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Abstract — Quantitative risk analysis has been performed for a pervaporation process for production of high test per-
oxide. Potential main accidents are explosion and fire caused by a decomposition reaction. As the target process has a
laboratory scale, the consequence is considered to belong to Category 3. An event tree has been developed as a model
for occurrence of a decomposition reaction in the target process. The probability functions of the accident causes have
been established based on the frequency data of similar events. Using the constructed model, the failure rate has been
calculated. The result indicates that additional safety devices are required in order to achieve an acceptable risk level, i.e.
an accident frequency less than 10™#/yr. Therefore, a layer of protection analysis has been applied. As a result, it is sug-
gested to introduce inherently safer design to avoid catalytic reaction, a safety instrumented function to prevent over-
heating, and a relief system that prevents explosion even if a decomposition reaction occurs. The proposed method is
expected to contribute to developing safety management systems for various chemical processes including concentra-
tion of hydrogen peroxide.
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Table 1. Consequence categories [7]
Consequence class Plant personnel Community Environment
172 No lost time No hazard No notification
3 Single injury Odor/noise Permit violation
> 1 injury One or more injuries Serious offsite impact
5 Fatality One or more severe injuries Serious offsite impact
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Table 2. Risk tolerance criteria [7]

Frequency Consequence category
(/yn) 1 2 3 4 5
1-10"! I N N N N
10!-107 I I N N N
102107 A I I N N
10310 A A I I N
10410 A A A I I
10°5-10°6 A A A A I
10°-107 A A A A A
A: acceptable, I: intermediate range, N: not acceptable
Table 3. Safety Integrity Levels [9]
Safety Probability of Safety Risk Reduction
Integrity Level Failure on Demand ~ Availability Factor
(SIL) (PFD) (1-PFD) (1/PFD)
4 .0001 ~.00001  99.99 ~99.999% 10,000 ~ 100,000
3 .001 ~.0001 99.9 ~ 99.99% 1,000 ~ 10,000
2 .01 ~.001 99 ~99.9% 100 ~ 1,000
1 1~.01 90~99 % 10~ 100
Aol
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3-2. Quantitative Risk Analysis (QRA)
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Fig. 1. Pervaporation process.
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Fig. 2. Fault tree for concentrating hydrogen peroxide.
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Table 4. Failure events in concentrating hydrogen peroxide

Number Event Frequency (/yr)
1 Operator failure (spill) 0.1 (0.01/opportunity)
2 Seal failure (leak) 0.1
3 External contamination 1
4 Internal contamination 0.1
5 Controller failure (T sensor failure) 0.1
6 Heater defect (short circuit) 0.1

Ry(t) = Rs(DR4(t) = & )

Wby S S EE S TR, 5 RAhg S
AREYRE O3t 2o,

-0.5t —1.3¢
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A ARLE(fyne vt 2t
B 0.5670'51"" 1.36—1.317 1.56—1.51
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Fig. 3. Failure function and failure rate of concentrating hydrogen
peroxide.

H]—El/ﬂ_o/] AEEA] _?42@/&3 E_—l| 753

USS ottt A R HAkslrA 5
el wafnb-go] dojuar ojzlo] Fkg oo W Al A=
Table 12] " 2Jf] ©b=™ Category 301 s3s}. 18|22 ciita7
o] 9JgAdo] 8 7t o] H A k™ Table 22 7]l wh
2} el AFTRIEE 10%/yr OJ3HE ShFook gt} o] & W5A7]7]
Q&A= A 3)ell @k PFD7F 1.9x10* ]3] IPLS: F7}aljok
s,

94 wEEEo] dojuA] REF = IPLS X5k FHld%
¥} #pAAtazel] disl] 2+t df-gsllof stk Fullnkg-2 A3 o] Gl
012 AP Y 4454 (passive) IPLRF 7F53it). weba] @802
Rt} Qa3 A (inherently safer design)’} & 31t} 27 AE
FA )R] ob= AAZ FE3FaL FeA] QP A (stabilizer)”} 3¢
B AETRS ARSSIA Adsllof SFCHIPLIA). w34 Qb A2
PFDi= 1070|TH6]. Fll S ol o= F o] 0.33/yr0] 22 Fujjit
S AFHIEE Hl 3.3x10%/yro]th Aadllel viaiME 554
(active) IPLZA] 2= 2! F2AME T3l o5 2 Al 385
HE= SIFS A8 4= Qlt}. Table 390 AlAIE SIL19 SIFS 37}
3l ETHIPLIB). PFDE: 1072012} 713, wkd¢lel bRl e
0.2/yro] P2 HAAL AARIEE 25107 yro] o), Falike-S v
o] 7 7ie] B3 IPLE AE3rozH tdwge] walinkg iAnl
T= F 5.3x103%y7F Aok

BOR Fakgo] doju FuR o]ojx]x] okar st wb
07 BEZHEE feed tank®} membrane module® relief valve
rupture diskE A 8f|oF FFTHIPL2). ©] IPLS] PFD= 10%0]TtH6
w7k aefeh BE IPLE A8k g o] ikslas sl
5ol oJgh FAlaL ofPNIEE Ho 53x10% /i 78 7Fsst 9
o] Frkh ARk AlAEle] AFER]= Fig. 49} 2t}

i odt

=

o

o

Explosion

IPL2
Relief failure

Decomposition

IPL1A IPL1B
Stabilizer SIF failure
failure
Internal Controller | | Heater
contamination failure defect
(T sensor (short
failure) circuit)
Operator Seal External
failure failure contamination
(spill) (leak)

Fig. 4. Fault tree after QRA and LOPA.
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