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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. RBI (Risk Based

Inspection) methodology is one of the most promising technologies satisfying the need in the field of integrity
management. In this study, a user-friendly software, realRBI for RBI based on the API 581 code was

developed. This software has modules for evaluating qualitative and semi-quantitative risk level, analyzing

quantitative risks using the potential consequences of a failure of the pressure boundary, and assessing the

likelihood of failure. A quantitative analysis was performed for 16 columns in a domestic NCC (Naphtha

Cracking Center) plant whose operating time reaches about 12 years. Each column was considered as two

equipment parts by dividing into top and bottom. Generic column failure frequencies were adjusted based on

likelihood data. After determining release rate, release duration and release mass for each failure scenario,

flammable/explosive and toxic consequences were assessed. Current risks for 32 equipment parts were

evaluated and risk based prioritization were determined as a final result.
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Fig. 3 Risk/consequence details for quantitative RBI
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Table 1 List of equipments selected for RBI analysis

Equipment Name of equipment Material of Construction

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

N-DA-205 Amine regenerator Top : 300 S5-L Grade
Bottom : Carbon Steel

N-DA-235 Spent caustic stripper High Cr (13%) Ferritic SS

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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Table 2 Equipment data of the columns under study

16719 A& oj},

. Length Length | Diameter| Thickness | . . .
Equipment (lop).[itlm] otm).[mm]|  [mm] [mm] Lining | Insulation
N-DA-101| 28,300 4,000 6,000 16 No Hot
N-DA-102 | 10,300 1,000 750 7 No Hot
N-DA-103| 11,200 1,500 1,300 6 No Hot
N-DA-104 | 21,710 12,500 12,200 14 No Hot
N-DA-105 700 400 118 7 No Hot
N-DA-201{ 16,900 1,700 1,000 6 No Hot
N-DA-202| 21,400 5,000 1,100 11 No Hot
N-DA-203] 28,900 3,400 3,000 20 No Hot
N-DA-204 | 26,300 1,000 2,700 18 No Hot
N-DA-205| 25450 5,900 1,700 R No Hot
N-DA-235| 8,050 2,700 1,400 8 No Hot
N-DA-401] 39,800 1,500 2,100 22 No Hot
N-DA-402| 76,300 1,700 3,100 27 No Hot
N-DA-404| 20,200 1,900 1,700 19 No Hot
N-DA-405| 32,800 1,500 1,700 10 No Hot
N-DA-406 | 86,250 500 4.400 RX] No Hot
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Table 3 Design/operating conditions of the columns Table 6 Toxic material/percent & detection/isolation/
Equipment Design Pn:,ssure Desig°n Temp | Oper. Prefsure OpenaTemp. mitigation rating of the columns
[kg/em G) ra [kg/em G] W) Fquipment Toxic Toxic Detection | Isolation | Mitigation
N-DA-101 350 340 1.39 105 top). [7) | (oim). 5] rating rating rating
E:Eﬁj igi : :3 :ig gj‘i if: N-DAI0] | 18002 - B A C
- - - -2 i N-DA-102 , - B A C
N-DA-104 350 240 033 41 NDA-103 - . B A C
N-DA-105 350 147 0.77 18 NDA 101 | H.S003 A - c
N-DA-201 350 150 050 48 NDA10S - B " C
N-DA-202 11.00 92 8.65 27 NDA 01 5000 B ~ c
N-DA-203 11.00 120 853 43 NDAD 5 N P
N-DA-204 11.00 120 8.47 43 N DA03 - - 5 X c
N-DA-205 350 130 0.70 113 NDA03 - 018 B "y c
N-DA-238 50 225 L40 108 N-DA-205 H.S/106 | H,S/.06 B A C
N-DA-401 2520 40 21.00 22 NDA: | ILS37.50 B A ¢
N-DA-402 19.40 45 17.40 3§ NDA 0] - B Y c
N-DA-404 19.10 105 16.70 3 NTDA0? - - B N c
N-DA-405 7.00 150 445 48 NTAI0 B ~ c
N-DA-406 2070 75 18.66 45 NS - - 5 A S
N-DA-406 - - B A C
Table 4 Representative fluid and initial state in the Table 7 Number of nozzles, design lifc and number of
columns shutdowns for the columns
Equipment l:::; (I:IL:S lm‘(l::;;am Inn(:tln:;atc Equipment No. of No. of Design life | No. of planned u::gn(;fcd
= — nozzles(top){ nozzles(btm)|  (years) shutdown
N-DA-101 Ci-C, Co-Cyp2 Gas Liquid shutdown
N-DA-102 H, Cy—Cr Gas Liquid NDA- 01| %9 8 20 s 3
N-DA-103 Steam Co-Cu» Gas Liquid N-DA-102] 11 6 20 5 3
N-DA-104 -G Co—Ca2 Gas Liguid N-DA-103 10 6 20 s 2
N-DA-105 Water Witer Liquid Liquid N-DA-104] 23 14 0 s 3
N-DA-201 Ci-C, Co=Cs Gas Liguid N-DA-105] 12 9 20 s 3
N-DA-202 Ci-C,4 C Gas Ligquid N-DA-201 11 12 20 5 2
N-DA-203 C,-C, [ Gas Gas N-DA202| 18 12 20 s 3
N-DA-204 C,-C, Waler Gas Liquid N-DA203| %9 12 20 s 3
N-DA-205 Steam Water Gas Liquid NDA204| 29 4 20 s 2
N-DA-235 HS Water Gas Liguid N-DA-20S| 26 14 20 s 3
N-DA-401 C,-C, C,-C, Gas Liquid N-DA-235 11 8 20 s 3
N-DA-402 -G C,-C Gas Liquid N-DA-401] 27 7 20 s 3
N-DA-404 [ [ Gas Liquid N-DA-402] 47 7 20 s B
N-DA-405 C,-C, C. Gas Liquid N-DA-404] 27 7 20 s 3
N-DA-406 C-C, Ci-C,4 Gas Liguid N-DA-405 24 S 20 S 2
N-DA-406] s 8 20 s 2

Table 8 Supplementary data for likelihood analysis of

Table 5§ Liquid percent and gas density required for
the columns

determining group inventory

Equipment Liquid % Liquid % Gas density Gas density Fauipment Slahi.lily R.V Foul%ng (‘mm‘:ivc Very c}lcan
(top) (btm) {top). {kg/m] (htm). [kg/m] ranking maint. service service service
N-DA-101 0 100 2.46 - N-DA-101 B A A No Yes
N-DA-102 0 100 0.78 B N-DA-102 B A A No Yes
N-DA-103 0 100 1.04 . N-DA-102 B A A No Yes
N-DA-104 0 100 146 N-DA-104 B A A No Yes
N-DA-105 100 100 B . N-DA-105 B A A No Yes
N-DA-201 0 100 583 _ N-DA-201 B A A Na Yes
N-DA-202 0 100 14.19 . N-DA-202 B A A No Yes
N-DA-203 0 0 991 10.03 N-DA-203 B A B Yes Yes
N-DA-204 0 100 10.03 B N-DA-204 B A B Yes Yes
N-DA-205 0 100 0.94 - N-DA-205 B A B Yes Yes
N-DA-235 0 100 481 N-DA-235 B A B Yes Yes
N-DA-401 0 100 39.05 N-DA-401 B A A No Yes
N-DA-402 0 100 3148 N N-DA-402 B A A No Yes
N-DA-404 0 100 36.75 - N-DA-404 B A A No Yes
N-DA-405 0 100 12.64 N N-DA-405 B A A No Yes
N-DA-406 0 100 38.89 - N-DA-406 B A A No Yes
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Table 9 Likelihood results for 32 column parts of this

study
No | Equipment No, Adjusted colurfm failure frequencies (events/year)
small medium large | rupture Total

1 | N-DA-101TOP | 1.07E-05 | 2.67E-05 |2.67E-06 |8.00E-07 | 4.08E-05
2 |N-DA-101BTM | 7.62E-06 | 1.90E-05 |1.90E-06|5.71E-07 ] 2.91E-05
3 | N-DA-102TOP | 8.42E-06 | 2.11E-05 |2.11E-06 |6.32E-07 | 3.22E-05
4 |N-DA-102BTM | 7.62E-06 | 1.90E-05 | 1.90E-06 |5.71E-07| 2.91E-05
5 [ N-DA-103TOP | 8.42E-06 | 2.11E-05 [2.11E-06 [6.32E-07[ 3.22E-05
6 IN-DA-103BTM | 7.62E-06 | 1.90E-05 [1.90E-06 |S.71E-07{ 291E-0§
7 | N-DA-104TOP | 9.41E-06 [ 2.35E-05 {2.35E-06 | 7.06E-07 | 3.60E-05
8 [N-DA-104BTM | 8.42E-06 | 2.11E-05 {2.11E-0616.32E-07 | 3.22E-05
9 [ N-DA-105TOP | 8.42E-06 | 2.11E-05 |2.11E-06 |6.32E-07 ] 3.22E-05
10 [N-DA-105BTM | 7.62E-06 | 1.90E-05 |1.90E-06 {5.71E-07 | 2.91E-05
11 | N-DA-20ITOP | 8.42E-06 | 2.11E-05 [2.11E-06 |{6.32E-07| 3.22E-05
12 |N-DA-201BTM | 8.42E-06 | 2.11E-05 |2.11E-06 |6.32E-07 | 3.22E-05
13 | N-DA-202TOP | 1.23E-05 | 3.08E-05 {3.08E-06 {9.23E-07 | 4.71E-05
14 |N-DA-202BTM | 1.07E-05 | 2.67E-05 |2.67E-06 |8.00E-07 ] 4.08E-05
15 | N-DA-203TQP | 8.00E-0s | 2.00E-04 |2.00E-05 | 6.00E-06 | 3.06E-04
16 [N-DA-203BTM | 3.20E-05 | 8.00E-05 |8.00E-06 |2.40E-06 | 1.22E-04
17 | N-DA-204TOP | 8.00E-05 | 2.00E-04 |2.00E-05 |6.00E-06 | 3.06E-04
18 |N-DA-204BTM | 2.29E-05 | 5.71E-05 |5.71E-06 |1.71E-06 | 8.74E-05
19 { N-DA-205TOP | 2.29E-05 | 5.71E-05 |5.71E-06 | 1.71E-06 | 8.74E-5
20 |N-DA-205BTM | 1.78E-05 | 4.44E-05 |4.44E-06 | 1.33E-06 | 6.80E-05
21 } N-DA-235TOP | 1.78E-05 | 4.44E-05 [4.44E-06}1.33E-06 ] 6.80E-05
22 IN-DA-235BTM | 145E-05 { 3.64E-05 [3.64E-06 | 1.09E-06 | 5.56E-0S
23 | N-DA-40I1TOP | 1.45E-05 | 3.64E-05 [3.64E-06|1.09E-06 | S.S6E-05
24 |N-DA-401BTM | 941E-06 | 2.35E-05 |2.35E-(6 [ T.06E0T7 | 2.60E-05
25 | N-DA-402TOP | 1.78E-05 | 4.44E-05 [4.44E-06 | 1.33E-06 | 6.80E-05
26 |N-DA-402BTM | 1.O7E-05 | 2.67E-05 |2.67E-06 [8.00E-07 | 4.08E-05
27 | N-DA-404TOP | 1.45E-05 | 3.64E-05 |2.64E-06 | .O9E-(% | 5.56E-05
28 |N-DA-404BTM | 941E-06 | 2.35E-05 |2.35E-06 | 7.06E-07 | 3.60E-05
29 | N-DA-40STOP | 1.23E-05 | 3.08E-05 |2.08E-06 |9.23E-07{ 4.71E-05
30 |N-DA-405BTM | 8.42E-06 | 2.11E-05 12.11E-06 |6.32E-07| 3.22E-05
31 | N-DA-406TOP | 1.78E-05 | 4.44E-05 [4.44E-06 1.33E-06 | 6.80E-05
22 [N-DA-406BTM | L.OTE-05 | 2.67E-05 [2.67E-06 |8.00E-07 | 4.08E-05
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Table 10 Consequence results of 32 column parts of this
study

No Equipment No. Calculated consequence (m)
Equipment Potential Toxic area
damage area fatality area
1 N-DA-101TOP 5237 104.74 6.83
2 N-DA-101BTM 146.04 596.13 0.00
3 N-DA-102TOP 06.34 118.25 0.00
4 N-DA-102BTM 28.84 12751 0.00
5 N-DA-103TOP 0.00 17.31 0.00
6 N-DA-103BTM 4144 137.08 0.00
7 N-DA-104TOP 33.58 67.10 s.le
8 N-DA-104BTM 109.60 47002 0.00
9 N-DA-105TOP 0.00 0.00 0.00
10 | N-DA-105BTM 0.00 0.00 0.00
11 N-DA-201TOP 1442 361 2.88
12 | N-DA-201BTM 57.69 161.62 0.00
13 N-DA-202TOP 4144 106.57 0.00
14 N-DA-202BTM 86.53 188.99 0.00
15 N-DA-203TOP 2854 5981 0.00
16 N-DA-203BTM 92.60 10292 000
17 N-DA-204TOP 50.70 28278 000
18 N-DA-204BTM 0.00 0.00 lal.s2
19 | N-DA-205TOP 0.00 13.26 21101
20 N-DA-205BTM 0.00 0.00 52.90
21 N-DA-235T0OP 7514 136.62 §295.47
22 | N-DA-235BTM 0.00 0.00 0.00
23 N-DA-101TOP 65,12 133.59 0.0
24 N-DA-101BTM 301.93 &05.16 0.00
25 N-DA-102TOP 10247 204.93 0.00
26 N-DA-402BTM 414,42 819.73 0.00
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Table 11 Risk results of 32 column parts of this study
No | Equipment No. - — Rlék data (m'/year) . - - Risk ranking
Equipment damage | Potential fatality Toxic risk Maximum risk
1 N-DA-101TOP 0.002 0.004 0.000 0.004 22/32
2 N-DA-101BTM 0.004 0.017 0.000 0.017 12/32
3 N-DA-102TOP 0.002 0.004 0.000 0.004 22/32
4 N-DA-102BTM 0.001 0.004 0.000 0.004 22/32
5 N-DA-103TOP 0.000 0.001 0.000 0.001 28/32
6 N-DA-103BTM 0.001 0.004 0.000 0.004 22/32
7 N-DA-104TOP 0.001 0.002 0.000 0.002 27/32
8 N-DA-104BTM 0.004 0.015 0.000 0.015 13/32
9 N-DA-105TOP 0.000 0.000 0.000 0.000 30/32
10 N-DA-105BTM 0.000 0.000 0.000 0.000 30/32
11 N-DA-201TOP 0.000 0.001 0.000 0.001 28/32
12 N-DA-201BTM 0.002 0.003 0.000 0.005 19/32
13 N-DA-202TOP 0.002 0.005 0.000 0.005 19/32
14 N-DA-202BTM 0.004 0.008 0.000 0.008 16/32
15 N-DA-203TOP 0.009 0.018 0.000 0.018 11/32
16 N-DA-203BTM 0.011 0.030 0.000 0.030 5/32
17 N-DA-204TOP 0.016 0.031 0.000 0.031 4/32
18 N-DA-204BTM 0.000 0.000 0.014 0.014 14/32
19 N-DA-205TOP 0.000 0.005 0.026 0.026 7/32
20 N-DA-20SBTM 0.000 0.000 0.006 0.006 18/32
21 N-DA -235TOP 0.005 0.009 0.360 0.360 1/32
22 N-DA-235BTM 0.000 0.000 0.000 0.000 30/32
23 N-DA401TOP 0.004 0.007 0.000 0.007 17/32
24 N-DA 401BTM 0.011 0.029 0.000 0.029 6/32
25 N-DA 402TOP 0.007 0.014 0.000 0.014 14/32
26 N-DA 402BTM 0.017 0.033 0.000 0.033 3/32
27 N-DA 404TOP 0.009 0.025 0.000 0.025 8/32
28 N-DA404BTM 0.008 0.021 0.000 0.021 10/32
29 N-DA 405TOP 0.002 0.004 0.000 0.004 22/32
30 N-DA 405BTM 0.002 0.005 0.000 0.005 19/32
3l N-DA 406TOP 0.012 0.024 0.000 0.024 9/32
a2 N-DA-406BTM 0.033 0.094 0.000 0.094 2/32

Mavimum s« sz/yean

No. of equipments

Fig. 3 Risk results of 32 column parts
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