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| Abstract |

Natech risk is a type of complex disasters that natural hazards trigger technological disaster or
industrial accidents. Research on Natech risk has been started from the mid-1990s in European countries
and the Unites States, and drawn much more attention after the Fukushima nuclear accident caused
by the 2011 East Japan earthquake.

While early studies on Natech risk have focused on the causal natural hazards and possibility

to occur, and the resulting spill of hazardous materials from the perspective of science and
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engineering, the recent research interests lie on effective Natech risk management. Especially,
emphasizing the difference of Natech risk management from traditional disaster management,
issues of uncertainty management, integration between natural disaster and technological disaster,
and responsibility, has been drawn attention.

In Korea, Natech risk has not been introduced as a research topic. Although some regulatory
improvements have been made in nuclear safety and chemical Substance management after the
Fukushima disaster, the potential impact of natural hazards in these areas has not been considered
yet. It is necessary to raise the issues of Natech risk management in research and policy areas through
active discussion and interdisciplinary approaches.
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o] Astel 7| E st s AfArEel e A B AL A % )%
Qzetol] sojgt AFS v Ao HoE o] k. ofef Bol AR
9] ggFo g WAlstE 7|eAdS A= 8|2, ‘Natech$] & (Natural Disaster Trigg
ered Technological Risk) o] AF&= 1l Qltt. EC, OECD 59 A|7| 52 3] A

i

I

Al 712, SFBAIT o219 S Eof Natechg ol dist 2142 Wal T 7|
4 AL 9% sfolEael S AEele 5o BES XlﬁoH%:} EC= 20104 49
147)59] Natech$]® 742 93 wel3l #AAY 5 FqH02 2 v 9o

™ (Krausmann, 2010), OECD & A] Chemical Accident Programgl choFst T2 IHE
= S8l ZleAdde ol AdA e S Hhgste = oS A&ttt
p://www.oecd.org/chemicalsafetyy/).

Natech$]& o] st A5-= Showalter and Myers(1994)7} u]= W Natech#|t3-3
o Sl A AT AL A2, 1905 SR 01 I 1 5 A7
A5 o8 423 = YA tHCruz, Steienberg, Vetere-Arellano, 2006). 2000 off =
S e A S 405 Natechl el Al 59 - Aok,
e v 89S WAL euale] B Fheks A7t £ olRalth $Hol
A= 79 ¢ ¥ 3] (European Commission) 4+s}2] JRC(Joint Research Centre) 534-3}9]]
2003'd ojgrg|oof A Natecho| 3t a&S 7NFste], 8 Z=9] Adfte=
A% srdlzel WAZ] B AAE sofstdon, ofF Fuste] 20044
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Natech ¢ #H2]of st HIAE 713 v QltH(Arellano et al., 2004). 2|+ 20114
du FRAh Ao g dEEHe U HgA L BAE BAsEA
Natech9]& o] T3t #HAlo] thA] =olx] 1l ¢ o, OECDE= 2012'd Natech9]d o]
CER R EL
S UEhs U AV AARL B 22 A BT AT A o 3)
A7I2 A, stEd 59 EoflA AEE Aulshe 5 dEEE AT
71&0]1 glo}, Natechg] 3o tigt AaA Q= of A A %4
ATk & A= Tl FAR SR =9% v} gle Natech9j@ 2] 7lid 9 EA4 0
8) 27MshaL, o Hokel Uxe Y BhatRA Hoke] Y Agpe] fha AFOmM,
=l Natech?|® 29| A< HESI, 7| FRigto] w2 Al =Zete] fjd e
e E T R AL RN

filo mlo
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. Natech®IEel 7 o H7Sa
1. Natech9|&9] 7id

Natech$]&(Natural disaster triggered technological risk)2 A}<A|(Natural
Disaster)oll €13 WAIsH= A1)l AL Ei= 7|&AldS ofnjals gol2, A}
NeAde] ARstel Uehit BEAITS waith

Krausmannand Baranzini(2012)+= €129 Natechzxj9] 7d-2 “xod & 3o
2 2 Ao o3t 3}ehAtal(a chemical accident caused by a natural hazard or
disaster)”(Krausmann, Baranzini, 2012, p.1029)2t A ¢lslH, ststitil= 7|5 9 ﬂﬂ
= _ﬁ.% 7('] A, /H_,Qrg}.ﬁl—}\]kl Z{X]—‘_I ;(—ﬂok o] ];]]i xﬂZ/\]/H ':./] g].’o‘l— /\]}\4_],]_
T
Salzano et al.(2012)+= Natech$| @S A, T, HlF 52 AdAA| o] AAGAILE A
o7l $Hom Folshul, AR sl WAsHE Ay @ B0 Aol Kol
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a2 1 XAEMLE SUSts MYUALDLL Natech & 2| XIHO]

AE M (R 2 EHE S
Natural Disaster (earthquake,
flooding, hurricane..)

| |
Natech

4

A A (29 A AT
Natural Disaster (Pollution) Industrial Accident

Ab AP
Industrial Accident

A& Salzano et al (2013, p.2)

A& o] Natech?| ol tgh A+ 51 A2 o] shetz o] e ate] o] dgtoz AAxy
S 7F sk Aol S FAUh W, 2 AAA = g 2%}, 32 A8 7} ot
Gt A Qlzeto] sty g At o s e EetE A i stE = AR
ol tgt Balo] Eo}R| 2}, Natech]F o] /gL RE 214 Qi BE Q1
A]~®l(man-made system)o]] GFS F= A A - 7|4 B GO 2 st
o] ARE-E|7)% Stok(Krausmann, Baranzini, 2012)

Natech9] ¥ S R} ZZ Q] AHoA HELste AFELS Natechd o] ‘= A char
A, AifA Ty o= EAo 242 R ok &, TR28}; Do] AT B
A 93] & A(natural hazards)ol| 2J3)] 7| &AW E= AFALLZE EHA8SLaL, o] =
o135t 9]} &l (hazmat: hazardous materials)?] &= &7 2 Fo| WAIste] e A

|

Rl

O

N

Ty so2 dAd%e= A S Natech9|d o= ofsfstal {5t
| 22 2 Natech9lEo| EX
Natech
I A (R, =4 W2 S)
Natural Disaster (earthquake,
flooding, hurricane...)
Moo=y P ] buks K=y
Interdependency Industrial Accident Cascading Effects

A B (29) /
Natural Disaster (Pollution)
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ojo} 2 ZBA oA x5t 9= Natech9H o] 7MY & 542 AlAF 7F
A+ o2& 4 (interdependency) T} A 2] A A & I} (cascading effect)zt & 4= U TH(Cruz,
Steienberg, Vetere-Arellano, 2006). ©] 2|3t 3 o)l 4| Cruz, Steienberg, Vetere-Arellan
0(2006)= NatechZ|\F& “AAA Fo] Bitzola SAhEH o8 7|&q e do7)
+= A”(Cruz, Steienberg, Vetere-Arellano, 2006, p.1)°]2} 2|3} i, 7| TS| W
of &= “AFA AL 9] 73l &2 (hazmat: hazardous materials) -F-&¥ ofu g} 712, A5
5 7IRtAI A 9] w3, Algfolu ghof AR A )l FRFE v A= AEA &4 57(Cruz,
Steienberg, Vetere-Arellano, 2006, p.1)= 3Z&3}%th =, NatechY g2 A|AHE2
4+ % o]& 4 (interdependency) 2 Q18] A2 o0& WHAEls Ao, HEA|USE 7|
9o B30 Adr= NatechAdo| WA 74yt ofubrt =t

Ammann(2012, p.5)> Natech Yol thal] “AFA 2] sl aa0] FaFol ofsf wAYst
Ay o3tE= 7e4 3 B ol FnE= 34532 ¢]3(Technological risks and
any subsequent risks that are triggered or made worse by the impact of natural
hazards)” o]2} A 2|3}ttt Ammann(2012)2] A+ NatechA| o] &3+% &7 2
23 o] 42 AL Aol o4 &K Cascading effects)oll s A3t =, &
FAES Ahaa 7he) QlnbpAzE BrekA @l qlol, 1 Hel Asle] oheehs
/\]_/_\_Eﬂg] ﬂ Ji]_— ] 1 tq-al— 7}-?&%} oz Oﬂ‘o‘]ﬁo tﬂ—o]— o ]:]-E' 0&],,] XHH—O] H]—Aﬂo].___

Ag wE EFRT shte] Ao Qs oAl e ast WS E 6, 9
Aas 7t AREel o8 Ame e Adom osiEs|w Wk I,

Ammann(2012):> AR 2] @ 45of o8 LAY (triggered) sh= A HTE 0}1411} ‘o}
SHmade worse) &= AFAAL B 7]E A O] @45 714] gtfste] Natech99S A
oAtk HollA B 97t Natech?| o] A olE AT

2. Natech9]de| A75F

27] Natech?]?] A5 A= Natechz i Fo] glo] ¥
7, 2 ﬁﬂrﬁii Tysh= 15
42 % Natech?]d& 773 2l =3
2} o] A x] = Showalter&Myers(1994) 9] AL w| =t lﬂ 507 =98] W4 ] 7)ol A
gt 3E NatechA|'d A2 5 B2 = NatechZ|'Fo] 91¢10] H= AAAN T S &

ottt
Lo
o
rlr
o,
o o
m{o
12




o
Ho
o

Asto] 2 3(2287]), s2AII(267), F(167]), HIZN(157), 45(137]), #&3F(74) &
o ¢J3f] Natech#l o] WA vF3lth Tierney & Eguchi(1989)«= = AcHA A
A AR Ay o Fporryofet faet Ao e HES 5]
HES Agsl o, Lindell and Perry(1997)= 1994\ u]=; ZHg] 3 uolo] A WHAYSH
=222 X|(Northridge) A 719] JaFo g WEE = Id=dol Bt Ao A tict42
AA=do] AP A oA HEE7] ol AXgEE fHA=dY fHdrE A=E
EA 5ok strtal 461tk Sengul et al.(2012)&= 1990 o Al 2008W Afo], w]=t2]
= -5 A E(NRC: National Response Center)of X i1% °F 16,6005 72 &2
(hazmat: hazardous materials) &2 ¥lo] &= A4 93] 8 A (natural hazards)
of tjsl| &43}Ach. Santella, Steinberg, Aguirra(2011)2] Lo A= 3 g]A|¢l, #] A,
Bujol%, F47t AR A, 22he] Abgpol wet shaby fishE o] §2E AR
353 AP IL o2t

%3h Natech®| @2 FH 2o gt Ad+=0] 43 = ¢l="tl, Lindell and Perry
(1996 Ao +2& Hoby Hrbe] A mol] tecky F4ste, 2 2AE], ALY

[e}
A, AR A o e BAT uuere e BEAdo z e WA & o A
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S AR wE EAIS] vl Ad-SHete] v ggt

53 follEdR dall ARG AR 1Z

Natech$] ¢l o] 3 A= 20008t 248F §3 271E5

th7h 20119 FFAaE @ AL o] ohA]l A 20

7] Natech9]¥ A7} Alat Aato] 433 & 24T =94 &
3

2 4= ol W] gk A7EA] hFEE ok & 4= Qleh &, oA Y AAE0]
2 Natech?| &l tisl &5t #olA HZet vk, 222] Natech9]d A-+9] A
A2 7kl #we) FAS sty sl 71E Adae|ete] ApdgdS £A5k L e
2 SHAA Fa Aol dgt =2F Sdfist= AFS Hlr) 201149 o] & A<l




Natech?/ &2l 719 X #2 ¥H

Natech$] 9l @174} 7 mH Ao & 4= 9l OECD Natech$ld ¥e] $124r)4
Loy @ 2, /)| F A Natechdl o, ALFBYTA, T4 B2 5 Fo4H Ho
ofUet A8ld, AW FAS AH Z@e AHE AAsHATHKoppke, 2012)
o9} Zo] Natech$] @l Tt AT AT /M5 FHOR 19909 t) Br e T
0] Aol W, Seluetol Al ok AYEG At 2] U gow,

A AN A SHEA ko7t wje FEG Aol

hi

II. Natech¢ld&te|o £ HH

QFA e vhok o), Natech§l@ 9179] 8 A 712 ALY F3 -
7147 ol A tefsto] Mk AubAQl Tl

2l Teehs mASk= | Stk & Natech?
ol Al A, Aite] G vA= FH &F = BASs A4 dolrt,
Natech9| g o] EAof w2 F8 AHE osial o] & &
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A4 Akal o] Z(Normal Accident Theory) Charles Perrow(1984)¢f ¢l&fl, 1979
| AA Zxo ¥A AFarel nj=t s d| o]y o 2o TMI(Three Mile Island) & A}
A5 AEA ZAR st AN E o]l R, dYl 7w AR Q8 fHES Al
9 ud aclos EAsin, etd 9ue HAH Aol ohet AaHolaks A
olth. WER WHAT BakHel Hebrls AFne] A elzke] Agncis Byl 7]
&7zt Aol Q7] wEe], AE7)aEe] thaks 98l wnelE wEe] 4%
g5, A2 UYeld] ATE BA7IES ol & R4t FolE YoslH A w
R AA ol WA SAbEE AAHel o H S WAL, A7) SYow 7%
4 AoE dZel7ls e ofgths AolthEkA S, 2011).
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/ﬂE] J o] E(High-Reliability Theory) o U]-}J NASA,

F715H, AR TSI FollA ol At =4e 5
H%‘ of tisf =2 A B &= Vlee Tl AAHLR dis
T Stk Aol A2 AL ol 3= A= dAolth(el A Y, 2009; HE,
A, 714, 2008, Morone, Woodhouse, 1986; 71-2-4, AX|H, &34, 2011). 1L
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FA 3] o] Z(Warnings plus Sloppy Management Theory)+= Turner(1994)
gejd o] 2o, diqt AFAL7E 7] Aol AL, AR S0l SAFHAIT, o
2k ARt 24 ARIL7F Ak Adatel| tigk 83t df-g o2 ARal

)
5
ek Aol AAT 488 A 2 S 19102, ARAAASE 254
A3 24

ol

f m[m

e = dEo AArSHnormalization of deviance), ‘A +-2] TQ}(Culture f denial)’
59 ofujsio, Ao AL 91, 224 aQloR EACHEAS, 2011). opxere
2, 28 Ah o] 22 Reason(1990)0] 2A3E o|Zo 2 Abar}l eoji}r|7hA] @ e
AAE0] EATE Aot W] o2 HHAIS)H (accident trajectory), AFiL WAl S % ot
% d ] (defences in depth)7} F Ao Aufjat wfj A7} @hAstth= Z o]t} o] o
E A, I A=A o] 23 mpR7IA| 2, 7Fe)/d(redundancy) €H O] SRS xS
Il QU (EHA S, 2011).
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Natech®/&o| g ¥ F2 BH

A AL ol 25 AT TIeAdel e A, 2234 ade S, thAl Tl
7held E(AL A o8, 5 Al ol8) ¥ FAT weVAAY AAACFEL H F
d e o]2)E T8 FUAAAE BT 5 o ARIAALE AT o ke o
e AABIAL Utk 22y o] o]259 = 7t AdAEE a4t A
o ol A8 ¥t 24V AR &, AdA Hsiaaet 23 By

7l @77 ojme yaes ‘%E‘r‘%ﬂl A A Sske ode Aotk

oZ:
Mlo

Funtowicz and Revetz(1993)2] HE2of 2o]5lH, 32 29 Al 7HA] B LR
W& 4 tk(Craye, Funtowicz, van Der Sluijs, 2005; Renn, 2008; 7124, =4,
Qb L, 2009). WA FGEAd(inexactness)= AR =4, B4, 4 52 G4 U
EfLh= %Qf““oi 7129l A9 olgroltt HAIFAH L |

2 A0 QloAl Am7el wetko] ofsf AR A o) A=
Auto 2 5344 (indeterminacy) 2} FX](ignorance)+= 14| 22
2 okelis A1 Sl st sl SS9 Sl

- 17

Jh4 =AM B2 =4
23sty e sty - HIOIEC] =8 & 2AM0| 4o Xt/ =F9
(inexactness) (technical uncertainty) QAIZEE] HIR
TNE SER SIS e meo) st T valet A2leliabliy)
(el (methodological | _ (o o s sy M gtol e mE 2
uncertainty)
==Y OIME R ZAM - IpstN XA MATIEEO ZERI7F 0
(indeterminacy) L(e Etemolo -l - K|AIO] AlS|A mHEbA
& 21 ) - Alsl= gEtol 2| 50| A0[0l w2} TR0 TSt eIAlo]
(ignorance) y X071 LMSto2M M7= SSHAN

Ag: g, AR, kE2(2009, p.9)
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3] 7]FRsr SOz Qlet oA AAA s o] WA o] Ry

bl i
A=, Natech|#he]= o283 SdEe 34 ofd Aoz wefd A7)
8% Aol H= Zolth. 280l EATHA = dH, & ‘Rl et 2yE

28 4 ol A4S WetHeimpley A2Flole} sln Huie] AejE EEe)
(chaotic)” A|A®lo]2} gttt (Longstaff, 2005), Natech$] & o] EA||8l= Al A
7+e] "B g complex)” Al AEIL] Abefet & 4= 9tk ‘EAdgH(complex) A|AE] AFE]
LA AFE A o, Al 52 MY WollA st B2 oEAdS EAEHY, MEE
A9 dlZo] Brlsla, AR A AU 99 % Ao 8k 8 g 12X
A EATE ] Qlth B, ASETHSS Wy, S 1S 14, Z1AI M T 22
B34 0] EAfae,

Comfort(1994) = ‘EXSHcomplex) A|A®|o] T =ul-& F3f 742 glof <of3f H3}
7= BRe A w2373 A] A E](Complex Adaoptive System: CAS)2] 7d-S

53l Olﬂiﬂ A7 Aol A e B2 e geks AlASkL Tk Ao Aol A
< ol g Al Wl RSkl 7 k= A7) & 2] SK(self-organizaiotn) & &3
K2} 524 9] 7 A (edge of chao), & W BhFHSle] FHE| A T &=
ST AR dAY 4 S WEY 25 A4E AHUE 2 ¢ ok A9tk
CAS9| A F83F A2 Q12| (Cognition), 45 (Communication), £ 7(Coordination), &

xﬂ(Control)Jﬂ o|2 SIS FAo] At AR AR B ofof 5t o] WA
L

AN

A4S 23 N2 2S5 3Hadaptive) AE| 2 THS o]
7&% Aol oleigh 4el7k S AR AL she o) vhe wzka) 4
19| 3F2ly|, Comfort et al.(2004)= 7221 A3H(long-term association)} Z]<5 2]

¢l I F(continuous interaction)S 7+x3tal Qltt.

ol& 3t =90 73}, Natech9j g 9] #eli= AAE 7z Fof 7 'nF' 2 Fr=et
IS Folt dA AZaiha g & otk 712 Adels Apdxtel 9ot
74 Hw o, 127 7} GO HE ARG ARH o LEshe A
oz At - e Eoigtth 7|Ee EEE A CRE AR ARolA AL
0134—%% Natech{ @3} o] G2 & jlo] B oz wyst= A lA
=S At AY disshr] o Foh




Natech®/&o| g ¥ F2 BH

fo

= o7l AiMe A HAA Y
ATl A EdATe] HAE 9
7b dasiths F40] wol A7]= L 9o, A2 Natech$] g #He] o] 29 7

e AR ste AT e de ojdF dool BiFstA ¢E U7l

9o MBI WO Hwol Ay
o 1

o

37
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Qo] FAul YA AL GA], $ S BRAOR sH Ao AR 5 o) 217)

2
2ol 7)), AAGAN N Y Z (DA AN N Y S E=A ol A1), LA A s
HHA Z(FFATDE Ao, 4242 PPAAR A3 2atE o] e AR
ZF okl A2 A ¥ - oA, 2F 0] Al 75E ERIsHA] Ftekeh Asoh R 2R
oF AR A A 2o JRuet gl A4S Fed o) A ANFEHAH 5]
2 zAsta ‘@7 HAY-SAlE (Off-Site Center)Z A 2| 5t= 5 A2 <] A7 A A7}

.

APELTLA, 2011; ShAAF2 53], 2013). 3, Fe) Abste] Ak Uk ofe ]
=]

U RARRE PHE Wob ALHu FAT YL shob Folw BT, 73
Al el 4B 9 ikas BEom Wy

Aol BYA fhgol B
2

ARG ERAYORRE A PHE Yosto] FrARR HIsHES
of QoA Ex AT AP FAY FA B ARG ok e UL
SFASHA kol $HE FHATo] o] ol A SrokhEIUAI Y= AE, 2010)

WA lAAA BN HEA Aol A%atn HetelA BEHA Tak Ulomi
A=A ) 2} A7) AR 2 AFI A HQE e NISA)] A7 o 8HA) 287
Sah BelEo] olcks A 5 4 Alvk A AUAAR Q8] Uz o] Wrro] 27}
oto] Aol LEv} Asota ARE AFo] AR Bt AR, A 5
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R A FA] TFAAE AARI O] FEA Q] F shbolth(ldd, 2013). A 24t
21 A 9= Uehd 20059 IAEA ¢34 HEARE B, TFA} Q14

m TRl o4ke] 2wzt BEE v QLG Betal o] 5 AA 7| &

A ke Aoz Yehgrh(3tEYxe sy, 2013).

2l AN & 4 Sl ol g HoldAE el Aedd Ad gorge A

)] =

=2
X
—_
a1

Y =
QAR she Aol aatoz A 4 glok. Comfort(2005)= A 2 A
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