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A Study on Safety Guidelines for Hydrogen Refueling Stations at
Expressway Service Area using Quantitative Risk Assessment
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Corresponding author :
esjung@pusan.ac.kr Abstract >> The use of clean energy based on the hydrogen economy is increas-

Fecoived 23N e 2021 ing rapidly due to the greenhouse gas reduction policies and the increase in the

RZ:?S'ZZ 14 DZZZQbZ:i 2021 need for hydrogen. Currently, South Korea government have been considering a

Accepted 20 December, 2021 Plan to construct hydrogen refueling stations at expressway service area for the
purpose of supplying hydrogen vehicles. In the case of a hydrogen refueling sta-
tions, a quantitative risk assessment (QRA) must be performed because it in-
cluds and uses a high pressurized hydrogen storage tank. In this study, QRA was
conducted using societal risk and F-N curve by the consequence assessment
(CA) of jet fire and explosion according to the population density, capacity of the
high pressurized hydrogen storage tank and frequency assessment (FA) data to
the general hydrogen refueling stations systems in expressway service area. In
the cases of jet with a leak diameter of 7.16 mm, regardless of expressway serv-
ice area location, the societal risk was over 1E-04 that was acceptable for as Low
As reasonably practicable (ALARP) region (workforce), but unacceptable for
ALARP region (public). In the cases of gas explosion, all expressway service area
satisfy ALARP region. In the case of the population density is over 0.0727, QRA
for constructing the hydrogen refueling stations, must be conducted.
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Fig. 1. Number of hydrogen refueling stations in South Korea
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Fig. 2. Jet fire model (Chamberlain model)
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Table 1. Impact of thermal radiation on the damage
Ther;iajf:zl)atlon Impact on the people Impact on the building and equipment
Pain within 15 to 20 seconds
4 .
Injury after 30 seconds o )
—— - Glass broken within 30 min
Pain within approximately 10 seconds
6 . . .
Rapid escape only is possible
Extreme pain within 20 seconds of exposure Plastic melting with flame
12.5 Movement to shelter is instinctive Resins in wood
Fatality if escape is not possible Building felt produce flammable vapors
Incapacitation . . o
. . th1 diat
20 Leading to fatality unless rescued Wood burning with long radiation
35 Immediate fatality All operating equipment are damaged
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y—1
: Explosive energy of compressed gas
: The gas pressure (Pa)
: The atmospheric pressure (Pa)

: Volume of gas-filled space of vessel (m’)

A I I

: Specific heats ratio of gas (-)

Table 2. Impact of overpressure on the damage

r : The distance to the center of the ignition (m)
7 : The scaled distance (-)

P=PxP, )

P : The positive overpressure (Pa)

P, : The positive scaled overpressure (-)

w|—=

T=T,x(E/P,) ©)

T : The positive duration time (s)

T, : The positive scaled overpressure (-)
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o

3L I~
rupture 34 ey} w9k 4=

il

Ovegzjsure Impact on the people Impact on the building and equipment
0.010 Typical pressure for glass failure
0.028 Limited minor structural damage

i Ily shatt
0.035 Light injuries from fragments occur W1ndow§ usually shattered
and some window frame damage
0.048 Minor damage to house structures
0.069 Partial demolition of houses
0.138 . ) ) Partial collapse of walls and roof of houses
People injured by flying glass and debris - -
0.172 50% destruction of home brickwork
1 fi ildi i
0.207 Serious injuries are common, fatalities may occur Steel frame buildings dlStOI’tC.d
and pulled away from foundation
0.345 Wooden utility poles snapped
0.483 Injuries are universal, fatalities are widespread Loaded train care overturned
0.621 Loaded train box care demolished
0.690 Most people are killed & fatalities Probable total building destruction
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Table 3. Use ratio of expressway service area according to ve-
hicle type

Vehicle type | Use ratio of expressway service area (%)
Car 75
Bus 2
Truck 23
Total 100
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Table 4. Windrose at baegyangsa expressway service area

Speed

Direction ~0.4|0.5-3.3(3.4-7.9|8.0-13.8 | 13.9~ | Total
Calm 157 0.0 0.0 0.0 0.0 [ 157
N 00 | 35 0.0 0.0 0.0 | 35
NNE 00 | 11.0 | 05 0.0 0.0 | 115
NE 0.0 | 14.1 1.0 0.0 0.0 [152
ENE 00 | 3.8 0.1 0.0 0.0 | 39
E 0.0 | 1.1 0.0 0.0 0.0 | 1.1
ESE 00 | 0.6 0.0 0.0 0.0 | 0.6
SE 00| 07 0.0 0.0 0.0 | 0.8
SSE 0.0 | 2.0 0.4 0.0 0.0 |23
S 00 | 44 1.5 0.0 0.0 |59
SSW 00 | o.1 1.9 0.0 0.0 | 8.0
SW 00 | 7.7 1.1 0.0 0.0 | 89
WSW 00| 7.0 0.9 0.0 0.0 |79
W 0.0 | 42 0.1 0.0 0.0 |43
WNW 0.0 | 4.1 0.1 0.0 0.0 | 42
NW 00 | 33 0.1 0.0 0.0 | 34
NNW 0.0 | 29 0.0 0.0 0.0 |29
Total 1571 765 | 7.8 0.0 0.0 | 100
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N, : The number of fatalities resulting from in-
cident outcome case i

P, : The number of people at location x, y

ps; : The fatality probability that accident outcome
case 1 from consequence model at location X, y

3. Zat A JIF

3.1 HI% dlo]E]

194 B7hE Sas) e NE

243} 2

Inventory Leak Leak size
Fuel Components . Leak frequency
Pressure (bar) | Temperature (°C) Volume (L) scenario (mm)
Small 0.23 3.47 E-03
300 :
’ Medium 2.26 2.09 E-04
y, | HoStorage 990 40 585,
(HST) 900 Large 7.16 1.02 E-04
Cat. Rupture - 5.00 E-07
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Table 9+= 3% Qo= IHE & + Ue T 7
G At AN QT W B4 UE e 2l ekl Fe) 439 2 sighe] 7 e
slo] A w4 A a4 A WA B dAgitar 7Edske] o, Ha 7127t Edsi
g0l 7} har) web Aop S04 S Ve BRel Ha Ee Hu) Ak ohd & A
We Q-2 Sa) Pk BE Ok Q) My elw maslkeih
o a8t a4 A ®A &% HHE st AE Aol W AE s FAKE 4 A = 4
73 0.23 mmellA Z ] 0.5 kW/m*2] HARH o] W3}
Table 6. Jet fire input data 22 oA.-54 |7} dojyxA] s Ao = Alm
Jet fire
Chemical Hydrogen Table 7. Explosion input data
Exit temperature 40 °C Explosion
Exit pressure 990 bar Chemical Hydrogen
0.013 kg/s Vessel temperature 40 °C
Mass flow rate 0.126 kg/s Burst pressure vessel 990 bar
1.261 kg/s 300 L
0.23 mm Vessel volume 585L
Hole diameter 2.26 mm 900 L
7.16 mm Filling degree 84%
Table 8. Distance affected by radiation
Leak size Mass flow rate 4 kW/m? 12.5 kW/m? 20 kW/m® 35 kW/m®
(mm) (kg/s) distance (m) distance (m) distance (m) distance (m)
Max : - Max : - Max : - Max : -
0.23 0.0013 Min : - Min : - Min : - Min : -
Max : 12 Max : 10 Max : 9 Max : 9
2.26 0.126 Min : 1 Min : 3 Min : 4 Min : 6
Max : 36 Max : 31 Max : 29 Max : 28
7.16 1.261 Min : 3 Min : 5 Min : 6 Min : 8
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Table 112> =1 271 9FA%(Health & Safety
Executive, HSE)2] ¢34 7lol=glelo =z, 713 o
HEA 0 2 A8 7] wiitel] HSE 7o =2jQlS- ALARP
7o R FAlA T TR ARSI AEA 2
E-N 48 s7kskolt.

Table 12+ FAIA 74 T8 AE A 2 %

Tank volume 0.01 bar diameter 0.15 bar diameter 0.25 bar diameter 0.5 bar diameter 0.7 bar diameter
@) (m) (m) (m) (m) (m)
300 238 28 20 14 12
585 296 34 24 18 14
900 342 40 28 22 18
Table 10. Population density by expressway service area
Hydrogen station Parking lot Population Area (m?) Polg;ii?lgzjz?ty
Munmak (Gangneung direction) 182 767 42,780 0.0179
Bacekyangsa (Cheonan direction) 70 289 29,681 0.0097
Seongju (Yangpyeong direction) 136 605 38,848 0.0156
Anseong (Busan direction) 479 2,106 28,974 0.0727
Anseong (Seoul direction) 385 1,692 85,692 0.0197
Eonyang 170 725 27,816 0.0261
Yeoju (Gangneung direction) 252 1,097 52,610 0.0209
Eumseong (Nami direction) 361 1,565 77,783 0.0201
Sintanjin 293 1,284 63,846 0.0201
Chuncheon (Busan direction) 209 904 46,378 0.0195
Haman (Busan direction) 274 1,175 63,813 0.0184
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Table 11. HSE risk guideline é
3 &3
Criteria Risk per year
Unacceptable >1E-03 1E-8 - ) T 1
1 10 100 1000
ALARP region (workforce) 1E-03~1E-06 Number of Fatalities
ALARP region (public) 1E-04~1E-06
Fig. 3. F-N curve according to expressway service area
Acceptable <1E-06

(Anseong_Busan)

Table 12. Social Risk of expressway service area

Hydrogen refueling station Societal risk (1/year)

(Expressway service area) Jet fire Explosion
0.23mm: - 300 L: 8.39E-06
Anseong (Busan) 2.26 mm : 1.45E-04 585 L: 8.89E-06
7.16 mm : 5.95E-04 900 L : 8.89E-06
0.23mm: - 300 L: 2.23E-06
Anseong (Seoul) 2.26 mm : 3.87E-05 585 L:2.37E-06
7.16 mm : 1.42E-04 900 L : 2.37E-06
0.23mm: - 300 L: 1.99E-06
Baegyangsa (Cheonan) 2.26 mm: 6.27E-05 585L:2.11E-06
7.16 mm : 1.35E-04 900 L:2.11E-06
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Table 13. Hydrogen refueling station guidelines of expressway
service area according to population density

Poulation density Construction of
(number/m?®) hydrogen refueling station
<0.0197 Constructable
0.0197-0.0727 After mitigation, constructable
>0.0727 After QRA, constructable
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