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Nuclear Energy in Canada
(1) An Overview
*Jean-Philippe Davignon?
1 Embassy of Canada to Japan

1. Introduction

Canada sees nuclear energy as a strategic asset, a driver of innovation, a source of good jobs, and a key
part of its growing non-emitting energy mix. Nuclear energy is considered reliable, safe, and environmentally
responsible as long as it is developed in a robust regulatory framework to address safety, security, and waste
management concerns. It has a role to play, alongside renewables, in bolstering economic growth, energy security and
access, and environmental stewardship in support of clean energy goals.

This is why Canada joined the U.S. and Japan to launch a new nuclear energy initiative at the Ninth Clean
Energy Ministerial (CEM9) on May 24, 2018 in Copenhagen, Denmark. The “Nuclear Innovation: Clean Energy
Future” (NICE Future) initiative aims to promote and accelerate the use of nuclear energy as an important part of the
global clean energy transition by ensuring that nuclear energy receives appropriate representation in high-level
discussions about clean energy. Nuclear energy plays an important role in Canada’s energy mix, and will contribute to
Canada’s overall strategy to combat climate change.

2. Canada’s Policy Regarding Climate Change

Canada’s plan to fight climate change at home — The Pan-Canadian Framework on Clean Growth and
Climate Change — is effective: we are phasing out coal, putting a price on carbon emissions, making historic
investments in public transit, green infrastructure and clean technologies, promoting energy efficiency, and protecting
more of our nature for our children and grandchildren. Furthermore, Canada’s national “Generation Energy”
consultations in 2017, in which over 380,000 Canadians participated, emphasized that our population wants to move
toward a low-carbon economy. Four identified pathways to that clean energy future to mitigate climate change are:
using more renewable fuels; switching to clean power; increasing energy efficiency; and, producing cleaner oil and
gas. Canada will continue to reinforce its commitment to meet its obligations under the Paris Agreement through the
ongoing implementation of this plan, including investing in innovation, clean tech and in the resilience of our
communities.

Canada is also working together with its international partners to fight climate change on a global scale,
including helping developing countries gain increased access to financing in their transition to low-carbon and
climate-resilient economies. In November 2015, in support of the Paris Agreement, Canada’s Prime Minister pledged
$2.65B over five years to advance international climate change objectives. This support is being delivered through a
variety of channels, including through the United Nations Framework Convention on Climate Change (UNFCCC)
financial mechanism — the Green Climate Fund — as well as through a number of multilateral and bilateral initiatives.

Canada and the UK co-launched the Powering Past Coal Alliance on the margins of the UNFCCC’s

COP23. The Alliance is a voluntary coalition of governments, businesses and organizations, established to help lead
global efforts to end the use of unabated coal power — power generated by plants without technology to capture and
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store carbon emissions. As of December 2018, a total of 80 members have joined the Powering Past Coal Alliance,
comprising 30 national governments, 22 sub-national governments, and 28 businesses or organisations. Eliminating
coal power and shifting to less-polluting energy is essential for clean air and healthy communities, a safe climate and
cleaner economic growth.

3. Overview of Canada’s Nuclear Sector

Nuclear energy plays an important part in Canada’s energy mix and assists in meeting greenhouse gas
emission targets (Canada has committed to have 90% of its electricity coming from non-emitting sources by 2030, up
from 80% now). It is the second-largest source of non-emitting electricity generation in Canada, after hydropower,
with 19 CANDU reactors located in two Canadian provinces producing 15% of Canada’s electricity. Furthermore,
Canada is the second largest exporter of uranium in the world, with uranium mining, milling, and processing
operations concentrated mainly in the province of Saskatchewan. Canada’s nuclear sector also includes research
facilities, medical facilities, irradiation facilities, isotope producers and processing and fuel fabrication facilities. In
total, the nuclear sector contributes $6 billion annually to Canada’s economy, and accounts for 30,000 direct jobs.

In Canada, nuclear energy falls within the jurisdiction of the federal government, whose role encompasses
Research and Development (R&D), non-proliferation and nuclear security, and international engagement and
collaboration, as well as the regulation of all nuclear materials and activities in Canada. The government places top
priority on health, safety, security and the environment in relation to nuclear activities in Canada. While the federal
government has important responsibilities relating to nuclear energy, the decision to invest in electric generation rests
with the provinces. It is up to the provinces, in concert with the relevant provincial energy organizations/power
utilities, to determine whether or not new nuclear power plants should be built.

4. Canada’s Small Modular Reactor Roadmap
A stakeholder-driven roadmap identifying the opportunities for on and off-grid applications of Small
Modular Reactors (SMRs) in Canada was published on November 7, 2018. It takes a pan-Canadian approach towards
nuclear energy, which may help to guide important decisions on existing and emerging nuclear energy technologies.
Canada has a promising domestic market for SMRs. Conservative estimates place the potential value for SMRs in
Canada at $5.3B between 2025 and 2040. Globally, the SMR market has an estimated value of $150B annually in
2040. This represents a large potential market for Canada, which has already exported nuclear reactor technology to
six countries.
Canada has a window of opportunity to lead as it has all the necessary elements:
e Astrong international brand and flexible and performance based regulator,
e World class nuclear laboratories and demonstration sites—with a federal investment of $1.2
billion to revitalize infrastructure at Canada’s national nuclear laboratories in Chalk River
e Mature supply chain and domestic uranium mining industry—leveraging $26 billion in
investments to refurbish 10 nuclear reactors in the Canadian province of Ontario,
e Extensive nuclear operating experience, and strong science and technology in related areas
(materials science, medicine, irradiation/sterilization, food safety).
The roadmap is a “call to action” for all key enablers in Canada. It includes 53 recommendations for action
by governments, industry, and stakeholders. The roadmap proposes that these enablers respond to its
recommendations with concrete commitments for action to seize Canada’s SMR opportunity.
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5. Conclusion

Canada will host the next Clean Energy Ministerial (“CEM 10”) and the Fourth Mission Innovation
Ministerial from May 26 to the 29th, 2019 in Vancouver, and looks forward to working closely with member
countries to accelerate progress towards a clean energy future. With respect to nuclear energy development and
innovation, strategic partnerships will be key to success—both across the sector and internationally. Through the
“NICE Future” initiative under the Clean Energy Ministerial, Canada is partnering with leading global economies to
ensure appropriate representation of nuclear energy in broader clean energy discussions—including the role that
SMRs could play in meeting climate change and clean energy goals.
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International Nuclear Information Network Session
Nuclear Energy in Canada
(2) Technology for Radioactive Waste Disposal:
Slurry Fracture Injection (SFI) Zero Discharge Deep Well Disposal
- Considerations for the Fukushima Daiichi Nuclear Power Plant Site Clean-up -
*Roman Bilak!
Terralog Technologies Inc.

1. Introduction

Slurry Fracture Injection (SFI) is an environmentally sustainable and advanced deep well disposal
technology. SFI is used to dispose of large volumes of various waste streams including: contaminated soil, sludge,
slurry, tank bottoms, and contaminated water. Such waste streams may also be low-level radioactive wastes or
Naturally Occurring Radioactive Material (NORM). SFI disposal has been used extensively as a secure and
permanent solution to achieve a Zero-Discharge Waste Management Strategy.

2. Advanced Deep Well Disposal
The SFI technology is an advanced deep well disposal process with Process Control. Deep geological

sequestration has been proven as a viable solution for the permanent disposal of waste streams such as contaminated
soil, sludge, and slurry. Large volumes of these waste streams, including NORM, (10,000+ m®/month) have been
successfully disposed by using the SFI process. The same approach has potential viability for large volumes of such
waste streams that are contaminated with low-level radioactivity. However, additional HSE controls need to be
implemented to ensure safe handling and slurry preparation of these radioactive waste streams. Implementation of the
SFI process results in significant environmental advantages including elimination of run-off & contamination risks to
surface and groundwater; elimination of surface land use impairment; elimination of landfills and surface storage; and
elimination of long-distance transport risks & costs.

3. SFI Process

To describe the SFI process in its basic terms, waste material is screened to specified injection criteria (if
required), then slurried in a stream of waste-water. Slurry is made with as high a waste concentration as possible and
pumped down a waste disposal well at in situ fracturing pressures into a suitable deep geologic formation. SFI
disposal occurs into thick, porous, permeable geologic formations of intermediate depth (350 to 2000+ m). Special
emphasis is placed on the use of industry Best Practices and Process Control features to mitigate risks and achieve
Zero-Discharge waste disposal.

SFI is an innovative, sustainable, cyclic hydraulic fracturing process using lower injection rates and
pressures (versus conventional hydraulic fracturing methods). The SFI process has been applied to unconsolidated
sand formations. The formation geomechanics induced by the SFI process cause the development of a uniform,
expansive stimulated rock volume around the disposal well, with significant formation storage capacity. SFI
mechanics mitigate development of induced seismicity or fault reactivation.

Extensive process monitoring must be utilized during SFI operations in order to ensure effective Process
Control (i.e. ensure in situ containment, optimization of disposal formation response, maximize formation storage
capacity, and mitigate wellbore integrity risks). Monitoring techniques include: well logging, formation testing,
bottomhole pressure monitoring and engineering analyses (indicator pressure analyses, pressure fall-off analyses,
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injection pressure analyses, etc.). This data is continuously used to modify and optimize the slurry design and
injection strategies to ensure Process Control during active SFI disposal operations.

Figure 1: Schematic of SFI Facility

4. Conclusion
The SFI technology is being used as an advanced deep well disposal process for many waste streams in
different countries, including NORM.
This workshop will review:
e Best Practices (geological, technical, regulatory, and environmental aspects) for the use of SFI
technology.
e Geology and technical considerations for assessing the SFI process for the Zero Discharge Deep
Well Disposal of certain waste streams generated from the decommissioning of the Fukushima
Daiichi Nuclear Power Plant.
e SFlI field cases, comprehensive risk assessments, and regulatory issues for deep well disposal.
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P& B SWE EGQT H 542 HP IZAB ), [2] A. Quaini, et al., J. Nucl. Mater. 501 (2018) 104-131. [3] 1~3 544
AR 2N TR A B o VS D S TR S B EUEE ) HD., 2018/8/10.

http://www.tepco.co.jp/nu/fukushima-np/handouts/2018/images2/handouts_180810_04-j.pdf.,
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Comparison of fission products and fuel debris - From the viewpoints of their effects on
decommissioning work

(2) BARERYDERFE L ZSHBEDSLEN

(2) Basic properties of fission products and their behavior under severe accident
ER A, R RS
YRR ORISR B S p A

1. [FC®HIZ

BB — R I EFT (IF) OFNFFTIIIRTES < OB RARY) (FP) 387 L TV B v A (Cs)
Oy BBHBEFIIEICINBEIEI . A b F UL (Sr) FO B RIEEFRIINEIE S OER & LT, BE
FEZEDILT & 72 B ATREMEN B 5, LIF FFNICEEIFT 5 FP O3 Aok 2 408 U, BEFTEERFICEBIT 2 FP O
WL TR 5 WIHMERT 572 DI121E, FP OREBFFER R T T 77 o b (SA) FEO AL EW (FD XL
DR - AT AR T, B ICESTo0n) ZHEMET LM ENH D, A#EE T, BIFIEERFICE T 5
FP DI AR D iEim 21T DI BT > CO PRk & LT, FP (FEIT Cs) DIEMERES SAFFD 55 £ O
HWa WEFEMREN—RA L LTI 5, £, IF BRIV SN E 2572 FP BROBEIZ OV TS,
Z DO Z BT D,
2.SABICHITHFPDABEVDHE

112, SARFIZEIT DI LR OYRENT 7 VB OETE & | Z U E > THI S 37z FP OFINAPTIC
BT D55 F0OMERNEZRT, BEHREO LS. JFLOERICHEN, Cs, avHR () FEOFEHRME FP XK
BRI DMFN A~ SR &S (In-vessel figH) . — 7. Sr & OIEFERME FP (X, & O KIS BRI B I REHC
Bk L CTRBAT L, BRELT 7 U NIZERTET 5, Phébus sBRIZ AU, JFlaA X b VKT 2 Cs D fEIA
1L 60~80 % THDH—F., Sr OfHEIGIX 1%L FTH D[], FIISHH S 7 FP IR, (bR X
DB FEACE PN D —IRIBAEIREZBAT L. MWERCEET 5, —FH. EJIEGREBRIC > TR
BWWNIZBITLIEBEI T 7 Vb, a7—a 7 U — s (MCCH 2t~ T FP 23 s (Ex-
vessel ), BAFIZ, ZHUBIFENAITICHIT 5 FP 8 o2 2507,

2-1. —REBARITBIT B FP OBAT

AP &7z FP I, KT OALZSOSIZ & > LR E B X 203 b —IRINEIR EZBITT 5, — .
JEFZEN DO X H IR 2 EIIC BV, ATV L RS OEM & LZRSE R 2 L ClET
% (BFWAE) . T OfbFEEENTIE, BT 7 U R RO FE CHERL L 7Sl o it S s A v 5% (B)
AEKHPEET L REMENER SN TS (Bil), £z, FP AKMIIKIETICEATT 212> CTildfafn &
720 BEHIA~OERE, =7 1Y MMEE W e B REDEALN A L D, TS OWAE £ ITEE SR L, FP
DALFIHE (FEFME) ITRAFE L, £72, BESLEEROZMIC L > TUIHARNEL L RELH D, —K
BHZRICB W T, ZOOBENFRFICK Z 5720, FP OS5 EWVIIIEFICEETH S,

2-2 WEIERNIZIIT B FP Z8)

IEE S 400 K RiffE Th HIEMABLNICIHB N TIX, FP (15, O &EmERMEFP 2#5k<) oXHE=T ey
V& UTHAE L, DR, BUKENSEIC & 0 BEIZAT & T DM, 27 LA FEDHKIZ K > TKMBIZBITT %,
W, AN OT By VEENT, ZNLDK AN =X LOHEGHA LML 2L TROLND, 11T T
IIAEIIEERN THILFEMUGE L Z U, ZAUTHE S TR~ OBEEOTH AR N EL 5,

“Naoya Miyahara! and Masahiko Osaka®
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2-3 JENEEMEHBITPES Ex-vessel

FEIREFT 7 U O INEGRER T 5 Phébus FPT4 iRBR[2] Tl EHT 7 U N Cs @ 80 %LL EAMHH &4,
Y75 (Mo) ZOHHERME FP IOV T, In-vessel it & RIS 0N R 672, £72. MCCI %L
L7z ACE SRER[3] CIXBHE 27 WL (Te) ORLHA R SN2, Z DM FPI3s Elkt Sz o7z,

S IFERICKYBALIEL S -REDH
3-1. CsA{LZEZEBTKIT DRV ROEE

IF B W TR & L TRIEFR T HE (BC) BEMAINTWZ Enh, ZIMbBHEND B AR
FEN—RIGHFHZND Cs EfEA LT CsBO, 2Rk L, Cs (LIS B AL 5 2 2 aREMER R ST D
iqu%%@i#&@ﬂﬁW_mﬁthﬁkk%ﬁm%t_b\ﬁ%kbfﬁx%l@ﬁ@ﬁ%%%t_
FTLINTWD, £IT, —KHAZRAD Cs AL FHEBFHIORSE A 7 LS 5728, Cs-1-B-Mo-O-H KTk
F BACE RS E T — & _— 2 DR NT O TV B [4],

3-2. EM~D FPRE, &, BEAD=XA

1IF DFESFIZ I TUEBRGECBEFEM LIRS DBLE D & IFNIZIRAF L T2 FP OPRIRITAR D IE RO LI L 72 D,
ZDi=H, FP OIEEM ~DOWFE | (HEKRONREA I = AL ERAT 51200 ERN TN T\ 5, JERS
EEICBT D AT L AHAD CsALFENFEIZOWNWTIE, CSMW AT o L AR OIERS TH 5 Si LA L
TIAKIEMED Cs-Fe-Si-0 ZLAM AT T 5 Z L B> TWA[B]l, £72, 227 U— h~D Cs D5 -
RiBEA N = ALZONT h, BRIEREOET /HMERtED T
3-3. K ZEN LT FP OfkHZE)

FIZBWT, FP OKRPIKFICFEL TS ESNTWAIBEl, ZOEKRE LTiL, #RET 7V NICTHEE
T2 SO FP MR (V—F27) [ZLo TKMIZHH SN TnD Z & HKIZ X o THEEM TS XUT
MFELZFPAKMICBITL TS Z ENEZOLND, 2R S DKMES LTz FP Ot 28 2 g9 % 7=
IFREFT 7 Ui ) —F o ZEEEICBT 2R i S Tn b
4. FLH

IR X9, A TITFNAITICIT 5 FP OREAERHE R O SA D 55 EVOMEABEFOT —# 12
EANWTHHT D LT, IF FUC L > THL M E o7 FP ICEET 5 BEA BN T 5, REEIDFEIFEE
BRRCRBITD FP ORBE I VIR EZDEomT b 2 b, BEFEEEZMIBICHED D 72O O 1= I ff 5t
BEIZOW TR T 2% &b 2 L Bie,

s giﬁjﬁgﬂﬁ ° & BRI S - U
o Bk, BRT—I B % =2
BE K Cs,1, Sb, Te FIVRIK DR cmEE SRR | s
2 H2 mmsaw:#x I — AR
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SRR
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1 SARFOBRELT 7 U JERGEFE L PN ETICI T D FP 052 TV OREE
<BE IR >
[1] A.-C. Grégoire, et al., Ann. Nucl. Energy, 2013, 61, 63-74.
[2] P. D. W. Bottomley et al., Nucl. Eng. Technol., 2006, 38, 163-174.
[3] J. K. Fink, et al., OECD/CSNI Report NEA/CSNI/R(92)10, Forschungszentrum Karlsruhe, 1992.
[4] N Miyahara, et al., J. Nucl. Sci. Technol., 2019, 56, 228-240.
[5] F. G. Di Lemma, et al., Nucl. Eng. Des., 2016, 305, 411-420.
[6] S. Uchida, et al., Proc. of Int. Conf. on Water Chemistry in Nuclear Reactor Systems (NPC2016), 2016, Oct 2-7, Brighton (UK).
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Comparison of fission products and fuel debris - From the viewpoints of their effects on
decommissioning work

(3) BFERFICEESISMHT I ERFREBYDETH DL

(3) Comparison of fuel debris and fission products assumed under decommissioning work
EEW OEZ Y EIE OERR
AR 7 R BR A A

1. REBROBM - an Ly

77 UHH ULAEEZIZB W TR KRR T 7 U ORI ORIRIZIB W T, B tEE v A% 0 FP
IZ X D EBERENRKE REERN L 725720, FP A0 L CTEECTH D, KHEICh H1EE
BRI, 77V UIHIE 0T LIEEDOERSFAK - B MERMASRNERREOREICLY, 77
X FP OMEIRMBENL L, OWTUIDA OB DN D Z Enb, T 7V « FP O &2 ORI b
ZCE DI IEM - FigUTHEE T2 2 L MRIE 2R & 70 5, AT U —XRRQ)Q)ICB W TERE LR
HENTETFT TV ROFP OB 2B E 2. AREICENTIE, T 7Y KOFP & D54 & b 23 LT
BT 252 L2 h 0, FRICABRUBEL R DEREREOMEH 23R A2 5, i S AFERRER I, BRI
B ABEFHOEHL TOBRICET DL L LB, [VET T2 27 v NGO R 268 ) B 72 5
ZESFIIBT 5% OBEHIKIT 5,

2. THE OBRADOER

AT 2 {6, FEIT, SrEDOIEFEIMED FPITRELOWREL - BT L FEZILICL TTF 7 VIR T 2720 %
DANET 7 U A HERLS 5 — 5, Cs S5 DFERNED FP ITBREND B fitH S ARSI SN ClIati &t & m
I EDEE LCHEELT 7 SRR 0mRkELE 2D 2 ENRTRIND, ZNHIZONTIE, Fik
TMI-2 DIF N BETE D SA FFELZEER PHEBUS 28128\ T B V72 FP 2046 DRl B icZ ST s (K1,
[1112D) .

IO EEEX, ARIZBWNTT 7Y « FP OO ARSI T 572012, FP OpfkiE L LT,
FIZTF T VICHEET D FP NG ENLST 7 U & FICHFEME FP NS EN HEEM S ~DN 35 FP 0 2 fiE
DR EEE 2D, HE L, fiEE [T 7 VREEFP (O0fi) ), #hEd (5 FP (0fF) ) M3 nZ L
LT 5,

100 Ty 1%

FE ZEfE48
%0 Fp FP
50 fHEFP
70 S
X 60 E(DPhebus PFPTO-4
ﬁ 50 residual'averag'e (%) 7__7 U BﬁﬁfFP
#)® 40 M (QFPT4 in Debris (%)
30
20 B 3TMI debris residual
10 average (%)
0
137Cs 90Sr 106Ru125Sb 1291 144Ce154Eu
i |
1 BEAEMFESE IS D 172 FP 07 77U NER{FEM 2 FP S AMIREED KA A

* Masahiko Osaka® and Naoya Miyahara®
LJapan Atomic Energy Agency.
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LI ED 2O FP (5347) IZMA T, WEROHICHTET 5 KUAECKATh - T, A3 - BRI & H
FPSBATT A ZENTE D 122/ (450A4h) | 2MNA 7= 3D FP (4341) 12Ky Lz (K 2), A#TIE,
ZHEOFPDILH, AR R URANOHIEL TG 2 2 B2 ZE LT, FP ® 9 HEIZCs, |, Te, Ru, Sr
HEERGE L,

3.FP Do ERfEMDEE

LI, ERFPIZOWVWT, ZNHDZFEENT 7 VL FP &1 FP IR D OIS E 2 DR B2 L
Tb0ERT, TTVMEFP EMHEFP OO L, & FP REICEEND DI THREMN LTS, E2ft
BHFP L LTIECs |, Te AEEN. THDITERICE D T TORBIBRETREI L L, WEIRBITICX
DIREAR T 9 BEfEC— 7 1 VLA I K 0 Bl 5 O G RIS 25 L CEREEARINT SRR & 72 5,
T 7 VREREFP & U QI ERICHEEREDO S BaRdH V. 51X T 7 U NORGHRRSCER & 72 5,

ot

K1 & FP/ 77 U BEfE FP /A iR EE~ D

#®iE R f+%&FP TIUREH

Cs yiRM.ERE. &K BEMZCHEN-LE TIVRAZE~OBR
iz B {55 E?

Sr BIRIKRH. FFERM. BAEIAN-BERFEKT TIUMH (EELQHRE
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BCf5E (BBISTRAL TShodHE?
L

ABY)
Ba BRI, FEEHXE  MotDESILEMRK
[CRDERMEEX
Ru  viRiH ., AIEERMNE ZEJRATERMEX TIUME
I VIRRUE . ATEERN  BEMZITHEMNICE TIUREZ~ADOFM
3 %2

4. HRABREEROHMH

3. TIb 74 FP DEARM 72 3 AIRIEICINZ T, D L B 55 IRMEZ b 72 b7 FP ZE OB ENE
BEChHY ., SBOWERETH S, HlZIE. RuICHOWTITHEMIFZE IR ASLIICB WO CIHFERMETH - 72
HOPREBIEL 2D 2 ERMBNTWVWD, £/2, Cs X Te IZOWTITIAT VY LARY LI aAEF L ERT
BN OET D 2 &, Mo Zfthod FP CfilliiAf B 251X Cs, | L LRMUGEAE LD Z Ly, 2 bk
HIZENC DOV TIE FP I I8 A KT EERE S LGRS TV 2[345], S HiT, AR
MSZENTRINDT 7V B LIEEBIRHIZIE, M55 FP DK ~OEEHCAEER OJFE N ETHNIZ L 51
FilE, BEMIROBILSEICEI D F o) T4 VERFRTECTT 7Y RHOEME & 20U X 2 EmE
DRI, Z2H~O FP it 2 U COAMmIRIEZEINIC G- 2 2 @ 2 B ET D2 HLEN D D,

T OFEEMRR DT DOITIE, Fx OBIG « ZFEEHE & EAUTHES < ET AL EEERIIZIT > THIN FP
IAHER A2 Z E AR TH Y AF Fl X0 BREE PO SIS S 7= FP OFERIZR Sy
Mt 132 0 B AR R D 7230 D BB MG B & 722 5,

<BEIHR>

[1] BARREFFaKbFHS, BARRF TR b5 e ##2017-0001(2017).
[2] KW, =X — LB/, 2012 TS (279) 2-7 (2012)

[3] S. Suehiro, et al., Nucl. Eng. Des., 286 (2015) 163-174.

[4] M. Osaka et al., Proc. ERMSAR 2017, 2017.

[5] L.E.Herranz, et al., Nucl. Eng. Des., 288 (2015) 56-74.
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Comparison of fission products and fuel debris - From the viewpoints of their effects on
decommissioning work

(4) BFEXFROBRSMENEEEORESRER

(4) Remarks on radioactive material control under decommissioning work
EOR ML N RS
LTHZ XX = AT LA, 2 AARFT IWFZERE S 1A%

1. [FLHIZ
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Current status and future trends in electron microscopy

SERTF 5 EEEFREMEIC & SHHBATERIGRN

Direct electromagnetic field imaging in materials by advanced atomic-resolution electron microscopy
TR EBE
FURE

IV ZEHH 1F A A T 7 S5 (aberration-corrected STEM) 1, LT 1 XIZE TR 7= ET# 4 AT,
BB O S 1Al 2 SEZ B HEBI22 T 5 FIETh 5. BIE, 40.5pn OZEM D REENZER SN TR D, KHER
VF UL EORTRERRFOEZEBELAIETH LS. IF, Fxr O 7 NV —7 TR o EEBIE T3tk T 6E
7225y ER STEM a2 00 B BRJE L, Mt b oA E oA BEICBUR 2R R -4 figRE STEM % 16 i [FikF
WS ATRE 7R S AT LA REEE LTe. BlfE, Z OB R4 v CERRLE R E ML (STEM) o—
FETH LW~ 2 M (Differential Phase Contrast; DPC) O BHFIZIES LTV 5. ZOFEIL.
MEINERDEY) - B G 2 BB TEX 5 Z L0 h, M 7354 2 OB ST OB BV TR &
RIEEEED TS, 2O DPC STEM k% -/ fiffE STEM IZIEH T2 Z & iIc L » T, HINHOEL % E
BEIZRT 5 2 LR THID TRk LTV 5 [1,2]. Fig.1 12 SITiOs D JF 43 fiRhE DPC STEM # % /<3, (A) X[
BpEAS L 7= HAADF 1, B)CIEXZFNZENELXY bl T —~ v TR OVERRE~ v a2 Rd . BRGNS,
A DD D ESG DGR S TR T 2 HER CEHEBZ TE WA 2 ERbnd. 2F D,
JR T4y fiREE DPC STEM 3R+ DIFETS 1T T <, ZONEEEDEHEFZE L L BICTOITIETH DL EE X
L. O, BB ORGSR ~OISABI(REIX, BER ATV I A UBIER) [34)7 b i 5. Wi, BTER
FE O F A FREEREYE 7 U — B FBEMEIIC DWW T, T ORI L ORI DWW TR 5.
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Fig. 1: SITiO3[001] D 5143 i e DPC STEM 81 %3545 K [2]. (A) ADF 4. (B)DPC STEM T L A il 787 ~L
~ > 7. (C)DPCSTEM (Z L B - EHHE~ » 7.

[1] N. Shibata et al., Nature Phys., 8, 611-615 (2012).

[2] N. Shibata et al., Nature comm. 8, 15631 (2017).

[3] T. Matsumoto et al., Sci. Adv. 2, €1501280 (2016).

[4] N. Shibata et al., Acc. Chem. Res., 50, 1502-1512 (2017).

*Naoya Shibata
UTokyo
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BERIFREEY 3>

BEFEMREORKEFREE

Current status and future trends in electron microscopy

EEZBBFEMELS S UBEFIRIVF—BERSIEIC K S 45T

Material characterization using scanning transmission electron microscopy
and electron energy-loss spectroscopy
VSRR
YR - BB SEREA

A= 45 1% 1#8 7E - WA % 8% (Scanning  Transmission Electron Microscopy; STEM) & &+ = % /L ¥ — 48K 45 6 ik
(Electron Energy-Loss Spectroscopy; EELS) & #lAA 5 Z L2k 0 JRFTHEE O S & it o o B ot
INATREIZ 72 D AFER TIL, STEM B LU EELS Zffi > THLR & 9 WV o il 3 TE 2 02 L2y,
STEM 2R %R 1< & SR ERNT

STEM % I % & #5 U 72 i FIE0A & BB R T & 5, M REBIZIUR L2 E O 7' e — 7 RITIRIF L.
I GEAT IE2E T 2 2 7235 CTIX 50 pm L F £ Tl E L TW 5, FEilE 1 % BRIRKFAREF (Annular Dark-Field;
ADF) f HH OB IR A EF (Annular Bright-Field; ABF) lHZR% i~ T, B ESZ At T 2% (K 1),
ADF {4 T Ga 23l & LT, ABF 2 Tld Ga & N 2SR E LT
BT KA EEEar— A= —TIRETE (1],
ADF 58 B 3 BT iT L CLU R AR T 2 2 & b Al
ThY, F—=r ot EicbFlEnTns 2], ADF
BCEL IR 18 e R CIER & 5 DR & 3 (1. 5~2. 0) ([ K4
D12 FEOMMN G FRETH 5 (3], BIfEITEZ A MuEh
oA E - CHEIFKEZRG L CT — X 2+ 5 (a) ADF & (b) ABF 1%
AD-STEM 73 AL & L8 2 [4]. 1 GaN o STEM {&#R (hniREE 300kV) .
STEM-EELS IZ & % [RFEFIDRIRIE

Bt OB &l L7z EEL A2 MDD | eI RS 2l b & 5 [6], 7'm—7R&iH
INZFT BT TIEA+ T FERMEBELRRELN R LSV TREL TV DARERSH Y | LY =L —1iH
KOREZ (LOWNBEOEBEFE) FREBELRELZIEA DLER DD, S DITAXRT ML OGS
(ELNES) Z R I3, LA RBO R 5 0R 2 vk T2 F b HIk S5 (6], EELS (I LHEDO~ v B
ZICRICE L TR, Li EIESM BT O L1 =y B ZIZHRHLTWS (K 2) (7], £/ 7 A= —
RS Z LK 0RO X BRI A LS RV (XANES) & [ARE D = 3L X — 3 fREE (0. 1eV) WEH TE 5
(8], MEMIZEE D=—XZIEL A, MEBI%E & FHTFEOBRE BTG DFRRIZH L LIz,
1) Kimoto et al. Ultramicroscopy 110 (2010) 778.
2) Kimoto et al. App. Phys. Lett. 94 (2009) 041908.
3) Yamashita, Kimoto et al. Sci. Rep. 8 (2018) 12325.
4) Kimoto & Ishizuka Ultramicroscopy 111 (2011) 1111.
5) Kimoto et al. Nature 450 (2007) 702.
6) Haruta, Kimoto et al. Appl. Phys .Lett. 100 (2012) 163107.
7) Kikkawa, Kimoto et al. J. Phys. Chem. C 119 (2015) 15823.

-
d

Ne
-
-
-
-
-

100nm W

HIbIzE S,
8) Kimoto Microscopy 63 (2014) 337. E/H0A—4—{EH i 02“%0 f:tiu‘nf 1
ABGE D BIE, SEAEMEILA CRTAMNEF#cs2) , 4 B2 STENADF R & STEN-EELS 1= & % LixCol;

~0.8DLi Ty F7,
SRR (AT =4 JP16H06440) 12 & % & DT, x~0.4DLi 7y I

*Koji Kimoto?

INational Institute for Materials Science
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BEATFREEY 3>

EFEMBORR L BRRY

Current status and future trends in electron microscopy

BFBEHOT5 74—k BHHEEIR

Material Analysis by Electron Holography
o R
YA SERUERT  WFSERHSE 2 v — T

WA T T 7 4 —IXEFROTHEH, BIEGLROEY - a2 S WO TR T 2N TE
LFETHD, SHICEINEAZ TS ELHIEICLD MENHBOERLGBIRETHZLNTEDL, 26D
AR REFMA R 7T 7 0 —OBIEERRITK IR OM BB EHRm a5 25 L IFRFEN 503, fEk
O FIETITBIE RTINS E ROy VIZRONTE Y, EFHRA Y77 o — O HEHIXR S
TV, ZOMEEMRT L5720, BEFREB ATV AL THBEL, B LI2WEREZ > TEK
ERET A 0BRNE T RF e 77 7 40— %R L[], £, BRI T T4 —L  NETT T 4 —%
MAGOEDZ LT, B “IROCHICBIET 52 N TE 5, IMV BEEE ML V2 & igny
JEWEIRBIEETE 5, TOREmWERELZFII L, MKihEZ ZIReiICBIZR T 5 Z LIZEI L Tn5[2, —
5. BESEmWOMREETTBIE T 5ATH, BEEEFEBEEIIEN 2R L T D, R —DONGERIE
MEH L, 12MV 7 ERE - Avr /T 7 0 —E TSI ESBIEH OF— N T 43 pm, BiBlEH
OFEHIESE BN S e E— KT 0.24nm O TEM S ifREE T 5, T4, BEGBLEE O D ESH W &
Ltz oy BlES 2V ABGGEIINS AT A& B%E L, 0.67 nm 23 fifHE CORIGEIZICTH L TV 53],
Reference
[1] T. Tanigaki et al., Appl. Phys. Lett. 101 (2012) 043101.

[2] T. Tanigaki et al., Nano Lett. 15 (2015) 1309.

[3] T. Tanigaki et al., Sci. Rep. 7 (2017) 16598.

AR« AT RS T 0 Y = 7 b OSAR 2% T TRE R EEAN ST &0 HIER G & T B e T B 3 S
TS ALY, AAFIREREZE L TR ENTZbDTE, £7-. ABFFEDO—i% IST CREST (JPMICR1664)7D 3
BEZTZbOTHD,

2.0 nm

X1 Y7 A— bVASRRE TELEL L 7= CoFeB/Ta )& 5N ORI A AR

*Toshiaki Tanigakit
'Research & Development Group, Hitachi, Ltd.
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Planning Lecture | Technical division and Network | Subcommittee on Particle Accelerator and Beam Science
[2G_PL] THINK THE FUTURE, in commemoration of the 20th
anniversary of the Subcommittee on Particle Accelerator and

Beam Science
Chair:Noriyosu Hayashzaki(Tokyo Tech)
Thu. Mar 21, 2019 1:00 PM - 2:30 PM Room G (Common Education Bildg. 2 2F No.26)

[2G_PLO1] Future of Particle Accelerators
*Seiya Yamaguchi' (1. KEK)
[2G_PL0O2] Possible inter-academic-society cooperation for a bright future of
the Particle Accelerator and Beams Science Subcommittee
*Ryoichi Hajima1 (1. QST, President of PASJ)
[2G_PLO3] Application of accelerators in the industry
*Hiroaki Sakurabata' (1. JEMA)
[2G_PL04] Discussion
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THINK THE FUTURE, in commemoration of the 20th anniversary of
the Subcommittee on Particle Accelerator and Beam Science

MEIFDFFE

Future of Particle Accelerators
U R
g o R L X — N AT ZE R

Btk BCKOEEGEEICEN TA X — h L7z BAROIEZHE, TRISTAN 2LV B — AT R /L —D R
REREZBR YR Z, KEKBIZE VD VR /o7 4 — DRGSR ZTH L, I-PARCIZ LV &GS 7 ADE— A
SR AR L (ONALYT D ORIFEIIIHR —) |, BARIIINEESRR D BFICB T 2RO 3 Mo E &k
HIZE ST, B— AR (X —, WE, VI /v 70—, HE, rOLRESE) oI55m0 B2
L, FEEERFICH O RBUINEZROB% - 8%, WE L HRASECEBEH I L VEIcED TN 5.

Fo, MEROJSHIL, ERZIXC D, KFHEFE - ZRRE - 87 - BREEHE - R /172 EfEx 7253871
JRBR S TETWVA.

AGEB I, JEREDFIE A R rhRINE SR K OV IR ER O BLIK &Rk 24P 2 & & I, Mg R
M ORBIZ OV Tl Il 5.

*Seiya Yamaguchi®

'High Energy Accelerator Research Organization
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INEZ - E—LBEEE20BEZURT (KK #EZ 5D
THINK THE FUTURE, in commemoration of the 20th anniversary of
the Subcommittee on Particle Accelerator and Beam Science

ERR - E-—LRERMED S G HRRICHIT-ER & OEHE DT REME

Possible inter-academic-society cooperation for a bright future of
the Particle Accelerator and Beams Science Subcommittee
SHE B

YEAF, 2AAINER S

1. FLC®HIZ

A AR /P Ol « ©— ARPEMSNEBEI A BlAG L T 5 20 AR L7z, #a O IEREEIC
X, IEEAFE AR L0 b RSEA SN2 &, BRFIRFESORBIEA E L CERR¥42 X x 5 EE
7pAEE L UCTHE L. TORMNER, MBS, o, BERFEOSEFICKRERIENY ZRETNDLZ
& EDE, KRB AR, REDOTFVF—2 AT & (IEHEEERENFRF47) %<6 EE A %E 2 74
ZEBBARB I, BEESBEERERSICKZ DTEBOMS L L THENHELINT-Z ERRENTND,
SHO—FIT ey & TRTF BSxtb S Tngd X Hic, Mgz i & U gHp i, =
F—ZAEBHTIRAFE WO, RS, R AR OEE LTESIT 6N TE L, RFEHTIE, INE
s B ARPEEE O I RS RRICHNIT T, s L OO AR LR U TAIE,

Ay ol (

0
0

2. b4 & OEEDO RN

s « E— A L ERTEDOE IR bORH L1249, AARINEGRYS. AABR RS,
— P —F2DOLIITFRAZDOLON, MEBRCE—LEZRTHONG, HARMIY S ST,
AR RS AARBURSME TS AARBURIEL 272 8L kg - ©— 252 Na LIifsen e, H2
WL ISR - B = A OFIHE R & LI D8 2 MR E T D FRBHE L GFHET D, TNENDOFERIT,
MEOI vy va a2 B2 LTy, —HOERVIEH DL LODORRLIZENDHERINLTVD,

ELELFEREEAZEOHBOOE SN, I I2=T 4 2ERT DI LI TRADTTIERIT RN
W2 REETH L THLIRLIE EEOFRENEE L T, LY RERDERETI0EFEARTENTH D,

FEROBERNOF L, BT ISEOMEEBOILRLKREICTHFGTH LA D, FEx LWFERRED
A 2R THE L KETH L, FREOH I ARBBEICKT L2V R— ML EETH DL, 20 20 FERMICHELE
L7ZMEOOEDIZ, HFHREORBRAMENR DD, TNENOFERTEFMIEE DX ¥ U 7RI ONT
M SN TE D, HEFMREEPBLSTELOERZEN L THICHELIY W HrEhx biiE > T
%, BARFMEHEICETT T I—, HERZEER Y NI =7 RS MEL, BHTFRSEY I > b3 2016
ENLBERBEIND L oz, ANEREEZED D B — AWHEHFES TiE, B —AYEfRES - HTF0
DEHBE LETFRZEEY Iy F~OFRFOIREZIT D 1E3D, HEFOXVEMT MRS ZFHED TH
LTS, HTFORDOARERIT 45 EAH THDLN, BIEETIZ QO ADORENEHEKINTWD, HARK
RO RBROEFHRRERIL TS, ZOLX I REFMHAENE OB EZ LT 572D OIEENL,
B OREINEHET D 2 L TELICEMETE RO TIERNES 50,

BMNREEZBED D BARMERFES T, BARATETRZENL OB LANEZIT CHEZBMG LT, J-
PARC @ KFREE/ /L ZAHPEFIRTERL LT2 2 A D, HU/NEO IEE IR O @R FHE A ED Hivd £ 9
272> THED . BAFMETREES TR/ N E TR B KRB VE TR CHAIMIC R E S8 DA 2 4
LEHELTWD, FETORELFIHOHEMENEE D5 ARFHETRFZRTH LM, MEROHAENF
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Wl b, HARIMESRFEESEEOMUONT RSN ENIRETHDH, —OOFEINENETNOHE
P21 2 L CHEEZ T T A B TH 5,

AARR T NFEOMNESR - ©— AR SRR T 22 B0 T2 HFES - REOHEE T2 77 Ahb
T 2 &, IEEs « E—2ORENLAAETEBY I AS—LTWE KT LND, L, IHEE -
E—AOFMAEWSZ I EELL, £, RFEZBERTIWNAOT T, T RE T —< L2 b5
TWo, AlORIEIZRESND T 7 7 r o —OEBRe, ML S 2T EEBS. BT E RSO bR
HNTWS, FiET 2RO EIEEIOMRE, hEE ETIERITEOEY FE2EBE2 b L&, fhEal
DOHEHET—ODBIRAL L 725 9, E2DOEHEY vy a NMMFEEOEMADZ DR ENBIZLOTHDLDIT
W T A D

3. F&H

AARIF )2 OINER: « ©— LB EE DB AT 20 FEORIC, Z< O ER L, o, H2FHD
AL BT ISR » ©— LAREN RIS BEIDIER L TV D OFREEN 220 IS « ©— A8
FOMEE I HITHED, ZORRELHRITIRITTDH I LA BIEET2OIE, INER - E—2BFE 236
WZIEMEE T 2 2 R EEND, TOFEE LT, F2 L OEETAZREREOOLSLRS 5,

“Ryoichi Hajimal2

1QST, 2President of Particle Accelerator Society of Japan.
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EZR - E—LBFEHES20RBEFLZT IRFK] #EZ5
THINK THE FUTURE, in commemoration of the 20th anniversary of
the Subcommittee on Particle Accelerator and Beam Science

EERICEITH2MERECH - JEMA OEEIFEST -

Application of accelerators in the industry -Activity introduction of JEMA-

BRE ORB, B M, T ERS, KA TEME, RAJE HET, ek B, JESE %
B Bz, By EHFE, &R OB, I BT, SR ED, IRES 1T, a)ll i,
M Fnz, BAR FH—, feT feEpl, B S ET
—RALEE N B AEM TS ISR RS

PEFESUZ BT 2 INEZRIS NG OB RAFBE) D —> & LT, g A — 9 TR S5 A ARERK T
2= (EMA) IEEGFRIZE B OIFEBAAEIC OV TRE T 5,

1. BABBTES (JEMA)
JEMA [T, BEXHEWEEIZB T 2ERMKRTH Y HE»D AMFEEF CIEILNELLZED o> T\ D,
SEAFEITN 300 th, WFEE, AISL 70 BEE A2 T2,

2. MERBHIEES

2005 4= 4 H X 0 INEEs O KA RZ B & L CRE, 14 FRIEEN 2k L T\ 5,
2-1. A4z

BINHV 2 —R L —a v (EKEHBTER, HEo R LX— 2T LXMW, =F 2 1,
=F o VR, BB STRUERT, BSIEMRE., AR —Y Y 2—va v X ZZEBMKK L9t
2-2. {EBINA
2-2-1. HE#E

IndgRd L OBER LIS 5 A EFGTEEMm L. ABH. AESHE, WS, TIEEEIZ OV T
SRRSO GEMEE L TE O EZRY £LHTND,

2-2-2. AEEX

IEZRO REFIHOERESAS % ORBMO A2 BRT 52 L2 B E LEAEFEZITo TV 5,

IHNETOFAEIREE LT, 2005 45 TEEE AR T IER O AR ([CihE v | mF i Tk
KA NZT P TICE T DR O LRI & f R R AR |, TBRE D BICR T 2 IEROIEH & ffkE e
R oA, R AMESR O #HE ) &% LT,

Arlal, 2018 AEFEIZ SN L7z T#ERA > 7 I8 2 IEEROIEH & fERR 2T 208 DRk A
DO—EERRNT D, DHREIZSHE., SHICEEEAOREZ 5720 T2, mEREMICETOEN
LB A 7T 552D LD, ZORENEZHEREET 2 7-OOEN L REOEN - Hili%
BRT D Z EBRHfF STV 5,

2-2-3. PRV 7Ly b
IERER DI DRk 2 725 TN > TWD Z EEJAMT 530 7 Ly N &Rk, BEEHEA LT 5,

3. FED
HACEERE T3 QEMA) NG R B 2T, A% & b INERR BhER SR O BGE I B 2 € AR L LT,
BEPRAETERE & DEHEZ D RN S| INEGR T HORREICHTHE L TWSFHFETH D,

"Hiroaki Sakurabata, Takashi Baba, Tatsuro Kudo, Kiyotaka Ohtomo, Yuji Matsubara, Kosuke Sato, Atsushi Ueguri,
Masayuki Yoshitani, Yoshitaka Adachi, Takeo Mori, Tomoyuki Semba, Shinji Yoshimura, Yukiya Hattori, Takuya Ishikawa,
Kazushi Hanakawa, Shuichi Shirane, Masazumi Sasako, Chieko Nozaki

Accelerator Special Committee, The Japan Electrical Manufacturers’ Association
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(Thu. Mar 21, 2019 1:00 PM - 2:30 PM Room G)

[2G_PLO4] Discussion
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Planning Lecture | Board and Committee | Public Information Committee

[2H_PL] How to disseminate information to society from AESJ
Chair:Reiko Nunome(RWNC)
Thu. Mar 21, 2019 1:00 PM - 2:30 PM Room H (Common Education Bildg. 2 2F No.27)

[2H_PLO1] Reorganization on position statement and its direction
*Ryuichi Yamamoto' (1. JAEA)

[2H_PLO2] Roles and Guidlines of Press Release
*Mito Sagai' (1. CRIEPI)

[2H_PLO3] Activities of "Nuclear Accident Exposition Team (Team 110)"
*Reiko Nunome' (1. RWNC)
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LHFEREERtEY YAy
BREFAZFEELELTOHE~DFHREEDHY A

How to disseminate information to society as JAES
-Activities of the Public Information Committee-
AR EEHEER ., T A AL T
VA AR JIRFSERR FE A . YRR R ZERT . YR I BRE R R - B S —

1. LI

BUE, R D LT EBIHREN COD R T HRIII N FTITRAE2 D IEMR E R o AtL g 2 Rkd 5
TWD, — 77, JRA 1 R4 D4 5+ 1 B B 32 OFFROMERS O LI k> TRt o B, W&
IRITHEE R BETERICEVRETIILIRN0DE SRV EB 2 OND, TOLIRILIZE N T, AR
BHEELSIC B IRZ B MR E 242 1Tt U GHEYNSATH /2o, AR, FRISZEICBET 2B 2 ED .,
SRFHESR, TV AVI—Z(LLF PR), ARV v ar - A7 —RA N (ELF PS) & E G H5E1E ELTEL T)D,
Wz, BRARCRE AR, SEE SR, PRIDNZ T, BEHSGMHT — L (LLFF—24 110) HMEHRFEE
EITHZEELTND,

KEyar TiE, OO KRS TOFMmE FEIARIERE BSLL TREUEEICEVHA TEZ PR BLW
PS O EIRRAF FEREICOW TR LABELNAEZ iR T 5, £2, F7— 24 110 ORECTFENIZOWVT,
AL FE 2 B D BRI OWTHE T2,

2. PSOEMmEF M

PS I, 10 FIERINT ANS D[RR AP TE ChaE T3, EO AT FERR— L=V Dhy S =
PEDT 7 RAMERSH ED BN T2 | ZLDFEEBNZEOFEIC OV TRFEHNES, INRIFREE SOl By
Lar EREEL T TEDIFEICRMI SV ZETDHH -T2, D LHRILTIEH 7208, 4 FERTOFKDO KEMND
DT IRRIE SR B STy al TOWE Eamic L, hx &:?%E@F%% T%?io’clﬂéﬁ% TR TS,

%_Tfﬁirﬁ"éoto RBIERERAT i_ﬂif‘@%‘ Z PS(RRICIREHFFROFEERICEDS
HD) EPRICEDFROEERALOBREZEIEL, 7 %‘E.E'i'%fﬁ (LIPS _ﬁw’*’ﬁ“éﬁr’?f%%ﬁ%iﬁbf

W5, ZO PR %tﬁ&ﬁ“é PS DAERIZ W T, &;ZD&T“H%EF'%)H ToNLTLD, INRIERERRITTY#%
PR LD PSALZATOITAHIG LW R T D82 F a8 E L, ARRIKIE T 2003 B ER TIIRV L Bbh s,
TERALD PS VERL - Fie 7 mEAIZI T D PR DAY E—T D PSALT READNEEX -1 17T,

1’ =8
S RS FPs L. Ft=(2
(e Jop ST "
A N R 3 T,;T':,"l':'.
‘| ‘L?:|'°|—¢--‘?' e ' ”_j‘.ﬂ ]
FLAYY—2 [gﬂﬁwizasmtﬁpswmrﬁxﬁm] R
EiEOpsik

| P

. ~ 4k :-{;..s EOREUER |
204 (T2 |

A [ PSWGIZ &L\flﬂ@ﬂ]{&ﬁﬂ!ﬂ ] s a)
|

R Bl L T
| Ct}tlﬂ'l.ﬂ"’{ch

............... |
RAEL. el « mum&amam .',1;,:;"{.;3;-_.'_--'{-':_'5
1 FEWGIZ 25O Rl -

‘iﬁ | LIFREHE !

iz
REL. 13 - —y
g EHeRiz WP #es RROLM
Hp RN A F

X -1 PSOWENLABICESL oA (PRDPS{bEET)

2019 FRKREFNER —-2H_PLO1-



2H_PLOT
019FFDFR

Fo RO PS IXZKRBIL CRIFL LR F 2 OS5 0RMA ) (RfE-125 - 55) OEET HFEOfE | DS
B, ZOBHBLEOEIINRY BELDEEZ NI, INETIEZOF =0/ &L 2—D 7 ak AT
WipBLZ AR FICINTEHN A DD I TIFEA —F — DR N TE Tz, L LARNRG, BLO
BEITEENGHORD, FRCTHEEOMHDL OGEITZOT 2/ &L a—7 v RAZB W THLIRED AL
DR CEDDO TR, LR Y IRORRITH CT& -, BRI W TE, 20 BRI 5RO T
F o 7iER SR TV LD TIFR WA S H O AR T 72D, ZILVETD PS 212D DRMN |
(g5 HS) EMFEOMFROEEIT T, fiEZ U PSIELTERL, BEE TR EL TR T
HIEERELIE, ZOIILIESEA ., BITEABSI TS PS O 25% (5 1) 2318 PSIZHE R /&, 780
I TE%ILMERL IZ XA SNDHTEIT2D, 72720, AEATRLO LI PR AL R ELTZ PS DAERLEF D Hi 7= 72 st 7
ZRTHIET, T PSY I EICEIME A &2 D Z E IR S LD,

ZOf, PSTER T B ADO A H LA EE T DL, TNETOLIR MO EI DR E R Tl %44
JVBEET2EEOT SO KFEEMEZS ST T, FIZIXRIET LI PS BEEEZBSOIIRLOZFELT,
ERBHINS TR EL FIFAZEZ2U T, ZDH% O PSWGC IZLAMEREEL IV EE L BENSLABETO
WA T 228D BT RENBLIR,

3. PROZRHFIEEHH#

2018 KD KR ZNZB T, RO WIHIEOHY - iin T 5720>T PR OE L I 7 #2881 20 2k
ICOWTTERAENWZIE W e, [KIEHZE B A Tl PR OREIER) 2 T2 LT Emlen e iE M REE%
ITHZa B THY, E2RRE R, PROFEJIENE, BIETILU b, Eli & OWRE 7 v ALZ DR
REThD, 1o, PS EOEEIDOEL 7 FITOWThEgm 2 2SIV, BARMIIZIE, RIFIRES TEHETFHNIZPR D
B AL COEBPREFNID I TRVWORE . R, i, SRS R ZOMAXUMNEDRIA72<
[FF DN T DO A HAE HZ B R ORIWHIZ L > TEM AT & BRELOAR S EL TERISHE# -2 A
TELIEEECTHHZELAMRE T HIEB  CHONIE TR EARDIETEMA T LI LT TERVEO LY
Y MIRBIFAE JC Ok TEMINDbDODFEXDOMRELZITRONNHENFE T O, ZRHDOREIC
OWCILIERE B S TRAEIT o7, T, G S BRI S| MR, LT ie LA PS OFEAAIZEI 4y
FOMBEMEIZOWTHEgRm L . PR O FI(E ) & EEERIZ OV THRETLI,

ZOFER, PRIZASELTHEBGRITE M T RERZI0RET L M, 0> B Rk LB SO S WS D
(BRI ICRETDH ., PSIIAERLLTORZ L ZE 2 2R PTHHLOLEFRLIZ LT, PRDOIBD
%A (BRAPED EOIRFEZRE) & PS 13OV T B BHERRILC L S DO TH L RE LD IR A MO E 2 7
L CHEZED LT oL T mtEnsssng,

© PRIZOWT, FREM (R - REXVURTVT L) BIFIZOWTEL, FHEROHLDRREEL, FoLL T

RETREBEA b—Y (BHERM) 1L, BHEROLORELUEHITEE RN,
FRVOLOBHALEIL, MECEARZVLOERBEG ATREL T 50, ERITFHE RLL, LR ASIT
KIEELER T 528875,

R 2D PR BRI R BEO B FEI TV, NI RE B RICE RIS LU @l LT, #ifs
[CFEDZ L HEAICUKREZIT - PR CARIC, INRIEHREB RN PR 2EH 5, ZOFHED
mNEK—2 1”7,

PR LIRS R, # AR B~ TV 7ax M7, RELE BT, T _XTPS ITBATT 522875,
VERREEREIT, PS TERCEHIZHEML T2, (RAFHI I Z ABR I LB EL | JRAIPDK A ET 5,

S INRIEHRZER S TIE, BRI E S PR 2 FE i 4 272012, BRI PR EBEiH R 2L
HRRIRET v A SR U TR LU TO FEE 7 #H27RL TS,
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Issues on Nuclear Disaster Preparedness and Response: Lesson from Support of Victims
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(1) E&EF
Trend of Nuclear Transmutation Reactor Research
(1) Fast Reactors
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(2) MEBEHIRXT L

(2) Accelerator-Driven System (ADS)
Pk
HESRY: AT IR ET

1. [FCHIZ

I ERERED > 2 7 4 (Accelerator-Driven System: ADS) | Rubbia f& 12 2 » THEE SN i 7- 72 il ) v A
T hELT, Mg LR FE A2 AG DY L F— g E [1] OB E L TAX— Lz, DK%,
ADS D&%, Generation-1V [2] (55 4 VR F 12 AT L 1 £ 1) TR S TO D80G EIEEF O R %
N—Z L7 B A~ A (Pb-Bi) WmAIEEF & &mt) - @ Rf X =BT IdEgGR 2 A G AT LD
S [3]-[4] & LT, BT A R A S TRDICAS L, B E T A7 MAIZB N T~ A =T
7 F /A K (MinorActinide: MA) AL (FAH) SHLV AT LE LTHE L, ADSHFZEA BRI S
NEBHNT I —r vy RBLOHAIZBW T, ADS OBERGEHCHAESARZ V7o ADS DRSLMED ZEFEIC
B4 2 HAEEBR D TON Tz, AR TIE, ADS IZ X D BAHIIEDENHN ORI Z R T2 & L HIT
ADS W78 THL Y LA TEAFFERRE 22 EICHOWTHRIT T 2,

21 Generation-1V (2317 5 & E OMFFEBI R R [2]

JP KR RU CH us ZA
SVS‘E""IIH-II ol e B = B
* @ | o
SFR v v v v v
VHTR v ¥ v v v
SCWR v v v v
GFR v v v o
LFR P P P
MSR P P P

¥'= Signatory to the System Arrangement; P = signatory to the Memorandum of Understanding; Argentina,
Brazil, and the United Kingdom are inactive.

2. ADS AR DO ERN DB
2-1. ERNOEM

A AR+ 72 B FEHH%  (Japan Atomic Energy Agency: JAEA) T, J-PARC 71 ¥ =7 MIBW TR S
NTWDHETRAT =51 B — A2 FH T ADS (12 X DA BB 2 RERAVIC FERET D 72 0 O
Fhahazx  (Transmutation Experimental Facility: TEF [3]) DR RFT S VTV 5, JAEA Tl TEF OGBS X
ORI » T, OBRE IR ORR, @WK Po-Bi OB OHFZE, @ADS H O ZELkEl OB R X
U @MA EZHE o Wr i A5 E OAFZE R IZ B RAIICHR Y #L A TV D,

JAEA |Z351F 5 ADS #XaFCld, ZALE MM A & £ 22 VBRI BHARL (L =7 L - MA Z1{kW)
BRED IZES MBI Th Tz, LML, EEII Y7 U0F THOEORANREZLND I D,
INHDOILFEDFENIZEIT 5 HHEFRIFEORELRFT L, S LREICBIT2 N6 DIHE @/ﬁz]\iﬁ)7ﬂ/ k
Z U AR MA K L T EDREFFA SN0 ZEREMIZHHE LI/ RSSO THn D [6], &

*Cheol Ho Pyeon

Kyoto University, Institute for Integrated Radiation and Nuclear Science
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kg & REEFUF OBER LT ©— LZIZOWT, RETRMEEEMT 52 &2 BR9E Lo RER ST s
DIRFEAT > T D, AT & L CHlfED X 5 fﬁ*%ﬁ&aﬁ%&%%)\ﬁ‘é & B EfRAT T
et Lo/ R, B — AEiE GERE) OEIIFTRETH Y. ZHIX ADS Ik IT A A7 v a
L ThB I ERboT 6]

R FE AR A D EEEIFGEAT (Kyoto University, Institute for Integrated Radiation and Nuclear Science: KURNS)
L ETHENORY (EER, LK, %ﬁ%ﬁ BHRBLIOUTHELR) Tk, EREERESK
FHRALE (Kyoto University Critical Assembly: KUCA) (Z351F 2 BEABOHRZE S (AZEE) . DT R (14 MeV
HMET- [7]-[10]D) 3 L OV FFAG fnek#s (Fixed-Field Alternatlng Gradient: FFAG; 100 MeV [51 [11]-[15]) % Hv»
T, ADS DNMER LY ADS % W7o B MR AT O S I B3 2 SRR AR B IR A S8 12 1)1 ) 7= SEBRATF I &
2003 FEN DT> TV D, £ 2 Tlk, ADSIZHIT D MA DT — & JRIRIZ K 2 ) YT, EmRINTIED
IRE, BVRAE N T X — 2 DR ST, REGSFERESTO&EE L, REEFEA T4 =2 DRI
EEATH TS, EHIZ, KUCAIZEBWTIE, ADS 12X 5D MA OB BEAT OIS I B3 2 FEBR DS AKE I
BGh S v, BESRRRSTC K D BB O JR PR EFED R AT L, 100 MeV [1-3 KO Pb-Bi # —4 > b &
P TRER UL R TO MA U F2BR O 2 M2 it 2 BE R I Ao 72,

2-2. WS DEH

FERIF R D ADS fiiix MYRRHA (Multi-purpose hYbrid Research Reactor for High-tech Application [4]) D 3<E]
ZAKLIET Y =7 FTIE, ~ULF— (SCK+ CEN) 2l & 72 - T3 —m v NEEOHFIEE DR % 72058
AEIZI D A TVWD, M 1BEOE 21T L HIC, MYRRHA DRELE LTEZ BN TWVD MOX+MA @
FRS AR > ADS D EREAER (GUINEVERE &HEI) 72 SIFBEICH T L, R R/L 3 —INEER T LT, 2019 4
FEM D 20 R DR F X ONEE O 2 2018 FFIZ~/V X —BUFIC L » TRB I T,

H A ADSELAlT : MARARZE a7 47 0 (Pb-BiFS
N BRT . IEAR A EERIRER)

® ~2.4 MW-beam, 50~100 MWth
©® ADSMD EFEFHER

MYRRHA (R JLF—)
® PRFER ST

TEF of J-PARC(H E)
® pPb-BiZ—/7" W EER

® (R EEMockupRER (#kg DMAZETT)
® TR

EWADST Sk
® 30 MW-beam, 800 MWth
® MA nucl. trans. of 10 LWR plants

BiEAREE
© MARRHE (E o 7= (P AL ER
® Pb-BiZ—/7 it DI HIEHER

@ADSTS VD T Mm%
o INEBRDELMEHEN
© REGFREDHIH
. o B DKE
= DKUCA-FFAGDFER =&
- 2R ERER
2018 | SEERRIEE (kuch) Bt et .

1 ADSHFsEmr— K~ v (FME : JAEA ALK L 0 #214h)

1 [£ CI1% CLEAR (China LEad-Alloy-cooled Reactors, CLEAR-1: [ f A K%L ; 10 MW, CLEAR-S: SZRE4F)
TuaY s MSRERBEERE © ERER SHNIIZERT (CAS/INEST) CTHid S, CLEAR-0 CREF A BRI )
DR R X OUEEZAS 2017 4E TR T L7z, £ D%, CLEAR #ifijj% CLEAR-1 35 KUY CLEAR-S DA% A3 B Ah &
o2 /e FrEaFEE LRI o7, BEIL, WEEWNO ADS 580 FEHE X P ERERE - 5 R
BAFZERT (CAS/IMP) 35 X OVWER FRERH#F%EPE (CIAE) ICB &, milds OB ANA 7Y » RIEBRE A
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(VENUS-II) & DT I#iss4 fv 7= ADS ki

2019FFDEFER

\ZEBWW T, ADS D RN

(BT DHEMTOI TV D, 61

2025 4 FE TIZ 10 MWt % ADS % &t5% 9 % CIADS FHmli23EA T\ 5,
# 2 ADS EBREMICHITL2E R a2 7 b (2019 4 2 A BIfE)
FaYd=s k Bt E 7= piik:ce
EsE bS8 AR FV WA e
ESEy it [ESiEr=1L%) (F—=%vb) "
MUSE AT MOX Na (Metal) g 14 MeV -n Zero wT
YALINA N
N_F = LEU Metal (Solid) | = & #4 | 14 MeV -n Zero HT
(Booster)
VENUS-F AL F— LEU (MOX) Pb (Solid) (SEs 14 MeV - n Zero T
B 14 MeV -n
Poly., Pb & B
KUCA B A HEU (NU) (FEEE 5y | 100 MeV -p Zero HEATH
Pb-Bi (Solid)
FEHE) (W or Pb-Bi)
CLEAR-1 i E uo, Pb (Solid) S 14MeV-n | 10MWth | FEithik
B 400 MeV - p .
TEF EEN LEU + MA (Pu) | Pb-Bi (Solid) =0 ) Zero REtH
(Pb-Bi)
) Pb-Bi B 600 MeV - p —
MYRRHA AL — MOX + MA B 100 MWth
(Liquid) (Pb-Bi) BRA

3.ADS IR DFAFRIER
3-1. MA RISROES T — X 184

OECD/NEA L AR— |k [16]-[18] (2 k% &, AL EO I R CHS S 17z MA Eﬁﬁf;é%’ﬁ% MA #> 7L
U — A EEAER DN MABZEBICET 2RO ERT —F _X—2 L LTEHIN TN D, £ 2ICiE, MA KEHE
oL MA B2 TV A, 2'Np <L > & HWeE Y 7 7 v 7R & @ﬁ%ﬁxﬂyﬁénﬂ\éo EJl
OECD/NEA L R — k Tl MA BH32BRIC B\ T 27Np, 21Am, 23Am, 24Cm 35 1 TN 25Cm D RS R<° 25Cm
DO BOGERIZONW T, BT — X TR T D R ST 72 EIC B9 5B N8R O B IE DS IFH S T
W5, T TIX, FCA ROXKETIThiLz MA BRETSEERZ V72 MA SUSSE O FUEMRHT [19]-[20] 23 ThHi
TWb, ZHETADS LD MA BEERIZITHI TV, KUCA I8V Tk, 2018 £ 2 FFAG N
AR B FEAT D 100 MeV B 1- & Po-Bi #—7 » h & H 72 ADS (2 L5 MA BRETEBR S FHE ST\ 5,

3-2. Pb-Bi [RINLAE D AR D> S FEHT

FEk ADS TIXIEIR Ph-Bi MWEAM B LY —7 > M OEME LTHWD Z BB b TWb, JAEA
DTS T PR EIETRICI W T, MEM AR A FRISERSK RGN TA—ZIZHL T, BT —4%747 7
JENDL-3.3 & JENDL-4.0 & OIZHEREVDHER I, £OFERFK D Pb 36 XU Bi RfADOET — I
KT DRENESDOENTHDL Z ERDN> TS, £ T, KUCAIZEWT PhBEUBI # W=7
T — ARNEEER [21]-[23] ATV, #EEGRITIERS LR ERNITIEIC L 2 7T — 2D L O
JEEEIZDOWT D Phb B LT Bi [FNAKDORIEN S OERILZ, JENDL 2 EDEET A7 7V 2N TITo 72,

F7-. KUCAIZHIT5H ADS FEERTIEL, 100 MeV 5127 % Pb-Bi #—74"  [13] (T X & P IA RS
- 27 R L7g 8 OFPERIE O BT L OVEENRFHE M T b7,
3-3. BRI T - A — X AT

REEFREREFEL LT ;hi T2 IR FIEDNRE STV DA, BEEREH T — AT PR E ST

B, BHHERALE OB X D ZEMERE — FIC X 2805 SV TA LY, JAEA TiE, ZOZ%ERERE
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— RICEET 228 AE B & LB ATE [24] 2B L TV 5, MIEMEGTEIE. 20 2 PPET-E (PNS)
FEICBWTHEE ORI CHE SN DR EZ R G SE D 2 LI2 Lo T, AT — NICHET D 1EH A il
L, ZH&ERE— FORELIRNT D2 FETH D, £ T ik & 55HER RS KUCA 25 To PNS
EE WA P IR E R OBER R A AR FIEICET T &, EMERE— FIchkT 3 s s K
WT&DZ ENHERRIN TS,

ADS (21T 2 JF W EE 5y B O SERE AR T & LT RERSVE (p). BIFEHME TR ER (o), FERWER T
HE (Beff) 72 EDOBEFFE T A —Z 2O T, AEBFETIR (DT IEERIC L 5 14 MeV 1415 L O FFAG
JHEZRIT K 5 100 MeV [51) OHPETF AT Fov JETFIER L O g RE 7R SRR 2 =61 F —{K
FME, ZeURTENE, E IR E OGS, KUCA I8 5 ADS FErzi@ L CfThhTWnb, £z,
KUCA (23517 5 ADS 2513 2007 ELAKE, EERIR-17)4#8B (IAEA) @ ADS [EFER U F~—27 FEhrE L T4
HOFREPEEIRNEINTWD, FriZ, BT X=X ORIETEICEBWT, ERENGELN DB L Pak
FWTBeff/ A (A : FPETARRRER) OEIZ W T O T IR ECZEMURF RIS 2 T, AOBEOLE
{ENSEVREIE R T A —H DIITICE W TEHEETH D Z EDOMANE LI TVS,

4. £&O

ADS D RENMER L TOVADS 12 X D MA BB OIS I B3 2 BFZE1E, 1990 AR 5 Z v E TR 20 48
IO THARB LBV =2 I TN TE o, £ 2 Tid, BARESIERZ -\ - ADS JEafESEERIC
BWTFEWBEL B O FEARN 7287 A — 2 OREHIF O M LA ER S, WRERS L OHeRmmFika v
xR EFEMER SN, 2O X9 RFWEL L EZIT D ADS (2 BT 2 BB MR ETIE 2 o 10 4R
TIRERANC R L, BEAIERE L LT IAEA ® ADS EFER L F~ — 7 EBR02 w80 T < 2
Ehiz, LoL, ADSIZ L5 MA ORZEHENTIZBE T 5 SEBRIFE 4 12 U, ADS (2 K 2 B 28 E T O B i)
IRAFIERRE T D87 — 2 RIC £ D MA Wi O A > S AT I B3 2R JRBR BE 1%, D L CRBIRY 2R
TIERWZ IFEAMOEFETH L, ZOHBE LT, BUFET2ERT —F ORRELEMERNETFIE, BN
FBf R ORI KON EITHE S ERER OB EREIT b D,

BRAIF D> B F AT D B HEBEFEY O A b 2 B 10 & 3 DA ML o 17 FIZB\W\ T, ADS % H 7z MA B
EHOAE S T ILEEFRBOES LT L ARG ESNIRETH D, ZOHITE, BN IR
RIZBIT DM AEEOTRONTZEIROIE % | FRF - BEREREROAS %O FaikimT 22BN T,
FERPITRET T A2 ER DD LB 2D, I 6T, BIEHFE ORI 7258 % ~— A |Z L7z Virtual Reactor <X°
Multi Physics % & ® 7= 35635, MA KT — ¥ ORHEN S ORBF72 £, ADS I LD MA BB 04 1%
DERIZET DO TIERONEEZ D,

B35 XM
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(3) BKYA

(3) Light Water Reactors
AU T
LH SEAJFBA

1. [FLHIZ
ARETIE, BOKIFIZ X A HMAIZEORMEZ R EICIR VKD & & bz, BB HEFEF ARE K7 RBWR
(Resource-renewable BWR) @ BAF~D EGLAIZ DWW THRIITT 5,

2. BAKIPICK 2R EBROER

WK T 1970 AR & PWR SRR OBFZE AN AG S 4L, FrIOKE[L]S° R A Y [2]02 5% < DR A
BEnTWb, £72, A ADHR—/L « ¥ =T —WFF TIRERARB LITON7Z[3], L, BB THO
PASHC /R P IR SR IE S D & BKIFIC K D EHIFE O FE 6 D72 < Ie o T, BICK T, BB O
WA - FEEKREZ B E U0 R e I3k L TIThbn TV a b 00, ZOHF TRKFEEZRISET D
WFFEBRE D BSL o 72BN E TR B ALy,

ENTIE 1990 L6 HRHIIC Na mEEBEF OB R Ar =27 o LTV SR A R E 2, EB
PED BB 2 BT 5 2 & % B AITARIGRE KA O BRFE B HERE S 72 [4], ROk C ORI & b
BIn L, Bk 1.0 LEOT VL —0 A4 —T 02D LIFORBRTLE RS T SB/HEMTH D, P&
7T, BREN, BRBFEEFE . BRI 70 S L 70 D BSREIN O B D & 72 [5],

HIZIZBWR 77 o b A= & LT, WEIK (FHEFROEM) 23T 2 BWR FFEATE ) L 7o ARJRGEE K
FORFFICRLS DB ETFL, 1988 EICT NV F=U LD T L—0 A4 —T UFHAER L TV 5[6], D%, 1995
FITIE MA 2802 BEV A 7V TT L—20 A —7 % %E813 %5 RBWR-AC (Actinide Recycler) #%[7].
2007 4E1Z1F Pu B LY MA Okt 2 —BICR B oo bl 2D LN b2\ A 7 352 & T,
Pu B LT MA Z MBS LR T2 k%@éLtRMWTBCmU&mw)%ﬁ%LtM

BAKIFIZ L DA 2D TN D 01E, BIETIXA 43@%#5—4@@%&&%&% IFHARE
TTHY ., FICEEFRYORE - AEERBICEL X, BEEXEFDTHLAERLET LW 947%1&;5 SN
@HBWR%ﬁméﬁé?~7&bf\EW%&U@%@%%IUooﬁn%%%@bfwéo

3. RBWR DBFRR

RBWR O#E& %X 11ZR-T[9], FDLLAND X — B RmROLAET AT Mg EIIPH IR D & 5 BT BWR £
izzDEEMEMMT 5, RBEEAKFEOFEREDO—DITADRA FEISERBOMETHY . RBWR X
21T L DI TRU % EF 2 kIR FICELE L, ARA RREMGEO PR ZECT Z L TARDARA R
BOSEREE FEBL L TWD, — 5T, ZORG ML E R DRERIZ LV IF O 5 m R IEEE L D728,
HILix, HARF - OAFZEBR SR JAEA), MITIR VBV RIB Y 75 V=T KX—27 L—DKKFET — L8
FKOEE Wood & 35 U CHA DARHT ik oo 3 A MERERRIC LY FLA TV D,

*Tetsushi Hino!

Hitachi, Ltd. R&D group
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X 313 RBWR DA Ll 7 [a) 36 L OMR T 1Al HH J1530 40 % H L L USK KT — AR 2 ekl L[10].JAEA
CHHEE L THEM LR LT T Ve R & LR R 2R LTS, HAL L KKFET — 2 OfiffT
FIEOFZREIIALD 3 WITIEBEH R W D EROIER T LIS Y . BT 2 ook it EE VW5 O

WXL, KkR%ETF— AT RBWR OffiF m3ERENEE X 0 BB ICET UMb T 57290 3 nEAERHREEZ AV
Do BG ., KRFEF— DI L DM RIS LT T AR RO RIESE, BT EELOR S
DENTNDZ L, FRANERRET—LEBIIBITMDOET MUICBGEDO RPN H D Z L3505, &t
FgMREOm EICXY, 2F LTV T ANRHERRIZR S TEELEFE R, ZHONRTA—FH—~1
2 L Dl b DS LB F DR EHOIXEE R FEREHTh D, 207D, BFLEYTIArHELED
ZZOONTE . TNEBE X TN FIEOLE % Wood LD TWDH EZATHDH[12],

B A HEN

il -
Wl PREDAK (P FRGERE)
SRR RN

2

9—t“>;§§/—, E

TRU

Nl 1 | [ s s
Maw S

@ |
bl EHE TR
(B071—R/tvY)
I3 Mt ENES 2 anpAlN &N
¥ 1: RBWR HE&[9] B4 2: RBWR B O FF1([9]
1.0
1.6
KKFEF—-L
E 12t / Shva
M — B3z R
g 05| [ —KAEF-L I 08¢
E — 2IFLESTHILO Juas Y s
Iy = 0.4 EFCESTHIOGE
I ’
00 v v v o
A B
0 BARE
0 1 2 3
XA
EABEY DT

3: HH D 353 A0 O REATh A SR [13]

4. BERIFA~D RBWR 2 0E A

RBWR (X, fEEBIRBEFHITIN DD, BB A 7 A AIRBAR OB RIZ A O TEMEAIZEIE 2 D T <
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(1) Utilizing HPC for natural hazard risk assessment
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(2) Methodology to evaluate tornado-generated missile protection for structures of Nuclear Power Plants
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