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Abstract - To ensure the reliability of the safety system so that handing large quantities of hazardous
materials in chemical plant is considered basic information in chemical process design. However, the
reliability of the production system may be reduced when the reliability of the safety system emphasized in
order to ensure the safety of chemical process. It is necessary to balance the reliability of the production system
and reliability of the safety. In this study, a quantitative risk assessment was performed by selecting the furnace
process, which is widely used in the chemical plant in order to suggest a way to ensure the safety and
productivity of chemical process, based on the quantitative data. Quantitative risk assessment methodology
have been used directed graph analysis methodology. It is possible to evaluate the reliability of the safety
system and the production system. In this study, the optimum system design requirement to improve the safety
and the productivity of the furnace is two-out-of-three logic for TT and PT.

Key words : Reliability, Safety System, Production System, Directed Graph Analysis, Quantita-Tive Risk
Assessment
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Table 1. Output arc intensity equations of each node

A

Node type Input arc intensity Shutdown arc intensity Output arc intensity
OPN I(t) - O(t)=1(t) - exp(—= A, ty,)
SBN 1(t) - O(t)=1(t) - exp(— Aty
BDN 1(t) S,q(®) O(t)=[1(t)  exp(=A )] - [=S,4(t) - P_,]
AND L, 1, () : = 1L
i=1
OR L), -1, (1) : o)=1- J[(1-1()
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Fig. 1. P&ID of furnace process.
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Fig. 2. Directed graph of safety system.

Table 2. Reliability data used in safety system

Node
Equipment Data
No. | Type
1,2, AGN Arc generation 0(t=0+4) =10
34 node
5 OPN T‘T(Temp.erature )\Op —80FE_7 /h
Transmitter)
6 OPN TSHH(Temperature Ap =20E—7/h

Switch High High)

7 | OPN |PT(Pressure Transmitter) | Aop = 3.79E—6/h

PSHH(Pressure Switch

8 | OPN High Highy Aop = 94TE—5/h

9 OR Logic node -
Ap=381E—6/h

10 | BDN Shutoff valve P.(t) =10

11 | OPN Safety valve Ap =212E—4/h

12 OR Logic node -

Table 3. Output arc intensity of safety system

Node Time(hour)

No. 720 2,160 | 4320 | 6,480 8,760

12 0.99961 | 0.99684 | 0.98933 | 0.97957 | 0.96819
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Fig. 3. Directed graph of production system.
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Table 4. Success probability of production system

Node Time(hour)
No. 720 2,160 4,320 6,480 8,760
13 0.97557 | 0.92849 | 0.86209 | 0.80044 | 0.74015
Table 5. Reliability data used production system
Node
Equipment Data
No. | Type
1,2 | AGN Arc generation node | O(t=0+) =10
3 | OPN Fluid pump Ap=T1E—6/h
4 | OPN Flow control valve Aop =290E -6 /h
5 | OPN Furnace Ap =141E—6/h
6 | OPN Safety valve Aop =1.68E—6/h
7 | OPN TT Ap = 1.16E — 6/
8 | OPN 0Oil pump Ap =T0E—6/h
9 OPN Oil heater Aop =H5.60E—7/h
10 | SDN Shutoff valve Ap=917E—6/h
11 | OPN Flow control valve Aop =290E—6/h
12 | OPN PT Ap =4.70E—7/h
13 | AND Logic node -
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Table 6. Success probability of process and safety
system

Safety Time(hour)

Equipment

System

720 | 2,160 | 4,320 | 6,480 | 8,760

Safety [0.99995|0.99889(0.99410|0.98631|0.97643

PSV1,
PSV2

Process |0.974390.92513|0.85586 |0.79178 |0.72933

Safety [0.99961 |0.99696|0.99003 |0.98134 |0.97147

TT1, TT2,
TT3

Process |0.98562 [0.95731|0.91541|0.87367 | 0.82951

Safety [0.99961 |0.99696 |0.99004|0.98135|0.97149

Process [0.99997 (0.99921|0.99440|0.98320 | 0.96335

=347 g FE A 71E 2423

& QA2 e N EE vebd
Al A 2E o] AP T et 7k 7] 149} &
T 3= Aﬁ]ﬁ; 350l vis) A e <
4= 9tk o] o Hl &l ehH A 2~H o] Al 2] & Table 61
A 81Q1g 4 91 vl o] 7o) MRl A e Aoz

=T M

835 2] A|18d 6% 2014 122



E

Ho

106
100
£
By
=
.__'5 90
=
2
& 8
19}
4
3 80 —e—Safety systen(TT1~8)
L’/:J1 —a—Safety systen(TTL)
7 | | —*Process system(IT1~3)
—m—Process systen(TT1)
70 1 L 1 1
0 2,000 4,000 6,000 8,000 10,000
Time (hour)
Fig. 6. Success probability of furnace process accor-
ding to TT.
105
100 ﬂ—.\*\‘\'
Ew \.
S
=
;—E wl \
2 .
& \\\\
19}
8
o 80 |
U:J’U —&—Process system(TT1~3,PT1-3)
75 | |« Process system(TT1-2)
|
—m—Process systen{TT1)
'm 1 L 1 1
0 2,000 4,000 6,000 8,000 10,000
Time (hour)

Fig. 7. Success probability of furnace process accor-
ding to TT and PT.

bt
gebd el 27 A SERA] D ez
2718 717k 37) A\ ske] 27 o] 4Fo] A 3k o]
SERPEEEPEE EEL LR SRRt
aHe F0] QA 228 o] 21) 4 7} A 4hA) =¥l o] 213
88 B0 FHE 5 9l HH o) A w7 27

TR
e ¢4 Ao

o
mm

KIGAS Vol. 18, No. 6, December, 2014

A
v.Z &2
QPA 28 2} AR 225 0] 21214 S B Aol S
g & e HAFHL FE) ANAE S5

o] QRAA 2} A Ak A] 5ol Tl & A A 919 4%
A} A olof ajv), E2E A7 volEE 2A
= 3ot 3 Al 29 e TEslelof BTk

b & Aol fRTAE BA1YE o

b SEE ERSOEC B RAR BT

A AAARHG 7= A stg o, 3t A AH
TS 3 A LA A7 He Z ek
A7l fr8s ARSE - e Q"Jo}%‘\ﬂ}
we, Qs 919997 A w29 voje 2

2 559 8515 A A6 75 Beke AR

stz gel ) del AH8E Y gl HE 23
LI JULS T B0+ Y2 &

Al B 7} 2
ﬁﬂﬁorﬁ%%
32 7390l Hl
3l OMWM‘JA *1ﬂ+(9682%ﬁ9715%) A<
tﬂi‘ﬂ} e W YARA] 28l o) A=) % (74% — 96%)

© A FEH] AT YIS A GRS
*%;A@AMé@@ﬂﬁéQﬂ%#%%%

webA] & Aol A AAE AT-E IS Al she)

ZA ) Agsld 5T AHY AN ER Ag AT
Zx)o] 8HE I Q= 31t A A|AES 128 S
A& Ao Z 7|thHT}
ZAtel 2
?E 2014'd &2}k St ) )2 ¢ w)
ﬂ% FIHAFY
REFERENCES

[1] Byun,Y.S., A Study on Development of the Directed
Graph Analysis Methodology for Chemical Process
Reliability Assessment, Ph. D. Dissertation, Pusan
National Univ., Busan, Korea, (2010)

Byun, Y. S, An, D. M. and Hwang, K. S,, "A
Comp- arative Study on Safety Analysis Metho-
dology of Chemical Process", Journal of the KIIS,
18(2), 64-72, (2003)

Byun, Y. S. and Hwang, K. S., "A Study on
Reliability Flow Diagram Development of Che-
mical Process Using Directed Graph Analysis

- 38 -



AR QRN L o 89 Aot FA Axd TH B AT
Methodology", Journal of KIGAS, 16(6), 41-47, J. H., "Towards the Application of Safety Integri-
(2012) ty Level for Improving Process Safety", Journal of

[4] Byun,Y.S.,, An,D.M,, Lee, H.S,, Shin, D. I, Kim, the KOSOS, 27(5), 64-69, (2012)
Y. H. and Hwang, K. S., "The development of [6] Hwang, K.S., Park, N. H.,, An, D. M. and Park, C.
Syst- em Reliability Assessment Methodology L., Development of Risk Analysis Method for Equi-
Using Directed Graph", HWAHAK KONGHAK, pment Operation, Korea Occupation Safety & Hea-

41(3), 286-291, (2003) th Agency, (2003)
[5] Kwon, H. M., Park, H. C.,, Chun, Y. W. and Park,

Ol

-39 . k=71~ 813 #] A|189 A6 2014\ 12€



