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Risk Assessment for Performance Evaluation System of Hydrogen

Refueling Station
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skkang@kgs.or.kr Abstract >> This study performed qualitative and quantitative risk assessment of
equipment for evaluating the protocol of hydrogen refueling stations and sug-
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gested measures to improve safety. Hazard and operability study was performed

Accepted 15 June, 2022 for qualitative risk assessment, and Hy-KoRAM was used for quantitative risk
assessment. Through a qualitative risk assessment, additional ventilation de-
vices were installed, simultaneous venting of the storage container was pro-
hibited, and the number of repeated refilling of the evaluation equipment was
identified to manage the number of fillings of the container. Through quantitative
risk assessment, the area around the device was set as a restricted area when
evaluating the station, and measures were suggested to reduce the frequency of

accidents.
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Table 1. Composition of hydrogen refueling protocol evaluation equipment

Components Specification Gas Pressure
Container 1 1.8 kg*3ea 70 MPa
Container 2 1.8 kg*3ea 70 MPa
Container 3 6 kg*2ea 70 MPa
TPRD
Cylinder valve Solenoid valve 1/4” 70 MPa
Hydrogen Check valve H,
refueling Receptacle 1/4” 87.5 MPa
protocol Safety release valve 1/4” 88 MPa
evaluation Shutdown valve 1/4” 87.5 MPa
equipment Filter 1/47 §7.5 MPa
Flowmeter 1/4” 87.5 MPa
Vent stack 1/2” 87.5 MPa
Gas detector 2ea - 87.5 MPa
Flame detector - - -
Ventilation fan 2ea (220 v, 50 w) - -
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Fig. 1. P&ID of hydrogen refueling protocol evaluation equipment
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Table 2. Definition of HAZOP review section for evaluation
equipment

NODE . . . . .
NO Review section | Description of review section
SYSTEM FLOW DIAGRAM
001 | Reeeptacleto | pop CONTAINER 1 FILLING
Container 1
CONTAINER 1 VENT
SYSTEM FLOW DIAGRAM
002 | Receptacleto | pop CONTAINER 2 FILLING
Container 2
CONTAINER 2 VENT
SYSTEM FLOW DIAGRAM
003 | Receptacleto | pop CONTAINER 3 FILLING
Container 3
CONTAINER 3 VENT
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Table 3. Severe accident scenario through accident cause analysis

st Aol WBH 718 B fush H,

No.

Cause of accident

Accident result

1

Defective piping connections, damage to instruments, and valve
leaks

Fire/explosion caused by ignition source due to large leakage
of hydrogen gas

Sudden movement of the inspection vehicle (branch loosening),
detachment of the connecting part flange, and damage to piping
when the inspection vehicle is parked and stopped

Fire/explosion caused by ignition source due to large leakage
of hydrogen gas

Poor fastening of receptacle

Fire/explosion caused by ignition source due to large leakage
of hydrogen gas

Disconnection and disconnection of instruments and devices due
to vehicle vibration

Fire/explosion caused by ignition source due to large leakage
of hydrogen gas

Partial leakage of flanges and joints

Fire/explosion caused by ignition source due to large leakage
of hydrogen gas

Crack/damage of piping and valve around dispenser,
FLOWMETER damage

Hydrogen leakage and fire/explosion, lowering of fueling
efficiency

External leakage of charging connector, rupture of charging hose

Hydrogen leakage and fire/explosion, lowering of fueling
efficiency

External leakage due to O-ring shrinkage of SV

Fire/explosion caused by ignition source due to large leakage
of hydrogen gas

External leaks from PTs, valves, fittings, piping, etc.

Hydrogen leakage and fire/explosion, lowering of fueling
efficiency
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Table 4. Leak scenario and leak frequency data

Component venfory Scenario Leak size (mm) Leak frequency (/year)
P.(Mpa) | T.(°C) | Mass (kg)
Small leak 0.05 1.36E-06
( Cizsvsele)s* ) 87.5 15 s4ke Medium leak 0.52 7.80E-07
Large leak 5.16 4.18E-07
Small leak 0.05 6.80E-07
?é:lzssse;)s 87.5 15 12ke Medium leak 0.52 3.90E-07
Large leak 5.16 2.09E-07
Small leak 0.05 1.79E-04
Dispenser 87.5 -40 12kg Medium leak 0.52 1.60E-04
Large leak 5.16 7.47E-05
Small leak 0.05 2.39E-03
Valves*24 87.5 -40 12 kg Medium leak 0.52 9.91E-04
Large leak 5.16 3.58E-04
Small leak 0.05 2.88E-02
Filters*2 87.5 -40 12 kg Medium leak 0.52 1.37E-02
Large leak 5.16 1.39E-02
Small leak 0.05 1.73E-04
Flowmeter 87.5 -40 12 kg Medium leak 0.52 1.84E-04
Large leak 5.16 1.11E-04
Table 5. Ignition probability by release rate 4.2 1|5 H&k(consequence) B A
Release rate (kg/s) | Immediate ignition | Delayed ignition
<0.125 0.008 0.004 ARl FEdol gt vjs WS AhEsh] A8
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Fig. 2. Jet flame from sealing elements on moving parts at low
speed
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Fig. 3. Radiant heat distribution from jet flame of sealing ele-
ments on moving parts at low speed

Vol. 33, No. 3, June 2022

ys- 058 237

4.3 Y@ =(risk) aiiM ZHot

N = (risk)= AR EAYRIE=(frequency)2} T 3|
oJ3F ZAil(consequence)?] %30 & AlZETh E ¢
TFollA= BFA = Bt 7S 1A S
F(individual risk)2} A}3]2A Q)8 k(societal risk)Z=
B7EHeE 7H1A e fRAIER Qs g
felo] AWK EE-S Qulsid, ALEA FLEL

]HU O] Qlof| T I HsiE WIAIA 4
FARER VepHo 1 YR Eel AHg]E

Az digh 3872 SR EALlA]
Yok 5*17}* g RS R R B P T
oA At 7l & ARESHlTE o] A Fo] w=H
A oFEE 1.0x10%year~1.0x10 yearS 27

y (m)
() aumesadwal

2080
25
1880
20 1680
15 1480
1280
1.0
1080
0.5
880
0.0 680
-0.5 0
0.5 10 15 2.0 25 3.0 35

x (m)

Fig. 4. Jet flame from sealing elements on fixed parts
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Fig. 5. Radiant heat distribution from jet flame of sealing ele-
ments on fixed parts
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