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LMC@inu.ac.kr Abstract >> In this study, a hazard and operability (HAZOP) risk assessment is

_ conducted to identified potential risks and to improve safety level in the stage of
Ez\cli‘:;zd ig zigzz:)ggi?% design of a hydrogen fueled gas turbine combined cycle power plant which
Accepted 19 October, 2024 co-fire hydrogen with conventional fuel of natural gas. For the stable operation of

a hydrogen fueled combined cycle power plant, it is crucial to identify the poten-
tial risks during the development of relevant technologies. By assessing risk fac-
tors in hydrogen supply system, improvement recommendations such as
changes in the location and the number of piping accessories and facilities, as
well as safety training, were proposed. The obtained results and lessons to re-
inforce the level of safety are expected to contribute to the safe use of hydrogen
as a new decarbonized fuel for power generation.
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Fig. 1. Trends in the number and share of highpressure gas ac-

cident over the past 5 years
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Table 1. Criteria of assessment by frequency

Occurrence

Frequency

Descripti

frequency level esciiption

An incident occurs one or more times
Frequent 3 .

before the setup period
Possible ) There %s a possibility of an inc.ident

occurring before the setup period
Unlikely | There is a low possibility of an incident

occurring before the setup period

Table 2. Criteria of assessment by severity

Severity

classification| level

Severity

Description

Critical

Deaths, two or more injuries, financial
loss of 1 billion KRW or more;
equipment downtime of 5 days or more

Major

1 injury, financial loss between 100
million and 1 billion KRW; equipment
downtime of 1 to 5 days

Minor

No injuries, financial loss less than 100
million KRW; equipment downtime of
less than 1 day

Negligible

Need for improvement in safety design
or operational efficiency, no financial
loss
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Table 3. Frequency and severity matrix

Severity . .
Frequent (3) | Possible (2) | Unlikely (1
. quent (3) @ y ()
Critical (4) 5 5 3
Major (3) 4 4 2
Minor (2) 3 2 1
Negligible (1) 2 1 1
Table 4. Definition of risk level
Risk level Control criteria Remarks
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risk safety measures .
- Can continue hazardous
. Bequlres. safety work (continue work
2 Wammg lnf?r@atlon and under current conditions)
risk periodic
monitoring/training
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Significa |maintenance, .
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4 POTAY | 4 ork with risk control
safety measures
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Can continue hazardous
Urgently requires  |work under conditional
4 Major  |additional safety management (continue
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for work temporary safety
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Table 5. HAZOP analysis results of A power plant

7t e

o Risk as-is . Risk to-be
Node | Deviation Cause Consequence |Current safety measures Improvement recommendation
F| S| R F| S| R
1. Onl; .
ny 1-1. Install automatic valve
manual 1-2. Install emergency shutdown
valves 1. Decrease in | 1. Installation/operation ) geney
HIGH . . valve
FLOW installed operational of gas detector 3123 1-3. Reeular inspections needed 1y 1)1
2. Unable to |efficiency 2. Install PI, PG, PT - ReE . P
1-4. Installation of flow alarm
control flow .
low/high
remotely
1-4. Establish restricted access zone
1 1-5. Conduct safety training for
1. Impact or 1. Safety work permit workers
vehicle 1. Ductile failure |2. Installation/operation 1-6. Install collision barriers
collision with|of the piping gas detector 1-7. Enclose the piping indoors
SAFETY . . 31 3| 4 2121
external 2.Riskof H,  |3. Activation of purge 1-8. Install shutoff valves and purge
piping during |leakage nitrogen upon fire nitrogen supply lines at regular
external work detection intervals in hydrogen supply pipes
both indoors and outdoors
1-9. Installation of fire detector
1. Increased
in H .
p;ZS;ZTS;Zr ? 2-1. Regularly inspect PRV
5 . . |1. Installation/operation 2-2. Install additional PRV in the
1. Pressure  |2. Increased risk ..
HIGH increase due | of leakage at of safety valve piping after the gas separator
2 |PRESSU . & 2. Measurement of fuel | 2 | 4 | 5 |2-3. Install emergency shutdown 121
to PRVO1 fittings when . .
RE failure ining operation concentration using a valve
piping op gas detector 2-4. Installation of pressure alarm
pressure low/high
exceeds normal g
levels
3-1. Use metal materials with a small
1. Decreased L L
1. Nozzle flow and potential difference combination
openings - 3-2. Increase corrosion resistance by
Low become pressure inside using cathodic protection or
3,4 |PRESSU the piping No measure 3| 3| 4 |Winecanodicp 2| 2] 2
smaller due to . electroplating
RE . . 2. Decrease in .
internal pipe . 3-3. Replace pipes that have
. operational o
corrosion . exceeded their lifespan regardless of]|
efficiency .
corrosion status
4-1. Regular training for hydrogen
1. Installation/operation gas fire
of fire detector 4-2. Use and maintain fireproof
HIGH | External 1 Increas.e in |2. Installation/operation insulation 4
5,6 internal pipe gas detector 2| 4| 5 |4-3. Lower the surrounding 1] 3] 2
TEMP |fire L. .
temperature 3. Activation of purge temperature of the fire with
nitrogen upon fire high-pressure water spray
detection 4-4. Equip with a ventilation system
(intelligent control system)
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Fig. 6. Piping and instrumentation diagram of hydrogen supply system for a gas turbine CCPP including HAZOP analysis results
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