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Abstract - This study presents an evaluation method to estimate the damage scale of chemical storage tank
of petrochemical plant due to the earthquake that is likely to occur among NaTech damage types. Based on this,
the risk for damage reduction of chemical storage tanks was evaluated. As a result of the study, the risk of the
storage tank increased greatly considering the earthquake, and the risk was greatly reduced as a result of evalu-
ating the proposed measures to mitigate the damage impact on the earthquake. This study is expected to con-
tribute to the research on the reduction of NaTech damages such as typhoons and thunderstorms as well as
earthquakes, and to establish an emergency response plan. In the future, it is necessary to systematically study
and institutionalize the risk reduction measures considering earthquakes.
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Compare results
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Fig. 1. Research method scheme.
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Table 1. Frequency of initiating event for alte-
rnative scenario

Division Frequency of initiating event(FIE)
(yr-1)
I-1 Pressure vessel Failure 1.00E-06
12 Piping rupture/100 m 1.00E-05
13 Piping leak/100 m 1.00E-03
14 Atmosphere tank failure 1.00E-03
I-5 Gasket/Packing blowout 1.00E-02
L6 Turbine/Diesel .engine overspeed with LOOE-04
casing breach
1-7 Third-party intervention 1.00E-02
I-8 Lightning strike 1.00E-03
19 Safety valve open failure 1.00E-02
1-10 Cooling water failure 1.00E-01
I-11 Pump seal failure 1.00E-01
I-12 Unloading/Loading hose failure 1.00E-01
I-13 BPCS instrument loop failure 1.00E-01
1-14 Regulator failure 1.00E-01
I-15 Small external fire 1.00E-01
I-16 Large external fire 1.00E-02
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Fig. 2. Scheme of risk assesment for NaTech.
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Table 2. “Probit” functions for equipment seismic
fragility(Y: “Probit” value; PGA: peak
ground acceleration)[15]

. . . Dose
Scenario|  Target Probit equation Dose, D units
Seismic Atmosph,

storage, |Y = -0.833 + 1.25 In(D)| PGA |g %
event
unanchored
Seismic Atmosph,
storage, Y =243 + 1.54 In(D) | PGA |g %
event
anchored
Seismic | Pr ized
CISTIIC | FTESSUMZEC |y 5 146 + 0.884 In(D)| PGA | ¢
event |storage, any
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Fig. 3. Seismic mean and percentile curves for
Ulsan[13].

Table 3. Probability of failure on demand of active
IPL

Qe AP AT

o] 75 AEP g2 1.00E-022 85k g5t
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Table 4. Probability of failure on demand of passive

IPL
Division IPL Contents PFD

Reduces the frequency of

P-1 Dike large consequences of a |1.00E-02

tank overfill

Reduces the frequency of

P-2 U.nderground large consequences of tank|1.00E-02

drainage system
overfill
P-3 Open vent(no Prevents overpressure 1.00E-02

valve)

Division IPL Contents PFD

P-4 Fire proofing |Reduces rate of heat input |1.00E-02

Reduce the frequency of

. . Blast
Al Detector and Immed1a'te detection and LOOE-01 P-5 wall/bunker large consequc?ncy of an |1.00E-03
shut-off valve action at leak explosion
A2 Relief . Preve'nf from exceeding LOOE-02 P6 Inherentl?/ safety Redu'ce the 'consequence.s LOOE-02
valve/Rupture disc| specified overpressure design associated with a scenario
A3 Basic process Basic process control LOOE-01 p7 Flame arrestor Eliminate the potential for LOOE-02
control system system flashback
Other Acti Othy i
A4 er C ve Other Active protection | 1.00E-01 P-8 er pa.s stve Other passive protection |1.00E-01
protection protection
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Table 5. Chemical accident risk for hazardous
chemical storage tanks
Chemical Nmber of residents FIE Risk result
substance in the affected area
Chlorine 50 1.00E-06 5.00E-05
Toluene 50 1.00E-03 5.00E-02

el AR FEYAT 4GS
ARt g 2 ARgsH= EFdlo] Zkz)F 1.00E-06, 1.00E-03
olgen, Bl Am PYRLE gho] © A ot
E}‘;Idr F3 9FEL dA ARE3 5.00E-05,
S50 AR 5.00E-020.8 2AIEGOH, EF
dlo] @arct & 919 =S ey th(Table 5).
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NaTech 113 ¢Jd =& ArAsH Adlo|th A7F %]
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Table 6. Risk result according to Ulsan earthquake annual exceedance probability(AEP 2.00E-04)

Chemical substance

Storage

Failure Probability

Risk of accident
considering NaTech

Frequency of accidents
considering NaTech

Chlorine Pressurized storage 0.1 2.10E-05 1.05E-03
Atmosph, storage, unanchored 0.02 1.00E-03 5.02E-02
Toluene
Atmosph, storage, anchored 0.01 1.00E-03 5.01E-02

Table 7. Risk results when an earthquake occurs(AEP 1.00E-02)

Chemical substance

Storage

Failure Probability

Risk of accident
considering NaTech

Frequency of accidents
considering NaTech

Chlorine Pressurized storage 0.1 1.00E-03 5.01E-02
Atmosph, storage, unanchored 0.02 1.20E-03 6.00E-02
Toluene
Atmosph, storage, anchored 0.01 1.10E-03 5.50E-01
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A E, Y 52 AT A AakE
Al NaTech 112 Abandbagulel= 92 1.00E-03,
EFAS FAAYA, FAYAZE 22 1.20E-03,

1.10E-032.82 ZALE o] da AFYart 7P S
=g YeRdck NaTech 18 9=+ F4 5.01E-
0202 2AMEQLAL, EFA) F47], YA—LAT}
Z¥Zy 6.00E-02, 5.50E-010. 2 ZALE| ¢ tH(Table 7).
AEP 1.00E-02& #-&3t NaTech 118 {gz+=
Table 59| 2}etAtal P T} vlWE|A A9}
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33 malYE XYY YT HIt

Table 82 NaTecho] t3dt otAA FAS 5t
9|5 g &F #74¥ (Mitigation measure) S #-8-3t
Ageae] d=E Brret daE dehdch g
3 g3k A7raH -2 Table 3, 49 @49 B3 A
A digt 54 9 &4 IPLS 28519
o} YEE9 Hrle A7k AEPHIE 9 Al
270 ol w2 2ALS 9]8] AEP 32 2.00E-04,
1.00E-02& Z+z} 7]&02 39}

71 AT} P EE AEP 7|& g 2.00E-049] 79
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Table 8. Risk results for application of mitigation measures

ical Risk results
Chemica Storage IPL PFD
substance AEP 200E-04 | AEP 1.00E-02
Detector and shut-off valve [A-1] 1.00E-01
Relief valve/Rupture disc [A-2] 1.00E-02
Chlorine Pressurized storage 1.05E-09 5.01E-08
Basic process control system [A-3] 1.00E-01
Underground drainage system [P-2] 1.00E-02
Atmosph, storage,
Open vent(no valve) [P-3] 1.00E-02 5.02E-04 6.00E-04
unanchored
Toluene
Atmosph, storage,
anchored Open vent(no valve) [P-3] 1.00E-02 5.01E-04 5.50E-04
Table 9. Evaluation of mitigation methods
M/N ratio” M/R ratio”
Chemical substance Storage
AEP 2.00E-04 AEP 1.00E-02 AEP 2.00E-04 AEP 1.00E-02
Chlorine Pressurized storage 1.00E-06 1.00E-06 2.10E-05 1.00E-03
Atmosph, storage, unanchored 1.00E-02 1.00E-02 1.00E-02 1.20E-02
Toluene
Atmosph, storage, anchored 1.00E-02 1.00E-02 1.00E-02 1.10E-02

1) The ratio of risk for application of mitigation measure to risk of NaTech
2) The ratio of risk for application of mitigation measure to chemical accident risk

-85 - Sk 7}~ 8F3] %] #2249 A|5% 2018\ 102



5.02E-04, 5.01E-040]31.2 ™, AEP 7|5 7} 1.00E-02=
9 501E-08, B2l Py W YAz} 242
6.00E-04, 550E-04 5202 ZALE it

Table 9% w|ajJF 4@ <] B7HE 915) Na-
Techo] 11ej®l S1E W sohaba §1F o] ot
gl AddHe 48w 4493 PP
M B Afolth. B4 AWE Asnw 24
A= AEP 3t 715 2.00E-04, 1.00E-029]| 4] M/R
3 M/N ratio go] @e B2l mE 1o]5te]
o= zabuol, AR e sl daF At
g3 olF 1Bl obd Ao vekyth.

Iv. o &

r

A7
v 5

3
i

9] NaTech ¢

ol _O‘ jg OEL (ﬂjf;
k%)
L

ob rint
of o
o
oE @
1o
=

22
82

o, ol 9
e A glel dol= A8H 4
EP 7 1.00E-02 #-8-3}4 44 ¢t NaTech
dre HaldaF AL Hrtel gt
3 S 28 Agskleh & SAAY 9 A
ARIEE $17F 0.00023](5000d 0 13])2] vl
WEPHEH13]. ol AW IANES 123
AR EAbR| ol o] A 7] kAol gt TsE
o7 vehd 4 gl ofEol gtk whehA
T HaFF AL BrrollA= A
= 13]/100d ol 3§33H= AEP #k-& -85}
SEQIth ol AR A T FEF A
|3 9] =T A MY F =S H|
dupetFo] 2ol 7h gleAlo] gt HlaLet
NaTech ¥ A] SFshAbaL QIF =7 2y Ao 919
T F7F Ao BrHE 9Ieh AE=EA &8 EQich
A3EH[17]= 50 % SEZ AA-E7] ko] B
Aal= PGA Zh 0.859F %3138 (AEP) 2.50E-06
Ag3sle] LPG AAe=2] NaTech §FAL
Hrstgon, LPG AR ae] £48ts A
3l Cozzani et al[15]2] Ao A A A FHF=
e 98 L8 AgHa zaH
g3kt 2 AoA= AEP g A7 0.013]
A% 2HYEHE(AEP gh 1.00E-02)2 2-8319itt o]
AR A xlo] WS 9w P Az e

[} (e}

o
L oo ofp
g

N

f »>

Llom T o oo
-~ O .
oo

Oié n.llﬂl ﬂ-‘

4

‘9

o
o I

¢

>

S

Bl rE @ aZrhr oX o HT pX o kI O O Ho N g R ok ot

9 o
£ o

Ut o

e o ]

S

e

fr

KIGAS Vol. 22, No. 5, October, 2018

e

H71E 915) 8519 ek PGA ghe o] @vl[13]
o AN FREY EFLAY TFsHol AXE
7% o ARt Gt 0.2 g8 2 gsto] Al
g sle 9= g Agstant

Table 59| 3}opAba SR EL GAYAS AHG
S 94 AgPash JUYAE A8 BT
A Aol A thehich £ Aol A HE
G o) Tt FIE k9] ol ofsh APy
Ark £ Aol JFUI o Fulst AN
Yol FHSE welshd 9w 508 A8tz o
Bol g4 PPl FEst BRA A
woh B Uehd e o] gl duki ohyth

Table 62] AEP %} 2.00E-049] w2 NaTech 1L
o SIFE ghe AvnE gh gDzt kbt

=N
[¢)

rr

1 gl@Eet vlaws FobeS & 5 ek ol
A A 7o) WASA SFEA T AT S 9 7}

Aol gl Saele] AgEa shehta 9
=7h X7 et A gl A AT 9l
Sut ol S-S ofujait. P} B ot

Q4 Aot G AW WAy AEP glo]
AR ol 2§57] witel vebit Axtolct.

Table 72] AEP 7} 1.00E-029¢] w2 NaTech i
2 Q¥ = 2k Al EE AEP %k 2.00E-04¢] w2
A= v AEP 3t 1.00E-02¢] & @ =7} =
OIS ¢ 4 AUtk E3L At YEE o]
AA ALY Al A ETE ot of7] A, Y18
T9] Z7}= AEP 79 712 AAE 3.9 NaTech
At W1, NaTech 128 AFRIE 7} 27130 7] o &
ojt}. o] Fh2 AA o] WAsHA HriH XX
A 7Hs4d e Ay gE0] gle 219 AEE
o} ¥ of o At YE =T SUHE
=AE Yulst= 23S vERAL

Table 92] AEP %} 7] 2.00E-042} 1.00E-029
Al M/R ¥ M/N ratio gto] @4 EFA =&
101319] 3hS YERWT) o]= Table 89 g49 &
T Ao digt =54 9 554 IPLo] A
A9 NaTech #3s|g3f AT Ho2A AHE
Al mapdolgts AL Yu|gitt
A AFE U AR HAE S| E &4

2% WEARIE 5000 of] 13]= ARAAY Rl
koA A oS ete] Ha s w77
vl=olrt. skX|ul, 2T et 237} 59
o 4 % f ol =
A b= A4S HE o o]of gt
7hA ofg wjolrt. TatetE A, o whet
Al 2015 RE Al FQl AYIFE=

S SShART HRAE HISHA R A7)

o 2 o

ks

- 86 -



3}s-5 2 A el 3 2] NaTech ¥ 3] 4 &F A 7y A+

WA mE AP EAshA ¢ 9l
o1A ofol tgt Hebo] AlFstt.

oo M= HRARZHEE(PGA) 5t obyz)
ohRt Fubaeo] 23] disiA e AR EE
At ol WA Wrgstal jlen, AA
o] Woeltol] met Fr|HeR2 A gk
<= A8 ik wEbA, p-2uEte Ao digh
e RS M E AN E it
ofuzl thFet Fubpo] A xlEo Heia= A%
AP = g2 A&t ol WA wrgstod
of & Zojn, At mdo] 3t A9 2n
A= AIE =EEHE AQASE ghe Ak
WRdA S jEGsteiof & Zlo| 18]

Aol

e

V.ZE

Ao AEAY YRR T A BATFEA
(AEP 2.00E-04)7} A1A] 2|7 MY Z7(AEP 1.00E-02)
< 489S ) FGSS & 4 Ygich 227
2o, U s5tE AP =e] NaTecho] that
ASE a2 4 9l Hantgo] adt ol

2o Qb
H
N
— 0

R e
[
o
i
4
2
s
4
1
X
oy
>
ok
pacs
T

of {0 {0

L

otk
filo

a9 A e A 5HeR HE
e AR ARdrn 2 A7 dAHLRA,
AP = APGolA Ao FEHuo gt 7
2ol EJFEA| Fot, FF FEdu o] A3 uhA
T8} o5 Eoer FUIAT Basith ERF 44
oo AR AR =T} dob weFgRF Aol
et F7HE ffsf & AdtolAd= 10049 13] 2y
of sigst= AEP gt 1.00E-02& #-g3to] 43}
.

A 2Rl Astal e e YEFE It
Aol e AR A Thsd B AR EAY
AREE AEohA] FaL Ak E3L 73
= F% getsel et A= v Eet Aol w
2hA, ARE R fdAd ket AdE e
getoll gt 5 A LA ol AA A A2t
=2 Beb 5 gl A o] dad A

- 87 -

2 Atmdh
REFERENCES

[1] Cruz, A. M., and E. K, “Hazardous-materi-
als Releases from Offshore Oil and Gas
Facilities and Emergency Response Following
Hurricanes Katrian and Rita” Journal of Loss
Prevention in the Process Industries, 22, 59-65,
(2009)

[2] Leo, M., Analysis of Japan’s Enacted/Amended
Legislations Corresponding to Fukushima Earth-
quake/Nuclear Accident, Korea Legislation Re-
search Institute, (2012)

[3] Kim, B., and Jeong, J., Disaster Management
Plan against New Types of Disasters, National
Institute for Disaster Prevention, (2011)

[4] J. Y. Her, Exploring Possible Catastrophic Disas-
ter Scenarios and Building Korean Disaster
Response Systems”, KIPA, (2012)

[5] Y. K. Oh, Policy Issues in NaTech(Natural
Hazards Triggered Technological Disaster) Disas-
ter Management, KIPA, (2013)

[6] E. Salzanoa., “Public Awareness Promoting
New or Emerging Risks: Industrial Accidents
Triggered by Natural Hazards (NaTech)”
Journal of Risk Research, 16,(Nos.3-4), 469-485,
(2013)

[7] Mileti, S. D., Disasters by Design: A Reasse-
ssment of Natural Hazards in the United States,
Washington, D.C.: Joseph Henry Press, (1999)

[8] Hewitt, K., Regions of Risk: A Geographical Intro-
duction to Disasters, Essex, England: Addison
Wesley Longman Limited, (1997)

[9] National Institute of Chemical Safety, Chemi-
stry Safety Clearing-house
(http:/ /www.csc.me.go.kr).

[10] Korea Meteorological Administration, Gene-
ral information of national Meteorology(Ear-
thquake occurrence trend)

(http:/ /www.weather.go.kr).

[11] NICS, Preparation Guide of Off-site Risk Asse-
ssment, National Institute of Chemical Safety,
(2014)

[12] Kim, M. S, Kim, J. Y., Lee, E. B., Yoon, J.
H., and Park, ]J. H., "Effech of Protective
System on Securing Safety of Off-site Risk

St 7~ 83 2] 227 A5% 2018 10



[13]

[14]

[15]

KIGAS Vol. 22, No. 5, October, 2018

Assessment", Journal of the Korean Society of
Safety, 32(6), (2017)

Lee, H. M. et al,, “An Approach to Proba-
bilistic Analysis of Seismic Disaster of Dome-
stic Metropolitan Area", Journal of Geologi-
cal Society of Korea, 48(3), 2012.

Kim, H.S., Lee, T-H., and Song, ]J.K. "Seis-
mic Fragility Analysis for Probabilistic Per-
formance Evaluation of PSC Box Girder
Bridges", Journal Of Korean Society of Civil
Engineers, 29(2A), 119-130, (2009)
Antonioni, G., G. Spadoni, and V. Cozzani,
“A methodology for the quantitative risk
assessment of major accidents triggered by

[16]

(17]

(18]

- 88 -

e

seismic events.” Journal of hazardous materi-
als, 147(1-2), 2007.

CCPS, Simplified Process risk Assessment: Layer
of Protection Analysis, American Institute of
Chemical Engineers, NewYork, (2001)
Kim, H. T, and Jung, S. H.,, "A Study on
Risk Assessment of Multi-vessel Accidents
in Petrochemical Industry by Natech Disas-
ter", Korean Journal of Hazardous Materials,
3(2), 40-44, (2015)

Kyung, J. B, Kim, M. ], Lee, S. J., and
Kim, J. K, "An Analysis of Probabilistic
Seismic Hazard in the Korean Peninsula ",
J. Korean Earth Sci. Soc., 37(1), 52-61, (2016)



