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Introduction

* Some issues of nuclear power
* Reducing initial investment (capital cost)
e Reducing uncertainty in R&D
* Reducing spent fuel and spent fuel management

¥

Key issues: Adapting to the Global Free Market
Economy (#2F %) and Improving
Sustainability (¥t AT BETE)

WASEDA University
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Features of SCWR

SuperCritical-Water-cooled Reactor

BRI K n A4
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LWR SCWR is the Gen IV LWR ’
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Simple and compact plant system
Higher thermal efficiency

Utilization of the current technologies
Flexible fuel management (thermal to

fast) ' y

High Economy Beyond the Scope of the
Current LWR



Features of Supercritical Water

e Continuous changes of properties from “Water-like” to
“steam-like” without boiling.
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(FYI) Development of Boilers
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Evolution of Boilers and LWR
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Features of SCWR

1. Simple and compact once-throu%/h direct cycle
plant system (B EZEYAI/L)

2. High thermal efficiency
3. Utilization of matured LWR and FFPP (N 77)

4. Flexible fuel management with thermal / fast
neutrons

WASEDA University
Y/ SREAR
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(1) :Simple and Compact Once-through Direct Cycle System.
* No “boiling”> No need to separate water / steam
* Entire supercritical “steam” is fed to the turbine directly

Once-through direct cycle Reduction in number
of main steamli‘nes
O . N
T High specific enthalpy,
i. F‘\ _______________________________ main steam flow rate is
M _about 1/8 to 1/10 of LWR |

* High speed high pressure
LT — turbines can be used.
IO oe]lpa]oElad-Tale RYIaaIEI@M - Number of low pressure

to that of FFPP turbines can be reduced.

‘ L FJJ‘?

Slmple and compact plant system

o W R R R R R
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(FYl): BWR and PWR

e “steam has to be separated from “water” before
feeding the turbine.

PWR

BWR
* Separator * Primary, secondary
* Dryer * Steam generator
e Re-circulations * Pressurizer
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Comparison of Plant Systems
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(2) :High Thermal Efficiency

e “Steam temperature” is not limited by the “saturation temperature”

e Typical design

e Main steam T:500 - 625°C .~ Efficiency: 44 - 48%

 Utilization of high temperature heat (e.g., hydrogen production)

Duffey, R.B. and Leung, L.K.H., “Advanced Cycle Efficiency: Generating 40% More Power from the
Nuclear Fuel”, Proc. World Energy Congress (WEC), Montreal, Canada, September 12-16, 2010

WASEDA University
P SRRHEAR
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(3) : Utilization of the Current Technology

» Separate “pressure boundary” from “temperature boundary” (i.e.,
structures with large mechanical load is cooled with inlet coolant)

e Uses of main components (turbine, pump, main steam line, RPV
(except nozzles), CR drive mechanisms, etc)are within the
experiences of supercritical FFPP_LWR

RPV is similar to
PWR

Main R&D is limited to the
core and in-core structures
Limited uncertainty in R&D
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(3) : Utilization of the Current Technology

* Most venders of LWR also make supercritical FFPP

* Most utilities that operate LWR also operate
supercritical FFPP

WASEDA University
7 FWHEAE



(4) :Flexible Fuel Management

18

* Both thermal and fast spectrum reactors can be
designed with the same plant system

* Thermal:Neutron moderation with water rods

* Fast:Tight hexagonal fuel bundle
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SCWR Features (Summary)

Low capital cost
due to simple
and compact
plant system

— =

Reliable safety
with simple water
cooling system.

High reliability with

matured fossil FPP

and LWR operating
experiences.

I

FhHHAF

HA

High economy and
low waste due to
high thermal
efficiency

19

Compact
components with
matured

experiences

)m

Fast reactor option
with light water
cooling




Research and Development Fields

* Plant concept
* Core thermal-hydraulics
* Materials and corrosions

WASEDA University
P SRRHEAR
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Pressure Vessel & Pressure Tube

* Pressure vessel type
. . . B ER A Technology Roadmap for Generation IV
* Light water cooling & moderation (thermal) /Ll Nuclear Energy Systems, GIF-002-00, Dec. 2002
* Light water cooled fast reactor

Caniral
da

* Pressure tube type
e Light water cooling & heavy water

25
22.1
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RIS

Pressure (MPa)
i
:

llllll

Temperature ( °C)

L.K.H. Leung et al., “An Update on the Development Status of the Super-Critical Water- pare
cooled Reactors”, GIF Symposium — Paris (France) — 16-17 October 2018
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Example of Fuel Assembly (Thermal)

* Low enriched U, advanced SS cladding

* Coolant flow rate distribution with inlet orifice & 800}

and channel box

e Neutron moderation with water rods

e Reactivity control

 Burnable poison(Gd,0,)
e Control rods (PWR type.” BWR type)

Y. Okano et al., “Design of Water Rod Cores of a
Direct Cycle Supercritical-Pressure Light Water
Reactor”, Ann. Nucl. Energy, Vol. 21, No. 10, pp.
601-611, 1994
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C. Zhao et al., “Conceptual design of a

supercritical water reactor with

double-row-rod assembly”, Progress in
Nuclear Energy 63 (2013) 86-95, 2013.
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Example of RPV and Coolant Flow

* Large coolant temperature and density changes #|#&ES S A4=RNE

* High outlet temperature

» Separating pressure boundary from
temperature boundary

Super LWR: Single pass core design

JWu and Y. Oka, “Improved Single pass core design for high temperature
Super LWR” . Nuclear Engineering and Design, 267(2014) 100-108

Bypass Line

Upper Dome
~ \
[ 7o N outlet Main stea
Inlet ]Pp \ ‘ Nozzle
Nozzle Plenum ———
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In-core Structure Designs

29

fuel replacement

@ Structures to accommodate high temperature, maintenance,

CRHAFA
LB F—2
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HOos/XIL RPVAHO

(AT 90 E
Thic

Sleeve structure to
reduce thermal stress
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Example of Fuel Assembly (Fast)

* Tight hexagonal fuel lattice without water rods

* Heterogeneous core configurations with seed (MOX) and blanket (depleted U)

e Cluster-type control rods

 Use of solid moderator (ZrH) to attain negative void reactivity characteristics
without reducing the core height (neutron leakage)

Blanket
- assembly

/-~ ziH

~/— Stainless steel

Fuel
rod

_Seed assembly

Transmutation of Long Lived
Fission Products (LLFP) and
Minor Actinides (MA)

Lu et al., “Study on the LLFPs transmutation in a
super-critical water-cooled fast reactor”, Nuclear
Engineering and Design 241 (2011) 395-401.

Cao et al., “Research and Development of a Super
Fast Reactor (4) Transmutation Analyses of Minor
Actinides and Transuranium Elements” Proc. 16PBNC,
2008.

L. Cao et al., “Fuel, Core Design and
Subchannel Analysis of a Superfast
Reactor”, Journal of NUCLEAR SCIENCE
and TECHNOLOGY, Vol. 45, No. 2, p. 138-
148 (2008)
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reflector

Upper MOX

Example of Fast Reactor Design

* From high conversion type to breeding type

reflector
10103|}al

* Negative void reactivity characteristics is
necessary, because of high-pressure system

* Seed / blanket heterogeneous core configurations reflector

Lower MOX

e Buildup of fissile Pu in blanket leads to “power Axially heterogeneous core
swing” > efficient core cooling is the design issue. S-Nodaetal., “Core Design Study of Super FBR
with Multi-Axial Fuel Shuffling and Different
sCoolant Density”, Proc. ICONE26, July 22-26, 2018,

Two-pass core Single-pass core —
= Seed

Blanket
Reflector

HEREILT

FHR—L

TSUob-S—FRBESHRD | SEAKELRFAH SEEHELRAAN ,
ik 42 AR L muzmernmzom®i | Radially heterogeneous core

Q. Liu and Y. Oka, “Single pass core design for a Super Fast Reactor”, Annals of Nuclear
Energy 80 (2015) 451-459

*




Basic Reactor Physics Data from Experiments *°
e Basic reactor physics data of solid moderator (ZrH) obtained from

Fast Critical Assembly (FCA) of Japan Atomic Energy Agency (JAEA)

Stecl W7 Dran

Depleted
U

Solid
hydride

1.lcm

1.55cm

Blanket fuel assemblv
Seed

' Blanket
Reflector

RFAVATLARFEAREX I EBARFERED
BHBRWMEIHEER FERR22FERIRERRE
MK AEA—N\—ERIFIZEAT SR

Super FR core configuration
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Safety Feature for Ensuring Core Cooling

Mild deterioration of

550 —
550Ra id T\ d = 10mm i heat tranSfer
N drvout P = 205 bar p = 310bar s
‘8 500 F y Y g = 800kw/me WOr g = 478 kW /2 J"’ |
v \ C 1500 kg /m2s 6 B
b= 2250kg/m2s | O q\* / - BBD
© 450} * & ~ 50} i
] - B |
E L0l .y ,;{*"g N S o 1220 kg fm2s
@ 400 . 400+ ,3453”
/ b T L] [] [
350+ Subcritica| - | | gupercrltlcq|
1400 1600 1800 2000 2200 2400 2600 2800 1600 1800 2000 2200 2400
Enthalpy (kJ/kg) ! Enthalpy (ki/kg) |
Criterion to Direct evaluation of clad
. Heat flux
ensure sufficient surface temperature
cooling
High temperature core design
WASEDA University > 500 C

P SRRHEAR



Safety Feature of Once-through Direct Cycle

§|mle principle: Keep outlet
Keep inlet and outlet open open-> core

cooling

Depressurization
induces core flow

2x
Vi (gl

WASEDA University
7 FWHEAE

30
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Example of Plant Safety and Control

RPV and CR drive are similar to PWR
PCV and safety systems are similar to BWR

Containment

<(:Control rods RV/AD

Turbine bypass_valve

/ LPCI
LPC]| **
Bl V)]
S

reln 3

AFS

Condensate water

< Turbine co\ntrol valves>

Turbine
MSIV
ondens
Q
I
C
v 4
2 E
O >
(O ENeX
\/
wn X
L
2 LP FW
heaters
<)<
HP FW Booster peaerator
heaters pumps

storage tank

/
Reactor coolant pump
ain feedwater pum
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Examples of Plant Design

RPV is similar to PWR

Control rod drive mechanisms

e Similar to PWR (Super LWR / Super FR)

 Similar to BWR (JSCWR)

* Passive safety

Wet well based containment design, similar to ABWR

Y. Oka, H. Mori, “Supercritical-Pressure Light Water Cooled
Reactors”, ISBN 978-4-431-55024-2, Springer Tokyo Heidelberg
New York Dordrecht London, 2014.

K. Yamada et al., “Overview of the Japanese SCWR Concept Developed
Under the GIF Collaboration”, The 5th Int. Sym. SCWR (ISSCWR-5) , 2011



Example Of PaSS|Ve Safety Core makeup tank

(for switching to IC

Isolation condenser under subcritical

Pasjswe s o8 e Tan) JES)
containment

cooling system

Gravity driven |||| ||||
cooling system

__
(for L-LOCA) Automatic
depressurization

system
CRs

|

IC valve

corecaater | supprastonpoot |

VVADLCLJA UIIVEISILY Sutanto, Y. Oka, “Passive safety system of a super fast reactor”, Nuclear Engineering and Design
BieHAXE 289 (2015) 117-125.

Hot-leg
Cold-leg




Core Thermal-hydraulics

WASEDA University
7 FREAF
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Examples of R&D

* Improving accuracy of the clad surface
temperature evaluation
* Cross-flow between adjacent subchannels

* Effects of spacers on turbulence, pressure loss, and
heat transfer

 Heat transfer deterioration (supercritical pressure)
e Critical heat flux (subcritical pressure)

e Abnormal transients and accidents

* Condensation of supercritical water in suppression
pool

* Critical flow of supercritical water from break

WASEDA University
P SRRHEAR
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Database and Correlation for Designing

» Simulated experiment with freon gas
(HCFC22, HCFC123) (Kyushu U.) i

* Supercritical water loop (JAEA)
* CFD development (JAEA/ACE-3D)
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Design and analysis of grid Supercritical water Turbulent mixing

spacers (Waseda U.) loop AEA) i:(C;Sussl;lzvilj t)est

Advances in reducing
uncertainties with

69K

thermal-hydraulics

Condensation of supercritical fluid
(Kyushu U.)




Materials and Corrosions

WASEDA University
7 FREAF
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Examples of R&D e o

*5|5RYSRE

* Required properties (core)
* High temperature strength
* Irradiation resistance
e Corrosion resistance (SCC)

e Candidates

 Advanced stainless-steel
* Ni based alloys
e etc

- RSTRE L
-R5o—7
RARRTYNA

e Other issues may include, but not limited to:

* Optimization of clad manufacturing, long term data
accumulation, corrosion with irradiation, integrated fuel
performance test

WASEDA University
) EREAL



Examples of Database for Material Performances -

« 15Cr-20Ni-advanced austenitic SS cladding (JAEA)
» Corrosion resistance improvement of SFR cladding (PNC1520)

* Oxidation in supercritical water (Tohoku U.)
* Oxide layer growth data

 Corrosion, elution, precipitation test and analyses (mass transfer
test, Tokyo U.)

 Thermal insulator development
Measurer;ent for ﬁ £ ’T‘ — 17

PUﬂ'I'p'""B'I .......... l
Drain Fa—7J :
EE | | "

Ar, H,, O, AC-2: 350°C
f—

Tank for HER A :
[
I
I
[
I

‘: e 10um

Purifier for WQ,

Chemicals

ter Tank

550°C -> -> -> -> -> room temperature

HP Pump E;‘E -> -> 300°€ -> -> -> -> 550 $C
—
Al

. —m Post test SEM of oxidation test
(Mass transfer test, Tokyo U.) (Tohoku U.)
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Domestic and
International Activities

References:

Heat Transfer Behaviour and Thermohydraulics Code
Testing for Supercritical Water Cooled Reactors (SCWRs), IAEA-TECDOC-1746

L.K.H. Leung et al., “An Update on the Development Status of the Super-
Critical Water-cooled Reactors”, GIF Symposium — Paris (France) — 16-17
WASEDA University October 2018
$F PHmEAR



Early Days

41

¢ HW mod=Supercrt. LW cool " Indirect cycle (design : Westinghouse, 1957)

 HW mod = Supercrt. LW cool - Direct cycle (design: General Electric, 1959)

e Carbon mod* Supercrt. LW cool*P tube Direct (design : Westinghouse, 1962)

* PWR type-primary at Supercrt. (Proposed: 1966)

BWR type-superheater=AEG Co.=HDR Super-
(Heissdampfreaktor) . Critical 1969, steam
100MW+t. main steam 457°C.~7.3MPa

178 mm

heated

Feed
water

Core

Recircu-

lating
water

Control
rods

_ Steam
plenum

Outlet superheated
steam

Inlet saturated steam

— Saturated steam
manifold

Saturated steam
supply tubes

Superheated steam
outlet tube

i—Superheated steam
L| header

Rod bundle, assembly
box removed

U-bends of

r~superheater loops

Foot piece

Schulenberg, T., Starflinger, J., 2012. High Performance Light Water Reactor,
Design and Analyses. KIT Scientific Publishing, Karlsruhe.



Domestic R&D

Conceptual development (Tokyo U.1989~2010.”Waseda U. 2010~)
JSPS projects (Tokyo U.. 1998-2002)

METI projects
* Feasibility study : Toshiba, Hitachi, Tokyo U., Kyushu U., Hokkaido U.(2000-04)
« Materials: Toshiba, Hitachi-GE, Hitachi, Tohoku U., Tokyo U., JAEA (2004-08)
* GIF Collaboration Phase 1: IAE, Toshiba, Tokyo U., Kyushu U., JAEA, Hitachi-GE,
Hitachi(Phase 1: 2008-2010)
MEXT Projects
« Tokyo U., JAEA, CRIEPI, Hitachi, Toshiba (2002-06)
* Tokyo U., JAEA, TEPCO, Kyushu U.(2005-09)
* Tokyo U., TEPSYS, Kyushu U., Tohoku U., JAEA, AIST (2010-13)
 Kaiyo U., Tokyo U., Waseda U. (2015-18)

JP-US Joint Project (Tohoku U., Toshiba, Hitachi, Tokyo U., 2004-06)



International Activities

 Generation IV International Forum
* Technical secretariat: OECD/NEA
* Canada, Euratom, Japan, Russia, China

* |AEA
 Coordinated Research Project(2008-2012, 2014-2018)

* Thermal-hydraulics experiments and data
* Benchmark analyses

* Technical meetings (5) :thermal-hydraulics, materials, corrosions,
water chemistry

* Training courses (4)

. LCJ%r,&ada' China, Germany, Hungary, India, Italia, Russia, UK, Ukraine,

* International symposium (ISSCWR)
* 1t symposium : Tokyo U. (2000)
e Japan, China, Germany, Canada, Finland
« 10t: Prague, Czech Republic, Week 15-19 March 2021 (tentative)

WASEDA University
P SRRHEAR
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Generation IV International Forum

e SCWR selected in 2002 = A Techncogy Reasmap o Generaen

* System Steering Committee

(2019512 B 8R1E)
Canada AECL (with CNL) X
Euratom JRC
Japan METI / ANRE
China b E [E R R FREHE1E(CAEA)
o E & F AT ER (MOST)
Russia ROSATOM

Project management

* Material & Chemistry

* Thermal-hydraulics & Safety
* (System Integration and Assessment ) |

WASEDA University
FREHXE

111 Nuciear Energy Systems, GIF-002-00, Dec 2002,

44



Thermal-hydraulics
Material Corrosions

Canada, Finland, Netherlands, Spain, Japan

Corrosion Science 106 (2016) 147-156

e
ELSEVIER

Contents lists available at ScienceDirect

Corrosion Science

journal homepage: www.elsevier.com/locate/corsc

The reproducibility of corrosion testing in supercritical water—Results

of an international interlaboratory comparison exercise

M. Rohde

Deiit Univermsity of Technology,

Mekaiweg 15, Deit 2620 B, The Netherlands
e-malk muchde@ndeln

J. W. R. Peeters

Deiit Uniemsity of Technology,

Mekaiweg 15, Deit 2620 B, The Netharlands
A. Pucciarelli

Unvesity of PEa
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A. Kiss
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AL, 256 Pant Road,
Chalk Fiiver, OM K0J 100, Canada

E. N. Onder
CAL, 255 Plani Aoad,
(Chalk Fiver, DM K 1J0, Canada

P. Muehlbauer

Feseach Centm Rez L.
Hizi 130, Rez 250 68, Caech Republic

A. Batta
KIT-BET. Hemanr-wor-Helmholiz-Pla 1.
Karlsuhe F3H, Gamany

M. Harlig
KIT-BET. Hemanr-wor-Helmholiz-Pa 1.
Karlsuhe H3M, Gamany

V. Chatoorgoon
Uniemsity of Manibota, 754 Chanelias Cirde,
‘Wirnipeg, MB AT SVE, Carada

R. Thiele
KTH Foyal Issie of Technology,
A lagsulshaden 21, Sickholm 10651, Swadan

D. Chang

Univers ity of Omawa, 161 Lows Pasfau,
Oawa, ON K1MEMNS Carada

S. Tavoularis

Univers ity of Omawa, 161 Lows Pasfau,
Oawa, ON K1MEMNS Carada

D. Novog
McMster Universiy, Somesiredt 1,
Hamilion, OM 33345, Carada

D. MeClure

McMster Universiy, Somesredt 1,
Hamiton, ON 33345, Carada

M. Gradecka

Warsaw Uninesity of Technology,
ul. nowowieisia 21/25, Warsaw 00665, Polard

K. Takase
Jaran Atoeic Enany Agency, 24 Shivaka,
Trkal, Maka aral Bardihan 319-1195, Janan

D. Guzonas®*, S. Penttild®, W. Cook®, W. Zheng9, R. Novotny®, A. Sdez-Maderuelo®,

J. Kaneda®

Netherlands, Italy, Hungary,
Canada, Czech Republic,
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A Blind, Numerical Benchmark
Study on Supercritical Water Heat

Transfer Experiments in a 7-Rod
Bundle

Hemr mansfer i supercriicn] warer rerciors (SCWRs) shows o complex befunvior,
especially when the temperatures of e waler are near e preadocritical value. For ec-
ample, @ significanr deterioraton of hear fronsfer may ocewr, resiling in wnaceeprably
high cladding wmperanures. The wnderlving physics and thermodymamics befund this
behavior are nor well wundersiood yver. To assist the worlfwide developmens in SCWRS,
i is therefore of parumowns inporfance o assess the Bmits ond capabilides of currently
avildable models, despite the foot thar most of fese models were not meant to deseribe
supercriflcal hear ronsfer (SCHTL For this reason, the Gen-JV Intermatonal Forim
tnirinred the presens blind, mumerical benchmark, primardy alming & show the predicdve
ability of currently avalable models when applied 1o a real-ljf applicagon with fow
covdifions fur resemble tuose of an SCWR. This paper deserdes the outeomes of in in-
e el mirme rical fnve sogations and ther comparison with wall Tempe ruires measired
ol diffe rent positions in & 7-rod bundle with space r grAds in a supereritical warer test foc Qi
ar JAEA. The wall wmperanires were nol brown beforehand ro guaranres the bldnes of
the snidy. A number of models have been wed, ranging from & one-dimensional (1-0)
amalyiienl approach with kear rrangler correlitions 1o @ RANS simderion with the S5T
rurbulence model on o mesh consiring of 62 million celle. None of e numerical sim-
Larions soesirarely predicred the wall remperanire for the s case in which dererborarion of
hear prwnsfer ocourred. Furthermore, the predicrive copabilites of the subehannel analysis
were fourel i be comparble ko those of more laborows approache g It has been cone buded
thar predicrions aof SCHT in rod bundles with the help of curendy avadable mome rical tools
and models showld be freared with cafon. [DOT: 10111501 A031949]
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Canada
Atomic Energy of Canada Limited (AECL)

Pressure Tube type (LW cool*HW moderated)
Vertical arrangement with fuel batch replacement
Downward flow core cooling
Thermal reactor

Th-Pu fuel

Main steam temperature:625°C

L.K.H. Leung et al., “An Update on the Development Status
of the Super-Critical Water-cooled Reactors”, GIF Symposium
— Paris (France) — 16-17 October 2018
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China

e Thermal: CSR-1000 (Nuclear Power Institute of China, NPIC)

* Hollow pellet to reduce fuel temperature

e Thermal-fast MIX: SCWR-M (_E B35 8 K5F)

* Thermal zone: Downward flow cooling (high water density)
* Fast zone:Upward flow cooling (low water den5|ty)
* Conversion ratio~1.0 __

CSR_lOOO ; ¥ :rhlrmalzonl
Fast Zone
(Th e r m a I ) (@) Flow paths in the core (b)
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(a) Fuel assembly in the thermal zone

SCWR-M (Thermal-fast-mix)

L.K.H. Leung et al., “An Update on the Development Status of the Super-Critical
Water-cooled Reactors”, GIF Symposium — Paris (France) — 16-17 October 2018
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Europe
* Euratom: HPLWR

* Thermal reactor

e Coolant flow scheme
e up—~>down—->up

assembly box fuel pins  wire wrap
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water gap water box

Evaporator:

52 assembly clusters,
upward flow

Superheater 1:

52 assembly clusters,
downward flow

52 assembly clusters,
upward flow

‘ Schulsnibeng, FIK . 2007
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Closure head
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Schulenberg, T. and Leung, L. “Super-critical water-cooled reactors”,
Handbook of Generation IV Nuclear
Reactors, Editor: I.L Pioro, Woodhead Publishing Series in Energy: 103, 2016.
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Russia
e OKB GIDROPRESS: VVER-SCP

e Fast~resonance (Conversion ratio: 0.9~1)

i
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< Heat Transfer Behaviour and Thermohydraulics Code
Testing for Supercritical Water Cooled Reactors (SCWRs), IAEA-TECDOC-1746
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Korea

* KAERI: SCWR-SM
* Thermal reactor (1400MWe , 1700MWe)

* Solid moderator (ZrH,) to simplify RPV upper dome structure

T. Schulenberg, et. al., “Supercritical Water-Cooled Reactor (SCWR) Development

through GIF Collaboration”, IAEA-CN-164-5S0 Solid Moderator(ZrH,)
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Plans

* Canada
* Large + small (300MWe class SuperSafe) designs
* In-core materials, fuel test, reactor physics test
* Prototype (under GIF framework)

* China
* Optimization of CSR-1000
* In-core fuel test loop design
* Prototype (CSR-150) design and construction (proposals)

* Euratom
* Materials, thermal-hydraulics

 EU=China*Canada joint proposal: materials, corrosion, turbulence
heat transfer, mass transfer

* |n-core material irradiations

e European Small Modular supercritical water Reactor Technology (E-
SMART) (proposal)

 Russia
* Fast reactor

* Thermal-hydraulics and materials
WASEDA University
$F AL



Future Outlook

e Substantial reduction in risks and uncertainties in R&D

* Reducing capital cost is the must for gaining
competitiveness of nuclear power with other power
sources

* |ssues:

* Most issues are common in both thermal and fast
reactors

* Improving accuracy of thermal-hydraulics analyses
* Material behavior and chemistry under irradiation
* Fuel irradiation test

* Prototype reactor design and construction

WASEDA University
Y/ SREAR
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Research at University (A# B k)

* Understanding interactions between different fields and
cross-cutting issues

* SCWR is LWR. Ready to work in industries.

* SCWR is single-phase cooling. Experience from SFR is also
useful.

* Creative issues attract bright students.

WASEDA University
P SRRHEAR
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Thanks for your attention.
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