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Abstract

Achievements and Implications of Establishing
a Comprehensive Nuclear Safety Plan with
Public Participation

Hyejeong Kim*

The nuclear safety is a highly specialized and controversial issue with big barriers and wide gaps in
risk perceptions between the general public and regulatory agencies. The independence of regulatory
agencies, which were established after the Fukushima disaster 10 years ago, have not been properly
secured as the nuclear safety issue has become a matter of debate over expertise and politicization.
South Korea is the world’s 6th largest nuclear power country with 26 nuclear power plants in operation,
however, the independence of regulatory agencies and institutionalization of public participation in
the regulatory process suggested by the IAEA remain at s formal level. The IAEA Safety Standards
emphasize to guarantee the public interest and right to know about safety issues and recommend
the transparent communication between regulatory agencies and the public. The U.S. NRC and the
French ASN institutionalize the participation of the public and stakeholders throughout the regulatory
process and adhere to the principles of publicly understandable documentation and transparent
disclosure of information. In 2020, the Nuclear Safety and Security Commission changed the method
of establishing the Nuclear Safety Comprehensive Plan, which had been led by the government, to the
method of creating it with the public to enhance transparency and communication in safety regulations
and improve public trust. The establishment of the Nuclear Safety Comprehensive Plan with public
participation, in which the general public presents the vision and policy direction and experts and
stakeholders propose strategic tasks, is the first case in the history of nuclear safety regulation and is the
case that participating citizens supported and trusted. This article examines the process and outcomes
of the 3rd Nuclear Safety Comprehensive Plan through public participation and suggests implications

for future safety regulation policy directions.

Co-president, Sustainable Development Research Center (ecokim63@gmail com)
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[32! 1] ™ M|7| SMR 7|& 7HE Xt 845t

TAIA SMR 71 THigt EXH34% (Re=2=7} $2)]
Loy @D axzmzy QR 792 0 22 713 MR ‘) ZA2030 SMRES #AE Ml 4
EE E et 329 22{(F4%H) e 109} £.2(% 17300048!)
g HLAXE2 2035 SMRI}ARMICH §IXE= 7 % ARSI 100 A2l SMR107| AMR3}
2o 12009 2E(2F2Z5000248!) !g; 39/ 85008HIH2E (2 600024

@ 14%F57HA2](21~25)  SHAHEQA SMR 207| M Q i-SMRZ|27HEAIY KHMICH SMR =& i
%

= 902! 2f2(2 11%200004) = 399201 ﬂ ﬂ
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(2022)

oo A= 2035 ©F 3007]9] SMR A& o 4311, 201813 SMR 7jEke- 93
Rolls-Royce %= ZAAA|Hol] FHof| 1,8007 vk-2-= 2| Y-S AR 3PHA, F SMR 7l
Z 2 730) 4,000% S 2 7} A Asr| = 3}‘314 Flehel A= 2030~401d ) A
AlA 70,0007 AR (A =4 A% 23 D B]-A=EY X Gof] A D A& FHF3H]
9lal AzE 3009 E(cap)9] E/8Y FFAEE dSstaL, 197) 7]l A SMR 7l
3k ol oM E A 2 HEslaL 9lom, o] FolA 77 =& o] CNSC (Canadian Nu-
clear Safety Commission) 2] A}zl Q18] 7} A& A2}Q] VDR (Vender Design Review)S 217 )
t}, "] Zo| A= SMRo|| F7}8Fe] MMR (Micro Modular Reactor) 9] $-H. 7|4 24] U-Bat-
tery, MegaPower, eVinci, HOLOS 52 A E3}1 it
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3 A/oUA] FFL o= SMR =27} 75 8lt), = 5 GEEA 3

H A A N 5 g 28 Eoprt 9l& Aoz T|diEnh s ZA3 vl
AHAE V)& AgH AA HiFEe] A 7S 75 A A9 ATE st
o] 10 oJujell Al 3 450 SMR 71&/Ea) A5 S5tk sje] FEA%

AT ofy g}t ] TA)A] e T4 A|Y E4E AU Ao nje &8 7Pi17P
2 7)ES FHH ot T okl =
< UL A A 8, AR =
B/EEAL R 3w oAUA Y 78, AFHAR] A8 Byl o A &7 o
YA ol tigk 871 S Aoz Addn.

U] SMR 7] ) 52 S At A7 o] 7iEatal 9li= SMART (System-
integrated Modular Advanced ReacTor) & 100MWe &3 9] A8 25 do|t}. SMART+= =
Well A A Q171 53 Fgoln, ARp-tiolinlotele] FHog M A A7
(Pre-Project Engineering, PPE)” A} 2183} th 2] SMR 7]4-& =9]d v]sPH
XA Q= Ao, T1%5<t A=AAH AT} S35 dol| A 4=3)F SMR 5 7}
229} AR YAE IS 7 AT 45 (Technology Readiness Level, TRL 1~2)0] 1,
24P APATE@ed §)8 24 FEAR A5 201997 E AEAEA
of 23k AdEjolt) At AT A 2012135 2014744 - 2 X8 &
A= Yz AA=z =4 AA 7id 75 88 20173 S ATdE
10MWeg 24F7IAE Jid A5 Zeste] 200d 7] 24 3 J)5<tdd 7id
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2= 2035374 2F 65,000~85,000MW 2 2,500~4,000%] 32t Ax2 oAt
20163 OECD/NEA (Organisation for Economic Co-operation and Development/Nuclear Energy
Agency) T 203537kA] A ¥ = SMR AH]-&-2-& 1,000~21,000MW 2 H7}th
(OECD/NEA, 2016), A28 A A& 723} 9+ NuScale2 20353714 Al A SMR A&
< 55,000~75,000MW +E& 37}t NuScale, 2017), SMR Start Consortium-2- 2035
A 1=k SMR A% TFEE 6,000~15,000MWe 7 R2 H 7} THSMR Start, 2017), Power
Engineering Magazine-2 2035714 A|A] SMR A4S 13 @] F5E2 3711 THRay,
2018).

7lu}tle] SMR Roadmap (Canadian SMR Roadmap Steering Committee, 2018) )| A= %
AA ] SMR A7g-o] ZhAl =S 2030~2040' Atolel] 11,5009 Ut Eej= 4
A Abg Rk thewt o] FR-gick

1) A 318 A A A A, A 25 2T A5 AUy s =3y
1,100GWe 9] 4=8 oAz 1319 287t U= A1)
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(4) T34 A EA] 0 Y] F7] FF (A7 1209 ] 22 A1)

201913 NEI(Nuclear Energy Institute) X 3141 (NEL, 2019)+= H|=-2] YA X]of st
MMR 28] 27) A2 ok s o] £431),

(1) LW ATHAlaska) ol = 2H2 A TS 7H ovh th & A A idate] mjdd A
o] 3007 QJom, o]F X9 A o] F8 WH Yo A=
Nome=#]% 9] 0.41€2]/kWhZH-E] Takotna®] 1.02E2]/kWh(u]= € Ao A8
Azt 16u)) 0] a1, Hlaw A e ro] 2 2] Q1 Ketchikan (58 F3)0] 0.19¢]/
kWh, Anchorage(:147}~ 59) 0.1422]/kWh, Fairhanks(t]2/4g 22) 0.23
e /kWh<l.

(2) 3}2}o] (Hawaii), S0 2 2] 3. (Puerto Rico), F(Guam) 2] A8 872 0.20~0.40
2 /kWhg Hz oz #lu= v, HA7ts, Aete) &t 9o A
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=+ DECC (Department of Energy and Climate Changes) 27} X 374 (Edson, Willson,
Rakshi and Kekwick, 2016)°]] W2, MMR A3 A% F2Z 2035374 2F 30,000MW
(1717 sSMW= & 44, 5707) & o/t om, 848 o3 =8+ (& 113 o] F43}
Ak

oA A AF3t vle} o] SMR A& HE FA} 7|BEL SMR A|%Fo] wh)

SHAl A AdS B o3

n|=o] SMR A% 2 AF8-3} A|2HS- UAMPS(Utah Associated Municipal Power System) 2}
TVA (Tennessee Valley Authority)o]] 2]3F SMR A4 =2 A E B g o]t} UAMPS+ INL
(Idaho National Laboratory) F-%]ol] NuScale 714-& F%13}aL 91 2™, TVAE Clinch River
B0l thk AP BA] AR 31712 A3 35ke] 201613 129 NRC(US. Nuclear Regulatory
Commission) 2 5-E] F1kkt} TVAE Clinch River -#|o] BWRX-300S %33+ of
2] Feje] SMRE] A S X Foltt. 75| DOE (Department of Energy)i= SMR 7%
< fl8te] 7559 E4 o4k SR, H] &J3]= MMR 14 ¥ NDAA (National
Defense Authorization Act)2] “&-3}9} &7, MMR 2~ 17] 714d/%-§- Pilot Program 2]
FH/AES 27 HCharles, 2018). ©]o]] NEI= 7|< 2. 1249 4] MMR Pilot Program
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Nggop ST 5@ ol NEE 2 30-35 0l 714
(MW) (MW) (5MW)
CHE @I ofjn| = 10 ey, MeluH 7HsN 2,360 230
Cllolef MIE 10 AN, xt2d, MeluX Jtsy 2,500 50
AL |X| 20 2y, otyE desg, MW 7tsy 1,200 60
high | 5-20 |&ZAX| x4, HYE Rz 2 1,200 25
RPN
low | 10-40 |ZHY, &AX| AHE ARZZ 1,500 30
DEE TN 10-50 | &A1Y, fAX|, HHE dAr3g 2,500 50
HZ At FAAY, Y E R ZE, G/HYBE 8,500 0
Ol YA 5-15 | ZAY, g/HdsS 2,000 0
HR/7tA Hod 10-100 | &A1Y, XH2H - 0
CHE Stetctx| 10-100 | ZHY, G/Hd3= 3,000 0
alf Ehdt 10-50 | &XY 2,500 25
fed 7N MY 10-50 | AHY, HYE HEZE, Y 5,000 100
A 30,460 570

o th3t Guideline2 #|A|3HAA, 20273 129 7k4] MMR & 7] 24& Akt
(NEL 2018).

7Wthe] CNL(Canadian Nuclear Laboratories)< 2026'd7}<] CNL §-%]of] SMR 714
AEL- 201739 R332, AU} = 2 2]=-2] Stakeholder 2 4-E] REI(Request for
Expressions of Interest) & 2}3to], 8HA|, HEFJAL 2HA) 4 Q1 =82} SMR %] 3|7 %]
o, 7171854 ToZTE 80712 FHS Wgtow, o]F 19749 7|s EAtE Y
YR B ASE A9 o YArE ol 7|/ dAEe T2 AE 9] Ffo] %=
2 A= gkkth CNL2] SMR Raceol|+= Global First Power(Ontario Power Generation,
Ultra Safe Nuclear Corporation) F%=% 5MWe HTGRSI MMR-&- Chalk River Siteol] 744
St ARES 3te] 2019 7€ 7]F 02 3T (Stage-3) <1 CNSCe] 2747}t
7} A2H= 141, Star Core Nuclear Designo] Whiteshell 2! Chalk River site 5 32¢]]
14MWe HTGR 27] 7148 AQksfo] AFdol] Zed(19.2.15. 194 3, Terrestrial Energy
= 190MWe IMSR (Integral Molten Salt Reactor) Z1AAM A k(1 w4 £33, 19.2.15.), Univer-

sity of Manchester2} Delft University of Technology 5°] %S 2 4MW HTGR<!
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U-battery 2143 ARt (1947 22 3e)) 5o] WaAF-olr}. B3k CNSCi= CNLE] SMR A}
A= HI = /el = SMRE Pre-licensing Vendor ReviewE =33 F-o|t}. <]
9] CNL A}, CSNC2] Vendor Review 9= HE 2 7uth= 2018 119 AZF4 <A
SMR A1) T ©Jee & AL ZIoSRAL 2HIA, AR, WAL W B A A
AE7HE0] 10747 8531 “Canadian Roadmap for Small Modular Reactors” =
TH3}aL, Roadmapo] A& o= FAX 7744 H a3 39A 225 A3 (Canadian
SMR Roadmap Steering Committee, 2018), ©] 2 oj| 4= SMRo] Canada 7 Aol 1| x|
FIHE2030~2040'A Atolol] Az 63 7R A/3H ARk, 1009 £ 2] A5 A
B A7E909] E9) 1M AAEHT} A= Ao E Bk

J=2 SMR 72 913 20153 11-€ 9] Initiative(SMR Competition)E- 23} 53 T}
olol= BAIA A&l 7HE £ SMR AAE et 2T A<, 51d1F 2.5
- (49 209k 2e]) S Y A}2 R&D (Research and Development) ]| FA}5H= &0 23t
F} 2018 6¥ol| =29 9} & F29] Nuclear Sector Deal-S- 1F3£31$] =4, ©] Deal
o= /MY mEe AAZ AR Q57+ 930,569 v, Canada®] SMR %4
S S8l AlzHEoke] AT X YUF 0.329] H=rF £3E L 87)9] H] 7 4=E (non-
LWR) A B A 242} 74 2 R4 B HEES A8 otes 4t o e
Z 2 93stg.om, 2019139 87 A} F 3~47) Al SMR 7]t 2] e Ak 2137} 0.4
HLEFE F7 AL AZolrh. =3 G5 Wl A7 Bl = AR AR s
S5uint oot F7FE 79nt ahe- EE A AT oA ot

3. dH|d

NEI X 374 (NEL 2019)0]] W2 MMR 9] WH 717} 0.14~0 4122 /kWhE t]Adbd
©719] 0.15~0 6092 /kWh Rt} 712 Z A o] Qltkar she A, MMRS wHEF o 2 7
AahE BHY7HE 0.09~0332 8 /kWh® of wtopxittar a49ich 71 vha-3f NEI 2.3
Aol A [17 218 27, SMRO] A4 FrE 98, mEs), A7 s L w5
3}t 1A &) 3F(Harmonization) 7} & FFEI T S}FSIT) | FHEA W 1A (U S. Department
of Defense, 2016)0l| A= A7|2 o7 dAARE +48 D7} Qe dAduA oz
MMR<& 531315, MMR @] & 127t %, A g a2, A s da
LA717E 7] A 2o v-§ 5 ol A $-9lehar [ 2]} o] Frekaitt.
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[T12] 2] SMR ZR|A &t Hiot

Construction costs
(USD/KWe)
A

Modularization
& factory build

Design
simplification

Standardization

Light-water SMR
economic drivers

Harmonization

NNNNN

—
L L > Size
SMR Large reactor
ZX*{: OECD/NEA(2021)
[E 2] MMR ZAI7|X| &84 HIt
EE Inf=>/2N UHEEUAE  WANSIIALHY|

ol MEzt At 5MWe 172 17t 2MWe 17| 917t 0.2MWe 17| @17t

1287 tankers 515 tankers 50 tankers
LI ofH| T 35% 50% 180%
AE = 28A1t 7L OolY ~4 <1
ZoF 3 A 2e 2 e
C|2E ChH| 5|8 35% 32% 42%
2o & High High Moderate
MEl EX|H|2 Large Large Moderate-Large

FNthe] SMR Roadmapol| A= SMRE] A e A4t @77} (717 3], (18 4]0 A]
RS0l g AH A @Az, 49, 22| vl FAE S 2= = IS HoFk
IV. 39 SMR 72t &3}

A AT Z<] SMR Fl| A 71718 A 7bol) A4-8317) 71538 SMRES 4 AE
3l B4t SMRS ZA| P LdoA SHAE A2 3} 440 LA A|AE=H T AA
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[212! 3] on-grid SMR M AALEET} H| (6% EHOle 7HA)

= $200

S S180 |
g LT Ot s TR EEEEReas e STts S
£ 3 5140
= O $140 |-
8% s120 l l

5§10 [ O S ) SN | IO ——————— U ——————| R - ——
R

=<¢100 | T
B $100 SMR high 1
B $80 [ S e e e e e
o= SMR medium .
S S g6 [l e e e e e
k=21 SMR low
9§40 |
BB 20 |
Jo %0

8 No carbon price  Low carbon High carbon Carbon capture | BC, MB, QC SK Wind

~ price price and storage

wy

Natural gas Large hydro Wind

BC: British Columbia, MB: Manitoba, QC: Quebec, SK: Sasketchawan
ZX]: City of Edmonton(2019)

[J2) 4] off-grid SMR CIMH Che| M7} HIm(s I 9% B19IS 7H8)

9%DR
Mining Site (20MWe)
6%DR
9%DR
Small Community (10MWe) °
%DR
9%DR 6%
Very Small Community (3MWe)
6%DR

-40% -20% 0% 20% 40% 60% 80% 100%

ZX]: Canadian SMR Roadmap Steering Committee(2018)
| XAt SMR= F-E-H T,
H428 SMR

BTE2Y SMRE W47} A2 & AHgehs 4oz 12 Al 57
2 g AAEle] SV EHS B8 A7]5 Aatels HS AR E T 13 A% e
1] WAAE 23} Al w3 712 A= St AR
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frotal L F8 FA71715 387 vl vix|sh= dAE 44 FeE F= A e st
o] 71402 HHAS =X A=Y SMRL 7|E0 ] & Q}Eloi U tHE A
A 712 AAEt] 601d o] 9 &9 AHS BAekal lom, g i <l
87t 4EE& 53 A=Y SMR Ql8]71e] A8 golAo] ul-¢- ot P LAl AHE
He dAds AA D AEe 7|8 ST, AAE YA E %&a%m} ol 3
78 FAE 227)% A 2 AZFe] 7Nke BF8kal QlojA] 423 SMR 247
<o thek =2 AFAEE Rt itk P LA B4 A AA 75 T, 7S,
e 7|9ks &-gsto] 7t FAE A 4 glolA] A A o]tk SMR 257} 320C
AL AFE ] Qo] EE daES 7 AR DS o] 8ok TR A8
A g T}
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shube] A= Fgste] kg 5] S A
A 248 5 JE= A F, HY
12708 RER 4 A, & 924MWe o] A& AAFe 4= 9ith NuScale-S H-#3F K&
I A AES Eo] g o gk Ao 7S 9 o7 ApdslE deskE A

o AL Aol QS 3

2 o
of\

NuScale 2017\ W= A= A4 9143 (NRC) o] HARIZS A1H & o] F
2] 93 o] %S 24 grh 20200 = NRCEH-E 50MWe NPM o] A 7915
d AEZS W9k, o]ojx EFA A%< (Standard Design Approval, SDA)S- REQITE o] %
NuScale-&- Z}A}2] SMR ©]E-28 VOYGRZ ZAA3}l11, 5 W4 A7 (SpD)S
t}. T3k NuScale2 GSol|UA], A3, A EA 5 o2 HE 9] FA} f-%], Spring
Valley Acquisition Corp<}2] -8 %53l NuScale Power Corp(NPC)E A H3}al Ly~
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- NuScale®] | 53

+2017'd NRC A A% 415 4 UAMPSE INL 4]0l NPM A4 A 43

«20201d 89, NRC2] 50MWe NPM A A|Q1= A o] t)at A& &2, 0]3 9] SDA
=g

+2021'd 129, NuScale->- ZtA} SMR 9] 0] -4 VOYGR = 2AH

+20221d 129, F594 4 A7) (Standard Plant Design, SPD) $+4]

« 72} 51 3H: NuScale> GSoUA|, FAtE34, A=At S22 T2 714,
2021'd o= Spring Valley Acquisition Corp$} 33}y NuScale Power Corp
(NPC)E 4 5}aL 202210 vpastol] 447

« 12 | LA F-(DOE) 2 %-E] NuScale 7| QFo = 139 55509 2eo] x| A+
%%

* NPM 50MWe &9 o]o] 77MWe X.E52] SDA 713}

+2022d 29, UAMPS+= INL H-4]o]] NPM 7148 COL(Combined License)2] 20243
A7 A8

*2022d 74 29¢, NRC#2] NuScale SMR DC (Design Certification) ¥4 2.7

+2023d 29 21, NuScale SMR DC &3 2HAJ(U.S. Nuclear Regulatory Commission,

2023)

- NuScale SMRE] =8 &AL
* BWXT (Babcock & Wilcox Technologies): ¥ALZ A5 2 ZF7] WA 7] tjs A 2
A2
« FAblU P e dAks w5l dRkE A%

« Framatome: S}l 5 2|4 2 25 410] 417 9 A%

NuScale SMR 9] H]/A] &1+ (Emergency Planning Zone, EPZ) 47 W2]-& U.S. NRC
o] 591& Wgkon, o]= tig el v|s| 22 EPZ A o] 7F53e ow|shH, o]
NuScale SMR9] &4 5 QP 7 425 obd A) A8 g Eo|t)

- NuScale SMRO] EPZE H-A] A2 A|3+s}= #H 2] 2138] 7} 35 (World Nuclear News,

2022a)
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« A E Qb B4 == SMRE EPZ 37)2 Hul A AH oz A4 7V
- U8 LA i) PAM == 9 B2 0] Ao, 22 EPZ 7t

dow o 22 EPZ 74
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=
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1o,
n
offt
2
=
>
[>

« Risk-Informed Wi &

2
=
il
e
R o)
u)

EPZ =17] &l

« A B = EPZy 7Wd 9] 7o AAREARS] 24 818 9 H A8 HE A

39 A1 J1H w2 e] bR, NuScale2 Fuljolel Zrtole] P8 E3) &
H AP o] A E SskaL itk Frtuolol A= 2027/2028'A7H4] A NuScale
A& 78T A oln, ZFT o) A= 2029'A714] NuScale VOYGR 947418 7148 o) 4
o]t} 11} NuScaleS UAMPS2}e] & & 3}o] 7)dt Zo| Carbon Free Power Pro-
ject(CEPP)E H]-§ A5} o] mA|o] Az Q3| TRV = Jv) o] 2L d9 &

717 0] %53} e FU)9) meAE o W A% A He) §E oz nal,

- Fnjol9}e] €& NuScale Power &} Frjuolo] =8 ¥x}2 3]A} Nuclearelectrica+
=Znj]o}o]] A NuScale®] SMR 7|48 ) X|3}7] 9138+ 8] & ok 2|4 (3 ok 23 2027/2028
W7kA] Fupyole] A A NuScale 6 Module, 462MWe 5.9 9174 714d)(World Nuclear
News, 2021a)

- 2 9e] Y9 NuScale> Z&E9] 1] 2 2 AAAA KGHM ¥ & of A4 (FoF
E3:2029W 714 Z& 0| NuScale VOYGR™ 914 7140) (Business Wire, 2022)

- NuScale Power+ f-E}5=2] CFPPE =537 =2 4H:

« NuScale-2 UAMPS$} #&ale] 462MWe RO HAAN =2 AES Jfdsla
20300l 7Hs S Aol ot vl Aoz QlEl o] Fho] EATF LR A EofA
AgshHA Agle 2pdo] wAYEtl o1, NuScaleZ} UAMPS7} 3hejsto] =2 A E
8 Z A (Choi, 2023)

P g s e B 7FH o] MWhE §89=, o] 4 %] $58 tiH] 53% 35
P 71& ¥7: NuScale CEO+= ThE wj¢] =2 A E 2 w5k 23 A &)
Lt. SMART(ADIELI, 2022)
SMART (System -integrated Modular Advanced ReacTor)= 3F=ol| ] 7ldtE 100MW T2

o 23 2EY AROEMRI, o] ARE AN A5 B mre] A8
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F e, 2012 =] QFP| o RE EFAANNE A5 53, =
A=} A 7Y (Korea Atomic Energy Research Institute, KAERD)2- 2015130 AF-$-t]o}z}n]o}
9] K.A .CARE(King Abdullah City for Atomic and Renewable Energy)$} 27]9] SMART 714
% 913k MOU (Memorandum of Understanding) Z #7438}, 2019 o] &= A}-$-t] o}z}u] o} o}
SMART ¥ 7|/ 9 RS Adsi o] 718 =A% A3} gt ukat=
7FstaL et

SMART= AAE HARIS Aeste] 719t7], S7] 247, 9= B4 2 5
F8 71715 QA= oF 8] Wil wiA o2 the WA 4 AbaLe] s A
TEA 02 APl o] YAY TR AR Y S tfE sk FAl A
A = 7 gk

SMART = -2y} 7|2 24 7 330MWte] $43 4A1E dx=2=, 7]
T 7F7 = ] oF 100u] 2] *bH/dS 2531 Qltt o] AAtE = M A4} B Eo
3l Frst UAIL e AT 5 o, G5 AlFel A= s H ) 40,000 9] E4
£ ke 5 QAL A9 Aol A= H o 90,000kW o] =S Aakel 4= glof Q15 10
Al 2o3t 23 AEE ¥

F7}R&DE Fa, 20114 390 BT FFAI} A4 AL3 o] F F7b F4 =
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QoA FEAL glon, oA FHE T 7w Aot A E-8-& AL )l

Ct i-SMR
i-SMR (Integrated Small Modular Reactor)2 A4 Q] A8 RES YR}E(SMR)EA] o]
7HA B0 A EAE 7HA I Q) o] AARE 49 LA SR 170MWe
¥ QA TR RA 57] 27, WA Fa, TR
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A7} 3,5008/kW 535, 24709 37, §7-2% 7
TAARME A
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* (H7491220) 170MWe s LA (F7] 2487, B244)

o (712 =) 47] 27 wjA] 715
» EPZ(H]3A1879) = F-2] A A
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ACP1009] 7| o]gS AHKEW o] =2 AELE 201011 CNNC(China National
Nuclear Corporation)®l] ]3] A|Zke| QU th AAI= 201430 S55 AL, =2 A|12
2570 Ao A B4 Z2AER AAQFH] T HollH T I 22 AER Q)
A€t} 201630 = A DA 7] FIAEA) 2 5EH E9H 2 ok Hrte BIsle] =
AE QL 71Eel F-eete S AT 2021 dell= S Sto]'dA Changjiang
o4 ACP1002] 71do] AltE| gl o, o]= F= w7193 oJ3) Fld #H3hr|e
Al Z2AES] Agko A, 742 20221 7| A}A] AR FALel] o]of 2023 el Azt
2 AE W T2E ARV GRS o] ZRAEE= 20250 oF6571€ e 14 7]
e AX 21E AR o) gelt) o] g ACP1009] AFE T vjo| Ayt of
2} A AAIH 22 SMR 7|49 A-§-35tet A&3tE vl Fo% dAVE 2 Aotk
ACP1009] 3 Maa AF2 H7] A, A9, sl &3t 5 theFet £oF
oA LA FErE Fol= t] o|ukAE 02 7| THNEL 2022a; World Nuclear

News, 2023a).

OF. BWRX-300

BWRX-300-> GE-Hitachioll 93} 7I'#% 300MWew AFA=3t 15

g YAZ(SMR)o|T}, o] AAE 719 1,520MWesr AAIE H|S YA} E (Economic
Simplified Boiling Water Reactor, ESBWR) A A& 7|dlo & &lo] 283} 2 the3sle FE)
2 7P E ATHIAEA, 2019). =8 A EA S Z =, HeTE YA Z AHEsh= HIE78
T2 7R A, 9 Aoyl AU HY jlolk Zso] 7l ek AAes Wt A
28, *4X19Jr A BT =5 Hashe AR, Xﬁ’% T8 T e Y 24 5,

o

b A BE

At 742 AwEH, 2014d0] ESBWR A A9 jgk NRCE] A7 ¢1Z(DC)o]
w3E o], 20171338 BWRX-3009] 283} 2 w3} 7o) A1ZE Q). o]olA]
2018 A0l = =] YA 4 7]#2] ONR (Office for Nuclear Regulation) 3} AFd Q15 &
2ol #Hed 5 AJAHg) o1, 201919l 1= NRCol| AR Q152 93k hed 9 915 4]
RS AEFck 2020300 = FHricte] CNSCol A VDR (Vendor Design Review)! 1, 2

1 el CNSC7F #AQta FAF=9] 137} 7FedS AR B7Fshs 459l 13171 A, 24 ol el
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WA A Aon], 2022 1 D Aukeel A 14 )7k AHAE AS . A
Fof| w2, 2024/2025 A7 o] 71/d o] AJ&}E o] 2027/2028' 37 ol = m] = 2 Fjvirhol]
A3 &g ol AAE dA otk

H d3sro 2= BWRX-3000] 7ju}t}he] Ontario Power Generation} Sask
Powerol] 2]3]] Z}7} Darlington¥} Saskatchewan F-=]of] 7142 SMR=Z A= ]} &=
3 ol AE Yol EHE, A F, 291l T o2 571 719153 SMR A4ddl] &3 MOU
E AZAs o, Auriel ZF T oA BWRX-300S AA3}7] 93 vl - 33
S gh8al= P o] 2715 1 glth. BWRX-300-2 &< BEIS20]] GDA (Generic Design
Assessment)*E Al sto] @A X8 Folth o] 3 FE 52> BWRX-3000] A A|A 4 2.
2 Zrkelar 8-S o 4= ItHWorld Nuclear News, 2020; 2021b; 2021c; 2022b; 2023b; Largue,

2022),
2. XtMIC SMR

7t 2F '#H2ZF SMR - SFR(Sodium-cooled Fast Reactor)
SFR2 &34 4h4 530 §lal dA=&o] 2 & A
o] & glo] AAHNUIAE Aidshe A&Ro|t AFe ERY D A4 5
$oato) Leo) AR E BAH o BEE + 2 ISkl w5l o
o

883Co]7] wizoll, 7kt glo] =2 22| At |A] Aite] 7hssitt. BF w43

il
filo
%
N
=
e
ol
£
H
1
ofy
oX

N

T
2o

ARl A skl s dshs 93 @ Al GAR FAEY, 194 = A S7ARF F5l digh AR
7} B7 z Aloke 9AE 7)€ Authe] 2E CNSC 74 w419 vt TE 2 w53} 6wk
FAQ1 SB7He Fralskal, 22 Al FAIA QL Q18 7} Aol ol tidk Ak 181 7F 7k Al ARl T
o 7FAA, Tl Al QIS17F H Sl lo] HAIARI el mS FRIshH, 39 A= AP QI817F 35
AAESL] A3 3] dist HER o] DAl A TAgE BE A ANARY] X8 $h5E BUH
stal HEshe 2Rt oy, A 3 Adntell AR Fa Aol I e} A3 S Alwshs A9, o

213 VDRS 7AW 224 0 72 syt A §187} 7V Atz 2 QAANA 5.

2 A1QT - ol A - Ak A ZF - (Department for Business, Energy and Industrial Strategy) 2] ¢Fa}z, = A 5-2]
YARAZ 20160 79 149 oA - 7] FASPR}F ARG - AL - 7] 5 B3l AL

3 QoA DS AH ] Aol A7 el At o) b, Bed F 2 S Akl B 7te)
Al sk ZRA2Q). GDAE AV A Alee] ofvet AR Ak APRARl A7l wha} s
ZRAHAZ G2 201735 GDAE HAEHLL 918 GDA ZT2A|AE $hadl=t] 197 Ao 2R E]
5d AE A~ QHTHT o FE T Hrt g Fol| = o 127]9o] A Htty &

2 HN
o

A

=

ool o (= 9 o

-
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85} Bhg- 7} vhol 2ol QUi FEAS} 717159 34 £AIgle] SPAQ glo] b
5ot TEEAA Gl Wb} 7L TS A B2 290 947} &
A0 27kE7] o) AHGF AR WARS A7 AR L&A olgo] 7h
5501 Pk SFRE A2 §7] ol el AFWZAAE BAste] e 2 A=
JzhAle] G-el o8] LR s RES el Az AH 27]e) B B
AL AR} AT 2FWAL oS A, QAL A7) 98] A
gHoR B FEEe AARE Aok 3] 4F FE AE weistel 3]
QU= S8 T 57] A Y B3} 4B WY AT dulshs o)A AA L
A AH)7H 2 2.3t

(1) TerraPower Natrium

TerraPower £} GEH (GE Hitachi Nuclear Energy) 7} &% 7J¥F %<1 Natrium™-& 11 52] &
A AR AR FERI e ol £F WA % AR} 889 ol
A A AL Agete], 7145810l A 345MWe o] &39S Alstal, oA
55413t o] F1F 500MWe7kA] 288 SV Qe 58S ZH5aL Qi) 1wt
ol e} Zol A A &5 850MWhol @3t} 9 AA EAorE AFS Wzt
Az AFETrOZA S A AT TeINY] HIH AE SEE WA 9T,
E59 AUA A% AAEFHe AL H7E 2 Wdsto] AFE = JoH, v
T8 Aloll= o]E vHA] A7 2 Wglete] 288 ST e B4l Aot ol g
EAE dUA] 89 ®iFo] a0 E e F de S Awatar, =3

& e e AY L ginh
ik A9 S s R, 2019139]] TerraPower 9t GEH7F 35 712 A 2HIt). o]

20201 9])+= 1= of| 1] x| 5-2] ARDP (Advanced Reactor Demonstration Program)*o]] 417

4 HT AR 7]1E9] LT 83 5] Qg Aoz O Mu YRR Ve AT D A, @ AT
AN D FY BA 7=, O oFsE-FrE o] Ha QAR 7% A D (el SMR, 114 YAE MSR 5), @ 1]=9]
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o] 27| A2 Att) 2021 dof = 2}o] @ F == Kemmerer F-%]o]| 4] PacifiCorp
o AAalo] A2 AUAE BT 20220l A A3} A PR, e
7)ol bol ] Natrium S 2 A4 ] 2ol o oj e, Le)m Ut 2]
Lol M) 37} 2o ShusSlisu), JABA B w8 A5 315he] We o} sK 2
SKo] o] d32] SMR 7| 35 7S 917 FalzhA Al E, 18| aL =) oF
o] Ex} Aok A Ao|t}. &1} HALEU (High-Assay Low-Enriched Uranium)® ¢35 9] w| =+
W Az g5 F-53 2Ajobete] dm FE GER Qs ASR 9 ALl F
223 X" Aoz oA dF). 20230l = 714 371 417 0] o]F0) 4 Docketing® %
o™, 202630l = &4 3|7} Al o] el = o] Ut

N

Lt 127tAS SMR - HTGR(High Temperature Gas-cooled Reactor)

HTGR:= 27 05mme] $-2Hg 719 4% 783k TRISO(TRi-structural ISOtropic)” &}
Q158 AHES] 10000 $28] 1L AT Aene] AR FATEE, £ 3
HIEHd 3 ALY B4 9] 97 W& WA V)5S Algdth vEA 71A) AES Y4

A= AL Qlo] Wkl

o =] QbR 7ol 24 7kA uE kAot e 3 Bx g4 A9, O 88 7t BEE E.

G A YRR AMSH = AR P22 F8 54 O U-235 FF% 5% 4] 20% ARe] (g4

o] A8 A AR 3~5% FHEEROE EX| vk %% 0 2 71551 20% o] dto] Lz g A B8 1) @yt

2 55 EEEY =2 UX EHE Rz ed k), @ w2 oy HER o 2 g8420

AR 7P (@84 S A7), A, A% 87 24 5), @ AE 7184 - A HALEU A4 715 A)

A REog 7dk A1 ko] A £ D 5 SMR % mlo]a g dxw el 2o ek Az fd

o]—j’_ u]_& g__ﬂ]_%

13 010%7} X572 bt gk AE A4S Db, TerraPower ] Natrium Ux}FZo] gk Q15|71 &4 4

5 NRCOFO] AbA 2134 #pg ol A thedkgl #4185 A&t A Este Ao, 144 a4, F4 B3 Bl

A, A8 2984 A4 A, 71EF 714 9 b 7 B TRt 91517 A E S-S 3 o] £419)
A 48] = NRC Dockets 999021007} 9990208791 4] &2 715

7 ADEPyC SIiC, EE PyC T AR YAt 9HE3e] 1,000~1,300C O 120 % 9] o= &
A RE

3L
3T
E

ol
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o CO, W% §lo] i B 5 itk & LEE om0 9 AIRAe] &
Ae 2L 9 A4S $HY B8] Stk HIGRE SUEst wobd] 9] &
Z o

[e]
=
g 3 B Furt desteg 493 3 REst vy Al 7erlde] dasit

(1) HTR-PM
HTR-PM Z2AE= I27AYZA22 7)o W 483t 93 583 94
= 3t} o] ZrAEE T3 9 F3}shu o] INET (nstitute of Nuclear and New
Energy Technology) $17-2~0]] 2|8} 7= .0, o] Ao 7 10MWt 5.2 HTR-10
V27PN F 2] TR &% BRS 7INko = 3hal it
o

491
HTR-PMe] 58 A7) 542 o3 2tk

Atz 2E 4 HIR-PM2 7 7)) A4z Bee A5, 24 252 ¢
A2 987, S AEA), ddw 23

@ ¥zt A2’ AEFYAAE AR, WA= 7.0MPad] b o)A 2HE

® E s A5IAA A A 52 96kg/s. AF-S YAE H87]9) vt
g FGol|A 250C ] SEE FAF, Al 7thE T 75009 L2 ¢
A2 A =

@ 3= Pebble FEJO] AATE85%2 FEE. 8 WSS A F A&2 O
2 o] Fo) A, 4}YL $|Zo A, vjE-E oleE oz %18

G A 210MW ()] 71E A4He 4 = 718713 A4

® F71: 758l Y47-9] F71= 13.25MPa/567°C g 9] 57
A Bl BeA ATt R S AT B Al

F8 I o]FL 20120 AHFA Atk vk Ao A AFze) Ao AAtE
9437, 20201d0] - Ae] Az g 7)h Ao, 20210 = 187 EAPL
A3A oz vy T IARE FHstal, AA e =2ete] AlEH el o,
202213 129 9ol = 100% Z= ol AJF 3k

HTR-PM Z2 A EE= 8] 7144 35 o), HTGRS 438 datzze
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A 7PsAS AAKET) £3), 200, 600, = 1,000MW (0)©] 7] 412 918 e 7
}']’}‘94 %’7“3?10“ AAs = Ho]‘/_\_}sq @lﬁ% '?’_X]'i 7H1?__l. 7_.”;20] 2

], o]i= HTGR 7]%0] 5 oUx] Aol A Foek J3S &
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(2) Xe-100
Xe-100-2 X-energy”} 7|2 <1 pebble bed FH| o] 27t~ W 7tz 2, F-S YZHA)
2 ALgsio, ohdle] F8 4A S4e] Stk

R LEY
« Pebble Bed Reactor Design: 23 2] A& 4R/} 234 A|Ehe] Pebblez A=,
PebbleEo] QA= F o] &S Eaf =38+
« D27tz R: 129 AF AS WA E AR (AR dass Eol, 118

A HREA 25 715

55 BB A2 ol A AxtE BES Agse] e A 28 x4

1200933 X-Energy+ Kam Ghaffarian®]| ]3] A g% v]=2] 717+ A2 Xe-
100 72

(22016d: DOE®] Advanced Reactor Concept Cooperative AgreementE- 53]
Ho) 419 D)9 533z Beg 523

(320193 n]= ZHE2RE A7 7)Ao A AFEE ZHe 78 xlw suke- 9

3t A= X =38 (Harper, 2020)
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©20201: DOES] ARDPE %3] 49 2&ol|A] 409 Dol o] 2= Matching
Grant® 58|22 AR, #F A2 Xe-100 A== 714049

(3 2022'3: Curtiss-Wright = Xe-100 92}29] 37] 8 74 249 $H ZFA}
2473

©2023d: W)= Az gle] 9= Dowe] & -4 o] Xe-100 714 ) (Gardner, 2023)

918] 7= 2023\ F A, X-energy7} 7Ht 5¢1 Xe-100 YA} 9] €157} Aej= F

1) 5 42774191 91 8] (NRC) k0] ABA A1 B o] gli=t], 2018+ 9 Y F-E] NRC S}

A AH B AgPom, AM 8712 A% FH] Fo] 1, 20286 L8t A 27
Z0]™ (World Nuclear News, 2022¢), AHA| 321 W92 o83} 2t}

- X-energy+ Energy Northwesto] ZAziH]o} 917 F-X]o]] Xe-100 YH7AES 317 ¢
&) m)= DOE=X-E 737k ¢k 129 33wk 2] o] x9S Uk o] 4 (World Nuclear News,
2021d)

-2021d 49, Xe-100 7t @ AZ2- x| 93}7] 9)& Energy Northwest$} A EF 1

EJ}$El9] 33 e 2] X|7H(PUD, Public Utility District) 2} 2 A (MOU) A4
(Gran PUD, 2021)

- Xe-1009] A7 H2= YAEF gzl =0) 9= Energy Northwest 2~f-2] Z-2H]
o ¢H AFo = 34 AA

-2022'd 129, X-energy+= F 209 &&] 1122] Ares Acquisition Corporation3}2] 3}
H 3FE (Reuters, 2022) (¢ 5, 3]A} X-Energy Inc2 ¥7)

-2022d 29, X-energy= Rock Creek Innovations9} 32 3}o] Xe-100 SMR-& RPS
(Reactor Protection System)2] 3 MA| T2 EE}Q] A|E A2}, 12¢€0]+= o] RPS Z2 EE}
e e v o] 91X]9k Xe-100 A|oj A AlE-#o]E] o] A X](World Nu-
clear News, 2022d)

- 20223 79, X-energy= Xe-100 917148 $13)] Zachry Group, Burns & McDon-

8 shtel 2ol r|po] 54 ZrAEL} AL 98] AEe ATY u, ThE 2Folu} 7] ge] U &
2 919 AL AEIA ATIE B A A B0l WE NG A\, A Z2AE 18 7]
#5004 £3] A8 H, 54 53 IS AT Huo] DAL FHow B
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nell, Day & Zimmermann © 2 A% 744 € A% (World Nuclear News, 2022¢). 732
3} 99, Curtiss-Wright Corporation-2- NSSS /i @ ¥ $J31 A2k ez A
B (ANS, 2022a)

-2022\d 49, X-energy2] #}3]A}¢] TRISO-X+= 4¢-8 HALEU S8 A|zA1Ad 9] 9
57} 217 A1 NRCell A| 2 (ANS, 2022b) (7] #29] 448 HALEU 79k = A 2A14).
-2022 54, =2 AHYA] LAH 3} 17 AYZEZ (HTGR) ¥iXE 913 MOU A

. (World Nuclear News, 2022f)

-2022d 64, HlE A= S o LR| =2 X-energy 2} Frostburg FHtf gl &}=8 A
3] Ak whd 4 A]4-8- Xe-100 SMRE ¥ 7 51= <t 3 7} %] (World Nuclear News,
2022g)

-2022d 79, X-energy= 2E}2] Q9tA 3} Fjrjrio] A Xe-100 SMRE] HIX & E-3F
€23} 713 2AS 913 3 oF A4 (Dalton, 2022), 2 &, Auich AAA Y A - 3
A 3] 9F ¥ R4 (NEL 2022b)

-2022d 8¢, t}-9-9} Xe-100 SMR 72+ 2 vjx] 2 E3+ ek 713 Ao o3 o] akA

A A (World Nuclear News, 2023¢)

Lt 282HZt SMR - MSR(Molten Salt cooled Reactor)

MSRZ EF, $iHr, EFER 32 290w 445 54 B dAsgEY 94
3teto] Fg A9 sl g 2 ALgEH= SMRE A s B HjARS: dola= uHy)
o] glaL MAE &< AAVE G viA 2 ARSATE Alo) 8- glo] AA| AJee] A
T S Aot 285 Alojgith. AAE Yol I8 2 AAsF AA|F2E0]
oA TR} 4o Ao o F AR oot SR AAEL Bal7t rhssitt
MSROl| P2Hg& AR E AREshs A ¢ AFedo] 53 BEF 89 &8 A A

Yo W=

g 2N felt Aoz deid ok o719k QA $410) ZPssta g
& Wl f3te] TS A AL TP st S-890] PA BES T4
B g Ee] 24 54
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49 Ad=o] &gl AL oM =4 i 2= 3
Ul 27 2 ARz BA 2 ulg 9 7)E} FRESe] =
F7Fe] WA A7 B o] B Eths Be] At

(1) CMSR (Compact Molten Salt Reactor)
tint=1.9] Seaborg Technologiesi= VFA|dol AX| 7153 CMSR< 7idstal Qlot. o]
DAZ= 100MWe 9] A4 dAZ =, $-2ha 7|0 £3F A8E AHS-shH, WA
ALdE Y 53], 86 FASTHEFTNOH) & A= ARgsto] Atz 58
& ol B A0, ¥4 ) 75 7 AR} 34 Ao} el A8 A, CMSR @ o)
o] S A 129704 978 4= vk CMSR A AIE viA|Alo) 2~87]5 A3l
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Abstract

Global Trends and Policy Suggestions in the SMR Industry

Seokbin Park*

SMR (Small Modular Reactor) development is receiving significant attention globally. Many coun-
tries anticipate policy and economic benefits through SMRs, including achieving carbon neutrality,
strengthening energy security, and enhancing international competitiveness. These expectations stem
from the inherent advantages of SMRs, such as simplified and efficient construction, enhanced safety,
flexible installation and operation, scalability, and minimal environmental impact. Internationally, the
development of SMRs is becoming a new trend in the energy market, with leading countries strate-
gically advancing various SMR projects. For instance, the USA, Canada, and the UK are progressing
various SMR projects tailored to their national requirements and market situations. South Korea is also
aligning with this global trend by focusing on the development and commercialization of SMR technol-
ogy, particularly through international cooperation for technological development and dissemination.
Considering these situations, urgent domestic policy proposals include strengthening the cooperation
system between the private sector and government, activating technology transfer, securing competi-
tiveness in international markets, and enhancing research and industrial bases. These policies will en-
sure that SMRs play a crucial role in both domestic and international energy markets and contribute to

sustainable energy solutions.

Keywords  Small Modular Reactor, Micro Modular Reactor, Light Water Reactor, Sodium-cooled Fast
Reactor, High Temperature Gas-cooled Reactor

*

Research Fellow, Nuclear Energy Policy Center, Seoul National University (h107626@snu ac kr)
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Overall process parameters

13. Facility description

(indicating all process stages, storage areas and feed, product, tail, and General flow diagram(s)
waste points)

14. Process description

(identifying sampling and key measurement points; MBAs; Inventory Flow sheet(s)
locations)

15. Design capacity as a function of year MTUSW/annum
(throughput and energy consumption) MW

Nuclear material description and flow

17. Main material description Feed | Product | Tails

i) chemical and physical form

ii) throughput and enrichment ranges as a function of year

iii) Batch size/flow rate and campaign period

iv) storage inventory

18. Waste material
i) Source and form

(indicating major contributors; liquid or solid; range of constituents;
enrichment range; include contaminated equipment)

ii) Storage inventory range, Method and frequency of recovery/disposal

19. Container and storage area description

ZX: U.S. NRC(2020)
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Abstract

Proposed Procedures for Verifying and Disabling Uranium
Enrichment Facilities for Denuclearization

*kk

Yiseock Yoon,* Hyeongpil Ham,** and Seungmin Woo

Following the 2018 PyeongChang Winter Olympics, discussions on North Korea’s denuclearization
took place through inter-Korean summits and North Korea-US summits. However, there have been
no instances for concrete implementation steps such as inspection, disablement, and dismantlement
following negotiations on North Korea’s nuclear program. Therefore, there is a need for a self-devel-
oped manual on denuclearization to ensure appropriate verification and disposal when the moment for
further denuclearization negotiations arrives. This paper introduces cases of denuclearization in South
Africa and Iran, the general denuclearization procedures, and discusses denuclearization measures
based on the International Atomic Energy Agency’s (IAEA) inspection technology and procedures. In
summary, it describes the initial - periodic verification procedures and disablement measurements ap-

plicable to North Korea’s uranium enrichment facilities.
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Abstract

Korea’s Grand Strategy in an Era of
Global Neo-geopolitics

Bonggeun Jeon*

In an era of change and uncertainty in the international order and in Northeast Asia where multiple
geopolitical and geo-economic threats occur simultaneously, how to ensure Korea’s security and
prosperity is a major concern for all Koreans. If Korean diplomacy fails to effectively respond to
such changes and threats brought about by return of great power politics, international disorder,
disintegration of liberal global governance and U.S.-China strategic competition and global bloc-
ization, there is a high possibility that the nightmarish fate of the late Joseon Dynasty could be repeated.
In order to respond to an era of conflictual neo-geopolitics and neo-economics in Northeast Asia, it is
essential for Korea to establish a new Korea-type grand strategy and foreign policy principles. In order
for Korea to realize its national vision and national interests effectively and sustainably, these grand
strategy and foreign policy principles should be based on Korea’s national identity and consensus. As
Korea’s diplomatic strategy, this article presents the ROK-U S. Alliance Plus,” which places the ROK -
U S. alliance at the core of its grand strategy while simultaneously expanding and developing a strategic

cooperative partnership with China.

Keywords U.S.-China Competition, Rise of China, Northeast Asia, Geopolitics, Grand Strategy

Emeritus Professor at the Korea National Diplomatic Academy and President of the Korea Nuclear

Policy SocietyKorea’s Grand Strategy in an Era of Global Neo-geopolitics (jun2030@mofa or kr)
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