
Abstract
This study offers the basis and numerical application of the pressure points analysis (PPA) technique and transient 
model (TM) leak detection and location systems (DLS). The study numerically compared the PPA technique and the 
TM leak (DLS) method on a crude oil transmission pipeline. The PPA technique used pressure differentials derived 
from the pipeline’s upstream, midstream, and downstream pressure sensors to find and locate leaks. In contrast, the 
TM method used measurements of temperature, flow, and pressure at the pipeline’s inlet and outlet ends and differ-
ences in the continuity and law of conservation of momentum equations to derive equations that pilot the system 
to find and quantify leaks on the pipeline. The static parameters employed for both models were extracted from the 
pipeline (commercial steel) configuration and the Nigeria Bonny Light Crude Oil properties. The dynamics param-
eters applied in both models were obtained from SCADA (Supervisory Control and Data Acquisition) system. The 
models were used separately to detect and locate leak incidents on a straight horizontal pipeline of length 5km and 
diameter 0.3556m conveying Nigeria bonny light crude oil from Heritage Energy Operational Services Limited into 
the Trans-Forcados Pipeline (TFP). However, the Leak located by the PPA technique at 2781.2m from upstream is 
30.07m after the actual Leak. In comparison, the same Leak located by the TM method is 15.10m behind the actual 
position, as discovered after excavation during pipeline leak remedial activities. Although both leaks (DLS)) are not 
accurate, the results show that the TM method is more précised regarding leak location than the PPA technique. On 
the other hand, the PPA technique can detect leaks faster than the TM method. Both methods are not expensive, and 
since they give an accurate narrow range of the section of the pipeline in which the Leak is found, they are comple-
mentary. Hence, it is recommended and advisable for an establishment to adopt both methods simultaneously for leak 
confirmation and to know the section of the pipeline to be excavated and replaced.
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Introduction
Planet Earth is furnished with an abundance of natural 
and human resources. However, nature did not provide 
these resources in the  sizes, quantities, shapes, and 
locations, which has been desired. To satisfy his needs for 
a required living standard, man has to foment a disorder 
to reorder nature’s raw materials [1]. People need the 
energy to work to foment order to reorder the world’s 
raw materials, giving room for laws of thermodynamics 
to come into play. Technological knowledge is required 
to extract this wealth of resources. Not mastering the 
appropriate technological processes for tapping this 
wealth could result in danger and catastrophe. One 
great wealth that nature has blessed us with is crude 
oil. Nigeria’s economic growth and development solely 
relied upon this liquid gold  which have, on certain 
occasions, done more harm than good to the people 
dwelling in its vicinity and the natural environment.

The pipeline is the only convenient, efficient, and safe 
means of transferring crude oil in large quantities from 
the reservoir through pump stations down to terminals 
[2]. Pipeline rupture results in loss of contents. When 
met with an ignition source, the leaked crude may lead to 
a flame jet or inferno, even forming a horrible explosion 
under proper conditions. The bow waves of explosions 
can result in catastrophe and fatalities, such as killing 
many lives and destroying buildings and other property. 
Therefore, leak DLS has become crucial in safely 
operating crude oil pipelines [3]. Recent leak detection 
and location systems (DLS) are classified as biological 
(or visual/biological) based, hardware (or exterior) 
based, and software (or interior) based methods [3, 4, 
5]. The software-based methods, though liable to false 
alarms, are sensitive to minute leaks and much more 
reliable [6, 7]. In interior Leak DLS, dynamic parameters 
(such as pressure, etc.) are monitored at the pipeline inlet 
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and outlet with the aid of a supervisory control and data 
acquisition (SCADA) system [3, 8]. The midstream pressures 
obtained from pressure sensors mounted on the pipeline are 
considered when employing the Pressure Points Analysis 
(PPA) technique. These midstream pressure sensors are also 
incorporated into the SCADA system. The imbalances of the 
measured and estimated values are employed to check the 
pipeline status and detect the possible Leak (s) using interior 
Leak DLS. 
The PPA and transient model (TM) methods are the two 
most sensitive software leak DLS, which are treated here. 
Therefore, this study numerically compared the PPA and TM 
methods of leak detection and location systems on a crude oil 
transmission pipeline.

Materials and Methods

Materials 
Brief Review of Leak Detection Methods Applied 
The two leak DLS we are concerned with and discussed here 
are the PPA and the TM methods.

Pressure Point Analysis (PPA) Technique 
Pressure points analysis is an interior-based method 
employed in detecting and locating leakage. The basic theory 
or principle behind the PPA technique operation is that the 
pressure of a liquid or gas in a vessel or pipe will decrease in 
the presence of leakage. In other words, the PPA technique is 
centered on the fact that pressure drops when leakage sets in. 
This technique employs differential pressure to observe the 
depressurization occasioned by leakage. It uses disparities 
in the pressure regime of the pipeline to spot a leak. Any 
liquid or gas transmitted through a pipeline will generate an 
unsteady uniform pressure such that in the presence of a leak; 
there will be characteristic changes in the system’s regime 
that will change the pipeline’s pressure profile. This pressure 
profile change is monitored and measured over an interval 
through pressure transmitters installed at various positions on 
the pipeline to establish a pressure threshold. Statistical data 
could be taken to ascertain whether the pressure is declining 
appreciably. 
Deviance from the threshold is an uncommon condition that 
implies a leak is suspected. The method, therefore, detects 
the possible leak occurrence by comparing current pressure 
statistics and the established threshold pressure data of the 
pipeline in question. A leak alarm is triggered as soon as 
the statistical mean of current pressure data is lower than 
the threshold when no other known operational event can 
explain the pressure drop [9, 10]. 
A vital facet of the PPA technique is the capability to restrain 
the system during acknowledged transients. The PPA 
technique requires that all occurrences that might result in 
a pressure decline, e.g., surging, operational changes to the 
pipeline, etc., are mapped out so that they do not disturb 
the leak detection process while employing this technique. 
Therefore, since the leak signature solely relied upon by 
this method is a decrease in pressure, any other operational 
event(s) that can cause a drop in the pressure being monitored 
should be acknowledged to prevent false leak alarms [11]. So 
long as such events are noted, the Leak DLS is restrained 

until the pipeline fluid flow mechanics return to normal 
operation. Figure 1 is a flow chart summarizing the step-by-
step plan for leak detection using PPA.

Fig. 1 Pressure Point Analysis Algorithm.

Transient Model Method 
One major challenge of PPA leak DLS is distinguishing 
between leak-generated transient and normal occurring 
transient. The TM method attempts to step up sensitivity and 
lower response time by simulating the pipeline’s transient in 
real time to separate leak scenarios from other phenomena. 
The TM method is a numerical integration of the basic 
fundamental equations from which other thermodynamic 
equations on fluid mechanics are derived: the continuity 
equation, the momentum equation, and the energy equation 
[8]. The continuity or mass balance equation is coined from 
the law of conservation of mass. This explains that the 
disparity in the mass inflow and outflow of a segment or 
section of a pipeline is equal to the rate of change of mass 
within the segment or section [12, 13]. Hence, the continuity 
equation for normal flow is given as [8]:

        0yx z
x y z

AvAv AvA
t

ρρ ρρ ∂∂ ∂∂
+ +

∂ ∂∂
+ =

∂

                  
(1)

But for a unidirectional (one-dimensional) flow in the 
pipeline, Equation 1 becomes:

0A Avxx x
t x
ρ ρ∂ ∂∆ + ∆ =
∂ ∂

 0  (2)

When a leak sets in, the above equation becomes:
0A Avxx x M

t x l
ρ ρ∂ ∂∆ + ∆ + =
∂ ∂

 0                                                           (3)

where the Ml = leak rate
The leak rate is suitably illustrated by [14] as:

.
M x yleak = − (4)

where x is the characteristic disparity of flow rate at the 
upstream between measured and estimated values (i.e x=MI-.
M I), while y is the characteristic disparity of flow rate 
downstream between measured and estimated values (i.e. 
y=MO-

.
M O).

The position of leakage is also depicted by [14] as:
yX L

x yleak
−=
−

 (5)

The momentum equation portrays the force balance on the 
fluid within a pipeline’s segment. Its major requirement is
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that any imbalance forces cause acceleration of the fluid 
element.
From Navier-Stokes equations, and Cauchy Momentum 
Equations, the differential equation for the conservation of 
momentum in one-dimensional flow is [12, 13].

2
( ) 2

v v p vv g
t x x x

ρ µ ρ∂ ∂ ∂ ∂+ =− + +
∂ ∂ ∂ ∂

                                                       
(6)

Substituting the viscosity μ from the expression for Reynolds’ 
number considering and later substituting with the relation of 
frictional factor gives:

2
  ( )    ( )  2Re

v Dv vv g
x x

v
t x

v ρρρ ρ∂ ∂+ + =
∂
∂

∂
+∂

∂ ∂
(7)

Substituting p = P + ρgH into Equation 7 gives:

  ( )      0P Hv g
x x x

v v
t

ρ ρ ρ∂ ∂ ∂ ∂+ + =
∂

=
∂ ∂ ∂

                                                    (8)

The energy equation states that the rate of energy change 
within a pipeline segment is equal to the disparity in the 
energy inflow and outflow of the segment. Hence, the 
following equation is obtained [4].

   (  )        0vlv v P Hv g
t x x x t

ρ ρ ρ ρ
∂∂ ∂ ∂ ∂

+ + = + =
∂ ∂ ∂ ∂ ∂

(9)

The energy equation states that the rate of energy change 
within a pipeline segment is equal to the disparity in the 
energy inflow and outflow of the segment. Hence, the 
following equation is obtained [4].

3 4  ( )  (  .  . )    ( )  0
2

T P v fv vv T T
x c T x cd c

T
g

T
t d

ρ ρρ ∂ ∂+ + − + −
∂ ∂∂

=
∂

∂ ∂
(10)

Equations 3, 9, and 10 are used to pilot the properties of fluid 
flow in the pipeline where v is the fluid velocity, ρ is the 
density of the fluid, P is the static pressure, H is the elevation, 
f is the frictional factor, vl is the leak velocity, x is the spatial 
space, and t is the time. However, the energy conservation 
equation has an inconsequential impact on leak detection 
as only the downstream temperature is affected. Equation 
10, therefore, is negligible. Equations 5 and 9 portray the 
pipeline flow with a leak meticulously; therefore they can 
be employed to simulate perfectly the impact of a leak on a 
pipeline [8, 15, 16].

Methods

Description of the use of Pressure Point Analysis to Detect and 
Locate Leak
Pressure sensor differential analysis is one of the methods 
used in leak detection and location. Figure 2 depicts four 
pressure sensors, P1, P2, P3 and P4 installed on a pipeline with 
a uniform spacing of l. The monitored section 3l is enclosed 
by two outermost pressure sensors, P1 and P4. Leakage 
position xleak is marked at a distance from the first pressure 
sensor. 
According to [3], the squared pressure differences between 
any two neighbouring sensors with a spacing l are almost the 
equal when there is no leakage in the section being monitored. 
In other words, 2 2 2 2 2 2

1 2 2 3 3 4
P P P P P P− = − = = . However, the 

equality is broken when leakage occurs along the monitored 
section and 2 2 2 2 2 2

1 2 2 3 3 4
P P P P P P− > − > − . 

Therefore, leakage can easily be detected by observing the 
ratios between the squared between the squared pressure 

Fig. 2 Leakage detection and location using four pressure sensors 
point Analysis.

differences. As soon as a leak is observed and detected, the 
location of the Leak could be calculated with the linearity of 
the pressure squared along a seamless pipeline.
The leak position can be estimated from the intersection 
point of the two lines:

2 2 2( ) /
1 1 2

P P P x l+ −  and 2 2 2( )( 2 )/ ;
3 4 3

P P P x l l+ − − thus:

22 2 2 2 2 2( ) ( )
11 1 2 3 4 3
x x lP P P P P P

l
−+ − = + −

2 2 2 2 2 2( )( 2 )
1 2 1 3 4 3

lP xP xP lP P P x l+ − = + − −

2 2 2 2 2 2 2 22 2
1 2 1 3 3 4 3 3

lP xP xP lP lP lP xP lP+ − = + − − +

In summary;
Leak Detection: and > TOL (where TOL is
for leakage judgment).     (11)
Leak Location:   (12)

Description of the Transient Model-Based Leak Detection, 
Location and Quantification for Crude Oil Conveyance 
Pipeline 
The main aspect of this Leak DLS is the pipeline observer. It 
delineates the flow mechanism and thermodynamics within 
the length of the leak-free pipeline. For this reason, PI and PO  
are recorded upstream and downstream, respectively. 
The flow rates .

1
M  and 

.

0
M  upstream and downstream are 

calculated from these values. These calculated values are 
compared with recorded data, 1

M  and 0
M . The disparities x=.

1 1
M M− and y= .

0 0
M M−  are determined. In leak-free case, x, 

y≈0. In the presence of a leak, deviations occur with which 
both the leak position xleak and the leak flow rate 

.
M

leak
 can 

be derived. In this section, a suitable crude oil conveyance 
pipeline algorithm for leak detection and its location is 
formulated based on SCADA, unlike other existing models:
• Determine the Pressure Drop
The pressure drops or change in pressure is the discrepancy
between the upstream and downstream pressures. It is
obtained using: 

1 0
P P P∆ = −                 (13)

where ∆ = Pressure drop, P1 = Inlet pressure and P0 = Outlet 
pressure
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• Estimate the Velocity Profile
The velocity profile is the average velocity of the fluid adopt-
ed since the velocity along the pipeline is not uniform. It is
obtained using:

               (14)

where v is average velocity, D is diameter of the pipe, μ is 
viscosity, ∆P is pressure drop, and L is length of pipe.
• Determine Reynold’s Number, Re
Re Dvρ

µ
=                 (15)

where ρ = density of fluid, D = diameter of pipe, v = average 
velocity, μ = viscosity
• Estimate the Darcy-Weisbach Frictional Factor
One cause of fluid pressure decrease in pipes is friction.
The Darcy friction takes care of the pressure loss. The Gou-
dar-Sonnad equation is a more reliable approximation of the
Colebrook-white equation; therefore, it is adopted here to ob-
tain the Darcy-Weisbach frictional factor. It is obtained with
these relations:

(16)

where ε is the roughness of the pipe wall, D is the pipe diam-
eter, ε⁄D is relative roughness, Re is Reynold’s number, and f 
is Darcy frictional factor.
• Estimate the State of Pressure
Consider a pipeline section with inlet, I, and outlet, O, as
shown in Figure 3. A leak occurred at an unknown point x;
then, the following relation is true:

Fig. 3 A pipeline section depicting a leak point.

The state pressure at a point x, from the inlet of the pipeline 
is evaluated using the formula below:

2 2 2( )
1 1 0

xP P P P
Lx

= − − (17)

where Px State pressure at point x, P0 = Outlet pressure, P1 = 
Inlet pressure, x = a point away from the inlet, and L = Length 
of pipe.
Then the pressure drop at a point from the inlet is calculated 
with the relation of equation (12)

1
P P P

x x
∆ = −

• Determine the Inlet and Outlet Mass Flow Rates
The model uses the Darcy-Weisbach equation to determine
the mass flow rate at a point 1 m along the inlet and at the
outlet as follows:

2 5

81

D P
xM

fx

π ρ∆     
(18a)M1 = 

Where M1 = Inlet mass flow rate, D = diameter of pipe, ρ = 
density of fluid, ∆Px = Pressure drop at a point x (1m) from 
the inlet, f = Darcy-Weisbach Frictional factor, and x = a 
point (1m) at the inlet.

2 5

80

D P
xM

fx

π ρ∆
(18b)M0 =  

Where M0 = Outlet mass flow rate, D = diameter of pipe, ρ 
= density of fluid, ∆P = Pressure drop along the pipeline, f = 
Darcy-Weisbach Frictional factor, and L = Length of pipe-
line.
• Determine the Discrepancies
Before the advent of a leak, the measured (inlet and outlet)
flow rates and the observed/estimated (inlet and outlet) flow
rates were relatively equal in that their remainders were zeros
or approximately equal to zero.

.

1 1
x M M= −           (19a)

where x = discrepancies of mass flow rates at the inlet, M1 = 
observed/estimated inlet mass flow rate and 

.

1
M  = Measured 

inlet mass flow rate.
.

0 0
y M M= −       (19b)

where y = discrepancies of mass flow rates at the outlet, M0 
= observed/estimated outlet mass flow rate and 

.

0
M  = Mea-

sured outlet mass flow rate.
• Determine the Leak Flow Rate
The disparity between the discrepancies in mass flow rates at 
the inlet and outlet of the pipeline is the mass flow rate of the 
leakage. It is given as follows:

.
M x y

Leak
= − (Ref: Eqn 4)

• Determine the Leak Position
The leak position is a function of the leak flow rate and the
length (L) of the pipeline. It is given as:

yX L
x yLeak
−=
−

                                                       (Ref: Eqn 5)

The Leak flow rate 
.

M Leak , is the integration point between 
the leak detection model and the loss of containment model. 
The leak flow rate in the Leak detection model is the liquid 
emission rate in the crude oil fluid model, as seen in the fol-
lowing section.

Method of Data Collection
The parameters needed for the numerical comparison of the 
PPA technique and the TM method of leak DLS are the fluid 
flow mechanisms data such as the fluid inlet and outlet flow 
rates, fluid density, various pressures values within the length 
of the pipeline, temperatures, length, diameter and the pipe
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line roughness. These parameters were extracted from the 
pipeline (commercial steel) configuration, the transporting 
fluid (Nigerian Bonny Light Crude Oil) properties, and the 
SCADA system at the control room and the archive of the 
Heritage Energy Operational Services Limited (HEOSL). The 

data collected are displayed in Tables 1- 4 below. These data 
collected are used as the basis for the numerical comparison 
of the PPA technique and the TM method of Leak DLS with 
graphical plots using excel software. 

Table 1 Standard Static Parameters of Pipeline (Commercial Steel) Configuration and the Nigerian Bonny Light Crude Oil Properties.
Parameters Values Units
Density of Fluid 834.2 Kg/m³
Fluid Viscosity, µ 0.00172 Pa.s
Diameter of pipe, D  0.3556 Metre
Length of pipe, L  5000 Metre
Pipe Roughness, ε 0.0000457 Metre

Table 2 SCADA System Dynamic Parameters of Normal Operation.
Parameters Values Units
Mass flow rate (input), 72.08 Kg/s
Mass flow rate(output), 72.05 Kg/s
Pressure (input) 150.00 Kpa
Midstream Pressure, 147.10 Kpa
Midstream Pressure, 144.15 Kpa
Midstream Pressure, 141.15 Kpa
Midstream Pressure, 138.10 Kpa
Pressure (output), 135.00 Kpa
Temperature (input) 22.5 °C
Temperature (output) 20.5 °C

Table 3 SCADA System Dynamic Parameters of Operation under Leak Event.
Parameters Values Units
Mass flow rate (input), 72.08 Kg/s
Mass flow rate(output), 65.05 Kg/s
Pressure (input) 149.985 Kpa
Midstream Pressure, 139.735 Kpa
Midstream Pressure, 129.485 Kpa
Midstream Pressure, 119.235 Kpa
Midstream Pressure, 111.435 Kpa
Pressure (output), 105.005 Kpa
Temperature (input) 22.5 °C
Temperature (output) 20.5 °C

Table 4 SCADA System Dynamic Pressure Parameters on Operations under Normal and Leak Events at various Points/Positions on the 
Pipeline Juxtaposed.

Pressure Points Parameters Length of Pressure Point on Pipeline 
(m)

Normal Pressure Point Reading 
(Kpa)

Pressure Point Reading Under 
Leak Event (Kpa)

Inlet Pressure, 0 150.00 149.985
Midstream Pressure, 1000 147.10 139.735
Midstream Pressure, 2000 144.15 129.485
Midstream Pressure, 3000 141.15 119.235
Midstream Pressure, 4000 138.10 111.435
Outlet Pressure, 5000 135.00 105.005
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Data Analysis and Results and Discussion

Pressure Points Data Analysis
Pressure upset is noticed to emanate from the leak point, 
XLeak, and spread rapidly towards both inlet and outlet ends. 
The system’s pressure reduces to a lesser level after the sud-
den quick incipient variation, which restructures to a strange 
steady state. The ratios of squared pressure differences are 
consistent at around 1 without a leak in the section that is 
being monitored, but the ratio is greater than 1 with a leak.
Pressure Points Data Analysis for Leak Detection 
For leak detection in pipeline operation, Equation 11 is used 
as a checker.

2 2 2 2/
1 2 2 3

P P P P− − and 2 2 2 2/
2 3 3 4

P P P P− − >TOL (where TOL for

leakage judgment).                                                (Ref.: Eqn 11)

a) For Normal Pipeline Operation without Leak

It is observed and established from the above that
2 2 2 2/

1 2 2 3
P P P P− − and 2 2 2 2/

2 3 3 4
P P P P− −  are unitary for normal

pipeline operation without Leaks. Hence, for no leak condition.
b) For Pipeline Operation Under Leak Event

It is vivid from the above analysis that
2 2 2 2 2 2 2 2/ /
2 3 3 4 2 3 3 4

P P P P P P P P− − < − − . (1.08 < 1.42) with a

 ratio difference of 0.34. Hence Leak is declared; therefore, 
the leak alarm is triggered.

Pressure Points Data Analysis for Leak Location
For leak location in pipeline operation, Equation 12 is applied, 

thus; 2 2 2 2 2 2 2 2/ /
2 3 3 4 2 3 3 4

X
leak P P P P P P P P
l

= − − < − −          

(Ref: Eqn. 12)

2 2 2139.735 3(119.235) 2(111.435)
2 2 2 21000 139.735 129.485 119.235 111.435

X
leak − +=

− − +
19525.870225 42650.955675 24835.518450

19525.870225 16766.3652525 14216.985225 1217.759225
− +

− − +
1710.433 1.7812
960.279

=

1.7812 1000 1781.2X
leak

= × =

The technique has detected a leak position which is 1,781.2m 
(approximately 1.78km) from the pressure sensor P1 and 
2,781.2m (or 2.78km) from the inlet pressure sensor P1. This 
technique cannot diagnose the leak size or quantity of liquid 
lost at a time. Therefore, the leak position can be established 
by adopting this method, but the leak rate cannot be determined 

with it. Figure 4 depicts a plot of pressure point readings versus 
the pipeline’s length for standard operation without Leak, giving 
rise to a linear function yielding a straight-line graph. The graph 
portrays a gradient of -3, suggesting a pressure decline with an 
increment in length and pressure constant of 150083 Pa that 
tally with 150 KPa inlet pressure. The pressure decline is due to 
friction resulting from viscosity effects and molecular collision.
Figure 5 displayed a plot of pressure point readings versus the 
pipeline’s length for operation under a leak event depicting a 
deviation from the normal. It did not yield a unitary linear 
function. The best-fit line displayed an anomalous linear 
function with most points displaced from the linear graph. The 
abnormal graph displayed a steep gradient (-9.1443), depicting 
a drastic pressure decline with an increment in length and a 
deviant pressure constant never tallied with the pressure inlet. 
This pressure decline cannot be ascribed to mere friction 
resulting from viscosity effects and molecular collisions alone 
but to leak presence in the absence of every other established 
cause of pressure decline. Figure 6 is a plot from Table 4 
showing the transformation in pressure profile regimes as a 
result of a leak at a glance by comparing standard operation 
pressure profile regime and operation under leak event 
pressure profile regime. The disparity is clear.

Fig. 4 EXCEL Plot of Pressure Point Reading vs. Length of Pipeline 
for Normal Operation with no Leak.

Fig. 5 EXCEL Plot of Pressure Point Reading vs. Length of Pipeline 
when Leak occurs.



H. Freedom Ifowodo et al. Journal of Petroleum Science and Technology 12(4): 36, 2022, Pages 62-6968

Fig. 6 EXCEL Plot Showing the Change in Pressure Profile due to 
Leak Effect.

Transient Model Based Leak Detection, Location, and 
Quantification
The available records of pressure, temperature, and flow data 
upstream and downstream of the pipeline are tools needed for 
this Leak DLS task. As shown in Table 3, the drastic pressure 
decline within the pipeline under leak event operation is 
vivid (PI=149.985 and PO=105.005KPa), and the mass flow 
rate decrement is also observed. It is expedient, therefore, 
to obtain the discrepancies for leak flow rate and position 
determination thus:
The pressure drop: 01      44.98 = PP P KPa∆ − =        (Ref: Eqn. 13)

Profile Velocity:
2 0.35562 44.98(1000). . 20.67 /

32 32 0.00172 5000
D Pv m s

Lµ
∆= = =

×

(Ref: Eqn. 14)
Reynold’s Number:

834.2 0.3556 20.67Re 3564872.22
0.00172

Dvρ
µ

× ×= = =

(Ref: Eqn. 15)
Darcy-Weisbach Frictional Factor:

/ 0.0000457/0.3556  
3.7 3.7

2 0.8686
ln(10)

Db εα = = ==

ln(10).Re ln(10 3564872.22)0.0000347  1635143.75
5.02 5.02

d ×= = = =

ln( ) 0.000347 1635143.75 ln(1635143.75) 71.05s bd d= + = × + =
/( 1) 71.05/(71.05 1)71.05 66.97s sqs + +

= =
1635143.75ln 0.0000347 1635143.75 ln 66.84

66.97
dg bd
q

= + = × + =

66.97     ln 0.00194
66.84

ln qz
g

== =

2(1 )
2( 1) ( )(2 1)

3

z

D D zCFA LA g g
= +

+ + −

0.00194/20.00191(1 ) 0.001912(66.84 1) (0.00194/3)(2 66.84 1)
= + =

+ + × −
1 1635143.75[ln ] 0.8686[ln 0.00191];  0.013

66.97
d D f
qf CFA

α= + = + =

(Ref: Eqn. 16)

Pressure Drop at Inlet:
( ) ( ) 150 149.985 0.015

1 1 1
  P P NormalOpreation P Leak Event KPa∆ = − − − =

The Inlet Mass Flow Rates:
2 5

2 50.3556 834.2 0.015 100011 82.17 /
8 8 0.013 1

D P
M kg s

fx

π ρ
π

∆
× × × ×= =

× ×

(Ref: Eqn. 18a)
Change in pressure:

( ) ( ) 135 105.005
0

 29.95
0

 
0

 P Normal P Leak KPaOperayion Event∆ = − = − =

The Outlet Mass Flow Rates:
2 5

2 0.35565 834.2 29.95 10000 51.93 /
8 8 0.013 50000

D P
M kg s

fL

π ρ
π

∆
× × × ×

= = =
× ×

(Ref: Eqn. 18a)
From Equations 19a and b, the discrepancies are vivid. 
Discrepancies: 

10.0982.17 72.08
1 1

kgx M M
s

= − = − =

51.93 65.05 13.12 /
0 0

y M M kg s= − = − =−               (Ref: Eqn. 5)

Leak flow rate:
10.09 ( 13.12) 23.21 /M x y kg s

Leak
= − = − − =           (Ref: Eqn. 4)

Leak location: 
( 13.12) 5000 2826.37
23.21

yx L m
x yLeak
− − −= = × =
−

 (Ref: Eqn. 5)

The two leaks DLS discussed were separately able to detect 
and locate a leak on a seamless horizontal pipeline of length 
5 km with a diameter of 0.3556m conveying Nigeria bonny 
light crude oil from Heritage Energy Operational Services 
Limited into the Trans-Forcados Pipeline (TFP). 
However, the Leak located by the PPA technique at 2781.2m 
from upstream is 30.07m after the real leak position. The 
same Leak located at 2826.37m by TM method is 15.10m 
behind the real leak position, as revealed after excavation 
during pipeline leak remedial activities.

Conclusions
The PPA and TM methods have been successfully compared 
numerically in this study. None of the two models could pin-
point the exact leak position, as accuracy greatly depends on 
the instrument’s precision, which may also be affected by nu-
meral approximations. It is observed that while the TM meth-
od can detect, locate, and quantify Leaks, the PPA technique 
can only detect and locate the Leak. Still, it cannot quantify it 
as it has no provision for determining the leak rate. 
PPA can suggest a leak and not necessarily the presence of a 
Leak as it is prone to false alarms because not every pressure 
decline incidence is caused by leak events, not so with the 
TM method. PPA overall installation costs are low because 
they do not necessarily require very precise instrumentation. 
Still, it may need sensitive high resolution, while the same is 
true with the TM method. Furthermore, the TM method gave 
a more accurate leak position than the PPA technique. 
Based on the preceding, the following recommendations are 
made;
• Pressure sensors/transmitters and flow meters should be
carefully calibrated for higher instrument precision and im-
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provement in the accuracy of the leak location.
• Since the efficiency of both methods is grossly affected by
the observer’s performance, provision for auto-adjustment
should be made so as to capture real state of the pipeline at
given time.
• Since both methods gave an accurate narrow range of the
section of the pipeline in which the Leak is found, they are
complementary. Hence, it is advisable for an establishment
to adopt both methods simultaneously for leak confirmation
and to know the section of the pipeline to be excavated and
replaced.
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