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Abstract :

This study is about the quantitative safety assessment of hydrogen station in Korea operating with on-site

type. This was written by background information that before qualitative safety assessment to write. For the quali-
tative safety assessment method, the study used FMEA(failure mode & effect analysis) and HAZOP(hazard & opera-
bility), and adopted the FTA(fault tree analysis) as the quantitative safety assessment method. To write the FTA, we
wrote FT by Top event that hydrogen leakage can be called most serious accident of hydrogen station. Each base
event collect reliability data by reliability data handbook, THERP-HRA and estimation of the engineering. Assessment
looked at the high frequency and the possible risk through Gate, Importance, m.cutsets analysis.
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Fig. 1. PFD of a hydrogen station,
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Table 1. Failure mode of hydrogen external leakage
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Components

Failure mode

2 stage compressor, Storage Tank, Exchanger

breakdown of connection part, unfasten to nut by vibration,

external impact

Reformer, Shift Reactor, separator

breakdown by corrosion , external impact, over reaction, furnace breakdown by fail to

temperature control

PSA, Product gas Buffer Vessel

external leakage of components, fail to pressure control, corrosion by hydrogen

embrittlement, external impact

Drain Valve

open to valve, external impact, crack

Needle Valve, Check Valve, Solenoid Valve,
Manual Valve, PI, Filter

breakdown, fracture by embrittlement, unfasten to nut by vibration,

external impact, critical pressure exceed

Pressure safety Valve, Relief Valve

aging, corrosion by hydrogen embrittlement, wrong operation, fail to open & close

Breakaway

fail to operation, aging, corrosion by hydrogen embrittlement

Nozzle

breakdown, defect of valve, external impact, fail to connect

Automatic Valve

fail to close, setting error, breakdown, fracture by embrittlement, critical pressure exceed

112

Journal of the KOSOS, Val. 27, No. 3, 2012



B
Ol
e
>
2
o

o
0z

u

b
ro
21
ox
od
N

T A 1

F EXTERNAL

Q=0000219
JA—

Product
Unit_leakage

Campeess & Charge
torag Unit_leakage
Unit Jestage

EI ]
LEAK OMP LEAK CHAR
Q=0.0639 Q=0.0179
u nmp ents | [ Leakage by Gorp coreonars | [ _Leakage by Leakage by | [Charge_componerts
Producting o Compressing & chageing teskage
smrag\ng

PROD_COMP LEAK LEAK BY PROD|  [cow_comp LEAK LEAK BY_CoNP m w150

Q=00423 Q=0.000145 Q00638 Q=0.000335 ostonts | | s
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Fig. 3. Fault tree of hydrogen leak — external factor,
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Fig. 4. Fault tree of hydrogen leak—internal factor(dispensing).
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Table 2, Basic event of hydrogen leakage
Reference Basic event

separator leakage

PI leakage

XV leakage

PSV leakage

Gas buffer vessel leakage
CV leakage

leakage components SV leakage

PRV leakage

HV leakage

pipe leakage

heat exchanger leakage
filter leakage

book Hand storage Tank leakage

gas detector leakage

TE defective

BE defective

DV wrong operation

PSA vessel leakage

CRV defective

vent valve wrong operation
PI defective

PSV non-operation

CCU defective

drain Valve wrong operation

leakage
operating

operator absent
product time
compressing time
charge frequency
vehicle accelerate
breakaway

factor Internal

Decision Engineering llllvasmn frequentqy
alarm non-operation

operation fail
earthquake
typhoon
flood
airplane crash
car crash

factor External

operator no action
shut-off fail

connect fail

overcharge non-diagnosis
operator non-diagnosis
setting error

HRA

Gate : TOP_GATE

Table 3. Summary—result of FTA

Parameter Point Value
Unavailability (Q) 0.118
Failure Frequency (w) 1.46 E-5 per hr R
Unreliability 0.117 i
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Table 4. Results of gate analysis of each event

(per 1,000,000 hr)

Name Unavailability | Failure Frequency (per hr) | Number Of Expected Failures| Total Down Time(hrs) | NO. of Cut Sets
TOP_EVENT 1.1750E-01 1.4598E-05 1.1725E-01 5.3439E+02 243
F_INTERNAL 1.1731E-01 1.4601E-05 1.1727E-01 5.3232E+02 237
F_EXTERNAL 2.1867E-04 0.0000E+00 0.0000E+00 2.1867E+00 6

CHAR_COMP_LECK | 1.7772E-02 3.1989E-06 1.7756E-02 6.2730E+01 14
LECK BY_CHARGE | 1.3806E-04 1.3503E-08 1.3809E-04 6.9551E-01 4
SDFAIL_BY_ESV | 3.2368E-02 2.8810E-06 3.2375E-02 1.6882E+02 2
LECK_CHAR_CO-PI | 4.4967E-01 3.2868E-05 4.4978E-01 2.4689E+03 7
SABOTAGE 1.4250E-05 0.0000E+00 0.0000E+00 1.4250E-01 1
NATU_DISA 2.0423E-04 0.0000E+00 0.0000E+00 2.0423E+00 3
LECK_ETC 2.0000E-07 0.0000E+00 0.0000E+00 2.0000E-03 2
LEAK_OPMISS 4.6021E-02 4.4988E-06 4.6021E-02 2.3184E+02 4
LEAK_CHAR 1.7907E-02 3.2117E-06 1.7892E-02 6.3419E+01 18
LEAK_PROD 4.2409E-02 5.2161E-06 4.2406E-02 1.9527E+02 122
LEAK_COMP 6.3922E-02 7.7606E-06 6.3914E-02 2.9555E+02 111
PROD_COMP_LEAK | 4.2260E-02 5.2021E-06 4.2256E-02 1.9451E+02 104

o, WA aQlof o3t v7bs s 11731E-1, 94
Qolo] o3t H7FEEE 2.1867E-042 W& 29l
o ojgt garol 914 Relmch & Ao Vet
o Z ARPE v7be=et IANIE, T g
Z oA AR ZE 18]l AR cut setsQ] =

Table 5, Results of m, cutsets analysis

Table 49} 7t}

E FT9] cutsets-2 2437[|o]™ ©] = m. cutsets-2
181717} A==t} TR Table 5= v|7}5 27| &=
L 220719 m. cutsetso]] Tt B|7FEEQ} A E
Zrolct.

no cut set Unavailability Frequency
1 ESV_FAIL. BV-EX_LEAK 4.8317E-03 9.1162E-07
2 ESV_FAIL. NV-EX LEAK 4.8317E-03 9.1162E-07
3 ALARM-FAIL. LEAK SAPARATOR 3.8110E-03 3.6807E-07
4 ALARM-FAIL. LEAK PI PROD 1 2.9423E-03 2.8651E-07
5 ALARM-FAIL. LEAK PI COMPR_1 2.9423E-03 2.8651E-07
6 ESV_FAIL. MFM-EX_LEAK 2.6674E-03 5.1570E-07
7 ALARM-FAIL. CV-EX LEAK 1 1.9990E-03 1.9635E-07
8 ESV_FAIL. LEAK SAPARATOR 1.7225E-03 3.3636E-07
9 ALARM-FAIL. SV-EX_LEAK 1 1.6182E-03 1.5950E-07
10 ESV_FAIL. LEAK PI PROD 1 1.3299E-03 2.6075E-07
11 ESV_FAIL. LEAK PI COMPR 1 1.3299E-03 2.6075E-07
12 OP-ABSENT. CCU-FAIL. NV-EX_LEAK 1.2717E-03 1.8285E-07
13 OP-ABSENT. CCU-FAIL. BV-EX_LEAK 1.2717E-03 1.8285E-07
14 ESV_FAIL. CV-EX_LEAK 1 9.0349E-04 1.7792E-07
15 ALARM-FAIL. LEAK XV _1 7.8120E-04 7.7582E-08
16 ESV_FAIL. SV-EX LEAK 1 7.3137E-04 1.4428E-07
17 OP-ABSENT. CCU-FAIL. MFM-EX_LEAK 7.0206E-04 1.0422E-07
18 ALARM-FAIL. LEAK_EXCHANGER 6.7991E-04 6.7584E-08
19 OP-ABSENT. LEAK_SAPARATOR 6.6860E-04 6.4573E-08
20 ALARM-FAIL. LEAK PSV_1 6.5175E-04 6.4800E-08

ok
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