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Hoseon Choi, 2021, Current status of design basis earthquake level for nuclear power plant sites in operation
by continent. Journal of the Geological Society of Korea. v. 57, no. 6, p. 865-874

ABSTRACT: The nuclear power plant (NPP) sites in South Korea adapt the design basis earthquake (DBE) level
with strict criteria considering site selection, design, construction, operation, and the maximum ground motions
potentially occurring at the site to prevent seismic hazards. Since each country uses its own DBE level with a different
term and criteria for the NPP site, understanding these differences between countries by continent is important.
To simplify the different terms used in each county, the DBE is used as a representative term, and its own DBE
level and assessment for the NPP sites in operation between countries by continent are summarized. The DBE
level of NPP sites depends on seismic activity of their areas. Japan and western United States of America, where
having more frequent and stronger earthquakes than South Korea, naturally have higher DBE levels. The DBE
level of NPP sites in South Korea has been confirmed to be similar or higher compared to that of central and eastern
Unites Sates of America and Europe etc, which have similar seismic activity.

Key words: design basis earthquake, nuclear power plant site in operation, seismic activity

(Hoseon Choi, Department of Nuclear Safety Research, Korea Institute of Nuclear Safety, Daejeon 34142, Republic
of Korea)
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of| AR&-E}= ARl o|tH(Katona, 2017). 2 7|EA] 2
(Operating Basis Earthquake)2 Z|4:22] QFd-$
Aol Zagt AF, +2&8 4 71717t 716 #AE
£ ARoJAL, o] dAtollx] MER thRA] gt
shel, AAZIZAR 1 oJu)7h fARkAI, 27}
¥ O $ol2 AR Bt Ol Sol, ok
A XA (Safety Shutdown Earthquake), AA|%]
Z(Design Earthquake), A X4=5=-2(Seismic Level
2, SL-2), 7]|& A %5 (Basis Ground Motion, Ss), |
A A R (Maximum Calculated Earthquake) 5
o] Sl=tl, F7PEE WXIAA Aol Fgef 2
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3171 91, B HAEAL A S YA
2F AQJstal &7 5 AL 2o gt 5
AS(6tENA Aot ol= A9 o= 235t
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2.1 OFAlO}

A7 |7 International Atomic Energy Agency)
of W=, opA|otoll A YRR LHAE Yt =
7he =, A%, ol 48, 3=, r|Ag, ek 5
7=}, AR A FX] = 4870(2" 1), =9
9] XA A= 1427], 9F 118,710 MW <] vt
4 88K (net capacity)= &8s} St} o] &
M= F=, A, L&, D= A E AT Eet.

T A 147) FA A oF 45,200 MW 2] =
Ak 878 20 467]9] ARLHLE 295}
11 icHInternational Atomic Energy Agency, 2020).
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Fig. 1. Location of nuclear power plant sites in operation (blue triangle). The red, blue, green, orange and violet
triangles represent nuclear power plant sites located in Asia, Europe, Africa, North America, and South America,

respectively.
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FTHZ FA Y AR Hrtel 37HA] =2 ZA
£ ddsfiof F=tl, ol= FAFHY BHES S
Q1 7219 HAZIEAR w7 24 9 ARlez
1%t Z1e A A QL A A Aol gt Frtolch 7
AT BAHS F-5= A £2)9 A4S
sk aaoloh 5219 HA AR Wi g
ARAFAAR 29 HFARZIEE (Peak Ground
Acceleration, PGA)¢} -$HAHEHS 35t} %]
AAf = EAol= 2FE24 W SE524 W
o A%t AxE EZH oz vsjof gt A
AXZ 2 ANE wAHsE 24 o, 273
22 WS AR T2 27 9 24 219 o
F AN uks AL SEEA PHe 107/
s 2 ARIES ARSsied], ARSE2(SL-2)
o AAZEAAL +% FFAH7MEER 015 g
o]Ato]th(Xiaojun ef al., 2013). FHH Fx|= XA g
FE7h 5o Ao U 1@ ABG oS o
of gt} A XF0] 0.3 g ol A== A H2 7A
of AgsA] o ug AALFETFF2 A F S A
Elsflof gith Algt A0 A, AA7IEA RS
0.3 g o]Ako]ofof gtk (Cuohan, 2015). 2|3, S
= AR A 7R 9] HA7|EA 2 FA] 9] 9
A of w2} 0.15 g~ 0.3 g 0l aL, 7|2 22 vl
AR A Y 3] (United States Nuclear Regulatory
Commission) ] 1A x| % (Regulatory Guide) 1.60
(United States Nuclear Regulatory Commission,
2014) AALFANEG 0] FAE gt

Q=L AR 77 Rl oF 6,300 MWe] 2
$89E 2 2079 YARLALE Ldstn
1tH(International Atomic Energy Agency, 2020).
AR BEA LR, SHadEY g
F 3 B3k A|Zkol e Al st} XA E=H|, olet
st} XA A FR 2AF 58, WRLAYE =
1 2|70 SHefA 22 A4S &lst
A3t 2| o] A E o] ot s AR B (H
74 300 km), Z7HEHE 50 km), =] (8H4 5 km) 2
FA (LA A o) AR A= 5 471 A
=9 A4 9 AURARE 7|HEO. 2 Fitt. o] F F)t
AAZIEA 2 24 0.15 gof|A] o 03 g =22
2 A= B9 AR A7 FEES
AZIA B £ (Probabilistic Seismic Hazard Analysis)
o] oJ&f =3 =1 Q| th(Atomic Energy Regulatory
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TR WA |ZRE 7 ol

Board, 2011). Hels, ¢l ARELAL B
AAZI1EA AL FA o w2} 0.1 g~0.3 g =0t

LEL2 AA 1671 FA1A oF 36,500 MW ] &
A 4TS 23 387]9) L 295
11 QlcH(International Atomic Energy Agency, 2020).
2NN WA o F87E AIEL, FA] FH9| X]
AT 9 2S5 A * A75e
SHoM AJE ] 8717t Foll A=3] =&7]= S8t
Agk E7RsAgo] Qo Bl Al 2 dFE &
27t e’ 7P she Ao] Bt 21 -Fel of
3, A9 b7 eo] EEE dol fl=E A
wjojof Fith. s A Ao ofsf WA 7Hs4d
o] S HArA ol gt e G B oA WA
A9l MR A dsinta YzEs AAE A1 Y
o 323 A2 5 J== A E |0k sh=d], o]
3 AAF-S 7 &R s Ssefal $HfNuclear Regulation
Authority, 2006). 7|FX A ‘FAEHZ LS
Sxstel ARl AUE T AR BHA o
I sz A5 0] ek FA] o wht Ss= 0459
g (Higashidori 5-#]) ~2.347 g (Kashiwazaki Kariwa
FA)= AA= e, g AASHAHEH
A& AFE3ITHSeismological Society of Japan, 2015).
F714 24 7HPeriodic Safety Review)oll= &
EEA AA e = A& sk, ol 23kt
Hgo] givte W7HE AAISHA] ¢feH, Hoj= 549
oot g A F7HE whRskal k. sk, 4
AT L FR) 9] AA7IEALS FA o uh2t
0459 g~2.347 g #&0]aL, U2 If AASHE
BT o] YA ALETI

=2 @A 67 FA| ol A oF 23,800 MW ]
& E8FS 2 2579 dAHTHLE Y5t
Qlt}(International Atomic Energy Agency, 2020).
AR AA| R k= B A 2 A B A7
ST Ao AR AARE FHHeE 1
25t 2o FAREE 320 km o] A o] o
3 21 8l A 2ARE F3te] AR EAY 2t 211
AATF2TE 2T A=, A0S T
A = 3l ALz gld AdTxo|d, d
4 e A, A, AFEHRRE Tl TEHA &
Ql=|ofo g}, A A A 2, A AL T A
H 54 A2 IR = o, A|xle] &
Ao 2 IS Aol SE o= A3y



868

7hs/dol YR A9 em PPt FAAA AN
o] 2% o= ool thet A 9l d B4
d FF 7 Hdl FEEA AXAEE £
Pt B9 FARA XX 0.2 g (A%

2103 g)2 245 AcHChoi, 2014). B84, 3
2 PR 2R AAV|EA DS B o
202 g~03 g 2Fo0|7, 7|RH o2 ) Arte
A ¥3] FAIA A 1.60 (United States Nuclear
Regulatory Commission, 2014) AA-$EAHEH

3 s A S AT E Y o) G4 AFE I,

5}
pe)
X
7

22 7Y

oA AAEEALE Fdh= F7H= of 2
Yo, W7)of, E7l2jo, A2, HHE, TS, =
o, F7H, U4, Fapyo}, gAjof, £2HF|oL,
&2uYo}, AQl, A9dl, A9)A, 2380, G
= 5 1871=<ld], YL BA= 71702 1),
29 =91 YREEAALE 1827], 2F 160,370 MW 2]
HER 4 88k £33l QloH(International Atomic
Energy Agency, 2020). o] AojlA&= ZghA, Ao},
Saztol, Ge) Al Abm g,

ZFA= A 197 FAolA 2 28,500 MW &)
HEA 2 8O ZHn 587]0] AR P LS 9]
3l YJthInternational Atomic Energy Agency, 2020).
AAZIEA R e 2F 2 P2 A A
AleflA sl & XA =S 4 skt AREE
t} ZJYrFsA12(Maximum Historically Probable
Earthquake) 35 FA]o] tjsf 7} =2 N =E
A&t AR B ARSIt AR FHAHE
HOE 7|&E L, AR FEe X UZlolE 2
A ezt ok 24 R FAFsA ROl s F
%] 2] Medvedev-Sponheuer-Karnik %= S0 A
AA71EXZE Dt BAE T FE2Eo AA
712AZ A FAHoR HAIArsA% 21
Zof I& Hst=d|, Medvedev-Sponheuer-Karnik
Ao [ 271 ANHOR S5 ujpAse] 2u)
37t AFE=E AAech SHAYEY S dut
Moz rjrksAI Ao 2ls]e Richter) T2
2 058 4t 371 Adste] HE=rHFrench Nuclear
Safety Authority, 2011). 7| E2& o2 ¥rx A7} 9
A% A Fof| A A 1,000 Fet AT F )™
Hoh 5 & Ao dE 5 U=E AT Ae 87

[l

fol

st e, B2 27 Aold 598 2EE A
A= 492 SIGMA (Seismic Ground Motion

Assessment) ZRZAE O] AvER 20160 TafA
5o gl 3= cHNuclear Energy Agency,
2019). H2jstH, g AR A A HA] 9 A
71EA % B0 AAE A4 49
wet01 g~03 g 5:320]7, AASHANEZL 7]
2 7kews|2e) Yok BE, vl AR FAY
23] 7#AIR13 1.60 (United States Nuclear Regulatory
Commission, 2014) 5= AR&-slc}.

ZAJol= FR 107] EX| oA <F 28,500 MW 2]
WA 8L 2 377]9) PAYLHLE
3fal gici(International Atomic Energy Agency, 2020).
AZErH o7 7y B2 = AA7|EA1% 1 FAA A
Aoz EA4A 7). gAloto| A= 1,000 1
H F] oA sz o] =S AA7)E
A Zolatal staz, 10,000 ] 10 F2| oA A
She WlEe) HrjAlEg ey A K Hole gt
(Russian Federation, 2012). &, 2| A|o}2] QPR A
A|%lo] o] AtollA] ThEAL Gl A7 IR X B
Hobal £ 4= itk 74119 PR A% Medvedev-
Sponheuer-Karnik-64 7]&2 2 V~VIIIo]H, X4k}
&0 202 (0,026 g~0.25 goJtiRussian Federation,
2012). =5k, Ao AR BR] 9] 47
71EAZL Ao whet 0.026 g~0.25 g =],
Ao} A AASHAHER O] A4S ARE3IT

$Feto|vh= A 47] FEA] A 2F 13,100 MW
O] A A HQukS 7= 147] 9] AR U ALS &
@skaL et fAgo|uolA &F F2A ZE FA
AR} AA= 19709 SRt AlE Al 1S
SEA717] A8l FREATE o]F I FE "
TA| LA 7| BIARRE aEste] FAAAE AN
Askal o420 2 FA1E AWkl 53, 27
A 29 AR (EAA AL Z iR 7)) =
Sc(State Nuclear Regulatory Inspectorate of Ukraine,
2011). A EA1o) I2H A2t G F 7
2 9] AR AL 131078 233t M52 747
Medvedev-Sponheuer-Karnik-64 F=of wZ VI
O A& W HFEAN7HEE 0.05 go|w, RA1{ E
AR 2700l wet A} E 2 2R HEA ]
SE Zuo)d SR FAAET DAk
4 A FA B et F7H ASANZARE AA

)
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Ho

st4=dl, South Ukraine 2] 2] 739~ HEX|5k7}k
21 0093 g©] 30% B3+ 692 5012 go] %<1
%] $itHState Nuclear Regulatory Inspectorate of
Ukraine, 2011). A 2]3}H, $-Iatolt Lxpedbd
& BR8] A7 A7 FAof whet 0.05~0.12
golo, $asfollt g AASTHAYUEY BAHL
A,

G @AY 770 RAA F 8,900 MW ] 24
4 87 2= 157]9] YRR HAS Sl
S tH(International Atomic Energy Agency, 2020).
F= AL L TR ATEARL At =
IRIE7F1079 A B2 gy Go] A WA
e s AR W7 whie, W] digt
A .87 19801 o] Foflof S = it A 9
A AT Qs He FAY A =S =&}
7] Y&l ARgE HHEELS R FA S| H e (Seismic
Hazard Working Party)o|gtil 83+ A&7} 9
dofl oaf) 7T e ok WA 2] 9] 7]k
F7hs BE FA Y AATZIEA tiet HFARE
7IE=E Algshedl, #4194 AA7IEAZE 013
~0.25 go|t{European Nuclear Safety Regulators
Group, 2012). 20153 ¢] Hinkley Point £X] Al
57)0] it BB A AR BAo] =%
O} ZANEA] ko, 2016 9] Sizewell FHX]
A7)0 that SHEEH AUAHE 20| 43
Zo]AtHNuclear Energy Agency, 2019). |5}
H, G AR A9 AT EAI LS A
of w2t 0.13 g~0.25 golw, F= 1f HAASHE
HEY F4S ARSI

23 of=Z2|7}

ofZz|7to| A US| AAHEHAE 293t
+ =7hs "otz =0, Koeberg
AHTAL FA VH(EF D), 29D FU LA
Aae 27], 9F 1,860 MW BHH 4 &8585 &9
3}al Qlth(International Atomic Energy Agency,
2020). Koeberg A} 9tA A= 2|20 E¥3] A
9 4 JES AAE Azol AEL F oht
oft}. YA 1970t Sut AW ATE o)
712 10 kmof| A 5 7, FF717h5= 0.3 gofl A
g 5 =5 AAIE I Cape Town Ao A 7]

E9 7Pg £ A7 18094 Jan Biesjes Kraalof| 4]

TIPS

TRl HAVIEXE & g 869

BRAgslE +& 6.59] X]Fo]%ith(National Nuclear
Regulator, 2012). Z&5lH, dolzel7tgd= A
A4 A ] HA | ZEA AL 03 golc.

2.4 S0HH2I3}

o)t M AL ALE 2Pk =7t
< Mt WA=, vS 5 3=, AR
& FA= 2(2d 1), 29 ¢ dAETdeE
1167], & 112,000 MW 9] #3814 858 S35}
1 @ltH(International Atomic Energy Agency, 2020).

bt @A 470 FAA 2F 13,600 MW ] 1
i 8% 2= 19719 dAHEHALE 295}
11 Qlth(International Atomic Energy Agency, 2020).
Autte FEEH 183 2423 dAVIEAR
B7F AT S ARG FEEH A2 A
ARy 799 FH=Z FG ANSETE o183,
F8 2719 FHE 7158 oyt Asfel F=
Z1ogke AR, gAY R 7|E wEsE
nejaiet. ol W ANE wEse) BEY 2
Ao} BAz 0] ) i 2AHe B AATE
o gt =8 A 7hsAdS ZEIITHNuclear Energy
Agency, 2008). 201549 7Muct =7t AEIES
Azt 52} A= A =7t Y= Tk (Nuclear
Energy Agency, 2019). &&27 HI2lo] 25
g ARGE ATsHA Fshe EF ARelA 7t

5 2| A8l 2HeA A 28
Ttk A= 2 B/ E= g AT =
At BT 9] F8 2A 7HsAdo] B A
e oA A=A g= -7 o] A4S A
231tk (Nuclear Energy Agency, 2008). 2|34,
it AR A FA] 9] AAZEARL 03 g
o, EARA|RE Bl R F 27 9] 2714] At} 11
# AASHAHER ] AL, BEAR|NES] 75 2
Ef SFA ol w2k AA g

HA = A 1] FAAA oF 1,600 MW gt
Aa &8FS 2= 79 YAHTHLE 295
11 JtKInternational Atomic Energy Agency, 2020).
Laguna Verde 57|19 277|127 219] $542 2
Slat7] 98] A1 EA R HprisE BhE
dlo|Estsith. BE Ao Yee] AASTAHE
e AA7IEAZ AE 3 dH0|E 3o AR =
4 SHEYUEY VSRS THeE AR &
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QU= Qe wahA] A7 EA R e kel HE
AR7HEE 024 g& do] FX|9] AA71EX710]
SaEsitkn ARA I} 2Ae] A7IZEATE 026
go]tHUnited Mexican States, 2016). =] s}H, 9]
Az QA 2] AA71EAE 026 g
ol3, 712 H o2 0] AU FAXL
1.60 (United States Nuclear Regulatory Commission,
2014) AASHAHER O] A2 ARSI

n=5-2 @A 5771 FR] oA oF 96,800 MW o] 2
A &8 3g 2he 957]0] AAUHLE 299
SJth(International Atomic Energy Agency, 2020).
+3 T Tae GARRNEZR 4] 2D 2A)
FAIf JRE A AEsS 2T T
AAAES FAZA Y A Ee 2ARCH, 22
oA & 7P & AZE 0]838te] ARFE dot
Wk olziet 2REH HLRAS BE AU}
AZ$g0] FRjo] ofH FL 1) 4 YA
ZAehe SEEA A om At o] A
A8 54717 59 AHF AZ1Fo] Yrp} F 7}
s54g0] QXS ST AR ol AAETAS
Azl A5t wHse) AAAset WAAA BAR
A7) SIo) SEEH R 4571 ATEAL A
B3 E 31l QJrk vls $55(Central and Eastern
United States)= YR O 2 o] A Ho} gjzF o
2 BATE0] A9 gl Be-F7 AUNBEE A
do|t}. aujehe 1811~18124d 37) 28 X2(Y
o2 AMEEIE 258 T2 7~77)0] Tl
FHO A4 A g FEESU) o] AX2 Missouri
Z9] New Madrid 23] o] A 2rA5}4th 188649
= 2 AR(F3]E = F 7)0] South Carolina
9] Charleston ]l A] TAYHAT. o] A%
HR giE PR vl= FF dFEE A HolA
LA, ol et QALY AbSo] et A4}e vt
s AAS BAolH neiE o). vjFe HlHe
2 X9 9 AXF 2dof i 22 ARE H
BRI, ol YHloIES EAT AR nw 5
TR gF o tigk A A= Fggho] oF
T S71%E A2 YR B3 v]52 A
7Fol€)o] AE I Ao AREHE = SERol
o3t 22 m)= K- Z2AFHUnited States Geological
Survey)®] A WA E 247HE A= B8t
o @A s SR AAEEHL RA A A

a2

al

[l

fol

rx

o] FAY 7hsAd2 A I o] HrtollA o
AR R E S 4 Grhe 2 ¢ 4 gl
(United States Nuclear Regulatory Commission,
2010). g =f5tE, vl= AL F2]9] A7
A7 BAo] whe} 0.1 g~0.75 g $:0] 7, 24
o whe} Thopat AASTATER Y] YA 48T
THUnited States Nuclear Regulatory Commission,
2010; Reuters, 2011).

2.5 Hotm2|7}

ol 2|7l A e sk= =7t
£ olzdE Y, Bekd 5 2], daeua
FA =370, 9 5 IS 4AE=57], 983,500
MWe] EPi4 487k 2851 QJri(International
Atomic Energy Agency, 2020).

o2 JIE| U= #A 27 Aol A ¢F 1,600 MW 2]
AL 83 2+ 3719 dAgEdaE &9
3}l Qlth(International Atomic Energy Agency,
2020). Atucha £X|&= 32 AEFE AFoz,
Atucha 157] B2 AA7|1 2L dAkE= 2o
EE 005 g& 7o dlo, HoeurisE
015 g & FH=F7IEE 0.075 go 2 A =St
o}%, Atucha 257 ZAo|H AHER Ao
olgt BA TG BAL 4 Atucha 2R|2] HER]
H7HEEE 0.1 gofl sfgditta 2423 Wiled,
AL 25|H 2 559 Aoz RA|ofA F
%02 20 km Ho}Z| Parana THFolA] AR Ao =
F5F9thAutoridad Regulatoria Nuclear, 2012).
Embalse §-7]¢] 2af AA7]Z22] 12 PGA 015 g
o2 HdAE e HA-SHAHEHLS Housner
o SHAHEFo|th BA]8 EAS 125l s
AWk 2E AFEAgo] SR Tt o
29 2] AL F == HA A0 AL Fof dAF
H ARG Z%20] g5 %o} 19834 D’ Appolonia
= Hoh FAStE T 2420 A 2 AP RE
ARgsto] £2) 9] 2170330 et 2H 24 H7HE
Fsigon, FFANIEE 026 g2 SS3HA
o} o] gh2 22 dfjof =3 H SFEEA A=
EAolA oF 7,000 9] 719 I ek &
Al tHAutoridad Regulatoria Nuclear, 2012).
AeE]otd, of=dE Y AR A F2) 9] A7
FAILZ FAof w2t 0.1 g~0.26 g =012, 712
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States Nuclear Regulatory Commission, 2014) A
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Bapd2 @A) 171 A4 2F 1,900 MW <] &
e S8 e 2719 dAEEdas 290
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11 JcKInternational Atomic Energy Agency, 2020).
B2 AQASF =7 @2 vetoH, #x]2] 47
FEARE okl A] 53 HEARIEE 0.1
go= AAH U 222 o2 Aed HA7|EA
e BeEd AN ol ofa) Aeel=igict
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Fig. 2. Worldwide nuclear power plant sites in operation (black triangle with white contour) and global seismic
hazard map (Giardini ef al., 1999). The hazard map depicts seismic hazard as PGA with 10% probability of exceed-
ance in 50 years, corresponding to return period of 475 years.
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Table 1. Design basis earthquake level for nuclear power plant sites in operation by continent.

Continent Country Minimum (g) | Maximum (g) Reference
China 0.15 0.3 Xiaojun et al. (2013), Cuohan (2015)
India 0.1 0.3 Atomic Energy Regulatory Board (2011)
Iran 0.2 0.2 State Atomic Energy Corporation (2020)
Asia Japan 0.459 2.347 Seismological Society of Japan (2015)
South Korea 0.2 0.3 Choi (2014)
Pakistan 0.2 0.25 Pakistan Nuclear Regulatory Authority (2016)
Taiwan 0.4 0.4 Taiwan Regulatory Body (2013)
Armenia 0.35 0.35 Armenian Nuclear Regulatory Authority (2015)
Belgium 0.1 0.17 Federal Agency for Nuclear Control (2011, 2019)
Bulgaria 0.1 0.1 Nuclear Regulatory Agency (2011)
Czech 0.1 0.1 State Office for Nuclear Safety (2011)
Finland 0.1 0.1 Radiation and Nuclear Safety Authority (2011)
France 0.1 0.3 Nuclear Energy Agency (2019)
Germany 0.051 0.173 Federal Ministry for the Environment, Nature conservation and nuclear safety (2011)
Hungary 0.25 0.25 Hungarian Atomic Energy Authority (2011)
Netherland 0.08 0.08 Ministry of Economic Affairs, Agriculture & Innovation (2011)
SHIGpE Romania 0.2 0.2 National Commission for Nuclear Activities Control (2011)
Russia 0.026 0.25 Russian Federation (2012)
Slovakia 0.143 0.344 Nuclear Regulatory Authority of the Slovak Republic (2011)
Slovenia 0.3 0.3 Slovenian Nuclear Safety Administration (2011)
Spain 0.1 0.2 Consejo De Seguridad Nuclear (2011)
Sweden 0.11 0.15 Swedish Radiation Safety Authority (2011)
Swiss 0.12 0.15 Swiss Federal Nuclear Inspectorate (2011)
Ukraine 0.05 0.12 State Nuclear Regulatory Inspectorate of Ukraine (2011)
United Kingdom 0.13 0.25 European Nuclear Safety Regulators Group (2012), Nuclear Energy Agency (2019)
Africa Republic of South Africa 0.3 0.3 National Nuclear Regulator (2012)
Canada 0.3 0.3 Nuclear Energy Agency (2008, 2019)
North America Mexico 0.26 0.26 United Mexican States (2016)
United States of America 0.1 0.75 United States Nuclear Regulatory Commission (2010), Reuters (2011)
South America Argentina 0.1 0.26 Autoridad Regulatoria Nuclear (2012)
Brazil 0.1 0.1 Government of the Federal Republic of Brazil (2016)
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