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Abstract - Most facilities in chemical plants operate in environments that are outside the
range of temperature and pressure that can be encountered on a daily basis, and are vulnerable
to aging due to these stresses and environmental conditions. The facilities exposed to these
conditions are not only likely to fail due to cumulative damage, but also lead to accidents if
maintenance and replacement are not performed.Recommendation guidelines called risk-based
inspection are widely used around the world-wide. However, limits exist for facilities that have
already elapsed for a certain. As a result of the survey on the aging of Ulsan industrial com-
plex in Korea, which carries out proper inspection, many of the facilities have been used for
20 years. Also, most of the facilities where the accident occurred have been in operation for
more than 20 years. Therefore, this study suggested criteria for classifying devices that have
exceeded a certain period of use as obsolete facilities. In addition, quantitative risk assessment
was conducted. The safety investment method using the cost-benefit analysis method was pro-
posed in order to calculate the loss cost and reduce the risk by expressing the risks of the
corresponding aged facility as an Economic index. By utilizing the method of cost-benefit analy-
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-sis of old facilities using the quantitative risk assessment presented in this study, it can be
expected to improve the performance and life of old facilities, improve production efficiency
and reliability of the system of facilities, change the recognition of safety management costs,
increase employee stability, and reduce loss costs.

Key words : Cost-Benefit, Risk Assessment, RBI, Wear-out Failure, Ageing

L ME

Ay e dskd BE 9 f5ES OF
T ARG o, A3l 1538, s} 555
st=jo] ok mS AL WA Al AkaLe] FE|arE
7} A FULGAILR o] d gEo] =Tt w
Al 7192 kAo gk Aol Aol an A
AXoz dFd Far) Uk setaAe] Sk
g A ;W Az AR wF &4 AR AY
FH 4] f3l - A £ =F o EF &
8o dijolt}, o]} Z2 PFAIE AT 7P
A AAdEn et B3 A o
THY =409 MHAS FRE F e B
o] a3l

2 AFoA JEE BFE AFAE HIHE o) &
g =5 g tiE B]-8H B
of Wt =3dn] EF 2 AN B, %
HARAFIHAIUE Q. £4, A HlE 24, 393

24 94 I (Economic Index)] HI-&-H <]
2] (cost-benefit analysis) & T4 =] 9o, Hr}
Ae 71222 4dA = o] FoA St

A
|

2

=
SAAALY FANEE Frlste @AM,
A AFE71ZEe] At )l tgk Screening S 55}
o =3AHHE E/% & 34 2 =HY 549
E A998 S sl Y8 =7} Heavy/Severe
21 AWE ATFA AP B i AR = AR s

LA 9B WIE B9 wsune 24
]

AvPE AlgEe B4, AR W= 243 93
5 B£4E o83t (DolA AAT A A4F
Aol Ee Adulel e A PN HIHE AA
ate] 9134 gtk A 94 9t A
g ngog Aud 4N gg sty Wrte

ST AAAE AR E=S, TS A
Aok 2} ookl tiste] 9194 BHE 5

- 85 -

Yol £ANES A S Ao

3) : oA, FARSF, H7)HE A

(3)2] Y<ko] unacceptable zoneol]l EEE™ £F
Ae A F U A8 gkES 47431, ac-
ceptable zonedll EETHA AAY FrHE AAE
A grol= Ho, it A9 tAAA 9] F714
H, WaAnle] Ax g wA T AFHE FAA
Z g Ade 2AE gt =23, 449 ks
o it 2)F ThAl Eobrt 9184 Br 2 918
e 7HEARE FHEA Foh

@ : Hl&H 4

@l disto] ole ABH 91 HohE AAe
o 1 A7} acceptable zoneoll E = uwf, (3)9]
Ad4H7 Aol vl g AdulA
HaEE 4L HeoR &R/, SHHAFEA o
3 H| 8o HjgoT pHEstT HL&H B Al

RS |

I A 2R Y AN} CAME

2.1. SMG7} ciakay]

sjsp3ge Azl Aol weh £gol FAH
3Tk 871l AEHEA wF e B BT
Ao MMISE 23 e A £4ol o8] 4ol
A3, Aule] Pgel HAHOR F71ah

drEel ey W Aus fARde AF
AL, YPHoE HT & U L% U 4o

g

WIS Yol #AolA JHEEM olHw ¢ o
BRxA0E Aste] wFslo] HoFsih ol
xA0) wEE Al A& E4o] A Ho]
o] AT FhsAe] Bolde BE, AW 9
LAE B4 WeThE Az olojit

Ao wgsjol Us S o7 9% ATE
o] A%ste] AYH I L, 91947 AHRBI)
g AnAdo)l W AARoz BT Utk
“dule] wFshs AL WE Aol o,
gejo] B ue] fRehs Ados HIw

St 7k~ 8k 8] A24d Al4E 2020 8¢



Accumulated
damage

1
'
; > Life

Stage 1 Stage 2 Stage 3 Stage 4

Fig. 1. Variation of accumulated damage during
equipment service
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Fig. 2. Risk assessment targets within national clu-
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Table 2. Impact range of fire explosion on worst-
case scenarios by process

Al =7 &4
i Dispersi e (kWi
~ persion (ppm) Jet Fire (KW/m)
= el =k Pro Description
cess $LEL|LEL | UEL | 4 |125]375
0 | 9% gl T3 A=
TOLUENE
| | Ams e USD 10,0004 7ke] 221 A | verloa ding 345 | 249 | 25 | 993 |58.1332
2 | 9re] &41| USD 10,000 ~ USD 100,0002] <=4 Top Side
B | PENTANE | 494 | 165 | 2.0 | 117.3 | 69.8 | 40.4
3 | RE2] £41| USD 100,000 ~ USD 1,000,0002] =41 Rupture
4 | =03 <2 |USD 1,000,000 ~ USD 10,000,0002] <=2 Flexible
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Table 3. Impact range of fire explosion on worst-
case scenarios by process(Continue)

Pro- Pool Fire (kW/ni) Explosion (bar)
Description

cess 4 | 125|375 002 |021] 08
TOLUENE

A Overloading 113.3 | 63.8 | 37.5 | 182.0 | 51.3 | 40.0
Top Side

B PENTANE | N/A | NJA | N/A | 217.3 | 64.8 | 51.6
Rupture
Flexible

C Line BD 574 | 387 | 26.0 | 117.0 | 50.8 | 45.0
Leak
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Table 4. Toxic damage range for worst-case scena- Table 6. Results of risk assessment for process A
rios by process
No Scenario Accident
Toxic Effect (ppm)
e Al Overloading Toxic
Process Description ERPG1 ERPG2 | ERPG3
(10) (35) (75) A2 Overloading Explosion
A AN Overloading 5,573.3 2,331.9 1,366.3
A3 Pump M/S Fire
Flexible Line AN
B 662.2 322.0 203.4
Leak A4 Overloading Explosion
C Flexible Line AN 5345 261.5 1672 AS Overloading Explosion
Leak
A6 Overloading Explosion
Table 5. Result of ETA A7 Overloading Explosion
Acci- Pool | Explo- | Flash | Disper- A8 Overloading Explosion
dent |Jet Fire X . . K Pool
Type Fire sion Fire sion
A9 Overloading Explosion
Like- 100 | 127% | 18% | 54% | 572% | 12.9%
lihood A10 Overloading Fire
7y AU ¥ 1)) 9 &4 (Consequence Analy- Bl Pump M/S Explosion
sis, AFALHIS=E2](Fault Tree Analysis, Event Tree 5 Flexible Li Toxi
Analysis) & Z@3t APFHATE =AU cxible e one
- - - B3 Pump M/S Fire
AP Ares 9l A, Ao 998 2 A
W dRgo s mAT 5 Aok B PLL ) ot L e
destete] ofn|(AFEE, NF APRE, " AP
B)E 7HAH, At A o3 AFEAs BS Pump M/S Fire
Z743F= A& Economic IndexE AH&-3t] Z&
3t A A E= FARY Bz o2 FA3gH W B6 Rupture Disk Explosion
Aoz FHFHL AANE IAe 54 AT 93
23 = st dtEy) vjwsith EAY ExU) B7 Rupture Disk Fire
EASA o Tad AF 2a 2Ae A
e 4 B ok 24 3 A9 3 ‘! Flexible Line Fxplosion
7} A3 += Table 6, Table 70|t}
kA ’ s C2 Flexible Line Toxic
HA oA 2ro0]= Hlo 2 9x o] W
_@Rel 2olt Hlol) 3 AAlojste) WY o a1 o
<= St AulollA dojd & e Abarel hik
gte = MAg AUe] 2= Table 80 AAISHA C4 Pump M/S Fire
on, g&o ¢t Auel ez AFERE & W
4 zldste] zhad @S 2SI Table 9 cs Flexible Line Fire
o @A
C6 Rupture Disk Fire
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Table 7. Results of risk assessment for process Table 8. Alternatives for ageing equipment’s risk
A(Continue) mitigation
Sce- Dis. Area Freq. Loss No AccideTlt Avr. Freq. Reco@nen— Improved
nario (m) () (per yr) (Risk $) Scenario (per yr) dation Frequency
1 Pump M/S 5.00E-01 Non-Seal 1.25E-02
Al | 233190 | 3557200 | 5.00E-01 | 3,799,090
2 |Flexible Line 1.00E-01 - -
A2 137.6 14,863.0 1.35E-02 661,404 LT-Val
3 | Overloading | 5.00E-01 Ve 1 5.00E-03
Interlock
A3 48.0 904.3 5.00E-01 16,091 PT-Val
4 |Rupture Disk| 2.70E-03 “YAVe | 5 70E-05
Interlock
A4 54.6 2,340 1.35E-02 104,139
A5 545 2,332 L.35E-02 103,756 Table 9. Risk assessment results for alternative scenarios
A6 54 2,289 1.35E-02 101,861 Sce- Tmproved | Tmproved
. Recommendation .
nario Frequency Risk $
A7 52.7 2,180 1.35E-02 97,010
Al LT-Valve Interlock 5.00E-03 37990.896
A8 51.5 2,082 1.35E-02 92,649 A2 LT-Valve Interlock 1.35E-04 6614.035
A3 Non-Seal 1.25E-02 402.28
A9 51.3 2,066 1.35E-02 91,928
A4 LT-Valve Interlock 1.35E-04 1041.389
AlO | 564 1,248 1.35E-02 22,223 A5 | LT-Valve Interlock 135604 | 1037.562
Bl 26.0 530.7 5.00E-01 23,612 A6 LT-Valve Interlock 1.35E-04 1018.605
A7 LT-Valve Interlock 1.35E-04 970.1
B2 322.0 6,782.7 1.00E-01 72,437
A8 LT-Valve Interlock 1.35E-04 926.49
B3 21.7 184.8 5.00E-01 3284.1 A9 LT-Valve Interlock 1.35E-04 919.281
Al0 LT-Valve Interlock 1.35E-04 222.233
B4 423 702.3 1.00E-01 12,505
Bl Non-Seal 1.25E-02 590.2925
B5 11.1 48.4 5.00E-01 863.3 B B 0.00E+00 B
B6 64.8 3,206.2 2.70E-03 146,681 B3 Non-Seal 1.25E-02 82.1025
B4 - 0.00E+00 -
B7 7.5 7.3 2.70E-03 133.5
B5 Non-Seal 1.25E-02 21.5825
C1 50.8 2,025.8 1.00E-01 47,775 B6 PT-Valve Interlock 2.70E-05 1466.809
o 2615 44733 LOOE-01 2518.7 B7 PT-Valve Interlock 0.00E+00 1.335
Cl1 - 0.00E+00 -
C3 19.0 141.7 5.00E-01 2518.7 @ . 0.00E+00 .
C4 19.0 141.7 5.00E-01 2518.7 C3 Non-Seal 1.25E-02 62.9675
C4 Non-Seal 1.25E-02 62.9675
C5 36.1 511.5 1.00E-01 9,105
C5 - 0.00E+00 -
co6 20.4 544 2.70E-03 970.1 C6 PT-Valve Interlock 2.70E-05 9.701

-89 - 7k~ 8 3 %] A4 Al4F 2020 8



Iv. BIE - He| B4

Hl8-o) #4 WS 2837 HdiAe Ble
Fu3 1) g5 £93] she 2ol Fasit
7t E3ke] T 213 sh] sl ALE
&7] 919 FAn 83 At b o] & A B3 H
= HES TR ¥ SIES Aladge 4
st} FAShE FHo2N E ATolM= Sehy
2 =N 994 s s FAsloF &
Aog dFHE BE ARE HgFHoR 4H
stk AbdAgol Abal o Fell A B8l H= B8
o] opd ApaLAYE& flste] FASHA He AAA

|o= AxtstAdh

ko] AuE o8 Sas] AF vlge Aw
At A TANGo S| HlE AP 2
Ak, Ao} olFe] AR He vE
& s ARTA WA HE Ao
4 9tk ulebx] AbLL o] F Ak Hlg
Aol Bl A sjAstd AaLE m
ste W F7HH o2 AESA Got=
2 asfol & Aotk A Eokd
ojn] &gl %% =

= A E Q3 =
Axrh dieke] Aueleg 2 g3l ek wa
Zangowm AEd oges AT F gl
H] g9l xl;gx% j%olq. L3544 7]]/\-] i %

© A ] WA= =AuS
Jé:ﬂL HlE2 1798 Ao,
]L‘rﬂo"ﬂ Edn g A= o]

i brolo o AL -h fr o
X,
B
jind

Hlg - o) £4E B83te) w3 994
= & o HlgE] AL AE
W OFS A

Ao w7 o

O.IN.; _?l O_L,

o
= U

o @ ooy
-~ I
oo
i
19
S
_I>v
o5

41. iy A ofete] MY

wEaule] A AEE Qo AAsw
o] =
1=l

4
o
>

&

Nop
N

_ﬂ

2

=

©

B

7

| o] e o

Asto] s Anle] PAS 7anY 5
7(—1%5]-\:]-

% 8l ek HAE) A 9

DAE Wag s w3

93 A4e A

rlr o o
o 2P

)
3 o
mlo

jQO

tlo rlo
P
e gt

Noox

S17] slekel ApgHT,

KIGAS Vol. 24, No. 4, August, 2020

o|v

v - st - 1AL

il

O]FH %)H :&Lﬁz% /\].i]?(‘] \;Ll ﬁo;q]Fﬂ' 7_11-7] =
wobel 7ol we} 9 A4 2aE AT FAe) A
Hol Fakg mAW, WANA Q17 - BA Szl
#7437, A8 9 7)ek 71 2Rk $AA o] 33}
A WA FaE AT FA 58 oo B

&5

42, -=4u|o| H[E - #Hol B4

ESdu o] Hlg - HeRA e tiks Y
st7] 913 W aRlE de F e Hes
Hlwste] o]E AsAS W TAsks &S
2hES S digkel] Uik E848 abgste] =
Fdnle) g s A £ A4S 571 9

g S A A FT

- BC Ratio

Hl& . o] BAl uhHS 383 JALARA S 7|E

20 7}%L 2 +=He XﬂLoF teke AAs
Zolth, & Ao A= ofg] /1A HlE - #He] &
W 2 BC Ratio”]|'S AF&-3F3Th

-

ﬁ. rr dz

43. H|E - ®o| &=

1) B&FE

Hl ol tgt AU LE F3E o FYH
g orEiy, e 2 A
gEoltt,

@EgZE

Hejoled A te] PN HrF A} gt
B2 A5y A7) ARl v gl
4 glew), As) 24 AL B U v
dA9 el onBn, askgadlAsl A
+4 A2 AT HAHAYF 3HHE e
17.90]th & AFolA = dit 3ol e AHA
A A e 27 A2 IA ER/RSIAH.

44, 8IS - Ho| BA B o Zn
Ao dolHE Fastel tigke] Aueles
MR W) S W §e AREAT, BHE ARG
@ %, 712 19487 Aol v gURA L 7
gslgh. tote] nlL-He B /\])\Eno =51
714

AARL AAE AYstd oS3 2ok

Hl%'ﬂ{i‘ll 4 233 Ay vlgon] He
o] &2, &, B/C Ratio”} 120 &2 Oj¢k2 5 9
7hAlolt) S UijtES e ez s 5=
ARG & g om, AgAe] o4toe] s et

- 90 -



APHE7EE o183 w=Fdno g H]

Table 10. Cost-Benefit Analysis result for alter-
native scenarios

. . Improved B/C
Scenario | Risk $ Risk $ Benefit $| Cost $ Ratio
Al |3,799,000 3792?89 3,761,099| 47,900 |78.51981

A2 661,404 | 6614.035 | 654,789 | 47,900 | 13.66993

A3 16,091 402.28 15,689 | 97,900 |0.160255

A4 104,139 | 1041.389 | 103,098 | 47,900 |2.152349

AS 103,756 | 1037.562 | 102,719 | 47,900 |2.144439

A6 101,861 | 1018.605 | 100,842 | 47,900 |2.105259

A7 97,010 970.1 96,040 | 47,900 |2.005008

A8 92,649 | 92649 | 91,723 | 47,900 |1.914875

A9 91,928 | 919.281 | 91,009 | 47,900 | 1.899975

A10 22,223 | 222.233 | 22,001 47,900 |0.459312

Bl 23,612 |590.2925 | 23,021 | 97,900 |0.235152

B2 72,437 - 72,437

B3 3284.1 | 82.1025 | 3,202 97,900 |0.032707

B4 12,505 - 12,505

B5 863.3 | 21.5825 842 97,900 | 0.008598

B6 146,681 | 1466.809 | 145,214 | 47,900 |3.031609

B7 133.5 1.335 132 47,900 |0.002759
Cl1 47,775 - 47,775
C2 2518.7 - 2,519

C3 2518.7 | 62.9675 2,456 97,900 |0.025084

C4 2518.7 | 62.9675 | 2,456 97,000 |0.025317

C5 9,105 - 9,105

C6 970.1 9.701 960 47,900 | 0.02005
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