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Abstract - Hazard evduation and FTA are performed as the first and the second step of QRA for a LNG
storage tank. Hazards are identified using HAZOP. Each segment of the system is examined, and we ligt
al posshle deviations from norma operating conditions and how they might occur. The consequences
on the process are assessad, and the means available to detect and correct the deviaions are reviewed.
The FTA is caried out to andyse the hazards identified from the HAZOP study. A top event is sdected
to be release of LNG. Then al combinations of individua falures that can lead to the hazardous event
are shown in the logica formet of the fault tree system.
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Fig. 1. PFD of the LNG storage tank
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Table 1. HAZOP study based on level and concentration
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Deviation Cause Conseguences Safeguards Actions/Queries
LEVEL
Less *1. Tank runs dry Low leve at LIA
circulation drum
2. V-3 open or broken LNG released LIA
3. V-2 open or broken LNG released LIA
4. Externa events Tank rupture LIA Externd events to cause
ruptures?
More 5. Unload too much Tank overfills LIA Consider high-high-level
from tank truck shut off
LNG released
*6. Reverse flow from Tank overfills LIA Consider FSV.
process
LNG released
COMPOSITIO
N
Other than | 7. Wrong materials Possible reaction Consider sampling before
unloading.
Possible tank
rupture
As wdl as |*8. Impurity in LNG If volatile, possible Possible impurities?
overpressure Suitable unloading connections?
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Table 2. HAZOP study based on pressure

Deviation Cause Consequences Safeguards Actions/Queries
PRESSURE
Less 9. PV-1 fails to close Tank implodes PC Consider vacuum-break
valve.
LNG relessed
10. H-101 fails to build up pressure Tank implodes PC Consider PAL.
LNG released
11. PV-2 fails to open Tank implodes PC Consider PAL.
LNG released
12. PC fails, opening PV-1 Tank implodes PC Consider PAL.
LNG released
13. PC falils, closing PV-2 Tank implodes PC Consider PAL.
LNG released
More 14. PV-1 fails to open Tank rupture/Release PC Consider PSV.
15. PC fails, closing PV-1 Tank rupture/Release PC Consider PAH.
16. PV-2 fails to close Tank rupture/Release PC Consider PAH.
17. PC fails, opening PV-2 Tank rupture/Release PC Consider PAH.
18. H-101 fails, much vapor Tank rupture/Release PC Consider PAH.
19. High pressure in Liquefaction line LNG released PC Consider PSV.
*20. Volatile impurity in feed LNG released PC Consider PAH.
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Table 3. HAZOP study based on temperature

Deviation Cause Consequences Safeguards Actions/Queries
Temperature
Less *21. Inlet temperature Possible vacuum Temperature limits
is colder than normal of tank?
Thermal stress on tank
*22. Low tank pressure Possible vacuum
Thermal stress on tank
More 23. Inlet temperature LNG released PC Consider PAH.
is hotter than normal
Thermal stress on tank
*24. Externd fire Tank fails Fire Fire protection
protection capabilities?
LNG relessed
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