-> Extreme simplification (delete MCPs, delete IHTS, delete rotatable plug and
provision for handling SAs, SGs into primary pool, modular construction)
• Purposes:
-* NERI proposal to DOE
-+ Assessment of benefits and applicability of Russian technology
-* Develop knowledge base for advising DOE
• Reference: B. W. Spencer, et al., "An Advanced Modular HLMC
Reactor Concept Featuring Economy, Safety, and Proliferation
Resistance," ICONE-8, Baltimore, MD (2000).
• Status: Presently funded by JNC (Japan) to evaluate normal
operations and accident scenarios for a 100% natural circulation LM
reactor system.
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Performance Comparison for Variation of Fuel Type
and Fissile Feed

Case

2

1

3

4

5

6

Nitride

Nitride*

Metal

Oxide

Metal

Metal

Weapons
Pu"

Weapons
Pu b

Weapons
Pu"

Weapons
Pu"

LWR
THUe

U-23S

13.1

13.1

14.3

9.35

14.3

14.3

11.7
16.3

10.5
14.7

9.2
12.9

16.4
23.0

12.8
17.9

13.1
18.3

7.86

4.46

2.44

18.23

6.04

4.75

Peak Linear Power, W/cm

62

62

59

62

60

58

Average 8umup, MWd/kg

64

63

58

89

58

59

105

101

136

100

92

3.56

2.62

3.45

2.95

Fuel Type
Fissile Fuel
HM Density, g/cm3
Enrichment, wt% fissile/HM
Inner
Outside
Burnup Reactivity Swing, %Ak

97

Peak Bumup, MWd/kg

2.70

Peak Fast Fluence, lO^n/cm*

2.97

"with 100% N-15enrichment.
6
93.7% Pu-239,5.7% Pu-240, 0.3% Pu-241,0.3% Am-241.
c
1.01% Pu-238, 50.8% Pu-239, 19.9% Pu-240, 13.4% Pu-214, 3.88% Pu-242, 5.4% Np-237.
2.51% Am-241, 2.48% Am-243, 0.62% Cm isotopes.

Reactor Ehgineefi?

Natural Circulation
Low power density core => low pressure drop core
A 1-D model of natural circulation heat transport was developed for the
integrated system with "flow-thru fuel cartridge" and steam generator
modules
Parameter studies were performed to accommodate specific power
requirement for 15-year core: figure of merit - peak cladding
temperature as low as reasonably achievable
Results of Natural Circulation Analysis; Core Power = 300 MWt, Pb-Bi Eutectic Coolant,
Core Inlet Temperature = 292 C, Feedwater Subcooiing = 20 C, SG length = 3.0 m.
Active Core Height, m
Fission Gas Plenum Height, m
Core Diameter, m

2.0
0.5

2.0
0.5

2.0
0.5

2.0
0.5

3.0

2.0
0.5

2.0

2.0
0.5

2.0
2.0

2.0
2.0

2.5

2.5

2.5

2.5

2.5

2.0

0.5
2.2

3.0

2.5

2.5

3.25

4.25

6.25

10.0

6.25

6.25

6.25

6.25

6.25

10.0

Core AT, C

230

210

185

158

193

219

201

185

197

169

Peak Cladding Temp., C

570

549

522

493

516

548

512

92

81

68

53

73

83

48

535
74

504

Steam Exit Superheat, C

575
97

Thermal
Centers
Difference, m

SG length - 3.0 m

Reactor

Elevation

0.5

59

Reactor Coolant Mean Temperature for Loss-of-heat Sink with Scram;
Coolant Spillover of Vessel Liner at 600C, Fins for2X Heat Transfer Area.

1200'

7.62 cm (3.0 irv*)
1&24,omT6X)Inch)
9048 cm (12.0 Inch)

as

GO

75

TIME, hours
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Analysis of Steam Generator Tube Rupture

/-REACTOR

y
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Depiction of Idealized HX Tube Rupture Model.

Reactor

Predicted Bubble Radial Expansion and
Center Trajectory

Embrittlement by LBE
#

#

#

Issues
•

Unexpected/catastrophic failures

•

Increased sensitivity to irradiation embrittlement

Characteristics of Embrittement by Liquid Heavy Metals
•

Occurs in a "lowMemperature range
• Between 125E C and 430E C (LBE on steels, theoretically)
• Between 125E C and 855E C (LBE on Mo, theoretically)

•

Temperature range expands with higher loading rates

Experimental Program
•

Materials (LBE or Liquid Pb Exposure)
• Two ferritic stainless steels [low and high (1.3%) Si]
• Austenitic stainless steel
• Refractory Alloy (High-temperature Reactor)

•

Temperature and loading-rate dependence

•

Notch sensitivity (stress concentration)

Pb-Bi Eutectic Thermophysical Properties
Completed Literature Review of Available Data
Compared Data With Equations in Athena Code
Data Analysis to Recommend Equations Has Begun

3.S

3.0

Recommended Pb-Bi Viscosity

v

+

2.5

IPPE19S5

•

Lyon (Am. Smelting & Refining 1948-50)

A

Bionias & Sauerwald 1927

— —

a.

Recommended
Athena Code

I 2-0
1
1.5

1.0

100

r

Kaplun 1979

•

200

300

L***

400

ffeact^ J Engineeririg 5 0i^i^?

500

600

700

r800

900

1000

SAFETY AND EFFICIENCY
OF FUTURE SYSTEMS
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OBJECTIVE OF FP5
•

3

p,

co

O

Investigate and evaluate new or revisited concepts for nuclear
energy that offer potential longer term benefits in terms of cost,
safety, waste management, use of fissile material, less risk of
diversion and sustainability

£
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WORKPROGRAMME
•

Innovative or revisited reactor concepts and other applications

•

Innovative fuels and fuel cycles
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TOPICS COVERED BY THE
MARCH 1999 CALL
• Innovative or revisited reactor concepts:
4 projects on HTR development grouped in a cluster
-

HTR-F (fuel technology)
HTR-N (reactor physics and fuel cycle studies)
HTR-M (materials)
HTR-C (co-ordination and synthesis)

^
^

- HPLWR (high performance light water reactor)
- GCFR (gas-cooled fast neutron reactor)
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PARTITIONING AND
TRANSMUTATION
Work programme
STRATEGY STUDIES
CHEMICAL SEPARATION (PARTITIONING)

i

TRANSMUTATION:
• Preliminary engineering design of an ADS
• Technological support
(including fuels and targets)
• Basic studies (including nuclear data)

f
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NUCLEAR ENERGY PROGRAMME (1998-2002)
Partitioning and Transmutation
Research Topic

No. of
proposals
received

No. of
proposals
selected

Proposed
budget
(MEURO)

Strategy studies
Partitioning (chemical separation)
Transmutation:
- Technology
- Preliminary engineering design
of an ADS
- Basic studies
Total

1
5

0
3

5.0

4
3

3
0

5.8

6
19

3
9

6.5
17.3

PAO MO75 1,1 Hagon.'v •••>-•'~.r:: • D 'DATM>OWERPNT.HNML0004

PPI

EURATOM

-T

06 03 2000 Slide 4

TOPICS COVERED BY THE
MARCH 1999 CALL
• Partitioning of long-lived radionuclides from high level waste:
- PYROREP (pyrochemical processes)
- PARTNEW (aqueous processes, BTP,
dithiophosphinic acid)
- CALIXPART (aqueous processes, macrocycles)
• Transmutation - preliminary engineering design of an ADS:
- Projects are expected for the October 2000 call
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TOPICS COVERED BY THE
MARCH 1999 CALL
•Transmutation - technological support:
- SPIRE (neutron/proton irradiation damage)
- TECLA (lead corrosion issues)
- CONFIRM (Pu nitride fuel fabrication and irradiation)
•Transmutation - basic studies:
- MUSE (experimental sub-critical neutronic studies)
- HINDAS (nuclear data for ADS engineering design)
- N_TOF-ADS (nuclear data for transmutation)
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TCM on "Liquid Metal Fast Reactor (LMFR) Developments"
[Meeting of the International Working Group on Fast Reactors (IWG-FR)]
(622-I3-TC-385.72)
VIC, Vienna 16-18 May 2000
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