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Abstract : Accidents occurring due to natural disasters in chemical process facilities
where technologies are concentrated can cause secondary damage. The concept of the
relationship between natural disasters and highly intensive technologies has evolved
into the Natech (Natural Hazards Triggered Technological Disaster) research. Currently,
the number of earthquakes is increasing all over the Korean peninsula. To assess the
risk of Natech when an earthquake has occurred in South Korea, the Rapid Natech Risk
Assessment Tool (RAPID-N) developed by the European Commission’s Joint Research
Center (EC JRC) was used in the present study. The RAPID-N can be used for Natech risk
assessment based on mapping and can be utilized for sufficient preparation for
reduction of the effects of Natech accidents. A total of 261 chemical facilities actually
existing in Pohang were initially analyzed to select eight facilities and the Pohang
earthquake that occurred in 2017 was implemented in the RAPID-N utilizing the shake
map. High risk areas were selected through Natech risk assessments for the selected
eight work places and countermeasures for the areas were suggested. High risk areas
exist depending on the location, since the damage influence ranges could be overlapped
and each chemical facility has an independent probability of Natech. Therefore, studies
on Natech emergency plans and emergency evacuation routes should be actively
conducted considering such high risk areas. The present study was conducted to
demonstrate the feasibility of Natech risk assessment in South Korea through the
RAPID-N. These findings can be used as a reference material to lay a foundation for
Natech risk assessment and related policies in South Korea.
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Table 1. Selected 12 plants

Annual .
Name of Chemical materials | Categorize quantity of Qui?e;t(:lrzgmy
plants storage (ke/quarter)
(ton/year)
PN-1 | Ethylenediamine 2 0.5 125
PS-2 Fluorine 7 200 50000
PS-3 Chlorine 7 200 50000
PS4 Allyl alcohol 2 0.5 125
PS-5 | Hydrogen chloride 6 20 5000
PS-6 Nitric acid 7 200 50000
PS-7 Ammonia 3 1 250
PS-8 Silane 6 20 5000
PS-9 Formaldehyde 4 25 625
PN-10 | Methyl chloride 1 0.1 Less than 100
PS-11 | Ethylene oxide 1 0.1 Less than 100
PS-12 | Hydrogen fluoride 1 0.1 Less than 100
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Fig. 2. Pohang earthquake shake map.

Table 2. Seismic features in the epicenter

Seismic features in the epicenter

Epicentral distance 0 km
Hypocentral(focal) distance 10 km
Modified mercalli scale Very Strong
Instrumental intensity 6.2803
Peak Ground Acceleration(PGA) 0227 g
Horizontal PGA 0.0674 g
Peak Ground Velocity(PGV) 10.779 cm/s
Spectral acceleration
(03 s Period, 5% Damping) 03553 ¢
Spectral acceleration
(1.0 s Period, 5% Damping) 0.0854 ¢
Spectral acceleration
P 00156 g

(3.0 s Period, 5% Damping)
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Table 3. Features of chemical storage facilities in the plants
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Facility Features Description for chemical storage tank
PN-1 PS-2 PS-3 PS4 PS-5 PS-6 PS-7 PS-8
Chemical materials ﬁigﬁler?: Fluorine Chlorine aﬁgl};il %{Hdgﬁ%izn izﬂc Ammonia Silane
Shape Ci’/gﬁ?;(l:al Spherical Spherical sz[l;;;d:acl:a] Spherical C}\/glud:aia] Spherical Spherical
Roof type Fixed roof - - Fixed roof - Fixed roof - -
Storage condition Atm;)a;;i{heﬁc G;rsesgﬁier Pressure Atmtairﬁl eric Pressure Atm:);[ﬁleric Pressure G;rses?;?:r
Tank height 0.84 m - - 0.88 m - 55 m - -
Tank diameter 0.5 m 14.18 m 432 m 0.5 m 2.36 m 3m 0.98 m 6.66 m
Tank volume 0.16 n’ 1493 o’ 4221 m’ 0.17 m’ 6.88 m’ 389 049 m’ 155 m’
Storage quantity 125 kg 50000 kg 50000 kg 125 kg 5000 kg 50000 kg 250 kg 5000 kg
Storage volume 0.14 n’ - 3453 m’ 0.15 o’ 5.59 m’ 3.1’ 039 m’ -
Storage temperature 25°C 7.8°C 7.8C 25°C 7.8°C 25°C 7.8°C 7.8C
Storage pressure 1 atm 20.04 atm 5 atm 1 atm 30 atm 1 atm 5 atm 20.04 atm
Storage state Liquid Gas Liquid Liquid Liquid Liquid Liquid Gas
Enclosure Dike Shed Shed Dike Shed Dike Shed Shed
Dike volume 0.18 n’ - - 0.19 m’ - 432 m - -
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Table 4, Damage state

Atmospheric state chemical storage facilities

DS1 No damage.

DS2 Roof, pipe damage and minor damage.

DS3 Elephant-foot with moderate damage.

Ds4 Elephant-foot with severe damage.

DS5 Total failure, tank collapse.
Pressure state chemical storage facilities

DS1 Minor, slight damage.

DS2 Moderate damage.

DS3 Severe, Major damage.

DS4 Total failure, tank collapse.

DS5 -
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Table 5. Natech risk assessment consequence and frequency
Description for chemical storage tank
Risk assessment composition
PN-1 PS-4 PS-6 PS-2 PS-8 PS-3 PS-5 PS-7
Chemical materials }(31?;};1;;: af:g})ll})l Iii:tiljjc Fluorine Silane Chlorine }éi?gz%? Ammonia
Storage condition Amlotajﬁ? cric Atmt(;ipfeﬁc Atrn;;;ﬁlen’c G;fesgnmd:r G;rseslslﬁf:r Pressure Pressure Pressure
Event Toxic Toxic Toxic Toxic Vapor cloud explosion Toxic Toxic Toxic
Epicentral distance 17.9 km 13.8 km 12.03 km 12.79 km 11.56 km 845 km | 9.61 km | 12.02 km
Hypocentral(Focal) distance 20.5 km 17.04 km 15.65 km 16.23 km 15.29 km 13.09 km | 13.87 km | 15.64 km
PGA 011 g 015 ¢ 0.18 g 0.17 g 0.19 g 0.18 g 02 g 0.18 g
PGV 4.06 cnv/s 7.29 cn/s 11.27 cm/s 9.62 cnv/s 12.39 cm/s 845 cm/s | 12.92 cm/s | 11.8 cn/s
Damage probability 0.25% 1.38% 3.35% 7.66% 10.55% 9.57% 13.77% 9.8%
Minor | Natech probability 0.07% 0.42% 1.01% 2.29% 1.3E-3% 2.87% 4.13% 2.94%
damage End-point distance 160.9 m 160.9 m 160.9 m 1.93 km 9531 m 4828 m | 2.58 km 160.9 m
Released quantity 125 kg 12416 kg | 54732 kg | 21345 kg 186.17 kg 1502 kg | 31944 kg | 250 kg
Damage probability - 2.7E-4% 2.8E-3% 1.1E-3% 2.3E-3% 1.8E-3% | 4.6E-3% -
Moderate | Natech probability - 1.3E-4% 1.4E-3% 53E-4% < 1E-4% 9.1E4% | 23E-3% -
damage End-point distance - 160.9 m 160.9 m 4.83 km 175.6 m 966 m 6.44 km -
Released quantity - 125 kg 3420.8 kg 1334 kg 1163.5 kg 9384 kg | 5000 kg -
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Bas = dsol| gt SAA=RT FFHA}

Sd,ds = ds ?:117-'" i] oﬂ E%}"‘E S Oo]' %;\L

z ~ PGAY] W9 gt

Pldsle] = zof 2 dsEE

B = dsof o3t A ART FEHA}

v = ds QA Aol == 25w

S = w0l WE FEAGAEA ) WY gk

Py = opp, ol 2 dsSE

g, = =3 wEEs

Opsm = ds A Ao =DEb= 0py, TF A
3. Natech 2|&lM 7| Za}

870 AbdAe] kA Rlof gt &4 SES e

U= 2342l Natech Y184 H7H= Natech 84
7} X-E(Natech risk assessment module)S E3}0] =&
Het E AroA Z3YH Natech $g€4 H7F e
US EPA(United States Environmental Protection Agency)
9] RMP(Risk Management Program)& 7|0 2 ZSY
2131 RAPID-NoJ| 4] Natech 9|84 H7} ZAi}= Table 5
o} o] vergtc.
7AF 2AL 7| A4} = A RS Ea)) AA|
Eﬁé X]Fﬂ Hl—Aﬂ /\] 7]/\L 27-]_,,]. 71—5& H;@] o}oﬂq /L]-ﬁ
9 el o] gl EAXFeIn Hrle] Haemt
7.8°C, At S+ 40.3%, 42 2.9 m/s, 7| =9
749~ D(Neutral) 2 A3} ch RAPID—N_J Mapping 7|5}t
ArcGIS ProE 2Hg-3}o] J3F ¥ 9jof o3l Mapping
=3kt 9 Ml 54 =< u ERPG2 7]
o2 JF HerH A EH S 71 A o 1 psi
71&o2 J3F W7t Ak AufA oz vju|dlh b
sholl THet aF W9l Fig 49} ol Uiehgtn A

>{

o

o

.

wafjof th5t J&F W= Fig 59 o] ek
A A o] ézﬁs}_ Jol5T A%, s, 5% &
5 %ioo]'o,oo =5, ooo—‘] 9"*_‘EHEA]E

O Minor damage
D Important area
O Risk area
) High-risk area
@O Vapor cloud explosion

Fig. 4. Endpoint distance of minor damage,

116

v

Moderate damage
Important area

Risk area

High-risk area

Vapor cloud explosion

Q
0
o
[ 4
[ ]

Fig. 5. Endpoint distance of moderate damage,

Table 6. Important area damage of moderate damage

Endpoint Important area | Damaged area | Damaged population

distance (dong) (km?) (people)

Daei 4.87 23,617

Sangdae 347 26,245

Haedo 1.81 18,419

Songdo 3.95 13,622

Risk area Hyogok 5.94 31,215

Jungang 332 16,615

Yanghak 1.94 18,322

Jukdo 1.89 20,566

Yongheung 3.94 23,922

Total 31.13 192,543

Daei 1.22 5916

Sangdae 347 26,245

Haedo 1.81 18,419

Songdo 3.15 10,863

High risk area Hyogok 0.51 2,680

Jungang 0.38 1,902

Yanghak 0.53 5,006

Jukdo 1.89 20,566

Yongheung 0.56 3,400

Total 13.52 94,997
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