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Peculiarities of Application of the Acoustic Correlation Method for the
Gas Pipeline Hermeticity Control

L. Jakevifius, J. Butkus
Ultrasound Research Institute, Kaunas University of Technology. Lithuania

ABSTRACT: In the energy supply systems and industry it is very important to avoid leakage (o the environment of
natural gas and other gaseous chemical products. The regular control of hermeticity of these objects is of prime interest.
One of more perspective methods of detection of leakage it is an acoustic correlation method.

The present paper describes the peculiarities of application of the acoustic correlation method while hermeticity of the
oas pipeline is investigated during exploitation and when the hydraulic tests are fulfilled. The influence of alteration of the
was pressure and temperature on an accuracy of leakage co-ordinates determination is analysed. The modelling of influence
of the gas temperature and gas flow velocity on the determination of leakage co-ordinates is carried out. The influence of
alteration of these parameters on the accuracy of leakage co-ordinates determination is investigated. The algorithms for
determination of leakage co-ordinates in the pipeline with evaluation of the gas flow velocity, gas temperature, pressure
and the pipeline diameter are submitted.

KEYWORDS: acoustic correlation method. gas pipeline leakage. sound velocity, gas temperature.

NOTATION

‘ pipeline under investigation (Fig.1). If there is the leakage
I- length of the measuring section in the pipe section under investigation, the noises are
c- sound speed in the gas cenerated by the flowing products. As a result of the
At- difference of propagation times correlative analysis. the difference (Ar) of propagation
v- gas flow velocity times (A7) of the acoustic signals from the damaged
Q- heat energy place to the electroacoustical transducers is determined.

U- internal energy of the gas
T- absolute temperature

R- universal gas constant

7 ratio of specific heats, ¢y/c, . [ —cAt
- molar mass LT

- gas pressure e e , : ; T
f)-zienfity Where / is the length of the section under investigation

and is the sound speed in the gas filling the pipeline.

The mechanism generation of acoustical noises at the
damaged sites of the pipeline transporting liquid or
gaseous products is the same. However the energy
distribution of the noises generated at the damaged places
of the pipeline is different. It depends on the large
difference of the relation of the acoustical impedance’s of
liquids, solid states and gases. When the fluid products are
gushing through the hole the greater part of energy of the
acoustical noises generated at the leakage place is
transferred to the walls of the pipeline [8,9]. Therefore the
noises propagating in the walls of the pipeline are
registrated when the hermeticity of pipeline transporting
fluid products (oil, water or thermal water and etc.) is
investigated. On the other hand, the main part of energy of
the acoustical noises generated at the damaged pipelines
transporting gas (natural gas, steam) remains in the gas
media filling the pipeline and is not transferred to the
walls of the pipeline [10,11]. Therefore the noises
propagating inside the pipeline transporting gas products
are registrated when the hermeticity of the pipeline is
detected [12].

This property of the pipeline transporting the gaseous
The Journal was received on 3 July 2000 and was accepred for publication on 30 pI'OdLlCtS prEdeterTHineS the pOSSibili[iCS of ﬂppliCﬂtiOﬂ of
August 2000, the (1) algorithm:
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The co-ordinate (/,) from the leakage to the one of

transducers is given by an expression [6.7]

(1

1. INTRODUCTION

One of the most perspective methods for detection of
leakage of the gas pipeline transporting liquid and gaseous
products is an acoustic correlation method [1.2]. It is
cheap, effective and reliable [1.2.3]. This method enables
one to determine the leakproofness of the pipe section
under investigation and to determine the leakage place
with accuracy +0,5m, when the direct acoustic contact of
electroacoustical transducers with the gas pipeline is
possible only in the ends of the section under investigation
[4.5]. It enables to decrease markedly the earthwork
volume as well as to diminish expenditure for the
uncovering the pipeline when finding the damaged sites of
the gas pipeline. An acoustic correlation method might be
successfully used when the hydraulic tests are fulfilled
and under the normal exploitation conditions. This
measuring method is based on the registration of the
acoustic noises generated by the leakage and on the
determination of correlation of these signals received by
the electroacoustical transducers located in the ends of the
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Fig. 1. Block diagram of the system for determination of the
leakage in pipeline

1. Because of the gas motion in the pipeline the
time intervals during which an acoustical
sicnals (generated by the leakage) reaches
the  electroacoustical  transducers  are
changed, when the hermeticity of pipeline is
detected during an exploitation.
When the hermeticity of pipeline is detected
by the hydraulic tests. while the pressure in
the pipeline is raised. the temperature of the
gas inside the pipeline and the speed of
sound ¢ are raised too.

The both of these factors influence the accuracy of
determination of the leakage co-ordinates in the pipeline.

b2

2. INVESTIGATION

At first. the influence of the gas motions inside the
pipeline it will be estimated.

Acoustic noises generated by the leakage (point A) and
propagating upstream the gas flow arrive to the receiver
located in the point B after the time interval

[y
I = ) (2)
c—V

where V is the gas flow velocity in the pipeline. On the
other hand, acoustic noises propagating downstream from
the leakage arrive to the receiver located in the point C
after the time interval

12
Iy = . (3)
c+V

By using Fig.1 from equations (2) and (3) one can find
an algorithm which consider the influence of flow velocity

on the determination of leakage co-ordinate /| when the

measurements are performed during an exploitation of the
gas pipeline

. le= = =N
i = " . (4)

where Ar=r7, —t,. With the purpose of quantitative
evaluation of influence of the gas flow velocity on the
accuracy determination of leakage co-ordinates the

difference of time At it may be expressed from the (4)
equation

!(C—v)—Zcf'=
N:—z——?_i- (3)
co=v

The discovered value of Ar shows the real difference
of propagation times of acoustic noises from the leakage
to the location points of ellectroacoustical transducers.
The co-ordinates of the leakage might be calculated by
using the (1) algorithm when substituting to it the (5)
equation

O e

]] = }
2Ac+v) 2P
By using equations (4) and (6) an absolute deflection

(6)

Al =1 -1 of the leakage place determination may be
find out. It appears when the leakproofness of the pipeline
transporting gaseous products is investigated by the
acoustic correlation method and the gas motion velocity v
inside the pipeline is not evaluated.
This deflection may be described by the equation
* 7
Iy Lv

= +
Ac+) P
How one can see from the (7) equation the absolute
deflection of the leakage place depends on the two terms.
One of them (the first in the right side of the (7) equation)
is directly proportional to the length / of the pipeline under
investigation and is entirely independent from the co-
ordinates of the leakage place. On the other hand, the
magnitude of the second term in the right side of the (7)
equation depends on the co-ordinates of the leakage, but
the influence of length of the pipe section under
investigation is negligible.

(7)

Al m

/I

n

25 <

/
__——
3
6
——E%
4
\

5.0 :
0 2 e 6 8 v, m/s
Fig. 2. The dependence of the absolute deflection of the leakage
place determination on the flow velocity when the length of the
measuring section is: 3, 6-100m, 2, 5-200m, / , 4-300m.
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Fig. 3. The dependence of the absolute deflection of the
determined leakage place on the flow velocity when the
distance from the leakage to the end of the pipeline: /-150m,
2-100m, 3-50m.

Let us to analyse the influence of these terms for an
accuracy of the leakage co-ordinate determination. The
length [ of the pipeline under investigation usually does
not exceed 300m [4.5,12]. At such a way, the maximal

!;nmx the the

electroacoustical transducer does not exceeds 150m. Let’s
consider that the pipeline is filled by the air and the
velocity propagation of acoustic signals is 340m/s. The
gas flow velocity inside the pipeline exceeds 10m/s. How
it is seen from Fig.2 under the above mentioned boundary
conditions, the deflection A/, stipulated by the first term,
may increase to 4,5m/s when determining the leakage co-
ordinates. When acoustical noises from the damaged place
to the nearest electroacoustical transducer are propagating
downstream the gas flow, the determined leakage place it
will be nearer the end of the pipeline under investigation
than the real one (curves 1 — 3 in Fig. 2). When the
acoustical noises are propagating to the nearest transducer
upstream the gas motion in the pipeline the calculated
leakage place moves nearer the centre of the controllable
section in comparison to the real place (curve 4 — 6 in
Fig.2). The deflection Al,, which is stipulated by the
second term in the (7) equation, under the given
conditions, achieves only 0,13m (Fig.3). In accordance
with the measuring error A/~0,5m which is permissible
when determining the co-ordinates of the leakage, the
influence of deflection which is cost by the second term in
the right side of (7) equation may be denied. Therefore the
(7) equation may be described

B v
YT ety

distance from leakage to nearest

How it is seen from (7) when the leakage co-ordinates
of the pipeline are determined by the (1) algorithm, the
absolute deflection of the determined leakage place is
increased when the gas motion velocity and the length of
the pipe section under investigation are increased. But it is
decreased when the sound speed in the gas fulfilling the
pipeline is rising.
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Now let us to estimate the influence of temperature
variation inside the gas pipeline when determining the
leakage co-ordinates by acoustic correlation method.
While carrying out the hydraulic tests, the pressure inside
the pipeline is raised rapidly to the several atmospheres.
Depending on the length and diameter of the pipeline
under investigation and on the capacity of the compressor
it lasts from 2...3 to 10...12 minutes.

Since the gas pipeline from outside is covered by the
anticorrosive insulation that is bad heat conductor too, one
can say that there is the closed thermodynamic system
consisting from the pipe walls and the gas fulfilling the
pipeline. In such a system. referring on a law of energy,
conservation, the work A is accomplished while
compressing the gas and part of energy is transferred to
the walls of pipeline as a heat Q. Another part of energy is
converted to the internal energy U of the gas filling the
pipeline. In the difference form it may be written
dA=dQ+dU . )

When considering that the thermal capacity C of the
system under investigation is constant and on the ground
of lows of physics [13] from the (9) equation it may be
written
Vd[)f])d p{mvcs HILIC!')_JF”?JR :O,

pr—s

(10)

Here p is the gas pressure, dV is an increment of gas
volume; m, and my are the mass of the pipe and the gas,
respectively; ¢, is the specific heat of the pipe wall
material; ¢, is specific heat of the gas filling the pipeline;
4 is the molar mass of the gas filling the pipeline: R is
universal gas constant. After the designation

_ Hme,—myc )} +mR
time,~mc,)

(11)

applying the Clapeyron equation and considering that
n=const from the (10) equation one can receive

n-1

T:]I) ﬁ n
Py

(11)

Here T, and py, are an initial gas temperature and initial
gas pressure, respectively.

After the substitution (11) expression into the (12)
equation and after the expression of the gas mass by its
density and pressure it may be obtained

Pl RP

p P{zpscsf WPatni™ Latnfr7 P)
T:TE) A
Po

(13)
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Here r is the inside radius of the pipeline; / is the
thickness of the pipe wall; p, is the density of the pipe
wall material; pym and pum are the density and pressure of
the gas under the normal conditions, respectively: p is the
cas pressure inside the pipe.

The algorithm (13) allows one to estimate the
alteration of the gas temperature when the compressor
rapidly raises the pressure in the gas pipeline. The
variation of the gas temperature inside the steel pipeline of
different diameter (pipeline wall thickness #i=3mm) when
the pressure is raised is shown in Fig.4.

AT, °C
6 L
5
4 1 / s
2]
3 » 3
|
2 / P
1 /.
0
0 01 02 03 04 Ap, MPa

Fig. 4. The gas temperature dependence on the pressure
inside the pipeline when the radius of the pipe: /-100mm,
2-75mm, and 3-30mm.

Since the velocity propagation of acoustical signals in
the gas is described by an equation

o= p— (14)

thought the difference of the acoustic signal propagation
velocity Ac=c-c, when the gas pressure alteration velocity
is big may be expressed by the equation

Ac, m/s
3
/ ) /
2 /
3
4—"""-'-/-"-
1
0
0 0.2 0.3 0.4 Ap, MPa

Fig. 5. The dependence of propagation velocity of acoustical
signals upon the variation of pressure in the gas pipeline when
the radius of pipeline: / — 100mm: 2 — 75mm; 3 — 50mm.

Pam"RP

Ac = ?RE) [L]ﬁ[z,ﬂj(}-”lﬂmm—,G'mm(".r,n) 11, (15)

H Po

Here yis the adiabatic exponent of the gas (y=1,41 for an
air).

The variation of the speed propagation of acoustic
signals in the pipeline when gas pressure is raised, while
hydraulic tests are fulfilled, is shown in Fig.5.

During the hydraulic tests, when the leakage co-
ordinates are determined by the acoustic correlation
method, the algorithm (1) it is used. The velocity
propagation of the acoustic signal is taken equal to the
sound velocity in the gas media under the ambient
temperature T,. However, like it was shown earlier, the
gas temperature and the sound speed in the pipeline are
rising when the compressor increases the pressure in the

gas pipeline. At such a way, the real place of leakage I in
the gas pipeline may be obtained

. [=c"Ar
I = = (16)
Here ¢ is the velocity propagation of the acoustic signals
in the pipeline under the temperature 7.

By using (1) and (16) equations one can determine the
absolute deflection of the leakage place Al =/, —I when
it is used (1) algorithm and when the change of gas
temperature in the gas pipeline is not taken into account

« ¢ AF .
A= 28 (17
c 2c

Pl

Here Ac =c—cj . How it is seen from the (17) equation

Al 4
: \‘\ 3 T
_2 \
3 \
N
-5

0 2 4 6 8 Ac, m/s

Fig. 6. The dependence of the absolute deflection of the leaknge
place on the sound velocity increment when the pipeline length
/=300m and distances from the transducer to the leakage plice:
/-0m. 2-50m, 3-100m and 4-150m.
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an absolute detlection of the determined leakage place
depends the co-ordinates 4/° of the leakage in the gas
pipeline (Fig.6) and on the length / of the pipeline under
investigation (Fig.7).

Al N\\
1 —
-2 \ \
2 \
-3
3
-4
-5
0 2 4 6 8 Ac, m/s

Fig. 7. The dependence of the absolute deflection of the leakage
place on the sound velocity increment when the leakage is near
the electroacoustical transducer and the pipe lengths: /-300m, 2-
200m and 3-100m.

CONCLUSIONS

The modelling results shows that when the
leakprootness of the gas pipeline transporting gaseous
products is investigated under the normal exploitation
conditions or when the hydraulic tests are fulfilled the
algorithm (1) can’t be used directly without consideration
the measuring conditions.

Under the above mentioned measuring conditions an
absolute deflection of the leakage place caused by the gas
motion inside the gas pipeline in separate cases may
exceed more than 4 meters. The basic influence to the
absolute deflection A/ of the determined leakage co-
ordinates is caused by the length of the pipe section under
investigation and by the flow velocity inside the pipeline.
It is entirely independent from the co-ordinates of the
leakage place in the pipeline. The most absolute deflection
of the leakage co-ordinates caused by the change of the
leakage place exceeds only 0,13m. Therefore when the (1)
algorithm it is used for determination of the leakage co-
ordinates, the deflection caused by the motion of
transporting gaseous products which may be evaluated by
the (8) algorithm must be taken into account.

On the other hand, when the damaged place of the gas
pipeline is determined by the hydraulic tests, the absolute
deflection of the determined co-ordinates of the leakage
may achieve several meters if the gas temperature change
is not evaluated. The deflection is in straight proportion
with the pipeline length and with the distance of leakage
from the centre of the pipeline under investigation.
Therefore, with the purpose to minimise the earthwork
volume while removing the leakage’s which were
detected by the hydraulic tests, it is necessary to determine
more precisely the temperature of the gas filling the
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pipeline. Especially it is actual when acoustic correlation
method is applied for determination the leakage co-
ordinates in the gas pipelines of high pressure, when the
pressure while performing the hydraulic tests is raised to
the several tens of atmospheres.
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