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Director's Message
Director: Kenji TAKESHITA, Dr. Eng.

INTRODUCTION

In April 2018, | assumed office as a Director of the Laboratory for Ad-
vanced Nuclear Energy (LANE) of the Tokyo Institute of Technology. The
Research Laboratory for Nuclear Reactors (RLNR), the predecessor of
the LANE, had initially been funded as a research facility in April 1956
with the purpose to formulate research scientific principles and applica-
tions of nuclear engineering and then, it had been upgraded to a re-
search laboratory attached to the Institute. Subsequently, it became an
institute-affiliated research laboratory “RLNR”, since national universi-
ties were being turned into independent administrative entities in April
2004. The RLNR, in April 2016, restarted as a brand-new “the LANE", as
a part of the Institute of Innovative Research, according to the reforma-
tion of the Tokyo Institute of Technology. Although the LANE is a small
research laboratory in size as a university institute, many excellent re-
search activities on nuclear energy and radiation applications have been
conducted since its foundation. And even now, it has assumed a great

role in the field of nuclear energy.

BACKGROUND

In the middle of the 21% century, rapid population increases in the devel-
oping countries and improved living standards in those areas will give
sharp increases in world energy consumption. Therefore, fears of a great
global environmental problem may have taken place as well as of prob-
lems in energy, food and water. Among those, it is particularly well
known that an increase in atmospheric CO; (carbon dioxide) concentra-
tion is a factor that causes global warming and abnormal weather. To
reduce emission of greenhouse (heat-trapping) gases while securing
energy necessary for our life is a great challenge for all human survival
on the earth into the future. In this regard, there were great expectations
for nuclear energy.

However, the most dangerous aspect of nuclear energy had been re-
vealed to the public by the severe nuclear accident of the Fukushima
Daiichi nuclear power plant. Reverting to the original position as a scien-
tist, | sincerely think that we must humbly recognize the risks involved in
the release of the enormous energy from the atomic nucleus, and then,
reconstruct a safer nuclear system than ever before, in light of the im-

portant lessons from the nuclear accident.
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Greetings from the director

MISSIONS

On the occasion that the Tokyo Institute of Technology turned from a
national university into an independent administrative entity in 2004, the
RLNR formulated its medium-term objectives and plans as a research
laboratory. Now the LANE has entered into its third-term of the plan. In
the current medium-term phase of the plan, “Innovative nuclear energy
system study”, “Actinide management study”, “Global nuclear security
study” and “Advanced radiation application for medical treatment
study” have been promoted as mission-driven studies. At the same
time, the basic requisite infrastructure studies, necessary for those stud-
ies, have been promoted. We have a high degree of confidence that
these new studies will be integral in the next medium-term plans, gen-
erated out of the basic infrastructure study.

By the way, the Tohoku (the northeastern region of Japan) earthquake
and the severe nuclear accident, which led to the reactor core melt-
down, occurred on March 11, 2011, inflicted enormous damage to a
wide-spread area of Japan. Even now, a great number of people contin-
ue to suffer by this natural disaster and accident, and have been forced
to live in shelters as evacuees. The precious lives of nearly twenty-thou-
sand people were lost and a great number of residential buildings and
houses were destroyed by a massive earthquake of 9.0-magnitude ---
one of greatest quake in history, followed by a devastating tsunami. In
this regard, we would like to express our heartfelt sympathy to the vic-
tims and related persons involved. Although it is not easy to find count-
er measures against the forces of nature, such as massive earthquake
and giant tsunamis, | think that we must accept the great risks faced
from the forces of nature, as a natural flow of things for the people of
Japan, living along the “ring of fire” of active movements at the earth’s
crust, producing such beautiful mountains, rivers, seashores and hot-
spa areas. However, why could we not have anticipated and prevented
the accidental melt-down of the reactor core at the nuclear power sta-
tion by a giant tsunami that exceeded “the assumption scope” at the
nuclear power station? In response to the "assured events”, preferred
safety measures must have been carried out, and that is clearly evident
from the fact that all the reactors at the Fukushima Daiichi nuclear pow-
er plant automatically stopped just after the quake. But | think that ev-
eryone involved did consciously or subconsciously rule out the “worst-
case scenario”. In the position of a nuclear scientist and researcher in
the research laboratory, entrusted with the mission of nuclear research
and study, | was extremely upset / frustrated, and at the same time | was
very sorry that | could not have prevented such an occurrence. At the
LANE, all staff, including a director, professors and all employees, is in-
tending to work together to accomplish the end of the nuclear disaster

and at the earliest time Japan's restoration / recovery from it.

EDUCATIONAL ACTIVITIES

The LANE and the Nuclear Engineering Major (“Major” corresponding
to former "Department”), an interdisciplinary Major mainly arranged in
the Department of Transdisciplinary Science and Engineering, School of
Environment and Society, and also spread over the School of Engineer-
ing and School of Materials & Chemical Technology, have operated and
developed as “two sides of the same coin”. During the fiscal years 2008
— 2010, the department-proposed program “Nuclear Engineering
Course Graduate Education System for Letting One’s Personality Shine”

had been adopted in the graduate education reform support program
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(so called “Graduate School GP). And the educational reform in the
master's program had largely been conducted. Furthermore, the doc-
toral course education program for Leading Graduate Schools devel-
oped the "Global Human Resource Development Program for Nuclear
Safety and Security”. It has just started at the latter half of the fiscal year
2011, as a unique — the only one of its kind that meets the mission -7
years program that has been solely operated by the Nuclear Engineer-
ing Major. In this way, a new educational program with essentially a fo-
cus on safety and security of nuclear energy has been established in the
doctoral course. Recently, in 2014, a new educational program focused
on human development for nuclear decommissioning was adopted,
that is “Advanced Research and Education Program for Nuclear De-
commissioning” from MEXT, for 5 years program.

And thus, the educational system that consistently implements the high-
est level of nuclear engineering education has been established.
Through the above-mentioned efforts, the entire department activity
addresses the development of young people who have the mission to

continue nuclear energy into the future.

GLOBAL COLLABORATIONS

The LANE conducts scientific research of nuclear energy to seek practi-
cal solutions of the problems between energy and global environmental
issues, as an important pillar of those projects, and works in cooperation
not only with the people of the United States, European countries and
former republics of the Soviet Union, but also with the people of the
South-East Asian countries of Indonesia, Vietnam, Thailand, etc. As a
hub research institution, it will be able to explore the frontiers in of nu-
clear energy, including various radiation applications, and accordingly,
to strive to become a global cooperative scientific research institution

for nuclear energy and radiation applications.

CHALLENGES

First of all, | would like to address the challenges for the earliest recovery
from the nuclear accident. In order to carry out my responsibility, as an
expert in the field, | would like to continue the researches and educa-
tional activities of the LANE and of the School to which | belong. Other
challenges include regaining public confidence to nuclear energy, and
learning well from the experiences of the severe nuclear accident.
Historically, Japan had very often faced crises of survival as a state, such
as the opening of Japan at the end of Edo Period, the Great Kanto
Earthquake, the Second World War, etc. and had developed by over-
coming such difficulties. In this regard, | think Japan had become stron-
ger and a better nation each time whenever overcoming crisis. | am sure
that these cases also hold true in the case of the earthquake disaster of
this time, where we must inevitably overcome the difficulties. | think that
it is very important that | must make judgments fairly as a scientist of

conscience, while conveying and explaining the results to the public.

DETERMINATION

While securing advice, understanding and support from people both
within and outside the Institute, | will do my utmost to live up and main-
tain our laboratory (i.e. the LANE) that society in general has high ex-
pectations of, and with worthwhile research and study projects, involv-
ing our staff in cooperation with students. | sincerely hope and ask for

your continued cooperation and support.



History

189814F(1881) — RRBITZREKRIL

| B840 4 £(1929)

| BBF0314F(1956)

| B8F1324£(1957)

| BBF0344F(1959)

| BBA0354F (1960)

| BBF0364(1961)

| BBF0374(1962)

| BBA0384 (1963)

| BBF0394(1964)

| BBF0404(1965)

| BB 0424 (1967)

| B8F0454(1970)

| BBF0494(1974)

| BBF0504F (1975)

| BBF0534(1978)

| BBF0554F (1980)

| BBA0604F (1985)

| FaE 2 £(1990)

| FRE 7 (1995)

| FrL284(2016)

| FER304E(2018)

Establishment of The Tokyo Vocational School
RRILEXRZICHEE

The school became a degree-conferring university, Tokyo Institute of Technology

RRIERFETFENBRTIPIH AR E (SF28P3. ZRFRER7EBPIEH)
Establishment of the Research Laboratory for Nuclear Reactors, the Faculty of Science and
Engineering, Tokyo Institute of Technology (2-Division Organization at First, 7-Division Organization Later)

BETHEMAMRFRIZERERS

Establishment of Department of Nuclear Engineering in Graduate School of Science and Engineering
RFRIZMRERE

Construction of Atomic Science Laboratory

RARD S V- BKRIEEHIPRE

Installation of Exponential Experiment Facility for Natural Uranium - Light Water System

BAOHEBRREMAE=RE
Construction of Fission Experiment Facility Research Laboratory

METERNITARRBRERE

Construction of Radio Isotope Laboratory
i) N S

Construction of Main Building of the Research Laboratory

RRIFERZRTIPLZMFAFEE (788PIEH)

Establishment of the Research Laboratory for Nuclear Reactors (7-Division Organization)

[RFENIERERE

Construction of Nuclear Power Laboratory

BEMIADBRRERE (IR | BUARIFERE)

[RFUPERETHERBIFIIEER (SEBPIAH)

Construction of Isotope Separation Laboratory (Present Name: Isotope Science Laboratory)
Establishment of Reactor Design Division (8-Division Organization)
BEMAHIERRRERE

[RFAPEAIERPILEES (9BBPIAHI)

Construction of High-Temperature Nuclear Fuel Elements Laboratory

Establishment of Nuclear Fuel Division (9-Division Organization)

LRI RE TR ARG SRR =R E

Construction of Multi-Purpose Irradiation Facilities Laboratory

TRETHRADIEERPT (SR, |8 : REEYIEERFT)

Radiation Physics Division (Renamed, Old Name: Health Physics Division)
FFIFL24T FEPIRE (108BPIEH)

Establishment of Nuclear Reactor Safety Engineering Division (10-Division Organization)

RUF D LMEFERFIERE (11 88F34H)

Establishment of Tritium Chemistry Division (11-Division Organization)

TSy RE TR EPERE (RFPRE M T FERPIDEIR)

Establishment of Blanket Safety Engineering Division (Change of Nuclear Reactor Safety Engineering Division)
[RFIF TR FTAoiiE (SRERPI A H)

Reorganization of Research Laboratory for Nuclear Reactors (3-Broad-Division Organization)

VAT L ZETFEF] AEAESERIRERE

Establishment of a foreign visiting professor at System and Safety Engineering Division

M EATRIR R e T8 R T IR

Laboratory for Advanced Nuclear Energy (LANE), Institute of Innovative Research

B e Y9 — &) NUN60RN R 2R E

Co-60 Gamma-ray Irradiation Facility was transferred from Radioisotope Research Center.
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The Scope of LANE

Nuclear energy research leading to a
peaceful, safe, and secure society and to
sustainable development of the world

When Tokyo Institute of Technology turned into an independent
administrative entity in 2004, Laboratory for Advanced Nuclear Energy
(LANE) formulated the medium-term objectives and plan. Now we
have entered into the third—term of the plan, and promoted the current
mission-driven research projects such as, “Innovative nuclear energy
system study”, “Actinide management study”, “Global nuclear security
study”, and “Advanced radiation application for medical treatment
study”. At the same time, fundamental studies concerning the above
four projects have been also promoted. Furthermore, after the
Fukushima Dai-ichi nuclear plant accidents in 2011, we have been
dedicated to study the decontamination of radioactive materials from
the land/water or buildings/houses, decommission of the reactors, and
disposal of damaged fuels.

LANE conducts scientific research of nuclear energy to seek for
practical solutions of problems between energy and global
environmental issues, and works in cooperation not only with the
United States, European countries and former republics of the Soviet
Union but also with South-East Asian countries such as Indonesia,
Vietnam, Thailand, etc. We aim to be a global hub research institute
leading to explore the frontiers in nuclear energy including various
radiation applications.

Education of students is another important mission of the research
laboratory attached to the university. Graduate Major in Nuclear
Engineering is operating by the professors of the Laboratory, and high-
level education for glowing-up students who are responsible to the

next generation is pursuing (see Guide of the Graduate Major).
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o Organization
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Institute of Innovative Research
FHZE PR Research Laboratories
 REKEERMATTPR (FIRST)
<78V T4 7 HRERFEER (MsL)
AR LM BRI FR CLS)
K> 7 — Research Centers
AEZL=Y b Research Units
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t¥a)) T« B
Global Nuclear Actinide
Security Division = Management Division

FEF&I¥I—2R
Graduate Major of Nuclear
Engineering

BEHNERETH
AT LS
Innovative Nuclear Energy
System Division

damental Research Division
B IRFHRFRER
Laboratoryfor
Advanced/NuclearEnergy,
(LANE)

RRLERT
TokyolInstitutelof Technology

E#

Country

YUY Fa—ty YV IRKZEERFAMERLY 5 —

USA Massachusetts Institute of Technology (Center for Advanced Nuclear Energy Systems)

AVY =27 L BRMNEESRHRMREY Y —

consortium Joint Research Center (JRC),European Commission

1FU2R TUVZARLKZE DR+ ITZXNRFANT

England University of Bristol (South West Nuclear Hub)
NILLRILY IR E Y 5 —

Ray Helmholtz Zentrum Dresden-Rossendorf

Germany IPRESCA 7AY Y b (RyHh—FTY /0T —it)
Integration of Pool scrubbing Research to Enhance Source-team Calculations

1507 Ay y—FRE BFELFEIFER

Italy University of Messina (Department of Electron Engineering, Chemistry and Industrial Engineering)

FrIAHME CVR R

Czech Research Centre REZ

ToVA RFN - HIRILE—FF

France French Alternative Energies and Atomic Energy Commission

TILETHAE A 55— FREEYARFARZIHER

Serbia University of Belgrade (Vinca Institute of Nuclear Sciences)

av7 R 207 BRI AT

Russia Boreskov Institute of Catalysis

AYRRYT AVRRITEFAFT

Indonesia Indonesian National Atomic Energy Agency
NhFLARFHEESR

N NN Vietnam Atomic Energy Commission

Vietnam INJ A KRS R R SR
Hanoi University of Science (Department of Physics)

EvIL EVIILEIRFRFEARCY 5 —

Mongolia National University of Mongolia (Nuclear Research Center)
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HEEE—E Members List of LANE

BERNRFND A5 LiEk Innovative Nuclear Energy System Division
Bi% INR B Professor Toru Obara

EAEE i & Professor Yukitaka Kato

65 I\# BEE Professor Yoshinao Kobayashi
EHER  RA 8 Associate Professor Tatsuya Katabuchi
BEHR N2 B Associate Professor Hiroshige Kikura
AR OEE IEES Associate Professor Masatoshi Kondo
EuE FaLl Assistant Professor Jun Nishiyama

EuE =R KiE Assistant Professor Hiroki Takasu

B =18 a8 Assistant Professor Hideharu Takahashi
Bh% ZH {BARER Assistant Professor Shintaro Yasui
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Actinide Management Division

Professor

Associate Professor
Associate Professor
Assistant Professor
Assistant Professor

Kenji Takeshita®
Koichiro Takao
Takehiko Tsukahara
Masahiko Nakase*
Naokazu Idota

Global Nuclear Security Division

Associate Professor
Associate Professor
Assistant Professor
Assistant Professor

Hiroshi Sagara
Katsumi Yoshida
Tetsuo Sawada
Anna Gubarevich

Advanced Medical Application Division

Professor
Professor
Associate Professor
Associate Professor
Assistant Professor

Yoshiyuki Oguri
Noriyosu Hayashizaki
Yoshihisa Matsumoto
Jun Hasegawa

Mikio Shimada

Fundamental Research Division

Professor
Professor
Associate Professor
Associate Professor
Assistant Professor

Shunji lio
Satoshi Chiba
Hiroshi Akatsuka
Hiroaki Tsutsui
Chikako Ishizuka

#Fukushima Reconstruction and Revitalization Unit
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Nuclear Fuel Cycle Study

For promoting the security of nuclear fuel cycle and the safety disposal
of high-level wastes, we are studying R&D subjects on back-end
technology. Based on fundamental studies such as separation science
and functional molecule design, we are developing the vitrification
process for stable containment of HLW, the PT (partition and
transmutation) of long-lived elements from HLW and the recovery of

valuable metals from HLW.

Environmental Protection Study

The environment in the nuclear power plant and its surrounding area
were contaminated by the release of large amounts of radioactive
elements by Fukushima nuclear disaster and the public confidence in
the nuclear safety was lost. For recovering the trust of nuclear
technology, we are developing the decontamination technology of
polluted water in the nuclear site and the removal technology of

radioactive materials from polluted plants, soil and sludge.
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Fig.1 Research subjects promoted in the nuclear fuel cycle study
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The whole process of nuclear data
evaluation from the nuclear fission to its
applications

We study nuclear reactions as a fundamental process underlying
nuclear energy. Neutron-induced reaction is the source of energy in
nuclear reactors, while it serves as origin of elements such as Uranium
and Thorium in the cosmos. Understanding of nuclear reactions is,
therefore, basis for safe usage of nuclear energy as well as
comprehending nature itself. In our laboratory, you can learn the whole
process of nuclear data evaluation from the nuclear fission to its

applications.
Mechanism of nuclear fissions

A Complete understanding of nuclear fission mechanism is a big
challenge even though more than eighty years have passed since the
discovery of nuclear fissions. Experimental fission data except for
uranium is still insufficient. Then, we have studied the fundamental
mechanism of nuclear fissions and fusions, mainly based on theoretical
nuclear physics and computational scientific approaches. We also have
a close connection with JAEA for sophisticated experimental activities

involving fissionable nuclei.

High-precision nuclear data and its
applications

We have developed an original fission nuclear-data based on our
fundamental research of fission mechanism. We also have applied our
nuclear data to evaluation of a new transmutation system for long-lived
fission products, and that of for decommissioning of nuclear facilities,
by Particle and Heavy lon Transport code System (PHITS) or continuous-
energy Monte Carlo codes (MVP).

1500 fm/c

M2 WARERIMER AV U HOREET S

Fig.2 Simulation of *U fission using a microscopic reaction model
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Toward solution for the issues of tokamak fusion reactors
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Suppression of disruptions with
simplified helical fields

To demonstrate the suppression of disruptions, which lead to abrupt
termination of tokamak discharges, by passive stabilization of plasma
position with simplified helical coils as shown in Fig.1, we have
fabricated a small tokamak device, PHiX (Fig.2) and have been
conducting experiments (Fig.3). The availability of tokamak-type fusion

reactors will be raised with simplified helical coils
Magnetic diagnostics for fusion reactors

There are issues to be resolved in magnetic diagnostics on fusion
reactors, which will be operated as long pulses. We have evaluated the
current and magnetic field measurements with optical fibers to avoid
integration drift of conventional magnetics. And we are developing
numerical scheme to correct the effects of magnetic materials installed
inside the vacuum vessel to reduce induced radioactivity on magnetic

measurements.

1

H2 JEINORTEBPHIXOANREE
Fig.2 Photo of a small tokamak device, PHiX

M3 J4—RN\wINEHIEZEIT 12 5D T msRERRDERTVIREG
Fig.3 Tangential 1-ms interval TV-images of plasma sustained by feedback
position control.
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Interaction between high-temperature
targets and heavy-ion beams

As a part of heavy-ion inertial fusion studies, interaction of heavy ions
with plasma or dissociated hot gas targets, particularly projectile energy

deposition to the target, is experimentally investigated (Fig.1).

Development of ion-beam-based
microanalytical techniques

High-sensitivity microanalytical techniques for environmental sciences
are studied based on ion-beam analyses such as PIXE (Particle-Induced
X-ray Emission), PIXRF (Proton-Induced X-ray Fluorescence) and RBS
(Rutherford Backscattering) (Fig.2).

Medical application of proton-induced
quasi-monochromatic X-rays

High-contrast clinical radiography and deep-seated cancer therapy with
few side effects are being developed through the use of high

monochromaticity of proton-induced quasi-monochromatic X-rays (Fig.3).

(F) L=t —%EmUF U LA+HKRT ST E T
DSiA AV E— LD EREDRIERER : (6) B
P OB IR EREN R KR AR

Fig.1 (Left) Experimental result on the stopping power
of Si'ions in a laser-produced Li + H plasma;
(Right) Shock-driven dissociated hydrogen gas

&1

target under development.
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Study on Breed and Burn Fast Reactor

Development of innovative nuclear reactor with safe and less nuclear
waste is necessary to realize low carbon society. In the study, the
development of a modular type breed and burn fast reactor is in
progress. The reactor has unique features that natural uranium or
depleted uranium can be utilized as the fuel, it does not need
enrichment facility nor reprocessing facility, it can utilize natural
resource effectively, the amount of radioactive waste can be less and it

has high safety features.

Criticality Safety in the Decommissioning
of Fukushima Daiichi NPS

The decommissioning of Fukushima Daiichi NPS must be performed
safely. In the fuel debris removing process, it is necessary to avoid
criticality accident. The study is performed to develop the technology
to avoid the criticality accident and the measures if the accident

happens.

Improvement of Space Dependent
Kinetic Analysis Method

It is necessary to perform kinetic analysis for various geometries to
establish measures for the criticality accidents in fuel debris removal in
Fukushima Daiichi NPS, nuclear fuel fabrication facilities, and
reprocessing facilities. Development of kinetic analysis method is in
progress for weakly coupled systems, which are difficult to analyze by

conventional method.
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Carbon dioxide emission mitigation is important for global environment
protection and fossil fuel consumption saving. Nuclear thermal power
is efficient for the mitigation. For utilization of nuclear power, energy
storage and conversion technologies are being developing in our

laboratory for contribution on global society.

Chemical Heat Pump for Surplus Heat
Recovery and Utilization

Chemical heat pumps which use chemical reactions for heat
management are being developed for heat recovery, storage and
transformation of surplus heats emitted from nuclear power system,
industrial processes and engines. Magnesium oxide/water chemical
heat pump is mainly discussed by developing the chemical materials

(Fig.1), reactor (Fig.2) and system.

Active Carbon Recycling Energy System

Active Carbon Recycling Energy System (ACRES) in which emitted
carbon dioxide is recovered and regenerated into carbon material by
using a high-temperature gas reactor (HTGR) and nuclear plants has
been proposed. Smart ironmaking system based on ACRES (iACRES) is
being developed (Fig.3). ACRES is expected to contribute on the
saving of carbon resource consumption and the mitigation of carbon

dioxide emission.

High-efficient Hydrogen Production
System using Hydrogen Permeation
Membrane

A plate-type fuel reformer for high-efficient hydrogen production using
nuclear power is developed. Hydrogen permeation membrane is the
key material for the reformer. New original membrane which uses one
10" of Palladium alloy for conventional membrane is being developed

by the reverse build-up method (Fig.4).
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Fig.4 Developed hydrogen
permeation membrane
prepared by the reverse
build-up method
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Fig.3 Smart ironmaking system based of ACRES (IACRES) redUCtlon process
driven by high temperature gas reactor (HTGR) process
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Utilization of metallurgy for safety, reliability and sustainability of nuclear systems
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Improvement of materials reliability
toward innovative nuclear reactors

For the long-time operation of the reactor of next generation, control
and reduction of impurities are necessary and studied to make fission
fuel cladding and reactor pressure vessel highly resistant to heat,
pressure and irradiation. Best mix of composition and microstructure

are pursued by the development of creation and evaluation process.

Accessibility for removal of fuel debris in
BWR plant after severe accident

To assess the access root to the fuel debris for its removal from nuclear
reactors after severe accident, damage and collapse behavior of
structural metals in the reactor core should be well understood and
studied through materials reaction experiments. Phase stability of
debris and formation behavior of fission products are thermodynamically
studied for safe removal and storage of the debris and prediction of
condition of RPV during severe accident.

On the basis of the active participation to the international project with
about 15 countries corporation lead by OECD-NEA as well,
“"Thermodynamic Characterization of Fuel Debris and FP Products in
Fukushima Daiichi Nuclear Power Plant”, thermodynamic investigation
on cesium compound based material is being promoted with the

expansion of international collaboration.
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Fig.2 Reaction experiment between mock control-rod debris and
stainless steel.

Fig.3 Reactor core assembly and reaction experiment between mock fuel-rod debris and stainless steel in a cold crucible

furnace.
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Study on multibeam type RFQ linac

We developed a two-beam Interdigital-H type Radio Frequency
Quadrupole (IH-RFQ) linac as a prototype of a multibeam type RFQ
linac for high intensity heavy ion acceleration in the low energy region.
The linac can accelerate two beams in parallel in one cavity. Using this
linac system, we were able to accelerate carbon ions with an output

beam current of about 108 mA (2x54 mA/channel).

Development of accelerator-driven neutron
source using RFQ proton linac and liquid
lithium target

We have developed an accelerator-drive neutron source system for
Boron Neutron Capture Therapy (BNCT) using a compact RFQ proton

linac and a liquid lithium target.

Development of compact electron
accelerator for industrial irradiation
processing

We have developed a compact electron accelerator to be able to
produce high power beam for industrial irradiation processing such as

electron sterilization.

M3 BFRBHIOEXANREYY IOV ORISR

Fig.3 A prototype of the compact electron accelerator

Ridgetron for industrial irradiation processing.
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Plasma Chemistry — Development of
Optical Emission Spectroscopic (OES)
Measurement Method

We have been studying original methods of OES measurement of
plasmas in a state of non-equilibrium based on atomic and molecular
processes. The field adopting our OES methods covers wide range of
engineering, e.g., not only nuclear fusion, but also nuclear fission
engineering, electric/electronic engineering, material engineering,
astronautic engineering, mechanical engineering, environmental

engineering, etc.

(1)OES Diagnostics of electron
temperature and density

We are developing models to describe atomic processes of excitation
kinetics in argon plasmas for determination of electron temperature
and density of argon-based plasmas. We are now demonstrating the
validity of our OES method to measure electron temperature and
density with a certain accuracy. Recently we are also examining the OES
measurement method for atmospheric-pressure non-equilibrium

plasmas.

(2)OES Diagnostics of gas temperature
and radical density

We have made OES measurement possible for processing plasmas
with reactive species on the gas temperature or radical density
measurement, both of which are more directly required for the plasma
process monitoring. For example, molecular rotation temperature of
nitrogen can approximately indicate the gas temperature of pulsed
plasmas. We study energy relaxation process in automobile engines
(Fig. 1).

Plasma Physics —Transonic Flow along
Open-Field-Lines

We are studying characteristics of plasmas flowing transonically at
open-field-line both experimentally and theoretically, which is
fundamentally crucial in various scientific and engineering applications
like thrusters of artificial satellites, boundary domain of magnetic
confinement thermonuclear fusion plasmas, or ionosphere plasmas. We

apply plasma wind tunnel for experimental studies, and adopt particle

simulation in numerical studies (Fig. 2).

B2 FERIRESICHITD
7—IY1vbDER,

Fig.2 Photo of arc-jet
along open-field line.

16



Innovative Nuclear Energy System Division

Study on neutron nuclear reaction for nuclear energy, astrophysics and medicine
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Study on neutron nuclear reaction

We measure neutron nuclear data, especially, neutron capture cross
sections, which are important for design of a nuclear transmutation
system and understanding of nucleosynthesis. Measurements are
performed in LANE and the Japan Proton Accelerator Research
Complex (J-PARC).

Development of an imaging system for
online dosimetry in neutron capture
therapy

We are developing an imaging system for dosimetry during treatment
in boron neutron capture therapy. This system allows for evaluating the
absorbed dose of each patient online, thereby improving determination

of irradiation parameters and evaluation of treatment efficacy.
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Fig.1 Accurate Neutron Nucleus Reaction Measurement Instrument
(ANNRI) of J-PARC
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Measurement technique using Ultrasound

Research on the improvement in safety and the advancements of
nuclear reactors is done by the diagnostic techniques developed from
the measurement techniques and process control strategies used in
light-water reactors, future-type reactors and fast reactors. We
investigate the novel ultrasonic technique which can diagnose weld
defects and measure flows with profound effects on materials.
According to Fukushima Dai-ichi nuclear power plant accident, we also

study the sensing technique of location of fuel debris and contaminated

water leakage.

M2 BERZZ7LAtEvY

Fig.2 Ultrasonic mini-array sensor

M3 T4 ART7UABRLOZEIBERMED TS
Fig.3 Phased array and air-coupled ultrasonic velocity profile measurement

system

18



Masatoshi KONDO, Assoc. Prof.

- HH% ARk IEER

a

EEERE RSO

BERP PG CTlE. Pb, Pb-Bi, Li, Pb-17Li, SnEDRHEE
BRI P REHEEM EUTRATSNE T, TIT BNk
TRMEPEENTENZE I 2REEE RV ORFEZT
TLET, BlC. gRUICREZRBAIM ORCBEEYMZ
FANTVET,

REEERDOHMEFFHRICET SR

BEROARBREEEICLIBEMBOBRBNERRRETT,
EZNRBBICKUFLEINZIBMNRERRER(OIO—Y3Y
TO—Y3Y) DB P, RENEZHIEICK DTS
WEICIRWUEATLET,

HEED BRI R EBEDR R

HRCBRMEZE I IMER([BEY. EBR. BEtH) ZEEL.
BREICHREZDIBESESEICKY, MRE. AXERKE B2
EEN. BEREREDEHDOREZBIFICRIRESEIEHN
BPREEDBALEREREZREAELCVET,

A 'mu;rlostructure
"J* ‘ofisteel surface
i ""after corr05|0n

Innovative Nuclear Energy System Division

EHMBREFRORGERTEHN AT LICET 5HFE

&< Kondo.masatoshi@ lane.iir.titech.ac.jp
C 03-5734-3065

Development of liquid-metal coolants

Various high-performance liquid-metal coolants (Pb, Pb-Bi, Li, Pb-17Li,
Sn, etc.) are currently being researched in our laboratory for use in fast
and fusion nuclear reactors worldwide. Experimental investigations of
the synthesis and thermophysical properties of these materials are

underway.

Materials compatibility of liquid-metal
coolants

Materials compatibility is important for the development of liquid-metal
coolant systems, and the kinetics of corrosion-erosion under flowing
conditions are being investigated by our team (Fig.1). Materials
compatibility was improved by chemical control of non-metal impurities

in liquid metals.

Development of function-sharing
multiple interface layer

We propose a ‘function-sharing interface structure’ that offers
protection against corrosion of structural materials in liquid-metal
cooling systems. Anti-corrosion layers are maintained by a self-healing

function.

» Erosion

Penetration of Pb-Bi
along grain boundary

boundaries steel

microstructurel

M1 HLBREEEPTCELZI0—Y3ayIO—VavViER

Fig.1 Corrosion—erosion of steels in various liquid metals under flowing conditions
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Studies on robust nuclear energy system
against threats to safety, security and non-
proliferation

Nuclear disaster may be caused not only by accidents such as natural
disaster or errors, but also by human intentions such as terrorist attacks.
Diversion of nuclear material to fission explosive devices is also
significant threats by terrorists or host nations, needed to be most
securely prevented. We are pursuing studies on robust nuclear energy
system against threats to safety, security and non-proliferation,

especially by system designing.
Non-proliferation science & technology

Non-destructive assay technology R&D are being performed to quantify
the nuclear material inside fuel debris, cooperating with Japan Atomic
Energy Agency, aiming to be applied for safe& secure decommissioning

of Fukushima Daiichi Nuclear Power Station.

Nuclear reactor designing utilizing high
level waste material as a valuable fuel

Long lived radioactive nuclides are generally categorized as high level
waste material. By careful partitioning, it could be utilized as valuable
fuel to generate energy as well as to prevent the fuel from its
weaponization. Nuclear reactor designs are performed for waste
minimization and harmonization with human society and global

environment

Inner Core{|C) 288
Outer Core{OC) 274
Radial Blanket{RB) 96
S5 Shield 102
ZrH Shield 108
Control Rod[CR) 40
Control Rod(CR) 17

[ 18 Tl i

Axial Blanket Fuel

B2 BOIZ] Z8/MELBVIIBHERM ZE 9 28R T 5 vhRETIR

Fig.2 FR blanket design for waste minimization and proliferation resistance
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Creation of Functional Nano Materials
and Its Applications to Nuclear and
Radiochemistry

We have created various functional nanomaterials such as photonic crystal
polymers, micelles, and etc, which can separate and detect selectively
target radionucleids, decontaminate radioactive wastes, and enclose
radioactive drugs (Fig.1). Radioactive drug preparation methods for
drug delivery system (DDS) and extraction/separation methods of metal

ions have been studied.
Micro/Nano Chemical Analysis System

We are trying to realize micro/nano fluidic chip, which various chemical
operations invoking reaction, extraction, and separation can be
integrated into micro/nano scale spaces on a chip, using micro/nano
fabrication technologies. Rapid and highly efficient separation/analysis
of radionuclides at single ion level will be constructed by combination

with original nano-detection methods (Fig.2).

Development of Waste-Free Solvent
Extraction Method

Direct extraction technique of metal ions from aqueous solutions using
stimuli-responsive polymers, which exhibit hydrophilic/hydrophobic
phase transition, has been investigated. When the polymer and
chelating ligands are mixed and heated in an aqueous solution
containing metal ions, the polymer is smoothly converted to a gel and
the metal chelate complexes can be recovered onto the polymer gel.
We have investigated the novel waste-free separation method and its

application to radiation therapy.
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Fig.2 Fundamental Techniques of Micro/Nano Chemical System on a Chip
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Fig.1 (a) Trajectories of a particle and its guiding center, and a trajectory by
guiding center approximation near a banana tip. (b) Time evolution of a
particle positions in a Poincare map.
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Ripple Resonant Diffusion of a Particles
and Finite Larmor Radius Effect

The resonance of toroidal precession of the banana orbits shown in
Fig.1(a) of DT-fusion a particles with toroidal field ripples enhances
particle diffusion. The valuation of the diffusion coefficient by guiding
center approximation showed that it has local maxima in both sides of
resonant energies in the axisymmetric configuration. Investigation of
the time evolution of particle positions in Poincare maps revealed the
following physical mechanism. Particles with slightly different energies
from resonance lie outside of the separatrix and that particle
movements to the other side of an island, pink colored region in
Fig.1(b) shift the averaged positions and hence enhance the particle
diffusion. On the other hand, particles with nearly resonant energies lie
inside of the separatrix so that the diffusion coefficients do not increase
so much since the averaged positions are almost fixed, though particles

spread with time. Finite Larmor radius effects are also investigated.
Study of SMES with Virial-Limit Coils

Superconducting Magnetic Energy Storage (SMES) is very promising as
an electric power storage system for a night and day load leveling.
However, the strong electromagnetic force caused by high magnetic
field and large current is a serious problem in SMES system. To cope
with this problem, we proposed and verified the concept of the Virial-
Limit Coil (VLC), which is optimized to create a strong magnetic field
based on the virial theorem which is the relation of magnetic energy
and stress. The VLC, which is a helically wounded coil with a toroidal
configuration (Fig.2), can level the stress distribution. In order to

improve its manufacture, a geodesic winding is investigated.

Max: 6.454

Min : 0.0402

B2 EUPILRRFEIAILE. ZDIDDTE

Fig.2 Distribution of stress in a Virial-Limit coil.
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Narrow-sized cluster generation with
laser ablation

We are developing technology to efficiently generate clusters of quasi-
uniform size by confining metallic vapors generated by laser ablation in
the cavity filled with helium gas. We are aiming to elucidate cluster
generation mechanism by high speed imaging and time of flight mass

spectrometry (Fig.1).

Plasma flow control by a magnetic nozzle
for high-brightness beam generation

We are developing technology to control a laser-ablated dense plasma
flow by a magnetic nozzle and generate ion flows with high directivity.
We are aiming to apply the technology to high-power beam source for

fusion drivers and thrusters for space machines.

Compact neutron sources using inertial
electrostatic confinement fusion

We are developing a compact neutron source using fusion reactions
between high-speed particles electrostatically confined in a potential
well (Fig.2). The neutron source is expected to be used for various
industrial applications related to safety and security of society:
explosive detection, non-destructive inspection of infrastructure,
underground resource exploration, high sensitivity detection of nuclear

waste, boron neutron capture therapy, and so on.

B2 1BURERUADKREGZR VN EDE TR

Fig.2 A neutron source using inertial electrostatic confinement fusion
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Fig.1 Research subjects and instruments. Top left: Radiation-induced DNA
damages. Top right: Fluorescent microscope. Bottom left: Clean bench.
Bottom right: A model for the molecular mechanisms of DNA damage
recognition and cellular response.
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Molecular Radiation Biology

We seek to elucidate the biological effects of radiation and the
biological response to radiation in molecular terms (i.e., in terms of
genes and proteins). Through this, we wish to contribute to the
promotion of safe, secure use of atomic power and radiation and to

explore the infinite potential of radiation in medicine and life science.

Mechanism of the Recognition and Repair
of DNA Double-Strand Breaks

Radiation is thought to exert its biological effects through the
generation of damage on DNA molecules, which is responsible for the
transmission of genetic information. Among various DNA damages,
DNA double-strand breaks are thought most critical and responsible
for the biological effects, e.g., carcinogenesis, cure of cancer and side
effects to normal tissues. We are seeking to elucidate the mechanism
of the recognition and repair of DNA double-strand breaks employing
molecular biological and biochemical approaches. We also have a
keen interest on its application to the prediction and modification of

radiosensitivity of cancer and normal tissues in radiotherapy.
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Fig.2 Analysis of function of DNA double-strand break repair protein
XRCC4. Top left: A model for 3D structure. Top right: Phosphorylation
appearing after irradiation. Bottom left: regulatory mechanisms for
nuclear localization. Bottom right: DNA repair function of mutants
(radiosensitivity).
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carbide matrix (SiCi/SiC) composites
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Development of Advanced Ceramic-
Based Composites

Fiber-reinforced ceramic matrix composites have been expected to be
used as the components for nuclear and fusion power applications,
high temperature gas turbines and aerospace industries. Novel
fabrication process of ceramic-based fiber-reinforced composites, their
properties, and advanced ceramic matrix composites with unique

morphology have been studied (Fig.1).

Development of High-Performance
Porous Ceramics

Application of porous ceramics has been considered to be effective to
reduce environmental load and to save resources and energy. We have
uniquely proposed porous ceramics with in-situ grain growth and grain
orientation for the surface functionalization (Fig.2). We have been
developing high-performance porous ceramics based on
microstructure control in nano-, micro- and macro-scales. Furthermore,
porous ceramics for purifying radioactively contaminated water and

immobilizing radioactive nuclides have been studied.

Development of severe environment
resistant ceramics

Changes in properties and microstructure of ceramics exposed under
severe environment such as high temperatures, high thermal gradient,
corrosive and oxidizing atmosphere, radiation and particles irradiation
have been studied, and we have been developing severe environment
resistant ceramics. In consideration of nuclear and fusion applications,
novel ceramics for accident tolerant fuels, high-performance neutron
absorbing ceramic pellets for fast reactors, and inert ceramic matrix for
the transmutation of long-lived fission products into short-lived or
stable nuclides in nuclear reactors or accelerators, based on

microstructure control, have been studied.

0k 2 50 um

B2 ZOHBRAMRRIET A 5 (SIC) ZALAEDMAEESEMER
Fig.2 SEM micrograph of porous silicon carbide (SiC) ceramics
with in-situ grain growth
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Fundamental Study on Development of
Facile Reprocessing Method for Spent
Fuels

On the basis of selective precipitation of actinide(VI) by N-alkylated
2-pyrrolidone derivatives, we try to clarify the fundamental chemistry to

develop a facile method for spent fuel reprocessing.

Understanding Chemical Behavior of
Actinides in Geological Disposal

We study the coordination chemistry of low-valent actinides to obtain
deep understanding about their chemical behavior in geological

disposal of the vitrified high-level wastes.

Application of lonic Liquids in
Radioactive Waste Treatment

Through development of rational preparation method of ionic liquids
and clarifying coordination chemistry of metal ions in these media, we

explore potential of ionic liquids in waste treatment.

Spotlight on Uranium Chemistry for Its
Efficient Use

Understanding coordination and solution chemistry of uranium in

depth, we intend to find a sophisticated use of uranium resources in its

chemical aspects.
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Analyze of molecular mechanisms of genome stability in the MOIIRIASIIC £ Y & LT DNA ZHSMGIIE1EA T BTl U /BE H2AX
hereditary disease with high sensitivity to radiation 5 BHRRT BT £ AR L BRREHABREE RS
Genome stability is maintained by many molecular mechanisms such as DNA

repair, cell cycle checkpoint, centrosome maintenance and apoptosis. Defect of

these mechanisms cause radiation high sensitivity, developmental failure and

cancer development. We are studying molecular mechanisms of radiation high

sensitivity inherited diseases. Our goal is to elucidate the relationship between

disease and molecular mechanisms.
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Study of Separation Science Based on Chemistry and Mechanical Engineering
Most of my research is related to separation science. Treatment of spent nuclear fuels is an important task and the
separation science is one of the keys. | am engaging in development and characterization of organic ligands and
adsorbents to separate minor actinide from lanthanide. The relation between complex structure and separation
performance was examined. Also, some extraction apparatus is developed by aid of numerical simulation. Both the
knowledge of chemistry and mechanical engineering are effectively utilized in my research.
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Study of thermochemical energy storage technology for highly efficient utilization of nuclear energy
My research interests focus on energy storage and conversion technologies, particularly in high-temperature thermochemical energy storage,
which could be coupled with high-temperature gas-cooled reactors to improve efficiency of power generation. My research explores selection of
suitable thermal energy storage media by investigating their material properties and investigates system performance. To improve the energy
storage/transfer performance, efforts have also been made to explore additives, which work as catalysts.
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Exploration of problem-solving method in the aftermath of 3.11 Fukushima ﬁg}ﬁ_u:ré?:ﬁ;;;)
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Diichi NPP accidents by the participatory dialogue S

The purpose of this research is to explore an effective participatory dialogue on thyroid inspection conducted for ,wg.«m;mt::*:::gﬂv
children in the whole area of Fukushima Prefecture with the aim of constructing an authority related to nuclear power — es#e=l

and radiation. In the dialogue in which 30 high school students in the Tokyo metropolitan area and Hama-dori of  EBIRIRDEPIRICIT TS
Fukushima prefecture participated, it was summarized as a manifesto such as questions on 12 items to the concerned  120D%%R

experts as shown in Figure and it was possible to reach advocacy. This confirmed the effectiveness of participatory 12 questions to thyroid
dialogue. professionals
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Design Study of CANDLE burn-up Reactors with Passive Safety e

The CANDLE burn-up reactor is an innovative nuclear reactor with sustainability,
safety, economy, and proliferation resistance. The methods to construct the initial
core from natural uranium fuels with accelerator neutron source have been
performed. To evaluate and improve safety, we investigate passive safety system
and inherent safety features for the CANDLE reactor. CANDLEM S 52475

Neutron flux distribution of CANDLE burn-up reactor
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Research on Nuclear Thermal Hydraulics and Its Application for Safety Improvement and Advancement
of Nuclear Reactor
- Development of Advanced Measurement Techniques for Nuclear Thermal Hydraulics
We are developing new simultaneous telemetry techniques of flow and chemical compositions in liquid and shape and physical property of
sediments using ultrasound, related with the retrieval of fuel debris in the decommissioning of Fukushima-Daiichi nuclear power plant.
- Advancement of Radioactive Substance Transfer Evaluation Model in Fast Reactor
As quantitative safety improvement of sodium-cooled fast reactor plants, we are conducting advanced research about a radioactive substance
transfer evaluation model for the construction of integrated simulation method at severe accident with significant core damage.
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Investigation of nuclear fission mechanism and its applications ~ ~ 160 - N
Nuclear fission of actinides is the most fundamental phenomenon for nuclear power 5 ]
system. However, there are some open questions on fission mechanism. Therefore 140 = - 3 U i
we have developed theoretical models to predict fission products as accurate as E L f”“{""”gf o

possible, and have improved nuclear fission data based on such fundamental study 80 100 120 140 180

on nuclear fissions.
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Figure shows the mass dependence of the total kinetic
energy based on the 4D-Langevin model.
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R&D on Nanocarbon Structures Design and Their Formation

Formation and characteristics of various carbon nanostructures have been studied; especially, related to nanodiamonds (ND) and onion-like
carbon (OLC) for applying in solid lubrication, electromagnetic radiation shielding, etc. Transformation process of ND to OLC is one of topical
theme in the present work.

R&D on Next-Generation Spacesuits and In-Situ Resource Utilization (ISRU)

As our challenging research activities on coming human exploration toward Mars, essential technologies development for spacesuits including
life-support system, protection against cosmic rays, power-assist system, etc., has been continuously carried out from the stage of conceptual
design. ISRU investigation has also been performed with our advanced combustion synthesis technology.
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Development of energy storage materials for effective utilization of nuclear energy

To use nuclear energy effectively, creation of better secondary batteries in terms of stability, rechargeability, and charging speeds have been
demanded. While Li-ion batteries (LIBs) have proven to be very useful, it is not possible to charge them quickly enough with high currents without
running into problems such as sudden decreases in cyclability and output capacity owing to their intrinsic high resistance and unwanted side
reactions. The formation of a solid electrolyte interface is greatly suppressed near the triple interface(active materials - ferroelectrics - electrolyte),
which would otherwise result in poor chargeability and cyclability. This result realizes to very quick rechargeable and also very tough cycle
secondary batteries.

Naokazu IDOTA, Assist. Prof. Actinide Management Division

B HPHE 8

B4 idota.n.aa@ m.titech.ac.jp
¢ 03-5734-3067

BHE-BENTTVY RICKSBEMEMEORSE

BERHERIEZ S UH T 2 RENBE DN MBI CEHFIRCSNT. BRYEEDESIL
FHADBELIS? ECOBNEFRESAFT. COLSBEE-RE/ \1 TUYROR
BEFSHADRAICSVTRRI 220, BVOFRIEZH LT DD DRENEN S
BERUFT. RLYBREEHRMENRLC, ABPRBEOE(LICI>THREEZ(ESE
BRERERICESERAT /FrU7. RUY—EFBRE. BCBEMR. SR
HATRDOBIRZED TVFE T,

Development of Functional Materials Based on Organic/Inorganic Hybrids
Hybridization of inorganic compounds involving radionuclides with organic compounds is a useful
method for their separation and effective utilization. Since the functionalities often appear at the
interfaces between organic and inorganic components, surface modification is important to
improve their intrinsic compatibility on each other. We have developed functional adsorbents,
nanocarriers for radiation therapy, polymer solid electrolytes, self-healing materials in respond to ~ —m—————— 10umx 10 gm 0.0
external environments by surface modification techniques.
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