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Abstract : Accurately assessing and managing risks in any endeavor is crucial. Risk
assessment in engineering translates the abstract concept of risk into actionable
strategies for systematic risk management. However, risk validation is met with
significant skepticism, particularly concerning the uncertainty of probability. This study
aims to address the aforementioned uncertainty in a multitude of ways. Firstly, instead
of relying on deterministic probability, it acknowledges uncertainty and presents a
probabilistic interval. Secondly, considering the uncertainty interval highlighted in
OREDA, it delineates the bounds of the probabilistic interval. Lastly, it investigates how
much explanatory power deterministic probability has within the defined probabilistic
interval. By utilizing fault tree analysis (FTA) and integrating confidence intervals, a
probabilistic risk assessment was conducted to scrutinize the explanatory power of
deterministic probability. In this context, explanatory power signifies the proportion of
probability within the probabilistic risk assessment interval that lies below the
deterministic probability. Research results reveal that at a 90% confidence interval, the
explanatory power of deterministic probability decreases to 73%. Additionally, it was
confirmed that explanatory power reached 100% only with a probability application 36.9
times higher.

Key Words : probabilistic risk assessment, monte calro, uncertainty interval, deterministic
risk assessment, probability
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Table 1, Device equipment and Failure mode of fault tree
analysis

: Failure rate per 10° hour
Faclity Class  Failure mode P
Name Mean SD  w/t
fail to stop
1 Pump-1 Pump on demand 0.38 0.58 0.35

2 Pump-1 Pump  spurious stop  22.56 2444  20.89

fail to start

3 Pump-2A  Pump on demand 1374 211 731
fail to start

4 Pump-2B  Pump on demand 13.74 21.1 7.31

s LT1A  ppcs il to function o 5009 5y
on demand

6 LT-1A BPCS  erratic output 222 3.54 1.61
7 LT-1A BPCS low output 0.56 0.89 0.54

fail to function

8 LT-1B BPCS on demand

0.56 0.89 0.54

9 LT-1B BPCS  erratic output 222 3.54 1.61
10 LT-1B BPCS low output 0.56 0.89 0.54

1 cv-l ppes  filtodose 5,0y 4
on demand

12 rr2 s il tofunctino 5000 sy
on demand

13 LT-2 SIS
14 LT-2 SIS

erratic output 222 3.54 1.61
low output 0.56 0.89 0.54

fail to function

15 PT-1 BPCS o demand

0.51 0.63 0.19

Fig. 3. Fault tree analysis structure,
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Table 4. Descriptive statistics of top event probability interval
with a 70% uncertainty Interval

Table 5. Descriptive statistics of top event probability interval
with a 50% uncertainty Interval

Total probabilistic Pr  Probabilistic Pr > Deterministic Pr

Total probabilistic Pr  Probabilistic Pr > Deterministic Pr

count 1,000 189
mean 0.96x10™"7 3.36x10"7
std 1.51x107"7 2.12x107"7
min 3.46x10%° 1.41x10™"7
25% 1.59x10 1.91x10™"7
50% 4.18x10™ 2.82x10™"7
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max 1.30x10™"° 1.30x10™"°
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max 4.75x10™"7 4.75x10"7
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Table 6. The probability required to achieve a explanatory
power of 100% for each uncertainty interval

Uncertainty Interval Times for explain 100% probability

50 3.38
70 9.26
90 36.90

y =0.16028%0597
R*=0.9965

Times forexplain 100%
N
S

Uncertainty Interval

Fig. 14. The probability required to achieve a explanatory
power of 100% for each uncertainty interval,

Hol94s Fadich ol BET0] Holuhs
g2 W ek ol gest waoley 3
U720 0% Tz Gofd o 4
% 5. 8%p (86.9% - 81.1%) Zr23taa, 70%o) A

81



oL

[m}
=]
oQh

90%= Yol uf 7.3%p(81.1% - 73.8%) HAsITh
ol B3] AIZE (1) AR failure®] Ap<m)nick
B% &2 WEs} Hgslolof stul, ofuf BEUTI
2 mejsiol §2 ojujgie). BRI MR e
100%S 7H4)7] $1g BI=gES SHISHETK Table 6).

eI whE ABY 100%E 913 MEL A
o] el F7bsHe e Blstech el
50% A= AHEA W] 338HEHE B NES
2. g3tolof stnl, 0% = 369uHEHE e V=S
2 gstolof 3k

478

u

2
A
=
i
lo

Al

do . doh o ol
Homu fob Hu g
Jg%ruzrﬂi

H1
1

o’

ol
Jor g 2 px
O ox O |0 of
S rlo b 1®

L
—_

00%9°]] =g

S
QS
X
et
40
%
g
i
XY
oo
1o
x Mo

2:31 g4o] slatet glo|Ee} Ao
A B Bam HAY anE

SAlo WA E2HAd ] 7o

B R
Ao AT W) WA Al
IECo{| A= Maximum likelihood estimateS HA|S}aL Q)
o} ohek o] gt RGNS Al He A BlE
o] £ 5 AR ARRE Qs RgEIIe] £
F7HA Q1 EATEA Y] zIQdo] E7Fssith
Hlo|E & ¢sks TAlA HlEe] B2
AEo| gk aiwlo] HIEA] eshs o

o

ja}

- O
[

tlolel e} ZEIZFER Al

AFHHIE st
ERIET IR EX
Hpajo] dhtel B 4 9

o o rr
dob HT o

o]
AN

4

=1

Fo.os (X))

Foso (X)

Foos (X)

FREQUENCY OF EXCEEDANCE

X DAMAGE LEVEL

Fig. 15. Uncertainty in risk estimates by CCPS™.

F-N Curve®] X&-& APgARpoln] Y& 8 Akl
7HAE o Sl e oulshe efjao|th Akl
2 QR APgARee} AL A SHEE oJn|She AR 4]
ARAS UutA o & F-N CurveF e 2 #F3HHY. Fig.
1547 Hl%=-17Re 188 F-N Curved ¥l A2
AR =Z7] ofefe Aisolch ey 2JAL
AL 1HT = Q= AFA = RiskE A)Hs}]
Al ol2et Aol Had Zlojch

4.1 sHA|

IS0 AB4%71E WaEl QolA A=k e
joF gh BAlstaL QX9 & A= OREDA tj|o]E] <]
B ARESIGIT ol el e Rkt
7o) AREaL o] I 1t ol EAstth= ol
A= Htgto] FUstelom, AlglTE AEskal Q= )
olg&o] $1817] wiZolt}. thit OREDAS] E241+17k
< A HloE 7} ol ko] FopAA| gh=th=
E4& 7FA AL Qlr}. ®5F OREDA estimator 574/ A
Lrb d O8] iz 2g4E W=7 SRt
AT R U2thz 545 7HAaL i} ol A3E4]
Hlte o] drgeo] I 7tE o] glof

UL 5 ke o]

sieh. webd B A o] ZHsat g A2
T2 AR ELe] et 3749 ATE Wad o
AT,

=
=

Acknowledgement: This research was conducted with
the support of the korea Institute for Advancement of
Technology(KIAT) funded by the Ministry of Trade,

J. Korean Soc. Saf., Vol. 39, No. 3, 2024



Industry and Energy (P0012787, 2024 Industrial Innovation
Talent Growth Support Project) ] =2 2024 = A5
AHEA Y Aher A7 e RIS
Al HE ol 3 Ayt (P0012787, 2024 4h
P4 AN SEA LA

References

1) American Petroleum Institute, API 580 Risk based
Inspection, p. 7, 2016.

2) International Electrotechnical Commission, IEC 61511
part 3 : Guidance for the Determination of the Required
Safety Integrity Levels, p. 15, 2016.

3) International Organization for Standardization, ISO 31000
Risk management - Guidelines, p. 12, 2018.

4) Chemical Safety and Hazard Investigation Board,
Investigation Report — BP Texas City Refinery Explosion
and Fire, p. 34, 2007.

5) J. L. Fuentes-Bargues , C. Gonzalez-Cruz, C. G. Gaya and
P. B. Pérez, “Risk Analysis of a Fuel Storage Terminal
Using HAZOP and FTA”, International Journal of
Environmental Research and Public Health, Vol. 14, p. 705,
2017.

6) Health and Safety Executive, Safety and Environmental
Standards for Fuel Storage Sites, p. 112, 2009.

7) Center for Chemical Process Safety, Layer of Protection
Analysis Simplified Process Risk Assessment, p. 28, 2001.

SHRQFMSHS| |, A|39H A|3&, 2024'A

8) Offshore Reliability Data, Offshore Reliability Data
Handbook, 2002.

9) Ministry of Trade, Industry and Energy, Special Notice on
the Application of Standards for Transfer and Succession
of High-Pressure Gas Manufacturing Business, 2018.

10) International Electrotechnical Commission, IEC 61511
part 2 : Guidelines for the application of IEC 61511-1, p.
60, 2016.

11) J.S.Leeand B.Y. Kee, “Evaluation of Creep Crack Growth
Failure Probability for High Temperature Pressurized
Components Using Monte Carlo Simulation”, J. Korean
Soc. Saf., Vol. 21, No. 1, p. 28, 2006.

12) International Electrotechnical Commission, IEC 31010
Risk Management - Risk Assessment Techniques, p. 82,
2019.

13) Korea Occupational Safety and Health Agency, Guidelines
on Probabilistic Risk Assessment Procedures, 2014.

14) Center for Chemical Process Safety, Guidelines for
Chemical Process Quantitative Risk analysis Second
edition, p. 445, 2000.

15) A. Gelman and S. Greenland, “Are Confidence Intervals
better Termed “Uncertainty Intervals?”, the British
Medical Journal, 2019.

16) Y. H. Kim, S. 1. Umand J.W. Ko, “A Comparative Study on
the Risk(Individual and Societal) Assessment for
Surrounding Areas of Chemical Process”, J. Korean Soc.
Saf., Vol. 10, No. 1, p. 56, 1995.

83



