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A Study on FTA of Off-Site Packaged Hydrogen Station
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TCorresponding author :
emtxx@hoseo.edu Abstract >> For the fault tree analysis (FTA) analysis of the packaged hydrogen

feceived 21N e 2019 filling station, the composition of the charging station was analyzed and the fault

Rgsies';z S Fegfan:ygbzo tree (FT) diagram was prepared. FT diagrams were created by dividing the caus-

Accepted 28 February, 2020 es of events into external factors and internal factors with the hydrogen event as
the top event. The external factors include the effects of major disasters caused
by natural disasters and external factors as OR gates. Internal factors are divided
into tube tailer, compressor & storage tank, and dispenser, which are composed
of mistakes in operation process and causes of accidents caused by parts
leakage. In this study, the purpose was to improve the hydrogen station. The sub-
jects of this study were domestic packaged hydrogen stations and FTA study was
conducted based on the previous studies, failure mode & effect analysis (FMEA)
and hazard & operability study (HAZOP). Top event as a hydrogen leaking event
and constructed the flow of events based on the previous study. Refer to “Off
shore and onshore reliability data 6th edition”, “European Industry Reliability
Data Bank”, technique for human error rate prediction (THERP) for reliability
data. We hope that this study will help to improve the safety and activation of the
hydrogen station.
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Fig. 1. Drawing of package hydrogen station
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Table 1. FMEA analysis result

Part Function Failure mode Effect RPN
Piping, valve 60
H rupture
ydrogen Blocked P
emergency vent No hydrogen 48
release
PSV |Pressurerelease| Open loss |Piping rupture| 40
Pipi 1
. Blocked | P& VANVE | 4
Nitrogen rupture
release Pipi 1
Open loss 1Ping, valve | - ¢,
rupture
Connect
Hydrogen leak
NV I.lydrogen to Hydrogen and fire 45
dispenser and leaks .
explosion
cooler
H fl
FCV ydrogen flow Blocked | Piping rupture| 40
control
Compr| Compress Hydrogen |Hydrogen leak 40
essor hydrogen leaks explosion
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Table 2. HAZOP study result
Node Cau.se of Result Improveme?lt
accident recommendations
- Hydrogen loss due
to operation of the
Hyd
Node a}s/ srl;)geln safety valve - PAHH SD
1 & pPY 1. Compressor down | Installation
over 200 bar
- Damage to
instrument
Start - Compressor . ..
- Driver training
Node | compressor | damage
. - Low alarm
1 inclosed |- Damage to .
. Installation
needle valve| instrument
Risin - Remove
tem rafur flammable
Node | ‘P€ © . material around
due to fire |- Explosion hazard
2 around the tank
ol - Consider FD
storage tank . .
installation
Failure of - Consider PAH
Node | pressure installation
- X
3 relicfof flow] " dAmage - Consider PSV
regulator installation
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Fig. 2. Fault tree of external factor
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£ ol A SavEY UF LAY TY F
o & E F shieke Yoldrha Satedol W

ek Aoz Tk

Fig. 48} o] compressor & storage unit 57 2]
HE 520 aclert 34 W FE0, AR
=, ZHE, B, FEAIE7], SRY, CV, 47,
Z&A|, NV 5ol 23t =3 97 shut down A3

mo—m. |s-uum- q--—-l |C¢iwnvn |s-vtm ||0ur—-1
Parmaer

|

T

Fig. 5. Fault tree of compressing & storaging leakage of internal
factor

Charge unit
leakage

]

LEAK_CHARGE
Q=6.09¢-8 w=7.73-12

Leakage by Charge Shutdown fail to
chargeing frequency ESV

L 7 N N

LEAK_BY_CHARGE
Q=0.638 w=3.68e-5

SD-FAIL_BY_ESV
Q=0.0165 w=6.39¢-7

CHARGE-FREQ

FIEIEE

Fig. 4. Fault tree of compressor & storage unit component
leak of Internal factor

> SRS AYHOLIR|3

leakage | | O ion miss ESD fail to close| | Shutdown fial
of charge unit leakage
]
|E~< S yLEAK OPIISS
1Q=0.638 w=3.68e-5 =4 8e-6 w=0 '

Fig. 6. Fault tree of charge unit leakage of Internal factor

M3 H1Z 2020 28



N&E - JEE - 2R - g 77
L]
A Gateo] dojuis Ao TAsHATh Shut
Shutdown fail to
down A= detector 9.5, &k Algl], LAY HA)
2910] gAlo] YoluALL ESD ) Auj= uhy
s oAk,
ESD fail to close| Shutdown fial
o e 5
FAIL_CLOSE_ESD SD_FAIL_CHARGE(2)
Lv—‘ Q=0.0101 w=0
P Y e e e = - S e B
B H \ Operstor abser] [ CCU defectve
L e
g "o
OP_ABSENT
-wr -wr
Fig. 7. Fault tree of charging leakage of internal factor Fig. 8. Fault tree of ESV shutdown fail of internal factor
Table 3. Base data with reference to reliability handbook
Part Function Failure mode T N |Lower| Mean | Upper| SD Refernce
460 Nm’/hr | External leakage 8)
Compressor (2 set) (@ 200 barg) | -process medium 0.2141 | 1 | 0.03 | 7.38 | 27.3 |10.08 OREDA 2015
Low bank (3 set) | 721 L/53 MPa | External leakage
2.34 .02 | 2. 10.1 . REDA 201
High bank (3 set) | 343 L/93 MPa| -process medium 34671 71 00 86 0 373 o 015
FCV - Externalleakage | he77 | | 001 | 363 | 13.93] 513 |  OREDA2015
-process medium
Fail to cl
NV By-pass ailfocloseon | 1055 | o | 0.01 | 3.73 | 1433 | 5.8 OREDA 2015
demand
()% - External leakage 1.8484 | 0 | 5E-4 | 0.13 | 0.52 | 0.19 OREDA 2015
BV - External leakage | 4.9188 - 095 | 487 | 2.11 OREDA 2015
ESD - External leakage 1) )so0 | 3 | 2E.4 | 065 | 283 | 1.10 | OREDA2015
-process medium
AV - External leakage | 0.0526 6.75 |38.03 |119.71 26.89 OREDA 2015
SRV - External leakage | 3.8174 1E-3 | 0.61 | 242 | 09 OREDA 2015
SRV - Failtocloseon 5 0170 | | | 08 | 382 | 157 OREDA 2015
demand
Flow - External leakage | 0.0877 | 0 | 0.01 | 3.63 | 13.93 | 5.13 OREDA 2015
Pressure - External leakage | 13.2549 | 14 | 2E-3 | 5.32 | 23.15| 9.00 OREDA 2015
Temperature - External leakage | 0.0877 | 0 | 0.01 | 36.3 | 13.93| 5.13 OREDA 2015
fl
Gas & flame ; External leakage | 11.5142 | 80 | 0.09 | 5.96 | 18.82 | 6.74 OREDA 2015
detector
Cooler - External leakage 1.1343 | 32 | 0.55 | 22.58|69.29 | 24.25 OREDA 2015
. EF: European Industry
Filter leakage - External leakage - - - 0.66 - 13 | Reliability Data Bank’
CCU defective - External leakage | 0.0128 | 14 - 11334 - 19.72 OREDA
MFM - External leakage - - - 1093 | - 9.08 OREDA
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Table 4. Reliability data of basic event
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3.4 FTA 2M
3.4.1 7|=AHA ME|= G0l

YT FTEE 7|08 7|2 K0l Ui 18-S
3+7] $]4) A12]% Handbook™”-& 31510 Table 33}
o] Zt Kgo| tigt 52| HaH(mean)gtS AHE-
glo] 7|2 e] gro R A-gslk

412]% Handbookol| A 2tE 4= §li= 712AF
o3} A1i= Table 49} ZFo] ZE7ke] o3} 7] se)%
U G HlolElE B2 F5l stk slof
A== dolg g F4strt”
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Basic event Failure rate | Error ]w;]lﬂ-;-a: —r IH
(hr) factor
Operatin absent 1.0E-2 15
Producting time 1.67E-5 | SD:1
Internal Compressing time 9.5E-4 |SD:1
factor Charge frequency 0.4167Ee-5| SD: 1 Fig. 9. THERP-connect fail to operator
Vehicle accelerate 0.1E-6 10
Breakaway 0.1E-6 5
Invasion frequency | 442456 5 Table 5. Reliability data of basic events (human error)
Alarm non operation 5.7E-2 5 Basic event Failure rate | Error factor
Operation fail 1.25E-2 10 Operator non action 1.686E-3 5.65
External Earchquake 0.0019 5 Shut-off fail 4.97E-4 4.21
factor Typhoon 2.348E-6 5 Connect fail 1.543E-6 5.79
Flood 2.348E-6 5 Overcharge non-diagnosis 0.1 10
Airplane crash 1.0E-7 5 Operator non-diagnosis 0.9E-3 533
Car crash 1.0E-6 5 Setting error 1.95E-6 12.23
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dlojeof] thafiAli= Seo” o] A5 FFarste] Fig. 99t 2 Ao EAAY} oSl gk top eventd)
Zro] THERP7|¥ S &E3f| Table 59} T2 7S ==
ahaict.
Gate : TOP GATE
Table 6. Result of gate analysis
Failure Nuz)x;ber g(())\?rlx NO. o
Name Unavailability | frequency . cut
(per hr) expected | time Sets
failures (hrs) e
Top_GATE 0.106 8.83E-7 | 0.109 989 | 80
INTERNAL 0.0053 9.83E-7 | 0.0053 | 184 | 79
EXTERNAL 0.102 148E-14 | 0.104 973 3
TUBE_LOAD _
LEAK 75769 | 1.55E-12 | 7.95E9 | 2.6E-5 | 7
LOAD 579E-8 | 5.62E-12 | 5.79E-8 |0.000292| 1 I B ﬁ i f o1 : 3
LEAIL%S\ODMP -l 0131 1.22E-5 | 0.131 669 7 .
Fig. 10. Fussell-vesely importance analysis
COMPRESSOER
RSTORAGET| 00053 9.83E-7 | 0.0053 | 184 | 24
COMP_LEAK 0.0053 9.83E-7 | 0.0053 18.4 20 Table 7. Minimal cutset analysis (Hr)
SD_FAIL
ESD_COMP 0.00651 0.49E-7 | 0.00651 326 2 No. Cut set Unavailability | Frequency
SD_FAIL FAIL_CLOSE ESD/
comp | 22TE6 | 448E-10 | 227E-6 | 0.00767 | 1 1 SVEEX_LEAK(1) 0.00205 | 3.73E-7
2 | FAIL CLOSE ESD/TT LEAK 0.00197 3.6E-7
COMP&STOR | 61y 3.67E-5 | 0.611 |3.52E+3 | 10 = — =
ALEAK 3 FAIL_CLOSE_ESD/ 0.000461 | 9.04E-8
LFAK BY LEAK_COMPRESSOR : AR
comp 74E-8 | 7.52E-12 | 741E-8 | 0.000369 | 4 ) FAIL_CLOSE_ESD/ voonss | coins
LEAK COMP LEAK_PI_COMPR : Otk
= 0.0433 433R-6 | 00433 | 223 3
RESSING FAIL_CLOSE_ESD/
5 FAIL_ LOSE NV(2) 0.000237 | 4.69E-8
FAIL
— 4.25E-5 1.22E-8 | 4.51E-5 0.115 3 FAIL_CLOSE_ESD/
MPRE! X
co SS 6 LEAK STORAGE 0.000183 | 3.62E-8
FAIL_CONTR
OL PRESSOR | C000164 | 2:94E-8 |0.000164| 0578 | 1 7 | FAIL_CLOSE ESD/LEKA-SRV 3.94E-5 | 7.86E-9
HIGH PRESSER| 026 223E5 | 026 | 136E+3 | 3 8 Dg?ggl;’% ;g&&;ﬁ»{f&g/ 1L04E-5 | 187E-9
FAILCOOUNG| 500 | 18E5 | 0202 | LosE+3 | 1 o | DETECT FAIL/ALARMFAIL/ | oo | oo
2 OP_ABSENT/ TT_LEAK :
FAIL,C(;OUNG 0.0615 LO6E=S | 00615 | 221 1 10 | FAIL_CLOSE_ESD/CV-EX_LEAK | 842E-6 | 1.68E-9
DETECT_FAIL/ ALARM_FAIL/
11 - — 235B-6 | 4.54E-10
CII‘{E:I%E 6.09E-8 | 7.73E-12 | 6.13E-8 | 0.000277| 49 OP_ABSENT/ LEAK_COMPRSSOR
1> | DETECT FAIL/ALARM FAIL/ 17166 | 332E-10
LEAK BY OP_ABSENT/LEAK_PI COMPR M ek
e 0.638E 3.68E-5 | 0.638 |3.72E+3 | 17 = - =
CHARGE 13 | DETECT FAIL/ ALARM FAIL/ 12156 | 2.36E-10
SD-FAIL OP_ABSENT/FAIL_CLOSE_NV(2) =l =0k
- 0.0165 6.39E-7 | 0.00641 | 133 3
BY_ESV 14 | DETECT FAIL/ALARM FAIL/ 9357 L82E-10
LEAK OP_ABSENT/LEAK_STORAGE o D
it . . - . . +.
CHAR_CO-P 0638 368E-5 | 0638 | 372E+3 ) 13 15 | FAIL CLOSE _ESD/LEAK PIPE 2.03E-7 | 4.06E-11
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