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Abstract

API 581 guideline provides a methodology for calculating the risks of equipments in refinery or
petrochemical plant. However, especially in part of the consequence of failure, there is a major limitation of
its application to the petrochemical plant directly since only a representative material is considered in
calculating the risk while the equipment is composed of numerous materials. The objectives of this paper are
to propose an enhanced risk-based inspection (RBY) technique to resolve shortcomings inclusive of the above
issue and to assess the risks of typical petrochemical equipments. In this respect, a program incorporating
material database was developed to fully incorporate the characteristics of different materials. The proposed
RBI program consists of qualitative, semi-quantitative and quantitative risk evaluation modules in which toxic
materials as well as representative materials were selected automatically for comparison to those in the
current guideline. It has been applied to assess the risks of equipments in ethylene facilities of petrochemical
plants. Thereby, more realistic evaluation results were obtained and applicability of the proposed RBI

program was proven.
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Fig. 1 Risk evaluation process of qualitative RBI
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Table 1 Example of material list in ethylene facilities

Material Name Material Name

H, Hydrogen CsHg 1-Pentene-3-yne
CO  Carbon monoxide CsHg 1-Pentyne
CO, Carbon dioxide CsHio 1-Pentene
H,S hydrogen sulfide  CsH,, n-Pentane
CH, Methane CeHg Benzene
C,H, Acetylene CeH ;2 Cyclohexane
C,H, Ethylene C;H; Toluene
C,Hg Ethane C:His 1-Heptene
Cs;H, Propadiene CgHjs Styrene
C3H¢ Propylene CgHpo Et}g‘;;?:ﬁ:e /
C;H; Propane CgHi¢ 1-Octane
C;H¢ 1,3-Butadiene ~ C.H,,42 n-Paraffin
C,Hg 1-Butene H,0 Water
CqHip n-Butane
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r Estimate the total amount of fluid available for release ]
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[ Estimate the release rate 4]
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r Determine the final phase of the fluid I
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r Evaluate post-leak response J
¥

r Estimate COF j

Fig.3 COF estimation process of API 581 semi-
quantitative method
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Fig. 5 3-tier structure of proposed RBI program
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Table 2 Column list considered in the present work

Equipment Description Construction Material
N-DA-101  Gasoline fractionator Carbon steel
N-DA-102 Pyrolysis fuel oil stripper Carbon steel
N-DA-103 Pyrolysis gas oil stripper Carbon steel
N-DA-104 Quench tower Carbon steel
N-DA-105 Process water stripper Carbon steel
N-DA-201 Gasoline stripper Carbon steel
N-DA-202  Condensate stripper Carbon steel
N-DA-203 Caustic/water wash tower Carbon steel
N-DA-204 Acid gas absorber Carbon steel

. 300 SS-L grade (TOP)
N-DA-205 Amine regenerator Carbon steel (BTM)
N-DA-235  Spent caustic stripper High Cr( 1835%) ferritic
N-DA-401 De-ethanizer 1Cr-0.5Mo
N-DA-402  Ethylene fractionator 1Cr-0.5Mo
N-DA-404 De-propanizer Carbon steel
N-DA-405 De-butanizer Carbon steel
N-DA-406 Propylene fractionator Carbon steel
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Fig.7 Result screen of quahtatlve RBI module
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Fig. 9 Result screen of quantitative RBI module
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Fig. 10 Result of risk matrix for columns by semi-

quantitative RBI
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Table 3 Vessel list considered in the present work

. . Construction
Equipment Description Material
121-F Quench water separator Carbon steel
123-F Decoking drum Carbon steel
201-F PGC 1* stage suction drum Carbon steel
202-A-F PGC 2™ stage suction drum  Carbon steel
203-F PGC 3" stage suctiondrum  Carbon steel
204-F PGC 4™ stage suction drum Carbon steel
205-F PGC 4™ stage discharge drum  Carbon steel
206-F PGC 5" stage suction drum  Carbon steel
210-F Dryer feed knockout drum Carbon steel
217-F Dea Stripper reflux drum Carbon steel
301-F Demethanizer feed 1* flash drum  Carbon steel
302-F  Demethanizer feed 2™ flash drum  Carbon steel
303-F Demethanizer feed 3™ flash drum . Carbon steel
304-F Demethanizer feed 4" flash drum  Carbon steel
306-F Demethanizer overhead reflux Carbon steel
drum

307-F Expander separator drum Carbon steel
313-F C3 recycle drum Carbon steel
314-F C3 splitter reflux drum Carbon steel
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Fig. 11 Result of risk matrix for vessels by semi-

quantitative RBI
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