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Likelihood Estimation of Release Incidents in Chlorine(Cl;) Facility
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Abstract

Likelihood analysis was used for the revision of release probability/
frequency in chlorine Injection facilities used in chlorine process. Typically these
facilities consist of pressure cylinder, vaporizer, pipeline, measuring equipment
and safety equipment. This paper described the incident scenarios considered,
likelihood analysis procedure and the selection and application of basic events
and for failure rates of mechanical components. Human errors were also
considered.

The major objective of this paper is to estimate the likelihood of each
determined incident scenarios.

We estimated failure rates of mechanical components based on likelihood
analysis procedure. Human errors were also considered.It was estimated to have
5.73x10° Cl, leak per year during the major Cl; handling process. The
probability of failure in scrubber system was 4.11x10*/ demand.
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AR BHE 95 T 7L 7]goln YTY. 53], EPA (Environmental Protection
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2.0 &
2-1 92(Ch) ¥ X Na
(1) B&(ClL)7tze 4
A2(CLE AFAY FAE Y A2 F A FH3H 3E5719 T B3EE
An A% RIS dod £ e FAF ARAYLE T o a8z &
717} Goll =&2HE Fd5AY F48 F= U
Table 1 NIOSHOIA AAG A4 7129 E4 Fx7|Fo|,
Table 74 Toxic Concentration of Chlorine

kel LY STELY  1Cs”
ERPG1 ERPG2 ERPG3
Chlorine Concentration{ppm] 1 3 20 1 3 250
Exposure Time[min] 60 60 60 30 15 30
&X : 1) ERPG : Emergency Exposure Guidance Levels

2) IDLH : Immediately Dangerous to Life or Health
3) STEL : Short Time Exposure Limit
4) LC : Lethal Concentration

@ 23 As
Qarte BABRAA P& FlAE 18 §7) S48 AN AP o, 44 e
2 ARY J4E A5I1E Foel ZA ARAA FHN FUN AT YL AHE
e the 500~600 kg/day 2 FAFH e B 2 FAE Fg 17 2k
oAzl e TF WREY ol FAAGAE B Wt 91T o,
Aesgdze 258 U,

Fig. 241 The Pipe & Instrument Diagram of Chlorine Process

Table 75 Storage Data of Chlorine Facilities

WAA  FOIA mMEaR . @AdtA @A RO
Bs H3UE SYhg) Solkg)  (osn 2= FAYE S500G) Siike) | (psi)

T Pv=01 1,000  1.000 100 9 Ev-Ol = = 100

2 PV-02 1,000 1,000 100 10 EV-02 - - 100

3 Sv-01 1,000 1,000 100 11 EV-03 - - 100

4 sv-02 1,000 1,000 100 12 EV-04 - - 100

5 sv-03 1,000 1,000 100 13 EV-05 - - 100

6  SvV-04 1,000  1.000 100 14 EV-06 - - 100

7 SV=05 1,000  1.000 100 15 EV-07 - - 100

8  SV-06 1,000 1,000 100 16 EV-08 - - 100
X B0 SLA01A SONENE Ba 1600S E20F UK, H 6M B0 BaItAJL
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Table 3& Fx 2 14 2 Foll gl probability/frequency DataZ AIChE®] CCPSol| A
W7+et=  Process Equipment Reliability Databooks # IEEElA] #7t8l= TIEEE
std. 5005 oA s,

Table 76 Failure Data of Instruments

Basic event Probability Freguency
B 1/ JtA 2XJ DF 3.00x10™ 3.80
B2/ HOE DF 3.00x1072 1.62
B3/ &Y BZ 0¥ 1.08x107?
B4/ NEEIS SCE BE 8.83x107°
B5/ MEEJ2 88 =¥ 1.88x10™
B6/ MEEINY 24 1.00%x107°
B7 /&g BX &4 1.88x107™*
B 8/ JtA 2XJl LE(B2 Redundancy) 3.00x10™ 3.80
B9/ &g 1.00x107°
B10 / HI& g AlAg DR 3.30x10™
B11 / =YX 52 OILH 0lQt4 9.50x1072
B12 / 71 WH#F 8/v-1 01N 5.01x107°
B13 / &t&E @WE QXS 1.18x107°
B14 / 249 Xicte & 1.12x107

() 71% 2 dA=ZA
4 Uole BoFel) 40999, Auldn FEdA 209F F F 604 ZL2AT}F A
2R ok FHAE FY BRI GAAENAM AT AYA 200m oWl = A4
272 94 8He] Fwlo] AEsly gon, 200molA 500m <ol 300%, 500mel A
1,000m ¥t el 5007 0] AFsa gtk 53], 500mell A 1,000m BH7 ol +F§ﬂ7} A
oA FHote] AS B2 AMIAE FEE & Utk US AT AHRe ol 3N
Q2 FAXNGo g Fithe Holy, FHFHY FFE 1T Wl dart2e] FEA T
7 2AE AL AZA G AFAJA 9FE ML 7 AT

2.2, /\}‘_'1—'. Agyl._‘:./a HA—] BH:H

(1) FTA W ol gate-by-gate ¥ minimal cut set ol ledl, d Aol A&t
¢l By YHEY Ao minimal cut set H-g& o] &3tH E]- Ao g Al2H
¢4 A2F 743 4 9. Minimal cut set 'EE o] & AFF AN (top event)
< cut set FEHE EHY 5 o] treed AHFH Hr7hY S8 —‘:/—‘4% s o 803}
te F3e] Utk Table 32 minimal cut set WHAM AHgste FEtis HAE A
3l i
Minimal cut set - B/ AMFE AL F AE ST TH 718 AHFES =
g2 o)n|3l=1) Table 39 AA1E Boolean 4 W2 & o]&3o] A4 A (top event)
< B AMEY 23 FHE J8AZ0 F 4 [1]& &3ty A4 AMEY Aty s
B AQE YD,

Fp= ZFi or PT=2PZ' - 1]

8% E4(importance analysis)2 FA4Z 4 @A AFH 4 dAE Fotd &
o]A ZE cut setd] ALTLA VIEE G AP Al Wizo) i EEZ XY}
o Al BAe MG E FFE UAE cut set F, 7HE E SHFEE HEH]
et AbgEe ez BANe 4 218 2o

Cut set importance = Cut set frequency/top event frequency x 100 - [2]
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Table 77. Rules of Boolean Table 5. Rules for Gate-by-gate

5 . 5
Algebra®) FT Calculation”
Rule Mathematical Form Gate Input pairing Calculation for output Units
Commutative fule A8 = B4 A OR  P.ORPs P(AORB) = (-(1-P(i-Pe)
Associative Rule A{BC)=(AB)C = gi : g: - PiPe o
A+(B+C)=(A+B}+C _
Distributive Rule A(B+C)=AB+AC FF,A 82 ’;B ;(;: O:m?i:te_d Fat P
A+(BC)=(A+8)-{A+C) » DR Te P
Idompotent Rule A=A AND  Pa AND Py P(A AND B) = PxPp -
) Fa AND Fs  Unusual pairing, reform to Fa AND Pg
Rule of Absorption :(f;BB' AA Fr AND Pa  F(A AND B) = FaPs =

[Note] P : Probability . F : Frequency (time—1), t : time (usually year)

(2) Gate-by-gate el A% Egl 72 Yol 22 7|12 Apde] & g ol t& F&o
A BAAE A 27 AL £ oA e 3 FFH Bride A%
&2 23tk &, td FF ol redundancy A|2®o] EMT ¢ gate-by-gateo]
3 ANARE LAE AL & Atk a3 Ded] AT treeE gateE W} &}
wa AArsts WHdlolth. Table 5% gate-by-gate® o] &3l fault tree®] RE=EA S
FPE Ay HAgHe 719 HIAEES AAs U

o> o>'

mlm

[e]

—_

3. 4% ¢ n &

3-1. 2712 FEA AR
Hazop study 23 g&7t2 FYA| G AX = Ye AFd I g Ay A2
e ALY L s Y FE[(H2, 958FF, EYY delolth &3], ARE&7Y
B3 Aol R sl A v&0] 248 Z A AAFAY AHGA
7b g17] w2l £719 Ui e d4rts A%l FEIAYI & ¢ Atk ELVtE
EUAI O e Al AAQGAS E4T Ay GhU29 FEo] AE&FHeE fAE F
A Ase 2A 93 B 93 AP @AY TE2E ZA UE F e st
72719 vl A 9 2AEHojA a8 nF T o Gartse] FiAod B 5 Yo
a A HAL7)e sdol 23 wEe A vt Farld & oA Lo A"
Ao thRo] ¢gl7] Wio) Aln Al HEANE {2 227 wl$ E0bn & & Qth

32 @aste FEAD B4 2%
Table 6& #AZ2HE J&FEAtaLe HE A minimal cut sets®| . Fig. 2, 32 @2
7h2: FJAAIEONA A e E47t2 AFE7] B #E wH@oN B s
ZA}19] Fault Tree Diagram ©]t}.

Table, 6 Minimal cut sets of Basic events.

Number Basic event MCS Number Number Baslc event MCS Number
1 B2:B4 MCS 2 7 B3:B6 MCS 9
2 B384 MCS 3 8 B2:-B9B11 MCS t7
3 B2:B5 MCS 5 9 B3-B9-B11 MCS 18
4 B3-B5 MCS 6 10 B2:B11-B12 MCS 26
5 B1-B6 MCS 7 11 B2:B7-B11 MCS 44
6 B2:B6 MCS 8 12 B3-87-B811 MCS 45
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Fig. 2 Fault tree for failure of chlorine release. Fig. 3 Fault tree of Transfer Symbol A

ae 3 Garts BN Ga7ta7 $E2E § UE WEE gate-by-gate U2 A
g A 573x10%/year2 VrEton, AFR TN &L 1.28x10°/year, Wi Tl A
o] F&& 118x10%/yeaZ 77t AEHAY. 1L F&F F 7tE FIHALHY o] @A
o2 8] ¥ o] o] R F gle FEL 411x10°/demandE YA
oA AJAEl 7]1%9 1.00x10%/demands 7]&EolE 7 £ ulXE ZHE 7HAY
FEANE F2Y 5 e BEo| MY 2 e AP L BN BalH A
o &% Anst g Be ez BA A% wsAew, o dhe TNOAA ke
gaAgs) B2 Buae] Azie AT ¢ & A
Table 7& ZtZ}9] cut seto] BAAMFY @27t29] wEAL F3S &
©2 Uehin gtk 283 AR A% 2 9L dolzaiel, E
o) 223 Ao & (53], £ F2 mechanical integrity®] &) ALY —% Table 6
S B3 ¢ 5 3ok

Table 80 Cut set importance & Frequency of Minimal cut

sets

Minimal cut set Frequency of cut set  Cut set importance

MCS 2 2.65 x 107 Jyr 462
MCS 3 9.54 x 107 Jyr 1.66
MCS 5 5.64 x 107 jyr 9.84
MCS 6 2.03 x 107 /jyr 3.54
MCS 7 3.00 x 107 Jyr 0.52
MCS 8 3.00 x 107 Jyr 52.36
MCS 9 1.08 x 107 /yr 18.85
MCS 17 2.85 x 107 /yr 4.97
MCS 18 1.03 x 107 /yr 1.80
MCS 26 1.43 x 107 fyr 0.25
MCS 44 5.36 x 107 /yr 0.94
MCS 45 1.93 x 107 Jyr 0.34

Top event frequency = Y Ci = 5.73 x 107° per year
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4. 2 &

FL7t2(Ch)e A0l ¢ 23 } 7] 2o & & WMo FEE Asld FHH 2 3|
SFAA AT FA&E /AL F Aok wEtd AAA=59 Ay FAol A a7 }*«l
S AR opyzt 2178*%71-4 FARA ZFo FAE 2 3
AR THs A WrbAs, Al B A AR 28 FHdd AFse
FFE 7tAE F de b5l Wi 2z #ddd.

a2 FANAN Gart27)t F2E £ YE Alno) Uld BN Es 573><10'5/year§ A2 H
Qom F2 FEAD SAARE AFBAGMY FF 7He Aol 1.28x10°/year o] 1, v Ho]
e ¥& 7}5430) 118x10% /year oit}, 28T kA FEA 2" o] 0] FFEhd T%‘”l gt
g 7MsAo] 411x10%/demand 2 27 o ZH o).

3 FTA 2% E B @ 5 AT d47ts FEALY F2 990°] Interlock A% €]
i’—}%ﬂl g% Atnrte 283 AHES], FHolY FF5FH)d -4?'& AR A 7HEAd ol
o ZA BYEHAG

et FE2ALLE o wEly] YEiMe Ba XU gzl RAgH tE F7HA
& A3 F43to AgPstd B HA A HL3F e 74°] ol - zﬁ stttk & 4 e
o, i@ o] SRo) g AY Jdx HriFoz FYPHojof griu HHHAH
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