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2025 India, NPCIL Kudankulam 4 VVER-1000 1000
W] 2025 Russia, Rosenergoatom Kursk -1 VVER-TOI 1255 ,k "’E;ix k'kﬁ 75\ EET Ex k'kﬁ
2025 Russia, Rosenergoatom Kursk 11-2 VVERTOI 1255 P’ Iﬁ +7 FEx7 o
== — ., A S =5
2025 Turke Akkuyu 3 VVER-1200 1200 t 1-& E %ﬁn Fﬁ% ( :'fR 7"— -j- ) t = é
y y TNERCE. BELZTOMOERIFIARKE L (& HIZH EEAD,
2026 China, CGN Cangnan/San'ao 1 Hualong One 1150 1 Table 1.1: Examples of Design and Status of SMRs for Near-Term Deployment
2026 China, CGN Taipingling 2 Hualong One 1202
Desi Cutp T Designers Country Status
2026 China, CNNC Changjiang SMR 1 ACP100 125 e MW(e) ype g0 .
- A , S ~ WATER COOLED SMALL MODULAR REACTORS _—
2026 China, CNNC Tianwan 7 VVER-1200 1200 CAREM 30 PWR CNEA ‘Argeatiri Uailer comstructon;
2026 China, CNNC Xiapu 2 CFR600 600 ACP100 125 PWR China Under construction
2026  China, Huaneng & CNNC Changjiang 3 Hualong One 1200 NUWARD 2x170 PWR Eg;f&g France Conceptual design
2026 India, NPCIL Rajasthan 7 PHWR-700 700 SMART 107 PWR KAERI and Republic of Korea Standard design
: : KACARE approval received
2026 diaNECIL Rajasthan'd PHWRI00: 700 KLT40S 235 PWRin JSC Afiikantov OKBM _ Russian Federation In operation
2026 Russia, Rosatom BREST-0OD-300 BREST-300 300 floating NPP
RITM-200N 2x53 PWR JSC Afrikantov OKBM Russian Federation Detail design
2026: Turkey akiaygg YERHZ00, 11200 UK SMR FYED PWR Rolls-Royce and Partners _ United Kingdom Conceptual design
NuScale 6x77 PWR NuScale Power Inc. United States of Recetved US NRC
: America certification
2027 Argenting; GNEA Carem Garemzs 23 BWRX-300 270-290 BWR GE-Hitachi United States of Pre-licensing
2027 China, CGN Cangnan/San'ao 2 Hualong One 1150 Nuclear Energy and America and
Hitachi GE Nuclear Energy J. . Canada
2027 China, CNNC Sanmen 3 CAP1000 1250 HIGH TEMPERATURE GAS COOLED SMALL MODULAR REACTORS
2027  China, CNNC Tianwan 8 VVER-1200 1200 HTR-PM 210 HTGR INET. Tsinghua University China In operation
GTHTR300 100-300 HTGR JAEA 7 Pre-li i
2027 China CNNC & Datang  Xudabao 3 VVER-1200 1200 100 - T X Energy [IC e re— Basi:design
2027 China, Huaneng & CNNC Changjiang 4 Hualong One 1200 America
- . FAST NEUTRON SPECTRUM SMALL MODULAR REACTORS
2027  China, SPIC Haiyang 3 CAP1000 1250 EM? 265 GMFR General Atomics United States of Conceptual design
2027 India, NPCIL Kudankulam 5 VVER-1000 1000 e Sl S . Amerca
: MOLTEN SALT SMALL MODULAR REACTORS
2027  India, NPCIL Kudankulam 6 VVER-1000 1000 Integral MSR 105 MSR Terrestrial Enerey Inc. Canada Conceptual design
2027 UK, EDF Hinkley Point C1 ~ EPR 1720 KP-FHR 140 Pebble bed KAIROS Power. LLC. United Stfites of Conceptual design
salt cooled America
Reactor
2028 Brazil, Eletrobras Angra 3 Pre-Konvoi 1405 MICROREACTORS
- U-Battery 4 HIGR Urenco United Kingdom Conceptual design
2028  China, CGN Lufeng 5 Hualong One 1200 MMR 5-10 HTGR Ultra Safe Nuclear United States of Conceptual design
2028 China, CNNC & Datang  Xudabao 4 VVER-1200 1200 Caepcimhe Amesica, Cunsiia .
Aurora 15 FR OKLO. Inc. United States of Conceptual design
2028 Egypt, NPPA El Dabaa 1 VVER-1200 1200 America
; ; Note: CNEA — National Atomic Energy Cc ission (of Argentina); CNNC — China National Nuclear Corporation; EDF
2028 UKEDF Hinkley Polate:2. ‘EFR 1724 — Electricité de France: CEA — French Alternative Energies and Atomic Energy Commission; KAERI — Korea Atomic
Energy Research Institute; K. A.CARE — King Abdullah City for Atomic and Renewable Energy, Saudi Arabia.
2030 Egypt, NPPA El Dabaa 2 VVER-1200 1200 y y
?Power rating above 300 MW but considered an SMR by the UK government.
https://world-nuclear.org/information-library/current-and-future-generation/plans-for-new-reactors-worldwide.aspx https://nucleus.iaea.org/sites/smr/Shared%20Documents/SMR%20Booklet_22-9-22.pdf MCMaSter
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Traditional nuclear
energy plant

Small modular
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Read the SMR Progress Update

CANADA'S :
wart M

‘teacror-a@ction plan

What is an SMR? Watch the video

SMALL TOADAS
MODULAR * )
REACTORS I Im“—jmgm
(SMRs) ey

https://smractionplan.ca/

fhily&ti>TTeam Canada

#CBC | Menu

202"

Edmonton - Updated

Alta., Ont., Sask. and N.B. sign agreement to explore
small nuclear reactors

f)w) (= (&) (in

Five things to know about Canada’s proposed small modular nuclear reactors

The Canadian Press - Posted: Apr 14, 2021 11:11 AM EDT | Last Updated: April 14, 2021

https://www.cbc.ca/news/canada/edmonton/nuclear-
reactors-clean-energy-option-1.5986796
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https://www.opg.com/powering-ontario/
gl s ST (( A5 ST— DzkL—2av (OPG)
ST N e )k BT
0 e
17 W GE-Hitachi BWRX-300
Bl 300 Mwe
ntario Prmier Doug Ford spec;k; at ﬁe site of 2028 ﬂi I:I:I 'ZEE& '%g T.2029 '/E'E I:Fl ':Eii Eﬁ y{:—'\ o
sl i e o . OPG's future Small Modular Reactor at 20 22 E 1 O H 31 E . ;E ﬁ_‘ﬂ] % E ':ng Eq: E-I' $ EHHE o

SMRs, like existing nuclear reactc re designed to provide reliable, low-carbon electricity, but with a .
Darlington Nuclear on Dec. 2, 2022.

much smaller land footprint. Low-carbon energy from SMRs is a key pillar in OPG's Climate Change Plan — — b
which will assist OPG's efforts to become a net-zero carbon company by 2040 and Ontario’s aim to 2 O 3 2 E ' S K ’J‘I‘I z ¢4 E @ j E 1 E E *i 1@” E *E j—
R i e https://www.opg.com/story/opg-darlington-small- ~ == == o

The Darlington site is the only site in Canada currently licensed for a new nuclear build with an accepted

‘and Sl Proparationiiceics Panding sibssquent reguiatoryiapprovaliite modular-reactor-project-passes-significant-

Team forms to build North America’s first SMR

DNNP is expected to begin providing 300 megawatts of carbon-free, baseload power to the grid before H
the end of the decade, milestones/

m— — e
~300,000 4 2,660
I r
homes provinces jobs
could be powered by a 300 MWe signed an MOU to position could be created over the
SMR Canada as a leader in the SMR lifetime of an operational 300
field MWe SMR

BWRX-300

https://nuclear.gepower.com/build-a-plant/products/nuclear-power-plants-overview/bwrx-300
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https://www.moltexenergy.com/

Moltex

Stable Salt Reactor
300 MWe

600 °C — 800 °C

ARC-100 Fuel salt placed in fuel assemblies
.
AN =2 (]
Na;TJ il] % JE*F Oﬁk&w Fast spectrum “Wasteburner” SSR-W Thermal spectrum <5% LEU SSR-U
1 00 MWG 203 » Fueled by higher actinides from ~ Graphite moderated (graphite does
A R iy conventional oxide fuel not contact fuel)
ﬁﬁ U A ﬁ%*ll- » Uranium/sodium fluoride fuel salt

» Chloride salt fuel

2 O ﬂE FEﬂ % *EI' 3&_.: 1:@ Z: g » Output temperature 600°C ~ Proprietary coolant salt

» Patented exceptionally simple ~ Output temperature >800C

zgr‘;istsét‘y::lt ?r:)?nsstzzlnet gi{trj%)ﬁ ~ In discussion with potential
fuel with only 0.38% Pu customers

E4IZCANDUSE DB ISR O E FEBYAD (BRE- SEEMTIEINND) .  reemmmawsconmmmmomoms
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Global First Power & Ultra Safe Nuclear Corporation

630 °C
TRISO
2026 F TI,

Competed Phase 1: U-Battery Canada Ltd.s proposed SMR design is a 4 MWe high temperature gas reactor.

Completed Phase 1: StarCore Nuclear's proposed SMR design is a 14 MWe high-temperature gas reactor.

.

Completed Phase 1: Terrestrial Energy’s proposed SMR design is a 190 MWe integral molten salt reactor.

Entered Stage 3: Global First Power's proposed SMR design is a 5 MWe high-temperature gas reactor.

Timeline
i ¥ W T
@ P §§‘?© @ j / i . + SiC Matrix
Environmental Preferred site (Planned) Site (Planned)
Assessment begins identified Preparation and Commissioning and

Construction Operation
On July 15, 2019 the Notice of In the fall of 2020, GFP

Commencement of an completes preliminary Pending successful Pending successful

environmental assessment geotechnical studies on a completion of the

was posted for Global First
Power's (GFP) proposal to

construct and operate a 5

MW electrical “Micro Modular

Reactor” (MMR) plant at the
CRL campus.

https://www.cnl.ca/clean-energy/small-modular-reactors/siting-canadas-first-smr/

preferred location on the CRL

environmental assessment
and necessary regulatory
processes, Global First Power
plans to begin site
preparation and construction
in mid-2023.

BRIGHTER WORLD | mcmaster.ca

completion of the
environmental assessment
and necessary regulatory
processes, Global First Power
plans to begin reactor
commissioning and operation
in 2025.

https://www.usnc.com/mmr/

https://www.usnc.com/assets/media-
kit/%5B022989%5D%5B01%5D%20MMR%20Techni

calz20Information%20Document. pdf?v=c3819e0ac7
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DECEMBER 11, 2022

McMaster University, Ultra Safe
Nuclear Corporation, and

TLEEDEBITHETOAEREA,
LohWEZELELD,

Global First Power Sign MOU to
Study Deployment of Micro
Modular Reactor (MMR®)

https://www.usnc.com/mcmaster-university-ultra-safe-nuclear-corporation-and-global-
first-power-sign-mou-to-study-deployment-of-micro-modular-reactor-mmr/
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Natural Sciences and Engineering Research Council of Canada

www.nserc-crsng.gc.ca
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Contact us Help Search
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Home > Professors > Innovation > NSERC-CNSC Small Modular Reactors Research Grant Initiative
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Grants Programs

Overview NSERC-CNSC Small Modular Reactors Research

Grant Initiative
Total $15M, 5y
$120k/y each project, 3y

% S Natural Sciences and Engimnng conscll de recherches en sciences
lesearch Counil of Can: naturelles et en génie du Canada

JREL . BEZEM . W YK

Natural Sciences and Engineering Research Council of Canada

Darlington Small
Modular Reactor

Canadd

PNAS

Nuclear waste from small modular reactors

IA,!.E

RESEARCH ARTICLE ENVIRONMENTAL SCIENCES

Lindsay M. Kral , Allison M. Macfarlane®®, and Rodney C. Ewing?

uf' OPEN ACCESS ]

Check for
updates

Edited by Eric J. Schelter, University of Pennsylvania, Philadelphia, PA; received June 26, 2021; accepted March 17, 2022 by Editorial Board Member

Peter J. Rossky

Small modular reactors (SMRs; i.e., nuclear reactors that produce <300 MW, each)
have garnered attention because of claims of inherent safety features and reduced cost.
However, remarkably few studies have analyzed the management and disposal of their
nuclear waste streams. Here, we compare three distinct SMR designs to an 1,100-MWjec
pressurized water reactor in terms of the energy-equivalent volume, (radio-)chemistry,
decay heat, and fissile isotope composition of (notional) high-, intermediate-, and low-
level waste streams. Results reveal that water-, molten salt—, and sodium-cooled SMR
designs will increase the volume of nuclear waste in need of man:

factors of 2 to 30. The excess waste volume is attributed to the use of neutron reflectors

and/or of chemically reactive fuels and coolants in SMR designs. That said, volume is
not the most important evaluation metric; rather, geologic repository performance is
driven by the decay heat power and the (radio-)chemistry of spent nuclear fuel, for which
SMRs”prowde no benefit. SMRs will not reduce the generation of geochemically mobile
2L, PTe, and 7’Se fission products, which are important dose contributors for most
repository designs. In addition, SMR spent fuel will contain relatively high concentra-
tions of fissile nuclides, which will demand novel approaches to evaluating criticality dur-
ing storage and disposal. Since waste stream properties are influenced by neutron
leakage, a basic physical process that is enhanced in small reactor cores, SMRs will exacer-
bate the challenges of nuclear waste management and disposal.

Significance

Small modular reactors (SMRs),
proposed as the future of nuclear
energy, have purported cost and
safety advantages over existing
gigawatt-scale light water reactors
(LWRs). However, few studies have
assessed the implications of SMRs
for the back end of the nuclear
fuel cycle. The low-, intermediate-,
and high-level waste stream
characterization presented here
reveals that SMRs will produce
more voluminous and chemically/
physically reactive waste than
LWRs, which will impact options

WWW.Nserc-crsng.ge.ca
Q T
B4 BEE 7

Frangais Home Contact us Help Search

N

Home > Professo

https://cisac.fsi.stanford.edu/people/lindsay-krall
https://www.pnas.org/doi/10.1073/pnas.2111833119
https://en.wikipedia.org/wiki/Allison_Macfarlane
https://earth.stanford.edu/people/rodney-ewing

Clarington, $970 million Ontario Power
Ontario Generation

canada.ca

ors > Innovation > NSERC-NRCan partnership to fund research on small modular reactors

Professors Back B Print @ Bookmark A Larger A Smaller

https://cib-bic.ca/en/projects/clean-
power/darlington-small-modular-reactor/

Grants Programs

Overview NSERC-NRCan partnership to fund research on

EEZ3 small modular reactors

2022FERFETHTH  Total $2Mry, 4y
F- DB THED!—4 NRCan $100k/y+NSERC $100k/y, 4y

_7(_~ — https://www.nserc-crsng.gc.ca/lnnovate-Innover/CNSC-CCSN_eng.asp
[Z725EEE

https://www.nserc-crsng.gc.ca/lnnovate-Innover/NRCAN-RNCAN_eng.asp
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300,000 -

250,000

POUNDS OF CORE DEBRIS

TMI-2TF7)BRYBLI17a+EX
1985 10H30H ~1990F1H30H (43~ AH)

200,000

VISIBILITY PROBLEMS &| LOAD DRILLED LOAD PARTIAL CUT UP AND REMOVE REMOVE CLEAN
DATA ACQUISITION |MATERIAL & DEBRIS| FUEL ASSEMBLIES LOWER CORE SUPPORT ASSEMBLY REMAINING FUEL up
""""""""""""""" ' "'""""""""""""fdiAL'éh'l'Gi&KL'éiiéé'ééis'z'o'o'iti;'iibb""""""""""
: ©  TRANSFERRED 300,800 LB + 5,000
| I S * SHIPPED 200,600 LB 5,000 . \........ J™8
TRANSFERRED 5 ‘

...............................................................................................................

Lr"'""""" LL ......... L
| L L L e ‘fi LR L l | S L | DL L L ' l ¥ I T YT e l l T l I l ‘ rT
1986 1987 1988 1989 1990

TMI-2 Defueling Progress
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TMI-2DTTF7)BRYBLIETFDI T ERYEBL ]

EPRI (1990), The Cleanup of Three Mile Island Unit 2: A Technical History: 1979 to
1990, 382 pp.
GPU Nuclear (1990), TMI-2 Defueling Completion Report, 282 pp.

1. TMI-2(PWR, 96 GkW) D71 ERY H L |
[F2)ERYHLIMEE 19854 10H30H ~19904£1H30H (4535 8)
WMYHBL=TIUDE: 296,200/~ K (134,354kg)
Ho=TIUDE  : 1,125kg (%% - 900kg)
FRIFEBE2608 (21.78/8) ERET HE
1BE-YDIFIURYELIZIE. 134,354kg+1,105H =121.6kg/H

2. 1FOITFIJURYHLIEBDHETE

1FT 7)) 2%880t&{RE. 880,000kg—= 121.6kg/H =7,237H (284F)

O:Rw k77—, 1[E/H T50kg &R E . 880,000kg~+50kg/H =17,6008 (684F)
Oy bk7—L141[E/H T20kg&E R E . 880,000kg~+ 20kg/H =44,0008 (1704F)
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BEEEE R 3,329 (BRA:3,166 A, &E4+:163AN)

SEITHT: EXARFAO: 21434 AN IRE: 15,672 A B1EE 1,932 A, 1FEZE 12.3%
BEEEE 19,593 A (IBA:13,623 A, 84+:5970AN)
FERE M o910 : BELILN:11.4%. FIBEAA DALY :26.1%. IBELAELY:54.9%

WIERT: EXLYBFALD 7,140 AN, IRTE: 5,565 AN, B{FEHE:30A. IF1EZ 0.5%
HEEN 6,771 AN (BEA:3,933A. B4:2,713A)

KEEHT: EXLYFEEAD 11,505, IR7E: 10,029 A BFH 397 A, IFEE 4.0%
EHEEER0:9,632 A (BA:7,754 A, B45}:1,878N)

E[EHT: EXUFEAO:15960A . IBE: 12,114 AN, BEFEE 1,594 AN, 1F1ZZE 13.2%
BEEEE 10,608 A (IBN:8,524 A, B4}:2,084 N) (*x2018/10/4)

BT EXARFAO:801MA A 5995AN, ATABEE 4,277 N, I7EZHE 71.3%
IGEFHT: EXHFADO 5490, IRE 4,731 AN BTREMEE 4,264 N, 17E3 90.1%

(AT RE{ER +7%HEH:5,832A)
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Qusstieneld’ Comment prévenir Les risques nucléair
depuis la catastrophe de Fukushima ?

o Fukushima : quand le risque devient «

Une Calastiophe mechtare Une yaciete
v fade aux nagues udietares
oy Comale mucane B o e 200 b A

Gl boge ) e 100 2 200 N A

oy Gu S0 Nt A

n La catastrophe nucléaire de Fukushima,

N mars 201
» Catastrophe
Réakiaton dun rvgue Ges QM o/
O humains.
+ Prévention

(raemble des Mewsres Pries pour vter los effets
SeMIUCtours d'un rigue, avant et aprés la catastrophe.

» Rnque

Danger POtentiel Gul MENace Ln groupe human

» Risgue technologique

Reague QEndre par los SCUVILES humanes (ndustrie. énerge
ot transport]

"al’m

une région contaminde

Des mullsers d hommes ratissent
encore Jes sols. rachent L terre

Les tun de radicectivind’ omt
badené depuis Faccident muckéaire
de 2011 Mais Cest avant tout du

pluses  lessivent regulsrement les
sols  contaminéds. emportant une
Partie des matieres radioactives vers
les cours deau. les tramsportant
des montagnes vers les valldes et
parfols. s mer La population dost
rester viglante | par exemple, éviter
de manger champegrons. fruts des
bots ou pbeers. trés contaminés
D g Rl Dol ARTE Pt
2 v oy
L Bame gt ¢ e Napyns e womws & wn oo A
e el e T
3 Oty S samasvlie dey shemes ot wies
3 ¢ ol

ad Un poliution invisible mais bien présente

L8 e« fartiome - Ou a0 vorre O b (ertr ae
e Do F i on Derionne en (harge
0% 8 MCONLATINGLON DELLE Srvant une Dardercie o ¢ est
PRCTE = LErpe muceare  Dour un medewr ftur =

£ o Limiter Le risque nucléaire depuis Fukushima

s

l ot

comy
o NoRD

comit
o WO
Phmare

et

@i Ve
Genasn

G 900T"

e

Serds o

RASArIon ef actinie den thactouts tuckhaires v Japon oo 2016

& Rescseuns avints L

u Réduire le risque & sa source

shame oA
b MAams ’gm.
& A nauge eTeaye

R

n Compteur Gelger dans une rue de Kortlyama, r

[ oistribution diode aux riverains

De nouvelles précautions ont &é
prises pour protéger les populations
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distribaé doit diminwer les risques de
cancer en cas daccident. Au Japon,
cette distribution fait partie des now-

aOnpewe velles mesures décidées par FAutorité
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en place aprés Facodent de Fukushima
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avadbent quimé beur madson, fuyant parfois
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pollution radioactive.
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