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Abstract : During the last ten years, the need has been increased for reducing maintenance cost for aged equipments and
ensuring safety, efficiency and profitability of petrochemical and refinery plants. American Petroleum institute(API)
developed a code, API 581 for proposing standard procedures of risk based inspection. Even though the APl 581 code
covers general RBI procedures, there must be some limitations. In this study, a semi-quantitative assessment algorithm for
RBI based on the API 581 code was reconstructed for developing an RBI software. The user-friendly realRBI software
is developed with a module for evaluating semi-quantitative risk category using the potential consequence factor and the
likelihood factor. Also, inspection planning module for inspection time and inspection method for equipments are
included.

Key Words : RBI, risk, likelihood, inventory group, instantaneous, continuous leak isolation, mitigation, probit, TMSF,
inspection effectiveness
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Table 1. List of materials modeled in semi-quantitative RBI

analysis®
Representative material Example of applicable materials
C1-C2 Methane, ethane, ethylene, LNG
C3-C4 Propane, atane, isobutanc, LPG
C5 Pentane
Ce-C8 (Gasoline, naphtha, light straight run, heptane
C9-C12 Diesel, kerosene
C13-Cle Jet fuel, atmospheric gas oil
C17-C25 Gas oil, typical crude
C25+ Residuum, heavy crude
02 Hydrogen only
H2S Hydrogen sulfide only
HF Hydrogen fluoride
Water Water
Steam Steam
Acid (low) Low-pressure acid with caustic
Acid (medium) Medium-pressure acid with caustic
Acid (high) High-pressure acid with caustic
Aromatics Benzene, toluene, zylene
Styrene Styrene

L= 04 HELE, EXA(molecular weight)E
2} (1)o] 83} Table 19]4 714 SALS HEE
Ag Aol Fick FAE 229 Mgo] oy
€ ASole 2uAA A (el 383l Table 19}
A 7V AR g EEES Mgt
(property) ms= 23x ;% (property) ; Q)

o714 xE EFEA9 EES(mole fraction)o] L
(property)/= ISR E, BB, AE Solg’,

22 yEAMNUZ|e 2H

FEo| AAl dA3E & Alo|RE TSR
FA%H RBISIME o] & Alo]ZE Table 29} 2ol
N2 RS gBAH] 4379 FEAUE e
< AHgR uiEst EHE7]|E small, medium,
large ¥ rupture FEAUE]QE 2T ARSI, ¥

+ small, medium, large ~18] 2 ¢=7] medium,

Table 2. Hole sizes used in sem-quantitative RBI analysis®

Hole Size Range Representative value
Small 0 ~ 1/4 inch 1/4 inch
Medium 1/4 ~ 2 inches 1 inch
Large 2 ~ 6 inches 4 inches

. entire diameter of item, up to a
Rupture > 6 inches maximum of 16 inches
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Table 3. Inventory Category Ranges”

Value used in
Category Range calculations
A 100 to 1,000 Ibs. 500 lbs
B 1,000 to 10,000 Ibs 5,000 Ibs
C 10,000 to 100,000 Ibs 50,000 bs
D 100,000 to 1,000,000 lbs 500,000 lbs
E 1,000,000 to 10,000,000 Ibs 5,000,000 lbs
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Fig. 2. Process to determine the type of release
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Table 5. Leak duration based on detection and isolation

systems”
Detection system| Isolation system .
N 5 Leak duration
rating rating

20 minutes for 1/4-inch leak

A A 10 minutes for 1-inch leak
5 minutes for 4-inch leak
30 minutes for 1/4-inch leak

A B 20 minutes for 1-inch leak
10 minutes for 4-inch leak
40 minutes for 1/4-inch leak

A C 30 minutes for l-inch leak
20 mimsaes for 4-inch leak
40 mimutes for 1/4-inch leak

B AorB 30 minutes for I-inch leak
20 minutes for 4-inch leak
1 hour for 1/4-inch leak

B C 30 minutes for 1-inch leak
20 minutes for 4-inch leak
1 hour for 1/4-inch leak

C A, Bor C |40 minutes for 1-inch leak
20 minutes for 4-inch leak

Table 6. Adiustments to release rate or release mass for

At steady-state At steady-state Fluid phase for flammable OUSWJGI'KESS,
operating conditions | ambient conditions | consequence calculation -
" Response System Ratings Ad
model as Consequence Adjustment
& I.gas.d " L Detection Isolation ’
iqui mode! as
& d s A A Reduce release rate or mass by 25%
model as gas unless the
fluid boiling point at A B Reduce release rate or mass by 20%
liquid gas ambient conditions is AorB C 1
greater than 27°C, then or Reduce release rate or mass by 10%
model is a liquid B B Reduce release rate or mass by 15%
liquid liquid model as liquid C C No adjustment to consequences
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Table 7. Adiustments to flammable consequence for mitigation
systerns®

Mitigation Systems

Consequence Adjustment

Reduce release rate or
mass by 25%

Inventory blowdown, coupled with
isolation system rated B or higher

Reduce consequence area

Fire water deluge system and monitors by 20%

Fire water monitors only Reduce c&;yns%%fnce area

Reduce consequence arca
by 15%

Foam spray systems
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Table 8. Suggested generic equipment failure frequencies”

. Leak froquency (per year)
Equipment type w | 1" | 4 [Rupture

Cenirifugal Pump, single seal | 610 | 5 %107 | 1x107

Centrifugal Pump, double seal| 6x10” | 5x10™ | 1 x10™

Column 8§x10° [ 2x10° | 2x10° [ 6 x10°
Compressor, Centrifugal 1x10° | 1x10°
Compressof, Reciprocating 6x10° | 6x10”

Filter 9x107* | 1x10% | 5x10° | 1 x10°

Fin/Fan Coolers 2x10° | 3x10™ | 5x10° | 2x10°

Heat Exchanger, Shell 4x10° | 1x10* | 1x10° | 6x10°
Heat Exchanger, Tube Side | 4x10° | 1x10* | 1x10° [ 6x10°

Piping, 0.75 in. dia., per f# | 1x10° IX10”
Piping, 1 in. dia, per & | 5x10° 5x10”
Piping, 2 in. dia, per ff | 3x10° 6x107
Piping, 4 in. dia, per # | 9%107 | 6x10” 7x10®
Piping, 6 in. dia, per ft | 4x10” | 4x10" §x10°

Piping, 8 in. dia, per t | 3x107|3x107 | 8x10™ | 2x10®
Piping, 10 in. dia, per t |2x107 | 3x107 | 8x10°| 2x10®
Piping, 12 in. dia, per &t | 1x10”[3x107|3x10*|2x10®
Piping, 16 in. dia., per & | 1x107[2x107|2x10*|2x10®
Piping, >16 in. dia, per ft | 6x10% | 2x10” | 2x10® | 1 x10®
Pressure Vessels 4x10° | 1x10™ | 1x10° ]| 6x10°
Reactor 1x10* | 3x10* | 3x10” | 2x10°
Reciprocating Pumps 710" | 1107 | 1x107 [ 1x10”
Atmospheric Storage Tank | 4x10” [ 1x10™ | 1x10° | 2x10°

Table 9. Consequence area calegories”
Consequence Category Likelihood weighted average area
<10 f2
10 - 100 f2
100 - 1,000 f2
1,000 - 10,000 f2
> 10,000 2
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Table 10. Technical module subfactor conversion”

Likelihood Category Technical module subfactor
1 <1
2 1-10
3 10 - 100
4 100 - 1,000
5 > 1,000

Fig. 5. Equipment data for semi-quantitative RBI
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Fig. 8. Consequence analysis for semi—quantitative RB!
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Fig. 9. Consequence details for semi—quantitative RBI

Fig. 10. Inspection planning for semi-quantitative RBI
58 8

2 drolMe B - sk EAENA FA)
A9 E&AE aestel duje) Fd A 4 g
o] ¢4 ¢48 AHshHs RBI Azt S AR
918 &% RBI AAjol tisf A-8k02.w, RBI
AZES Q] reaRBIS] ERFA BrIEES 78
ek A Ak o 2k

1) API 581°) ¥3tel £4FF RBI H7}azate]
ulzt A2 dnES A4%gon, o] X
s ae) wEnle BA-A) Fo] EghE o] gich
API 5810 &3] AAHA & FE Z &
g 2 Fuide) 24 HF dudss

MUORIBISIX], RI7H A4Z, 200244

FAsacE weld B dFATelN  pdd
realRBl A~ZE 4o} AMLSIE APl 581 Ax}o] =
A% F4%H RBl H/HEHE 4& 7 AUk

2) 749 RBI £% dudEE H"HOoZ MS
Visual C++ , MS Visual Basic €10} 2 MS Access&
A5t} RBI &ZEd)o] realRBIS] 4 F4 37}
BES FHslgoen, GUI 84S 73t HZE
o] AFgAle] ALEA) HYE R

I R s I
Au) YR AP AESAFE)S] AT 0] A 2
A7hagta Al AU AUoR FYY A7
Asperic.

Huzd

) sakeiehdad, “9IE7|9ANRBL) 7=l
3 A T 2 71E/id AL kA E
oF 71&2}tg, ¢Hd 2001-18-235, 2001. 7.

2) AFE, £R5 9, “APL 7130} 243 RBI A
A 2 AZEdole] FEA(I) - A H
o8, AkdbAstE] A, 2002. 9.

3) $744 “RBI Azel Y L A4t FUE
o Agol B AT MALBS =R, FYhs)
3, 2001.

4) Robert C. Reid, John M. Prausnitz, Tomas K.
Sherwood, “The properties of gases and liquids,”
4th edition, McGraw-Hill Book Company, 1987.

5) API 581, Risk Based Inspection Methodology, st
edition, 2000. 2.

6) R H Perry, D. Green, “Perry's Chemical
Engineering Handbook,” 6th edition, McGraw-Hill
Book Company, 1984.

7 A4, 718 9, “API-RBI BRDof| wE RBI
AxEgole] A 2001 BFUALA - 914
&3 35 gedls] =3 pp. 381-386, 2001.
11

8) FAT, AEE &71% 9, “API 5819 &A%
RBI £ZEdole] Sues AL 01 #3537}
~ot8) FANEUEY =23 pp. 167172
2001. 10

9 4718, $A8F, AEE Fuiddeie AF
Fwl e AGgrt e A 17 A F
FH A, FF7F2EAFAL 2001 11.

10) £71%, “A@=o] AT AL Adae , 4

117



Y+ HYE AEE B8

Az, 20003 ALE pp. 19-21, 2000. 12. Current Status and Planning,” Invited Seminar %
11) I. Le-May, “ASME Post Construction Standards : PCS AT3)(71) 73] =54, 2000. 6.

118 Jound of the KIS, Vol. 17, No. 4, 2002



