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Pipelines are of major importance for transport of
natural gas, but a lot of the current in-service
pipelines are in wear-out phase. Safe and reliable
operations of these pipelines are related to
economic development and social stability. It is of
great importance and practical significance to
study when the corroded pipelines will be retired
and how to guarantee that these pipelines will be
operating under safe and reliable conditions. The
paper proposes a model for assessing risk in
natural gas pipelines, and for classifying sections
of pipeline into risk categories with utility theory.
It aims to help transmission and distribution
companies when engaged in vrisk integrated
assessment and decision making consider multiple
dimensions of risk from pipeline leakage accidents.
Firstly, we analyze the corrosion leakage
probability of pipeline remaining life using the
exponential distribution; secondly, we evaluate the
economic loss, loss of life and damage to the
environment in terms of the utility function to get
the corresponding risk value of external loss.
Finally, we calculate the internal economic loss
when in-service pipelines are replaced ahead of
scheduled time and then schedule a most optimal
date to exchange the aging pipelines containing
corrosion. To verify the effectiveness of the
proposed methods, a numerical application based
on a real case study is presented.

1 Introduction

Integrity assessment and data management is a very
important activity for many facilities and process
presenting technological risks, especially for
transporting dangerous substances, via natural gas
pipelines [1-3]. Pipelines are considered to be one
of the safest methods to transfer gaseous substances,
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with accident frequencies lower than those with
road or rail haulage and are the most efficient and
economic means to transport large quantities of
natural gas over long distances. But failures in
pipelines may happen and sometimes they generate
catastrophic consequences, especially when they
have not been serviced for a long time [4]. The
significant nature of the consequences of such
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accidents highlights the importance of deploying
appropriate and effective risk management for this
kind of facility [1, 5, 6]. For example, it was only in
1960s that natural gas pipelines began to be
constructed in China, most of the existing pipelines
were close to or almost exceeded their design
lifetime, getting thus into an accident-prone period.
Most pipeline accidents are caused either by
pipeline corrosion, or are due to stress concentration
on the partial wall thinning.

Pipeline corrosion problems can not only bring huge
losses to the national economy, but also cause great
risks to the safe operation [7]. Especially, the aged
pipelines are more prone to leak because of
corrosion problems. Once the leakage of gas has
reached a certain concentration, and encountered an
ignition source, it can easily cause a fire explosion.
Moreover, it also causes property damage, personal
injury and environmental pollution. For example,
New Mexico natural gas pipeline explosion killed
12 people in the United States in June 10, 1999, and
also brought adverse social and political
implications. In November 22, 2013, in the Qingdao
natural gas explosion in China, 62 people were
killed, 136 injured and 9 missing, which caused a
significant impact on the normal life of local
people.

With respect to natural gas delivery pressure,
pipelines will burst and thus cause leakage as long
as a part of pipelines wall is thinning to a certain
threshold. Therefore, reliable operation and
functional safety of the aged pipelines need to be
deeply studied. Several studies dealing with
different aspects referring to assessing risk in
natural gas pipelines have been published in the
literatures [1, 5, 6, 8-14]. Certainly, safe and
reliable operations of these pipelines are also
reflected in the economic development and social
stability. It is of great importance and practical
significance to study when pipelines with corrosion
defects are to be retired and how to guarantee safe
and reliable conditions for the operation of these
pipelines. .

According to European and American criteria to
classify the severity of pipeline accidents, they can
be generally grouped into three modes: leak,
perforation and rupture, respectively [15]. Pipeline
failure factors can be divided into failures caused by
subjective factors (such as third party damage) and
failure caused by objective factors (such as material
natural corrosion). Corrosion in pipeline is one of

the most common causes of pipeline failure, so we
choose objective factors of leakage caused by
corrosion as the main research object in this paper.
In order to help decision makers from gas
companies deal with this problem, the paper
proposes a model used not only for assessing risk in
natural gas pipelines but for classifying sections of
pipeline into risk categories with utility theory as
well. It aims to help transmission and distribution
companies when engaged in risk integrated
assessment and decision making consider the risk
from pipeline leakage accidents.

Firstly, we analyze the corrosion leakage probability
of pipeline remaining life using the exponential
distribution; secondly, we evaluate the economic
loss, loss of life and damage to the environment in
terms of the utility function to get the corresponding
risk value of external loss. Finally, we calculate the
internal economic loss when in-service pipelines are
replaced ahead of scheduled time and then schedule
a most optimal date to exchange the aging pipelines
containing corrosion. To verify the effectiveness of
the proposed methods, a numerical application
based on a real case study is presented.

This paper is organized as follows. After
introducing the pipeline leakage problem, residual
strength and life evaluation methods are described
in Section 2. With these residual strength and life,
we then present the model for evaluating pipeline
reliability with utility function in Section 3. An
illustrative case study is discussed in Section 4, and
conclusions are drawn in Section 5.

2 Residual strength and life evaluation

Reliability evaluation of pipeline containing
corrosion mainly involves evaluation of the residual
strength and prediction of residual life of
pipelines [16]. An important part of assessing the
residual strength of corroded pipeline is to calculate
the maximum size of the allowed defects of
pipeline, or to calculate the maximum safe pressure
of pipeline in certain operating pressure [12, 13,
17]. Research into residual strength of corroded
pipeline and evaluation of the reliability of pipeline
in service will have a great theoretical significance
for the maintenance and replacement of pipeline
serving systems [4, 13].

The residual lifetime of corroded pipeline can be
mainly predicted by analyzing the evolution trend of
pipeline corrosion, effective time and reliable
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operation in the future in terms of the present
corrosion under the residual strength assessment
conditions. It is very common to evaluate the
residual strength of corroded pipeline by using the
criterion of B31G. We can calculate the maximum
allowable corrosion depth d ., ~under the
provisions of the pressure based on the residual
strength model and support vector machine (SVM)
prediction model [18, 23] to calculate corrosion rate
of pipe section and the average corrosion ratev,,

and then using fuzzy theory and grey theory to
calculate the remaining life 7, of pipeline [12].

2.1 Residual Strength

The B31G criterion (ASME 1993) is widely used to
assess corroded pipelines. The main equations in
the ASME B31G criteria (1993) can be summarized
as follows. The maximum allowable design pressure
in B31G criterion is expressed as,

_ 2SMYS

P x F'xt, 1D

Where P is the maximum allowable design
pressure, MYS is the specified minimum yield
strength, F is a design factor, which is normally
0.72 and ¢ is the wall-thickness of pipeline
sections.

For a short corrosion, by corrosion region obtained
parabolic approximating, the maximum safe
pressure P' can be calculated with Eq.(2),

d

- —=x—
P'=11Px 3 ¢
2 d

For the long corrosion, by corrosion region obtained

, P'<Pand 4<4. (2)

parabolic approximating, the maximum safe
pressure, the maximum safe pressure P' can be

calculated with Eq. (3),
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d
P'=1.1Px L , P'<Pand A<4.
tx\ A2 +1
3)

If corrosion is very long, namely A is big, the
maximum safe pressure P' is calculated with Eq.

4,

P':l.lP(l—%j, P'<PandA>4, (4

Where 4= 0.894[Lj .

JDr
The maximum allowable operating pressure
(MAOP) is not more than the maximum allowable
design pressure P given with Eq.(1), ie.
MAOP < P . Given that the Safe Maximum Pressure
Level P' is equal to the MAOP , the maximum
allowable defect depth d can be obtained as,

1) When corrosion is approximately parabolic shape
and 4 <4,

allow

3t 1- MAOP/1.1P

dallowzz 2
I—MAOP/(I.IP A +l)

; Q)

2) When corrosion is approximately rectangular
shape and 4 >4,

MAOP
d =|1- Xt 6
allow |: 11P :l ( )

2.2 Remain Life Evaluation
2.2.1 Basic theory

After a pipeline is corroded, its wall becomes thin,
which will result in reducing the ability of
withstanding the internal pressure and also of
decreasing the ability of resistance leak and rupture
of pipelines. When the internal pressure is bigger
than the limit of the carrying capacity of the
corroded pipeline, it will leak or be ruptured. That is
to say, a pipeline current wall thickness d is less or
equal to the allowed minimum wall thickness d

min >
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and the pipeline will reach its service life. The
difference between the expected service life and the
current service life is the remaining life 7, which
can be calculated as ,

Tr — z_: min , (7)

i=1Y; Va

where v; is the corrosion rate of time i, d; is the

corrosion value corresponding to v; , v, is an

a
average corrosion rate and d is the remaining wall

thickness of corroded pipelines.
2.2.2 Method of prediction

1) Determine the minimum allowable thickness

The minimum allowable thickness d,;, is a limit

state of pipeline in reliable operation obtained by
substituting Eq.(5) and Eq.(6) into d,;, =t —d ., -
2) Predict corrosion rate

The corrosion rate can be statistical analysis on
the basis of accumulated on-site data. There are two
ways to obtain these data. The first method is to
make statistics and analysis pipeline repair records
of the past years, which is more accurate. But those
data are always rarely obtained so that it cannot
fully reflect the situation of corrosion in pipelines.
The second method is to detect pipeline by smart
pigging, based on the statistics and analysis of
previous test data, and this method can reflect the
overall condition of the pipeline corrosion, which is
a reasonable source of pipeline corrosion rate across
the board.
For the overall condition of the pipeline corrosion,
with the first method we can get the accurate data,
but in the case of sudden changes in the
environment, pipeline corrosion or pipeline
impending situation, the second method may be a
good choose.
The time-interval data test mechanism can be
established to examine the severe corrosion of the
pipeline or the unfavorable pipeline environment.
Here we use gray prediction model - GM (Grey
Model) to predict it. GM models are divided into
GM (1, n) model and GM (1, 1) model. GM (1, 1) is
the most common kind of gray models and only
contains a single variable defined by a first-order
differential equation, which is a special case of GM
(1, n). The basic theory of gray model GM (1, 1) is

established on the basis of the test data. Moreover,
it can perform a good prediction on the strictly
increasing or decreasing data series (such as
corrosion pipe wall thickness).

Suppose we have an original to-be-detected time
series data of wall thickness obtained from one
pipeline,

L0 _ (x(‘” (1),x(2),cs x” (K)o, x© (n)), )

it would be a random process, and sometimes it may
not be stable, so the cumulative numbers are
generated as

x® =(x“) (k),k:1,2,...,n), (9)

Where

O (k) =3 (i), (10)

After the above processing, the randomness of the
data series will be weakened. As x(‘)(k) fits
exponential growth law, the solution is just first-

order differential equations in the form of the
exponential growth of the solution. We can assume

that the sequence of x" satisfies the following
first-order differential equations law model,

dx(l)

(11)

According to the definition of the derivative, we can
get

X2+ ar)—x" (1)
dt - At—0 At ’

(12)

By using the discrete form, the differential term
could be

A XU (k+1)—x" (k)
At (k+l)—k
=x(1)(k+1)—x(l)(k) s

=q" [x(]) (k+ l)]

(13)
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Where ,() is the average value of the time k& and 20 (k+1)= 2" (k+1)- % (k)
k+1. And thus we can get, i 21)

a [ <0 (k+1)]+%a[x(l) (k+1)+x" (k)] =u.(14)

Then, we can write the above equation in the matrix
form,

1

—E[X(l)(1)+x(l)(2ﬂ 1
E) || L (2) 410 (3)] 1{61}

. B 2 u
H () L0 (=1 ()] 1
_ (15)
That is
Y = BA (16)

In the above equation, ¥ and B are known

variables, 4 is an undetermined parameter. Using
matrix derivation formula, we can get

A=(B" B) B'Y, = L}

[SHY

(17)

Substitute the obtained 4 and # back to Eq. (15)
(17), we can get

(1)
%+&x(l) =i (18)

And thus,

0| 0 _ﬁ} a1 19

x(){x()&e+& (19)
Let " (1)=x“(1) , we can get

< (k+1) = {x@ (1) _qeék ) 20)

a a

To do this type regressive reduction on Eq.(20), we
get the gray prediction model of x'” as

O U\ ik al’
—[x (1) &}e (l e )
With the GM (1, 1) model, we can determine the
average corrosion rate of the pipeline external
surface, and then use the established support vector
machines (SVMs) [19, 20] to obtain the accurate
numerical corrosion rate.

3 Pipeline reliability analysis based utility
function

3.1 Utility Function Theory

Utility is a way used by economists for measuring
pleasure or happiness and for relating it to the
decisions made by people. Utility measures the
benefits (or drawbacks) not only obtained from
consuming a good or services but also from
working. The optimal action choice was the option
that maximized the expected monetary value.
Although utility is not directly measurable, it can be
inferred from the decisions that people make. Utility
in economics is usually described with a
function [21]. In our context, utility function is to
quantify the consequences decided by the decision
a and the possible occurred status & when the
decision maker makes a decision, which is a

function of two variables, known as u =u(a,0).

Corroded pipeline segments will have two statuses
in the operation process: no leakage @, and leakage
a, , with the probability A and P,, respectively.

When a corroded pipeline leaks, gas leak
consequences are generally divided into steam
clouds 6,, jet and pool fires 8, and explosions 6, .

And the probabilities of no burning vapor cloud, no
jet fire and no explosion are P, , P, and P

respectively, where B, is the probability of leaking

state vapor cloud conditions, P, is the probability
of leaking state jet fire and pool fire and P, is the

probability of leaking state explosion under the
occurrence of a, leaking state, P + Py, + Py =P

and B =1-P5 Py -b;.
decision a, , utility functions of pipeline segments

Then in the case of

with all sorts of statuses can be defined as,



198

X. Zhang et al.: Reliability analysis of aged natural...

u21—u(a2,91), (22)
Uy = u(az,Hz), (23)
Uyy = u(a2,03) (24)

The expect utility function of pipe leakage can be
obtained with Eq. (25),

By (a2)=E[u(ay,0)]

=u(a,,0) pytu(ay,0;) pyy +u(ay,65) pas.
(25)

3.2 Analysis of the Consequences After Pipelines
Failed

Experience and theory prove that service life of
pipeline segments is subject to a probability
distribution before leak [22],

P = e—(T,/v)a

Ky B

(26)

where 7, is the remaining life of pipelines, P, is a
probability when service life reaches 7,, v is a

statistical parameter named as ‘characteristic life’
and « is a statistical parameter.
According to Eq. (12), when 7,.=v , then

P.=e'=0.368, that is to say, there is 36.8% of

the whole pipelines are not corroded to leak when
remaining life is equal to characterized life. Using
log function on both sides of Eq. (12), In7, and

ln{ln [1/P.(T, )]} is a linear relationship. Statistical

probability data of the residual life of a pipeline are
shown in Table 1.

Table 1. Statistical probability data of the residual life of a pipeline

ining li , Statistical probability of life
The remeum;g life 7, ]?;S(];) y InT. ln{ln[l/PS (Tr)]}
1 0.942 0.000 -2.78
2 0.861 0.693 -1.89
3 0.721 1.098 -1.11
4 0.505 1.386 -0.37
5 0.303 1.609 0.19
6 0.242 1.792 0.36
7 0.141 1.946 0.68
10 0.072 2.302 0.98

Given x=In7, and y= ln{ln[l/Ps (T, )]} , with the
least squares y =a+bx curve fitting, we can solve

it and get a=b=1.77, a=-2.90, v=¢ " =5.16.
The results showed that about 63% of corroded
pipeline will leak with perforation after 5 years and
two months. The probability of pipeline residual life
is,

1.77

P (T ) — o (L/516)

7

27

With the prediction of residual life of corroded
pipeline, we can get the residual life 7, of segments

of the pipeline, and substitute 7, into Eq.(27). We
can get the probability to continue using this

pipeline sections, and the probability of leakage is
Py (T, )=1— P, under the above residual life.

3.2.2 Pipeline Failure Loss

Pipeline leakage failure leads to the internal and
external loss of the gas pipeline company.

1) Internal loss V', of pipeline company

Replacement of serious corroded pipeline, at the
time of its residual life, i.e., at time of 7, will cause

some economic losses to the pipeline company,
increase in depreciation costs per unit length of the
pipeline, and also reduced service revenue per unit
length of pipeline.
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Early replacement of pipelines with remaining life
T, will cause a certain degree of depreciation costs,

so the corresponding pipeline depreciation costs can
be calculated as

C

a+T,

xT, 1, (28)

Where C is the total unit cost of pipeline
construction, g, is the past operation years; 7, is

the remaining life which has been calculated.
The pipeline, which should be replaced, can create
value for the company in the remaining life 7, ,

which can be obtained by

%xRprxTr+Vj_k (29)

Where [ is the total length of pipelines in advance
replacement with remaining life 7,, L is the total

length of the pipeline, R, is annual average margin
net profit of pipelines, V;_; and is the value of

natural gas between two adjacent valves. So, in
order to prevent aged pipelines with remaining life
T, to leak, we should exchange them in advance,
and thus the expected utility function of such
internal losses can be expressed as,

C [
xT xl+|—xR xT +V, X
n={¢+z R JJ} (30)
< (r)

P

2) External loss V' of pipeline company

When the corroded pipeline fails, the external
consequences of the failure will be considered
through three parameters, namely economic losses,
loss of life and environmental damage [23].

= Economic loss m. Property losses caused by the
accident mainly refer to the value of equipment loss,
housing loss and leakage of natural gas loss.

= Loss of life n. Pipeline leakage accidents caused
by casualties are mainly divided into the number of

staff deaths N, the number of injured personnel N,

and the number of people with minor injuries N5 .

Measurement of the loss of life or personal injury
after pipeline leaks caused by accidents will be
considered and combined with the local economy

status as a reference to financial compensation to
the victim families according to the case type.

= Environmental damage h. Natural gas contains
toxic and harmful gases, such as H,S, in the leakage
accident, damages to the environment, and it is very
difficult to calculate with one appropriate
calculation = method. = Depending on  the
circumstances, we can use the pipeline company
fined value given by government as a reference. / is
the environmental damage value.

By determining the multi-criteria utility function,
we can equivalently turn the multiple criteria into a
single criterion. Therefore, it can be turned into a
single-criteria decision problem from multi-criteria
decision problems. We can transform multiple
criteria utility function into linear combination of
single criterion utility function by weighting
coefficient, and make decision through a single
utility value. Thus, a rule preference degree of a
decision maker is not affected by other standards
criteria, namely these 3 criteria are independent
from each other, and then we can get,

e=m+nxé& +hx§,

€2))

Where & is the economic loss of the loss of life per
unit; &, is environmental economic loss per unit

caused by the leakage volume. The parameters, m, n
and h can be determined by the decision-maker's
risk attitude and the actual situation.

The value of & can be referred to requirement of

the relevant national injury regulations "enterprise
workers casualty classification standards". With
these rules: minor injuries less than 105 days of
work loss days, injured more than 105 and less than
6,000 days of work loss days, job losses of death as
6,000 days, we can conduct workday of personnel
injuries.

N =6000N, +3000N, +105N5, (32)
N x
g = p, v, (33)

where i/ is the average daily wage of casualties.
Substitute Eq. (18) into Eq. (19), we can obtain & .

With 17,18,19 Equation, based on multi-criteria
utility function, we can get the pipeline utility
function of the risk of financial loss. u = u(f:)
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In table 2, we can set up evaluation index system
and calculate leak external pipeline expected loss
utility function according to the above stated
corrosion.

According to data listed in Table 2, we can get the
expected utility function of external loss caused by
corroded pipeline leakage,

Vg =E, (az)zE[u(az,H)]
=u(ay,0) Py +u(ay,60,) Py +u(ay,65) P
= (my +m x & + Iy x & )x Py
+(my +nyx & +hyx&)x By

(34)

Table 2. Established state evaluation index system

4 Experimental results

In this section, the method discussed in the previous
sections referring to reliability analysis of one
natural gas pipeline is used. A natural gas pipeline
has been employed for about 40 years with the total
length of 210km, and it is divided into 25 pipeline
valve groups, with the average transmission rate of

about 6.0x10%m> per day every year. Using API
SL X52, we calculate the threshold of defect size,
with outside diameter D =720mm, pipeline wall
thickness ¢t =10mm , minimum yield strength
SMYS = 325 MPa, extreme pressure P = 1.6 MPa,
without considering the region category of pipeline
sections.

Level #1

Level #2

Level #3

1.1 Steam clouds 6,
Probability P,

1.1.1 Economic loss m
1.1.2 Loss of life n,

1.1.3 Environmental damage 4,

1.2 Jet fires 6,

1 The expected value of the
utility function E(u)

Probability P,

1.2.1 Economic loss m,
1.2.2 Loss of life n,

1.2.3 Environmental damage 5,

1.3 Explosions 6,
Probability Py,

1.3.1 Economic loss m;
1.3.2 Loss of life n,

1.3.3 Environmental damage /

1.4 No leak

A :1_P21 — Py — Py

1.4.1 No loss

Based on Eq. (1), we can get the minimum
allowable wall thickness according to rectangular
pipeline defects
dpin =PxD/(2xSMYS)x1.1=1.95. Therefore, the

maximum corrosion depth is d —d;, =8.05 mm .

Using ultrasonic guided wave method and
intelligent pigging of the entire pipeline, various
outer surface defect locations and sizes can be
accurately tested. The resulting data can then be
grouped and analyzed. Choose out several groups of
serious corrosion damages of each pipe segment
between two adjacent segments valve and classify
them into different groups according to corrosion
size, and corrosion induced failures. After
classification analysis we get results in 15 sets of
data listed in Table 3. According to the SVM model

from the literature [8, 24], the rate of corrosion of
the pipeline can be derived. And then we can
substitute these results into Eq. (7) to obtain the
remaining life. The general price of natural gas is
about 5,000 Yuan/ton and every ton of natural gas is

equal to 1,390 m>. We choose the average annual
net profit for three consecutive years as a
computation basis, which is about 1.0x10° Yuan.
Pipeline construction investment cost is 10
billion/km. The selected length between the two
valves is 10,000m. The total length of severe
corrosion area (e.g., fifth, ninth, fifteenth group
detection area in Table 3) is 1,000 meters.
According to statistics, various status values are
listed as follows:
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m =1><106,n1 =0,h =1,
my=2x10",n2=3,h2=1;
my=7.5x10",ny =14,h; =3;
& =6x10%,& =1x107 .

The main forms of natural gas pipeline leakage
accident are toxic gas clouds of steam, jet fire and
explosion. USA petroleum association data shows
that all above accident probability is 0.8, 0.16 and
0.04, respectively [19]. Then we can get

¢ xT x1+ LxR},xTr+V7, X
a+T L 7 /‘
xP,(T)

Vv =

A

{nlox
= X

T x10° + L><10'"><T +1.38x10° | |x
40+7 210 g

x(1-P)

and

Vy =E,(a)

=(1x10° +1x107)x 0.8

+(2x107 +3x6x10° +1x107)x0.16
+7.5x107 +14><6><106+3><107)><0.04
=2.404x10".

Given that V', =V}, substitute Eq. (6) into Eq. (12),
we can get 7. = 0.51, Py (7,) = 0.984. So, when the
internal loss 7, is greater than the external loss
Vg , it should replace corrosion in pipeline in
advance in order to prevent the external losses.
According to the listed statistics in Table 3, the
fifth, ninth, fifteenth group of detecting corrosion
degree totally similar to 1,000 meters of pipeline
should be replaced when the residual life is 0.51.

Table 3. Statistics of the corrosion situation between two valve groups and results of evaluation

Pipeline section | Remaining wall Corrosion wall The average Remaining life
number # thickness mm thickness mm corrosion rate mm/a a
1 2.72 7.28 0.228 3.38
2 2.67 7.33 0.215 3.35
3 2.65 7.35 0.230 3.04
4 2.62 7.38 0.226 2.96
5 2.56 7.44 0.215 2.84
6 2.58 7.42 0.210 3.00
7 2.60 7.40 0.211 3.08
8 2.63 7.37 0.214 3.18
9 2.57 7.43 0.217 2.86
10 2.66 7.34 0.220 3.23
11 2.69 7.31 0.225 3.29
12 2.70 7.30 0.227 3.30
13 2.59 7.41 0.217 2.95
14 2.68 7.32 0.219 3.33
15 2.55 7.45 0.209 2.87

5 Conclusion and discussion

and distribution companies

engaged in risk

This paper has presented a new approach to
reliability and risk analysis of natural gas pipelines,
which incorporates the utility theory into the
reliability analysis method in order to evaluate the
risk of eroded pipeline sections to help transmission

integrated assessment and decision making consider
risks from pipeline leakage accidents. Experiments
show that the proposed method can give the correct
result for decision makers.

For risk based decision-making problems,
subjectivity is an important feature of utility. The
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value of the relevant amount depends on the
preferences of the decision-maker in utility
function, which is very subjective. Therefore,
different decision-makers using the same utility
function to solve the same problem of risk decision
may draw different conclusions. With utility
function analysis, the occurrence of risks can be
avoided to a certain extent. And also it has a role of
early warning and providing reasonable reference
for pipeline maintenance and repair to pipeline
companies.

The life of a pipeline before it has leaked is subject
to exponential distribution function derived from
the combination of experience and theory. In the
paper, there are some limitations by using
intelligent pigging to regularly acquaint data. We
can not collect data in a very short interval, because
it will influence the enterprise benefit during the
period of producing gas normally. If the two
intervals of acquisition data are too long, the
prediction result will not be very precise. Therefore
we suggest that we should develop a reasonable
method to collect test data which can obtain data at
any time in the inner or external corroded pipeline
so as to improve the prediction result.

We consider only the direct economic losses as the
amount of external economic losses of pipeline
leakage, without taking into account the secondary
economic losses caused by the impact of the spill.
Since the value of life is immeasurable,, the natural
gas containing toxic gases may have long-term
damages to the human body, and natural gas leakage
always causes a long-term damage to the
environment. It is hence unreasonable, when we
simply use economic measures to calculate losses of
a leakage accident. Therefore, conclusions drawn
from this paper are a little more conservative, but
they are predispositions to be undertaken and to be
favorable to safer pipelines.
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