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Abstract: Risk assessment of oil pipeline is the core content in the pipeline integrity management. Through risk assess-
ment of oil pipelines, we could know the comprehensive operating condition of the pipelines, identify the dangerous fac-
tors of the pipeline and find out the risk section of the pipeline, so as to work out the risk mitigation measures and provide
a theoretical basis for integrity assessment of the pipeline. However, the commonly used Kent risk assessment method
does not have a very reasonable distribution of the failure indicator values. Therefore, this paper establishes a failure indi-
cator value adjustment model for oil pipeline risk assessment based on the fuzzy analytic hierarchy process. Risk assess-
ment of Qingha Oil Pipeline has been carried out based on the foundation data and real condition of the pipeline, and the
established model was used for weighting adjustment of the various failure risk factors of the pipeline. Thus, a risk as-
sessment model which is more suitable for Qingha Oil Pipeline was obtained. This laid a very solid foundation for pro-
posal of suggestions on mitigation of risk of damage by the third party and the implementation of protective measures of the

pipeline.
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1. INTRODUCTION

At present, the pipeline management models used in
many oil and gas transmission pipelines are a kind of pas-
sive management models, which take remedial measures
only after the problem occurs, and thus makes the safety
management quite passive. In recent years, the pipeline
integrity management model has been adopted to change
this awkward situation. The original passive management
method has been changed into an active one so that it ad-
vocates identification and assessment of risk factors around
the pipeline that are being changed, formulation of related
risk control measures and constant mitigation of risk fac-
tors doing harm to the pipeline. This way, the risk level
could be controlled within a reasonable and acceptable
scope. Pipeline risk assessment is the core content of the
integrity management of the entire pipeline. Through pipe-
line risk assessment, various dangerous factors affecting
the pipeline and key points of pipeline management could
be identified, so as to facilitate control and prevention of
risks and guarantee safe operation of the pipeline [1]. The
commonly used semi-quantitative assessment method,
Kent method divides the failure indicators into 4 groups,
namely, damage by the third party, corrosion, design and
misoperation, each having 100 scores. This risk indicator
score distribution method renders Kent risk assessment
method too universal to be pertinent, especially for the
pipeline which is dominated by one failure factor. The cal-
culated risk value can not satisfactorily reflect the risk level
of the pipeline. Therefore, it is necessary to carry out
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weighting adjustment of the risk factors to ensure the
method suits the real condition of the pipeline better.

2. RISK ASSESSMENT MODEL
2.1. Foundation Data Collection

This includes the basic parameters of the pipeline, basic
parameters of the oils transmitted through the pipeline, and
route and basic tendency of the pipeline (including the lo-
cation where the pipeline crosses a road, railway or a riv-
er), condition of the pipeline yard and the valve chamber,
internal inspection data, number of times of historical leak-
age and conditions, corrosion condition (including the ca-
thodic protection condition, soil corrosion condition and
anti-corrosion layers), basic data on damage by the third
party, geological disaster, misoperation and design data
(including the welding joint defects).

2.2. Hazard Factor Identification

This includes four groups of risk indicators, namely,
damage by the third party, corrosion, design and misopera-
tion, each having 100 scores.

2.3. Establishment of Risk Assessment Model

Relative risk value = (exponential sum)/(influence coef-
ficient of leakage) = [(indicators of damage by the third par-
ty) + (corrosion indicator) + (design indicator) + (design
indicator) + (misoperation indicator)]/ influence coefficient
of leakage

Influence coefficient of leakage = (product danger)/
(diffusion coefficient)
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Product danger = sudden danger (N +N_+N, )+ long-
term danger

Diffusion coefficient = (leakage score)/(population
score)
Where, p refers to the flammability of the media in

the pipeline; N refers to the activity of the media in the
pipeline; N, refers to the toxicity of the media in the pipe-
line.

2.4. Pipeline Section Risk Calculation

The risk calculation formula of each pipeline section is
as follows:

R=3(,/C,)

k=

Where, R relative risk value; L failure possi-
bility score; C failure consequence; & failure
cause (corrosion, damage by the third party, manufacturing
and construction defects, misoperation, or geological disas-
ter). Specifically, Ck represents the consequence scores
under each failure mode, and is related to the leakage
amount, acceptor, diffusion coefficient, and product dan-
ger; the lower the failure possibility score is, the more dan-
ger there will be. The higher the consequence score is, the
more serious the consequence will be; a smaller risk value
indicates a greater risk.

2.5. Overall Relative Risk Value of the Pipeline

Computational formula of the overall risk of the pipe-

line:

J

R=Y(R,xI, )/l
Jj=1
Where, R — refers to the relative risk value of the pipe-

line; j—number of pipe sections; j=12,--,J; R,—
relative risk value of section J ; l —length of sectlon J 31
—total length of the sections

3. WEIGHT ADJUSTMENT METHOD

The pipeline risk assessment scholars usually use two
kinds of thoughts to determine the weight of the risk factor
scores, which are respectively the analytic hierarchy pro-
cess used in system engineering and gray relative analysis
method in the grey system theory. Those two types of
thought both advocate determination of weight through
rigid mathematical method to reduce the impact of subjec-
tive factors [2]. Specifically, the fuzzy analytic hierarchy
process is more suitable for the hierarchical structure char-
acteristics of oil pipeline risk factors and compared with
the gray relative analysis method, the former could obtain
the scores after risk factor weight adjustment, rather than
the value-based order of the factor weights obtained
through non-gray relative analysis method, in an easier
manner. Therefore, in this paper, the fuzzy analytic hierar-
chy process was used to work out the adjustment of risk
assessment factor weight for oil pipelines.

The Analytic Hierarchy Process is called AHP for
short, and was proposed by a well-known American opera-
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tional research expert from University of Pittsburgh named
T.L.Saaty in the middle of the 70s [3, 4]. The model and
steps of using AHP to calculate the pipeline risk factor
weight are as follows:

(1)  Establishment of a hierarchy analytical structure of
the risk factors [5, 6]

The risk factor hierarchies mainly include the target
layer (A), the criteria layer (B) and the factor layer (C and
D).

(2)  Building of the fuzzy risk judgment matrix

Assume the Element B in the previous layer is related
to Elements ¢, ¢,y--+, ¢, of the next later, then the
following fuzzy risk judgment matrix could be built up:

a, 4p ... 4y,
a, 4y a,,
anl anz am

Where, a; = (I; my u;) is a triangular fuzzy number,
and /;, my uy; are respectively the most pessimistic esti-
mate, the most possible estimate and the most optimistic
estimate of the importance of relative factor ¢; and rela-
tive risk factor ¢; proposed by the expert after comparison
between risk factors ¢; and ¢; with respect to the risk factor
B-

(3)  Weight calculation of fuzzy judgment matrix

In a hierarchical structure, the weight refers to the rela-
tive intensity of the impact of different elements on a lower
layer onto the elements on a higher layer or the general
objective. By calculating the triangular fuzzy number com-
plementary judgment matrix row SNORM, the weight vec-
tor of its triangular fuzzy number could be obtained and
then the weight vector of its triangular fuzzy number could
also be obtained.

w=(w,,W2,W3,W4:W5)T

Make pair-wise comparison between the triangular fuzzy
numbers W;, and calculate the possibility degree ?, (W > )
and estabhsh the possibility degree matrix p_ (p

5 nxn

Then the solution to the ordering vector of the possibility
degree matrix will be the order of the triangular fuzzy num-
bers.

ZP,,
= je N
_ T
=(0,®,0,,...0,)
Where,
w,, W, , Wy, W, W;

are respectively the weight ratio of the impact of each risk
factor on the pipeline failure. The score distribution formula
of each risk factor is as follows:
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X, =100kw, i =1,2,3,...k

(4) Adjustment of failure possibility scores in the risk as-
sessment

For pipelines with a risk assessment result, its risk factor
scores could be adjusted. If the original risk assessment cal-
culation result is X; (i refers to the risk factor, j=1,2,...,k)
and the adjusted risk factor result is X;, then the calculation
formula should be as follows:

x, =kwx,

i=123,...k

4. BASIC INFORMATION OF THE PIPELINE

By collecting the historical data on pipeline leakage ac-
cording to the existing data on the pipeline, it was found that
the number of times of leakage of the pipeline during 2005
and 2012 was 91. Specifically, the pipeline leakage caused
by damage by the third party accounts for 53% of the total,
42% accounts for corrosion, while manufacturing and con-
struction defects account for 5%. The main reasons that re-
sulted in pipeline failure mainly include damage by the third
party, corrosion and manufacturing and construction factors.
The number of leakages caused by damage by the third party
accounts for more than 50% of the total, which indicates that
Qingha Oil Pipeline was subject to serious damage by the
third party. Therefore, for distribution of risk factor scores,
the score of this risk factor should differ from that of others
so as to ensure a more scientific and accurate result. As such,
the fuzzy analytic hierarchy process was used to adjust the
risk factor score weight for Qingha Oil Pipeline.

5. PIPELINE RISK ASSESSMENT BASED ON AN
IMPROVED METHOD
5.1. Risk Calculation Result Before Weight Adjustment

Through risk assessment calculation for Qingha Oil Pipe-
line, the scores of each item of failure possibility are given
below:

Table 1.  Failure possibility indicator scores.
Failure Possibility Indicator Scores
Damage by the third party 42 ~ 84
Corrosion 57~73
Misoperation 82~92
Manufacturing and construction 61~83

defect

Geological disaster 75~98

As shown in the Table 1, the scores of failure possibility
indicators of damage by the third party and corrosion factors
are low and are main reasons for pipeline failure. This coin-
cides with the characteristics of the leakage history of the
pipeline that the damage by the third party and corrosion are
frequent.
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5.2. Risk Calculation Based on Weight Adjustment
Method

To get a more accurate fuzzy comparison result, the his-
torical failure record of Qingha Oil Pipeline is reviewed and
the risk probability was calculated using the method pro-
posed by United States Nuclear Regulatory Commission:

r=M/(NL)
P(t)=1-¢"
Where, L —— length of the pipeline, km; N time
section, a; M number of times of failure occurring dur-

ing the N section, times; r failure frequency, time/L.a);
t time of use, a; Pq?) risk probability, %;

According to the number of times of historical failures of
Qingha Oil Pipeline during 7 years from 2005 to 2012, the
frequency and risk probability of pipeline failure caused by
different risk factors were obtained and shown in Table 2.

Table 2. Risk probability of pipeline failure caused by differ-
ent risk factors.
Total Failures Failure Risk
Risk Factors During the 7 Frequency Probability
Years (times) (time/L.a) (%)
Damage by the third 48 0.0374 367
party B,
Corrosion B, 38 0.0296 2.92
Misoperation B; 0 0 0
Manufacturing and
construction defect 4 0.0031 0.31
B
logical disast
Geo ogcha isaster 0 0 0
5

According to the risk probability of each risk factor and
the 0.1~0.9 scaling method obtained through calculation, the
following fussy judgment matrix could be obtained:

b] 1 bl 2 b] 3 b14 bl 5

by b, by by by
b3] b}Z b33 b34 b35

by by by by by

bS] bSZ b53 b54 bSS

(0.5,0.5,0.5) (0.6,0.6,0.7) (0.7,0.8,0.9) (0.7,0.7,0.8) (0.8,0.8,0.9)
(0.3,04,04) (0.5,05,0.5) (0.8,0.8,0.9) (0.7,0.7,0.8) (0.7,0.8,0.8)

=(0.1,0.2,03) (0.1,02,0.2) (0.5,05,0.5) (0.3,0.4,0.4) (0.4,0.4,0.6)
(0.2,0.3,03) (0.2,03,03) (0.6,0.6,0.7) (0.5,0.5,0.5) (0.6,0.6,0.8)
(0.1,02,02) (0.2,02,03) (0.4,0.6,0.6) (0.2,0.4,0.4) (0.5,0.5,0.5)

Through calculation of fuzzy judgment matrix, the rela-
tive weight vector of the fuzzy risk factors could be ob-
tained:

.
w= (Wl’ Wl’ WZ’ WA’ WS)

(0.295,0. 272, 0. 275), (0. 268, 0. 256, 0. 246,
(0.125,0.136,0.145), (0. 188, 0. 184, 0. 188), (0. 125, 0. 152, 0. 145)
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The possibility degree matrix has been established as fol-
lows according to the possibility degree calculation formula:
05 1 1 1 1
0 05 1 1 1
P=0 0 05 0 0.145
0 0 1 0.5 1
0 O 0855 0 0.5

The following sort algorithm is used to sort the risk fac-
tors:

23 )
o, == p; 4
n" 3

The relative weight vector ¢ of the relative risk factors
was obtained:

.
o= (0, o, 0o, v, o)

= (o. 36, 0. 28, 0. 0516, 0. 2, 0. 1084)T

This means that the weight ratios of damage by third par-
ty, corrosion, misoperation, manufacturing and construction
defects and geological disaster for the pipeline failure are
respectively 0.36, 0.28, 0.0516, 0.2 and 0.1084, and the
damage by third party>corrosion>misoperation> manufac-
turing and construction defects>geological disaster.

If the total scores are 500, then the distribution of scores
of each item is shown in Table 3:

Table 3. Table of distribution of scores of each risk factor of
Qingha Oil Pipeline.
Damage by the Third Party . .
B ‘Weight Ratio Scores
1
Corrosion B, 0.36 180
Misoperation B; 0.28 140
Manufac-turmg and construc- 0.0516 25.8
tion defect B,
Geological disaster Bs 0.2 100
Damage by the third party B, 0.1084 54.2
Total 1 500

The scores of the failure possibility calculation result of
the risk assessment were adjusted. The comparison between
the failure possibility scores before and after adjustment is
given in Figs. (1) to (5):

As shown in the above figures, after adjustment of the
score weight of each risk factor of pipeline using the fuzzy
analytic hierarchy process, the scores of failure possibility
due to damage of third party and corrosion raised sharply
after the adjustment. This indicates that the impact of the two
risk factors pose a greater impact on the pipeline failure.
Among the risk factors, the scores of failure possibility due
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to manufacturing and construction defect before and after the
adjustment are the same. This indicates that the impact of the
risk factor on the pipeline failure remains the same. Mean-
while, the sores of failure possibility due to misoperation and
geological disaster dropped moderately after adjustment.
This indicates that the impact of the two factors on the pipe-
line failure is subtle. The change of scores related to each
risk factor after adjustment coincides with the characteristics
of the leakage history of the pipeline that the damage by the
third party and corrosion are frequent.
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Fig. (1). Comparison between scores before and after adjustment of
damage by third party factor.
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Fig. (2). Comparison between scores before and after adjustment of
corrosion factor.
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Fig. (3). Comparison between scores before and after adjustment of

misoperation factor.



A Study on Oil Pipeline Risk Assessment Technique

A

Failure possibility before adjustment

k=3
S 250
=)
E Failure possibility after adjustment
S
- n
8 § 200
= o
2%
55
= c

S
S Z 150
=5
=&
z¢
25
o © 100
=9
2 “_Mfl_l_*ﬂ'n—'—"—"—-—\-’_v‘\rm_nn_
=
‘©
w 50

(o] >
0 25 50 75 100 125 150 175 200

Mileage Km

Fig. (4). Comparison between scores before and after adjustment of
manufacturing and construction defect factor.
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Fig. (5). Comparison between scores before and after adjustment of
geological disaster factor.

In Fig. (1), the scores after adjustment of risk factor of
damage by third party range from 40 to 120, and get even
greater in the later section of the pipeline, obviously greater
than the scores in the front section and middle section of the
pipeline. This indicates that the possibility of damage by
third party on the later section of Qingha Oil Pipeline is
higher than that on the front and middle sections. Therefore,
the damage by third party identification and pipeline protec-
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tion measures should be reinforced in regions with high
scores.

In Fig. (2), the scores after adjustment of risk factor of
corrosion are around 60. This indicates that the entire pipe-
line is subject to severe corrosion. Comprehensive repairing
plan should be made and implemented for the corroded pipe-
line to protect the pipeline against being further damaged by
corrosion.

CONCLUSION

This paper established the risk assessment failure indica-
tor scores and risk value adjustment model based on the ana-
lytic hierarchy process and the theoretical study results of oil
pipeline risk assessment. Risk assessment was conducted on
Qingha Oil Pipeline according to its basic data and the real
condition of the pipeline. The weight adjustment model was
used to adjust the failure indicator scores to obtain a risk
assessment model for risk assessment that fits Qingha Oil
Pipeline better.
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