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Report on
AESJ/KNS Joint Workshop 2009 on Nuclear Fuel and Materials and Fusion
in conjunction with the Korea Nuclear Society the 40" year Anniversary Meeting

Ying Chen, Tokyo University

May of Jeju is full of the flavor of spring. The “AESJ / KNS Joint Workshop 2009 on
Nuclear Fuel and Materials and Fusion” was held on May 21, 2009, in the beautify Jeju
Island, during the 2009 Spring Meeting of the Korea Nuclear Society (KNS) (May 18-23,
2009), as one of the series workshops for celebrating the 40™ year anniversary of KNS.

The ceremony was held in the morning of May 21, A lot of researchers in the field of
atomic energy all over Korea participated the celebration. Several important speeches were
given by the high ranked officers in nuclear society, as well as the presentation by the
representative of IAEA. The President of AESJ, Prof. Y. Oka delivered the plenary lecture.

The AESJ / KNS Joint Workshop was scheduled in the afternoon of May 20. This joint
workshop series was started in 2000, the one of this year is the 10" in the series. KEARI
hosted the workshop this year, Dr. J. Y. Park (KEARI) and Prof. A. Kimura (Kyoto
University) were the co-organizers of this workshop. About 20 researchers from Korea
attended the workshop. Several Japanese researchers had to cancel their trips due to the
H1N1 influenza unfortunately, finally, the 5 participants from Japan are: A. Kimura (Kyoto
University), S. Konishi (Kyoto University), M. Suzuki (JAEA), M. Akiba (JAEA) and Y.
Chen (The University of Tokyo).

At the beginning, Dr. D. S. Sohn (Head of Div. Nuclear materials and Fuels, KNS) and Dr.
T. S. Joe (Deputy Director of Fusion Research Div., MEST) gave opening remarks.
Afterwards, there were 12 presentations allocated around 3 topics as following.

Nuclear Materials (5 presentations)

- Current Status of Fuel Claddings R&D for Next Generation Nuclear Systems in Japan (A.
Kimura, Kyoto University)

- Multiscale modeling methods for predicting materials behavior under irradiation (J.H.
Kwon KAERI)

- R&D Activities on Corrosion Issues in PWR at KAERI (H.P. Kim, KAERI)

- R & D Activities for the Ageing Management of Nuclear Power Plants at Japan Atomic
Energy Agency (M. Suzuki, JAEA)

- Material R&D Status for the Next Generation Nuclear Energy System in KOREA (J.Y.
Park,KAERI)

Fusion (4 presentations)

- Present Status of Procurement Activities of ITER Components in JADA and BA Activities
at Rokkasho
(H. Takatsu and M. Akiba, JAEA)



- Present Status of Procurement Activities of ITER Components in KODA (K.J. Jung,
NFRI)

- Development of High Temperature LiPb blanket in Japan (S. Konishi, Kyoto University)

- R&D Activities for Development of Blanket in Korea (B.G. Hong, KAERI)

Nuclear Fuels (3 presentations):

- Status of SFR Fuel Development (C.B. Lee , KAERI)

- Third Eye for Nuclear Fuel Studies (Ying Chen, Y. Kaneta, M. Kinoshita and S. Iwata,
The Univ. of Tokyo and CRIEPI)

- Recent Progress of Advanced Voloxidation Study at KAERI (G.I. Park, J.J. Park, J. W.

Lee, KAERI)

Overviews on the research and development activities in unclear materials, fuels and
fusion in two counties were presented with covering almost all important issues nowadays in
these fields, such as cladding material, corrosion, ageing management, blanket and nuclear
fuels, by both experimental and computational approaches.

The workshop provided a good opportunity for all participants from two countries to
exchange the information, to get a good understanding on the status of research activities in
the leading groups in two countries, to confirm the main problems and difficulties which we
are facing, and further possibilities in collaboration of our two countries. However, due to a
half-day workshop, the time allocated to each speaker was only 20 minutes which is tight for
an overall review in one specific research subject. It was a pity that we did not have
sufficient time for question and discussion after each talk. Upon this, Prof. Kimura suggests a
one-day meeting for the joint workshop next year (Sendai, Japan, 2010).

In the evening, KEARI hosted a dinner for all participants. All of us enjoyed a nice time
with Korean-style Japanese food. Pleasant discussion and chatting on various topics of
common interest deepened the further friendship among researchers in the nuclear research
communities of two countries. During the exchanging of “see you next year in Sendai”, the
2009 workshop was closed.
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IV. BAtREERI(E D

OECD Halden Reactor Project - Ready for the Global Nuclear Renaissance and Beyond
Dr. Margaret McGrath, Nuclear Safety and Reliability dept., Institute for Energy
Technology

Nuclear Renaissance

The global nuclear industry, having been in a
period of relatively slow or stagnant growth, is
now entering a period of change generally
considered to be a "nuclear renaissance”. There is
increasing interest in the use of nuclear power as
an energy source for both its economic
competitiveness in a climate of rising oil and gas
prices, and also because it does not release
greenhouse gases. However, amongst the public,
safety still remains a priority issue, such that the
industry must always be thorough and convincing
in its way of addressing reactor safety.

The increasing interest in nuclear power has translated into three parallel tracks:

Current LWR sustainability programs

The nuclear power industry in countries with ageing fleets of existing reactors is
heavily involved with plant lifetime management programs. Such programs work
towards license extensions past original reactor design lifetimes, for example from 40
years to 60 or even 80 years. Data on the behaviour of high radiation exposure
material will be in great demand to support such programs.

New build / Generation 3+

Improvements to existing LWR designs are being undertaken by all the major reactor
vendors, such that much of the upcoming new-build units will be Generation 3+ or
Next Generation LWRs. Significant changes to fuel or fuel assemblies instigates a
need for re-licensing or approval of the modifications by the appropriate safety
authorities. Associated with such approvals is a need for supporting data to
demonstrate as good as or improved safety of the modified fuel.

R&D for GEN-IV

There is wide international research into new reactor types, the so-called GEN-IV or
4™ Generation reactors. Research programs relating to the behaviour of new fuels and
materials under simulated GEN-IV reactor environments will ultimately be needed.

There is thus a need for continuing research into nuclear power, especially related to nuclear
safety, and the Halden Reactor Project is well placed with its fuels and materials research
programs and advanced testing facilities to contribute to these safety-related research
activities, both now and well into the future.
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The OECD Halden Reactor Project

The Organisation for Economic Cooperation and Development (OECD) Halden Reactor
Project (HRP) is an international research and development project that operates under the
auspices of the OECD’s Nuclear Energy Agency (NEA) with the sponsorship of 18 countries,
including Japan. It is administered by the Norwegian Institute for Energy Technology (IFE) at
its Halden establishment and is jointly funded by its member organisations, which represent a
cross section of the nuclear community including licensing and regulatory interests, national
research organisations, reactor and fuel vendors, and utilities. The HRP's strong international
profile and solid technical basis represent an asset for the nuclear community at a time in
which maintaining centres of expertise at an accessible cost becomes increasingly important.

ks

The Halden Boiling Water Reactor
(HBWR) is a versatile tool for nuclear
fuels and materials investigations:

* More than 300 positions
individually accessible

¢ About 110 positions in
central core

® Aboul 30 posilions for
experimental purposes
(any of 110/300)

* Height of active core 80 cm

: ® Usable length within moderator
~ O = about 160 cm

* Experimental channel @:
- 70 mm in HBWR moderator
L] - 35-45 mm in pressure flask

« Loop systems for simulation of
BWR/PWR conditions

The Halden reactor: producing safety-related, fuel and materials data for generations.

The main goal of the Halden Reactor Project is the safe and reliable operation of nuclear
power plants. It contributes towards this through making advances in relevant R&D topics
and by developing technical solutions for industry. The HRP is strongly results oriented, with
much of its success coming from the ability to satisfy many customers in an efficient and
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effective manner, and it achieves this through three main R&D programs designed to generate
key information for safety and licensing assessments:

e Nuclear Fuels: fuel & cladding performance under normal, transient and accident
conditions, with emphasis on high burn-up and new fuel & cladding types.

* Nuclear Reactor Materials: reactor plant materials behaviour under the combined
deteriorating effects of water chemistry and nuclear environment.

* Man-Technology-Organisation (MTO): human performance safety issues related to the
introduction to NPPs of advanced computer-based human system interface
technologies and operation support systems.

Collectively these programs are known as the Joint Programme, which is planned in 3-year
periods: the current period is from 2009 to the end of 2011. The active guidance and scrutiny
exerted by all HRP participants on the programs ensure that they remain focused on issues of
direct and practical relevance. The Joint Programme results are systematically reported at
Enlarged Halden Programme Group meetings organised by the Project. Participants' activities
are also presented at these meetings. Furthermore a number of organisations in the
participating countries execute their own development work in collaboration with the Project.
These bilateral arrangements constitute an important complement to the Joint Programme.

The Halden Reactor

The Halden reactor (HBWR) is the main facility of the HRP providing a strategic asset for
testing fuels and reactor component materials in a highly controlled manner that also allows
thorough monitoring of in-reactor behavioural parameters. Through the progressive
development of a series of innovative techniques, the initial

. goal to demonstrate the concept of measuring fuel centre
temperature has been surpassed and some of the most
HD Gas connection integrated and complex in-reactor tests ever designed are now
totestrod being performed in the HBWR. Several hundred in-reactor
experiments have been carried out to date, many for the
Japanese nuclear industry. Combining the capability to re-
fabricate and extensively instrument commercially irradiated
fuel, with the ability to re-irradiate the fuel in the HBWR

[~ Bellows support

g Belows under prototypic LWR neutronic, thermal hydraulic and water
U [ Endplug chemistry conditions by utilising loop systems, has made the

Support for Halden reactor one of the world’s most versatile test reactors.

ferritic core

r%__ ) Since its initial start-up on June 26, 1959, the reactor has been
}:;" progressively updated and most of the original reactor plant
}gg components have now been replaced, including much of the
il Ii Ferritic core primary system. The reactor pressure vessel is essentially the
e only remaining original component. Also very importantly, the
. W personnel involved in planning and operating the experiments
\H\L Linear voltage as well as those operating and maintaining the reactor have
§ | ierential wvom) long experience and are up to date with new methods and

technologies. Reactor operation has always been satisfactory,

Pressure transducer for
monitoring in-situ FGR
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with authority requirements fulfilled with ample margin, and each application to the
Norwegian Government for an operating license has resulted in one being granted. The
current license is valid until 2015 and work is now being started to prepare the basis for the
next operating license application, which is also fully expected to be granted.

Independent Norwegian authorities inspect the reactor plant every third year, including
ultrasonic examination of reactor vessel welds and the bottom nozzle. Irradiation induced
changes in the vessel are also monitored by independent organisations (recently VTT in
Finland) by testing material specimens with appropriate lead factors in fluence, performing
flux evaluations and fracture analysis. Flux evaluations quantify the fluence received by
different parts of the vessel, taking into account changing core designs over the years. The
outcome of these material investigations and inspections form the basis for the assessments of
vessel integrity and the analyses performed to date (most recently in 2006 and 2007)
constitute a solid technical basis for saying that the reactor can be operated safely well beyond
the year 2030.

The in-reactor experimental work at Halden is also supported by an infrastructure including
mechanical and electronics workshops and chemistry laboratories and by a computerised Data
Bank. In addition, the HRP has facilities at IFE’s Kjeller establishment, which are used for
fuel production, re-fabrication of commercially irradiated fuel rods and material components
into test specimens with instrumentation, as well as post irradiation examination.

The Joint Programme
Nuclear Fuels Program

The HRP performs experiments to develop data needed to address current fuels issues. Fuel
damage criteria and computer codes that describe fuel rod behaviour are used in reactor safety
analyses to ensure fuel integrity during normal operation, including anticipated transients, and
to ensure that postulated accidents do not evolve into core melt scenarios. These criteria and
computer codes were originally developed from mostly low burn-up fuel with Zircaloy
cladding. The HRP fuels research program addresses the effects on this database of the
following: longer fuel burn-up times; new fuel and cladding materials that are being
developed to achieve high burn-ups; and mixed-oxide (MOX) fuel. Data from the fuels
program have been employed directly by participants in reviews of industry fuel behaviour
codes and also to update their fuel codes and materials properties libraries.

In the 2009-2011 Joint Programme period, of particular interest to many participants is the
ongoing fuel rod Loss of Coolant Accident (LOCA) test series that has been running since
2000. Recent tests have confirmed for high burn-up fuel that oxygen can diffuse into the
cladding metal during a LOCA from the inside diameter (ID) as well as from the outside
diameter, even when no steam oxidation is occurring on the ID. The continuing test series will
investigate such phenomena as axial gas flow, integrity of fuel-to-cladding bonding, fuel axial
relocation, and fuel fragment spillage through cladding burst opening. It should be noted that
the HBWR is well-suited for in-pile integral tests on fuel behaviour under LOCA conditions
where the decay heat is simulated by a low level of nuclear heating. This provides data under
conditions that are more realistic than those associated with out-of-reactor tests in hot cells.

Nuclear Reactor Materials Program
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Stress relaxation testing of Inconel and stainless steels in inert gas conditions at up to 370°C

Over the years, the HRP has provided fundamental technical information to support
understanding of the performance of irradiated reactor pressure vessel (RPV) materials and to
supplement results generated under participants own research programs. Recently, the HRP
has been concentrating on evaluating the irradiation-assisted stress corrosion cracking
(IASCC) of LWR materials by using its unique facilities to simultaneously irradiate and test
material susceptible to IASCC under representative LWR conditions. In this topical area, the
HRP co-ordinates with other international research programs, such as the Cooperative IASCC
Research Program (CIR) to both develop IASCC data and to provide information that
addresses existing knowledge gaps. Such information is used by participants to inform
reviews of licensee ageing management programs for RPV internals during license renewal.

In the 2009-2011 Joint Programme period, in addition to the aforementioned IASCC work,
the HRP will continue its ongoing evaluation of irradiation-induced stress relaxation. This
phenomenon is relevant for RPV bolting internals that must maintain preload to function
properly under operational or transient conditions. HRP’s unique facilities are being used to
measure the degree of relaxation as a function of irradiation fluence. Participants will use this
information to support reviews of ageing management programs. The HRP will also continue
to support ongoing efforts to evaluate RPV integrity by participating in an International
Atomic Energy Agency (IAEA) round robin to develop surrogate test procedures for
evaluating the fracture toughness of RPVs.

Generation 1V

One of the six GEN-IV reactor concepts that has been chosen for further development in
international cooperation is a reactor with super critical water as coolant (Super Critical Water
Reactor — SCWR). This will be operated with a pressure of 250 bar and a temperature of
500°C, which will make it a highly efficient system and thus give substantial economic and
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environmental advantages over today’s NPPs. As the administrator of the HRP, IFE has joined
the Nordic Network for Generation IV Nuclear Power Reactors that organises information
exchange and cooperation between research groups. Halden has many years experience with
in-reactor instrumentation and is currently developing instruments that will be able to
withstand demanding SCWR conditions, with so far very promising results. In addition, a
successful feasibility study has been completed with a view to building a very high
temperature and pressure coolant loop system in the Halden reactor, which would enable fuel
and materials to be tested under SCWR conditions in the future.

Summary

The Halden Reactor Project is viewed as an important international collaborative research
program on nuclear safety and its major facility, the Halden reactor continues to perform well
with ongoing support for its operation from the Norwegian authorities. Maintenance and
upgrading of the plant is carried out on a continuous basis such that there is no interruption to
the fuel and materials research and development programs. Based on independent inspection,
testing and data analysis, the Halden reactor vessel lifetime is reported to be beyond 2030,
such that fuel and materials experimental programs to support safety-related research for
Generation 3+ and even GEN-IV reactors are already being planned.
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