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Identifying Risk Factors for Hydrogen Repetitive Pressurization Test
Equipment through Qualitative Risk Assessment

HY EONKI KIM', KWANGWON RHIE', DONGMIN LEE', DANBEE SHIN', DOOHYOUN SEOQ#

Department of Safety Engineering. Hoseo Univ. 8-20, Hoseo-ro 79beon-gil, Baebang-eup, Asan-si, Chungcheongnam-do, Korea
2PSpp. 140-9, Wolbong 4-ro, Seobuk-gu, Cheonan-si, Chungcheongnam-do, Korea

TCorresponding author :
sdhyoun02@naver.com Abstract >> In order to reduce carbon emission, one of the main causes of envi-

_ ronmental pollution, attention is being focused on the activation of the hydrogen
Ezsies';’zd ig ii’\’:nrliir’ziﬁs economy, which uses hydrogen as the main energy source. In order to verify the
Accepted 24 November, 2025  Safety of the pipe before applying hydrogen pipes to eco-friendly hydrogen cities,

repeated pressure tests are conducted. In order to find various hazards and risk
factors that exist when designing repeated pressure test facilities, a qualitative
risk assessment, HAZOP (Hazard and Operability) Study, was conducted, and
various hazards and risk factors were derived and appropriate improvement rec-
ommendations were presented to secure safety. If countermeasures for risks
are prepared based on this, it is believed that the safety of the facility will be
secured.
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No/Not Flow The design inter}t is
- completely denied
Table 1. Characteristics of each hydrogen transport method
— : — More/High Pressure Quantitative in(.:rease in
Division | Tube trailer transport | Pipeline Transport process variables
i titati ducti f
High pressure Transportation using Less/Low | Temperature Quantitative re .uc ion o
Method | compressed gaseous . process variables
hydrogen pipelines Logicall ite to th
— - Reverse Reaction ogica y.opp.osw o e
Advantage Mobility, relatively low | Stable supply and design intent
£ | initial investment costs | economic feasibility In addition to the design intent,
As well as Flow
Disadvant Limited transport High initial other phenomena are added.
isadvant- . . .
capacity, high transport | investment costs and Only part of the design intent
age Part of Flow . .
costs safety concerns is achieved
. Hydrogen charging The design intent has been
Suitable . .. .
case stations, small-scale | Large-scale demand Other than | Composition replaced by something
demand sources completely different
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Table 3. Classification of risk levels (Frequency)

More than once a year

Once every 1 to 5 years

Once every 5 to 10 years

Once every 10 to 30 years

i S VS I R SN V)

Less than once every 30 years

Table 4. Classification of risk levels (Criticality)

2 or more deaths | Property loss of 1 billion won

5 L
or injuries or more
Property loss of KRW 100

4 1 or more injured | million or more, less than KRW
1 billion

2 or more people | Property loss of 10 million won

3 with minor |or more, less than 100 million

injuries won
) 1 or less Property loss of less than 10

casualties million won

Safety design |Changes to improve drivability

Table 5. Risk Maxrix

Intensity
5 4 3 2 1
Frequency
5 25 | 20) | (15 | 10 Q)
Grade 5|Grade 5|Grade 4|Grade 3|Grade 2
4 (200 | (16) | (12) (®) @
Grade 5|Grade 4|Grade 3|Grade 3 |Grade 2
3 1s) | (12) ) (6) 3)
Grade 4|Grade 3|Grade 3|Grade 2|Grade 1
) 10 | ® (6) “) (@)
Grade 3 |Grade 3|Grade 2|Grade 2|Grade 1
| (5) “ 3) ) 1)
Grade 2|Grade 2|Grade 1|Grade 1|Grade 1

Table 6. Risk Level

Grade 5| Unacceptable risk | Stop work immediately
Ei t
Grade 4 Grave danger mergency tetiporaty
safety measures
f .
Grade 3|  Significant risk | ety measures during
maintenance period
Grade 2 Slight risk Periodic training
Grade 1 Negligible risk Maintain current safety

measures
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Fig. 1. Hydrogen repeat pressurization facility PFD
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Table 8. Abnormal state for each node
o FLOW PRESS. TEMP. LEVEL S?FYE [s/T
No. NO LE | MO | REV |PART| AS |OTH NO LE | MO | LE | MO NO LE | MO | OTH M
SS | RE |ERSE| OF |WELL| ER SS | RE | SS | RE SS | RE | ER
#01 (0] (6] (6] (6] X O X (0] (6] O (0] X X X (0] 11
#02 (6] (6] X (6] X O X (0] (6] X (0] X X X (0] 8
#03 (6] (6] (0] (6] X X X (0] (6] O X X X X (0] 8
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Table 9. Example of HAZOP result

ol mot

L

NODE | Deviation Cause Consequence Safety Recommendation
- FIT detection
No/Low . - No manipulation after
Flow ) PI.{V open, regulation - Hydrogen supply initial setup - PRV Car Seal Open
y failure shortages and delays
(None/Les) - Operator training and
manual development
Added .. . - Installing a DECANT
#01 | Component | gl:lurrn ies entering the tube ; Blocl:arie r?tr damage | Check hydrogen report| PANNEL filter before
(As well as) ¢ 0 equipme the storage tank
- Collisions with
surrounding . - i i
Safety |- Problems with vehicle entry | puildi - Protective Guard Consider Vehlc.:le t.m.fﬁc
(Other) and exit routes Hanes Sienaler Depl flow when finalizing
- Signaler Deployment
- Unreasonable gt ploym the layout.
movement
No/Low .
Fou’ |"Cmmmerso | gy o
(None/Les) P
#02 - Compressor automatic | - Revi f wnifying th
High Temp. | - Compressor cooling supply |-~ Test Delay P T neview o umijmgt ©
(More) failure _ trip two overlapping TIT
- Test Unavailable - Compressor TT on the line
No/Low . - Hydrogen recovery is - - Gate Valve Car Seal
Flow - Mam.tenaPc‘T Gate valve | ot possible - Worker Training Measures
opening failure - Manual Devel t o
(None/Less) | P& - Test Unavailable At ZevEOPIE | _ Gate Valve Unification
- Buffer tank not - PL FIT
Low Press. |- PCV malfunction due to| recoverable - Confirmation of - Regular calibration
#03 (Less) PIT sensing error calibration certificates| Verification review
- Test Unavailable duri .
uring construction
- When the PCV is opened, | - Overpressure is
High Press. | there is a time difference | formed momentarily PSV - Review of PCV
(More) until the rear PIT sensing| at the rear end of the pressure relief line
adjustment is made. PCV

PI: Pressure Indicator

PIT: Pressure Indicating Transmitter
TT: Temperature Transmitter
TIT: Temperature Indicating Transmitter
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PRV: Pressure Regulator Valve
PCV: Pressure Control Valve
PSV: Pressure Safety Valve
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