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ABSTRACT

Introduction: Pipelines are widely used to transport large volumes of oil and gas over long distances. Risk
assessment can help identify risk factors and create an appropriate action plan and strategy to reduce or
eliminate them. The main goal of this research is to provide a method for assessing the risk of pipelines
based on the Fuzzy Inference System (FIS), creating a systematic format that is expected to be a more
effective, accurate, and reliable model for controlling risks related to oil and gas pipelines.

Material and Methods: In this article, fuzzy logic is used to model uncertainty and present a model for
assessing pipeline risk. The Muhlbauer method, one of the most common risk assessment methods for
oil and gas pipelines, has been employed to determine critical factors affecting the lines. This method
has been implemented using the Mamdani algorithm and based on expert knowledge in the fuzzy logic
toolbox of MATLAB software. To validate the results of the proposed model, data from the interphase
pipelines of the fifth refinery of the South Pars Gas Field have been used as a study sample.

Results: The findings from the implementation of the model created in South Pars Phases 9-10 pipelines
(on shore) show that the studied pipelines are divided into three parts (A, B, and C) based on indicators
such as population density and equipment deployment. Part C of the pipeline has the highest risk, with
third-party damage and design being the most important factors affecting it. Part B has the lowest level
of risk and results in the fewest consequences for human accidents. It was also observed that corrosion is
essential in increasing leakage and risk in all three pipeline parts.

Conclusion: To verify the developed model, the inter-phase shore pipe of phase 9-10 refinery in the
South Pars Gas Field was considered as a case study. The findings indicate that the proposed method
provides more accurate and reliable results than traditional methods. Factors such as improper operation,
dispersion, receptors, leakage volume, and product risk, which are other factors affecting pipeline risk,
were not considered in traditional methods. Therefore, the risk level of oil and gas pipelines can be
calculated using this model as a comprehensive and intelligent tool.
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1. INTRODUCTION

Today, pipelines are widely used to transport
large volumes of gas over long distances. In sour gas
transmission lines, due to certain combinations and
operating conditions such as a high concentration of
H2S gas, the impact of destructive factors increases,
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making accidents more likely and hazardous.
Therefore, quantitative risk assessment can
significantly help determine risk factors and create
an appropriate action plan and strategy to reduce
or eliminate them. Achieving this goal requires a
suitable method to comprehensively, accurately,
and reliably evaluate existing risks. In Iran’s oil and
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gas industry, the lack of a “comprehensive system
for recording information in the fields of processes,
repairs, technical inspection, safety, and accidents”
has led to case studies on pipeline risk assessment
in oil and gas companies being questioned in the
past. In such a situation where there is no clear
boundary between available information and the
health status of the lines, fuzzy logic can be used as
a powerful tool to address doubts, solve problems,
and reduce personal judgments in decisions.

The main goal of this research is to provide a
method for assessing pipeline risk based on the
Fuzzy Inference System (FIS), creating a systematic
model that could serve as a more effective, accurate,
and reliable model for controlling risks related to
oil and gas pipelines. To prove the capability and
usefulness of the proposed model, its results were
compared with those of the traditional method
based on the opinions of a group of experts.

2. MATERIAL AND METHODS

This research was carried out in two phases. In
the first phase, among all pipeline risk assessment
methods, risk assessment patterns were selected and
factors affecting pipeline risk value were identified
and quantified. In the second phase, by fuzzifying
each factor, probability and consequence values
were calculated; subsequently, a specific pipeline
risk value was modeled based on a FIS. According to
the types of possible failures in pipelines, the review
of standards, technical reports, studies conducted in
this field, and the opinions of a team of experts from
subsidiary companies of the National Iranian Oil
Company with relevant experience and university
education, Kent Muhlbauer’s risk assessment
method was selected as the basis for this research
and was modeled with the help of a FIS. Probability
and consequence values were then calculated by
tuzzifying each identified factor. After fuzzifying
these two factors, a pipeline risk assessment model
based on the FIS was created. Finally, to validate
the proposed model, functional results and outputs
of both pipeline risk assessment models based on
a FIS and a classic system were compared with
experts’ overview. The onshore pipelines of phases
9 and 10 of the South Pars Gas Field include two
32-inch multi-phase pipelines (gas, hydrocarbon,
and water) made of carbon steel. Since risks are
not permanent across the pipeline, dividing the
line into manageable sections with permanent risk
characteristics is necessary. The studied pipelines
are classified based on population density, climatic
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conditions of the region, construction machinery,
and equipment establishment.

3. RESULTS AND DISCUSSION

The results of the obtained probability and
consequences were entered into the model created
in MATLAB software, and the results of the
fuzzy model were calculated. The coefficient of
determination (R?), which expresses the model’s
accuracy in predicting outputs, was equal to
0.95274. Moreover, a mean square error (MSE)
equal to 0.001729 was obtained. In other words, the
presented model has high reliability for predicting
pipeline risks. Factors affecting probability and
outcomes were calculated for each section of the
pipeline using the fuzzy model.

Due to the intersection between the pipeline in
section C and the inter-refinery road, machinery, and
personnel traffic (refinery personnel and indigenous
people), the probability of incidents is higher than in
other parts (i.e., A and B). The comparison between
sections A and C also indicates that traffic congestion
in section C is much higher due to the nature of
road access. Additionally, since section B is in a
desert and non-residential area, it will have the least
consequences (human casualties) and therefore has
lower risk compared to section A due to the presence
of GOVs and the possibility of indigenous peoples
crossing the pipeline in section A.

What distinguishes the results of this model
from those of the traditional model is the
identification and determination of the importance
of each effective factor and sub-factor on pipeline
risk level. Moreover, model outputs showed that
incorrect operation (IO), dispersion, receptors,
leak volume, and product hazard, in that order, are
other practical factors in pipeline risk. Additionally,
the roles of dispersion and design factors in section
C were highlighted in the model since sub-factors
affecting them could include area of affected region,
level of pollutant potential, and amount of leakage
reduction or distribution of pipe outlet materials
after leakage.

El-Abbasy et al. conducted research on
developing and applying models to evaluate and
predict offshore oil and gas pipeline conditions
using the FIS method in Qatar. In their research, 20
factors affecting pipelines were identified according
to periodic inspections and accident statistics,
of which 11 were used to prepare the presented
model. In contrast, in this research’s proposed
model, 30 factors affecting pipeline health are
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Fig. 1: Three-dimensional comparison of A) the fuzzy logic model and B) the classical model

considered. Moreover, different variables’ impact
on pipelines was investigated, revealing that
corrosion is the most critical factor affecting
studied pipelines’ safety status. Therefore, cathodic
protection and coating have the most significant
effect. After corrosion factor, third-party damage
and malfunction have the most significant effect
on studied pipelines in order of appearance. The
results obtained in this study are similar to those of
this research. Thus, applying fuzzy logic methods
increases accuracy and precision while reducing
costs, time consumption, and human resources for
pipeline control and maintenance.

4. CONCLUSIONS

1. The risk assessment matrices presented
in Fig. 1 for the fuzzy logic method and the
traditional (classical) method indicate that the
former considers a wider range of risk assessments,
leading to higher accuracy. Moreover, the boundary
between different levels of risk in the traditional
method has a larger interval than in the fuzzy
method, so risk assessment in this method will be
less accurate. The results obtained from the fuzzy
model are much more accurate for all pipeline
sections (A, B, and C). This higher accuracy can be
explained by the fact that the relationship between
input and output data in the proposed fuzzy system
is expressed by linguistic variables and is more
realistic and versatile in terms of conditions. It
can also consider the importance of parameters’
correlation with the risk index. Therefore, the
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proposed model can eliminate traditional methods’
drawbacks and provide outputs with higher
accuracy, comprehensibility, and reliability.

2. The results show that based on actual
information and data available from examined
lines as well as opinions of different experts, the
fuzzy model yields more accurate results than the
classical or traditional model. Another advantage
of the presented fuzzy model over the classic
model is using opinions of different experts
according to available data records, which has led
to this model’s use for similar lines in the Iranian
oil industry where sufficient information is not
avaijlable. Furthermore, the accuracy and precision
of obtained results lead to a reduction in cost, time
consumption, and human resources for controlling
and maintaining pipelines.

3. Since in the proposed model, compared to
the traditional method, the relative importance
of parameters affecting the risk index is also
considered, it is more likely for results obtained
from the presented model to achieve accurate
outputs.

4. According to results obtained from
investigated pipelines in this research, it can be
concluded that corrosion, damage caused by a third
party, and improper operation are three factors
with the most significant impact on studied lines.
The obtained results increase protection, control,
and management measures’ sensitivity in terms of
certainty and accuracy, and risk assessment results
can be used in controlling risk decisions.
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4. Model validation
5. Coefficient of determination (R?)
6. Mean square error
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1. If (Corrosion is Remote) or (TPD is Remote) or (Design is Remote) or (IO is Remote) then (IS (Likelihood)
is Remote) (1)

2. If (Corrosion is Unlikely) or (TPD is Unlikely) or (Design is Unlikely) or (IO is Unlikely) then (IS
(Likelihood) is Unlikely) (1)

3.If (Corrosion is Possible) or (TPD is Possible) or (Design is Possible) or (IO is Possible) then (IS (Likelihood)
is Possible) (1)

4. If (Corrosion is Likely) or (TPD is Likely) or (Design is Likely) or (IO is Likely) then (IS (Likelihood) is
Likely) (1)

5. If (Corrosion is Remote) or (TPD is Remote) or (Design is Unlikely) or (IO is Remote) then (IS (Likelihood)
is Remote) (1)

6. If (Corrosion is Remote) or (TPD is Remote) or (Design is Possible) or (IO is Remote) then (IS (Likelihood)
is Unlikely) (1)

7. If (Corrosion is Remote) or (TPD is Remote) or (Design is Likely) or (IO is Remote) then (IS (Likelihood)
is Unlikely) (1)

8.If (Corrosion is Remote) or (TPD is Remote) or (Design is Remote) or (IO is Unlikely) then (IS (Likelihood)
is Remote) (1)

9. If (Corrosion is Remote) or (TPD is Remote) or (Design is Remote) or (IO is Possible) then (IS (Likelihood)
is Unlikely) (1)

10. If (Corrosion is Remote) or (TPD is Remote) or (Design is Remote) or (IO is Remote) then (IS (Likelihood)
is Unlikely) (1)
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1. If (PH is Minor) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Moderate) then (LIF
(Consequence) is Minor) (1)

2. If (PH is Minor) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Major) then (LIF
(Consequence) is Moderate) (1)

3. If (PH is Minor) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

4, If (PH is Moderate) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Minor) (1)

5. If (PH is Major) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

6. If (PH is Extreme) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

7. If (PH is Minor) and (LV is Moderate) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Minor) (1)

8. If (PH is Minor) and (LV is Major) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

9. If (PH is Minor) and (LV is Extreme) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

10. If (PH is Minor) and (LV is Minor) and (Receptor is Moderate) and (Dispersion is Moderate) then

(LIF (Consequence) is Moderate) (1)
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. If (Likelihood is Remote) and (Consequence is Minor) then (Risk is Very_low) (1)

2. If (Likelihood is Remote) and (Consequence is Moderate) then (Risk is Very_low) (1)

3. If (Likelihood is Remote) and (Consequence is Major) then (Risk is Very_low) (1)

4. If (Likelihood is Remote) and (Consequence is Extreme) then (Risk is Very_low) (1)

5. If (Likelihood is Unlikely) and (Consequence is Minor) then (Risk is Very_low) (1)

6. If (Likelihood is Unlikely) and (Consequence is Moderate) then (Risk is Very_low) (1)

7. If (Likelihood is Unlikely) and (Consequence is Major) then (Risk is Low) (1)

8. If (Likelihood is Unlikely) and (Consequence is Extreme) then (Risk is Low) (1)

9. If (Likelihood is Possible) and (Consequence is Minor) then (Risk is Very_low) (1)

10. If (Likelihood is Possible) and (Consequence is Moderate) then (Risk is Low) (1)
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1. Cathodic protection
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