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Abstract -in 2010s, many factories are operating without any safety guarantees due to the aging
process. Although it is difficult to fundamentally solve the problem of aging process and equipment,
Prevent risk by risk assessment in advance. This study targets the corrosion caused by sulfur in the
piping in the CDU(Crude Distillation Unit) process desulfurization equipment and conducts the
risk assessment by RBI(Risk Based Inspection) referring to API RP 581. RBI expresses the risk by
combining frequency and consequence, and creates a risk matrix based on these expression. In this
study, the hole size of the pipe was selected as Small and Medium, and the sensitivity of the fre-
quency was selected as 'Low’. You can refer to the Risk Matrix created from the standard to evaluate
the risk of corrosion of sulfur from pipes in the piping and to plan future accident prevention.
Similarly, prevention of aging in a similar way can prevent large and small incidents that are not
visible.
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3. 1. RBI
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Fig. 1. Desulfurization process in CDU.
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Table 1. gff value suggested by API RP 581 Table 3. Df
gff as a function of Hole Abbreviate Full name
Component type Size(failures/yr)
caustic . .
Small Medium Dy Caustic Cracking
PIPE-6 8.00E-06 2.00E-05 Df‘““"’”“ Amine Cracking
Dy Stress Sulfide Cracking

Table 2. Dyt
able i) Hydrogen-Induced Cracking and

Abbrevi Full DfH 1 SOHIC HaS Stress-oriented Hydrogen Induced
reviate il name Cracking in Hydrogen Sulfide
Dl Thinning
D;’”'["’”'””" Carbonate Cracking
Dylim Component Lining
D Polythionic Acid Cracking
Dy External Damage
DS Chloride Stress Corrosion Cracki
D Stress Corrosion Cracking 5 oride Stress Corrosion Cracking
D /Mhu High Temperature Hydrogen Attack [ HSC-1F Hydrogen Stress Cracking to
f Hydrofluoric Acid
Dy Mechanical Fatigue
Hydrogen-induced Cracking and
Dyt Brittle Fracture D 10/ SOHIC HE Stress-oriented Hydrogen Induced

Cracking in Hydrofluoric Acid

2 93 CDU Y| vfjo gist ﬁu HALS

= 9(‘1‘ =

= Aels _E Damage Factor,J ol e Table 4. Frequency criteria

PR A7) & gtk D(¢) © g} Df( ) o] =

F % 34 Dire FFE Table 2, 39 Pk Category Frequency
H7Eg A T 209 okl 7Hgstar 1 P(t) < 0.00028

AR 3ol gt W ggtehal shglom, Aike
A3/ S/ A7) A HaE(A/B/C/D/EY
Z AR Aro] AL AR o) 4 3 0.0028 < Py(t) < 0.014
Hate] wheh 27 = 7:.‘57} HETE %%E—t—
Zpopzlth. & dAtolA] s AR AdPch

A WEE Aol AhEaE A BEo] E, Bl : 0028 < )
WhesE HAR mEo] Wtk

2 0.00028 < P(t) < 0.0028

N

&~

0.014 < P,(t) < 0.028
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Table 49} Zct. Table 5, 62} Zow, C3-C4 Ul FA=Z AA 7}

SolEE Level 12 AARS A3P3ict.
4. 3. Consequence

Riske] E t}E2 2|32l Consequencer A}Il7} O dE A4 9 =4 24
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29 9] yol(m?)E vrepdich Consequence Analy- (2) Hole Size 274
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Table 5. molar composition of fluid

loty

Table 8. emission type according to hole size

Component Mole % Small Medium
HS 24 D, [mm] 6.4 25
Ethane 0.5 W, [ke/s] 2.62 23.70
Propane 31.8 t,[s] 173075 191.42
I-butane 29.6 W= 53 Continuous Continuous
N-butane 34.7
Cu(, n=5) 1.0 -
Table 9. Hole Sizel W& rate™ %k
Total 100
Hole Size Small Medium
it e kg 0.062899752 0.5687268
Table 6. Physical properties of fluid rare, kel
Temperature[C ] 50
Pressure[barg] 23 Table 10. Constant value
Mass Rate[kg/hr] 91,954
ety Ao &
Cy 2.205
Table 7. Wn value according to Hole Size
Io} 0.0929
Hole Size Small Muigi 4536k
Arstel gty of ), ¢, = == o]tk
W, [kg/s] 2.620823 23.69695 n
API RP 5819J|4] Hole Sizeo} ®& &xof tfst
@) W& &= AL 7|20 gJsto] W& 782 Continuous= 2 Hct
A GAle gEE =2 4 Gaso LS
EH S T ﬂ 09]‘1" mTEa ]'IH > ]E]'(i‘]‘r‘ . (5) = tﬂ'%‘% 71“}\]_
AL 1 atm, 25C). wetA W& S(W)= oS =8 o t
= A = = O ox
42 olgsto] AME, Wnk solzst g g UEFEONE WER 54 FRA(ate”)
Ao 1He E3F 479 520 W3t Aon Cd = o5 Aol wheh Rtk &2 FAolA H2S9| =
2 Q2L vjEA4 42 H sty And Hole size, Ps  E&E mfrac® = 0.0240]c}.
I R e )
ALt A3t= Table 73 2tk rate!™ =mfrac® « W, 3)
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(6) Hole size ¥ 93 Ao =4
£4 WEES o] 43| Hole Size ¥2 99 A
0319/] ]‘i“o](OAinj‘nmm)% :r"ﬂ‘:]'

CA tox _ C . 10(" : 10%10[04 . 7'01‘3::”]'*'(1) (4)
ing,n 8
C,G 5 WHE FAE Hote ®delH e
Propane, butane, isobutane, LPG 52 &2
8otz AeE Aulsty ¢ gasoline, naptha,
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Table 11. constants values ¢ and d according to

the emission duration
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Table 14. Consequence criteria

Category Consequence
d
¢ 1 €A, < 1000
Smin 1.2411 3.9686
2 1000 < CA4,,,"*" < 1400
10min 1.2410 4.0948
3 1400 < CA4,,,"" < 1800
20min 1.2370 4.238
; 4 1800 < CA,, " < 2200
40min 1.2297 4.3626
60min 1.2266 4.4365 5 2200 < CA4,,

Table 12. risk area according to emission duration

Table 15. Risk matrix for pipes entering the de-
sulfurization process

Small Medium Fre
4 1 2 3 4 5
5min 74.4429 1144.5403 Cons
10min 99.5655 1530.4575 E 1.86 186 | 929 | 37.16
20min 139.8108 21302374 D 1.57 1.57 7.84 | 3136
40min 188.6270 2828.2014 C 118 118 590 | 2361 | 59.04
60min 224.9901 3350.4687 B 0.85 0.85 424 16.96 42.40
A 0.63 063 | 317 | 12.68 | 3171

Table 13. risk area according to emission duration

)2 2] 4 4] 7 % Aol Wolm?] Table 16. Risk Criteria
5min 767.5278 Risk Criteria =
10min 1026.329 r<0.28 QA
20min 1428.864 0.28<r<3.92 Ha A Qb
40min 1897.812 3.92<1<25.2 nE
60min 2248.67 252<r<61.6 A 93

light straight run, heptane®3%t 2§
E4o] w2 At o]t

Z gffn : CAm] n for

CA. ’_tox _ n=1 5
n gfftr}tal ( )
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4. 4. Risk Matrix

Frequency$} Consequences HIESE 3+ AAt
A3}, Table 133 2 Risk Matrix7} WS o] Zit}.

BP0 = 49k ehah Au] A 9] hpke] 2+ 271
o] w& Risk Matrix . ¢k-& off, Q15 A7 E2+=
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Pi(t) : Probability of failure as a function of
time

gff : Generic Failure Frequency

gff, : generic failure frequencies for each of
the nrelease hole sizes selected for the
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gffml :

loty

- LA

type of equipment being evaluated
is the sum of the individual release
hole size generic frequencies

Ds(t) Damage factor as a function of time

Fums

Dn

‘ Management Systems Factor
Wh

theoretical release rate associated with
the release hole size, [kg/s]

. discharge coefficient
. Properties of the Representative Fluids

(methane, ethane, ethylene, LNG, fuel gas)

. hole area associated with release hole

size (mm?)

: storage pressure
: the release fluid ideal gas specific heat

capacity ratio

: release fluid molecular weight,

kgb/kg-mol

. gravitational constant = 1.0(kg-m)/ (N-s”)
: storage or normal operating temperature,

(K]

. is the time to release 4536kg of fluid

mass, calculated for each of the release
hole sizes selected, seconds

: the universal gas constant = 8,314 J/

(kg-mol)K

. Hole diameter

t . . . .
mfrac®™ . mass fraction of toxic material in

t
rate, ©

the released fluid mixture

* : release mass rate of toxic compo-
nent used in the consequence cal-
culation, associated with the re-

lease hole size [kg/s]

tox: . .
CAin, o personnel injury toxic consequence

area, associated with the release
hole size [m’]
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