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1.ME2

Abstract >> The frequency of fatal accidents that can occur at hydrogen refueling
station was compared with the risk criterion for the general public suggested by
the health and safety executive. If hydrogen refueling station meets the accident
prevention facility standards presented in KGS Code FP216/217, it was con-
firmed that the risk of hydrogen refueling station was not at an unacceptable
(intolerable) risk level. However, the risk of hydrogen refueling station due to
small leak was analyzed as low as reasonably practicable. Therefore, methods
for improving the safety instrumented function of hydrogen refueling station
were reviewed. It was confirmed that the risk of hydrogen refueling station can be
affected by the number of installed safety instrumentation system components,
redundant architecture, mission time, proof test interval, etc. And methods for
maintaining the risk of hydrogen refueling station at an acceptable risk level
have been proposed.

Key words : Hydrogen refueling station(4: A % M A), Safety instrumented function
(St A X 7|5), Safety instrumented system(HH A & A| A Ell) Redundant
architecture(°| 53t X), Mission time(Z ™ 7|7}, Proof test interval
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Table 1. Accident prevention facilities at hydrogen refueling station
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Facility

Function

Overpressure safety device

If the commercial pressure is exceeded, relieve the pressure

Gas leak detection and alarm system
gas passage

If gas leaks, it detects the leaked gas and sounds an alarm and automatically shuts off the

Emergency shut-off device . .
refueling equipment

Cut off the gas supply and cut off the power supplied to the compressor, pump and hydrogen

Backflow prevention device

Prevent gas backflow
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: frequency of mitigated consequence
F, : frequency of initiation event

P’ : probability of ignition

PP : probability of person present

P’ . probability of fatality
PFD : probability of failure on demand
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where, PFD,,, : average probability of failure on demand

PFD,, : PFD of detector
PFD,; : PFD of logic solver
PFD;, : PFD of final element

EMERGENCY RESPONSE
« Evacuation procedure

g R

/ MITIGATION \
3. Safety instrumented mitigation system

2. Alarm with operator corrective action

PREVENTION
1. Pressure safety valve
CONTROL & MONITORING
+ Basic process control system
* Monitoring system
+ Operator supervision

A //

Fig. 1. Independent protection layers of hydrogen refueling
station
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where, PFD : probability of failure on demand
C,, : proof test coverage
A4 © dangerous undetected failure rate
77T : proof test interval

MT : mission time
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Fig. 2. Schematic diagram of hydrogen refueling station

Table 2. Accident scenario at hydrogen refueling station

Node Accident
. Cause
No. scenario
Hydrogen gas leaks due to poor
1,2,3,4 Hydrogen gas management
leakage can cause (small, medium, large)
fire or explosion, | Hydrogen gas leaks from the
5 leading to fatal | discharge of the compressor
accidents due to the pressure rise
(small, medium, large)
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Table 3. Failure rate of SIS components

Component Description Daflgerous undetected
failure rate (Aqu) (/h)
Detector Hydrogen gas 2.98E-6
detector

Logic system PLC 7.40E-9
Final element Valve body 5.69E-7
(emergency Solenoid driver 1.50E-8
shut-off valve) Actuator 2.26E-7

Table 4. Initial setting of sis components

Mission time | Proof test interval | Proof test coverage

20 years 1 year 90%
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Table 5. LOPA worksheet for hydrogen refueling station

A, _1&51

t+=3b7] s

Y Thsde SE

Date Description ‘ Probability ‘ Frequency (/year)
Accident scenario Hydrogen gas leakage can cause fire or explosion, leading to fatal accidents
<Node 2> Small leak - 2.76E-3
Hydrogen gas leakage Medium leak - 2.62E-5
due to the pressure rise Large leak - 4.24E-6
Initiating Event
<Node 3> Small leak - 3.47E-3
Hydrogen gas leakage due to poor Medium leak - 2.09E-4
management Large leak - 1.02E-4
Probability of ignition 1 -
Conditional modifier Probability of personnel in affected area 1 -
Probability of fatal injury 0.5 -
Small leak - 1.38E-3
Node 2 Medium leak - 1.31E-5
Frequency of Large leak ] 2.12E-6
unmitigated
consequence Small leak - 1.74E-3
Node 3 Medium leak - 1.05E-4
Large leak - 5.10E-5
PSV 1.00E-2
Node 2 Alarm 1.00E-1
Independent SIS 4806
protection layers -
Alarm 1.00E-1 -
Node 3
SIS 4.82E-2 -
Node 2 4.82E-5 -
Total PFD for all IPLs
Node 3 4.82E-3 -
Small leak - 6.65E-8
Node 2 Medium leak - 6.31E-10
Frequency of Large leak ] 1.02E-10
mitigated
consequence Small leak - 8.36E-6
Node 3 Medium leak - 5.04E-7
Large leak - 2.46E-7

Table 7. Risk criterion for the general public

Table 6. Leak frequency (/year) at hydrogen refueling station Criteria Risk of fatality per year
Description | Node 1 Node2 | Node3 Node 4 Unacceptable (intolerable) > 1.00E-3
Small leak | 1.07E-3 | 2.76E-3 | 3.47E-3 | 7.06E-4 Maximum tolerable risk for public 1.00E-4

Medium leak | 3.21E-4 | 2.62E-5 | 2.09E-4 | 1.85E-4 ALARRP (tolerable) 1.00E-6 to 1.00E-4
Large leak | 1.80E-4 | 4.24E-6 | 1.02E-4 | 9.88E-5 Broadly acceptable <1.00E-6

> otmp RN U Xt =2 X347 HI3Z 2023 6



Table 8. LOPA result of hydrogen refueling station

ey 303

7Hs8 X (acceptable) ¢ W2 7fAsH=E Fo]

Sector Description Fr(f;gl;:;cy Evaluation HFE| ot
Hydrogen gas leakage due to poor management ek £ A KGS Code FP21621701
?f:riljfi[: Zan cause fire or explosion, leading to fatal 7\1—] gt A]“T_J‘ oy gl 7]{'i% ‘}‘71——]1?‘ aig-’ °f|A]
accidents ‘58 7St A0 2 J|ASH= ¢St SIF SFAF HE
Small leak | 2.58E-6 ALARP He Aotstaa} it
N(ide Mf:;ltlm 7-74E-7 | acceptable 3.5.1 0|8}l X(redundant architecture)
Large leak | 4.34E-7 | acceptable
Small leak | 6.65E-6 ALARP Ol B b A AR I A
- = =
Node | Medium 6.31E-8 | acceptable e e kS /B]—]:’Hagi Eel —};—%_ ?1‘
2| ek 2%E A7) W AT A WHE BeE 4X)
frequeney of] [Lageleak | LOES | aceepitle - wpgolct. 2, IPLO) shifel SiSol Tkt 4
consequernce Small leak | 8.36E-6 ALARP 7] @ 718 2k wiv g} 22 17 AR =] 9lo] 7}
N(;de M]e:;]l:m 5.04E-7 | acceptable A2 A7) B 713 g WlE 31 AF A &) ol
Large leak | 2.46E-7 | acceptable B 2 AA7E AR 27k Al Enk ahEkA 7t
Small leak | 1.70E-6 | ALARP 2 HA7|9F 15 A WEE FTER A X|E)o]
Node | Medium SIS®] PFDE Ao 2N AR &2 QIsh
4 leak 4.46E-7 | acceptable
Large leak | 2.38E-7 | acceptable
Table 9. Frequency of mitigated consequence according to redundant architecture
Emergency shut-off valve
Detector Node No. lool loo2 lool loo2
Frequency (/year) Evaluation
Accident scenario | Hydrogen gas leakage (small leak) due to poor management can cause fire or explosion, leading to fatal accidents
1 2.58E-6 2.04E-6 ALARP ALARP
2 6.66E-6 5.26E-6 ALARP ALARP
tool 3 8.37E-6 6.60E-6 ALARP ALARP
4 1.70E-6 1.34E-6 ALARP ALARP
1 6.32E-7 8.73E-8 acceptable acceptable
loo2 2 1.63E-6 2.25E-7 ALARP acceptable
3 2.05E-6 2.83E-7 ALARP acceptable
4 4.17E-7 5.76E-8 acceptable acceptable
1 5.58E-7 1.36E-8 acceptable acceptable
1003 2 1.44E-6 3.51E-8 ALARP acceptable
3 1.81E-6 441E-8 ALARP acceptable
4 3.68E-7 8.97E-9 acceptable acceptable
1 7.85E-7 241E-7 acceptable acceptable
2 2.03E-6 6.21E-7 ALARP acceptable
2003 3 2.55E-6 7.80E-7 ALARP acceptable
4 5.18E-7 1.59E-7 acceptable acceptable
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Table 11. Frequency of mitigated consequence according to
mission time

proof test interval Mission time of detector
Node Proof test interval Detector Node (others 20 years)
Detector No.
No. 9 months | 6 months | 3 months 15 years 10 years S years
H, leak: 1l leak H, leak: 11 leak
Accident ydrogen gas leakage (small leak) (?ue to po?r Accident ydrogen gas leakage (small leal ).due to [.)oor
. | management can cause fire or explosion, leading .| management can cause fire or explosion, leading to
scenario . scenario .
to fatal accidents fatal accidents
1 2.38E-6 | 2.18E-6 1.98E-6 1 2.23E-6 1.88E-6 1.53E-6
2 6.14E-6 5.62E-6 5.11E-6 2 5.76E-6 4.86E-6 3.95E-6
lool lool
3 7.72E-6 7.07E-6 6.42E-6 3 7.24E-6 6.10E-6 497E-6
4 1.57E-6 1.44E-6 1.31E-6 4 1.47E-6 1.24E-6 1.01E-6
1 5.78E-7 5.24E-7 4.71E-7 1 6.08E-7 5.88E-7 5.73E-7
2 1.49E-6 1.35E-6 1.22E-6 2 1.57E-6 1.52E-6 1.48E-6
loo2 loo2
3 1.87E-6 1.70E-6 1.53E-6 3 1.97E-6 1.91E-6 1.86E-6
4 3.81E-7 3.46E-7 3.11E-7 4 4.01E-7 3.88E-7 3.78E-7
1 5.15E-7 4.71E-7 4.27E-7 1 5.57E-7 5.56E-7 5.56E-7
2 1.33E-6 1.21E-6 1.10E-6 2 1.44E-6 1.43E-6 1.43E-6
loo3 loo3
3 1.67E-6 1.53E-6 1.39E-6 3 1.81E-6 1.80E-6 1.80E-6
4 3.40E-7 3.11E-7 2.82E-7 4 3.68E-7 3.67E-7 3.67E-7
1 7.08E-7 6.33E-7 5.62E-7 1 7.13E-7 6.54E-7 6.09E-7
2 1.83E-6 1.63E-6 1.45E-6 2 1.84E-6 1.69E-6 1.57E-6
2003 2003
3 2.30E-6 | 2.05E-6 1.82E-6 3 2.31E-6 2.12E-6 1.98E-6
4 4.67E-7 4.18E-7 3.71E-7 4 4.70E-7 4.32E-7 4.02E-7
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