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ABSTRACT

This article proposes a strategy for producing accident scenarios in quantitative risk, which is
performed in process design or operation steps. Present worldwide chemical processes need off-
site risk assessment as well as on-site one. Most governments in the world require industrial com-
panies to submit the proper emergency plans through off-site risk assessment. Korea is also pre-
paring for executing Integrated Risk Management System along with PSM and SMS. However,
there have been no systematic approaches and criteria for generating virtual accident scenarios,
and it made impossible to get a unified or coherent assessment result. Without the result, causes
of accidents cannot be corralled precisely. To get over these shortcomings, this study analyzed pro-
cess elements and then proposed a strategy for selecting and generating the accident scenario that
is most likely to happen and should be foremost considered. The analyzed process elements are
ranked and risk grades determined. According to the grades, risk assessment is performed. The
result of analysis enhances the reliability of the generated risk scenario, and prevents some risks
from being overestimated. The result should be helpful in process design and emergency planning.

Keywords : Off-site risk assessment, Risk management program, Worst case scenario, ES(Equipment
Screening) Method, Accident scenario selection
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2.1 RMP(Risk Management Program)
TAW Al AT FAY] g uigt J&F Hot

Table 1. Parameters for WCS and ACS
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o] 7A$ Zzte] B e =S 7Y, 7
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WORST CASE SCENARIO

ALTERNATIVE CASE SCENARIO

Endpoint

Z}zte] =42 t3 EndpointZt AiA gled,
7} &40l U3 Endpoints 57]2-54] 790l
1psiz 3}, 320 Z Q13 radiant heat level> 40x
ot 5kW/mPe g Fic)

zZzte] 4482 9§ Endpoint7t FlA gleH, 7t
A4 EAd 3 Endpoints F71-8-%12e] 7399l 1 psi
Z 31, 32 218 radiant heat level S 40% <t
5 kW/mPe.= 3t}

Wind Speed/Stability

SHAT%F : F Class
v £% : 1.5m/s

AN2AG=] AAE S IE0TE S SFe. & 28 2
¢ D5 3 mis® A8

Ambient Temperature/Humidity

Haex : 25°C HALTo &5 AR
HEEE : 50%
Topography

Urban %=+ Rural topography AR&

| Urban %=+ Rural topography AR&-

Height of Release

Ground level

l Release scenariodl] w2} A4
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Table 2. Risk assessment system

Public Model Proprietary Model
AQPAC AIRTOX

ALOHA CANARY

DEGADIS CHARM

DRIFT CHEM-MIDAS -

FEM3C GASTAR

HGSYSTEM HOTMAC/RAPTAD
PLMB89A PHAST

SCIPUFF SADENZ/SACRUNCH/SAPLUME
SLAB SAFEMODE

TSCREEN SuperChem Expert
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Equipment Property
Knowledge -Base

Material Property J[ Process unit ]
Knowledge -Base Knowledge -Base

‘( GLOBAL INFERENCE ENGINE )‘

il

FZE ATEE AR ZA 371K ¥ knowledge
baseS 7 A=, FA9 B 71vg vEllE
equipment property knowledge base, 1% x| Wl
T3d 29 E54& uvehl = material property
knowledge base 18|31 7|5d TR S F
HR Yol EAL UgE unit knowledge baseZ
TAEe] 93, macro decomposition algorithm,
equipment screening algorithm, equipment behavior
analysis algorithm Z12]3. accident scenarios rea-
soning algorithm=} 7 7l¥3 SaAEFES TS
global inference engine®.Z Ao Ut} Macro
decomposition algorithme A FgulolA A ¥
dgo] & o9l FAHL FEI] AT daEFeR
FTA Y 7T B4 B8 Ejstd B4,
equipment screening algorithmS 124 Wl <
4L 7L e NEARE FE37] 9% e
Zo|n, equipment behavior analysis algorithme Al
AE N2 AFol wE o FHUle] BFe} ol
o] A7|E Hrshy] 9% gaE|Fold, accident
scenarios reasoning algorithme Ax}e] o)A %F 3}
B39 EAL olg3dle A sFest Al FHE
FE3l7] % gaglEolnt. oleldt Zhztel Y &
FEYEL AgHom AT £ Jow, FHH wt
7Fs] BARAY FE2F = Uth

3.2 AlAH2|29] &FY

AL AU 28 FE3he aElES AYHlolAE
FHEshs FH7IbEA G AEVH] AYE 71RE 5
o FEske WA FoE FAEHC Atk WA A
I AElee] FEHA L Fig. 20 vieRd uhe} 2o
AE Aol AE AE 22 daeFol 2aiM 24
sk o g e uh o2’ Whel EAL
AR 994 Wy e @A 7] ARl oy
A & AE7hE AR AEAA 0] flolxE A

Process Unt Selection

Macro Decomposition g::?mn m’;
(unit Function and topography analysis) with equipment knowledge base)
Equipment Behavior Analysis et
P—— (Root Cause and Effect Reasoning)
Acckent Reasoning l
(EFeCRA and material knowledge base} |

‘Secondary Equipment

Macro Decomposition
Algorithm

Equipment Screening

Equipment Behavior Accident Scenario
Algosithm Analysis Algorithm Reasoning Algorithm

Fig. 1. Structure for proposed system.

‘ Accident Scenarios Selection

"—-—-——‘—**‘ }—-——' Emergency Planning

Fig. 2. Inference step of the proposed system.

Effect Analysis
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3.2.1 Macro Decomposition Algorithm
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o2 ARSERl B EMXE 8t ol &
#1841 material knowledge baselA] A&-® NFPA
rating? 2o Z9H AEE LI ol FL T
A e Edolgatz 93] APl & EIEH
&, ¥270)0] 7HEE A& R3] fsirelct. ¢
9} 72 Wil 53 FarLwe] AAEE T WA
AN FZe N F o AASE E4REES 7Y
gt} Unit knowledge base®] 739 dele & ZHol

Wy rlo

)/

Decomposition \

Detail Analysis v

Fig. 3. Unit selection using macro decomposition.

%dv Direction

/ AN Unit 5
Unit 1 N |
torage unit » ~o Utility unit
i’ ~
/7 . N
~ Unit 2 e
o M. Reaction unit e
’ N -
4 N e
Y - i
Sor” Unit 4
Unit 3 AN Storage unit
Reaction unit N Wind

(itility unit

Fig. 4. Example for macro decomposition.
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3.2.2 Equipment Scréening Algorithm

Micro decomposition @A|14+= equipment screen-
ing algorithm< AHE-3l macro decomposition®lA]
A9 TR st AFa4E EAMF F Y
FTAU A AAES Bt o o] BAIHE
o JIZA o} FAH i & HAE F 5 I
AAE ERlEte DAl

q7\Me OdTAe] BEAE/EAY] & F
o2 RBAgt). 7jet AFRA 2EY EE v
7] & BEY o &AF olidelM B
oA ARLE Fsly] wEe] AAR 87 Fol
F& v ¢ Qe Y4BV BE AFE O AFE
7|2 i), A7)ox e E ok 3 FHALE
= 4, 7%, 3R, AR, AR A
G ARAF, BHyold Fott

Micro decomposition A4 &-45+= knowledge
based] F+Z& Fig. 59 2t}

AL A8A T N AAA F%E E 4 Us
TR 84 Fao] A slojof gt FH W AR
Qg YFde o4z e AA B B4 (flammability,
toxicity 5), &AZARE, %), #%, A=A, F
9] d, ALAKE 52 E F doh ol a4E
< sl fgdTe] & FAAE HAAs] S8 £
A Fo A= ESA(equipment screening algorithm)Z
Htele] FAAEL 7kl ARE st g,
ESAE= on-off W28 ARS8t FHLAHE JEAA]
£ AAQEE W3l WS wokt) wA A
o] 7 E SAUE FHAAES EFSHE O

(o3
e w

X

ME of i oo mx

Sequential Reasoning

IE QdedE RS #UA
Failure Probabitity

Prevantive Safaguard

PUERT
JIE0l IR WO
T Probability Analysis

l Consequence Analysis

Fig. 5. Sequential reasoning of ESA(Equipment Screening
Algorithm).

EZO EAH Q@ AH Q@ 4271 @ 1A © #
A2l ¥4 ® failure rate @ AFZAH B o)y
Fo2 Y & &, 47ty 24ES &3k F
£(sequential reasoning)®fA 02 NEAR ) Hg-gto
22X o] He AREL dAIFoR AAH,
R gells A 7F 2 AR AEE 5
7F Stk 714 AAE FREL equipment behavior
analysis TAAA] AR AHEol| wWE BA 7Hed Ay
219 A4 &g} Fig. 55 equipment screening
algorithm & #4& Jepdol. & d7dA AAlst
3 Qe FE guEEe IA AR A= BN R
I DA JFeA BEooz FRED AR AR
e EH BA, /%, xR0 B4 J|EeE AL
L5, BA7bsg BN ehaAA], A W,
faillure rate, AFZAH 2 R0 F& AMITL

323 Equipment Behavior Analysis Algorithm
(Equipment Failure and Cause Reasoning Algorithm,
EFaCRA)

Equipment screening algorithmo] ¢J3|lN ZAAE
4219] failure mode®l] talir] =9 o] g WA
W AU 2 FF 2 2 JFPLERE HF A
¢ FEE FE37] A% gxEEelth olg s
Mzt ARNWE open, close, leak, rupture?} 72
RZE AYsld 2T 5 e U dEgE A
ek X A5l uE o) wAYE Table 304
Ansta Qo B34 wEe sedE Fol
4o dYEE Eol7] s AAZHQ] wye=
FP3ict B4 Aae A5l 2838 3rkE §
aA dEl FAo| wel Aok B AolA AL
£H /Y FELS XHuo)x Wpges Ao}
ARtz 715 o)de] dFEHY FXY BRE /T

Table 3. Equipment failure mode

il T rsE AE
~Open(H¥ FAIE 29)
g - Close(34 233 4%

- Rupture(HE 2 93] +&H= 39)
- Leak(z+& B2 Al A9

+ Fail on

EE « Transfer off

- - Seal leak/rupture

- Pump casing leak/rupture

- Leak/rupture(tube side to shell side)
- Leak/rupture(shell side to external)
- Plugged(tube and shell side)

- Fouling

&7
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[ Failure Mode ]

¥ v

L Cause Reasoning(Backward) ] L Effect Reasoning(Forward) ]

¥
Cause analysis for Failure mode ] L Effect Propagation ]
(Internal/External) (Intemal/ExtermI)

L Root Cause ] L Ultimate Effect }
¥ v

L Safeguard ] [ Possible Accidents ]
v

L Effect Calculation ]
y

L Preventive Measure ]

Fig. 6. Equipment failure and cause reasoning algorithm.

s 2Ry FoR 5y oldE TANL F e %_
A 71 FIE gohdt) o] We Awl/Fu F
Hog 759 o)Ae T4z downstreamoﬂ/H-J

7% 01”—3—&3 2= 93 upstreamoHe] 7
¢ T8 HEY + I=F FEI FE AL Fig.
63 72t}

WA Fuk FRPHL W AR 7T odory
B A F Sle 9FL T2 driddle A
2 A WAste} A9 o|FAFLERE o2&
downstream©. 2 9] gggo 2 FHG 4= 9lon, =]9]

QA sk Z)SoldoRRE o el exu
e Wsht o2 1% AFHA AR B
$)e FE50, 429 Asolgen 98 9uE

3= downstreamo|t} upstream®] W3}E FE3l 2
HZAEE FE3. o) e wEHE e of
gelel Ui AHAQ Ao}l o gz 3 o
E A g HA Al2gHoh} FAoz Hnd Zlo=w
AEle A4S Jeldioh 43E HrkE side =
219 ol FFel FEH 9F HdAM B4
Aol Fasit}
AW FEPHLE AR o dREE 2 § e
AAES FEsHe WHoE 3 FE2WE vt
A2 ZAx) ZA)9] o] YA} upstreamol A 2] o]k
gL AFste AUS FEE Wnlelth 011’43} *
WA HHELS 1 %‘Eok“ dgFqo g Hrlietd 1 Y
A SSAE F e WHe AAY B ?l%i"&ﬂ
o] dAo 88 5 Urh

Fig. 7o= WHe] w3t equipment failure and cause
reasoning algorithm(EFaCRA)2] FE& o E Ho|x Q|

i Mn &

t} dE Eo] ¥WH| 7]Fo]ide] failZ <IFF “close”
d o 2 99 B G FEsPY, e Al ol

st 3l - 2uFErE A5 H AT, 2001 H

g3 -

(2]
YZ -

U
Root Cause Cause - Etfect Utiniate Effect
(—\ —
Corrosion ) '
Interrial ntermal Interal
Mator faiiure
Abrasion high pressure Valve breakage
Mechanical Malfunction Rapid eddy
ermor
— S/ \__J
—— /.__...—j
Sessior failure Indicator error (m, ow) o
Abrupt reaction Becricty
shut -gown Back -fow
Impurity . Iniet igt:
upstream Sedimentation fowiprceae
L] N

Fig. 7. equipment failure and cause for malfunction of
valve.

A AR AA G UREQ A0 FFE FEF S
o, &2 “root cause”$} “ultimate effect”S &
3le] accident scenario reasoning algorithmol <]3jA]
B Thsg AbaLe] JEE 8
3.2.4 Accident Scenario Reasoning Algorithm
Accident scenario reasoning algorithm-S equipment
failure and cause reasoning algorithm¢] A=} &2
o g FRERE WA 7FeS Ale] FHE FE
3= Zlojt}. Accident scenario reasoning algorithm
< AR o FAFTLENE FEH ZA#S material
property knowledge baseZHE] T “FxEo] AU
© 4 g AsHIAF, RS, el e A
o I3 HHE A3, IIH 7)F o) HFYEgR
B #AAHYE AP8AE Yoldt) Accident scenario
reasoning algorithmol| A& B4 7153 ALY HelE
FE8 4 Atk 2 Folx AFAHQ 374A] Aoy 3
HE 42 9 v 72
(1) Internal high pressure—valve lezakage + toxic
materials(qNh>2)=personnel Injury
(2) No
malfunction
(3) External high pressure and temperature—
downstream equipment breakage +flammable
materials(Nf>2)=fire or explosion

inlet flow+pump=pump damage &

_4

Accident scenario reasoning algorithmo 373 &%
o] ol dAEH B ARE AMEsI chdst Fule
Alarg F2% 4 glon, ol i FE3HL2 Fg
8ol veht Qith FER JEFEE A E4
sherl] meEl HE 99 FA3E BT & %113}. g
AE 715 ol/del tigh AR FRolle F 7
8ol EA 3=, d7]9= preventive/mitigative
safeguard’t $1t}. ol & E9 leakage, rupture®} 7S
7150l dele detectort, Y, Zeole gHAe &
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Fig. 8. Accident scenario reasoning algorithm.
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4. A+

4.1 8.3 C3/C4 0|& X ZZA|A

C3/C4E o] Hduto e Faulol A352Y
AGA dcavernydl] A F g o} E
o] FEY R wjEshz Aotk A} cavernd U]
oF] 2 W5 o] 2EHM, AF L FIAEEE
pre-heater} ©]4¥ = C3 dryer, C3 Stripper, odorant
storage tank, inhibitor storage tank, valve®EZ T
d=lo] itk o] AJAe tigt PFD= Fig. 99 Jeht
At

Unloading Arm

H-t
Vo1 Pt C3/C4 Heater
B, c D, E

V-2
Boosting Pump

C3/C4 Cavern ®

V13 ©3/C4 tanstor Pump
Dt !

e

Loading Arm

Vent Stack

P-3 §

Fig. 9. PFD for C3/C4 storage process.

DE7IES 0183 AlRAUR] L AFgoll 7 A= 31
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4.1.1 Macro Decomposition

DT HoE EREl FAHY 7IF 24 E 47
g ¥y FHL APk Y TS micro
decomposition THAIOA AlF AXEZ FAHL] X Hd)
uE F e FAGEe] F FRE A3} A
e @& FFA FH utility system Z8]Z
control system®E FAXo] 9t} H&Zo| APEA
9 wSAE e} FAAMLC] YRSt ot HAA FH
< F8 JeHE Bt BEAsH AR Eio] F
83 FAHL unloading areaZ%¥ FTFH C3/C4E
heaterS A cavernoll 4= ¥ H a3l C3/C42 A
At FFshe A= AgE & otk

4.1.2 Micro Decomposition

Micro decomposition®l] w2 ©jFHe] 7+ Zx
H ML tga 2o T 3 ddde wE 6770
(main stream 447l], heating stream 57), utility stream
67, seepage water treatment stream 1271), heater
370, Dryer 57H, Stripper 27}, Ade8= 370, =X 26
A7 et

z} wigg +Az2A 55 283y
ESA(Equipment Screening Algorithm)E 24317 9
3 7} Fx g streamol] A 54 £4gt). o7)
A FA 14719 streamlE FAE ] 1O, main
stream©] 87§°|%, odorant stream 17§, inhibitor
stream, heaterdll 9 & ¥FF3H= supply stream 171
22]3 caverntl@] seepage waterES A|A sl T <o)
C3& AAZ= stream UNZ FA=o] Uth main
streame F2 93tolA A=Y F2 C3E d3)
Al AEHE o)F, AR YA ZE WEeS
ARg8IH, 2 42 vl §- At E& cavernlol 7k
B2 EAdh=s C3x 9d7)9 heater?] JEE AR
Hr.

FA0 gk 4 A3 H-1 28719 shell side
oxe] o]z V5 WHA L] olfo] BAFAS 7
£ 7 2 PGS 1Y e AeE et

Ew#r] H-19] el C35 ez #4sin
Qe oF 7.6 kg/cm®lA] -45°CollA 2°CE 2EE 4
+A1719, C39] flow rateS A7+ <F 2000%0|t},
WE V12 cavernolA] HAsMdele] C3E dryers
3 dry tank® AFsh= 2] EXldle B2
A oF 8.8°C, AU E S oF 16.7 kg/em?, flow
rate2 A7+ oF 15688 A st E{7ich

o @AM = ESA(Equipment Screening Algo-
rithm)E Salr 28E AX 28, 2§79 shell
side)ollX 2 7HEst ol R ES) I U/AANE F

BeEE

Mo of

1. of Korean Institute of Fire Sci. & Eng., Vol. 15, No. 4, 2001



3 273 - o}5el

DESCRIPTION

NFPA ating 3 = MF16 0/ 4
(M By N, MF)

RE 600 mYH 018

HBORA 2 kgfemd 018
2AOtA ; 10kgiem? Ol Y
-t L kR gk

Interlock systemOIL} Kl W= 2
RO
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Fig. 10. Result of ESA(Equipment Screening Algorithm)
for C3.C4 storage process.

gt

4.1.3 Equipment Behavior Analysis

o] @AM+ ESA(Equipment Screening Algo-
rithm)g 53iA Z2AE x| i ol n=e] ut
£ 3 AE FE3= DA B oAM=
E2357]) H-13} HE Vhojale] o]ide] 71 & 418
FES A Q7] wgell o] F kK] FRlol| st

AE we AWIYE e s FAAF
mE o) Fd/FE Y e Table 4 2 7S
71&3 Rt

g5 -

HE - B4

FE guEFe oJsiM e AvEleE TR
A¥9 F7he s AEIFE Hrhs & ATl
A g FRARAF BES 7RIS FEc A8
g Hrke] Axs Aol YAl JAZAF gk vt
Age) =YL FAFHoIH AAHCE A £ Y&
2AE AAg,

5.4 =

o)} 7o} JuH oz FAh Wut o} 3
9] Aol tig F&& Hrt L o5 T HEAY
£ ggAel oigk A7t Bol AP ot ol
AAAR R g37A e} A= OECD 7Hi=5eR
Al e g Eooksls EAo)7|% stk @A =
el o]o} A& Axrt o] MR glom,
oA AAlE olzfdt YHEESS e HAGA
o] Al Hrke] AEde FrgoEN F
A &ala Fa%k HAHAIE (Emergency Plan)yS AlA1E
& =S molrn, Aln Adeee] 2AE weg
Aths Aol Atk webA FFAADAANA o]
zEsl A SR W ol 9lF, BY A
7o mdE dg %l°‘11 A2 4 BY Tl 24
3 Aluel e AR Aega TA o}zlzﬂ u37}.)\’|)\

Nlm -l)

jal

4.1.4 Effect Analysis

49 Qb2 2adel 39 AHLZe T Hriol

Table 4. Failure and cause analysis for equipment failure(Valve)

Equipment | Mode (Roocta‘ga‘;se) Effect Ulimate Bffect | Mat. | <o 1251‘
Valve(V-5) on | Fail closed [ Motor failure No flow of C3 to the dryer (Release of C3L,G) A
the feed line | Fail open | Malfunction and dryer tank material C3(L,G) | (Fire/Explosion)
to the dryer Sensor failure Low level in the dry and dry | Valve breakage C
Valve(V-5) on . High hydraulic tank Pump breakage (Equip. damage)
the feed line pressure Internal high pressure Release of C
to the dryer Electric shut-down | Rapid eddy material (Equip. damage)
Sedimentation Back-flow to the Cavern Downstream fail A
Impurity stream | High pressure of outlet pump (Fire/Explosion)
Motor Failure in the cavern
Malfunction Inlet pump fail due to high
Sensor failure pressure
Low hydraulic May cause pump rupture in
pressure the cavern
Electric shot-down | Excess flow of Flammable
liquid to the dryer
High level in the dryer
Overpressure in the dryer
May cause tank rupture due
to over- pressure
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