Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 2 2398

AFFES FAHOE o LNGAZHIY AFA A3 7)

A A A
gAYl ot 3o

(119kjs@hanmail.net*)

Quantitative Risk Analysis of LNG Storage Tank based on Fault Trees

Jae-Sun Ko*, Hyo Kim
Dept. of Chemical Engineering, University of Seoul
(119kjs@hanmail.netx)

1. AL

Table 1. Description of process facilities for LNG storage
Process Facilities Contents

1. From the drain drum to pilot plant with 8" cargo pipe.

2. Two process condmons at battery I|m|t

LNG Filling - cargo : 3.67 kag/cm?g, Recycling : 10.5kg/cm?g

3. Cargo to the top side of tank, and to the upper and the down inside pipes.
- Upper side : Spray Device / Splash Plate, Down side : Stand-pipe.

1. From pilot plant to receiving terminal header usmg with low pressure pump.
LNG Send-out - normal condition : 1 pump, at emergency : 2 pumps
2. Max. flow rate : 75m°h, At terminal : 12kg/cm®

1. Vapor from the storage tank are treated in terminal gas header.
Treatment of - Low tank pressure : dissociating the pipes, vapor : incinerated by fire.
) — High tank pressure : sent to terminal vapor header.
Evaporation Gas 2. Sudden rise in tank pressure(inflow to pilot plant TSV vapor header) : incinerated.
3. sudden drop(vacuum) : supplement with high pressure gas.
1. Drain and filling at low pressure, or in other pipes : Transport with fuel-gas
LNG Drain or nitrogens.
2. Leftovers : sent using with TSV or vent line to incinerate.
Detecter air & Nitrogen 1. Gauge air and nitrogen : self supplied, Emergency : supplied from terminal.

it - Nitrogen : total 5OONm %/h [conmstmg vaporizer and storage tank(12m®)].
Facilities - Air : 200Nm°/h air(consisting 200Nm°/h compressor, drier.)

2. MEEA
2.1 HAZOP Analysis

Table 2, Hazardous factors by using HAZOP analysis
Classification Contents
*Nitrogen injection line : Not used at normal condition, required the operation sheets and

1.Isolation the check card(malfunction would lead the workers to injured or to death).
2.Tank *Multiple indicators : indicate liquid level, temperature, pressure, and require the
indicators documentation of the counteractions at abnormal operating

*Recycle line : Filling header and Send-out header in tank, prevent the local evaporation
3.Circulation and rupture inside the pipe, require the verification of indicator level with corresponding
operation mode, and the check card of indicator level when altering operation mode.
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Table 3. Recommendations after the risk analysis

No |Node ra?]llfil;\g Recommendation

1 1 3 Verify procedures to isolate N2/fuel line after purge operation.

2 1 2 Consider installing drain and vent line on the filling line between HCV-PO411 and XV-PO401.
3 1 3 Consider installing hydrocarbon detectors in vicinity of discharge of atmospheric PSV

4 1 3 Consider installing level deviation alarm

5 4 4 Verify procedures for re—circulation operation

6 4 4 Tag No. of LI on D-101 and TK-001 is same. Change the tag No. as the different tag No.
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Fig 1. Fault tree for overfill in storage tank. Fig 2. Fault tree for overpressure in storage tank.(1)
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Fig 3. Fault tree for overpressure in storage tank.(2) |Fig 4. Fault tree for overpressure in storage tank (3)
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Fig 5. Fault tree for vacuum in storage tank. Fig 6. Fault tree for pipe rupture
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Fig 7.Fault tree for tank ank connecting pipes.(3). Fig 8. Fault tree for mechanical loss.
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Table 4. Quantitative result of fault tree analysis
Reporting for TANK
value= 1.58E-02
Final Cut Sets
no. value f-v acc cut sets
1 | 5.50E-03 0.3485 0.3485 LAHHP0B0234-A | TKP202—-FL TLH-H LIP060234-F
2 | 1.47E-03 0.0931 0.4417 TKP202-LP PSVP0606-0O
3 | 1.47E-03 0.0931 0.5348 TKP202-HP PSVP0O601-0O
23 | 2.09E-08 0.0000 1.0000 TSVP0904-C LS3-H RBMP0903-0 | PBMP0906-0O
24 | 8.06E-09 0.0000 1.0000 PSVP06056-C | PICP1001-F | TKP202-EC TPL-H
25 | 8.06E-09 0.0000 1.0000 PSVP06056-C | PICP1001-F | TKP202-BU TPL-H
30 | 2.82E-09 0.0000 1.0000 PSVPOB056-C | PICP1001—-F | TKP202-BU |PALPOB014-A
31 | 1.86E-09 0.0000 1.0000 PSVP06056-C IA-F TKP202-EC TPL-H
32 | 1.86E-09 0.0000 1.0000 PSVP06056—-C IA-F TKP202-BU TPL-H
23. TL%E
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Table 5. Significance for basic events in fault tree analysis

no. event mean F-V RRW RAW
1 TKP202—-FL 1.00E-01 0.4263 1.7431 4.8366
2 LAHHP060234-A 5.00E-01 0.3654 1.5759 1.3654
3 TLH-H 5.00E-01 0.3643 1.5732 1.3643
4 LIP060234~F 2.20E-01 0.3495 1.5374 2.2393
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