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ABSTRACT:
KEYWORDS The oil and gas industry has a high risk of process accidents such as gas release, fire, and

explosion that can cause death, injury, environmental damage, property damage, decreased
company reputation, and financial losses. H2S removal unit has a high potential for process
accidents, so it is necessary to analyze the consequences of gas release, fire, and explosion
to determine the impact caused. This study aims to analyze the consequences of gas release,
fire, and explosion in the H2S removal unit, identify hazardous zones, and estimate asset
damage and production loss. The method used is consequence analysis based on simulation
of gas release, fire, and explosion using Shell FRED software, with independent variables
in the form of actual operating conditions, feed composition data, and meteorological data,
and dependent variables in the form of radius or range of consequences of gas release, fire,
and explosion. The results showed that corrosion of pipe joints, valves, or Amine Contactor
structures is the most likely scenario to cause gas release, fire, and explosion. The results of
the gas release consequence analysis state that the hazardous zone is the zone reached by
H2S concentrations of 76 ppm to 41 ppm which has a radius of 17.1 m. The hazardous zone
for jet fire consequence is the zone reached by jet flame up to the zone reached by thermal
radiation of 37.5 kW/m2 which has a radius of 60.53 m. The danger zone for flash fire
consequences is the zone reached by 100% LFL concentration which has a radius of 40.84
m. The hazardous zone for vapor cloud explosion consequences is the zone reached by an
overpressure of 0.7 bar to 0.34 bar which has a radius of 17.78 m. Asset damage is estimated
at US$ 1,408,575.4387 and production loss at US$ 227,805.4751/day, bringing the total loss
for one month to US$ 8,242,739.6916. Therefore, the company must prepare a preventive
measure or mitigation of this consequence.

Gas Release,
H2S

is considered the most dangerous as it is directly related

1. Introduction to personnel safety. Work accidents often occur due to an

The oil and gas industry is known as an industry with unsafe work culture and the hazards of the oil and gas
a very high level of risk, including the risk of work industry process. Statistics on work accidents in the
accidents and environmental pollution. Both types of upstream sector of the oil and gas industry in Indonesia
risks, if not managed properly, can cause huge losses to from 2016 to 2021 show this clearly.

the company. Among the two, occupational accident risk
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Fig. 1 Statistics on occupational accidents in the
upstream oil and gas industry in Indonesia [1]

Based on Figure 1, it can be seen that work accidents
in the oil and gas industry fluctuate, but most are minor
accidents. Cases of fatal accidents are rare. One of the
main causes of work accidents is the danger of process
accidents, which have a devastating impact on the
company. Examples of process accidents in the oil and
gas industry include gas release, fire, and explosion. The
following shows some examples of process accidents
that occurred in the oil and gas industry in Indonesia.

Table 1 Process accidents in the oil and gas industry in Indonesia [2]

No. Events Date of Event Losses
. S N 21, T le di h f of th
1. Tank Explosion at PT Tawu Inti Bati in Karawang ovember 21, Two people died and the roof of the
2016 tank came off.
Explosi f Ci N k of PT National
) C)éfnozl:n icr)l ccilrg;neaz Rzi\?g;rnc: Housinatlg?)?n IGeis February 14,  The occupants of the house suffered
' P y g9 g piex, 2018 burns and damage to the house.
Bogor City
3 Fire and Tank Explosion at PT Pertamina International March 29, Two villagers died, four were burned
" Refinery RU VI Balongan 2021 and four tanks caught fire.
Gas Transport Module Explosion at SPBG PT Gagas There were no casualties but there
4, . . May 5, 2022
Energi Indonesia was property damage.
. . . 17 people died and 50 people were
Fire and Explosion at TBBM Plumpang, Koja, North March 3, iniured and there was  Dpropert
Jakarta PT Pertamina 2023 ) property

damage.

Based on Table 1, it can be seen that there are many
cases of process accidents in the oil and gas industry,
with various losses such as fatalities, injuries, property
damage, and financial losses. Therefore, prevention and
mitigation of process accidents are essential to avoid
major losses to the company. One of the important
process units in natural gas processing is the H,S removal
unit, which has high potential hazards and risks. These
risks are caused by hazardous operating conditions and
the treated H,S gas is a hazardous gas. As a result,
process accidents such as gas release, fire, and explosion
are very likely to occur in this H,S removal unit.

Many companies have taken steps to prevent and
reduce process accidents by identifying hazards, setting
up safety measures, and running process safety
management programs. However, the possibility of
process accidents still exists. The consequences of
process accidents in the form of gas release, fire and
explosion need to be known and analyzed further. This is
because by knowing the consequences of gas release, fire
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and explosion in the H,S removal unit, the risks that can
be caused by these consequences can be estimated and
the company can take the necessary policies.

Therefore, consequence analysis of gas release, fire
and explosion is required to determine the consequences
of the hazards of gas release, fire and explosion in the
H.S removal unit. If this consequence analysis is not
carried out, there is a high possibility of risks arising
from each consequence. In addition, personnel around
the H2S removal unit can be exposed to the consequences
of gas release, fire and explosion. Therefore, the
researcher is interested in analyzing the consequences of
gas release, fire and explosion at the H,S removal unit
based on these considerations. The objectives of this
study are to analyze the consequences of gas release, fire
and explosion at the H,S removal unit, determine the
zones that are considered dangerous and estimate the
asset damage and production loss caused by gas release,
fire and explosion at the H>S removal unit.
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2. Methods

This study lasted for three months, from January
2024 to March 2024, with the location at Upstream Oil
and Gas Subsidiary X. The focus of this research is the
H,S removal unit. The variables studied include
independent variables such as actual operating
conditions, feed composition data on the H,S removal
unit, and meteorological data. The dependent variable is
the radius or range of consequences of gas release, fire,
and explosion. These variables are the inputs and
outcomes of this study. Materials used in the study
include actual operating condition data of H2S removal
unit, feed composition data, and meteorological data.
The actual operating condition data required includes
pressure, temperature, and feed flowrate at the device
with the most fatal scenario. In this case, the scenario
identification results show the Amine Contactor which
has the most fatal consequences of gas release, fire, and
explosion. The pressure is 33.48 barg, the temperature is
50.47°C, and the feed gas flowrate is 28.1 MMSCFD
(Primary Data, 2024). The following is the H»S removal
unit feed composition data:

Table 2 H,S removal unit feed gas composition
data (Primary Data, 2024)

Composition % mol or ppm
Ci 78.4886 % mol
C 6.7075 % mol
Cs 4.9615 % mol
iCsq 1.1972 % mol
nCy 1.3622 % mol
iCs 0.4386 % mol
nCs 0.2570 % mol
Ce+ 0.2481 % mol
N2 2.3319 % mol
CO, 3.9668 % mol
H2S 406 ppm

Table 2 above shows the feed gas composition data
used for the consequence analysis of gas release, fire, and
explosion. From the table, it can be seen that the material
specifications in the H,S removal unit fall into the
category of flammable and toxic gases. The hazards
posed by these materials include highly flammable,
explosive, corrosive, and toxic gases. Therefore, the
material is categorized as hazardous gas in the H,S
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removal unit. The meteorological data can be seen in
table 3:

Table 3 Gresik meteorological data (Primary

Data, 2024)
Parameter Value
Temperature 30°C
Pressure 1 bar
Humidity 85%
Wind Speed 5m/s

Table 3 above contains the meteorological data used
for the consequence analysis of gas release, fire, and
explosion. Other inputs, such as the hole diameter is
assumed to be 100 mm, the size of the congested area;
243 m long, 48 m wide, and 6 m high, and the volume of
combustible gas is 981.9 m3. These data will be used to
analyze the consequences of gas release (H2S
dispersion), fire (jet fire and flash fire), and explosion
(vapor cloud explosion). The working method of this
research can be seen in Figure 2 below:

Literature
Study

Field Observation and
Data Gathering

Identify the Most Likely and Most Fatal Scenario by Reviewing Hazard
Identification and Hazard and Operability

'

Selection of Gas Release, Fire and Explosion Consequence
Analysis Model and Data Processing in Shell FRED Software

Simulation of Gas Release, Fire and Explosion with
Shell FRED Software

l

Invalid

alidation of Gas Release, Fire
and Explosion Simulation Results

Valid

Consequence Analysis of Gas Release,
Fire and Explosion

!

‘ Estimation of Asset Damage and ‘

Production Loss
Conclusion and
Suggestion

Fig. 2 Working method for consequence analysis of gas
release, fire and explosion
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This research begins with a literature study,
followed by field observations and data collection as
mentioned in the previous discussion. The data used is
an average from January 2023 to February 2024. The
average data aims to describe the real state of the H,S
removal unit. Then the most likely and most fatal
scenarios were identified by reviewing the hazard
identification of the gas processing facility and the
hazard and operability of the H,S removal unit. After
that, the model selection was carried out to analyze the
consequences of gas release, fire and explosion. Note
that the consequences of gas release, fire and explosion
simulated are toxic gas dispersion or HS dispersion, jet
fire, flash fire and vapor cloud explosion. For the model
used in the simulation of gas release and fire is
Pressurized Release and for explosion is Congestion
Assessment Method (CAM which is because the type is
unconfined vapor cloud explosion).

After model selection, gas release, fire and
explosion simulations were carried out. The simulation
results are validated by brainstorming with experts. If the
simulation results are valid, then proceed with
consequence analysis and identification of zones that are
considered dangerous. Then the estimation of asset
damage and production loss due to the consequences of
gas release, fire and explosion is carried out. Finally,
conclusions and suggestions are drawn from the results
of the consequence analysis. The analysis method used is
consequence analysis based on simulation of gas release,
fire and explosion in H,S removal unit conducted using
Shell FRED software.

3. Results and Discussion

Based on the hazard identification review of the gas
processing facility and the hazard and operability of the
H>S removal unit, the most likely scenario to cause gas
release, fire, and explosion is corrosion of the pipe joints,
valves, or Amine Contactor structure. Due to this
corrosion, holes are formed that can cause loss of
containment of hydrocarbon gas and H.S, which
ultimately results in gas release (H2S dispersion), fire (jet
fire and flash fire), and explosion (vapor cloud
explosion). The Amine Contactor was chosen as the tool
with the most fatal scenario because this tool contains a
lot of hydrocarbon gas, has a high H,S content, and
operates at a fairly high pressure and temperature. After
the most fatal scenario is known, the consequence
analysis of gas release, fire, and explosion at the Amine
Contactor is carried out using Shell FRED software. For
a more detailed discussion can be seen below:

3.1 Consequences of Gas Release (Toxic Gas
Dispersion or HzS Dispersion)

Based on the simulation results in Shell FRED
software, the consequences of gas release specifically for
toxic gas dispersion or H,S dispersion are reviewed from
the H,S concentration parameter. The H.S
concentrations reviewed in this study are 10 ppm, 41
ppm and 76 ppm. The determination of this parameter is
based on the reference AEGL chemical database, U.S.
EPA and H,S safety assessment from Upstream Qil and
Gas Subsidiary X. Where each concentration has its own
impact. For further discussion related to the consequence
analysis of gas release can be seen below:

i
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Fig. 3 Simulation results of gas release (H.S dispersion) and plotting on the onshore facility plot
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Based on Figure 3, the simulation results of gas
release (H.S dispersion), range and identified zones can
be seen. The extent of the consequences of gas release is
measured from the center of the release which is in the
Amine Contactor. From the figure, it can be seen that
there are 3 color zones visible on the plot of the onshore
facility plant. The following is an explanation of each
zone:

e Red Zone: Zone with H,S concentration of 76

ppm. This zone can cause fatality to personnel.
This zone has a range or radius of 9.12 m.

o Yellow Zone: Zone with H,S concentration of 41
ppm. This zone can cause long term injury to
personnel. This zone has a range or radius of 17.1
m.

e Blue Zone: Zone with H,S concentration of 10
ppm. In this zone Toxic Gas Detector can detect
the presence of H,S. This zone has a range or
radius of 75 m.

Based on the explanation above, it can be concluded
that zones with H,S concentrations of 76 ppm to zones
with H2S concentrations of 41 ppm are dangerous zones.
This is because in these areas the possibility of fatality

and long term injury to personnel is very large.
Therefore, when there is a consequence of gas release,
especially H,S dispersion, personnel should not be in this
zone if they are not using respiratory protective
equipment. If personnel who do not use respiratory
protective equipment are in this zone when the
consequences of gas release occur, there is a high
probability of fatality or long term injury.

3.2 Consequences of Fire (Jet Fire and Flash Fire)

Based on the simulation results in Shell FRED
software, the consequences of fire are divided into 2
types, namely for jet fire and flash fire. The pool fire case
is not reviewed in this study because the fluid in this unit
is gas phase. For the first discussion, we will discuss the
consequences of jet fire. The consequences of jet fire are
reviewed from the thermal radiation parameter. Thermal
radiation reviewed in this study is 4.7 kW/m?, 11.7
kW/m? and 37.5 kW/m?. This parameter determination is
based on CMPT and API 521 references. Where each
thermal radiation has its own impact. For further
discussion regarding the analysis of the consequences of
jet fire can be seen below:

Fig. 4 Jet fire simulation results and plotting on the onshore facility plant plot

Based on Figure 4, the results of the jet fire
simulation, the range and the identified zones can be
seen. The extent of the jet fire consequences is measured
from the center of the ignited release located at the
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Amine Contactor. From the picture, it can be seen that
there are 4 color zones visible on the plot of the onshore
facility plant. The following is an explanation of each
zone:
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Red Zone: The zone reached by the jet flame.
This zone has a range or radius of 35.06 m.
Orange Zone: Zone with thermal radiation of
37.5 kwW/m2, This zone can cause immediate
fatality. At this level, the pain threshold is
virtually instantaneous. This zone has a range or
radius of 60.53 m.

Yellow Zone: Zone with thermal radiation 11.7
kW/m?. This zone does not cause no immediate
fatalities. Personnel might suffer pain after 3
seconds exposure, impairment of escape routes.
This zone has a range or radius of 68.38 m.

Blue Zone: Zone with thermal radiation 4.7
kW/mZ. In this zone Sufficient to cause pain if the
person is unable to reach cover within 16 seconds.
Limiting radiation intensity for escape actions
lasting 2 to 3 minutes by personnel in appropriate
clothing. This zone has a range or radius of 80.27
m.

Based on the explanation above, it can be concluded
that the zone reached by the jet flame to the zone with
thermal radiation 37.5 kW/m? is the most dangerous
zone. This is because in these areas the possibility of
fatality in personnel is very large. Therefore, when the
consequences of jet fire occur, personnel should not be
in this zone if they do not use special protective
equipment from thermal radiation. If personnel who do
not use special protective equipment from thermal
radiation are in this zone when the consequences of jet
fire occur, there is a high probability of fatality.

The second discussion is the consequences of flash
fire. The consequences of flash fire are reviewed from
the Lower Flammable Limit (LFL) parameter. The
Lower Flammable Limit (LFL) reviewed in this study is
LFL and %2 LFL. The determination of this parameter is
based on the reference CCPS guidelines for chemical
process quantitative risk analysis. Where each LFL has
its own impact. For further discussion related to flash fire
consequence analysis can be seen below:

Fig. 5 Flash fire simulation results and plotting on the onshore facility plant plot
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Based on Figure 5, the results of the flash fire
simulation, the range and the identified zones can be
seen. The extent of the consequences of flash fire is
measured from the center of the release at the Amine
Contactor. From the picture, it can be seen that there are
2 color zones visible on the plot of the onshore facility
plant. The following is an explanation of each zone:

e Red Zone: Zone with 100% LFL or LFL
concentration. This zone can cause flash fire if the
gas is ignited and can cause injury or fatality to
personnel. This zone has a range or radius of
40.84 m.

e Orange Zone: Zone with a concentration of 50%
LFL or % LFL. In this zone it cannot cause flash
fire. This zone has a range or radius of 70 m.

Based on the explanation above, it can be concluded
that the zone with a concentration of 100% LFL or LFL
is a dangerous zone. This is because in these areas flash
fire can occur and the possibility of injury or fatality to
personnel is very large. Therefore, when the
consequences of flash fire occur, personnel should not be

in this zone if they do not use special protective
equipment. If personnel who do not use special
protective equipment are in this zone when the
consequences of flash fire occur, there is a high
probability of injury or fatality.

3.3 Consequences of Explosion (Vapor Cloud
Explosion)

Based on the simulation results in Shell FRED
software, the consequences of explosion specifically for
vapor cloud explosion are reviewed from the
overpressure parameter. The overpressure reviewed in
this study is 0.05 bar, 0.1 bar, 0.34 bar, 0.5 bar and 0.7
bar. The determination of these parameters is based on
reference to the Shell FRED manual book, articles
written by Kanokwan and the website of the office of
response and restoration. Where each or range of
overpressure has its own impact. For further discussion
related to explosion consequence analysis can be seen
below:

3
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Fig. 6 Vapor cloud explosion simulation results and plotting on the onshore facility plant plot

Based on Figure 6, the results of the vapor cloud
explosion simulation, the range and the identified zones
can be seen. The extent of the consequences of vapor
cloud explosion is measured from the center of the
explosion in the Amine Contactor. From the picture, it
can be seen that there are 6 color zones visible on the plot
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of the onshore facility plant. The following is an
explanation of each zone:

e Red Zone: The zone reached by 0.7 bar
overpressure. This zone can cause fatality if there
are personnel in the area. This zone has a range or
radius of 2.988 m.
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Orange Zone: Zone reached by 0.5 bar
overpressure. This zone can cause failure of
connecting pipes, destruction of brick walls with
a thickness of 0.2-0.3 m and shifting of tanks.
This zone has a reach or radius of 8.576 m.
Orange Zone: The effective explosion radius
zone, the distance at which flammable gases are
dispersed which in the event of ignition from
ignition sources can result in an explosion. This
zone has a range or radius of 12.98 m.

Yellow Zone: The zone reached by an
overpressure of 0.34 bar. This zone can cause
damage to buildings and plants and can cause
eardrum rupture to personnel in the zone. This
zone has a reach or radius of 17.78 m.

Green Zone: Zone reached by 0.1 bar
overpressure. In this zone it can cause damage to
buildings that can be repaired or can be referred
to as minor damage to buildings. This zone has a
range or radius of 86.82 m.

Blue Zone: The zone reached by an overpressure
of 0.05 bar. This zone can cause glass breakage.
This zone has a range or radius of 184.6 m.

Based on the explanation above, it can be concluded
that the zone with an overpressure of 0.7 bar to the zone
with an overpressure of 0.34 bar is a dangerous zone.
This is because in these areas the possibility of fatality or
injury to personnel is very large. Therefore, when the
consequences of vapor cloud explosion occur, personnel
should not be in this zone. If personnel are in this zone
when the consequences of vapor cloud explosion occur,
there is a high probability of fatality or injury.

3.4 Estimation of Asset Damage and Production
Loss

Estimation of asset damage and production loss is
carried out based on the consequences of gas release, fire
and explosion. For the estimation of asset damage is done
by estimating the amount of equipment damaged by
explosion. The reference overpressure is 0.34 bar. This is
because at that overpressure damage to equipment in the
plant can occur. The following shows the overpressure
range of 0.34 bar in Figure 7:

Tfscozs

T N1D EXSTING
! 0PF R0AD SYSTIM
£1157000 ¥ 3033500

Fig. 7 Equipment affected by explosion

Based on Figure 7, the shaded area is an area that
falls within the 0.34 bar overpressure range. If examined
more deeply, there are 16 pieces of equipment affected
by the explosion. The researcher assumes that the
equipment is severely damaged so that it is necessary to
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replace the equipment. The price of the equipment
affected by the explosion was estimated based on the
equipment data sheet and the help of the equipment price
estimation website. The website is matche. However, the
estimated equipment price on the website needs to be
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corrected again with the cost index to find out the price
of equipment in the current year. The cost index that
researchers use is the Nelson Farrar index. After
correction, the total asset damage based on the amount of

damaged equipment can be known. The following shows
the results of the calculation of asset damage based on
the results of the explosion consequence analysis on the
H,S removal unit:

Table 4 Recapitulation of asset damage calculation due to explosion at H,S removal unit

2014 2024 .
Equipment Number of Price/Equipment  Price/Equipment Total Equipment
quip Equipments quip quip Price 2024 ($)
($) ($)
Amine Regenerator Reboiler
(135.H.03) 1 93,000 107,887.9227 107,887.9227
Amine Reflux Drum (135-V-11) 1 84,300 97,795.1816 97,795.1816
Amine Regenerator (135-V-07) 1 156,500 181,553.3324 181,553.3324
Rich/Lean Amine Exchanger
(135-H-02 A/B) 2 32,500 37,702.7687 75,405.5374
Hot Lean Am":g)”mp (135-P-04 2 4,900 5,684.4174 11,368.8349
Amine Reflux Pump (135-P-02 2 3,200 3,712.2726 7,424.5452
A/B)
Rich Amine F"ﬁ; Drum (135-V- 1 72,100 83,642.1423 83,642.1423
Amine Surge Vessel (135-V-02) 1 50,400 58,468.2936 58,468.2936
Amine Contactor Inlet KO Drum
(135-V-01) 1 12,800 14,849.0904 14,849.0904
Amine Contactor (135-V-06) 1 465,500 540,019.6563 540,019.6563
Lean Amine A'Or 4()300'” (135-H- 1 45,600 52,899.8847 52,899.8847
Amine Overhead Gas KO Drum
(135-V-09) 1 106,900 124,013.1069 124,013.1069
Amine Regenerator Overhead
Cooler (135-H-05) 1 45,900 53,247.9103 53,247.9103
Estimated Asset Damage 16 - - 1,408,575.4387

Based on table 4, it can be seen that the estimated
asset damage due to explosion reaches US $
1,408,575.4387. However, keep in mind that the asset
damage is an estimate of the equipment that is considered
damaged and the price is not based on the price in real
conditions. Furthermore, the researcher also reviewed
the production loss incurred due to production stoppage
due to the consequences of gas release, fire or explosion.

Production loss is reviewed from the revenue generated
from the sale of gas sales. The average amount of sales
gas produced is 28.1 MMSCFD with a sales gas price of
6.98 $/MMBTU (Primary Data, 2024). Based on Aspen
HYSYS simulation results, the HHV value of sales gas
is1161.4551 MMBTU/MMSCEF. So, from these data, the
production loss can be calculated. The following shows
the calculation of production loss:

Production Loss = Total Gas Sales X HHV Sales Gas X Sales Gas Price

@ |

Production Loss = 28.1 MMSCFD x 1161.4551 MMBTU/MMSCF x 6.98 $/MMBTU

Production Loss = US$ 227,805.4751/day
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Based on the above calculation, it can be seen that if
there is a production stoppage for one day, it can cause a
production loss of US$ 227,805.4751/day. If there is a

production stoppage for 1 month then of course the
production loss will be even greater. This can be seen in
Figure 8:

Estimated Production Loss

0

0 10
-2000000
-4000000
-6000000

-8000000

Production Loss ($)

15

20 25 30 35

Day-

Fig. 8 Estimated production loss in the event of a 30-day suspension of operations

Based on Figure 8, it can be seen that if there is a
production stoppage for 1 month, the production loss will
increase. In fact, if even 1 month of production loss can
reach US$ 7,000,000. If it is totaled between asset
damage and production loss on a 1-month basis, the loss
that can be borne by the company is US$
8,242,739.6916. It should be noted that this loss only
calculates from equipment asset damage and production
loss, there are still many aspects of loss that are not
reviewed such as compensation and other costs.

Based on the results of the consequence analysis of
gas release, fire and explosion at the H2S removal unit, it
can be seen that the consequences of gas release, fire and
explosion are very bad. The consequences can be in the
form of fatalty or injury to personnel, asset damage,
production loss or reputation loss. To prevent this from
happening, the company must prepare appropriate
prevention and mitigation measures in dealing with the
consequences of gas release, fire and explosion. Actions
that can be taken by the company can increase the
existing system protection layer and evaluate and
identify hazards that allow the consequences of gas
release, fire and explosion. Thus, personnel will remain
safe from the consequences of gas release, fire and
explosion.

4, Conclusion

Based on the results of the analysis, corrosion of
pipe joints, valves, or Amine Contactor structures is the
most likely scenario to cause gas release, fire, and
explosion. The results of the gas release consequence
analysis state that the hazardous zone is the zone reached
by H,S concentrations of 76 ppm to 41 ppm which has a
radius of 17.1 m and this zone can pose a high risk of
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fatality and long-term injury to personnel. The hazardous
zone for jet fire consequences is the jet flame reach zone
up to the zone reached by the thermal radiation of 37.5
kW/m2 which has a radius of 60.53 m and this zone can
increase the probability of fatalities. The hazardous zone
for flash fire consequences is the zone reached by 100%
LFL concentration which has a radius of 40.84 m and this
zone is a high risk that can cause injury or fatality. The
hazardous zone for vapor cloud explosion consequences
is the zone reached by an overpressure of 0.7 bar to 0.34
bar which has a radius of 17.78 m and this zone also
poses a risk of fatality or injury. Asset damage is
estimated at US$ 1,408,575.4387, and lost production at
US$ 227,805.4751/day. If the shutdown lasts for one
month, the production loss could reach US$ 7,000,000,
resulting in a total loss to the company of US$
8,242,739.6916. The consequences of gas release, fire
and explosion are devastating, including fatalities or
injuries to personnel, damage to assets, loss of
production and loss of reputation. To prevent this, the
company should set up appropriate prevention and
mitigation measures, including improving protective
systems and evaluating and identifying hazards that can
cause gas release, fire and explosion, to ensure personnel
safety.
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