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Introduction
When a sudden pressure surge is induced in a pipe system, discontinuities like leaks, changes of pipe
diameter or material, tee-junctions, local head losses or air pockets, introduce changes in the hydraulic
transient event propagation. A leak creates a pressure drop; friction increases pressure damping; a
dead-end or a closed-valve reflects totally an incident wave; an air bubble creates a pressure drop
followed by a pressure increase.

The detection of these signals allows their identification and location. The information carried in the
transient pressure signal can be used to detect, locate and size leaks, and, eventually, to distinguish
these from other features existing in the pipeline.

Methodology
Physical model

The purpose of this study was to find the location and size of leakage in polyethylene transfer pipes
using transient flow. Therefore, a laboratory model was developed for this purpose at the Hydraulic
Lab of the Faculty of Engineering Sciences of Shahid Chamran University of Ahvaz.

Mathematical formulation of a leak

A leak induces a sudden pressure drop AHr in a positive pressure surge AH. For fast changes in flow

conditions, this inflection can be identified in the transient pressure signal and used to locate the leak.
The distance of the leak from the source of the transient downstream, XD, can be estimated based on
the total travelling time t* of the transient pressure to the leak and to return to the source (Jonsson,
1995; Covas, 1998; Covas and Ramos, 1999; Covas et al., 2000a; Brunone and Ferrante, 2001):
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atx 1
Xp =24 (1)

Assuming the leak size defined by the dimensionless leak flow, g=QLo/Qo (being Qo = steady state
flow-rate downstream the leak and Q.o = leak flow-rate), the leak size can be estimated based on the
transient pressure at the valve section:
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Equation (2) is derived from the equations C+ and C- of the Method of Characteristics (Covas, 1998).
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Results and Discusspn

A prerequisite for the application of this technique is the accurate estimation of the wave speed a.
Wave speed is a frequency (or time) dependent parameter due to fluid inertial and frictional effects,
dissolved air and pipe-wall non-elastic behavior. This introduces additional uncertainties in identifying
the leak location apart from those associated with data measurements and system’s characteristics.
Two methods were used for the estimation of wave speed, whose results are presented in Table (1).
Method I is the theoretical wave speed formula for a thick-wall pipe constrained throughout its length.
Method 11 is based on the travelling times between transducers along the pipeline (i.e. a=L/(tyi-tr1) for
i=2,4...8).
The estimation of the leakage location (Xp) of Equation (1) is calculated for the two methods using the
pressure wave velocity obtained from the two methods and is given in Table (2). In the second method,
the average pressure wave velocity is used.
The estimated leak size (Quo) is obtained from Equation (2) and is given in Table (3). Also in this table,
the relative errors of calculating the leak size (&si;) are calculated using Equation (3).
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Qrat = Qo+ Quo

Table 1- Wave speed estimation

Leak and flow characteristics Method | Method 11

leak Xirue (m) AlLef true QLO QO a (m /S) Amin) (m /S) d(max) A(aver)
(m2) (I/s) (I/s) (m/s) (m/s)
2.31E-05 0.78 398.04 418.49 408.27
Ly 117.4 1.70E-05 0.57 401.97 446.15 424.06
1.18E-05 0.35 404.64 431.91 418.28
231E-05  0.77 1 372.48 40733 389.91

L. 56.3 1.70E-05 0.56 379.44 421.38 400.41
1.18E-05 0.44 347.14 372.48 468.66 420.57

0.05 394.17 407.33  400.75

0.26 394.19 451.11 422.65

L, 117.4 1.18E-05 0.35 0.51 415.65 431.91 423.78
0.66 396.75 43191 414.33

1 404.64 43191 418.28
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Table 2- Assessment of the leak location by the travelling wave principle
Transient flow

Leak and flow characteristics L Method | Method 11
characteristics

ALeftrue X=L- o X=L- o
K Xee(m) () Quollls) Qo) T°® g Xp(m) T xp(m) e
2.31E-05 0.78 0.07 0.19 124.85 471 119.01 1.02
L1 117.4  1.70E-05 0.57 0.07 0.19 125.37 5.04 118.14 0.47
1.18E-05 0.35 1 0.06 0.19 12502 482 11826 055
2.31E-05 0.77 0.08 0.5 71.74 9.77 61.11 3.04
L, 56.3 1.70E-05 0.56 0.06 0.47 76.42 12.74 63.9 481
1.18E-05 0.44 0.06 0.53 65.83 6.03 46.34 6.3

0.05 0.11 0.26 11287 2.87 105.9 7.28

0.26 0.06 0.19 124.5 449 11721 012

L1 117.4 1.18E-05 0.35 0.51 0.06 0.18 127.1 6.14 120.28 1.83
0.66 0.08 0.2 12415  4.27 117.6 0.13

1 0.06 019 12502 482 11826 0.55

Table 3- Leakage calculation (discharge leakage) and relative error of leakage size

Leak and flow characteristics Analysis of Transient Pressure signal

Kirue A Leftrue Quo AHy

leak m () ) (Sg) Te(s)  AH (m) m) Ho(m)  Quo Yoesize
2.31E-05 0.78 0.07 17.95 -267 4182 0.82 2.3

L1 1174  1.70E-05 0.57 0.07 1831  -1.84 4239 054 1.86
1.18E-05 0.34 L 0.06 1817 -148 4241 043 6.68

2.31E-05 0.77 0.08 1872 -187 4235 052  13.66

L2 56.3  1.70E-05 0.56 0.06 19.89  -162 4227 042 9.16
1.18E-05  0.44 0.06 19.68 -1.31 4214  0.34 7.22

0.05 0.11 101  -0.14 4348  0.66 71.9

0.26 0.06 4.72 -0.4 43.74 0.43 13.09

L1 1174  1.18E-05 0.35 0.51 0.06 9.66 -0.93 42.91 0.49 16.58
0.66 0.08 12.28 -0.95 43.31 0.41 5.49

1 0.06 18.17 -1.48 42.41 0.43 6.68

Conclusions

The leakage location is more accurate with the second method (the method whereby the compressive
velocity in equation 2) is obtained from the velocity of the compression wave between two transducers)
and the relative error of the calculated computation is less than gioc (in this research, gioc With the second
method between 0.12 and 7.28). And €ioc decreases by decreasing the spill gap from the bottom. And
the first method is less accurate than the second method in obtaining a leakage location.

The relative error of the measured leakage (&si; <71.9%) is much greater than the relative error of
the leakage location (eic <12.74%). The maximum relative error of the measured leakage in a test with
a downstream discharge of the pipeline was 0.05 liters per second, which could be due to a weakly
transient flow that could not adequately indicate the leakage reflective shock wave signal (AHr), which
means the increase of the pressure head (AH) in this test is low, it is difficult to detect the reflected
signal due to leakage.
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Table 1- Calculation of pressure wave velocity using two methods
9 99 3 0dlakul b (SHLiS T gn o g Sl - S

Leak and flow characteristics

first method

second method

Kirue A*Lef true QLO QO .
Leak (m) (m2) fs)  (Is) a (m/s) a(min) (M/S) a(max) (M/s) a(aver) (M/S)
2.31E-05 0.78 398.04 418.49 408.27
L1 117.4 1.70E-05 0.57 401.97 446.15 424.06
1.18E-05 0.35 404.64 431.91 418.28
1
2.31E-05 0.77 372.48 407.33 389.91
L. 56.3 1.70E-05  0.56 379.44 421.38 400.41
1.18E-05 0.44 347.14 372.48 468.66 420.57
0.05 394.17 407.33 400.75
0.26 394.19 451.11 422.65
L. 1174 118E-05 035 o051 415.65 431.91 423.78
0.66 396.75 431.91 414.33
1 404.64 431.91 418.28
(%) The actual effective cross-sectional area of the leak
430 430
] A . oLl mL2 B ALl
420 - o TR | A
N T @ 200 e A
= 410 A . E | T N
E =~ 410 17
o 400 LI [
% \- \%/ A
< 390 - ‘- o 400 1
380 ‘ ‘ ‘ 390 T
0.20 0.40 0.60 0.80 1.00 0 1 15
QLO (Ifs) Q (lls)

Fig. 4- (A) Pressure wave velocity diagram (a (aver)) versus leakage flow changes (Qvo), (B) Pressure
wave average velocity diagram (a (aver)) versus downstream constant flow rate changes (Qo)
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Table 2- Calculation of leak location and calculation of relative error of leak interval
it Sl o Sl (Sdlxe § St OIS0 Gl —Y J9u

Transient flow

Leak and flow characteristics characteristics method first second method
Leak zﬁ{;‘e Acetuee (M) (Q”LSO) (Q”OS) Te(s)  t5(s)  X=L-Xo(M) % e i(m:)"'xr’ % gloc
2.31E-05 0.78 0.07 0.19 124.85 4,71 119.01 1.02
L1 117.4  1.70E-05 0.57 0.07 0.19 125.37 5.04 118.14 0.47
1.18E-05 0.35 1 0.06 0.19 125.02 4.82 118.26 0.55
2.31E-05 0.77 0.08 0.5 71.74 9.77 61.11 3.04
L2 56.3 1.70E-05 0.56 0.06 0.47 76.42 12.74  63.9 481
1.18E-05 0.44 0.06 0.53 65.83 6.03 46.34 6.3
0.05 0.11 0.26 112.87 2.87 105.9 7.28
0.26 0.06 0.19 1245 4.49 117.21 0.12
L1 117.4  1.18E-05 0.35 0.51 0.06 0.18 127.1 6.14 120.28 1.83
0.66 0.08 0.2 124.15 4.27 117.6 0.13
1 0.06 0.19 125.02 4.82 118.26 0.55
8 . A A first method 80 R
6 N m second method 60 B
............................................ " . )
X 44 \~\\‘ ------------------- A Z 0 |
] \4.\"\. 207 A ‘
0 . | . \.\‘_ l ) A A
0 0.2 0.4 0.6 0.8 1 1.2 ‘ ‘

Fig.5- Graph of relative error percentage of leak location in the first and second methods (A),
Percentage of relative leak size error (B) Against changes in flow, steady downstream flow
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Fig.6- Diagram of the relative error locating leaks (A) and the size of the leak (B) Against changes in
the mean velocity of the pressure wave
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Table 3- Leakage calculation (leakage discharge) and relative error of leakage size
Caid (50311 o (Sl g (Culs (20) i (Sdmlno - J9u

Leak and flow characteristics

Transient current Pressure signal analysis

Kirve AlLef true QLO QO

AHg HO ZL

T _
ek m m) w9 A ) om m Qe
2.31E-
05 0.78 007 1795  -267 4182 082 230
L1 1174 17E-05 057 007 1831  -184 4239 051 054 186
1.18E-
05 0.34 006 1817  -148 4241 043  6.68
1.18E- 1.00
05 0.44 006 1968  -131 4214 034 7.22
L2 563 17E-05 056 006 1989  -162 4227 021 042 916
2.31E-
05 0.77 008 1872  -187 4235 052  13.66
005 011 101  -014 4348 0.66  71.90
026 006 472 040 4374 043  13.09
1.18E- 051 006 966  -093 4291 049 16,58
L1 74 g 035 066 008 1228 095 4331 2 a1 549
100 006 1817  -148 4241 043  6.68
7
14 A first method . ALl mL2 6 | . ALl mL2
12 1 - 5 | Second method T
010* .___.—-"— u ..
% 8 e S 4 R
% 6 | | § 31 .
A w
4 = A 2
2 Lo A
7 —— i
0 0

0.000005 0.00001 0.000015 0.00002 0.000025

AlLef true (m2)
16

0.000005  0.00001 0.000015  0.00002 0.000025
AlLef true (m2)
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£size %
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Fig. 7- Diagram of relative error percentage of leak location in the first and second methods and
percentage of relative error of leak size against changes in the actual effective surface of the leak section
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Fig. 8- Leakage diagram of relative leak detection error percentage (A: Percentage of relative error
of the first method, B: Relative error percentage of the second method And C: the size of the leak
Against the percentage of changes in the parameter q)
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