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On Leak Localization in the Main Branched and
Simple Inclined Gas Pipelines

T. Davitashvili and G. Gubelidze

Abstract—In this paper two mathematical models for definition
of gas accidental escape localization in the gas pipelines are
suggested. The first model was created for leak localization in the
horizontal branched pipeline and second one for leak detection in
inclined section of the main gas pipeline. The algorithm of leak
localization in the branched pipeline did not demand on knowledge
of corresponding initial hydraulic parameters at entrance and ending
points of each sections of pipeline. For detection of the damaged
section and then leak localization in this section special functions and
equations have been constructed. Some results of calculations for
compound pipelines having two, four and five sections are presented.
Also a method and formula for the leak localization in the simple
inclined section of the main gas pipeline are suggested. Some results
of numerical calculations defining localization of gas escape for the
inclined pipeline are presented.

Keywords—Branched and inclined gas pipelines, leak detection,
mathematical modeling.

[. INTRODUCTION

OR the last decades natural gas consumption became very

intensive in the many countries of the world and it is
expected that natural gas expenditure will increase in the
nearest future. For example natural gas consumption in the US
is expected to increase 50% during the next 20 years [1]-[3].
Nowadays pipelines become the main practical means for
natural gas transportation worldwide [2], [4], but it should be
noted that at the same time the gas delivery infrastructure is
rapidly aging [3]. The main fault of the outdated pipelines is
leak and as a consequence deterioration of environment [2],
[51, [6]. For instance methane emissions from leaking pipelines
is a serious problem related to the environment as methane is
one of the most principal greenhouse gases contributing to
climate change [7], [8]. According to the experience of
European transit countries the transit of oil and gas causes
great losses regarding the ecological situation thus
counteracting the intended political and economical benefits
[9]. The leaks caused by damage of pipelines are usually very
dangerous. Intensive leaks can stimulate explosions, fires and
environment pollution, which can lead to the ecological
catastrophe. In this case there can be an enormous economical
loss. Although it seems that small leaks are not so dangerous,
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but in practice it is important to carry out special actions
preventing such kind of leaks as well, because the spilt oil or
escape gas can damage the corrosion-resistant cover of
pipeline and can cause the corrosion processes [10]-[13]. This
may outgrow in intensive leaks with above-mentioned results.
That is why the determination of damage place in pipelines in
time is the significant problem [12], [14], [15]. In pipeline
networks that transport gas or oil leaks may occur at any time
and location [2], therefore, timely detection of leaks can stop
or minimize contamination of environment and leak detection
and location is important for the safe operation of pipelines
[2], [13]. Pipelines prognostic leak detection systems play a
key role in minimization of the occurrence of leaks probability
and their impacts on environment [16]. So elaboration the leak
detection and location system in a large scale water, oil and
gas pipeline system networks is an urgent and sensitive issue
of nowadays [5], [9], [15], [16]. That is way a great attention
is paid to finding out the new methods and techniques for the
leak fast detection and location in the pressurized pipeline and
fortunately this process for the last three decades is in progress
[1]-[16]. There are many different approaches and techniques
for leak detection and location. A spectrum of the methods for
detection and location of the leaks in the natural gas pipelines
is wide from using trained dogs to advanced satellite based
hyper spectral imaging [13], [17]. The methods of leak
measurement differ from each other by several features [11]:
the determination of the minimum leak value; the precision
(fixation) of the leak place; the working regimes (constant,
periodic or episodic). At the same time leak controlling
methods can be dividing into two types: contact method
(directly on pipeline) and remote control method (which
implies moving controlling device across the pipeline trace)
[51, [9], [12], [13], [15], [18]-[26]. According to the above
mentioned classification we can list the following methods:
visual method of leak detection — detection of oil and gas on
ground surface using painting gases; radioactive isotopes etc.;
hydrodynamic method - launching the special material in
pipeline; acoustic method and mathematical modeling. Also
there are fundamental theoretical and technical methods for
leak detection and location in natural gas pipelines and the
various methods can be classified into non-optical and optical
methods [11]. From existing methods the mathematical
modeling with hydrodynamic method is more acceptable as it
is very cheap and reliable and has high sensitive and operative
features [6], [12], [13], [27]. It is also significant that in this
case the defined leak detection placement is possible to control
by remote satellite and the earth surface appliances.) This
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article provides the proper methodology for leak detection in
horizontal branched (with several sections and branches)
pipeline and for leak detection in inclined section of the main
gas pipeline. The methodology does not required knowledge
of corresponding initial hydraulic parameters at entrance and
ending points of each sections of pipeline. The methodology is
based on an algorithm describing gas stationary movement in
the simple and branched gas pipelines and some results of
calculations are presented.

II. PROBLEM FORMULATION FOR LEAK LOCALIZATION IN
BRANCHED PIPELINE

In case of the main gas pipeline’s damage first of all the gas
expenditure and pressure are altered by gas leakage and
initially gas flow has non-stationary character. After some time
from the gas leakage (under some conditions), a new stationary
state of gas flow is formed in the pipeline. So when there is gas
accidental escape from the main gas pipeline it is necessary to
study as a non-stationary stage [9], [11] as well a stationary
stage of gas flow in the pipeline [5], [13], [16], [18], [28]. We
study only large-scale gas leakage problem from the main gas
pipeline and we consider this question as a reverse task of
hydraulic calculation problem. It is known analytical methods
of a large-scale gas escape location determination in the simple
section of main gas pipeline when data of the gas pressures
and expenditure at the entrance and ending of the gas pipeline
are known [12], [29]. But these methods cannot be used for
main gas pipelines having several sections and branches and
for inclined pipes. The methods offered by us gives possibility
first of all detect the placement of the section having
accidental gas escape using minimal information (data of the
gas pressures and expenditure at the main gas pipeline’s
entrance and ending points before and after gas escape) then
leak localization in the determined section of main pipeline
and for leak detection in inclined section of the main gas
pipeline.

Thus suppose that there is a complex main gas pipeline
having 7 —1 off-shots, with expenses ¢, (k =1,n—1)and the
pipeline is divided by off-shots on n simple sections with

length L, (k =1,n). If at the entrance of pipeline gas expanses

in unit of time is M, then at the entrance of the per simple
sections the gas expanses are calculated in the following way
[13],
M =M, My=M,,-q,,, k=(2n)
where numbering is performed from the beginning of the
pipeline to the ending.
As it is known in case of gas stationary movement in the

horizontal gas pipeline exist the following equality [12], [13],
[29]:

P12_P22 =ZMk2ﬁkLk (0
k=1

where B, = 4 ZRT , Py and P, are values of the pressures at
" FD,

the entrance and at the ending of the main gas pipe-line,
respectively; M- are expenses of gas in the unit area of pipe-
line for unit time in the branches; Li- are lengths of simple
section k of the main pipe-line; Z is a coefficient expressing
deviation of natural gas from ideal gas; ﬂ,k is a hydraulic
resistance of a gas; T is an absolute temperature; R is a gas
constant; D, are diameters of pipelines;, F, are areas of
branches profile sections.

Suppose that at the entrance of the main gas pipeline in the

unit of time through pipe passes M, mass of gas, and at the

ending of pipeline instant of gas mass Mn expenditure of gas
is Mn—Q , which indicates that gas with mass Q is loosen,
although the consumers (users) are getting the same mass of
gas g, (k= l,n——l) which is conditioned by gas
distributive stations (service management).

Let us suppose that gas leakage is placed on the section i
and gas escape is located on the distance x (0<x <L)
from the entrance of the section i . Also we suppose that
accidental gas escape represents additional ramification of the
main gas pipeline with expenditure Q (see Fig. 1).

q q; 3 Q %1

B Xz Xpz Lni
- n M, -
Mo L; ¥ Ly Ly *s x*® Eml Q
q,, o
q2 n-2

Fig. 1 Schematic map of a branched main gas pipeline

Fig. 1 represents a general scheme of a complex main
branched gas pipeline where x* is a location of gas escape in
the pipeline. It is evidence that expenditure of gas is remained
the same in the ramifications located before the section i but

after the section i instead of expenditure A, it will be

M,-0>0 (k= l,_n) In analogously of the right side of

the (1) let us initiate the following functions fi(x),
i=(1.2,.. 0} [13]:

fix) = Zli: [Mk - Q]2 BiL, + Q[2M1 - Q]:lez

(0 <x< Ll)
£ =S MEBL + Y M, ~OF AL, +
Q[ZM[ _Q]ﬂ[x
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ie(23---n—l) (0<x<L)
£, = ZM Bl +IM, -OF B,L,
oM, Q]ﬂx (0<x<L,)

—2 —2
Let us assume that after gas escape P1 and P> are values

of the gas pressures, at the entrance and ending of main
pipeline, respectively (which are obtained by the measuring
instruments).

Therefore, analogously of the (1) we have [13]:

~P5 = fi(x) @)

So for detection of the section of accidental gas escape and
the point of gas escape in this section we have the following
mathematical model (algorithm): first of all it is required to

search such kind value 7, from the sequence I :{1,2, - ',n}
and then the value of the x from the interval l(),[ ioJ which

will satisfy the (2).
For convenience here and further we are defining some
properties of the above mentioned function fi(x) :

A. Every Function fi(x) (i = 1,_71) Represents Linear

Increasing Functions of X :

For as much as Q[2M1—Q]ﬂ1 >0, (izl,in)

B. The Following Equalities are Correctness:

Sia (L) = £,(0), (i = 2’_71)

Indeed, let us consider the cases when i = 1,2 separately.

We will get:
Sl = i(Mk _Q)zﬂkl‘k +Q[2M1 _Q]ﬂlLl’
£2(0) :M12ﬂ1L1 +i(Mk _Q)Z/Bkl’k =
k=1

> (M,

k=1

_Q)Zﬂkl‘k +M12ﬂ1L1 _(Ml - )ZﬂlLl =

(M, ~ ) B,L, +0(2M, -Q)B.L, = f,(L,).

k=1

when i =3,4,---,n—1 then

Sia(Liy) = ZMkﬂkL +kle -0) B.Ly
oM, —Q)ﬂl-,lL,-,l -

ngz B.L, +§(Mk -0V B.L, -M}p. L.,
+(M,, =0 B L., +002M, ~0)p L., =
S ML, +§(Mk ~0) BL, = £,0).

k=1

when I = n we have

S L) = ZMﬁkL +ZM -0) BiLy

k=i-1

JrQ(2 Qﬁn Loy = ZM BiL,

11 1 n-1 11 1 ( _Q) :Bn—anfl
+ (Mn - Q) ﬁnLn + Q(ZM;H - Q)ﬂnfanfl

n-l

=2 MPL+(M, =0 AL, = £,(0).

The last fully proofs proper 2.

Using above proved properties of the function fi(x)we
have constructed the numerical algorithm for definition of a
placement of the damage section and then the placement of the
gas escape in the damaged section which was found by the
following [13]. Afterwards it is emplaced the location (number
of the section iy) of the gas accidental escape the appropriate
distance x can be defined by solution of the (2) which has the
following form [9]. If we have iy=1 then

x:{pf_pi_i(Mk_

k=i-1

Ymh}@@M—QMLG>

If fulfilled the following inequality 2 <i, <7 —1 then

x_[Pl —Pr— h‘ZMﬂkL ZM ~-OVB.L } @
b, -0,

and at last if ij=n, then

ip—1
x—{Pl ~Pi-Y MBI,

k=1

/loem, -0)8,]

(Mn _Q) ﬂkl‘/c:| (5)

On the basis of the numerical algorithm for definition of a
placement of the damage section [9] and then formulas (3)-(5)
for a placement of the gas escape in the damaged section we
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have investigated the pipes with the length 30km. diameter D
=0.7m, cross section F =0.38 m?, having one, two three, four,
five and six ramifications and we supposed that gas escape had
happened at varies points of sections. It is important to say that
we have investigated the pipelines with sections having
radically different length and location of gas escape in the
pipeline. Numerical simulations have performed on the base of
a reverse task of hydraulic calculation problem when damaged
sections leak location was known beforehand. Below some
results of calculations for a horizontal branched main pipelines
are presented. In this experiment there were two branches. Gas
escape was located in the third section and distance from the
beginning of the third section was equal to 3000m. (see Fig. 2)
The parameters have accepted the following values: R =500N
m (xg’x) , Z =0.95, T =280K, M, = 15kg/s, q;= 2kg/s ,
Q@=2xg/s, qs=2kg/s, L;=10¥10’m; L,=10%*10’m, L;=10%10’m,
M,=15kg/s, My=13kg/s, M;=10kg/s, x*=3000m, Q=1kg/s.,
A4=0,002, ©=2570.

L=30 ;3

Fig. 2 Gas escape is located in the third section of the pipeline having
two branches

The algorithm have defined the number of section correctly
and Calculations have shown that distance from the beginning
of the third section was equal to 3070m and the error between
location of gas known in advance and calculated value was
70m.

In this experiment there were four branches. Gas escape was
located in the third section and distance from the beginning of
the third section was 3500m (see Fig. 3). The lengths of
sections were differ from each other. The parameters have
accepted the following values: My=15kg/s, q;=2kg/s, Qx=2Kg/s,
q3=2Kg/s, qs=2Kg/s, L;=5*10’m, L,=5*10’m, L;=4*10°m, L,=
10*¥10°m, Ls=6*10°m, M,=19 kg/s, M,=17kg/s, M;s=15kg/s;
M,=12kg/s, X*=3500 m, Q=1 kg/s.

/ N
0 / x

L3

L8]

/ L=30km

Fig. 3 Gas escape is located in the forth section of the pipeline having
four branches

The algorithm has defined the number of section correctly
and Calculations have shown that distance from the beginning
of the fourth section was 3500m an error was 120m.

In this experiment there were five branches. Gas escape was
located in the fourth section and distance from the beginning
of the fourth section was 2000m (see Fig. 4). The lengths of
sections were differing from each other. The parameters have

accepted the following values: My=15 kg/s, q;=2kg/s,
Qo=2Kg/s,  qz=2Kg/s, qs=2Kg/s, (qs=2Kg/s L,=4*10°m,
L,=6*10’m, L;=5*10°m, L= 5*10°m, Ls= 4*10°m, L= 6*10°
m, M=15kg/s, M,=13 kg/s, M5=11kg/s; My=7, Ms=5kg/s, X*
=200m, Q=1kg/s

The algorithm has defined the number of section correctly
and Calculations have shown that distance from the beginning
of the fourth section was 2090m. The error was -90m.

/""11 /'M3 /'Ms
0 \M v \ Q\ y L=k
2 4

Fig. 4 Location of the gas escape is located in the forth section of the
pipeline having five branches

Results of calculations have shown that in all cases number
of damaged section was defined correctly and the maximum of
error between calculated and previously known of gas escape
point did not exceed 200m. in the pipeline with length 30km.

III.LEAK LOCALIZATION IN INCLINED PIPELINE

On the territory of Georgia (Georgia lies between of the
Main Caucasian Ridge and the Lesser Caucasus mountains and
territory of Georgia is characterized by the compound
orography as Mountain Range forming about 85% of the total
land area) there are functioning 4 gas pipelines [30]. The gas
pipelines were constructed in the conditions of compound
relief, so they are inclined to the horizontal plane. For example
North Caucasus — (Transcaucasia) gas pipeline- Grozni-
Thilisi-Yerevan passes from Russia to Armenia through main
Caucasus mountain range with the maximum altitude 2400m.
South Caucasus pipeline- Baku-Tbilisi-Erzurum (BTC) gas
pipeline transports gas from Azerbaijan to Turkey through the
territory of Georgia. The BTC pipeline on the territory of
Azerbaijan is located almost on the horizontal surface but from
the territory of Georgia until to Erzurum the orography is
compound. Also it is important to emphases that the territories
of Georgia and Turkey are located in the seismic active zone
and on the territory of Caucuses there are frequently such kind
of phenomenon such are floods, landslides with huge stones
and as a consequence with high probability of damage of gas
pipelines. So investigation of the question of gas escape
localization in the inclined pipes is urgent problem for
Caucasus region and for Georgia too.

For the simple inclined main gas pipeline there is the
following formula [29]:

e™ —1

P;_P[?.e"&:Mz.b.L. (6)

a

where Py .nq Py —are values of the pressures at the entrance and
at the ending of the main gas pipeline, respectively, M- is
expenses of gas in the unit area of pipeline for unit time, L- is
length of a simple pipeline, AZ is difference of heights between
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endings of the sloping pipeline, a and b- are known constants
(8], [31].

_2g , _I6ZRT

0.03817
a= , _—
ZRT 7D’

D0.2

A, A=

where g is gravitational acceleration. For performing of
numerical calculations the parameters have accepted the
following values: Z=09m, D =0.7m’ R =287.04N.
m/kg.K, T=276K,

Suppose that an accidental gas escape with intensity q, is
located on the distance x from the begging of the pipeline and
the gas accidental escape point B represents an additional
ramification of the pipeline OA (see Fig. 5).

z A

Z3

Z1

o} b:d

Fig. 5 Inclined by angle ¢ pipeline OA to the horizontal line OX,
with length L. O and A are begging and ending points of the pipeline,
B is accidental gas escape point, [04|=L;|0Bl=x

Suppose that an accidental gas escape with the intensity q, is
located at the distance x from the begging of the pipeline in the
point B. We consider that the gas accidental escape point B is
a ramification and a simple pipeline is divided by the point B
into two simple sections. Then in analogues of the (6) for the
sections OB and BA it is possible to write the following
system of equations:

P -P>e =M>b-x-% -1 7
az,
P2 _ I? .ea(zzle) —
a(z,—z) _1: (8)
(M—q)z-b-(L—x)-ei
a(z, —z))

where we assume that z, = 0, z, and Zz,are vertical

coordinates of the entrance, gas escape and ending points of
the pipeline, respectively.
From the Fig. 5 it is evidence that

z, =Zf~x=x-sin(a),22 -z, =(L—x)-sin(x).

Taking into consideration appropriate equality

e’ ~1~p, when 0<p<l1
Then (7) and (8) can be rewriting in the following form
Py —P}-(1+az)=M>-b-x . ©

For the second section we have

Pl =P [l+a(z, - z)]=
(M ~q)* -b-(L-x)

(10)

Equations (9) and (10) compose the system of equations for
defining unknown variables x and P_. For defining unknown

variable x we get the following quadratic equation

2
a Sop2 2 2y |2
{LzZZPk +(M —q) -baz}x +

(11

2

2
{— 1’3,‘,2azi—2—(M—q)2baz2 +(M—q)2b—M2b}x
-(M —q)sz —P,{2(1+a22)+ P]j =0,

We had investigated discriminant of (11) and for the
reasonable values of parameters it was greater-than zero. So
(11) has two solutions. In all of tested experiments the absolute
value of one root always was greater-than the length of
pipeline L, but other one was less than the inclined pipe’s
length L, which was solution of the (11). In Table I is given
some values of the roots (11) and its dependence on the values
of gas pressure at the ending point of pipeline.

TABLE I
INFLUENCE OF THE PRESSURE ON THE QUADRATIC EQUATION ROOTS
Px X1 X2
Py=1.43*107 1.62945%10° 1.3460702*10%

Px=1.44%10" 1.22808+%10° 1.3458845%108
Px=1.45%10" 82416.06 1.34569702%10°
Px=1.46*10" 41768.79 1.34551015%10°
Px=1.47%10" 866.99 1.34532134*10°

Table I shows that a value of the root x2 of quadratic
equation is always greater than length of pipeline. Another one
is the solution of the problem.
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TABLE I
PRECISE AND CALCULATED VALUES (INACCURACIES) OF LEAK LOCALIZATION
FOR VARIES RATES OF GAS EXPENSES, PRESSURE AT ENTRANCE AND ENDING

POINTS AND GAS ESCAPE
5 > precise calcu  drift
Mkg P]('[a?n/ll\;l Pz(alt{rr/lN)[ (kq ) point of lated rate
) ) g escape km km km
21 1.18x10°  7.73x10° 0.1 150 152 2
2.1 1.18 x10° 7.9x10° 0.1 100 102 2
2.1 1.18x10°  8.04x10° 0.1 50 47 3
12 1.5 x107 1.5x107 4 100 117 17
12 1.5 x107 1.5 x107 4 150 145 5
12 1.5 x107 1.5x107 4 50 58 8

Table II shows some results of calculations using for all the
experiments the following common values L=200km. and z,=
300m. There were performed mainly two types of experiments
with gas expenditure 0.13kg/s and 4kg/s. and the values of the
pressure at the entrance and ending points of pipeline were
changed. We had known exactly solution of the task when
escape was at the point 50, 100 and 150km a long way off the
entrance point of pipe. The calculations had shown that
maximal inaccuracy with the gas expenditure 0.13kg/s was 3
km. and with the gas expenditure 4kg/s maximal inaccuracy
was equal to 7km.

If appropriate equality:

e’ 1~ p,

is not true then (7) and (8) can be rewriting in the following
form

P;-P>-y=M*-b-(y-1)/4 . (12)
L

P’.y-A-P!.e" =
N2 AL —x) ’ (13)
(M—-q)" -b-(e 1)

where A=a- sin(a), y=e™*.
Equations (12) and (13) compose the system of equations
for definition of the unknown variables y and P and after

some simple transformation from (12) and (13) we have:

Y =LA} ~ P2 -™)+ M*b—(M —q)b-¢"1/q-b2M ~g)

Taking into account denotation y=e¢"* then the last equation
can be rewriting in the following form:

x=1/AIn[A(B; - P} -e™)+ M*b—(M —q)*b-e*]/ (14)
q-b(2M -q)

We had investigated an applicable domain of the (14) and
for the reasonable values of parameters expression under sign
of logarithm was greater-than zero. Namely if the following
inequalities are true

(P;/P})>e™,

(15)
M? (M —q)* >e™

then for reasonable values of parameters exist exact solution
(14) which determines leak location in the inclined pipeline
with inclination of & . We have investigated solution (14) for
different values of parameters. Namely in this experiments the
following values of parameters were fixed: P=1.18111.10%
M=5,1; q=1.2; T=276; Z=0.9; R=287,04.

Results of calculations show that when P,=1.1811 1.106; L=
30000 and sin(e)=0.02, then leak’s location is x=6838,7.
When L=25000; sin(e)=0.04 and P,=1.024435066.10° then
leak’s location is x= 18790.1. When L=25000; sin(cr)=0.12
and P,=9.5690622.10° then leak’s location is x= 18695.1.
When L=30000; sin(a)=0.01 and P,=1.02508942.10° then

leak’s location is x= 6843.77 m from the entrance point of the
inclined pipe.

IV.CONCLUSION

As foreign experience with pipelines shows, the main
reasons of crashes and spillages (and fires as a consequence)
are destruction of the gas pipes as a result of corrosion, defects
of welding and natural phenomena (earthquakes, landslides,
floods etc). Also terrorist attacks and sabotage may occur. The
probability of crashes for gas pipeline transport rises with the
age of the pipelines in service, and with the extent of their
network. For example, 250 ruptures, which were accompanied
by spillages of the transferred products, occurred every year
from 1973 to 1983 in the US pipeline network with a total
length of about 250,000km. In West Europe it has been found
that 10 — 15 leakages happen every year in a pipeline network
of around 16,000km length, resulting in a loss of 0.001% of
transferred products. It is obvious that leak detection in gas
pipelines has economical, ecological and sociological
meaning. Mathematical modelling with hydrodynamic method
is very cheap, reliable and high sensitive method for
discovering placement of accidental gas escape [31]-[34]. In
the present paper in case of gas stationary flow we suggest a
new method for discovering placement of gas accidental
escape in the main pipeline with several gas offshoots. The
algorithm of leak localization in the branched pipeline
represents a generalized view of a mathematical model
describing gas stationary flow in the simple gas pipeline. For
detection of damaged section and then leak localization special
functions and equations have been constructed. Some results
of numerical calculations for compound pipelines having two,
four and five sections are presented. The method offered by us
gives possibility first of all detect the placement of the
damaged section using minimal information (data of the gas
pressures and expenditure at the main gas pipeline’s at
entrance and ending points before and after gas escape) and
then leak localization in the determined section of main
pipeline.
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We have investigated pipes having one, two three, four, five
and six ramifications and we supposed that gas escape had
happened at varies points of branches. It is important to say
that we had investigated the pipelines with sections having
radically different length, location of gas escape in the pipeline
and sections which was known in advance, (previously,
beforehand). Calculations have shown that in all cases number
of section was defined correctly and the maximum of error
between calculated and previously known point of escape did
not exceed 200m.

The calculations had shown that maximal inaccuracy with
the gas expenditure 0.13kg/s was 3km and with the gas
expenditure 4kg/s maximal inaccuracy was 7km.

For the verification of the proposed method we created quite
general test, the manner of the solution had been known in
advance. Comparison of the solutions has shown the affectivity
of the following method.

Also in the present paper a simple mathematical model (an
algorithm) for definition a placement of a gas accidental
escape in an inclined section of the main gas pipeline is
suggested. The algorithm required knowledge of
corresponding initial hydraulic parameters at entrance and
ending points of the inclined pipeline. The algorithm is based
on mathematical model describing gas stationary flow in the
simple gas pipeline. A method and a formula for the
determination a location of the gas accidental escape in simple
inclined main gas pipeline are suggested. Some results of
numerical calculations defining localization of gas escape for
the inclined pipeline are presented. The results of calculations
on the basis of observation data have shown that the performed
simulations were much closer to the results of observation.

ACKNOWLEDGMENT

This work was supported by the Georgian National Science
Foundation Grant #GNSF/ST09-614/5-.

REFERENCES

[1] K. E. Abdulimen, A. A.Susu,” Liquid pipeline leak detection system:
model development and numerical simulation,” Chemical Engineering
Journal, Vol. 97, pp. 47-67, Issue 1, 2004.

[2] G. Pluvinage, “General Approaches of Pipeline Defect Assessment,” in
book “Safety, Reliability and Risks Associated with Water, Oil and Gas
Pipelines” edited by Pluvinage G., Elwany M., H., Springer, 2008, pp.1-
22.

[3] Y. Sivathanu, Natural gas leak detection in pipelines. Prepared for U.S.
Department of  Energy National Energy Technology
Laboratory,http://prod75inter1.netl.doe.gov/technologies/oilgas/publicat
ions, 1991.

[4] A. Elhakimi , H. Moustabchir, S. Hariri, Z. Azari, “Failure of Cylinrical
Shells: Numrrical and Experimental Study,” in the book “Safety,
Reliability and Risks Associated with Water, Oil and Gas Pipelines”
edited by Pluvinage G., Elwany M., H., Springer.349, 2008, pp.65-77.

[5] E. Brodetsky and M. Savic, “ Leak monitoring system for gas
pipelines,” IEEE Int. Conf. Acoustics, Speech, and Signal Processing,
Minneapolis, USA, Vol. 3, pp. 17-20, 1993.

[6] W. K. Muhlbaue,r, Pipeline Risk Management Manual, Burlington: Gulf
Professional Publishing, 2004.

[7] K. Ikuta, N. Yoshikane, N. Vasa, Y. Oki, M. Maeda, M. Uchiumi, Y.
Tsumur, J. Nakagawa and N. Kawada, “Differential absorption lidar at
1.67 pum for remote sensing of methane leakage,” Jpn. J. Phys., Vol. 38,
pp. 110-114 No. 1A, 1999.

[8] T. Iseki, H. Tai and K. Kimura, “A portable remote methane sensor
using a tunable diode laser,” Meas. Sci. Technol., Vol.11, pp. 594-602
No. 6, 2000.

[9] T. Davitashvili, G. Gubelidze, I. Samkharadze, “Leak Detection in Oil
and Gas Transmission Pipelines,” In Advances in Biology,
Bioengineering and Environment, WSEAS us/e-librery, 2010,pp 196-
201.

[10] A. H. A. Baghdadi, .H.A. Mansy, “A mathematical model for leak
location in pipelines,” Applied Mathematical Modelling, Vol. 12, pp. 25—
30, Issue 1, 1988,.

[11] L. Billmann and R. Isermann,” Leak detection methods for pipelines,”
Automatica, Vol. 23, pp. 381-385 No. 3, 1987.

[12] A. Bushkovsky , Characteristic System of Distribution of Parameters,
Moscow, Nauka, 1979.

[13] T. Davitashvili,” On One Method of Accidental Leak localization in the
Branched Main Gas Pipeline,” In Recent Advances in Energy,
Environment& Economic Development, Mathematics and Computers in
Science and Engineering Series/6, Proc. of the WSEAS’ 3rd
International Conference on Development, Energy, Environment
,Economics (DEEE’12), 2-4 December, Paris, France, 2012, pp.76-81

[14] B. Bamieh and L. Giarré, “Identification of linear parameter varying
models,” International Journal Robust Nonlinear Control, Vol.2,
pp.841-853, Dec. 2002.

[15] B. Brunone, and M. Ferrante, “On leak detection in single pipes using
unsteady-state tests,” In M.H. Hamza (Editor): Modeling and
Simulation, TASTED ACTA PRESS, Anaheim, California, 1999,
pp-268-272.

[16] N. Gubeljak, “Application of SINTAP to the Failure Assessment of Gas
Pipes,” in book “Safety, Reliability and Risks Associated with Water, Oil
and Gas Pipelines’edited by Pluvinage G., Elwany M., H,
Springer.349, 2008, pp.23-44.

[17] S. L. Scott, and M. A. Barrufet, “Worldwide Assessment of Industry
Leak Detection Capabilities for Single & Multiphase Pipelines,” Project
Report Prepared for the Minerals Management Service, OTRC Library
Number: 8/034120, University of Texas, Austin. 2003

[18] I. R. Ellul “Advances in pipeline leak detection techniques,”
International J. Pipes and Pipelines., Vol. 34, pp. 7-12, No. 3, 1989.

[19] T. Fukuda and T. Mitsuoka, “Leak detection and localization in a
pipeline system based on time series analysis technique”. J. Fluid
Contr., Vol. 15, pp. 5-17, No. 4, 1983.

[20] H. E. Emara-Shabaik H. E., Y. A._Khulief, I. Hussaini, “A non-linear
multiple-model state estimation scheme for pipeline leak detection and
isolation,” In Proc. of the Institution of Mechanical Engineers, Part I:
Journal of Systems and Control Engineering, 216, 2002, pp. 497-512.

[21] G. Griebenow and M. Mears, “Leak detection implementation:
modelling and tuning methods,” American Society of Mechanical
Engineers, Petroleum Division, vol. 19, pp. 9-18, 1988.

[22] Klein W. R., Acoustic leak detection, American Society of Mechanical
Engineers, Petroleum Division, vol.55, 1993, pp. 57-61.

[23] J. C. P.Liou, and J. Tian, “Leak detection: a transient flow simulation
approach,” American Society of Mechanical Engineers, Petroleum
Division, vol.60, pp. 51-58 1994.

[24] M. Liu, Sh. Zang, D. Zhou, “Fast Leak Detection and Location of Gas
pipelines Based on an Adaption Particle Filter,” Int. J. Appl. Math.
Comput. Sci., Vol. 15, pp. 541-550, No. 4, 2005.

[25] S. Ljevar, H. C. de Lange, and A. A. Van Steenhoven, “Comparison of
Rotating Stall Characteristics between the Viscid and Inviscid Two-
dimensional Model,” WSEAS Transactions on Fluid Mechanics, Vol.1,
pp-480-487, 2006.

[26] J. R. Bose and M. K. Olson, “TAPS’s leak detection seeks greater
precision,” Oil and Gas Journal, Vol.3, pp. 43-47, April, 1993.

[27] J. L. Sperl, “System pinpoints leaks on Point Arguello offshore line,”
Oil and Gas Journal, Issue 9, pp. 47-52, 1991.

[28] J. E. Hough, “Leak testing of pipelines uses pressure and acoustic
velocity,” Oil and Gas Journal, vol. 86, pp. 35-41, 1988.

[29] V.A.Iufin Transport of oil and gas by pipelines Moscow, Nedra,1978

[30] T. Davitashvili, G. Gubelidze, 1. Samkharadze, “Prediction of possible
points of hydrates origin in the main pipelines under the conditions of
non-stationary flow,” In World Academy of Science, Engineering and
Technology,” year 7, Issue 78, July,, 2011,pp 1069-1074.

[31] L. Spaeth and M. O’Brien, “An additional tool for integrity
monitoring,” Pipeline and Gas J., Vol. 230, pp. 41-43, No. 3, 2003.

1169



International Journal of Engineering, Mathematical and Physical Sciences
ISSN: 2517-9934
Vol:7, No:7, 2013

[32] G. Wang, D. Dong, and C. Fang, “Leak detection for transport pipelines
based on autoregressive modelling,” [EEE Trans. Instrum. Measmt,
Vol.42 (1), pp. 68-71, February 1993.

[33] S. Yoon, M. Mensik and W. Y. Luk,” Canadian pipeline installs leak-
detection system,” Oil and Gas International Journal, Vol. 9, pp.77-85,
1988.

[34] Q. Zhao and D. H. Zhou, “leak detection and location of gas pipelines
based on a strong tracking filter,” Trans. Contr. Automat. Syst. Eng.,
Vol.3, pp.89-94, No.2, 2001.

1170



