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Abstract
Keywords

Background and aims: Risk assessment is the most important tool for
identifying unacceptable risks and preventing the occurrence of accidents. Storage Tanks
In this study, the Safety Weighted Hazard Index (SWeHI) was used for Gas Refining
assessing risks associated with the storage tanks of the Ilam gas refinery
company.

Safety Index

Methods: SWeHI, has two different parts to be determined: First, the
potential hazard index (B) and second, the hazard control index (A). B can
come into two forms: the fire and explosion hazards (B1) and toxic release
hazard (B2). Both of these forms should be computed separately and the
highest, will be considered as B. For calculating A, all the protection layers
in place are assessed and quantified. The SWeH]I, is calculated by dividing
Bby A. Received: 2020/02/05

Results: B1 values for atmospheric and spherical tanks were 347.31 and Accepted : 2021/02/14
269.16, and B2 values were 97.48 and 169.34, respectively. A value for

all tanks was 84.31. Among factors affecting A indicator, the emergency

management plan and reliability of equipment were the most challenging

ones. For spherical and atmospheric tanks, the SWeHI grand scores were

3.1925 and 4.1993, respectively.

Conclusion: Compared to other similar indices, SWeHI is a more quick
and straightforward technique of risk assessment and remedial measures
prioritization in oil and gas industries.
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EXTENDED ABSTRACT

INTRODUCTION

Oil and gas industries play an important
role in the national economic of Iran. Iran has
the second greatest natural gas reserves, and
the fourth greatest oil reserves in the world.
Therefore, there are many onshore and offshore
extraction fields, refineries, and chemical process
plants in this country. As these industries
utilize hazardous materials in their operations,
there always are risks of major process and
occupational accidents, such as toxic gas release,
fire, and explosion (1).

There have occurred many catastrophic
accidents in these industries all around the
world, such as Flixborough accident in England,
Seveso in Italy, Delaware and BP Texas City
in America (2-4). Likewise, several major
accidents occurred in Iranian industries during
recent years, such as fire and explosion in Bu Ali
petrochemical company and chlorine gas release
in Karoon petrochemical company. Therefore,
the risk assessment and management in oil and
gas industries is a major issue and must not be
undervalued.

There are many techniques of assessing and
managing the risks in oil and gas industries.
Failure Modes and Effects Analysis (FMEA),
Hazard and Operability Study (HAZOP), Fault
Tree Analysis (FTA), Event Tree Analysis (ETA),
Bow-Tie Analysis (BTA)and the Bayesian
network-based techniques, are some of the
approaches used for assessing and managing risks
in oil and gas industries (5-7). These techniques
can be categorized into three groups of qualitative,
semi-quantitative, and quantitative techniques.
Qualitative techniques are inexpensive and easy
to administer. They are not time-consuming and
need the least amount of training. However, they
do not offer a deep insight regarding the hazards
and their effects, and they also do not offer proper
control measures. Quantitative techniques, on
the other hand, give us detailed information
regarding the hazards and the consequences
of probable accidents. However, they are more
time-consuming and need specific knowledge
regarding the process under consideration. The
Safety Weighted Hazard Index (SWeHI) (8), is
developed to assess the risk of process units in
a quantitative manner. The technique is able to
assess the risks associated with major process’
accidents, i.e. fire, explosion, and toxic vapor
dispersion.

Ilam Gas Refinery Company is located in
west of Iran. The refinery receives its feed from

the Chavar Gas Reservoir. Ethane, liquefied
natural gas, natural gas condensate and sulfur are
the main products of this refinery. The natural
gas refined by this company is consumed by
provinces located in the west of Iran, including
Ilam, Kurdistan, and Kermanshah, as well as the
Ilam Petrochemical Company. The aim of this
study was to assess the risks of fire, explosion
and vapor cloud dispersion in Ilam Gas Refinery
Company using SWeHI.

METHODS AND MATERIALS

This cross-sectional study was conducted in
Ilam Gas Refinery. Ilam Gas Refinery is located
in the Ilam province. The refinery receives its feed
from the Chavar Gas Reservoir. Ethane, liquefied
natural gas, natural gas condensate and sulfur, are
the main products of the refinery.

SWeHI was developed by Khan et al. in
2001 (8). The method is the modified version
of Hazard Identification and Ranking Analysis
(HIRA), and with the superiority of providing
safety measures required for reducing risk factors
to an acceptable level. The method is composed
of two distinct divisions: the hazard potential
index (B) and hazard control index (A).

In the division B, the expected damage due to
fire & explosion hazards (B,) and the expected
damage due to toxic vapor dispersion (B,), are
assessed based on the process parameters (such
as temperature and pressure) and equipment
characteristics.

For estimating B, four steps should be
completed;

» Step 1, Determination of the category
of the unit: According to SWeH]I, all units in a
chemical process industry can be categorized
into five groups: storage units, units associated
with physical operations (such as heat or mass
transfer, pumping and compression), reactors,
transportation units, and others (such as boilers
and furnaces). In this step, the category of the
unit under consideration should be determined.

« Step 2, Determination of energy factors: In
this step, three coefficients (F , F,, and F,) related
to the physical and chemical energies in the unit,
should be estimated. F | is calculated based on the
chemical energy of the unit, while F, and F, are
representative of the physical energy of the unit.

F =0IMxH, /K

Where M is the mass of chemical (kg) or rate of
mass release (kg/s), Hc is the heat of combustion,
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and K is a constant, equal to 3.148.

F, =1.304x107 xPPx V

E =10~ x[ljx(PP—VP)z xV
T+273

Where, PP is the processing pressure, V is the
volume of chemical under consideration, and VP
is the vapor pressure of the chemical.

« Step 3, Evaluation and assignment of
penalties: There are eight type of penalties to be
assessed in this step: the penalty related to the
temperature impact (pn, ), the penalty related to
the pressure impact (pn,), the penalty related to
the adjacent hazardous units (pn,), the penalty
related to the quantity of the involved hazardous
substances (pn,), the penalty related to the
flammability and reactivity of the involved
substance (pn,), the penalty related to the
density of the units at the site (pn,), the penalty
related to external factors such as earthquake,
flood, and so on (pn.), and the penalty related to
the proneness of the surrounding environment
and population, to the accidents of the plant
(pny).

1. Calculation of B,. The following
equations are used for calculating B :

HP = (F, xPn, + FxPn,)x
Pn, xPn, xPn, xPn, xPn, xPn,
B, =4.76x HP'"”

Where in the above equations, HP stands for
hazard potential.

Factor B,, demonstrates the radius of area in
which the death probability is 50% in the case of
substance release. B, is calculated based on a new
factor, so called G factor, and seven penalties.
G factor is a function of release condition and
release rate. The seven penalties are as follows:
the penalty related to the temperature impact
(pnr), the penalty related to the pressure impact
(pnr,), the penalty related to the vapor density
of the involved substances (pnr,), the penalty
related to the toxicity of the involved substance
(pnr,), the penalty related to the population
density in the vicinity of the unit (pnr,), penalty
related to the external factors (pnr, similar to
pn,), and penalty related to the vulnerability of
the surrounding environment and populations
(pnr., similar to pn,). The following equations are
used for calculating B.:

y

Risk Assessment of Ilam Gas...

G= Sxm

b
( G x pnr, X pnr, X pnr, j
B,=a
XpNr, X PNt X PAr, X por,

Where in the above equations, S is assigned
based on the release conditions, m is the expected
release rate, and a and b are two constants, which
are normally considered to be 25.35 and 0.425,
respectively.

Since B, and B, are calculated, they are
compared to each other, and the higher one would
be considered as the hazard potential index (B).

In the division A, the hazard control index
(A) is determined based on the control measures
which are in place and operation. Basic process
control system, detection devices, emergency
control measures, system proneness to human
error and equipment reliability, are the influencing
factors which should be taken into account when
calculating the hazard control index (A). Factor
A is quantified using eight credits: emergency
resource planning (cr,), disaster management
plan (cr,), damage control measures (cr,), process
control systems (cr,), the installed detective
devices (cr,), emergency control measures (cr,),
human factors including the human-system
interaction and basic human characteristic (cr.),
and equipment reliability (cr,).

The following equation is used for calculating
A:

A=0.15x(1+Cr)x(1+ Cr,)x
(I+ Cry)x(1+ Cr,)x(1+ Cry)x
(1+ Crg)x(1+ Cr,)x(1+ Cr)

The final score of SWeHI is the ratio of B to A.
As demonstrated in Figure 1, SWeHI values are
categorized into five levels of none hazardous, less
hazardous, moderately hazardous, hazardous,
and highly hazardous.

SWeHI = E
A

RESULTS

Demonstrated in Table 1 and Table 2 are the
information and data gathered for calculating B,
and B,. The storage tank farm of the company
contains two atmospheric storage tanks (shown
by TK-3810A and TK-3810B) used for storing C*°
and four spherical storage tanks (shown by TK-
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Figure 1. classification of hazards based on SWeHI values

Table 1. Penalties, coefficients, hazard potentials, and fire and explosion hazard of investigated tanks

Unit Category F: F, F; Pnr; Pnr. Pnr; Pnrs Pnrs Pnrs Pnr; Pnrs HP B:
TK-3810A 1 1575.79 8437.4 2075.16 155 13 135 275 22 134 2 1.1 3884335 347.31
TK-3810B 1 1575.79 8437.4 2075.14 155 13 135 275 22 134 2 1.1 3884335 347.31
TK-3710A 1 927.12 1414.43 311694 155 14 145 275 22 117 2 1.1  180813.7  269.16
TK-3710B 1 927.12 1414.43 141443 155 14 145 275 22 1.17 2 1.1 180813.7  269.16
TK-3710C 1 927.12 1414.43 141443 155 14 145 275 22 117 2 1.1  180813.7 269.16
TK-3710D 1 927.12 1414.43 141443 155 14 145 275 22 117 2 1.1  180813.7  269.16
Table 2. The results of assessing “damage resulted from toxic vapor dispersion”
Unit Category S G Pnri Pnr: Pnr; Pnrsy Pnrs Pnrs Pnr; B
TK-3810A 1 0.07 0.75 1.75 1.2 427 16 1 2 1.1 97.48
TK-3810B 1 0.07 0.75 1.75 1.2 4.27 1.6 1 2 1.1 97.48
TK-3710A 1 0.25 291 1.75 2.2 2.21 1.6 1 2 1.1 169.34
TK-3710B 1 0.25 291 1.75 2.2 2.21 1.6 1 2 1.1 169.34
TK-3710C 1 0.25 291 1.75 2.2 2.21 1.6 1 2 1.1 169.34
TK-3710D 1 0.25 291 1.75 2.2 2.21 1.6 1 2 1.1 169.34

3710A, TK-3710B, TK-3710C and TK-3710D)
used for storing C*. Factor B, was, 347.31 and
269.16 for the atmospheric and spherical tanks,
respectively. Accordingly, damages due to fire and
explosion (B,) was regarded as B. The factor B, was
higher for atmospheric tanks in comparison with
the spherical ones due to several factors. These
tanks had a higher capacity than the spherical ones,
therefore, the quantity of the hazardous materials,
and consequently the energy factor, was higher in
the atmospheric tanks. Moreover, they contained
heavier hydrocarbons, which could result in a
higher heat radiation during fire. The results of this
section demonstrated that, the values of pn, pn,,
pn,, p,,» Pn,, pn,, pn. and pn, for the atmospheric
tanks were 1.55, 1.3, 1.35,2.75,2.2,1.34,2,and 1.1,
respectively. The values of the same penalties for
the spherical tanks also were 1.55, 1.4, 1.45, 2.75,
2.2, 1.17, 2, and 1.1, respectively. Therefore, pn,
pn,, pn,, pn, and pn, were equal for all the storage
tanks. Pn, and pn, related to the spherical tanks
were higher than those of atmospheric tanks,

which is mainly due to the higher pressure of these
tanks. In contrast, pn, was higher for atmospheric
tanks, because of the proximity of the atmospheric
tanks to each other. Consequently, factor B, was
97.477 and 169.344 for the atmospheric and
spherical tanks, respectively. Moreover, the results
of this section demonstrated that, the values of
pnrl, pnr2, pnr3, pnr4, pnr5, pnr6 and pnr7 for
the atmospheric tanks were 1.75, 1.2, 4.27, 1.6,
1, 2 and 1.1, respectively. Likewise, the values of
these penalties for the spherical tanks were also
1.75, 2.2, 2.21, 1.6, 1, 2 and 1.1, respectively. The
G factor was also 0.75 for the atmospheric tanks
and 2.91 for the spherical tanks. As the spherical
tanks are under pressure, the rate of release would
be higher for them in case of leakage. As evident,
the expected damage due to the fire & explosion
of the tanks was more than the estimated damage,
due to their toxic properties, consequently, factor
B, was regarded as the final B. Factor A was
calculated based on the control measures which
were used in the refinery’s operations. Two types

f
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of control measures were assessed: those used for
controlling the damage potential and those used
for reducing the frequency of occurrence. The
values of Cr,, Cr,, Cr, Cr,, Cr, Cr, CI, and cr, in the
investigated company, were 1.4,0.9,1.3,2.7,1.9, 1,
1.2, and 0.1, respectively. Among these credits, the
lowest values were associated with the cry and cr,
suggesting that the company should improve the
reliability of the equipment used, and promote its
disaster management plan. Based on the assigned
credits, the value of A was calculated to be 84.31
for atmospheric and spherical tanks. The ratio
of B to A, which demonstrates the final SWeHI
score, was 4.12 for the atmospheric tanks and
3.19 for the spherical tanks. Therefore, all tanks
posed a moderate level of risk for the refinery and
surrounding environment and population.

CONCLUSION
The results of this study demonstrated that

Risk Assessment of Ilam Gas...

the storage tanks in the Ilam Gas Refinery pose
a moderate level of risk. The major hazards of
these tanks are fire and explosion. For reducing
the risk level, it is recommended to improve
the emergency plans based on the credible
scenarios, and to inspect and calibrate the gas
detectors used across the site in a regular time
interval.
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