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The international Symposium on “Future of Accelerator-Driven System” was held
on 29th February, 2012 at Gakushi-Kaikan, Tokyo, Japan hosted by Nuclear Science and
Engineering Directorate, JAEA (Japan Atomic Energy Agency) and J-PARC (Japan Proton
Accelerator Research Complex) Center. The objectives of the symposium were to make
participants acquainted with the current status and future plans for research and
development of ADS in the world and to discuss an international collaboration for ADS and
P&T (Partitioning and Transmutation) technology.

About 100 scientists participated in the symposium from Belgium, China, France,
India, Italy, Japan, Korea and Mongol. In the morning session, current R&D activities of
ADS in Japan were reported. In the afternoon session, current R&D activities were
reported from China, Korea, India, Belgium and EU. A panel discussion took place with
regards to the international collaboration for ADS at the final session. Two keynote
speakers presented their outlooks on the topics and seven panelists and audience discussed

those topics.
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1. Preface

After the earthquake and following tsunami of one year ago, people of the Tokyo
Electricity Power Company and other institutes have well-managed the damaged reactors
and contaminated water in the turbine buildings. Now, the reactors are in the
cold-shutdown condition, while there are some fluctuations due to trouble of temperature
sensors. The contaminated water is purified by absorbents and circulated to the reactor.
So, total amount of contaminated water is controlled.

However, we have still many things to do such as to discharge damaged fuels, to
dismantle reactors, to store absorbent for the contaminated water, and, to dispose of
radioactive wastes. Moreover, for out of Fukushima-daiichi site, there is large area to be
decontaminated. JAEA continues to cooperate on these activities by simulating reactor
behavior after accident, investigating properties of absorbents, simulating diffusion of
radioactive particles in air, and so on.

The impact of the quake on Japanese strategy of nuclear power was also large.
Almost all of the nuclear power plants are under maintenance without any confirmed
schedule of restarting. The long-term strategy of nuclear power plants is being
re-assessed and R&D for the fast breeding demonstration reactor is to be suspended. The
situation of the nuclear energy is very difficult now in Japan, but, I believe nuclear energy
is still promising and indispensable for Japan, because we do not have any other reliable
energy resources in the near future. The fossil fuels are limited and discharge global
warming gas. Green energies are not yet enough in quantity and quality.

It is very important to hurdle the Fukushima-Daiichi accident, and ensure the safety
of current reactors based on this experience to make progress of nuclear energy. Moreover,
one of the subjects of nuclear energy which should be solved is high level and long-lived
radioactive waste disposal that is common in the nuclear power countries. It is known
that some countries, for example, Finland and Sweden, have a plan of direct disposal of
spent fuels. Japan has had a policy to reprocess spent fuels from nuclear power plants and
to re-use plutonium so as to save limited uranium resources.

If Japan decides to keep this “reprocessing policy”, the first commercial reprocessing
plant constructed in Rokkasho-mura will be operated. It will discharge 800 pieces of
vitrified waste forms of high level waste every year. Japan’s current national policy for
the high level waste is to dispose of them into deep geological repository.

The partitioning and transmutation technology of high level and long-lived waste is
considered to have a potential to reduce the burden of the waste disposal. Former JAERI
launched research and development of this technology in 1980s. In Japan, the OMEGA
project also started in 1988 to promote R&D of the partitioning and transmutation

technology as an optional measure for the backend technology. In these activities, JAEA
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has played an important role in the research and development of Accelerator Driven
Transmutation System, ADS, as a powerful tool to incinerate minor actinide, while
partitioning technology has been developed and many basic researches such as research
activities for MA-nitride fuel are in progress in JAEA.

JAEA and KEK, High Energy Accelerator Research Organization, have launched
“J-PARC” which is an abbreviation of Japan Proton Accelerator Research Complex. The
project team has completed to construct 1st phase of this project in 2007. After that, they
has started to supply neutron beam in the MLF, materials and life science experimental
facility, successfully accelerated protons to 3 GeV, and observed production of neutrino from
the Hadron experimental hall. When the earthquake occurred, the J-PARC was operated,
but there was no significant damage on staffs and main buildings. After the quake, we
inspected the facility, repaired some equipment and road, re-aligned accelerators, and
finally, started test operation at the end of 2011.

Under the framework of J-PARC, there is a plan to build the TEF, Transmutation
Experimental Facility. Unfortunately, construction of this facility has not been financially
approved yet. However, the J-PARC project is now starting new phase after review of the
IAC and Japanese government. In the new phase, to construct a part of the TEF and to
design and get approval of the critical assembly with Pu and MA fuels are considered. It
is expected that this facility will be constructed as the center of excellence for ADS project
under the international cooperation by consolidating the powers and the dreams of young
scientists and engineers gathering here.

In terms of the development of the ADS, it is not so easy for one country to complete it
independently. The ADS is a hybrid system of the nuclear reactor and the accelerator, so
it is absolutely necessary to unite international research resources by the cooperation
among many fields such as accelerator physics, nuclear physics, nuclear engineering, and
material science. International cooperation and the multidisciplinary synergy are
particularly required and useful in the development of ADS.

It 1s well known that European countries carry out many projects successfully and
effectively. KEspecially, in EUROTRANS project under FP6 and following CDT project
under FP7, there is great effort to design the demonstration reactor for transmutation. For
Asia, the energy consumption must show a significant growth in the 21st century and the
nuclear power is surely required to cover certain part of the energy production. Therefore,
the management of high level waste should become a major issue even in Asian countries.
The Asia ADS Network was initiated in 2003 and has had 9 workshops so far in China,
Korea and Japan.

In this symposium, several presentations about R&D in each country and panel
discussion about the future of the ADS were programmed. This symposium is organized by

Nuclear Science and Engineering Directorate, JAEA and J-PARC Center aiming at the
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enhancement of the national/international collaborations.

(This preface was based on the opening remarks by Dr. Hideaki YOKOMIZO, Executive
Director, JAEA)
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2. Summary

2.1 Outline of the Symposium

The international Symposium on “Future of Accelerator-Driven System” was held on
29th February, 2012 at Gakushi-Kaikan, Tokyo, Japan hosted by Nuclear Science and
Engineering Directorate, JAEA (Japan Atomic Energy Agency) and J-PARC (Japan Proton
Accelerator Research Complex) Center. The objectives of the symposium were to make
participants acquainted with the current status and future plans for research and
development of ADS in the world and to discuss an international collaboration for ADS and
P&T (Partitioning and Transmutation) technology.

About 100 scientists participated in the symposium from Belgium, China, France,
India, Italy, Japan, Korea and Mongol. After the opening remarks by Dr. H. Yokomizo
(Executive Director, JAEA), Dr. A. Arima (President of Musashi Gakuen) who is the Former
Minister of Education of Japan, made the speech “Expectation for Transmutation
Technology” as the special session. In the morning session after the special session, current
R&D activities of ADS in Japan were reported. In the afternoon session, current R&D
activities were reported from China, Korea, India, Belgium and EU. A panel discussion
took place with regards to the international collaboration for ADS at the final session. Two
keynote speakers presented their outlooks on the topics and seven panelists and audience

discussed those topics.

Secretariats of symposium:

Kazufumi TSUJIMOTO, Hayanori TAKEI, Shigeru SAITO, Hironari OBAYASHI, Kaori
MAKI, Yuji KURATA, Kenji NISHIHARA, Takanori SUGAWARA, Hiroki TIWAMOTO,
Chiho TAKAHASHI

2.2  Brief Summary of Presentations

Dr. A. Arima, who is the president of Musashi Gakuen and Former Minister of
Education in Japan, spoke about the expectation for the transmutation technology.
Renewable energy and nuclear power will be the last option as energy sources, so the
international cooperation is urgent and indispensable to investigate the final disposal
method, to decide the final disposal site, and to develop the technologies for
decommissioning nuclear reactors.

Dr. H. Yamana from Kyoto University in Japan presented the back-end issues of the
Japanese nuclear utilization being discussed. Japan is re-making the energy policy with a
drastic restructuring of nuclear energy policy after the Fukushima accident. Though it is

not explicit now, Partitioning and Transmutation (P&T) and ADS developments have a
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meaning, in a sense of “flexibility of the scenario” and of “technological answer to the
publics who have doubts on the safety of nuclear systems”.

Dr. K. Tsujimoto from JAEA in Japan reported the present status of R&D on
Accelerator Driven System in JAEA. In Japan, the Check and Review (C&R) on P&T by the
Japan Atomic Energy Commission was held, and JAEA will continue the R&D activities on
P&T technology and ADS.

Dr. T. Misawa from Kyoto University in Japan presented the reactor physics
experiments on ADS using KUCA and the future plan for ADS Neutron Source at Kyoto
University Research Reactor Institute (KURRI). As the future plan, the upgrade of FFAG
(Fixed Field Alternating Gradient) accelerator system and ADS experiments with hard
neutron spectrum are considered.

Dr. L. Yang from CAS (Chinese Academy of Sciences) in China explained the progress
of Chinese ADS system. In the roadmap of CADS (Chinese ADS) facility, an experimental
facility (0.8GeV proton beam, 100MWt core) and a demo facility (1.5GeV proton beam,
800MWt core) would be constructed by 2022 and 2032, respectively.

Dr. S. W. Hong from Sungkyunkwan University in Korea reported the R&D status of
ADS in Korea. The laboratory of Sungkyunkwan University is performing the R&D for the
partitioning of Sr-90, transmutation of LLFPs, life cycle assessment of ADS and so on.

Dr. P. K. Nema from BARC (Bhabha Atomic Research Centre) in India presented the
plans and present status for ADS in India. In India, the ADS would sustain thorium
utilization in U-233 recycle mode for thermal, and with high fuel burn up in one-through
mode in fast reactors.

Dr. P. Baeten from SCK-CEN (Belgian Nuclear Research Center) in Belgium reported
the advanced nuclear systems with P&T in Europe and role of MYRRHA (Multi-purpose
hYbrid Research Reactor for High-tech Applications). The R&D related to the MYRRHA
project proceeds smoothly and its construction will be judged in 2015.

Dr. B. Frois from CEA in France talked about a brief overview of nuclear power in
France and in Europe. Fukushima is a terrible accident and all nations have realized the
need for a new approach to safety and sustainability. So, nuclear fuel cycle is one of the

most important issue and the ADS has a major window of opportunity.

2.3 Summary of Panel Discussion

Dr. Y. Ikeda from JAEA chaired the panel discussion. The aim of the panel discussion
was divided into two categories: the international collaboration and the collaboration with
other areas and fields.

As for the international collaboration of ADS, Dr. H. Xia from SNPRI (State Nuclear
Power Research Institute) in China gave a keynote talk. He pointed out that the technology
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challenges for ADS spread over very wide range of scientific and engineering fields,
however, the ADS society is small. It is very important to share the information, the
experience and the R&D effort in a well-organized way.

Dr. P. K. Nema from BARC in India mentioned that the framework for the
international collaboration, like the ITER project, was desirable.

Dr. P. Baeten from SCK-CEN in Belgium mentioned that the technical issues as the

collaboration expanded to the linear accelerator and the Pb-Bi technology.

As for the collaboration with other areas and fields, Dr. S. Yamashita from the
University of Tokyo in Japan gave a keynote talk. He has a strong desire to design together
the ADS R&D facilities such as J-PARC transmutation facility and to share ideas from the
viewpoint of particle and nuclear physics, medical usage and so on. Step by step and visible
progress are necessary, especially for young scientists. AAA (advanced accelerator
association) is ready to cooperate the promotion of the ADS transmutation projects in
Japan and in the world.

Dr. H. Oigawa from JAEA in Japan mentioned that the collaboration with other fields
is very useful to attract young researchers and engineers. To attract these people, it is also
necessary to construct the consistent roadmap for the ADS development under taking
unique approaches with many countries based on their original idea.

Prof. S. W. Hong from Sungkyunkwan University in Korea, mentioned that almost
everybody agrees with an international collaboration but it is difficult to think about how
to collaborate. Because each country has its own apparatuses and different situation. He
suggested that we should make some platform or working-group and discuss about what
kind of international collaboration can be done.

Dr. Y. Ikeda mentioned that it is the common sense to have good collaboration and we
are more seriously going to talk about how to proceed.

Prof. T. Misawa from Kyoto University in Japan mentioned that each country should
continue its own researches of ADS before starting international collaboration. Without the
researches, an international collaboration can’t be successfully achieved.

Dr. H. Oigawa asked Prof. Hong that the working-group which he said, was voluntary
base or working-group under IAEA. Prof. Hong answered that it would be a voluntary
base one in the initial stage. And then, we would make some kind of framework and make
realistic plan from there.

Dr. B. Frois from CEA in France commented that regardless of the scale, it’s better to
make a framework at beginning. He also asked to Prof. Hong what framework do you
suppose? Prof. Hong answered that in the initial stage, we need a place where we can
discuss about what to do freely and openly. Before making a real organization like the ITER

project, it’s better to have an open environment in volunteer level meeting.
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Prof. S. Nagamiya from J-PARC in Japan mentioned that there are a long-term issue,
for instance, the construction of the ADS plant, and today’s issue like the J-PARC project.
We should classify many issues into the long-term one or the today’s one, very quickly. We
can start the discussion about the long-term issue.

Dr. P. K. Nema pointed out that the scale could be very different, so a type of
collaboration depends on that. We have to analyze what types of frameworks or
consortiums have worked out in the past. We also have to analyze an efficiency of the
consortiums. There are many different options and many factors which we have to take into
account.

Prof. S. Nagamiya mentioned that the idea which Dr. P. K. Nema said is very
important. We should discuss it as the long-term issue but at the same time, we should not

stop to consider the today’s issue

Closing
Prof. S. Nagamiya stated closing talk about the situation of J-PARC and scheme of the

transmutation facilities.

2.4 Achievement of the Symposium

This symposium was programmed to introduce the current status and future plans of
ADS in the world. The R&D programs of China and India were ambitious and the progress
of MYRRHA project in Belgium was impressive. The achievement of the symposium was
that the common understanding among each country was enhanced through the discussion
and information exchange.

In the panel discussion, there were many positive opinions and comments to make a
new framework of the ADS R&D although a specific agreement was not reached,
unfortunately. Through the panel discussion, all participants shared the problems of the
ADS development and the necessity of an international collaboration framework. It is
important to continue the information exchange and the discussion with each country and

make an effort to create a new framework of the ADS R&D.
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3. Presentation Materials

3.1 Expectation for Transmutation Technology
A. Arima (Former Minister of Education in Japan)

Expectation for Transmutation Technology

Akito Arima
President

Japan Radioisotope Association
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1 The biggest issue facing humanity

The sharp rise in the world’s population

Fig. 1 Estimation of World Population (medium variant)
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2 The second big problem

Global warming

The earth’s temperature increased by 0.8°C
during the 20th century. In these years,

this increased further up to 1.1°C.

What's Marginal Temperature increase
when Risk grows?
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It was a great mistake to show the hockey-stick
picture in the third report of the IPCC in 2001.

This mistake triggered the climate-gate in 2009.

So many papers which criticized the theory that
the global warming is caused by CO:2 emitted by

human activities.

Even though from the results of skeptic data, the gap in late years is so
apparent with careful and simply watching from a long-term viewpoint
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IPCCO (MhIRFFRIEREICEI T S) ERGHEM
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FOHREYBENOLR. SKOLEHEICH -2, R EHE
HAKEZDO LEENRIETh TWARIENSSOHATHS,

Warming of the climate system is unequivocal, as is now evident
from observations of increases in global average air and ocean
temperatures, widespread melting of snow and ice, and rising
global average sea level.

(2) 20HREFEARICBAE ML HRFHREOREAL ( XS
7). ABBROBEMRAAREOHMNE NIEMICIKL ST
Llsehi-aaMsrEELCS V.

Most of the observed increase in global average temperatures
since the mid-20th century is very likely due to the observed
increase in anthropogenic greenhouse gas concentrations.
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The third big problem
The depletion of fossil fuels
The fall of the civilization based n fossil fuels

Table: How Long Will the World's Energy Resources Last?

01l Natural Gas Coal Uranium
Proven Recoverable 1.237.9 billion 177 trillion m® 847.5 billion 5.47 mullion tons
Reserves (R) bbls (end 2007) | (end 2007) tons (end 2007) | (Jan. 2007)

2006 consumption
Annual Produetion 29.8 billion bbls | 2.94 trillion m® 6.4 billion tons
40,000 tons, 2006

(P) (2007) (2007) (2007)
demand 66.500 tons
Reserve/Production | 41.6 years 60.3 years .
) 133 years (2007) | 81.6 years (2007)
Ratio (R/P) (2007) (2007)
BP Statistical BP Statistical BP Statistical
Review of Review of Review of URANIUM 2007
Source
World Energy World Energy World Energy (OECD/NEA/TAEA)
2008 2008 2008

* There are inventories of uranium so annual production is less than demand. For this reason, the

Reserve/Production Ratio is calculated by dividing Proven Recoverable Reserves by Annual Demand.

_13_
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Most of the large scale damage was due to the
tsunami on March 11, 2011.

The accident at the Fukushima Daiichi Nuclear
Power Station was caused by the tsunami,

which overwhelmed anti-flooding measures.

Renewable energy

Germany began a program of purchasing all
power produced from renewable sources.

As a result, over ten years, new energy made up

17% of all electric power generation in 2010,
equal to some 80 billion kWh per annum,

which if combined with hydroelectric power,

puts power generation from renewable sources
at about 100 billion kWh.

_14_
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Contribution of renewable energy sources to electricity
supply in Germany
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Total: 103.5 TWh

1 Wind energy:

B Hydropower:
19.9 %

\ Biogenic share of
waste:
4.5%
Photovoltaics:
H Landfill gas: 1.3%
07%
| [ Biogas:
[ Sewage gas: 12.9 % B Biogenic solid fuels:
1.1% 11.4%
7 Biogenic liquid fuels:
1.7%

Share of biomass *: 32 %

" Solid and Fiquid biomass, biogas, sewage and |andfill gas, biogenic share of waste; eleciricity from pecthemmal enengy not presentad due o negligible quantities produced; deviations in the tofals are
due to rounding: 1 TWh = 1 Bill kiWh; Source: BMU-KI Il 1 according to Working Group on Renewable Energy-Siatisties (AGEE-31at); as at July 2011; all figures provisional

BMU —KI Il 1 Development of renewable energy scurces in Germany in

2010 1
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Japan’s total annual electric power generation in
2009 was about 1 trillion Kwh of which nuclear
power production was 280 billion kWh.

80 billion Kwh per annum in Germany produced
by new energy is about 8% of Japan’s total
annual electric power generation, and about
30% of Japan’s total annual power generation
from nuclear power.
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The Japanese government’s renewable energy
power purchasing program, which has been
introduced in 2011, is expected to achieve only
50 billion Kwh per annum in 2021.

Only 5% of total annual electric power
generation in Japan. Too small !

With these slow ratio of development of
renewable energy, Japan and even Germany
cannot have time to battle against global
warming.

We have to use nuclear energy with high safety
considering the risk against particularly
earthquakes, tsunami and terrors together with
renewable energy.
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The use of nuclear energy have two essential
issues; how to manage

1 A final disposal of spent nuclear fuels and

2 decommission of used nuclear reactors

Only Finland and Sweden determined the final
disposal sites of spent nuclear fuels
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It is extraordinary abnormal that we don’t yet
have the decommissioning (backend) technology.

Social responsibilities of nuclear scientists and
engineers.

Without solving those problems, no future for
the use of nuclear energy.
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Making decisions about final disposal methods
and sites, and researching nuclear
decommissioning technologies are serious
issues for both those who agree with further use
of nuclear energy and even those who are
against that.

Partitioning and transmutation technology

Partitioning & Transmutation

Spent fuel

P&T is the technology to
partition radionuclides in HLW

Reprocessing

depending on half-life and Transmutation
applicability (Partitioning), and by neutron
TRt IR e ] capture

- . ; - :| Tc-Platinoid elements |}
radionuclides into short-lived or —_— 05 kel > Effective use

stable ones (Transmutation). _
High Level Waste

(HLW)

. . E Minor Actinide (MA) E Transmutation
Objectives i ™

* Reduction of long-term risk: i |
To reduce potential risk of long-term radiotoxicity | radiological use,

i store them for

* Reduction of the requirement for the geological | final disposal
To dispose of the wastes compactly by eliminating Other elements N Geological
heat generating nuclides. i (38 kel M disposal

* Partial recycling of radioactive waste:
To make use of rare elements (Ru, Pd, etc.)
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Effect of P&T

@ Possible reduction of repository area

@ Reduction of long-term potential radiotoxicity

10 T :
Reduced from about 10,000 =
|Convent|nnal concept |
10° years to several hundred years!
108 \

HLW
\ &{U,Pu: 99.9% recovery)
= |

| LA

Matufal U 191.\ /

108 N

\ LT

107

MA transmutation
+ FP partitionini

10° | 99.5% transmutation \
of MA \
; . , |
103 ! ! | | \"‘.'\.
100 10! 102 10 104 105 10%
Time after reprocessing (year)

Potential radiotoxicity (arb. units)

+ Long-term
107 | | Isterage of Sr-Cs

A VAN

Normalized by 32,000 tHM of 45 GWd/t spent fuel

— : radioactive waste
Vitrified waste

Long-lived low-heat generating

(Cooling time: 50 yr)

-

The repository area can be
reduced to 1/4 by transmuting
MA and separating Sr-Cs after
100-130 years.

/"\\ \ - Sr-Cs calcined waste

Highly-loaded verified waste

The repository area can be
reduced to 1/100 by applying
~300-year storage to Sr-Cs.

A

Transmutation using Accelerator-Driven System(ADS)

Superconducting Proton beam

Principle of transmutation by ADS

Max.30 MW

linear accelerator

Feed to accelerator

Electric power

Make use of fission chain
reaction in subcritical state

Proton

selling
170 MW

Fission neutron

Electric generation
270 M

MA fuel subcritical core

Spallation target

B

Short-lived nuclide

Spallation target

Fast neutron

Long-lived nuclide

-
Mechanism of ADS:

*Protons are accelerated by a superconducting accelerator with high intensity.

*Protons are directed to a lead-bismuth (Pb-Bi) target through a beam duct
and a beam window.

*The Pb-Bi combines a reactor coolant with a spallation target.

*Major composition of the reactor fuel is MA.

*Spallation reactions generate a large number of neutrons.

*MAs are transmuted by neutron-induced fission reaction.

*Neutrons generated by the fission are also used for the transmutation.

= neutrons are increased by 20 times by a fission chain reaction.

*The electricity generated by ADS is partly fed to its own accelerator.

Feature of ADS:

*If the accelerator runs down,
fission chain reactions come to a
stop. = High safety

* Existing reactors (critical reactors)
with a large amount of MAs
cause safety difficulties, but that
is not the case in ADS.

* Pb-Bi is chemically-inactive.
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Global Trends on P&T
O usa

# The Obama administration decided to abandon the Yucca Mountain repository.
# Interim storage of spent fuel will be promoted based on the discussion by the
Blue Ribbon Commission.

O France
# Both of ADS and FBR are being studied under France’'s “2006 Waste
Management Act.” A multipurpose ADS,

MYRRHA, developed at
Belgium Nuclear Research
Centre(SCK-CEN)

» However, the ADS study is conducted under the European framework.

O Belgium
# The design study for an ADS prototype and associated R&D, MYRRHAR (about 100 MW), are in
progress toward construction from 2015.

# The purposes are experiments for transmutation, development of a lead-alloy-cooled fast
reactor, irradiation of fuels and materials, and radioactive isotope production.

O Europe
# While there are differences in nuclear energy policies among European countries, there is an
agreement on needs for reduction of the burden of radioactive wastes.
» Various projects such as EUROPART and EUROTRANS have been conducted under Framework
Programme (FPG, FP7, etc.) in EU.

O china: The experimental equipment with a combination of a DT neutron source and a subcritical
assembly, VENUS, was constructed. A proton accelerator project is also under consideration.

O India: ADS has been researched with an aim to utilize thorium resource as well as to transmute wastes.

O OECD/NEA, IAEA hosts meetings for information exchange on P&T and benchmark activities.

The Q project of JAERI
and

Japan Hadron Project for research of
elementary particles, nuclear and condensed
matter physics of KEK have been combined
to establish the J-PARC under a powerful
leadership of Shoji Nagamiya.
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Only renewable energy and nuclear power
will be the last option as energy sources.

International cooperation is urgent and
indispensable to investigate final disposal method,
to decide final disposal sites, and to develop the
technologies for decommissioning nuclear

reactors.
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3.2 Back-End Issue of the Japanese Nuclear Utilization being Discussed
H. Yamana (Kyoto University)

Back-end issue of the Japanese nuciear
utilization being discussed

Hajimu Yamana
Research Reactor Institute, Kyoto University
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Contents

Purpose of this talk

1. As the basis of today’s discussion on future systems, P&T
and ADS, review the latest status of the shift-in policy of
Japanese nuclear power generation.

2. Understand the latest status of Japanese back-end,
reprocessing, geologic disposal, FBR development, etc.

3. Foresee the future of Japanese fuel cycle under nuclear-
reduction policy.

4. Review the up-to-date cost evaluation of nuclear fuel
cycle in Japan.

Formulation of new energy plan

v'New energy policy of Japan is being
discussed under the frame of the cabinet
office and MITI. It will be concluded soon. 12000

Previous Energy Plan (2010)

v'Discussion on the strategy for the fuel

10000 ——  gs4 —
cycle is being discussed. = @ [ 2040 | 21%)
E 8000 —— 2638 -

@ (26%)
Basic Directions Z so00 | I
_é‘ 2605 5366 | (53%)

=2 (25%)
1. Reduce dependence on Nuclear power 5 000 | |

e B Le¥}
2. Draw a new explicit and strategic plan o 2822

(11%)

. .. N - 1131

to avoid shortage and price increase of o 7 2
357

energy supply ; [ | e | diw

3. Thorough review and verification of 2007 2030
nuclear energy policy to renew it
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Previously envisioned

Japanese fuel cycle scenario

1970 1990 2010 2030 2050 2070 2090 2110 2130 2150

Fast Breeder Reactor

Next generation LWR

1111t

MOX burning in LWR

JIRAEAL

T T . Rokkasho RP

Oversea RP

Achievements of
Rokkasho Reprocessing Plant

Construction ; started on April 28, 1993 and 99% completed.
Active test using spent fuel;
Started on March 31, 2006 and 94% completed. Rokkasho Reprocessing Plant
425 tU of LWR spent fuel reprocessed.
220 tU BWR and 205 tU PWR spent fuels.
Recovered products ;
Uranium as oxide ; 364 tU
Mixed Pu and U in MOX ; 6.7 tHM
Vitrified HLW in 119 canisters.
Liquid fed ceramic melter (LFCM) for waste
vitrification process remains to be tested more.

90:91:92:93:94:95:96:97:98:99:00:01:02:03:04:05:06:07:08:09: 10: 11

Active test Started:

+  Construction ! : + Water Test: Uranium Test Commercial :
' Started: ¢ : 1 1+ 1 Started: ' Started ! Operation:
B o e
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Delay of Rokkasho Reprocessing Plant

Experienced troubles of the Glass Melter, LFCM

They encountered various difficulties
including that in determining the
operating procedure of a large-scale
liquid-fed ceramic melter (LFCM) for
vitrifying the HLW liquid.

The company announced that it will
finish the test operation in the
autumn of 2012, based on the result
of research using a large-scale mock-
up facility at JAEA Tokai Laboratory
and modeling and simulation
technique.

FBR development

HAW feed Hags bead  Anxiliary eatine device

Coming

5.

Mam Electrode

Dlolten Cilase

— M B A

Technologies for a commercialized FBR system have been

prototype reactor in 2025.

developed since 2005, targeting the establishment of

..L}_?'.. " ) - : il

Prototype FBR, MONJU 2010

Commercialized FBR Plan
under development

1500 Mwe/Two-loop
Various advanced designs
Decision of innovative
technology: scheduled for

280 MWe/Three-loop Approved confirmation:
Started testing with scheduled for 2015

zero- power in 2010

Fegsib!
: i ] -

L if b or oy i1 pbp i Desion
lity IStugiy iPalhas?-1 i Papas§-2i Pof Dt?cisilon
i : I‘I 1 1 I‘I 1 1 1 I‘I
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Japanese nuclear fuel cycle
Chronology

MOX Utilization
in LWR

GK-3 HK-2 Loading

Water TestUranium Test

Reprocessing ! el Started Started !
Rokkasho Plant I | Al | | | J J Al | | Al Y | 1 | |

I I, 1 0 1 1 . I | | ActivetestStated| , |

I | 1 | | Specified radioactive Waste | | I | I

Lo I I 1 'Final Disposal Act| | | [ |
HAW istProgress ' | ;' | | ' |Open sSolicitation 'Toyo-cho '
Geologic Disposal | Report | 2nd Progress Report, 1 IStalrtecll | i |Di:aputeI 1 |

| & T T A AT , - T T & T
LU estanjsadentorfiono P ) L !
; [ Initial | | I | | I | | Modification  Restart | |
| (Cricality 1 1 | Stated | Criticality |

FBR by YA e T A A ] A
MONIU b | sodium | | 1 | 1 1 Entire J o

[ Le_akage Accident P T I 13)’Stlem Te Lo

| T S Design
FBR | |Feasibility Study | Phase-1 |, Phase-2 | , b { Decision
Next Generation | ! | | L I I‘I |‘,| | f I"f f | f |‘|

T i i T . : I

| | I Lo I | { Licensing | I
MOX Fuel | | I - 1 Lo 1 | PlantDesign | | Consiruction
Fabrication Plant I I I F'y r Y r Y T |

| I L1 L el | L2 |

I | : [ : TK-3 : [

[ b L

I Lo [

:i'.lsmrt
[

Nuclear power capacity plan

(previously envisioned in 2010)

000

F000

6000

W Next generation
B New installation
M Existing

5000

4000

3000

2000

1000 -

Nuclear Power Capacity (10* kW)

1970 1980 1930 2000 2010 2020 2030 2040 2050
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Nuclear power capacity prospect

(phase-out with 40 y lifetime)

i Shortage from previous plan

m Shutdown with 40 years life

Nuclear Power Capacity (10% kW)

1970 1980 1990 2000 2010 2020 2030 2040 2050

Nuclear power capacity prospect
(phase-out with life extension)

7000 W Shortage from previous plan

M Shutdown with 40-60 years life

Nuclear Power Capacity (10% kW)

1970 1980 1990 2000 2010 2020 2030 2040 2050

11
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Cumulative generation of spent fuels

(phase-out with 40 y lifetime)

Cumulative generation (t)

FO000

40000

30000

20000

10000

B from Shutdown

B from Operation

W Rokkasho RPP
W Tokai RPP

Owersea Reprocessing

1970 1980

1990

2000

2010

2020

2030

Cumulative generation of spent fuels

(phase-out with life extension)

Cumulative generation (t)

£0000

2040

2050

70000

60000

B from Shutdown

B from Operation

50000

40000

30000

20000

W Rokkasho RPP
ETokai RPP

OverseaReprocessing

10000

1970 1980

1990

2000

_30_

2010

2020

2030

2040
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Cumulative generation of spent fuels

80000
=
v 4 |
£ 70000
S
(5
£ 60000
@
o
w
50000 —
G
5
2 40000
(1]
e
@
c 30000
@
(]
¢ 20000 1|
=
a1y
=
g 10000
=
O
0

=== Previously Planned
=—Phase-out with 40y life
=——Phase-out with 45 y life

= Phase-out with 60y life

= Phase-out with 40-60y life

=Phase-out with 40 years followed hy replace

N

W Rokkasho RPP
W Tokai RPP

Oversea Reprocessing /

1970 1980 1990 2000

Interim storage prospect

2010

2020 2030 2040

(with reprocessing by Rokkasho Plant)

Spent Fuel Storage (t)

800000

700000 -

800000 -

50000.0

400000 -

200000

200000

100000

0.0

s Planned in 2010
m— Phaseout with 40 years life
s Phaseout with 45 years life

e phaseout with 60 years life

4+ e Phaseout with yeas life

mm Phaseout with 40 yeas life followed by replace

m—Sporage Capacity

——

//—X

=T

1970 1980 1990 2000
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Interim storage prospect

(without reprocessing)

80000.0
P |anned in 2010

700000 +— P haseout with 40 years life
= —Phaseout with 45 years life
&'ﬂ 600000 ——
@ —Phaseout with 60 years life /
g coo00.0 4—|  s=Phaseout with yeas life
?5' e Phazeout with 40 yeas life followed by replace / -
Fid 400000 — = Storage Capacity /
-
gc"._ 30000.0
)

20000.0

10000.0 /

0.0 T T T T T T T T T

1970 1980 1950 2000 2010

2020

Appraised power generation cost
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3 [ SF disposal

< 30
= & Fuelcycle | mHLW disposal

@

Z 70 O Interim storage
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é 6.0 [ Reprocessing

pes Operation | mpox fuel

S 50

= B Urznium fuel

S a0 4

a H Operation

G

5] 30 Capital E Additional safety measures
P

ag.j 2.0 M Capital

O Accidentresponse cost
2 a0 Additional 2
Y E Government's expence
0.0 T 1
Full- Current- Direct
Reprocessing Reprocessing  Disposal

2030

2040 2050
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Appraised fuel cycle costs

25 A~
= 20 -
= 0.6 Yen/kWh
:E ¥ B 5F disposal
:; i
8 0.38 Yen/kwh B HLW disposal
% = Einterim storage
E; 4
3 H Reprocessing
I 05 -
O MOX fuel
B Uranium fuel
0.0 : . .

Full- Current- Direct
Reprocessing Reprocessing Disposal

13

Comparison with thermal power

120 -
2 1A O COZ countermeasure
= M Backend
5§ 80 -
Z M Fuel
o e
§ o
(g o W Operation
= ;
£ 40 - H Capital
5
o O Accident measure
3 20 A
z B Governemnt's
= expense
0.0 T T T T
Full- Current- Direct Coal LNG
Reprocessing Reprocessing Disposal Fired Fired
19
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Optional fuel cycle scenarios

being discussed in AEC

1. LWR with once-through

2. LWR with limited MOX recycling

3. LWR with multiple MOX recycling

4. LWR with Fast Reactor for transmutation
5. Fast Breeder Reactor

Necessary factors to be taken into considerations

Energy security, stabilization of nuclear power utilization,
costs, safety, proliferation resistance, technical readiness,
potential hazard management, waste volume and disposal
area, exposure risk to public, etc.

Other issues

v'Peoples’ distrust to the authority of nuclear safety
v'Disturbance and distrust to the radiation safety
v'Controversy on the fuel cycle strategy

v'Technological issues encountered in Reprocessing and
Reactor development

v'Less social understanding on the final disposal
v'Insufficient budget for future development due to the
priority of the restoration for Fukushima site
v'Changing JAEA’s direction

21
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Conclusions

1.

Japan is re-making the energy policy with a drastic
restructuring of nuclear energy policy.

Back-end has an importance in this discussion, and heavy
discussions are being done on the subjects of /reprocessing
or not?/FBR or not?/interim storage?/final disposal
feasible?/costly?/society issues/ etc.

Keeping recycling of spent fuels will be beneficial from view
points of robustness of the system and preparation for future.

Though it is not explicit now, P&T and ADS developments has
a meaning in this discussion, in a sense of “flexibility of the
scenario” and of “an technological answer to the publics who
has doubts on the safety of nuclear systems”.

22

Conclusion

LWR fuel cycle
Economics, PA, minor troubles etc.

FBR fuel cycle
Scientific and technological issues

We need a Stephen Covey approach of beginning
with the end

Look beyond the mountain of problems that tend to
consume us

How can a more integrated assessment of the
nuclear fuel cycle allow nuclear energy to take its
rightful place in history?

Alan Waltar
Past President, American Nuclear Society 23
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3.3 Present Status of Research and Development on Accelerator Driven System in JAEA
K.Tsujimoto (Nuclear Transmutation Technology Group, JAEA)

Present Status of Research and
Development on Accelerator Driven
System in JAEA

Kazufumi TSUJIMOTO
Japan Atomic Energy Agency

Feb. 29, 2012, Tokyo, Japan International Symposium on "Future of Accelerator Driven System ™
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Partitioning and Transmutation (P&T) in Japan:

Benefit and role of P&T "(JAER) ]

O Benefits of P&T on Management of High-Level Radioactive Wastes (HLW):

caused by long-term

nature of radioactivity

v Reduction of long-term radiological toxicity | To mitigate difficulties
v Reduction of dose for future inhabitants

v Reduction of amount of HLW

To extend capacity of a repository
v Reduction of repository size

v Recovery of valuable materials from wastes, and so on.

» Steady implementation of High Level Waste (HLW) disposal is one of the
most important issues even though we select to reduce dependency on
nuclear energy.

» Partitioning and Transmutation (P&T) will be a key technology to reduce
the envircnmental burden of HLW.

Partitioning and Transmutation (P&T) in Japan:
How can we realize Transmutation ? @

E To transmute MA effectively, fission reactions of MA in fast neutron system fueled
with high MA content is desirable.

B Fast “critical” reactor (FR) with high MA content is the most effective “burner” of
MA from above viewpoint.

B Operation of such a “critical burner reactor” is, however, not easy because of
v Small delayed neutron fraction
v' Large positive reactivity effect by coolant void
v Small negative reactivity feedback by Doppler effect

B To overcome these problems, two methods are conceivable:

» To reduce the MA concentration — FR with MA (small amount : up to 5%)
» To make the core subcritical — ADS
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Partitioning and Transmutation (P&T) in Japan:

Fuel cycle concepts for P&T @z
Homogeneous cycle Double-Strata (ADS)
Commercial FBR Fue] Cycle Commercial Fuel Cycle
Uﬂh Fuﬁcalbn @ Repruoessin;' e
Fuel fabrication Anc D Partitioning
'Ell “ * HLW (MA, FF)
U, Pu B
K3 .
i
Geological disposal Geological disposal
-MA is recycled in the next-generation -Dedicated (second) transmutation fuel cycle
reprocessing plant. with Accelerator-Driven System (ADS) is
-MA is homogeneously mixed to FBR added to commercial fuel cycle.
fuel with small amount up to 5 wt.%. -MA recovered from commercial fuel cycle is
-MA transmutation is performed in confined in the compact transmutation cycle.

all electricity generating FBR plant. - The ADS fuel mainly consists of MA.

RE&D for both concepts are being implemented in JAEA. 4

Partitioning and Transmutation (P&T) in Japan:

C&R for P&T in 2009 by JAEC @

B In 2008, the Japan Atomic Energy Commission conducted C&R on P&T
technology by setting up a subcommittee. The final report including
recommendation reflecting public comments was issued in April 2009.

»Double-strata concept, where dedicated transmutation systems such as ADS
will play an important role, should be studied as a part of the whole nuclear
system both in the transient phase of LWR to FBR and the equilibrium state of FBR.

»The basic data to judge the feasibility of P&T are insufficient. It is, therefore,
necessary to continue the accumulation of the basic data which are commonly
utilized for both FBR and ADS.

»R&D of FBR and ADS should be coordinated strongly.

»The required R&D issues on ADS as follows:

v" Reliability and economy of the acceleratar,

v Feasibility of the beam window,

v" Reactor physics of subcritical core including its control,
v Design and safety of LBE cooled core.

4 R&D on ADS in JAEA
» R&D to resolve the technical challenges in ADS is being continued.
» The activities are included in the 5-year plan (FY2010-2014). 5
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ADS Development in JAEA:
Conceptual Design of ADS for MA Transmutation &2Z»

Genmrator Main Pump

* Proton beam : 1.5GeV ~20MW
» Spallation target : Pb-Bi ! E'
« Coolant : Pb-Bi T : : i o
« Subcriticality : k.= 0.97 = | ""Mbe
» Thermal output : 800MWVt % | Beem Duct
» Core height : 1000mm | Y Sl
+ Core diameter : 2440 mm ﬁ . 9:':::::5
» MA initial inventory : 2.5t | g d
» Fuel composition : W

(60%MA + 40%Pu) Mono-nitride (LN [ rore
» Transmutation rate :

10%MA / Year (10 units of LWR) | o

ADS Development in JAEA:
Technical Issues of ADS @

«<Accelerator

"'d.___,h'"
+ R&D o -LCINAC
+ Reliability Assessment
= Construction of J-PARC
accelerator

1J-PARC: Japan Proton Accelerator i

! Research Complex

 TEF-P: Transmutation Physics !
Experimental Facility f

TEF-T: ADS Target Test Facility !

SC-LINAC: Superconducting LINAC !

«Structure

--d_.-._h—-

*R&D of Pb-Bi technology
=>Construction of TEF-T in J-
PARC

e

*Design study on reactor vessel,

beam duct, quake-proof
structure, etc.

‘ -Spallation Target, Material '
| *Operation of Pb-Bi system =

e —

«Experiments in existing

I *Fuel

facilities and analyses
=>Construction of TEF-P in J-

*Fabrication, irradiation and J

{ reprocessing tests

————

Reactor Physics

+ Control of Subcritical System
el
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ADS Development in JAEA :
R&D activities of accelerator for ADS @

O Prototype of cryomodule , which was designed to
accept 927MHz RF wave, was made and tested.

> Two cavity excitation was successfully performed at the

design field of 10MVY/m, repetition rate of 25Hz and pulse
length of 1Tms.

O Information on J-PARC LINAC (181MeV at present,
400MeV in the future) will be included for the
accelerator design study.

.

Photograph of J-PARC LINAC

# The LINAC had been operated stably for injection to the
following 3 GeV synchrotron since October, 2007.

Statics [ Run #27 (Nov. 2009) — #34 (Jun. 2010)]

500 100
a0 b % Ruf Hours 2
400 £C 8] dg5
350 ). z g
g 300 |/ * P £
S -+ 2
'q R
200 85~
150 —&— Availability| (%)
100 ] 80
- A 27 28 29 3[}Run3§ 33 34 Total
Cryomodule Nov. Dec. Jan. Feb. Apr. May. Jun. 2010 B
ADS Development in JAEA:
R&D activities for thermal-hydraulic of LBE @@

O Basic thermal-hydraulic of LBE using small LBE test loops are proceeding.

» The flow velocity measurement by UDM (Ultrasonic Doppler Methed) is developed for
visualization of the liquid LBE flow.

» The thermal-hydraulics experiments to investigate the heat transfer coefficients at the
beam was performed using a thermal-hydraulic loop (100-500L/min, 330-430°C).

O The irradiation properties of the beam window material were studied by PIE samples
of STIP and MEGAPIE.

JLBL-3 for thermal-hydraulic test of beam window
and results for temperature profile 9

Measurement result by UDM at a centerline
and inclined direction
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ADS Development in JAEA :
Neutronics design of ADS (JAE)

O JAEA proposed the comparison of reactor physics parameters calculated by
different nuclear data as a benchmark exercise of IAEA-CRP.

O About 2% discrepancies in k-eff were found among the different nuclear
data. (k-eff disperses from 0.98 to 1.0 at BOC and 0.93 t0 0.96 at EOC.)
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Calculated results for IAEC-CRP benchmark proposed by JAEA (Burnup calculation for the first
burnup cycle of 600 EFPD with 800MWth ADS) 10
ADS Development in JAEA:

Transmutation Experimental Facility (TEF) &=

O Phase-| construction of J-PARC was -""\** - "
completed. v oo Hadron Experimental Facility
- — o

O Phase-l facilities had been in service
until Mach 2011. Although there were
significant damage by the earthquake,
the operation was restarted in Dec.
2011.

O The Transmutation Experimental
Facility (TEF) is the central project in
Phase-2 of J-PARC, however, it is still
waiting for the approval of the
Government.

0 TEF consists of

» Transmutation Physics
Experimental Facility (TEF-P)

» ADS Target Test Facility (TEF-T)
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TEF in J-PARC Project :
Image of Transmutation Experimental Facility (TEF) @2

O Transmutation Experimental Facility (TEF) is being proposed under the J-
PARC project.

— TEF-P is critical assembly, and TEF-T is proton target.

— TEF will be constructed as two individual facilities. TEF-T is radiation facility and TEF-P
is nuclear reactor facility.

—Since it will be expected to take much time for the licensing for TEF-P, the construction
of TEF-T will be started prior to TEF-P.

10W Beam line
Beam line
133 KW (400MeV)
200 KW (600MeV)

12

TEF in J-PARC Project :
ADS Target Test Facility : TEF-T Ay
[ » ADS Target Test Facility (TEF-T)

Material Irradiation Test of the material for ADS beam window

»# Irradiation damage of material by protons and neutrons
» Compatibility of material with flowing LBE under irradiation
Proton beam power : 30 - 133kW (400MeV), 200kW (600MeV)

R

Target head

Electro-magnetic
pump

Heat exchanger

Solid target using pure-Cu (30—-133kW) LBE target (133-200kW) 13
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TEF in J-PARC Project :

Multi-purpose utilization of TEF-T

* There is no available facility using proton below 3GeV in J-PARC.

* TEF-T will be designed as multi-purpose experimental facility to satisfy
potential needs for proton experiments.

- ™,
v Material Irradiation Test

Irradiation test for ADS window
¥Rl production

Contribution to stable supply of
medical Rl

v BNCT
R&D for practical use of accelerator-
based neutron source for cancer
therapy

¥ Physics experiment

Physics study using ultra cold

neutron source
pY ) =

14

TEF in J-PARC Project :
Transmutation Physics Experimental Facility : TEF-RZIZ»

(- Transmutation Physics Experimental Facility (TEF-P)

Reactor Physics Experiment using Critical Assembly with MA fuel
» TEF-P can include critical and subcritical experiments with proton beam.
» Pin-type MA fuel can be used with remote handling, cooling and radiation shielding.

Maximum fission power : ~ 500W ( proton beam power of ~10W)
Proton beam power : ~10W (1.5 X 10"2 Neutrons/s by 600MeV proton)

s 4 G e ]
Safety/control rod IJ_} -.- Movable half assembly

drive mechanism

15
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TEF in J-PARC Project :
Preliminary Time Schedule of TEF Program ((JAEA) ]
DO 1121 13 A e R N I R T > | 26 | 2726 | 29
Heisei 24125|26]27 (28|29 (30|31]32(33|34|35(36]37 38|39 |40 |41
BT [ Design & R&D Upgrade to
Construction 133kW
& o
& Fabrication {}
TEF-T Eprl,-rimelnt
IS 0cscn & R&D
. . Licensing
TEF-P Construction
& Fabrication

[0 The construction of beam transport and TEF-T will be started in 2013. The
experiments will be started in 2016.

[ To start the construction of TEF in 2016, just after the completion of TEF-T, a
few years of licensing activities should be started in 2014.

16

Proposed Outline of International Common Roadma@

+ International common roadmap sould be established by coupling TEF and
MYRRHA as complementary facilities.

] Year
Technical area 2010 2020 2030 2040 2050
Reactor physics Existing facilities TEF-P (J-PARC Phase-Il)

Basic experiments Physics expenments for transmutation

Target & materials ‘ TEF-T (J-PARC Phase-ll) \

Basic experiments Materials for beam|window
Superconducting
Accelerator accelerator —
EUROTRANS v L MYRRH
Integrated system Accumulation of operation data &
R&D of system experience, fuel iradiation
D trati A Desi n'“" Demonstrative ADS

emonstration g for MA transmutation

17
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Concluding remarks @@

O In Japan, C&R on P&T by AEC was held, and JAEA will continue the R&D
activities on P&T technology and ADS.

O The accident of Fukushima NPP affects the nuclear energy utilization in
Japan.

» The discussion to revise the national policy for the utilization of nuclear energy was
conducted.

» Even though we select to reduce dependency on nuclear energy, steady
implementation of High Level Waste (HLW) disposal is one of the most
important issues.

¥ Partitioning and Transmutation (P&T) will be a key technology to reduce the
environmental burden of HLW.

» International collaboration is important in R&D of ADS.

» The ADS and the transmutation technology are increasingly important. However, the
technical challenges for ADS spread over wide range.

» Various basic R&D have been implemented, and new experimental facility, TEF, is
proposed in the J-PARC project in JAEA. TEF is expected to play important
roles as an international research facility.

18
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3.4 Reactor Physics Experiments on ADS using KUCA Reactor and Future Plan for ADS
Neutron Source at Kyoto University Research Reactor Institute
T. Misawa (Kyoto University)

International Symposium on
“Future of Accelerator Driven System”
Feb. 29, 2012

Reactor Physics Experiments on ADS

using KUCA Reactor and Future Plan
for ADS Neutron Source at Kyoto
University Research Reactor Institute

Tsuyoshi Misawa
Kyoto Univ. Res. Reactor Inst., JAPAN
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g

Kyoto Univ. Research Reactor Institute

Hybrid Technology
Based on Reactor &
Accelerator Technol.
I @ncreased safety !nargin\
I to nuclear excursion

» Good performance
characteristics in
breeding & transmutation

i\ >Flexibility in fuel cycle
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" JEE—

ADS Collaboration Research in Japan

4 KURRI(Kart & Lab. project): KUCA, FFAG Accelerator
Thermal to epi-therma neutron field — Neutron amplifier system
¢ JAEA (J-PARC project): FCA, TEF-P, TEF-T
Fast neutron field — Nuclear Transmutation
@ User and support group: Tohoku Univ., Nagoya Univ., Kinki Univ., etc.
v" Subcriticality measurement (Noise method, NSM method, etc.)
v" Neutronic characteristics (Neutron flux, Neutron spectrum, etc.)

v Nuclear Transmutation (MAs FPs, etc.)
I(URRI JAEA

ADS neutron ADS J

snurce (T hermal ADS Test Incmeratlon (Fast)
Reactor {Fast}

KUCA (T hermal)

SOu (mev) -
TEF—P TEF-T

KUCA (T hermal) J-PARC

FFAG Acc. (150Mev) E LINAC 800MeV

'_

Contents

m Basic Reactor Physics Experiments on
ADS

1Combination of KUCA Reactor and FFAG
proton accelerator

m ADS Neutron Source

1 Future plan in Kyoto University Research
Reactor Institute (KURRI)
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" JEE—
KUCA
(Kyoto University Critical Assembly)

m First Criticality: 1974

m Only one critical assembly owned by university in
Japan

m Multiple core type critical assembly

0 Light water moderated core, Solid material (such as
polyethylene, graphite, beryllium) moderated core

m Maximum power: 100 W (short time 1kW)

m Accelerator
01 Cockcroft-type to produce 14MeV neutron by DT
00 FFAG-type proton accelerator up to 100 MeV

KUCA Building
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Cross sectional view of KUCA building

FFAG Accelerator

TRU
Rm.

MEASUMENT \
Am.
B CORF

p

MEASUMENT Rm.

V

polyethylene plate——
U-Al alloy plate™

A core
99’“ ‘F
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ADS Preliminary Experiment

D-T reaction
—14 MeV neutrons

T-target )

Ckcroft ACC.

"

Concept of FFAG-KUCA Experiment on
= JZ - 1 ADS W

11
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-

FEAG protd‘h accelerator

ﬂst Injection to KUCA in 2009 =

_ -Booster™ ;

S R G
Mairt Rifig =g

Characteristics of FFAG Accelerator

B B B / B: Magnetic Field
£ f: Closed orbit
accelerating time  accelerating time accelerating time
Cydotron Synchrotron FFAG Accelerator
B: Const. B: Varying B: Const.
f: Const. f: Varying f: Varying
r: Varying r: Const. r: Const.
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" JEE

Configuration of present FFAG complex

Beam Current
1nA

Source Linac

Main Ring
(FFAG Acc.)

/ Main parameters in the FFAG acceleratcm

# of sectors 12
Energy 2.5 - 100MeV
Repetition rate 30 - 120Hz
Average beam current | 1nA
Rf frequency 1.5 - 4.6MHz
Field index 7.5

\ Closed orbit radius 4.4 - 5.3m /

"

Proton beam profile

TungstenTarget

10°
10
10
10
10
10'

1 f " " M
0920 40 60 80 100

Neutron spectrum
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" JEE
Spallation Neutron Energy

4 Bi Irradiation Experiments
- Confirmed the production of from 23 MeV to 54 MeV spallation neutrons
- Compared with last Exp. 1 yr ago,
(n,7n) & (n,8n) reaction could be ascertained because of higher intensity

— 3 Threshol
1w i ¥ Reaction d
5 E (MeV)
P E | I
e, T i | 203Bj (n, 4n) 208Bi 23
ihig i ] =
e 238 (n, 5n) 25Bi 30
e 3 ) ]
. S i 209Bj (n, 6n) 24Bi 38
g el W . Wl 2°Bi(n, 7n)23Bi 45
o — 3 =0 S0 TH 1000 1350 10 1750 2000 . .
B e gy iet) 23Bj (n, 8n) 202Bi 54
J HR 209Bj (n, 9n) 201Bi 62
o | 209Bj (n,10n) 209Bi 74
0 20 40 510 SO0 1000 1200 140D 1500 1500 2000 209Bj (n,11n) ¥9Bi 78
Ereay (=) 2098j (n,12n) 1%8Bi 88

Present ADS research topics at KUCA

m Neutron flux measurement in subcritical state
o Optical fiber detector
o Foil or wire activation method

m Neutron spectrum measurement
o unfolding method by irradiation of with several foils.
0 unfolding method by recoil proton with a liquid scintilator (NE213)

m Kinetic characteristics measurement
0 Beam transient
o Reactivity Change
m Subcriticality measurement
0 Pulsed neutron method
= Noise analysis method
m Thorium loaded ADS core

m Analysis of experiments with Monte Carlo code (MVP,
MCNP, and MCNPX) and other deterministic transport
codes.
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u -_
Comparison of k-eff by experiments and calculation

' v - -jU -A) -10
Dst fiamcare cenfer my-direction (an)

05 aas

(MCNP) at ADS core
JENDL-3.3 ENDF/B-VI.2
Experiment Calculation Experiment Calculation
Aoy (A K) Patsr (FAK/ k) Lot (B K) Pz (TN / k)
0.680.03 -0.690.03 0681003 -0.7120.03
-0.890.04 =084 0.05 .59 0.04 -0.8610,03
-1.34+0.07 -1.35=0.03 -1.34 007 -140£0.03
-1.760.05 -1.71=0.05 -1.76=0.05 -1.7220.03
Q(_H] TT T T T 17 T T T "‘\th T T T
Cae2 : R g |, T —— Gl - W MNP
Cxe3(D-T) MY £ 0B - oy i J b
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\
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Reaction Rate Distribution (experiments and calculation)
" JEE

Reaction rate measurement

w 18 T T —— ——
B . . |ls]-n{n| n.)m-]:n
E 161 I . SFE(IL P)SMII
g" A "Ml o)*Na
G v “Nb(n, 2n)™Nb
Slar ¢ "Nmpio 7 1
Ty ] 1 :F
EL.E [ * f I T ]
=
LR G
@] og ™ - . L
? 1 1 1 1 1
08 00 02 04 06 08 1.0 12
Suberiticality [% ak/k]
Material Reaction C/E[-]

In B n.n) "Pm 0.93 0.0l

Ni Nim, ) *Co 0.94 +0.01

Fey (99.99 %) *Fe (n,p) *Mn 0.95 +0.02

Al Al(n. ) **Na 1.08 +0.04
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Response of reactor power profile
in the case of proton beam on and off

2000,

— Courts

Counts

= §$ ¥ ol @ did

Rk

T TG O TS A )

0 m&%w%w@“%“’ e
500

0] 1000 80 520 ~ 560 b 100 200 300
Time {sec) Time (sec) Time {5ec)

oA

Repetition of beam power change Control rod drop

Neutron Noise Analysis by variance-to-mean
ratio method (Feynman-alpha)

;- N

— [VIean value

o 2 : Variance

Neutron

0 o : Variance of
the Poisson distribution )

1Y , 1 :
. v ® _{Egz*m} » New formulation of Y-value
) 1$zm with pulsed neutron source
— da(T-L -\\
J‘E‘ (S+D)+(5-De Tt
= |28 20T —Lr)e® o
E T | _ —al
5 ! G e (B RIS
E eer 1 Fn@=1, o 1 -
02 Z {l _e_aﬁr_Lf)} +——¢xr (l_e—:ﬂ']
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I]I] L] 0.0 oo 004 \ “
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Subcriticality measurement by neutron
noise analysis

E L |
= e
2 g
c E
2 a
g —
S
100 I 0.02 I 0.04 1] I 0.02 004
time [s] Gate width T [s]
Pulsed neutron method V-to-variable-M | Comparison of
(Area-ratio method) method a -value
— 0 [S] @ o [1/5] a [1/5] (a-ay)/ay
1.597 + 0.012 3578 + 0.9 359 + 16 0.005 £+ 0.045

"
Some results were accepted by
ADS benchmark problem at IAEA

€ Phase I: Static experiments (14MeV neutrons)
Reaction rates , Neutron spectrum, Reactivity

@ Phase II: Kinetic experiments (14MeV neutrons)
Neutron multiplication, Subcriticality measurement method
(Rossi-a,, Feynman-a, Pulsed neutrons and

Neutron source multiplication (NSM) methods)

€ Phase III: Static and Dynamic experiments (150MeV protons)
Above topics, y-ray distribution, Power monitoring, etc.

- Fuel: Highly enriched 23°U, 232Th, Natural Uranium
- Reflector: Polyethylene, Graphite, Aluminum, Beryllium
- Core: Any combinations of Fuel & Reflector
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" N

Thorium-loaded ADS Experiments

4 Thorium-loaded core
- 5 by 5 fuel assembly with 80 Th plate & No moderator
- Th plate dimension : 2" x 2" x 4"

- To analyze Th fission R.R, In foil/wire

ere installed

3 Unit cell
14 15 16 17 318 = Ak
ik 2 g2 2.54cm

11 12 13 ME.E_:
A Th Th Th | Th 88 Th Fuel(80Th) %
 — .
A Th % Th. | Th l Proton Beam
Ik Th Th Th | Th,
== :
= Th Th Th | Th
==
3 Th Th Th | Th
N i =
£ | EE T | T
s LTI T 1]
KUCA Acore (bby 5 FA) Configuration of F.A. with 80 Th fuel plate

Reaction rate measurement

0-0?: L T T — T T T ]
0.06 — { —— Th_Experiment —

e —=— ThGr_Experiment |] Dis. ‘
005 \ __ [cm] (ThG1/Th)

?

: 0 114 +0.03
E 553 1.13 +0.03
11.06 1.15 +0.05

\ 1650 139 +0.08

; e~ ; 2212 1.56 +0.11
O-UOTl P R I TR N S R _l_.- |_..__

0 5 10 15 20 25 30 35

003 [

Measured reaction rate / source [A.U.]

Distance from core surface [cm)]
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u 0
Study of Materials Irradiation Effects
by proton beam

New Materials
irradiation chamber
for FFAG

Irradiation
temperatures: 6K -
700 K

In-situ fatigue test
Post irradiation test

Positron annihilation
| ifetime measurements

Electrical Materials Irradiation
resistivity Chamber
measurement

"
Future Plans for KUCA ADS exp.

m Upgrade FFAG system: Proton beam energy and current
o Energy: 100 MeV to 150 MeV (hopefully up to 200 MeV)
o Current: 1 nA to 10 nA (hopefully up to 100 nA)

m ADS experiments (Hard spectrum cores) by varying
neutron spectrum and external neutron source

0 Hard spectrum core loaded with Pb or Pb-Bi which can be achieved by
2-zone core with test and driver regions

0 Pb sample worth measurement
o Reaction rate measurement of 22’"Np and 241Am

m Th-loaded and Th-U-loaded ADS experiments
O Reaction rate or Conversion ratio measurement

m Capture of 222Th, Fission of 233U, etc.
o Experiments by varying neutron spectrum, outer source, subcriticality

m Establish subcriticality measurement techniques in actual
ADS operation mode (less than keff=0.95)

m Make ADS benchmarks based on KUCA exp. (U, Th, Th-U)
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" N
KUR
(SMW thermal reactor operated from 1964)

i

LTS

S Control room 4

Neutron source after KUR

m KUR was operated for more than 1000 hours
in Fy 2011 without any trouble

m However, KUR will be shutdown in the future
since it has been operated for 47 years

m Future plan of KURRI for neutron source
O Accelerator (FFAG ?)

m Pulsed neutron source

00 Accelerator (cyclotron ?)
» Continuous neutron source

OADS

= Continuous neutron source
= Neutron irradiation exp. & neutron beam exp.
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'_
ADS neutron source

m Fuel
1 Pin type fuel with Zr cladding
0 Enrichment: less than 5 %
01 UO, or U-metal
= Multiplication
1 k-eff : less than 0.95

= not categorized as nuclear reactor (hopefully)
m Accelerator

1 Cyclotron
= already developed for BNCT

Cyclotron for BCNT (boron neutron
capture therapy) at KURRI

Proton Beam: 30 MeV, 1 mA
N production rate : 1.9 X 1014 (n/sec)

-
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"

KUR reactor room

™4 Biological shield
: 2 = ‘\ 2

(5N ¥
L

[ o

- - ’ » ’ :- > 4
o o il .
Neutron beam line %
- -
o F

N
ADS in the KUR building

Control Room

Control system

Cyclotron Acc.

BCNT/exp. room

Proton beam room Cooling system
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" JEE

Core configuration

m Core : (pin fuel + H,0)
O Inner (hard spectrum)
O Outer (soft spectrum)
O Core height: 100 cm
m Irradiation hole (with
pneumatc system)
proton ——————jp- O water flux trap (3 positions)
O center core
m Neutron beam line
O from center core
m proton beam tube (10cm dia.)
O Be metal target
O with H,O target cooling line

Quter core

Be target Inner core

Reflector

Horizontal cross section of the core

Feature of ADS neutron source

m Highest thermal flux to power ratio

O present ADS: 3.4 X 10"° (1/cm2/sec/kW)
1 KUR: 0.40 X 107° (1/cm?/sec/kW)
1 JRR-3: 0.48 X100 (1/cm?/sec/kW)

m Low production of spent fuel

m Allowance of positive reactivity coeff.

1 Insertion of water trap region inside the core will
cause positive temperature or void coeff.

m No limitation for irradiation material in the view
point of reactivity
= Unbounded design for irradiation system
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" N
Neutron Flux at the present ADS

Fuel U0, | U-metal - ¥ peak at center

Gore Diam, 60 go| 47 l'.

¥ 2o
Enrichment (%) 1.49 1.168)| § soer l\

L.
k—eff 0.9 0.9 | & o
Thermal power (kW) 35 40 Distance fram Gare Genier o)
Max. Thermal flux (n/em?/s)| 1.2E+12| 1.2E+12 fast neutron flux
Max. Fast flux {(n/em?®/s) 3.5E+12| 3.6E+12 o | | ! |

] _ J _peak at flux 1|Jap
ref. : thermal flux at KUR in 1MW is 4.0E12 | 3=~ AR
[N

Euw" ‘,l 1"

;_:uuﬂ" P\:f *L'Cg

SR I S

L] " ) = 40 L
Distance from Care Genber fom]

thermal neutron flux

Road Map of ADS Research Program

ADS for Incineration ~< Commercial ADS )

:(Demonstratinn ADS )

i prototype ADS )
[ ? yrs. After

Power
Amplifier
System

—1

R&D for Subcritical Reactor
R&D for Material
Present stage
R&D for Heat Removal (KURRI)

R&D for Fuel Cycle
Technology

I
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3.5 Progress of Chinese ADS System
L. Yang (CAS, China)

\I &

Progress of Chinese
ADS System

Zhan, WenlLong
Xu, HuShan

Yang, Lei

Chinese Academy of Sciences

1 “RRFEHBGRER" CHADSHERR
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| Energy Revolution @

1) Relation between
Population and Time
2) 2 Phase transition
3) Using Non-manpower

2

“REFEHBGRER” EMADSHEE RS

\l Global environment pollution by chemical energy @

Fossil fuels remain indispensable
to the global economy, but it is
increasingly produced in places
that present big commercial,
environmental, and geopolitical
risks; greenhouse gases continue
to accumulate in the atmosphere;
and the odds that the world will
face catastrophic climate change
are increasing.

“RFFHBHRER” THADSHEERS
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\l Renewable energy @

Wind power is plentiful,
renewable, widely
distributed, clean, and
produces no greenhouse
gas emissions during

operation.

Solar/wind power plants

improve inherent safety N e el

power plant stands on
the border between
humanity's greatest
hopes and its deepest
fears for the future,
Atomic energy offers a
clean energy with huge
demand.

“RFFHEBRER” THADSEERS

= |

| Nuclear Power in China @

EENINEIOR

Operation:  10.234GW_/11 reactors | .
Constructing: 25.90GW_/23 reactors 8
Designing:  44.27GW_/39 reactors B
Planning:  120.0GW,./120reactors |

20204 70~100

1 years later

-

W BN HEF WEFN @N WD R02 N¥E RN R =t NET WS o L1

sEzomRraem

Westinghouse Electric Com. Third G.. ) ~ Heavy wter R.
5 “REGHBRER" TTADSEERY
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\I Nuclear waste disposal in China @

» 1GW nuclear plant (PWR) produces several 10 tons waste per year.

» In the past 30 years, most of 100s nuclear reactors use the way to disposal the
waste in USA. At present, 45k tons waste has been produced and still increases
2k tons per year.

» In China, the pressure of waste disposal will be heavier in around 2030. At that
time, it will be 3200 tons high-level waste per year according the long term plan.

» Report of { ADS and FR in Advanced
Nuclear Fuel Cycles ) NEA/ OECD
= P ADSis better at burning waste than
- fast reactors
P ADS employing a fast neutron
spectrum and solid, could support
more PWR waste transmutation to
transmute transuranics or minor

actinides
6 “REEHBRER” EHADSEERS

I ADS in China @
of ssatadaalil fasta ADS R&D in China
energy development
e | > - 1999, Conceptual Study on ADS
academicians is: » 2000- 2010, 2R&D prOiECtS OF D73 st the dopestiosst i Sciooun ot Teshrmbey
— SFR is used for » 2011- , ADS R&D facility constructing

breeding and ADS
i ks amante oo | CAS; China Institute of Atomic Energy; Tsinghua University and etc.
China

Subcritical core:

g | High Power 1-3m wide.
accelerator: Beam target
15MW=1.5Ge coupled region:
V@10mA ~15cm wide-

~50cm high
7 “REFBBRER"” EHADSHERSR
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| Progress for CADS HPPA @

Open questions in HPPA for >10 MW (cw) beam power

» One of the most challenging technical aspects of any ADS accelerator
system, the Front-End Injector (ECR+LEBT+RFQ+MEBT+LBSRF).
* improve the reliability of front-end system
* control of beam halo generated in front-end systems
» Superconducting radio-frequency accelerating structures appropriate
for the acceleration of tens of MW of beam power have been designed,

— built and tested; some structure types are in routinely operating
U] accelerator facilities.
* Robust and reliable for year-round uninterrupted operation
* Qperates with minimum beam loss (beam loss 1 nA/m) in
accelerator
8 “RREHBERER” CHADSEAZ RS
\I Conceptual design of Accelerator @
Lower Energv RFQ m L'Elh .-l:n:Nr-r;'nnar.'umﬂc-r-f. m
Lower B SRF Cavity R = =
High Reliability : Beam power 15 MW
\/ Frequency 162.5/325/650/{1300) Mz
Cavity Type HWRICH)/Spake/Elliptical
! 25 sc-Li Duty factor 100 %
-' i d 3 ' T ““ q m
|9||_ S ——— | W

: Elliptical
= 50~100keV  3MeV  B~10MeV Gpe bty medoobonc| 13000650

g
l l I 50~a]1 MeV ] 0.6~ 1L GeV 1.5 G]e\r
' A R 10 mA 10 mA
9
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\I Beam Dynamics

i :MW%%#HW%*H%H

i s A AR R A e it i)
L L e o ke g et b oo 4 et g |
W*H—JWW"‘W'Y “

10 “ARRFEHBERER” THMADSHERS

JECR & LEBT (0.035MeV )

Assemble

11 “RREHBHER" LHADSHERS
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| Radio Frequency Quadrupole

RIfQI_I §Imglﬂﬁqn : 35keV-2.1MeV

Mechanical Design Manufacture

12 “RELBGRER” THADSHERS

| Radio Frequency Quadrupole (IHEP-CIAE) @

= des . |
. \"_ e | e o = I‘._

| IMeV@6mA
3

“kRiEEBER” LHADSEERY
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MMEBT

HEL

JiR2

_ ﬁ. — E cavo

B :

] e e

u—-.r"'" T 5 |
I v
ST TTE \mM (R) AMEBT2 (F) AR
14 “RELBERTR” THADSEZZS

Para.
EJ/E, . /(void) 3.38
H/E,.. 8.13
/mT/(MV/m)
Bope 0.246
1/Q /) 206
G /O 87
Df/dL /kHz/mm 632
Rges mQ 0.68
QO0@Rres=5n0) 1.38E10
Qi 7.28E5
B Le @Q, op /mm 22.3
. Para.
E, MV/m@1J 12.04
H, /kA/m @1J 21.22 -risia dpest)
Ve @32.5MV/m /MV | 1.75 . LEB:L o
Ve @65mT /MV /MV | 1.58 '

16 “RREHGREZER” EHADSHERY
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] High Beta Superconducting cavity

20 an 40
8 Bt Lty F ﬁ

per—— T v 2 !h Finy
Fisames Bl | 1 ! | il
e, e s e I I S Y A i,
- o.s
i ]
Flefth mpustoriad el 3 || EZrvimi o.o I l ‘
h/ai g fis | -5 = ' » 1 l 11] 13 14
dlni T lk 1.0 %
Hol Coblargh, Ll [ e i L1V
- H. venden dalance [eni] WAl i p \'_/
oty b e RERE 1
[ | | JEr—
i — &) - |
Angwepih | Ted || e Db | [ pigTd E fioid
Fragaancy WH=250 0005 i-lﬂ
o R EtClFirm | Erd i Tarm
Himal s I P e 05 30
3 B0 fackon (@2 K =5 BOEE 41D
Uik 18 BuildCavity b
St st (W e )
¥ fomplig, X037 T ok ! i
CnaTaa [twst [covmem [aminzes mm o

17 “REFTHEGRER" THADSHE RS

‘l&wmn_et

FEDR

2D model for calculation

A

™ _-Il
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| Progress for CADS Spallation Target @

~ Chinese ADS Demo Facility Subcritical core:

High Power — D S 1-3m wide-

Perston 2-4m high

accelerator: Beam target

15SMW=1.5Ge coupled region:

V@10mA ~15cm wide.

~50cm high

Open questions in ADS Spallation target

With the demand of neutron flux, how to transfer effectively heat
deposition for the spallation target?
(a) Has high spallation neutron yield at 1 GeV proton beam (neutron/proton20-40).

(b) Has capability to dissipate very high heat flux without vaporizing (heat flux of
the order ~kW/cubic centimeter).

(c) Withstands irradiation and thermal effects along with its container.
Better understanding for strong coupled of the beam and liquid
metal.

19

—-Il

“RRFGHBRERR" THADSHERS

Calculation of Spallation process and Neutronic

e

.
o=
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L
o a0 ey
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‘Radial directio

1

I 160MEY HoPY |
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Y |
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=
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1 L] LU ]
LERTR ¢

Spallation product

radiation toxicity
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] Beam-Fluid coupling model and Mass-Parallel CED @

10"6

Beam-target interaction region simulation,
15360 cores, Speedup ~3000.

21 “RRGHEBRER” CHADSHERS

\I Beam-target coupling study for windowless target @

flux Radius 1 Radius 2 slope
5-20L/s 5-12cm 10-25cm 90-20 pegree

22050F¢ LT ER

LA 3

ek, EeNSE SNEENIUS
; hﬁm

1] o1 [t 01 05 [T]

H: 50mev@imA, i /SE S E

] (5] (I 03 i3 {15 1

AP B T TR R S0mev@10mA, TR E IS4

J (E80Me [——>|3250Me Y

22 “REFGHRGBER” EHADSHEE 2%
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] A widow target design (IMP-Tsinghua University)

AR e O ll_l P .
=
s iz o
| Rl o
T
14

T s D AL

I

i
2

I

t _____ T
Wi b o
- —HEEELE I'E =
tn e
T ey
.. E =
L] s preddd
B - “1“:‘.-.! E;'E'E ;:'%.
- —| E =
v Prosedy
. o A
13 L 1z 1a 16 13 z pe——I—— pawnkhe e -
Eillmh
23 “RELHBRZER" THADSHERY

] Water loop to study interface of windowless target @
e Reynolds number (Re==3500)

B

1]
| Using water simulation loop to stIde stability of interface for the windowless target.
24 “RRFGHEERER” THADSHERY
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‘I Spallation target neutronics measurement

* Measurement object
- Neutron yield
- Neutron Flux
Spal lation products
- Energy spectrum

- Reaction cross section

B= e
B «?:'_':Rlal_l_g__._— e ——
|‘ ] a4 P R Pt g, i,
~ N REZS = x
"‘“|— CERm g e 18
wzm —a | v
o R _,__;fx‘"
Proton energy < 800MeV in CSR € 100em=> Rttt Eletonies
acquisition system
25 “FERAHBGRTR” CHADSEE RS

‘I Windowless Target Test loop Conceptual Figure

|
| ) ADSHIZY AR S5 it
6

“kFEBRBRHER” LHADSEE RS
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] Loop testing for liquid metal @

280 wE 30F

2 @—234 e
Wi 5 8 B AR E B WA SR BRI E B S 10 5 i {E A
> @ | SR [

5|

27 “REFEHGRER" EWMADSHEE ARG

] Electromagnetic Pump Design @

28 “RERFGHGRER” EHADSHERS
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‘I Material calcaulation of spallation target structure

|
I
[
|
|
|
|
|
|
|
|
|
I
|
|
s

pEEEERERLS

HEHTE

" Neutron imaiaiion;induced structural steel materials

A50 -

iz 3]

29

DPA distribution along the target

=
-
A

.
M
sl N =
e LT o
1 - -y b L)
g .
I o
[TT 58 -
| 5
1 . s
(T2
|
L e T L] T
e £ 0 W W we B

o ue

Structural mechanics and thermal
properties of alloys calculation
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| Progress for CADS Subcritical Core
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Open questions in ADS subcritical core

» The production of a-radioactive Polonium (210Po) having

138 days half-life undergoes a-decay, some problems are
caused by bismuth because of its migration from the
coolant to the cover gas and formation of aerosols. 210Po
is volatile, so that the leakage from the cover gas poses
some hazard to the plant operators.

_79_
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®

‘I Conceptual design of Subcritical Core (10M

—

Beam pipeline

(i

It
Ef
L6

Control rod

Heat exchanger, "4 . / ' waste heat
— 1HITH exchanger
Il (| WL T
[l . = Remote control Support
| M Refueling structure
|
|
containment
31 FRIEERER” T HADSHERY
| Progress for Materials & etc.
Stress & irradiation facility

ERR T E RSN (HB. EHHEM)

"y

8B0MeY “"Ar, 500°C. 167MPa
4,63 10%%ons/m?

DREEERAL.

* SRR

2m * BESABMEEASE

Chamber
Temperature<800C

D men Y ".

35 “RFEHGRER" THADSHERS
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] Three beams irradiation facility (CIAE) @
SRR, Irradiation Chamber
e RT~1000°C
WREE. 2E~1000C o
fER: 2250keV ‘\\ﬁ; sample’
§idE: 0.4~50pA T ‘_',,—" e I:_:
H e L, AU L7 7 ]

The state is functional.

36 “FFEHEGBER” EHADSET RS o
‘I LBE corrosion & irradiation facility @

) Uy » 'E'-;-_y o

. g —

Fid
MmE: < 550C
B WiE: < 2ms

EIESE: ~1.8m
EFRE: ~100C

L ~ Under construction
37 “RKFGEBRER" LTWADSHERG

_81_



JAEA-Review 2012-043

J LBE Thermal-hydraulic and Materials Test Loop (CIAE) @

E Maximum temperature 550 C

= %Efiﬁlmum flow rate 6m%h, (velocity 3
21 Pressure 0.3 MPa

1 LBE volume ~2001

2] Height of Loop ~35m

21 Number of test sections 2

[21 Test sections height ~1.5m

E Temperature difference ~100 °C

21 Oxygen sensor Yes

21 Oxygen control Yes

l_-II

Under construction

8 “RRIEHBRER” EIMADSHERS
JLBE Thermal-hydraulic and Materils Test Lab. @
Function: : 1
1. Materiad
2, | '
3.

(o tect

vessel

B
n
| ) eI S aun ;
] To be functional in next year
9 “RELEHEBEBRER” CHADSEERS
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\I_Evaluation of candidate materials for ADS (CIAE) @

10%10% wt. %
(high oxygen)

T4 f
2
Saf
316LN 2 8
(Fe-18Cr-12Ni) S 2
g
S0 f
12CrWTi-ODS
. o
Il 0 5 10 15 2
9Cr2W\Ta
Criwth)
Corrosion depth with Oxygen ‘ Corrosion depth decreased with Cr
40 “REFHEGRER” THADSEE RS

] 316LN in flowing LBE (CI @

Test conditions: 500°C, 3000h, 5000h in LBE with Co,=104-10%wt.% velocity: 1m/s

u
o
SEM obsen-tations | Corrosion of 316LN in LBE
41 “RELHBERTER” THADSHET RS
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] Evaluation of candidate materials for ADS @

Test conditions: 430C, Im/s 480°C.0.14m/s  450°C, 1000h 450°C, 2000h

o A

SIMP

SEM observations

42 “RRFEHGRER” THADSHERG

] China Low Activation Martensitic Steel ( CLAM ) @

m Anti-radiation structure materials for ADS: ficsh -p

EW T HE®S

B CLAM steel production is 4.5 tons;

B CLAM steel is evaluated as the structure materials of Rk A

the subcritical core.

m Neutron irradiation evaluation
(PSI~20dpa, Wil & iHE~1dpa)

m Also for TBM

43 “REEHBGEBAER” THADSHERS
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] High-temperature & strength Martensitic Steel ( SIMP ) @

Chemical composition of SIMP

C Si Cr Mn W Ta v Nb

0.20-0.30| 1.0-15 (11.0-13.0| 04-06 | 1.0-1.5 | 0.15~0.45 | 0.20 ~0.30 | < 0.001

44 “RREHBRER” THADSHERS

| CADS Facility RoadMap @

CADS R&D FACILITY  CA

- S R P

| o
2013 |
~§ MeV |
2015 7 | |
[ | M . L L -~
= ~25 MeV 200/300 MeV !
H] 10MW ~2022 ~2032
~0.8 GeV AV
1MW 800MW
45 “kEEHBBETR” SHADSHZ RS
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Prospect for CADS DEMO Facility

TR CE e S, e _ . :"_'t

W&o B8 B

P r ey

Power dw{satﬁbuticn

e

109
HpZs
a1 241
wd N il T s Am283
i, ety S| TPAN BETOEN R
= "
= — - »——o— £
. ¥
0.1 N 4 Hbod-
e , s A a
L T T T T T L
'] 00 Fav) ) 40 300 600 LAl e
days (d)
Current requirement for burning MA transmutation
600D in different power of core ~130kg/year in 800MW

46

“REFGHGRER” TTADSHERS

Site Candidate of CADS @

47

“RREHGREZER" EHADSHERS

_86_



JAEA-Review 2012-043

48
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3.6 R&D status of ADS in Korea
S. W. Hong (Sungkyunkwan University, Korea)

R&D Status of ADS in Korea

Seung-Woo Hong

Dept of Physics
Dept of Energy Science
Sungkyunkwan University

Materials are prepared with help from
S. I. Bak, M. Behzad, F. Carminati, I. S. Hwang,
Y. Kadi, H. Kim, V. Manchanda, T.-S. Park, C. Tenreiro
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Contents

I. Work by KAERI

II. NUTRECK at Seoul National University

III. Dept of Energy Science, SKKU:
World Class University Program

I. Work by KAERI

KAERI's 10 year ADS Project

HYPER (HYbrid Power Extraction Reactor)

1st Phase 2nd Phase 3rd Phase
(1997~2000) (2001~2003) (2004~2006)
- Establish basic - Upgrade the core - Complete conceptual
concept of HYPER design design of code

- Development of
computer codes
» Basic experiments

- Research on the key
technologies (Pb-Bi,
Fuel)

+ Participation in
MEGAPIE

- Complete basic
research of key
technologies

)
OrR QX |21 AR

KAERD  oivs Acmic lrmrgry ssmch inasitete
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HYPER (HYbrid Power Extraction Reactor)

XoL ™
@ 7
. i
Sonant

Item Value
Capacity 1000 MWy,
Ker 0.98

Proton Beam

1 GeV, 10.6/16.4 mA
(BOC/EOQC)

Fuel Type

TRU Zr-Metal Alloy

Coolant/Target

Pb-Bi (Not separated
target)

Transmutation

TRU, FP(Tc-99, 1-129)

TRU Tran. Rate

282 kg/yr

FP Tran. Rate

27 Kg/yr (Tc-99), 7 kg/yr
(I-129)

Support Ratio

32

Temperature

Inlet = 340, Outlet = 470,
Max. =542 T

g,
‘6 &
A ~

, :

Fimm

Conceptual Design of HYPER core

T. Y. Song=, J. E. Cha, C. H. Choe, C. H. Cho, Y. Kim,
B. O. Lee, B. S. Lee, W. S. Park, M. J. Shin

Fusl - FP Burning
. Frefleoto sadaty
Fig. 1. HYPER core assemblies, & ald e
(3 anield @ oot Channe

Fip. 1. Beerence HYPER core.
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Pb-Bi corrosion experiment loop 6

Development & operation of Pb-Bi corrosion test loop
Max. velocity : 2 m/s
Temperature : 450 ~ 550TC

Glove Box
'ﬁh’%"‘“"

A A i T = . Electromagnetic Flow Meter

Control System

Oxygen /
Control Tank Ph-Bi Loop Test Section

A Ky

Pyroprocessing (%)

w Recycle/LLW

1 gas
treatement

Assion gas
— Uranium recovery
L L ] Decladding/Voloxidation Oxide Reduction .
SEF__J Eier:trorc!lirg -4
3 ,,,_. .
.. :
4 -
.
> - a .
(TR = ’
S— =
f . Sodium cnnled:

Ar eedsat fast reactor

b A (LT
Salt Waste Treatmen w
ﬂ ey Electrowinning
Low level -
L Y.,
waste ., —y | G _'llla.l
; : tabrication

Process Flow Diagram of Pyroprocessing

HANSOO LEE. GEUN-TL PARE. KWEON-HO KANG. IIN-MOK HUR.
JEONG-GUK KIM, DO-HEE AHN, YUNG-ZUN CHO, andEUnG HOkma  NUCL ENG AND TECH, VOL.43 317 2011

& ~

TRU : Transuranic elements g '~

MV :MNoble metal elements

P :Assion products W
Recycle/Treatm —————t
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II. NUTRECK at Seoul National Univ. (5.

NUTRECK is funded by Ministry of Knowledge & Economy’s
Advanced Human Resounrce Development Program

e e 50 um "sL 58 un
- Continuous Al,O, formed on 14.3Cr-2.5AI-0.9NDb(Alloy-1f) alloy at 600°C
- Nb addition promote Al,0, formation

Courtesy of Il Soon Hwang
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e Sl
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&
T

NUTRECK: Development of Corrosion Resistant Materials

« Summary of corrosion test results at 600°C

Oxide thickness [um)]

B0

B 8 3 2 g ¢

-
o=

o

e

1 Corrosion rate of test alloys in
1 LBE at 600°C
| 11Cr (HT9, Alloy-1a)
] 11Cr (HT9)
_. Fe,0,
] [ (Fe ¢ Al oxide
11Cr-2.5A1-0 9Nb (Alloy-1b) (Cr, Al) axide
- — 11€r-2.5A1-0.9Nb ALO,
| (Alloy-1b. 1c, 1d)
] {Cr, All) oxide
14Cr-2 5A1-0.9Nb 1 = -
. : (A]J”:Y D " > 14Cr2.5A1-0.9Nb ALO;
o 250 500 750 1000 1250 (Alloy-11)
Time [h]

Courtesy of I| Soon Hwang
Sy,

III. Dept of Energy Science, SKKU ()

LTrC

T,

University-level R&D as a World Class University Program

Accelerator

Fuel Cycle
(Chem. Mczteriﬂ)

Safety / Proliferation g  Social /economic

i 3 J

Technology Map
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Group Members 6
(Chemistry, Physics, Material Science, and Engineering)

| Yacine KADI
[CERN/SKKU: Nuclear Physics/Engineering

Vijay MANCHANDA |
[BARC/SKKU: Radiochemist]

» | Claudio TENREIRO
A [University of Talca/SKKU: Nuclear Physics] :

CHAI, Jong Seo |
[SKKU: Accelerator]

| Hong, Seung-Woo

[SKKU: Nuclear Physics] .
hE &
Park, Tae Sun | >
[SKKU: Nuclear Physics & Accelerator] “

. | Federico CARMINATI
" [CERN: Nuclear and Particle Physics]

Samuel Andriamonje |
[CNRS/CERN: Nuclear Physics]
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Foi
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R&D on ADS in SKKU o
=IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlzflllllllllllllllk
" 3 H
: :
u L]
H .
: : :
: ; :
. Reactor and Power : :
: Generation F
. :
: | Accelerator . ppaay RN :
u L]
H .
: RN Target :
H : i ' C. Tenreiro [Talca Uniwv.] H
: ¥.Kadi [CERN] i
: S. W. Hong [SKKU] i
: S. Andriamonje [CERN] H
: : i
§  eseemesscsnserestssesnnssesresesansrarastornasessnseeseens i
i o — :
H i < C. Tenreiro [Talca Univ,] .
n

-
+*

E renane ;: V. Manchaﬂda [BARC] éb ooooo I oooooooooooooooooo

E ----------------------------- L:i:slu:ir:g-“f:t- waste Packaging i
: KAERI :

: Computer Simulation :
:  T.-S.Park, S.W. Hong, Y.KADI, F. CARMINATI  }

‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;

Topics of R&D in SKKU

University-level, small-scale R&D

1. Computational modeling: TNudy

2. Partitioning

3. Transmutation of LLFP’s

4. Design of compact reactor core

5. Life Cycle Assessment of ADS

6. Applications (detectors, medical, etc)
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1. TNudy

(ROCI Nuclear Data Library)
- A C++ library, powered by ROOT, to read, process and

ENDF nuclear data

+« ENDF= Bvaluated Nuclear Data Format

Nuclear reaction data for E < 20 MeV, including cross sections
and neutron yields

Written in ASCII, and can be read most conveniently by

FORTRAN (i.e., fixed length records and so on)
Most popular version=6, recent version=7

An example of ENDF file

4. 009300+4 9.
—1. 537640+7-1.
1. 55433047 0.
1. 700000+7 9.
2. 000000+7 6.
0. 000000+0 0.
4. 009300+4 9.

21
53

2 4034 3
000000+0 1.575580+7 8.802450-5 1. 600000+7 2.610420-34034 3
111520-2 1. 800000+7 2. 766320-1 1.900000+7 4. 673160-14034 3
148280-1 4034 3
000000+0 0 0 04034 3
210840+1 0 0 04034 3

Motivations for TNudy

0840+1 0 0 0 04034 3
T640+7 0 0 1 74034 3

=] =] =] =] =]

=]

(=T Y=y - FU R oL R = |

C++ is now a major computational language, and it is useful
to have C++ library of ENDF, which is relevant for ADS and
many other nuclear applications.

ENDF= set of “"objects”, and OOP will be the most natural

choice

Large amount of data -> advanced memory handling is

needed

(dynamic memory allocation/deallocation)
Aims: Provide a standard C++ library
— User-friendly graphic user interface in an integrated frame (ROQOT)
— Fast enough for realistic Monte Carlo simulations
— Easy/flexible enough to be useful for education
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TNudy classes (still expanding)

THuRees

THeCont :
ThuRle
THuLlb
ThiwMat
TNuFm Ject

Tobjedt Thubjed |2

ENDF data displayed as you like (%

J ropbications Piaces  System |G

Erowezr Fle Edb Yiew Qplon: Taols

THuR e ithCa nt*

THURS e RhTabL -
THuRe e thTREZ ;

ThuSection £
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T 5LEW
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ENDF data displayed as you like

ROOT Object Browser

Ev: fon Spectrum [LF=3)

d6can

= [ThuEvaporationSpectrum_2]
Title = [Evaporation Spectrum (LF=9)]
= 470868 B.88008 2] 9
Symbol = [Energy distribution [1/ev]]
20 functer on 5.1e8+486 <= E [eV] <= 2e+87, © <= E" [eV] <= Ze+B7

Params
Entries = 1

Current status of TNudy

It's still a very early stage of development.

U

e 54
e

Routines for the data with MF=1~28 have been implemented

e MF=1 (neutron yields)
MF=2 (resonance data)

MF=6 (d?c/dp/dE") , ...

Covariance data (MF= 30~40) are in progress
In preparation of the first release

Eventually, TNudy will be extended to include

PN,
3

MF=3 (total cross section), MF=4 (do/du), MF=5 (do/dE"),

Monte-Carlo sampling routines for burn-up simulations
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2. Partitioning

» Actinide partitioning (using PS-TODGA)

» Extraction of Sr-90 from Th-232

o On-line detection of a-radiations
(using CR-39 based fiber optic sensor)

*ornae®

¢ Actinide Partitioning (A.P.)

A.P. is a strategy for the management of High Level Nuclear Waste
(HLW). Green extractants are designed and deployed for the
separation of long lived radionuclides which include actinides like
Am-241/243, Np-237and Pa-231 from HLW.

e Radiochemistry of Th

Nuclear data like cross sections of neutron capture and fast neutron

fission of Th -232 and activation products like Pa-233 and U-233 are
pivotal to the use of Th as Energy Amplifier. There is also a need to

develop efficient procedures to separate valuables like Cs-137 ,Sr-90
and Mo-99 from irradiated Th.

¢ Solid State Nuclear Track Detectors

There is a need to intensify efforts to efficiently monitor online the
presence of alpha emitting radionuclides in the surroundings of
nuclear facilities.
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Actinide Partitioning «:

-]
*, a
Fya®

e Actinide Partitioning is a strategy for the

management of High Level Nuclear R, M B 1
Waste (HLW). There is growing interest _ Rr‘"“ﬁ"n"ofc'*ﬁ""'i:a
to design and deploy green extractants. i e 'yc{“chmE o
- A w 3 dl Al -
e Tetraoctil diglycolamide (TODGA) is ooeRion 10 Mkichg ..,Ee.,m:n,;c,;.;“mm,.
o a green extractant (made of only C, H, N, | anoxygenatom effectively
0) pasition Eiur‘ lmm

o effective for the separation of long lived
radionuclides (Am-241/243, Cm-245, Np-
237 and Pa-231) from HLW,

o and has been investigated extensively in
leading laboratories for Actinide
Partitioning.

e A novel nano composite material,
Polystyrene-TODGA (PS-TODGA) was
prepared and characterized. The uptake
behaviour of Am(III) from nitric acid by
this material was investigated.

s Effect of diluent and ionic strength was
investigated on the extraction behaviour
of La(IIl), Eu(III) and Yb(III) with
TODGA.

Chemistry of diglycolamides: Promising
extractants for actinide partitioning, Chem.
Rev., in press (2011).

Preferential recovery of °°Sr from (Sr,Th)O, 6

et

- 90Sr is a generator of ?0Y that is of medical importance
905r (29 years) —%0Y+ B-,
Y (64 hours) —%Zr+ B-

Cumulative vyield of 90Sr during fast fission of 232Th (7.32% 0.36%) and of 233U
( 6.39+0.33% ) are large.

=-In nitric/perchloric acid, SrO is highly soluble, while ThO, and other FPs are inert.

Element % Dissolution (1M HNO;) | % Dissolution (1M HCIO,)
Th 0.13 0.08
Sr ~100 ~100
Y 2.0 0.4
Pd 7.0 4.0
r 7.0 0.8
(50 mg of sample, 10mL,10 min., 120 C)

15t step of Sr-separation

—~Thus, by using dilute nitric acid/perchloric acid, preferential leaching of Sr over Pd, Y, Zr
and Th from mixed thorium oxide is possible.

-2nd step of separation
— Medical application requires high level of decontamination factor (D.F.)

-Sr-selective extraction chromatographic resin was employed for further purification of Sr
from 232Th and other fission products like 137Cs and 152Eu.
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Solid State Nuclear Track Detectors

There is a need to intensify efforts to
efficiently monitor the release of alpha
emitting radionuclides caused by the core
melt down or loss of coolant in a spent fuel
pond.As a consequence of the exposure of
diethylene-glycol bis(allycarbonate) (CR-3
9) to alpha radiations (emitted from #32Th),
radiation damage causes modification of its
physico—chemical properties like absorbanc
¢, surface roughness and reflectance which
could be correlated with the chemically etc
hed track density, conventionally followed
for the quantification of a-radiations offline
In this context, CR-39 based Fiber Optic S
ensor (CRFOS) based on the reflectance m
easurement has been developed with an ai
m to monitor online the presence of o-emitt
ing radionuclides (in / around a nuclear faci

lity).

Incident light
Reaflectad light

Optical fiber
i —

CR 39 3D siruchure

v _ & T
v
L 1Y d t.l_

Alpha particle —

==
+] CR30Film
-

Figure 1: Proposed scheme of CRFOS for detection of alpha particle
radiations from 22Th source. Reflected light form CR-39, as
indicated in the ray diagram, is measured using photo-detector and
reflected-absorbance 1s measured by spectrometer. The distance “d”
is varied from 10 to 50 mm to evaluate the effect of irradiation
distance. The distance between optical fiber and CR 39 film is kept
constant (@ 10 mm

AFM 3D image of CR 39 film: Before & After (3.

e

irradiation) is 1.3 nm.

Figure 2: AFM 3D image of CR 39 film before (a) and after alpha particle irradiation at
various distances of 10 mm (b), 20 mm (c) and 50 mm (d) from the 2*2Th source for 60
minutes of irradiation time. The surface topology for irradiation distance of 10 and 20 mm
show distinet changes whereas that for 50 mm shows little change with respect to the original
surface topology. The RMS roughness for 10, 20 and 50 mm irradiation distance is 0.91, 0.90
and 1.2 nm respectively whereas the RMS roughness of blank film (without alpha particle

- 101 -
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Reflectance indicates alpha particles
T T T T T v T - T b T T T T T 18000
L —a— Reficted Infensi
d nf —a— Refectance 11 E _O_kadenmmw 1 16000
=d=PRoughness
. 1 14000
0l R 0}

Y 2 2 4 12000 <
E {iwg E g
> 8t @ 2 gt 4 10000 &
[ g g 8
g 1'%g & {am 3
£ Sl = &+
o Br 2 o 6f g
2 {100 § - 6000 g
) - @ 2]
] 3 & 5
T 4l _g D o4l 400 3,
& {oms™ =

{2000

T {020 2r IR
I i | i | i | i i 1 L 1 L | L L i 1
10 20 3 4 50 10 ) 0 4 50
Radiation Distance (mm) Radiation Distance (mm)

Figure 3: Comparison of CRFOS reflected intensity with the change in RMS roughness (a)
and with measured track density (b). Beyond the irradiation distance of 20 mm the reflected
intensity drops down whereas the RMS roughness increases steeply. It is also seen that the track
density measured after chemical etching of CR-39 has direct relationship with the reflected
intensity.

Online Optical Monitor of Alpha Radiations using a Polymeric Solid State Nuclear Track Detector CR-39 ,
Sensors and Actuators B: Chemical , in press ( 2011)

A,
i

3. Transmutation of LLFPs

- Long-Lived Fission Products(LLFPs) are the main concern of the
long-term radio-toxicity and risk of nuclear plants.
- Among other FPs, Tc-99 is
- one of the major LLFPs (8.54 kg/GW/year for PWRs with 3.2%
235)),
- long-lived (T, = 211,000 years),
- water-soluble,
- Suitable for using Adiabatic Resonance Crossing method
- Simulations of transmutation of Tc-99 for an experiment with
KIRAMS MC-50 proton cyclotron
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P Kby,
» i
. !E ; &
Pgyaet

« 99Tc can be transmuted by neutron induced reaction.

s1e  |™Y | 100e
(2.1E+5¥r) (15.8s)
8 B
%BRuU WIRY nv) 1IRY (n.y) MRy (m.v) IRy (n.1) 4Ry
[stable) [stabla) (stabla) (stakle) (39.2d) {stable)
B
1MRh
(stahle)

To transmute 99Tc to 190Ru, we need lots of neutrons, but not all
neutrons are effective for the transmutation.

Neutron Capture Cross-Section of °°Tc 6

10° g
5 0
g v
ﬁ 10'—;
g’; 107
{U 1{1“—
1{1“5--

We need

neutrons
in this
energy range.

T
Neutron Energy (eV)

(n, gamma) cross-section data from ENDF-VII.O

»  Some resonances are very narrow with large cross sections.
(5297 barns at 5.58 eV, 1693 barns at 20.21 eV, etc)
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AP,
x A
&
) 0
&

Adiabatic Resonance Crossing Method%

T | T :
] —*®T¢ (ENDF.MII) ]
10004 3
E 7
g ]
[ 1[}0—:
S E
g 1[:—;
S :
=
) .
£ 01
0.01 _ T T " T " T " T
0 20 40 60 80 100
Neutron Energy (eV)
Adiabatic Crossing of the 5.6 eV Resonance of %9 Tc
10000
4 4
 Raaasaandd i it et e RN AR AR R R R R R R I'} +H4344
1000
Iso-lethargic steps
E =0.6x10-3
10¢
10 T 1 1 1 ]
4 45 5 55 -] 85

Neutron Energy (eV)
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- Large elastic cross section

- Small capture cross section

» Large mass (A=208) insures
small energy loss per collision

AE/E =2 M(n)/M(Pb) =

0.01

Simulation for designing lead block 6

100

Be target
(r=2.5 cm,
L=1.5cm)
50
E
a1
=
®
) 2 o
a1
50 MeV g
protons @
E
-50
Lead
(moderator)
-100
-100
graphite
(reflector)

=

10° 10* 10° 10* 10" 10° 10" 1¢° 10° 10° 10° 10° 07 10°

Incident Neutron Energy (eV)

LT

®

2D Meutron Flux Distribution {neutronfcm2/s) 40 uf

Axial Distance (tm)

le+1l

le+10

le+09

le+08

le+07

le+06

100000

10000

1000

100

10
50 100

paraffin
(shield)

9Tc sample

(r=1 cm, L=2cm)

Polyethylene+Boron
(thermal neutron absorber)
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Neutron spectrum at the Be target 6

- Most of Neutrons are in high energy region.
(50MeV 40pA proton beam, Be target: r = 2.5cm, thickness = 1.5cm)
- These neutrons should be moderated to resonance region.

E LELERLL BRURELLLL DR BN DU R LIL BN BN LU BN RLLLL BRLBLRLLLL UL BRI L LLLY B “"E 1013
103_; ™~ \ (M E
] 2
"é‘" ] \\\\ | E_ 10
_8 10: E ™ . || [
ng E ‘\\‘ | | =
E 10' /] 0t &
s | 5
o 10"+ ol I " S
i F 0
E 107 c 3
] ' .2
E’ 1 —— (n,gamma) cross-section \ - 10°
€ 10°% o *1¢, ENDFMII ;
1 —— neutron flux in Be target t
10—3 LLLLY I T '"1“‘ LR 1['3

LELRRLL BRLBLRLLUL BRI B RRILL LI UL B LLALLBRLMLLELLL BN R T T T T T
10 10* 10* 10 10" 10" 10" 100 10° 10° 10° 10® 10
Neutron Energy (eV)

g Ky
-»&IE ;-b“

o 2®

Neutron spectrum at the °°Tc sample

Neutron flux (n/em?/s)
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= - B ek
Thermal analysis for Be target design 1)
o s anengy deposition {2 5E14picm 3|

(%]

=

= 0.01

"

- 0.0001

Transverse Distance (cm)
(=]

L]

- le-06

+3 1e-08
o] 1 2 3 & 5 B 7 ] =] 10

4. Design of Compact Reactor Core (5

To make an existing Reactor Core compact, we chose a CANDU,
thermal reactor configuration.

2 configurations: 13 and 33 bundles, 19 fuel elements each,
with enrichments of 2.1% and 2.5% respectively and
subcritical configuration k. = 0.98
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New design tailoring the MA transmutation
Fuel: (232Th, 235U)0,
Neutron distribution is tailored for MA burning

Cantral bundie surrcanded by
cantral ds. ——

>
h » Clentral bundle 7.00E-07

i = et bundle Z

%o « Moderutor EEDT |

1.00E-11 1.00E-09 L.ODE-07 1.00E-05 1.ODE-03 1.00E-01 LE«01

AP N,
%

W] &
.

5. Life Cycle Assessment for ADS

» LCA is useful tool considering life cycle time scale with various point of view

| Simple assessment

LCA system boundary |

Material : ; sl

mining Manufacturing Use phase Disposal Reuse
150 14044, Envi tal ts ané
puidelines, I tomal Or
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Why do we need "Life Cycle” Consideration? 6
- example of diapers-

« LCA gives us right and comprehensive resulit.
- An environmental study of nappies revealed that
there was no difference between reusable and disposable nappies,
when it comes to whole life cycle environmental damage.

Material

Manufacture
Use phase

Disposal land use

Reuse

Life cycle impact @

Axmonier, 5. and M. Coellins (2005). Life Cycle Assessment of
Disposable and Rensable Nappies m the UK. E. Ageney.

Results (GHG vs Cost) 8

« Correlation between GHG emissions and cost

i . . 228.95
Grid parity : 11 cent /kWh GHG emissions = 72.53 + ————
Cost-3.18
) 60 ,
g 800+ 1 Coal | l .
= 30 1 Hyar
S + —t—
K2 0 Muclear Wind
2 4004 Maturalfgas 0 5 10
o
3 .- Korean energy target
LE Saolar thermal : 110 g C02 lkWh
o4 W' : * Solar PV
'Cr) . 2|0 . 4ID

Cost (US cent/kVWh)
+ GHG emissions and cost are in inverse proportion

Heetae Kim and Claudio Tenreiro, “"Energy Policy”, Submitted
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Application of LCA to ADS .y

» Energy systemic impact of ADS
- 35.5% of total energy balance in Korea
- next generation nuclear technology
- can reduce nuclear waste and reuse it
- no impact data of energy amplifier so far

Cenventicnal
Muclear Reactor

il Conventional :
Muclear Reactor '
Wiaste
—ment Manage
-ment

' Generaticn

Linr

Uraniuem Ubrariurs

iiring minireg

Tier 1 Fuel

A 2

i
Reprocess % '.I'a:%

Tier 2

Cesevation Reprocess |
1

Generptizn

Hlm\m A . L:}]/hm Ur:'mum I
_— S et by

] Z 1 Cycle S 2rd Cycle J//

L
i
* o
*a &

¥

LCA on Th based ADS

« Life Cycle Analysis (LCA) for ADS:

One of the fundamental problems in nuclear power is the MA
burning for waste reduction. This imply two steps, namely
partitioning and transmutation, both have to be correctly
evaluated from the LCA

« Th-fuel based cores: Another challenge and opportunity is to
shift from U fuelled reactors to Th ones.
Good opportunity to study and perform core design physics.

« ADS core analysis: In order to get more local experience in

ADS, several lines of research are currently under consideration
regarding the target and core distribution of MA
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General lay-out of an ADS 6
s Injectars
Intermeadiate
Power Generation
Accelerator Complex g (675 MW)
Energy
Amplifier
Pump
Fuel Discharge ol Fuel Loading
-4 | 3 |
¢ (2760 Gops
= Fresh
= “W“"“’:’m“ Actividea Fuel fabrication Thorium
(Partition) 1P4.71) 281 Supply
Spent fuel
. Fission Fragmerits Waste Packaging o TO Secular
Reprocessing Complex T ™ (vitrification) Repository
(every 5 years) —
Figure 11

Rubbia, C., Buono, 5., Gonzalez, E., Kadi. ¥.. & Rubio, J. A (2011). A REALISTIC PLUTONIUM ELIMINATION SCHEME WITH FAST ENERGY AMPLIFIERS AND THORIUM-

PLUTONIUM FUEL. 1-49.
# .J.n
1"*.‘6.;“

)

System boundary

« The system boundary determines which unit processes shall
be included within the LCA. The selection of the system
boundary shall be consistent with the goal of the study.

« Simple system boundary
- production w/o building (factory)

- consider materials and energy input only

« ADS case
= production + building (power plant)

« Cut off parameters on - =
- mass, energy or environmental significance
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P
; "'é
V) -

System boundary for ADS
Miring
e
l Mechinary ' ?I‘ramprtation |
»  Oporaion | Deconstruction .
Machinary Transportation || Material Electricity
Heetae Kim and Claudio Tenreiro “ADS model for LCA energy system analysis.", {in preparation)

.‘__1.'\\.-;.,"’

B1Dt /Ay of
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used fuel — J
¥ I
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e T——— - 4
hd I
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fabrication
T —

Remaining
ligguidd

7 B.5t Ay of
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i
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g glass Incoporation

Conditioning

Stored
‘ pending

Heetae Kim and Claudio Tenreiro, “LCA energy system analysis for ADS model” (in preparation)
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“Asian Working Group for ADS and |ts¢3
Applications”

Goal: To summarize what has been accomplishe
d in this field and what needs to be further stud
ied in the future for realizing the ADS. This wor
k does not necessarily involve research activitie
s but aims to produce a roadmap which can b
e presented to the society/governments for

policy making.

Modules:

— Accelerator

— Reactor core design

— Material

— Nuclear data and nuclear physics

— Thorium

— Education

Possible Scope of Task

List the options for technological elements.

(Dr. Yano: One 20 MW linac, or ten 2 MW cyclotrons?)
List the pros and cons of each technology.

Consensus or Roadmaps: How to approach or invest
(Not necessarily research efforts)

International roadmap: Not prejudiced.

Present the roadmap to the societies/governments of
different countries to facilitate policy making

Plan the next steps
(Dr. Yamana: Steve Covey’s approach? Or Big Project?)
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3.7 Accelerator Driven System: Plans & Present Status in India
P. K. Nema (BARC, India)

Accelerator Driven System:
plans & present status in India

P.K. Nema, BARC Mumbai, INDIA

International Symposium
on
Future of Accelerator Driven System

Gakushi Kaikan, Tokyo, Japan
February 29, 2012
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Nuclear Energy Growth Constraints

* Fuel Resources

-Uranium versus thorium.
- Fuel re-cycling (U-Pu)
- Thorium (fuel recycle in R&D stages).

* Technology

- Plant safety.
- Breeders (for optimum resource utilization).

* Environmental impact- Disposal of wastes.

 Economics & proliferation concerns.

Nuclear Power Programme in India
Constraints:

» Uranium resource crunch (for existing “once
through” technology).

» Vast and easily exploitable thorium fuel resource.

Evolving 3-stage technology developments:
1. PHWR- Natural uranium + heavy water

2. FBR with U-Pu recycle- sodium cooled reactor & fuel
reprocessing.

3. Thorium fuel cycle (driven by stage-2).

ADS applications can usher in early onset of stage-
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Indian Nuclear Power Programme - 2020

REACTOR TYPE AND CAPACITIES cAPACITY (MWe) 2 EaciTY (Mwe)
> 20 reactors at 6 sites in operation 4,780 4,780
PHWR at Tarapur, Rawatbhata, Kalpakkam,
Narora, Kakrapar and Kaiga
» 2 LWRs under construction at 2,000 6,780
Kudankulam (2x1000 MWe)
» PFBR under construction at
Kalpakkam (1 X 500 MWe) 500 7,280
> Projects planned till 2020 7,900
15,180
PHWRs (8x700 MWe), FBRs (4x500 MWe),
AHWR (1x300 MWe)
» Additional LWRs through international ~ 20000 ~ 35000

cooperation

Power Reactor locations- planned and operating

NPCIL’s Presence

& Under Opearation - 4780 M
W Ongoing Projects - 2000 MW
{. Project Launched in 2010

¥ = Y @ Propesed Projects
Rawatnte, Sagsrn ' R A o
® 1% 100 MW by
» 1% 200 MW S e
b 4 %220 MW S - ~
A 2 x 700 MW M e sragaaie- 2x220MN ) il
R G e b 5
QL. fas 4 R i
e e .’l{'-b/""’_'"".__ r b ol
£ " 'I bk, el ,_r-_ e i .: S e i
R o] f B “""l 3 i
s o e S ¢ s
® 6% 1000 MW \‘:‘U e ~ i ® 6 x 1000 MW
Ry ] b 4+
. B T :
L I S s —
¥ * LR ] AW
o 2% 160 MW ¢ " 2 A
! it Tl / & 2= 700 MW
o 2% 540 MW - o LA
e
Lo o A pracesh ([ AT PRESSHIN
6x1650MW = F
L 9 A ot @ 5 1000 MW
QKW'-'E |
S
o AnZOMW | i | alp e GG i
o] S W2 x ze0mw [
1 Temil Nedu &
! =
R Andman and Micobar Islands
Lakshadwesp e
. Kudankutarm, Tamil Nad
8 2 1000 MW
@ 4 x 1000 MWW

QQ
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Why ADS for India...?

* Indian interest in ADS is primarily for thorium

fuel applications.

* This is taken up as an additional path to
ongoing 3-stage nuclear power programme.

* Fuel re-cycling (U-Pu) programme already
existing. Thorium fuel recycle is in R&D stages.

* Heavy liquid metal technology- shared also for
High-Temperature Reactor (HTR) systems.

* High power proton accelerator is the main
thrust area for ADS programme.

ADS Programme: Ongoing Activities

Facilities planned &
constructed for R&D:

List of main activities:

1. Reactor physics code and
nuclear data upgrades.

2. Fuel cycle studies with
typical (HWR/MSR) ADS
configurations.

3. Experimental sub-critical
assembly driven by DD
and DT source neutrons.

4. Studies on target
spallation reactions &
thermal hydraulics studies
for heavy liquid metal
(HLM).

5. Development of high
power proton accelerator.

- 118 -

1.

Sub-critical experimental
facility driven with DD/DT
neutrons.

Experimental LBE loop facility.

LBE loop with 30 MeV proton
beam irradiation.
Low-Energy High Intensity
Proton Accelerator (LEHIPA).
Design studies for ADS
demonstration facility with
research reactor.
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Ongoing R&D on ADS Technology

Development of sub-systems of high power proton
accelerator (HPPA) planned in step-wise modules.

LEHIPA is first module of HPPA and under
construction in BARC. R&D phase for other modules.

Heavy Liquid Metal target system for ADS demo
facility & for industrial-scale facility to be developed.

Components of experimental LBE loop and an
irradiation module are getting ready.

Experimental sub-critical facility under preparation.

DD/DT Neutron generator is made functional and
targets of Titanium deuteride and tritide (5-20 Ci) are

developed.

Reactor Physics Developments

Development of Computer Codes for Analysis of ADS

BurnTran: Burn-up code based on 2D Transport theory.

McBurn : Developed a Burn-up module & coupled with MC

algorithm for analyzing batch fueling.
* Nuclear data

Usage of available data files and also that generated from
ENDF data processing.

« Experimental studies and Code calculations validation:

Planned in the proposed sub-critical experiment using DD
& DT neutron facility.

* Conceptual Design Studies

Fuelling schemes of thorium for ADS in MSR and heavy
water reactors
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ADS Studies for Thorium Fuel

1. Studies for PHWR/MSR ADS : initially fuelled with Nat. U+Th; and,
eventually operating with only thorium fuel feeds.

2. Thorium fuel cycles in thermal spectrum ADS:

» Self sustaining cycles
» \ery difficult for critical reactors : resulting in very low burn-ups.
» Quite feasible for ADS mode:
* Gain is 30-40,
* At K."~0.95 burn-up of over 40 GWd/t possible.
« Breeding cycles
» K. comes down further to about 0.93 &
* Gain is down to about 25,
» Burn-up goes up to about 60 GWd/t .

3. Thorium fuel cycles in Fast ADS:
# Self sustaining cycles and offers slow breeding potential.

» Large burn ( > 100 GWt/T) up with metallic fuel, HLM coolant : Suitable for
once through thorium utilization.

» Requires large start up mass of fissile 233U.

DD/DT Neutron-Driven ADS (BARC) Facility

> For experiments on physics of ADS
and validation of simulations. Sub-
critical assembly (k.4=0.89) of natural
uranium in polyethylene with BeO
reflector is chosen.

» To make use of fast neutrons {=
10°1° n/s) produced by 400 kV, 100- , B 41
250 pA DC accelerator in D+D/T 2l bikui
reaction. i | =k

~ Solid target of titanium
deuteride/tritide on copper substrate
for nuclear reactions.

1. Fuel moderator combination allowed
dispensing with criticality accident
scenario and safety audit.

Beryllia (BeQ)
reflector

Uranium metal rods

2. DD neutron source strength 101°and [ Povetviene
DT neutron strength of 10° n/s would

: Central port for
be allowed due to thickness of tritium loated QR

5 3 & deuterium beam
shielding walls of room. j

11
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One-way Coupled ADS Scheme for Thorium
Utilization & Actinides Transmutation

Target & Reactor Physics R&D

* Design and analysis for HLM target for nuclear

reactions, neutron yield, residues and heat
deposition by using CASCADE & FLUKA codes.

* Neutron transport and coupling with ADS reactor
core, reactor calculations using McBurn and
BurnTran Programmes.

* Possibility of including fresh nuclear data and cross
section library.

* Shielding calculations and fuel cycle estimates.

Capability for Preliminary design and estimates for
thorium utilizing ADS configurations.
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LBE Experimental Test Facility

(Non-radiological hazards facility)

Facility safety audit

VERTICAL Operation temp. limited

~— to 350°C so that lead
vapor pressure is within
chemical safety
concentration
requirement for lead
vapours.

Only thermal hydraulics
code validation,
instrumentation and
material corrosion
studies.

7
W3
D
i'i |
T
i

CFB-1L® |a_n_1_1§l;ll_!draulic simulation facili
construction Ui o e
Flow rate-120 kg/s —Pump———

tests that involve

Flow Rate — 40 kg/s — (Gas Injection)
Temperature — 350°C 1 !
Coolant — Diphyl-ThT radiological safety

Window Heat simulation-Electron/Plasma Heat source . aspects.

LBE Irradiation Facility

LBE liquid metal target irradiation with 30-MeV

proton beam.

* High current proton beam irradiation though thin T91
material beam window.

* LBE activation and polonium formation to be validated.

* To test with gas-injection for enhanced convective
circulation of heavy liquid metal LBE at 220°C.

Basis for Safety audit:

Spillage of ~ 1500 Kgs. LBE irradiated for 400 hours in 15 kW

proton beam power :
» Saturation polonium activity (estimate by FLUKA), of

which 97% retained as lead-polonide and 3% escapes in
room air.

* Concentration of polonium in air remains within allowable
limits.

There are no planned
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LBE Target Studies with Beam Irradiation
(30 MeV Cyclotron, 500 pA current)

SEPARATOR GAS OUTLET

PRESSURE TRANSMITTER L]
SEPARATOR T JUL JUL
H 4IR OUTLET i i .
3
RISER 1 :
LEE AIR HEAT
EXCHANGER
T
as
IXER GAS INLET “oa

Vot Cate Valve 63mm

Begm Stopper 15 kW + vocuum pump
Twin Orum Colfmator

Steering

Quadrupole Donblet

3 Magret

Bearn Wewsr 2 kiY

Dual Fofl helium cosled

& Beam Scarner XY

. 10 Beam Profie Monitor (Tor test purpose)

o gy AN
Developing Target Technology

*  Thermal hydraulics
simulations in HLM target-

window cooling. (But, stable
regime for windowless target flow

SRALLATICN REGIQHN
LOADING LINE LY METER PIPE

BTSN SOMMNECTS R

W L A Ly Ry

BELLOYY SEALED
GLOBE WAL

o

DUWP TANK 545 IMLE

PRESSURE TRAMSWITTER
IR TANE

geometry could not be realized so
far).

* Gas-injection assisted HLM
convection loop: two phase,
1-dimensional circulation
system code available -
validated in N,-Hg loop.

BEPARATOR GAT OLTLET—_
Eid DIPE

P RESELRE TRANSM T TER—
——SERARATOR
Hi AR OLTLET=—.

*  Window material for
prototype target module
will be T91 (characterized
for FBR applications).

, ~RIGER 1
LBE-AIR HEAT .~
E3 CHANEER-

REERE
—~—WIXER GAZ IMLET

J,-NDCEE

HE AR ST
\

* LBE Target module testing

rig has been set up to verify
functionality.

“SFALLATION REGION

LiADING LN, LD METER PIFE
o

OTOM COHHRECTOR

-
TOLWP TANK GAEINLE

FRESSURE TRENSMITTER" .
—DME TEME
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Scheme of Proton Linac for ADS

Normal Conducting
‘ High current injector 20 MeV, 30 mA DTL/

prrensane aranen CCDTL
Proton IS RFQ pTL /i 100 MeV| SC
50 keV 3 MeV 20 MeV |\i Linac

i i Super-

PR e s | conducting

Design completed and fabrication is in progress 1GeV

= sher
ECR lon Source RFQ medel RFQ Beginning Cell
- I | i Spaliation
Estendled laad ?::E'é:&’!'fv

maoltsn madium
|
|

High-bay area above LEHIPA
linac tunnel in basement

EQUIPMENT DIAGRAM
OF LEHIPA

et =

A view into basement area of '
for LEHIPA facility chematic of shielded
basement for LEHIPA
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Construction of LEHIPA

Short RFQ model under

X bead pull tests
3-MeV RFQ design

S i Brazed Proto-

type RFQ

RF System for 400 keV prototype RFQ
(35 kW tetrode-tube based RF power supply using 1 kW intermediate
driver]).

MNew Driver stage : 350 MHz,
2.5 kw
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Development of Coaxial Coupler for
prototype 400 keV RFQ (deuteron accelerator)

Coaxial coupler connected  Alumina tubes metallized First RF window prototype  RF Coupler prototype being
to RFQ Cavity in BARC after vacuum brazing tested for vacuum

Coaxial adapters under RF  ae0 mii> RE cavity developed
Chracterization e oy

for Coupler conditioning

Developing Technique for
SC RF Cavity Fabrication

elded dumbell
/ Formed Niobium

Half Cell

23
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Visionary Roadmap for ADS Development in India

accelerator.

capacity up to 1 GWe.

5. no. Tasks in the form of project Rationale Timeline
LEHIPA at BARC- 20 MeV, 30 mA (Av.) proton | It is an ongoing project for enabling accelerator 2010-14
1. linac technology, facility Is useable as neutron facility in
BARC.
Linking beam from LEHIPA with AHWR To deliver beam on a target in heavy water moderated | 2017-21
2, Critical facility in BARC. criticality facility, with fuel lattice formations: for ADS
LEHIPA in 20 MeV, 1 mA mode of operation, | ©XPerimental reactor physics studies.
Linac 4 proton SNS as neutron source: design | Sequential development of high duty-cycle proton (or | 2013-19
3. and development by RRCAT, Indore. H’) linac and pulse compression proton accumulator (Linae) and,
ring for intense spallation neutron facility. 2017-23 (SNS)
Proton Linac as neutron source & to drive a Proton (not H) linac with cw operation between 0.6- 2019-24
A demao ADS in research reactor at 0.8 GeV and 1.6 mA. When coupled to sub-critical (Linac) and,
i Visakhapattanam campus of BARC. reactor, fission power would be 20-40 MWt for ADS 2023-28
demonstration facility. (reactor)
Multi-purpose 1-GeV proton linac complex, Based on design and construction experience & 20025-26
5 eventually coupled with 22U praduction technology developments of proton linacs, a 1 GeV (Enginneering
i ADS: baseline design in AHWR as well as MSR | accelerator coupled with 1000 MWt ADS reactor could | Design & R&D
[site-independent conceptual design). be designed as a project for approval of construction. | phase)
Industrial ADS construction as minor By upgrading proton linac of demo-ADS, and coupling | 2027-33
actinides burner device to incinerate long- its beam with this first-of-kind ADS will utilize reactor
6. lived waste from spent nuclear fuel, or fuel in various combinations. Fission power would be
Pu+Th for breeder modes etc. (PWR/BWR desireable at 1000 MWt (=300 MWe).
and safeguarded PHWR, FBR).
Power generating ADS for thorium utilization | Third-stage nuclear power ADS device of operation unspecified
7. with high reliability driver proton with Th+U fuel in fully self sustainable mode and

Essential R&D Areas for ADS
v'High power proton beam handling.

v"High power RF sources.

v'RF power couplers, circulators

v'Superconducting niobium material &

cavities.

v Liquid Helium cryogenics system.
v Materials for liquid Lead & LBE systems.

v"Windowless target system

v'Fuel reprocessing and re-fabrication.
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Roadmap for ADS Developments

Calendarvears—> 2010 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

TN

{20 MeV, 30 mA)

2 LEIPA linking R

with AHWR CF
{20 MeV, 1 mA)

3 LINAC injector for
proton SNS
1GeV, 1-2 mA)

4 SNS for ADS RED

applications
(1 GeV, 1 MwWt)
5 ADS Demo LINAC e
(0.6 GeV, 2 mA)
6 ADS Demo reactor |
and target coupling
(20-40 MW1)
7 Industrial ADSfor  (a) 1GeV Linac
thorium & actinides (30 mA)
burner (b) ADS reactor & target
(1000 MWt)
MNate: Design and engineering phases are not factored.

R&D for enabling technologies to precede the onset of projects.
R&D on fuel cycle, fuel design and fabrication to meet appropriate schedules.

Summary, Experience & Lessons

1. ADS would sustain thorium utilization in 223U recycle mode for
thermal, and with high fuel burn up in one-through mode in fast
reactors.

2. The objective of actinides waste transmutation is not very high
priority in our ADS plans, but we understand that same configuration
is usable for such applications, when required in future.

3. Key enabling technology developments in RF power, superconducting
RF cavities and cryogenics are pre-requisites for high power proton
accelerator. We have to go a long way to master these.

4. Accelerator for ADS should co-exist to also support other applications
by sharing beams for radiotherapy, materials irradiation, research
using neutron beam for material science and nuclear data etc. Then,
its cost in nuclear power application would be justifiable.

5. We have made beginning for R&D on ADS sub-systems, but the
integrated project would be started after overcoming technological
constraints.

6. We are proceeding for a few bilateral collaborations with Fermi &
Jefferson Labs, USA for accelerators and with SCK-CEN for MYRRHA.
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3.8 Advanced Nuclear Systems with P&T in Europe and Role of MYRRHA
P. Baeten (SCK-CEN, Belgium)

o

STUDIECENTRUM VOOR KERNENERDGE
CENTRE DETUDE DE LENERGIE NUCLEURE

Advanced nuclear systems with P&T in

Europe

And Role of MYRRHA

Multipurpose hYbrid Research Reactor for High-tech Applications

Prof. Dr. Peter Baeten
SCK+=CEN, Boeretang 200, 2400 Moal, Belgium
pbaeten@sckcen be or mymrha@sckcen be
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Motivation for transmutation

STUDIECEMTRUM WOOR: KERMENERGIE
CENTRE DETUDE OE L EMERGIE NUCLEAIRE

10000

g

= g
|

Relative radiotoxicity

-

01

K

i i

——

_5‘“\“

transmutation spent fuel no
reprocessing reprocessing

Uranium

naturel

Time (years) Duration Reduction

100 1000000

Volume Reduction

1.000x 100x

FP6-PATEROS
European Strategy for P&T

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NACUEAIRE

» The implementation of P&T of a large part of the high-level
nuclear wastes in Europe needs the demonstration of its
feasibility at an “engineering” level. The respective R&D
activities could be arranged in four “building blocks”:

Demonstration of the capability to process a sizable amount of spent fuel
from commercial LWRSs in order to separate plutonium (Pu), uranium (U)
and minor actinides (MA),

Demonstration of the capability to fabricate at a semi-industrial level the
dedicated fuel needed to load in a dedicated transmuter,

Design and construction of one or more dedicated transmuters,

Provision of a specific installation for processing of the dedicated fuel
unloaded from the transmuter, which can be of a different type than the
one used to process the original spent fuel unloaded from the
commercial power plants, together with the fabrication of new dedicated
fuel.
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0 FP6-PATEROS
Ko A European approach to P&T

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCUEAIRE

@ P&T useful for countries
in phase out
with active nuclear programme

® Reduction of volume & heat load of waste
® P&T should be seen at a regional/European level

® Scenario studies: 4 country groups
A: stagnant or phase-out
B: continuation and Pu optimisation for FRs
C: subset of A in “nuclear renaissance”
D: non-nuclear to go nuclear

? FP6-PATEROS
K' A European approach to P&T
Spent
fuel A GROUP A
Remcesing % {0080 ——>1aDs | gHARED
r P+ i REGIONAL
. ADS fuel fuel | FACILITIES
r“*“;?mg rprocesing ¢ 2!
1
ML |
MOX T* PWR [
Fabrication MOX
Spent
fel B GROUP B
UOX o PWR |
F‘*’;“"““ vox « ADS shared by A&B

+  ADS bum A's Pu and A&B's MA

Pu in B is mono-recycled PWR
and later used in FR

Scenario 1 objective: elimination of A’'s spent fuel by 2100
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3 FP6-PATEROS
@(@ A European approach to P&T

STUDECENTRUM WOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NAGEAIRE

® From 2045 deployment of EFIT ADS (384 MWe)

Germany's legacy waste

a2 » 25 units over 45 years
\\_
\
H0000 — \\ 120
25000 - - 100
§8 wom] g w
8| 5 .
2 E 15000
E;a 10000 E &0 =
5 | g
EE 5000 _! = 20
|
L} T : T T T T T 1 o T T T —
a0 a0 2030 2040 2050 2060 2070 080 2000 2080 2100 2150 200
Year Year
Spent fuel and MA inventory in Group A
5}
K' FP6-PATEROS
A European approach to P&T

STUDIECENTRUM WOOR KERNENERDGIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

® This scenario is only efficient on a European level
EFIT ADS was tuned to maximize MA burning
Consequence: “Pu-neutral”

® Pu from group A used

in ADS fuel for start-up cores
in FR fuel for group B
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2 SNETP Gen.lV Systems
K' European Sustainable Nuclear Industrial
I Initiative

2008 2012 2020
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K, MYRRHA international reviewing

STUDIECENTRUM OO KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

2001: International Strategic Guidance Committee
2002: International Technical Guidance Committee

2003: Review by Russian Lead Reactor Technology Experts (ISTC#2552p
project)

2005: Conclusions of the European Commission FP5 Project PDS-XADS (2001-
2004)

2006: European Commission FP6 Project EUROTRANS (2005-2009):
Conclusions of Review and Justification of the main options of XT-ADS
starting from MYRRHA

2007: International Assessment Meeting of the Advanced Nuclear Systems
Institute

2008: European Commission FP7 Project Central Design Team (CDT) at Mol for
MYRRHA detailed design

2009: MIRT of OECD/NEA on request of Belgian Government

K, Europe and future nuclear energy

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

ESFRI
European

Strategic e EchOI‘I‘I_}_.'
Forum for
Research
Infrastructure

Knowledge Energy
g Indegendence kB

SET Plan

European
Strategic
Energy
Plan

"
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K’. MYRRHA - Accelerator Driven System

STUDECENTRUM WOOR KERNENERGE
CENTRE DETUDE DE L ENERGIE MUCLEAIRE

Accelerator Reactor
= Subcritical mode
= 65 to 100 MWth

| (600 MeV - 4 mA proton) |

Multipurpose Fast
Irradi_a_tion Source i -
Facility coolant
a
K' The VENUS installation for the GUINEVERE-
STUDIECENT RuUM WOOR KERNENERGIE p roj eCt

i Banding
HVAC with — mgg}nei
-absolute filter |
Dack station of

BNt

Vertical fine
GENEPI-C

Venus
Bl
| Control room / : " | ittt ok

VENUS SENEREE
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2
K. The VENUS-F configuration for GUINEVERE

STUDECENTRUM YOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE MUCLEAIRE

1.--.-----.----.-- .

Pb top reflector

Pb radial reflector

Core in metallic uranium and lead

6 B,C safety rods with fuel follower
(2 B,C control rods are not shown)

Pb bottom reflector

2
@ MYRRHA Accelerator Challenge

STUDIECENTRUM YOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE MUCLEAIRE

fundamental parameters (ADS)

particle p

beam energy 600 MeV
beam current 4 mA
mode \ cw
MTBF /Gete™ > 250 h

failure = beam trip > 3 s

implementation
superconducting linac
frequency 176.1/352.2/704.4 MHz
reliability = redundancy double injector
“fault tolerant” scheme
15
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. Redundancy & modularity
Fault tolerant design

parallel scheme

serial scheme: IF

—E_fl_fz—f;;—...—fn_
|
fail
|
_gl_gz—I—___—gn_
larity .
Q{‘](m | MYRRHA accele_rator overview

INJECTOR BUILDING

' HS
]

34y e
: ,._QI.I_. R
s ELESTs f i
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Reactor layout

STUDIECENTRUM YOOR KERNENERGIE
oEL
® Reactor Vessel
® Reactor Cover
® Core Support Structure

® Core Bamel
& Core Support Plate
® jacket
Core
® Reflector Assemblies
® Dummy Assemblies
@ Fuel Assemblies
Spallation Target Assembly and Beam Line
Above Core Structure
e Core Plug
®  Multifunctional Channels
&  Core Restraint System
Control Rods, Safety Rods, Mo-99 production units
Prmary Heat Exchangers
Primary Pumps
Si-doping Facility
Diaphragm
e FS
IVFHS
® [VFHM

)
K' MYRRHA design parameters

SFTUDIECENTRUM WOOR KERNENERGIE

CENTRE DETUDE DE LEMERGIE NACLEAIRE

® SCK-CEN

o0
B L R
270

Maximum core inlet temperatu: °C

oo

Average core outlet temperature 410°C
Maximum hot plenum temperature 350 °C
Maximum fuel cladding temperature 466 °C

Spallation target
Locpessataonwindow

Num of core positions One core position

416 °C — 466 °C
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¥
.
K Reactor Cover
List of penetrations
PRS FTC IVEHM PCGVSI ACS: Above Core Structure (1)

PP: Primary Pump (2)
PCGVSO PHX: Primary Heat Exchanger (4)

IVFHM: In Vessel Fuel Hand.
Mach. (2)

Sl Silicium Doping (2)

LBEI: LBE Inlet (2)

LBEO: LBE Outlet (2)
PCGVSI: Primary Cover Gas &
Ventilation System inlet (2)

PCGVSO: Pnmary Cover Gas &
Ventilation System Outlet (2)
(These penetrations shall be
moved near the ACS)

Inter Plate Rinser (2)

WS: Wet Sipping (2)

FTC: Fuel transfer channel (2)
PRS: Pressure ReliefiS3Steraif2)

Inter Plate Rinser

&
K' Core and Fuel Assemblies

STUDIECENTRUM VOOR KERNENERGE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

= 151 positions
« 37 multifunctional plugs

) 69 FAs
) 7 (central) IPS
@ 6 cr (buoyancy)
3 SR (gravity)
C} 24 “inner"” Dummy (LBE)
@ 42 "outer” pummy (vzr0)
151 S/As

O Additional pasitions available
for inserts from the top (21/37)

- 140 -



JAEA-Review 2012-043

)
K' Core and Fuel Assemblies

STUDIECENTRUM YOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

Fuel
Assemblies

)
K' Core and Fuel Assemblies

FTUDIECENTRUM VOOR KERNEMERGIE
CENTRE DETUDE DE L ENERGIE NUCUEAIRE

® Fuel

Ewnyarid Fuel bundle

@ Cladding in 15-15 Ti
@ Wrapper in T91
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@ In-Vessel Fuel Handling Machine (IFHVM)

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEARE

—

@ In-Vessel Fuel Handling Machine (IFHVM)
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@ Cooling systems

STUDECENTRUM YOOR KERNENERDGE
CENTRE DETUDE DE LENERGIE NUCLEARE

Loop1 Loop 2 Loop3 Loop 4 et
P
Perocondenser Aeracondenser Aerocondenser Aercondenser
et & h
[t

&@ Integration into building

® SCK-CEN
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STUDIECEMTRUM WOOR: KERMENERGIE
CENTRE DETUDE DE L EMERGIE NUCLEAIRE

50,0

0.0

JAEA-Review 2012-043

Belgian commitment: secured
International consortium: under construction

2nd phase (11 y)
others 576 M€

B TOTAL
W BELGIUM

N LNy X oY) 7

324 M€
Wy x 9y)

Belgium 60 M€

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024-

K

STUDIECENTRUM W00 KERWENERGIE
% EAIRE

The project schedule

2010-2014
Front End
Engineenng,
Design

2015 2019 2020-2022 2024-
Tendering & On site Commissioning Full
assemb slalt—up exploitatio

Minimise
technological Spallati Sub-critical
DOPF
Secure Design EIAR PDP FEED
the licensing options & environmental preliminary
provisions impact dismantling - (Front End
LS s plan Engineering
Secure a Design)
sound Central Owner FEED 2010-2014
management . i -
Project Consortium Engineer
investment Team Group
structure
29 @ SCK-CEN
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MYRRHA: an international project

¥ 844 3%

CUINESE ACADENY (F STIRSCES

\F
=7

Unn Saaiath Finmecoanion

7%

EMPRESARIGS AGHLFABCS

NATICN AL ".Il(lI\RiI“ |
'{,\ OF THE REPUBLES OF KAZ d

-
LY
-

=

LNm—asn.\T
FRANKPLRT AM MAIT

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE
e Participation vehicle
winvestorss {C i 5)

KAZP““M
HALMOHANBHAR
ATOAHAR KOMNAHAR

K

Belgian Federal Ministry
of Energy
(50%)

>

Belgian Federal Ministry
of Science Policy (50%)

>

)

SCK-CEN

(on behalf of
Belgian
Federal

Govemment)

-/

Major European partners

P ™y

EU country

Public
foundation

~—

A major Asian partner )::)

Asian country

.

ROW

L,

| EU FPT (RTD) / SET-Plan (Energy) ::() [ EU participation ]

[ ROW participation
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K- Joining the MYRRHA project

STUDIECENTRUM YOOR KERNENERGIE
CENTRE DE TUDE DE LENERSGIE NUCLEAIRE

® Belgium is welcoming international participation in the MYRRHA
consortium

® Membership eligibility for the international MYRRHA consortium is
based on a balanced in-cash/in-kind contribution

® Until end 2014, our objectives are:

to collect Letters of Intent for participation in the MYRRHA Intemational
Consortium (deadline 2012)

to sign Memoranda of Understanding for collaboration in MYRRHA with
international partners (deadline mid 2014)

To finalise the Consortium legal framework (deadline end 2014)

MYRRHA: EXPERIMENTAL ACCELERATOR DRIVEN SYSTEM
A pan- European innovative and unlque facmty

= Time horizon: full operatlon ~ 2023 :
= Costs: ~ EUR 960 million

STUMECENTRUM YOOR KERMENERGIE
CENTRE DETUDE DE LENERGIE NUCLEARE
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3.9 A Brief Overview of Nuclear Power in France and in Europe
B. Frois (Scientific adviser, CEA, France)

= .
= .

A Brief Overview of Nuclear Power
in France and in Europe

Bernard Frois
CEA
Direction of Technological Research

ADS Symposium, Tokyo, 29/2/2012 7 1
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World Nuclear Power Situation 2012

B Confirmed
programs

Japan
Frozen Situation

Progressive Stop
= From WANO organization
B.Frois, ADS Symposium, Tokyo 29

February 2012

“Following the Fukushima Daiichi accident, there was
speculation that the expansion in interest in nuclear power seen
in recent years could come to an end. However, it is clear that
there will, in fact, be continuous and significant growth in the
use of nuclear power in the next two decades, although at a
slower rate than in our previous projections. We expect the
number of operating nuclear reactors in the world to increase by
about 90 to 350 by 2030, in our low to high projections, from the
current total of 432 reactors."

Opening Talk of Yukiya Amano, Director General of |IAEA
on the 19/9/2011 at the 55th session of the General
Assembly of the AIEA.

B.Frois, ADS Symposium, Tokyo 25
February 2012
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ALWRs from the USA, Japan, Russia & Europe

EPR | AP1000 A3C-92
¢ ¥ui| Toshiba-West. ¢ BB3P—1000
; AC3 POCATOM

-

ESBWR
GE & Hitachi

.

APWR

Misubishi

KHNP

B.Frois, ADS Symposium, Tokyo 25 4
February 2012

S The current nuclear power fleet

GRAVELINES

63 GWe installed
58 PWR units

FESSENHEIM | 9650 Mwe | 1300 MWe | 1500 MWe
34 20
| A ®

19 sites ; 1 single technology

Afleet :
= Young : average age = 23 years old

= Mature : > 1250 cumulated reactor-
years

In 2017, 60 units and 66 GWe installed
B.Frois, ADS Symposium, Tokyo 29 February 2012 ._
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e,

French Industry and Energy Minister Eric Besson became the first foreign politician to enter the crippled

Fukushima plant since last year's disaster, telling workers they must revive atomic energy in Japan.
Besson, who was accompanied on his tour of the plant by an AFP journalist, said nuclear power was too
important a source of energy to abandon

. A T AT
ietriras AFBNE
ciure Hist

Courtesy: Tsujimoto, Oigawa

Accelerator-Driven System (ADS) JPARC Project

| Liniac accelerator Principle of ADS transmutation
Proton
Chain-reaction of fission in

Power grid the sub-critical condition

Fission neutron

i Fast neutron

N\
% =@ @
3 =

S hort-lived nuclide Longdived nuclide

Sub-—critical core
of MA fuel
Spallation target

i Mechanism of ADS
*Proton beam which is accelerated by the superconducting LINAC is injected to ADS.
High intensity proton generates massive neutrons by spallation reaction with heavy
metal target (~30neutrons/proton).
:Fission reactions of MA are caused by spallation neutrons. Neutrons by fission reactions
lead to the next transmutation.
—Number of neutron is increased 20-times by the chain-reaction.

B.Frois, ADS Symposium, Tokyo 29 February 2012 7
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Global Actinide Management in LWRs & Fast Reactors
Minimizing waste with advanced actinide recycling C

Plutonium is the major contributor to the
long term radiotoxicity of spent fuel

Plutonium has a high energetic potential

Plutonium recycling

Radiotoxicity after 1000 years

Plutonium

N . B
D -
AN AN

NN

100000

=

. Minor actinides (MA)

Fission Products (FP)

Relative radio toxicity

[T

n 1000000

_he_ﬂﬁ)
After plutonium, MA have the major
impact to the long term radiotoxicity

B.Frois, ADS Symposium, Tokyo 29 February 2012

MA transmutation

8

Used MOX
120t
.o' . NG

(UOX 1000t)

v;Used EU‘:
L4
REU 150t SN - X
MOX 120
used UOX

Fuel

RECYCLING

fabrication
depletec 4 Plutonium 10t
uranium
7000t .
Uranium I e
enrichment
FPs and
depleted RU t MAs
800t 40t
Uranium
Conversion

Uranium (RU) 950 t

natural U
8000t

Mining and
milling

THE FRENCH CLOSED FUEL
CYCLE
(rough amount / year, 60GWe)
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European Sustainable Nuclear Energy
Technology Platform

Thi Sas rainable N iar ey
Tise bl iy Pt

L ¢
e iy fl
- sl l -‘-'" .'::
b &
New materials & fuels . *
Simulation & Experiments: =
reactor, safety, materials &
fuels
Infrastructures
Safety rules

= Security of Supply
« Competitiveness

» -20% GHG by 2020
+ Low carbon energy
system by 2050

R&D priority for industrial applications
Need for large experimental facilities

Public-Private partnership

B.Frois, ADS Symposium, Tokyo 29 February 2012 10

MYRRHA part of ESNII

European Sustainable Nuclear Industrial Initiative

2008 2012 2020

ASTRID
| Reference Prototype
| technology (SFR)
= | LN
; demonstration reactor
‘ Alternative technology (LFR)

— =

Supporting infrastructures, research facilities
Fast spociu
irradiation facility

B.Frois, ADS Symposium, Tokyo 25

February 2012 1t
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MYRRHA - Accelerator Driven System

Accelerator
(600 MeV - 4 mA proton)

Multipurpose
Flexible
Irradiation
Facility

Reactor
= Subcritical or Critical modes
= 65 to 100 MWth

Spallation Source

Fast
Neutron
Source

R
)y

Lead-Bismuth

coolant

e

B.Frois, ADS Symposium, Tokyo 29
February 2012

International Collaboration
between JPARC and MYHRRA is important

. Year
Technical area 2010 2020 2030 2040 2050
Reaclor physics Existing facilities \\TEF‘P (J-PARC Phase-l)

Basic experiments Fhysics experiments for transmutation

Target & materials m |TEF-T (J-PARC Phase-il) \
asic expernmen Materials{ for beamwindow

Superconductin
Accelerator it
EUROTRANS L MYRRHIA -
Integrated system "1 | Accumulation of operation data &
R&D of system experience, fuel Irradiation
: v ; Demonstrative ADS
Demonstration Design ) e e

B.Frois, ADS Symposium, Tokyo 29 February 2012
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SFR - Time Line of French Prototype ASTRID

End of Pre- End of [
Conceptual || Conceptual |
Design Design f
* R&D | I
= Choice of Decision to || Decision to F"a.
ASTRID power continue build Loading
4 2 4 ¥ &

wos 2000 ozt 2012 2013 2014 2015

A A o
Feasibility Position Report on Start-up of core Start-up of MA
Report on minor minor actinides manufacturing bearing fuels
actinides partitioning and workshop (AFC) fabrication facility
partitioning transmutation (ALFA)
B.Frois, ADS Symposium, Tokyo 29 14

February 2012

SFR - Enhanced system safety
» Enhanced safety

v Decrease or suppression of risks of sodium/water interaction through
optimizing the Power Conversion System

AREVA
- Optimized Steam Generator or Gas Turbine (nitrogen/helium or supercritical
L)
h — 002)
- N
€eDF v" Practical exclusion of large energy release in case of severe accidents

- Reduced sodium void reactivity effect + Enhanced Doppler effect (carbide fuel)

» Loop design & conversion with Gas
Turbine without intermediate system

» Sodium/helium IHX & Gas Stripper
» Impact on safety features

Gas stripper HX  Jtod s

Brayton Gas conversion cycle

B.Frois, ADS Symposium, Tokyo 29 February 2012 15
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SFR - Enhanced TRU Recycle Options

COEX™ Heterogeneous MA recycle
Co-management | |J

of U-Pu .,

Advanced Partitioning

@

U Np)

U Pu Np Am Cm
Separation of Am only

FP Dedicated fuels & targets with
high MA content (10-15%)

jcoexm | m—t

U@p) (UIPUND)  Am

B.Frois, ADS Symposium, Tokyo 23 February 2012 16

Project of future recycling plant

new fuel (MOX) new fuel

Spent fuel

Universal canister
=» ready for disposal

Consistency with Generation llI/1lII+
reactors

Full U & Pu recycling (sharply decrease

the repository impact)

Treatment & Recycling competitiveness
- Resistance to Proliferation (Integrated Plant, no Pu alone)

B.Frois, ADSSymposium, Tokyo 29 February 2012 17
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December 30, 1991
June 28, 2006

The 1991 and 2006 French Waste Laws

* Recycle by P and T to decrease waste amount and toxicity
* Geological deep repository, retrievable
* Confinement and interim storage

2012 Industrial potentialities of the diverse recycling options

2020 Decision to build a prototype for transmutation tests, operation
2015 Repository defined and licensed

2025 Repository in operation

B.Frois, ADS Symposium, Tokyo 29 18
February 2012

Assessment of the Site of Bure in France
as Potential Geological HLLL Waste Repository

~ French Act of June

28, 2006 for a sustainable
management of nuclear
materials and waste

— Satisfactory containment
properties of clay for the
radionuclides

= Feasibility of a geological
disposal in this formation

B.Frois, ADS Symposium, Tokyo 29 19
February 2012
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Sustainable management
of nuclear materials and waste
French Law of June 28, 2006

v France has a National Plan managed by ‘ﬁl!}i

v" Stepwise program for Long-Lived Waste ; P&T, geological repository
and interim storage

v" Specifies the roadmap to have a retrievable geological repository in
operation by 2025

Research from
Underground laboratory
(URL), in operation

i Design project for HLL
waste disposal, in
progress

v' Secured long term funding

B.Frois, ADS Symposium), Tokyo 29 February 2012 20

EPR in Flamanduville

A mature concept, based on current PWR’s feedback

Significant improvements in safety and economy

> 2005: French Energy Policy Act
= A Gen Il plant by 2012

» 2007: First concrete
» 2012 : Connection to the grid
... and announced for Penly...

» 2009 : Announcement

» 2017 : Connection to the grid

B.Frois, ADS Symposium, Tokyo 29 February 2012 21
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JHR : a high performance material resarch reactor
under construction in Cadarache
» 100 MW electric

» International partnership
® CEA, EDF, AREVA

= EU, Belgium, Czech Republic,
Finland, Spain, India, Japan, Sweden ...

A high performance and flexible reactor to address
Gen ll, Gen Ill and Gen IV materials testing needs &

radioisotope production :

# September 2007 — Building permit ; .
o 2 - High level neutronic flux

e dialy 2002+~ Fisstcancrete - Increasing instrumentation

¥ 2014 - Expected operation - Capability to simulate different
environments

B.Frois, ADS Symposium, Tokyo 29 February 2012 22

Conclusions

* Fukushima is a terrible accident. All nations have realized the
need for a new approach to safety and sustainability.

» Germany will stop nuclear power. But this has already a
significant economic impact. Grid stability is a problem.

» Japan needs time to find the best way.

» Most nations continue to follow their plans

* France and Europe have defined their plans for the future
* Nuclear fuel cycle is one of the most important issue

+ ADS has a major window of opportunity. Many countries are
interested (China, India, etc.)

* United States has recently published important reports on
nuclear power and on the future of nuclear fuel cycle.

B.Frois, ADS Symposium, Tokyo 29 23
February 2012
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The

Future of

B.Frois, ADS Symp0
Februa g

BLUE RIBBON COMMISSION ON AMERICA’'S NUCLEAR FUTURE

Report to the

Secretary of Energy

B.Frois, ADS Symposium, Tokyo 29
J A NRbAErY 20121 2

25
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With my warmest thanks,
for their precious contributions, to:

Bernard Boullis, Frank Carré, Daniel Iracane,
Dominique Ochem, Dominique Warin, Alain
Zaetta, CEA, France

Alex Mueller, CNRS, France
Andrew Hutton, JLAB, United States
Ernest Moniz, MIT, United States

B.Frois, ADS Symposium, Tokyo 23 February 2012 26
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3.10 Cooperation — The Way to realize ADS
H. Xia (SNPTC, China)

Gooperation
-The Way to realize ADS

Haihong Xia
State Nuclear Power Research Institute

email: xiahaihong@snptc.com.cn
2012 02 29

E xZEB
SNPTC

STATE MUCLEAR FOWER TECHNOLDGY CORP,
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ERigD
SNPTC

1. Why

2. How

EREE

Why SNPTC

»During the Fukushima accident, disablement of
spent fuel pool cooling and the possibility of
earthquake-induced damage to the pools were
the cause of great concern. P&T would reduce
the spent fuel inventory at the NPP.

»The ADS is the most efficient transmutation
technology. It’s very important to close the fuel
cycle which is key for the sustainable large scale
utilization of nuclear energy.
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Why SNPTC

»The technical challenges for ADS spread over
very wide range of scientific and engineering
fields, however, the ADS society is small.

»It is very important to share the information,
experience and R&D efforts in a well organized
way by interesting countries.

»We have a good start.

Brief Review of ADS Asian Network
In 2003, JAERI initiated “Asia ADS Network”

Accelerator Driven Systam &

.3
Heng Yang oo Smmese
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EURATOM-CAEA COOPERATION Sere

IN NUCLEAR FISSION RESEARCH WORKSHOP
Template no 5 - “co-ordinated call for parallel

projects”

Session 1: Innovative nuclear systems (GEN V)
and fuel cycles (P&T)

Template drafted by S. VAN DIJCK (Euratom) and
HaiHong XIA (China) — 2009

Review by Mario CARTA, Steven VAN DYCK,
Maurizio BOELLA (EURATOM), Haihong Xia and
Wang Zhiguang (China) -2011

SUBJECT TITLE: Physics and materials for
accelerator driven systems

6

OBJECTIVES O

@ Reactor physics: zero and low power ADS core
studies

&®Study of materials to be used in ADS
installations

&®Study of Pb and Pb-Bi coolant and its
technology
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SCOPE -—

Reactor physics: special emphasis on spallation
source characteristics, flux space - energy profiles
and reactivity monitoring techniques.

Materials: characterisation of the behaviour of
structural materials, exposed to heavy liquid
metal and neutron and —or ion irradiation. The
goal of the charaterisation is to compose a
database on industrial materials and prototype
advanced materials.

Pb and Pb-Bi coolant studies in loops for the
development of heavy liquid metal coolant
technology.

IMPACT FOR ALL PARTIES CONCERNED Sere

Create synergy between the parallel roadmaps to
ADS development in China and Europe.

Enhance ADS safety by better understanding of
spallation source and core physics through
comparison of complementary experiments.
Extend material behaviour database for ADS
design efforts through complementary
experiments.

Increase transnational access to heavy liquid
metal coolant test infrastructures.

RESPONSIBLE CONTACT EXPERTS :

China: Xia Haihong, Euratom: Steven Van Dijck .
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How S
Share information and experience is a good
start, but not enough!

More real cooperation are expected:
€ Benchmark the tools and data

@ Design

@ Licensing

@ Development and Construction

& Operation and utilization etc.

[E X 1% i 8
SNPTC Thank you
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3.11 ADS Transmutation
S. Yamashita (University of Tokyo)

On the collaboration with other areas and fields
ICEPP, The Univ. of Tokyo, Satoru Yamashita

i (satoru@icepp.s.u-tokyo.ac.jp)
ADS Transmutaion

for close cooperation /
collaboration;

such as neutron
EDM measurement for particle physics, radio active materials

(Mo99, etc.) production and BNCT, etc. for medical purpose,

for proton driver (neutrino, neutron),
photon factory (Euro-XFEL, ERL), Collider project (ILC), and
100 MW class ADS accelerator, and

, in order to
produce the high quality complex and huge system, to lead the
cost effective and high performance accelerator facility in
various field
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X oz 2

Mo99 / Tc99 (Medical)
Radio active source

e

=

".--"—
European !‘l

XFEL

Free Electron Laser (XFEL) \

W
4 o4

International Linear
Collider (ILC)
[

Superconducting
Accelerator

— _.| |
“_-1- $-7 6V N

Energy Recovery LINAC (ERL)

-

Py

ar|

Proton Driver (v, n)
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Close Cooperation between Academy sector and
Industrial sector (\dvanced /ccelerator ‘ssociation)

AAA (Advanced Accelerator Association Promoting Science and Technology)
consisting of 84 private companies and more than 30 public research institutions
and Universities in Japan (since 2008)

,31 REMIFHLRORERRS Boss
J—m BETVEL AP

’ ¥ ¥ - ;
¥ f v Y w b
aban s wroaan A, B
i | i

Promoting the wide area of Accelerator
Science and Technology
~ core target model is ILC project ~
ADS would be one of the best targets !

http://www.aaa-sentan.org

Towards ADS Trag

+ We would like to desiSIIRUHEUIETRIERNVSELEAY
facilities such as J-EASSRTEISIIBIINCEIiy
S M LCERUOY /= points of pariicle and
nuclear physics, medeEINE RS R IR,
step and visible progiESSH |
especially for young _,r*J—inr

to deve[op h|gh penc rrmnca stars
. D, pralior 1)z n/ru VENCac
prajaci& The reelization of the intens
ADS Is one of tneg Dasi iarga
* AAA (advanced accslerator assoclatic
o SO parale 1o promote e ADSuEE
jecis In Japan and in tne world.

- 169 -



JAEA-Review 2012-043

Appendix A: Program

B

International Symposium on “Future of Accelerator Driven System’

Date: 29th February, 2012

Place : Gakushi-kaikan 202, Tokyo, Japan

Program :
1. Opening remarks 10:00~10:10
H. Yokomizo (Executive Director, JAEA)
2. Special session 10:10~10:40
Expectation for Transmutation Technology
A. Arima (President of Musashi Gakuen, Former Minister of Education)
3. Current R&D Status of ADS in Japan 10:40~12:00

Chaired by H. Oigawa (JAEA)
3.1 Back-End Issue of the Japanese Nuclear Utilization being Discussed
H. Yamana (Kyoto University)
3.2 Present Status of R&D on Accelerator Driven System in JAEA
K.Tsujimoto (Nuclear Transmutation Technology Group, JAEA)
3.3 Reactor Physics Experiments on ADS using KUCA Reactor and Future Plan
for ADS Neutron Source at Kyoto University Research Reactor Institute
T. Misawa (Kyoto University)

Lunch (80) 12:00~13:20

4. Current R&D Status of ADS in Asian Countries 13:20~14:40

Chaired by K. Hasegawa (JAEA)

4.1 Present R&D status in China
L. Yang (CAS, China)

4.2 Present R&D status in Korea
S. W. Hong (Sungkyunkwan University, Korea)

4.3 Accelerator Driven System: Plans & Present Status in India
P. K. Nema (BARC, India)

5. Current R&D Status of ADS in Europe 14:40~15:40
Chaired by H. Yamana (Kyoto University)
5.1 The MYRRHA-Project: Status and R&D Plan
P. Baeten (SCK-CEN, Belgium)
5.2 Nuclear Power Utilization in Future at EU
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B. Frois (Scientific adviser, CEA, France)
Coffee break (20) 15:40~16:00

6. Discussion: Future of ADS and International collaboration 16:00~17:30
Chaired by Y. Ikeda (Deputy Director, J-PARC Center, JAEA)
Panelist :
P. Baeten (SCK-CEN, Belgium)
H. Xia (Vice President, SNPRI, China)
S. W. Hong (Sungkyunkwan University, Korea)
P. K. Nema (BARC, India)
T. Misawa (Kyoto University)
S. Yamashita (University of Tokyo)
H. Oigawa (JAEA)

7. Closing speech (10) 17:30~17:40
S. Nagamiya (Director, J-PARC center)

Reception (Josui-kaikan) 18:00~19:30
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Appendix B: Photos

http://j-parc. jp/Transmutation/en/ADS-symposium—2012/photo/album. html
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Dr. H. Yokomizo

Dr. A. Arima
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Dr. K. Tsujimoto
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Dr. T. Misawa
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Dr. L. Yang
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Dr. P.K. Nema

Dr. P. Baeten
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Dr. B. Frois

e T L AR
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Dr. S. Yamashita
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Dr. S. Nagamiya
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2 — b [1b=100fm*=(10"%cm)2=10*m"
J v M kn |1kn=(1852/3600)m/s
O Np}sltﬁ{\‘/,&mfﬂﬂﬂﬁf;&ﬁ%i.
S Mo SRR D EFRIT AR
T D% ~ /vl dB
#£9. BEADLFZE H OCGSHIN HAL
i Eokea ST HfL CF S 55
= v 7| erg [1erg=10"J
Vs E | dyn |1 dyn=10"N
R 7 Z| P |1P=1dynscm”=0.1Pas
2 b — 7 Z| St [1St=lem?s'=10"m?s"
2 F 7| sb |1sb=lcdcm®=10%d m?
7 *+ I ph |1 ph=lcd srem?10%x
Vil /M| Gal |1 Gal =lem s=102ms”
~ 7 A % z M Mx [1Mx=1Gcm’=10*Wb
H 7 Z[ G |1 G=1Mxem?=10"T
127y F )| Oe |10e2 10%4m)A m?
() 3IEHRDOCCGSHNIF & SITHEBIL TE R, %5 [ 2
BB 27T b 0T 5,
#10. SLICJR S 7202 Dt o> BT O i
B0 ik ST HhL TR Sh 55
¥ = U —| Ci |1Ci=3.7x10"Bq
L v b % | R |1R=258x10"C/kg
7 Rl rad |1 rad=1cGy=102Gy
1% L[ rem |1 rem=1 cSv=10?Sv
7 v ~| v |1v=1nT=10-9T
7 £ v S 17 =/ 3=1fm=10-15m
A—=RMIVRAT v b 1A— hV%RH 7 v b =200 mg = 2x10-4kg
k Ju| Torr |1 Torr = (101 325/760) Pa
£ # K X | atm |1 atm =101 325 Pa
5 my | cal [teal=418587 (5T = ut) , 4.1868J
(ITIA 7 ) —) 4.184] (MBYL 1w Y —)
3 7 = it 11 =1um=10"m

(8RR, 20064FEE4RT)
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