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A B S T R A C T  

The products of crude oil and gas can be considered as the main backbone of the global economy. 
The oil and gas industry has faced many potential risks and problems when the oil and gas is 
pumped into the pipelines during the production, transportation, and processing. Although 
experts are solving these problems; some have been difficult to resolve and remained as a complex 
issue. Among these problems, were the issues of corrosion in the oil and gas pipelines. Risk 
assessment of the oil and the gas pipelines is considered as the core content of the integrated 
management of the entire pipelines. This paper aims to assess the risks of corrosion in the oil and 
gas pipelines in Sabratha platform and Wafaa field. First, the Analytical Hierarchy Process (AHP) 
is used to identify the risk rate of the different types of corrosion. Second, the technique of Fuzzy 
Analytic Hierarchy Process (F-AHP) is also used to identify the risk rate of the different types of 
corrosion. The comparison between the classical (AHP) and the (F-AHP) indicate that the results 
of both techniques were close. 
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1. Introduction 

There are many reasons for the reduced strength capacity and destruction of pipelines. One of these 
reasons is the appearance of defects during its manufacture, construction, and operation. According to 
[1], defects may be visible, hidden, as well as critical, significant and insignificant. Out of all defects of 
pipeline systems the corrosion defects are considered to be the most significant ones.  
Corrosion and other defects in oil and gas pipelines have been serious risks facing operators, inspectors, 
and corrosion management experts concerned with the offshore/onshore fields; the effects of these 
risks may be fatal. Oil and gas pipelines risk assessment (PRA) is the core content of the integrated 
management of the entire pipelines. The PRA allows detecting the danger factors on the pipelines, to 
facilitate control and prevention of corrosion & other risks, and to guarantee safe operation of the 
pipelines [2].  

Research studies have been conducted on various topics to ensure pipeline integrity, reliability, and 
safety, such as qualitative, semi-quantitative, and quantitative risk assessment techniques [1,3-20]. 
Examples of these techniques are; the risk assessment matrix, the fuzzy Bayesian Belief network, the 



Fuzzy Petri net model, Fuzzy logic, AHP, and F-AHP, and the combined Analytical Hierarchy Process 
- Fault Tree Analysis (AHP-FTA), Monte Carlo, and hazard and operability study (HAZOP). The 
quantitative and semi-quantitative techniques are considered more accurate and provide more details 
prioritization of risks than the outcome of qualitative risk assessments techniques that can be evaluated 
quickly to assess risks. 

 

2. Statement About the Pipelines Understudy  
This study carried out on five pipelines, which are used in transporting oil and gas at both offshore 
and onshore fields: namely; (i) 10” condensate, (ii) 16” oil [section A, B, C], (iii) 36” dry gas. 

The historical report of the company regarding the detection of these pipelines after pigging (cleaning 
and inspection) indicates that there are several types of corrosion and other defects in each part of 
these pipelines, which can be summarized as: (i) Internal Metal Loss, (ii) External Metal Loss, (iii) 
Gouge Metal Loss, (iv) Dent Metal Loss, (v) Pipe Mill Metal Loss. All types of pipelines defects have 
been defined and classified in [22] and many more references were cited in [21]. 

3. Risk Assessment Techniques Proposed for the Analysis of the Pipelines 
 

Several techniques have been proposed in order to analyze the risks of the pipelines, identify their 
causes and limiting their impacts, such as the AHP and the FAHP.  
 

 

3.1. The Classical Analytical Hierarchy Process (AHP) 

The theory of AHP is based on the fact that the elements of the problem can be arranged within a 
separate group, each of which has a specific hierarchical level within the overall hierarchical structure, 
each level affects directly the above level; therefore, the bottom level is affected too. 
 

3.1.1. Hierarchical Structuring of the Problem 

The assessment is decomposed into a hierarchy consisted of the problem (goal), then the criteria, 
followed by sub-criteria and alternatives in lower levels. At the core of the hierarchy is the goal of the 
problem being studied and analysed. The leaf nodes are the alternatives to be compared. 
 

3.1.2. Priority Analysis 

The AHP calculates the priorities between the elements of the hierarchy and collecting the opinions, 
to obtain a set of the overall priorities, and to check the stability of these opinions to draw a final 
decision based on the results of this process. 
1 

3.1.3. Identification Priorities 

Priority setting is represented by making binary comparisons between elements in the second level of 
the hierarchy with values ranging from (1 to 9) as shown in Table 1. 

Table 1: Saaty’ Scale for Quantitative Comparison of Alternatives [5]. 

 
 

Abbreviations in this table mean: P.L=Preference Level, N.V=Numerical Value, E.S=Equally Serious, E.T.M.S= Equally to 
Moderately Serious, M.S=Moderately Serious, M.T.S.S=Moderately to Strongly Serious, S.S=Strongly Serious, 
S.T.V.S.S=Strongly to Very Strongly Serious, V.S.S=Very Strongly Serious, V.S.T.E.S=Very Strongly to Extremely Serious, 
E.S=Extremely Serious. 
 
 

P.L E.S E.T.M.S M.S M.T.S.S  S.S S.T.V.S.S V.S.S V.S.T.E.S E.S 
N.V 1 2 3 4 5 6 7 8 9 



3.1.4. Estimating Priorities 

To estimate the priorities in an approximate way; (i) sum of the values in each column should be 
calculated; (ii) each value should be divided by the summation of the column that allows meaningful 
comparisons between elements; (iii) the mean of the rows should be calculated by summation of the 
values in each row and divided by the number of elements in that row [11-13, 23]. 

3.1.5. Consistency Verification 
 

When the matrix is steady, the normalized summation for each row shows how much each element is 
dominated by the other relative elements [24-25]. If the rules are contradictory, this value known as 
(Consistency Ratio), will be greater than 10% [10,26]. 
 

3.1.6. Estimating the Consistency Ratio 

The consistency ratio is calculated as shown in equation (1) and is required to be less than 0.1 for 
acceptable consistency [24]. 
 

𝐶𝑅 = $%
&%

                                                                                      (1) 

Where:    CR = Consistency Ratio; RI = Random Index, CI = Consistency Index 

3.2. The Fuzzy Analytical Hierarchy Process 

In F-AHP, the factors that affect the decision-making are hierarchically arranged from the overall goal 
to the criteria, sub-criteria, and alternatives in successive levels. 

Triangular Fuzzy Numbers (TFNs) 

Da-Yong [27] has used the extent analysis technique and the principle of (TFN) comparison to obtain 
the priorities of alternatives from pair-wise comparison. TFNs contain three levels of comparison 
values; minimum possible value (L), the most possible value (M), and the maximum possible value (U).  
These values follow the scale shown in Table 2. The technique of F-AHP can be applied by using the 
equation (2), the fuzzy synthetic extent value (Si) with respect to the (ith) criterion is defined as [14,28]:  

                                                                                        
(2) 

For Si = (Li, Mi, Ui ) and Sj = (Lj, Mj, Uj ), the degree of possibility that Sj ≥ Si for a convex fuzzy 
number can be obtained from equation (3): 

𝑉 𝑆) ≥ 𝑆+ =

			1																																																																									𝑖𝑓	𝑚) ≥ 𝑚+
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																																																				𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                                          (3) 

To obtain estimates for sets of weight values under each criterion, one must consider a principle of 
comparison for fuzzy numbers, the degree of possibility of Si ≥ Sj = (1, 2, 3...n) should be estimated 
by using equation (4). 

V (Sj ≥ S1, S2, S3…Sn) =min V (Si ≥ Si=1, 2, 3...n)                                                                                      (4) 

Then, the normalized weight W (Si) will be formed in terms of a weight vector as follows: 

𝑊 = 𝑤 𝑆B , 𝑤 𝑆D , … , 𝑤 𝑆F
G                                                                                                   (5) 



 
 
 
 

Table 2: Linguistic Terms and the Corresponding Triangular Fuzzy Numbers [28]. 
 

 
 

Abbreviations in this table mean: L.S.F.I=Linguistic Scales for Importance, T.F.N=Triangular Fuzzy Numbers, T.F.R.N= 
Triangular Fuzzy Reciprocal Numbers, E.I=Equally Important, I.1=Intermediate 1, M.I=Moderately Important, 

I.2=Intermediate 2, I=Important, I.3=Intermediate 3, V.I=Very Important, I.4=Intermediate 4, A.I=Absolutely Important. 
 

4. Results and Discussion 

The pair-wise comparison for the basic consequences in AHP and F-AHP techniques are done 
between the three types of consequences listed in Table 3. 

Table 3: The Basic Consequences Definitions. 

Consequence Types Symbol 
Environmental Impact EV-I 
Economic Impacts EC-I 
Health-Safety Impacts HS-I 

 

Table 4 clearly shows that the results of both the classical AHP and F-AHP techniques were close 
enough to agree that health and safety impacts are more important than economic and environmental 
impacts. The quantitative values explain that the criterion “Health and Safety”, would have a higher 
importance of being attentive than the other two. 
 

Table 4: The Normalized Pair- Wise Comparison Matrix. 

 

Table 5 shows that the main type of corrosion, which should receive all the attention is the internal 
metal loss. The obtained result of the F-AHP for (EC-N) has value of zero, which means that the 
corresponding criterion has no importance as was stated by Liyuan [28].  

Table 5: Corrosion Risk Rates of AHP VS. F-AHP for 10" Condensate Pipelines. 

 
 

 
 

Table 6 shows the risk rates of corrosion types for each section in 16" oil pipeline by using both 
techniques, risk rates in section (A) were very close. The other two types of risks in section (B) are 
both cancelled in F-AHP, whereas the (IC-B) in AHP is the most important (0.7591). In section C, the 
classical AHP indicates the (IC-C) is the most important (0.5971), and that the (EC-C) is the next most 
important (0.2507); whereas the result of F-AHP cancelled both (MD-C) and (DC-C) and left the (IC-
C) as the most important, this can be an advantage for F-AHP, where the decision maker can focus on 
the more important risks as was also reported by Ozdagoglu, et al. [26]. 

FAHP 
L.S.F.I E.I I.1 M.I I.2 I I.3 V.I I.4 A.I 

T.F.N 1,1,1 1,2,3 2,3,4 3,4,5 4,5,6 5,6,7 6,7,8 7,8,9 9,9,9 
T.F.R.N 1,1,1 1/3,1/2,1/1 1/4,1/3,1/2 1/5,1/4,1/3 1/6,1/5,1/4 1/7,1/6,1/5 1/8,1/7,1/6 1/9,1/8,1/7 1/9,1/9,1/9 

Criteria EV-I EC-I HS-I 

AHP 0.1637 0.2972 0.5389 

F-AHP 0.0769 0.3563 0.5667 

 AHP FAHP 

IC-N 0.7851 1.0000 

EC-N 0.2148 0.0000 



 

Table 6: Corrosion Risk Rates of AHP VS. F-AHP for 16" Oil Pipelines for Each Section. 
 

 

In 36", dry gas pipeline, pair-wise comparison proofed that (MD-D) was less important than the (IC-
D) in AHP. Relatively, this type of risk has no importance in F-AHP, but (IC-D) was rated with value 
of one as the most risky type of corrosion in this study as shown in Table 7. 

Table 7: Corrosion Risk Rates of AHP VS. F-AHP for 36" Dry Gas Pipelines. 

 

 
 
 

5. Conclusions 
 

The analysis of the risk assessment results as was discussed elsewhere [3,29] indicates that there is a 
range from convergent to divergent. Results showed that these pipelines are subject to damage due to 
high-risk rates of some types of corrosion and other defects. In the 10" condensate pipeline and by 
using the classical AHP, the type of corrosion that should receive all the attention is the (IC-N) 
(0.7851). However; in the 16" oil pipeline section A, the defect of (MD-A) when using the classical 
AHP was the most important (0.5120) than the other (GC-A). These results were close enough to the 
results of the F-AHP. In section B, the (IC-B) in the classical AHP was the most important (0.7591) 
and the other two types of risks were both cancelled in F-AHP. In section C, the classical AHP indicates 
the (IC-C) is the most important (0.5971), and the (EC-C) was the next most important (0.2507); 
whereas the result of F-AHP cancelled both (MD-C) and (DC-C) and left the (IC-C) as the most 
important. Decision maker may be able to focus on the most significant types of risks. In oil and gas 
pipelines, assessment techniques allow corrosion risks to be assessed after the inspection processes (in 
this study, Pigging was the process used to inspect the five (5) pipelines). This can help the inspectors 
focus on the types that have high influence on pipelines. 
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