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ABSTRACT

Introduction: Reliability is always of particular importance in system design and planning; thus, improving
reliability is among the approaches for achieving a safe system. Simulation methods are widely used in
system reliability assessment. Therefore, this study aims to assess the reliability of the City Gate Gas
Station (CGS) using Monte Carlo Simulation (MCS).

Material and Methods: This descriptive and analytical study was conducted in one of the CGSs of North
Khorasan Province in 2021. The CGS process was carefully examined and its block diagram was plotted.
Then, failure time data of CGS equipment were collected over 11 years and time between failures of
subsystems was calculated. The failure probability distribution function of subsystems was determined
using Easy Fit software and Kolmogorov-Smirnov test. Moreover, subsystems’ reliability was estimated by
MCS. Finally, station reliability was calculated considering the series-parallel structure of the CGS.
Results: The results revealed that the failure probability density distribution function of CGS subsystems
was based on gamma and normal functions. The reliabilities of filtration, heater, pressure reduction
system, and odorize were calculated as 0.97, 0.987, 0.98, and 0.992 respectively, and their failure rates
were 0.000003477, 0.0000014937, 0.0000023062, and 0.0000009169 failures per hour respectively. The
station reliability was calculated as 0.93.

Conclusion: The failure probability distribution function and reliability assessment of subsystems were
determined by data modeling and MCS respectively. Filtration and pressure reduction systems had the
highest failure rate and required a proper maintenance program.
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1. INTRODUCTION

Among fossil fuels, natural gas is one of the
most important in industries. Due to its economic
and environmental benefits, natural gas, as a source
of clean energy, is one of the most consumed
energies in today’s society and currently contributes
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to 24% of global energy consumption and 20%
of European countries’ consumption, growing at
a rate of 2.4%. One of the important facilities in
natural gas transmission systems is the City Gate
Station (CGS). In this facility, several important
operations are performed, including measuring gas
flow, reducing gas pressure, and scenting gas for
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safety purposes. Due to their special operational
conditions, these facilities have always been the
site of catastrophic accidents throughout history;
in the last decade, various accidents have occurred
in their process systems. Hence, evaluating the
reliability of these systems is of great importance.
Evaluating reliability helps identify potential
causes of system failure and provide potential
solutions to improve safety and prevent fajlure.
Therefore, implementing safety and preventive
programs plays a critical role in improving
quantitative and qualitative production indicators.
There are various methods to accurately
estimate equipment failure probability and deal with
uncertainty, including Bayesian and Dempster—
Shafer theories, fuzzy method, and Monte Carlo
Simulation (MCS). MCS samples the probability
density distribution of each system component
by generating random numbers and simulates
output distribution by placing these samples in
the final system model. By using the probabilistic

system model and simulating random variables,
this method provides a fundamental solution for
mathematical and technical problems. One of its
most important features is its high flexibility and
lack of dependence on system dimensions. Hence,
in this study, MCS was used to deal with uncertainty
and accurately estimate CGS reliability.

2. MATERIAL AND METHODS

This study was conducted in 2021 to evaluate
the reliability of a CGS in North Khorasan
Province using MCS. In general, the framework for
conducting the study is based on Fig. 1. In the first
step, the station and its equipment were carefully
studied and scrutinized, and the stations block
diagram was drawn based on existing equipment.
In the second step, the time between failures of
station equipment was determined. In the third
step, the probability distribution function of
equipment failure time was determined according
to modeling. To check the degree of conformity

1-Studying and understanding the station and drawing the block

'

2-Determining the time between the failures of station equipment

3-Determining the probability distribution function of subsystem failure

A

4-Defining the logic and structure of the system for simulation

\ 4

5-Determining the number of iterations for simulation

\ 4

6-Evaluating reliability using MCS

Fig. 1: Proposed approach for evaluating reliability based on MCS
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Fig. 2: Main subsystems of the CGS

of probability density distribution functions on
statistical data, goodness-of-fit statistical tests were
used, and the Kolmogorov-Smirnov test was used to
select the best probability distribution function. In
the fourth step, the system’s logic and structure for
simulation were defined based on the station’s block
diagram. In the fifth step, the appropriate number
of iterations for simulation was determined. Finally,
station subsystems’ reliability evaluation was
done using MCS, and then the station’s reliability
evaluation was calculated.

3. RESULTS AND DISCUSSION
First Stage

Studying and understanding the station and
drawing a block diagram The station and its
subsystems were studied and examined, including
the main parts of the station such as filtration,
heater, pressure reduction (regulators, shut-off,
safety valve), and odorize part. Their block diagram
is based on Fig. 2.

Second Step

Determining time between failures of station
subsystems to determine the time between failures
of station subsystems, the failure times of station
equipment were gathered from 2010 to 2021
based on documentation available in the station’s
maintenance and instrumentation department.
Then, the time between equipment failures was
determined.

Third Step

Determining probability distribution function
of subsystem failures based on modeling To
determine the probability distribution function
of subsystem failures based on modeling, the
probability distribution function was determined
using Easy Fit software. The results demonstrated
that trend tests were close to linear form in all parts.
The data did not have a trend and were distributed
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in a fixed form. Moreover, the serial correlation
test showed no correlation in the data. Therefore,
the renewable process method was selected as the
best method to model these subsystems’ reliability.
The results of its statistical analysis indicated that
subsystems’ failure behavior followed gamma and
normal functions.

Fourth Step

Defining logic and structure of system for
simulation When there is more than one part
in a system, it is necessary to define the system’s
logic and structure well. In this study, the system’s
structure is in a series-parallel or series sequence
network. Therefore, the station’s reliability is
calculated based on the following formulas:

k
Eql:R, =1-]]F,

j=1
Rpi : Reliability under the parallel system,
Fij : Probability of failure under the ij system

m k
Eq2: Rsp:H{l— FU}
j=1

i=l

R o | Reliability of the series-parallel or series-
sequence network

Fifth Step

Determining the number of iterations for
simulation To determine the number of iterations
for simulation, the number of iterations for each
subsystem was determined to execute the plan. For
this purpose, the reliability test of the subsystem
station was performed using the number of
iterations from 100 to 5000 with a step increase
of 100 units. For example, after 2000 repetitions,
reliability values remained almost fixed in this
interval. Hence, to perform the main simulation,
the number “2000” was selected as the number of
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Step 1: Sampling of random
variables
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Fig. 3: MCS algorithm to determine the reliability of the subsystems station

iterations for the prepared plan. Random numbers
were generated based on probability distribution
function using Easy Fit software.

Sixth Step

Evaluating reliability using MCS The algorithm
of simulation steps is represented in Fig 3. First,
random numbers were created for each subsystem;
then, by applying distribution function and
drawing failure curve, the number of points under
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curve was divided by total number of points,
and thus reliability value of each subsystem was
calculated by MCS. After determining reliability
of each subsystem, reliability of station parts was
calculated based on formula 1 (Table 1) and finally
station reliability was evaluated based on formula
2. The results showed that reliabilities of filtration,
heater, pressure reduction, and odorize parts were
0.97, 0.987, 0.98, and 0.992 respectively; thus
station reliability was 0.93.
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Table 1: Reliability evaluation of CGS station parts

Part Reliability
Filtration 0.97
Heater 0.987
Pressure reduction 0.98
Odorize 0.992

4. CONCLUSIONS

This study indicates application of modeling
to determine probability density function and
MCS to calculate reliability of station subsystems.
Filtration and pressure reduction parts had highest
failure rate and needed more attention to improve
station. Also, based on obtained results a suitable
maintenance program can be developed for station
equipment.

[ DOR!00112251807140213243 ] [ Downloaded from journals.tums.ac.ir on 2025-01-31 ]

Failure rate (per hour)
0.000003477
0.0000014937
0.0000023062
0.0000009169
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