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(57) ABSTRACT 

A method and apparatus for locating leaks at an undeter 
mined location in a section of pipeline of knoWn length. 
Standard pressure vessels of relatively small volume are 
connected to respective ends of the pipeline section through 
valves. The pipeline is closed at each end and the valves into 
the standard pressure vessels are opened. Fluids are placed 
in the pipeline under a pressure. The valves to both of the 
standard pressure vessels are simultaneously closed, isolat 
ing each of the standard pressure vessels from the pipeline 
section so as to maintain the pressure vessels at substantially 
the same level as at the time of closing. The differential 
pressure betWeen each end of the pipeline and its respective 
standard pressure vessel is then continuously monitored and 
recorded in real time measurements. The location of a leak 
is determined by solving an equation, based on the equilib 
rium equation and real time measured differential pressure 
values at each end of the pipeline. 
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METHOD AND APPARATUS FOR LOCATING 
LEAKS IN PIPELINES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention pertains to methods and 
apparatus for locating leaks in pipelines. More speci?cally, 
the present invention pertains to methods and apparatus for 
locating small ?uid leaks at undetermined locations in a 
pipeline, especially those of a magnitude not easily detected 
by other methods. 

[0003] 2. Brief Description of the Prior Art 

[0004] Increased aWareness of environmental, safety and 
?nancial consequences of petroleum and petroleum products 
leaking from pipelines has heightened the demand for accu 
rate methods and apparatus for detecting and determining 
the location of pipeline leaks. Most pipelines are buried in 
the ground and, unless the leak is large enough to be visible 
from the surface of the ground or the air, may not be easily 
detected. This is especially true for very small leaks. 
Although small leaks may not be as haZardous as large ones, 
environmental, safety and ?nancial consequences are still of 
great importance. 

[0005] The typical method for determining if there is a 
leak in a pipeline is hydrostatic testing Where ?uids, such as 
Water, are placed in the section of pipeline under observa 
tion. The pipeline section is closed at both ends and the 
?uids are pressuriZed therein. Pressure and temperature 
measuring devices are monitored over the neXt several hours 
to indicate Whether there is a leak or not. HoWever, even 
though declining pressure may indicate a leak, a leak may be 
so small as not to be readily located. 

[0006] A number of pressure, volume and How measuring 
techniques have been developed for determining and locat 
ing leaks in pipelines. HoWever, none of them appear to be 
totally effective in accurately locating very small pipeline 
leaks. The industry continues to search for more effective 
and ef?cient methods and apparatus for doing so. 

SUMMARY OF THE PRESENT INVENTION 

[0007] The present invention provides a method and appa 
ratus for locating leaks at an undetermined location in a 
section of pipeline of knoWn length. A standard pressure 
vessel of relatively small volume is provided at each end of 
the pipeline section and connected to respective ends of the 
pipeline section through a valve. The section of pipeline is 
closed at each end and the valves into the standard pressure 
vessels are opened. Fluids, Whether they be Water or other 
?uids, are placed in the pipeline and the standard pressure 
vessels under a pressure of at least a predetermined level. 
Then the valves to both of the standard pressure vessels are 
simultaneously closed, isolating each of the standard pres 
sure vessels from the pipeline section so as to maintain the 
pressure vessels at substantially the same level as at the time 
of closing. The differential pressure betWeen each end of the 
pipeline and its respective standard pressure vessel is then 
continuously monitored and recorded in real time measure 
ments and, if there is a leak, the location of the leak is 
determined by solving an equation, based on the equilibrium 
equation and real time measured differential pressure values 
at each end of the pipeline. 
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[0008] Apparatus for performing the method of the present 
invention includes, in addition to the standard pressure 
vessels and associated valves at each end of the pipeline, 
differential pressure measuring means at each end of the 
pipeline and means for continuously monitoring and record 
ing the differential pressures. In a preferred embodiment, the 
apparatus includes a computer Which is programmed to 
solve an equation for determining the distance of a leak from 
one end of the pipeline section by utiliZing the real time 
measured differential pressures. Preferred embodiments also 
include transmitters operatively connected to the differential 
pressure means at each end of the pipeline and a receiver 
remotely located With and connected to the computer to 
effect simultaneous real time input from the differential 
pressure means at both ends of the pipeline section for 
processing by the computer. 

[0009] With the method and apparatus of the present 
invention, the location of a leak can be accurately deter 
mined Within a relatively short period of time. The apparatus 
for performing the method requires accurate instruments. 
HoWever such instruments are readily available With today’s 
technology. The components of the apparatus are simply 
con?gured, installed and operated. Other objects and advan 
tages of the invention Will be apparent from reading the 
description Which folloWs in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a draWing schematically representing a 
pipeline section having a leak therein and illustrating appa 
ratus of the present invention used in determining the 
location of the leak; 

[0011] FIG. 2 is a graph representing ?uid pressure in the 
pipeline at various locations; and 

[0012] FIG. 3 is a schematic representation of apparatus 
utiliZed in the method of the present invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

[0013] Referring ?rst to FIG. 1, there is represented a 
section of pipeline 1 Which may be closed at opposite ends 
1A, 1B thereof by valves 2 and 3. These valves may be 
provided With operators 4 and 5 for closing and opening 
thereof. There is a leak of small magnitude located at 7. The 
length L of the pipeline section 1 is knoWn. The length or 
distance betWeen one end 1A of the pipeline section 1 and 
the leak 7 is not initially knoWn but Will be represented as 
A. Obviously the length B from the opposite end 1B of the 
pipeline section 1 to the leak 7 is not knoWn either. The 
elevation of the pipeline Will vary from one end to the other. 
For purposes of illustration, the elevation of the pipeline and 
the valve 2 at end 1A Will be a 0 datum point and the 
elevation of the pipeline at the valve 3 and end 1B is 
represented by Z. 

[0014] Provided at each end of the pipeline are ?rst and 
second “standard” pressure vessels 10 and 11 of relatively 
small volume. These special vessels 10, 11 may take the 
form of insulated metal cylinders. Each of the standard 
pressure vessels 10, 11 are connected in ?uid communica 
tion With a respective end of the pipeline section 1 through 
conduits 12, 13 and valves 14, 15. The valves 14 and 15 may 
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also be provided With operators 16 and 17. In addition, 
cut-off valves 18 and 19 may be provided in the conduits 12 
and 13. The pressure vessels 10, 11 may be provided With 
temperature 20, 21 and pressure 22, 23 measuring instru 
ments and safety relief valves 24, 25, respectively. Differ 
ential pressure measuring devices 34, 35 and associated 
valves 36, 38 and 37, 39 connect conduits 12, 13 to 
respective ends 1A, 1B of the pipeline section and are for 
measuring the differential pressure betWeen the ends 1A, 1B 
of the pipeline section and their respective standard pressure 
vessels 10, 11. 

[0015] Each end 1A, 1B of the pipeline section may also 
be provided With temperature 26, 27 and pressure 28, 29 
measuring devices. Valves 30, 31, 32, 33 may be provided 
to alloW changing or repair of the measuring device 26-29. 

[0016] Each end 1A, 1B of the pipeline section 1 is 
provided With a reader/controller 40, 41 for reading tem 
perature, pressure and differential pressures measured by the 
measuring devices 20, 22, 26, 28 and 34 at end 1A and 21, 
23, 27, 29 and 35 at end 1B and feeding these values to a 
transmitter 42, 43 for transmission to a remote location. The 
reader/controllers 40, 41 are also operatively connected to 
valves and operators 14, 16 and 15, 17 to control opening 
and closing of the valves 14, 15 upon receiving a signal to 
do so. The reader/controllers 40, 41 could also be opera 
tively connected to other valves and operators such as 2, 4 
and 3, 5 for remote operations thereof, if desired. 

[0017] FIG. 3 is a schematic representation, in block 
form, Which further illustrates the method and apparatus of 
the present invention. The pipeline section 1 is shoWn, its 
ends 1A and 1B being at valves 2 and 3. The standard 
pressure vessels 10 and 11 are shoWn and all of the mea 
suring devices of FIG. 1 are represented by blocks 44, 45. 
The reader/controllers 40, 41 and transmitters 42, 43 of FIG. 
1 are also represented in FIG. 3. 

[0018] Also shoWn and represented in FIG. 3 is a receiver 
48 Which may be located at a remote location. Reading from 
the measuring devices represented at 44 and 45 are fed to the 
reader/controllers 40, 41 and to the transmitters 42, 43 for 
remote transmission via signals 46, 47 to the receiver 48. 
The receiver 48 is operatively connected to a computer 
processor 49 Which processes the information received, 
solving an equation to determine the distance A or B to 
locate the leak 7 in the pipeline section 1. A recorder/printer 
50 may be connected to the computer processor 49 for 
recording various measurements and for visually displaying 
the results of computer calculations. 

[0019] The computer processor solves an equation: 

DP(—A,t1)/DP(B,t1)=CoshQ4)/Cosh(L—A) 

[0020] Where: 

[0021] DP(—A,t1)=differential pressure betWeen one end 
1A of the pipeline section and standard pressure vessel 10 at 
time t1; 

[0022] DP(B,t1)=differential pressure betWeen the other 
end 1B of the pipeline section and standard pressure vessel 
11 at time t1; 

[0023] L=knoWn length of pipeline section 1; 

[0024] A=the distance betWeen one end 1A of the pipeline 
section and the location of the leak 7; and 
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[0025] B=the distance betWeen the opposite end 1B of the 
pipeline section and the location of the leak 7. 

[0026] With this equation the leak 7 may be accurately 
located. The derivation of this equation and the proof 
thereof, folloWs. 

[0027] The magnitude of the ?oW velocity in a pipeline 
from a small leak, is nil. The kinetic energy of the ?oW is 
essentially Zero; therefore, conventional hydraulic methods 
are not suitable for ?nding very small leaks. 

[0028] When a pipeline is pressuriZed, the pipeline and its 
medium are compressed (strained and stressed). A great deal 
of elastic strain energy is stored in the pipe. Strained 
compressive energy is also stored in the medium itself (?uid 
or gas), including thermal energy. By suddenly opening a 
valve in a pipeline, this stored energy is released to produce 
Water-hammer. The stored (potential) energy is then con 
verted to kinetic energy and then back to potential energy, 
surging several times to produce a devastating and destruc 
tive effect on the pipeline. 

[0029] When a small leak occurs in the pipeline the 
compressed energy is released sloWly. The method of locat 
ing the leak of the present invention is based on the 
relatively sloW release of this stored energy. By obtaining 
and recording very precise pressure drop readings at 
recorded time intervals, the constants of the equation Which 
describe the internal pressure of the ?uid or gas contained in 
the pipeline as it varies With both distance along the pipe and 
With time can be experimentally determined. By obtaining 
the pressure variation equation, all the energies and defor 
mations of the pipeline and its medium can be determined, 
including the magnitude of the leak rate. 

[0030] The internal pressure equation utiliZed in the 
present invention is derived from the general equilibrium 
equation Which is applicable for any medium, be it a solid 
elastic medium such as the pipe itself or its internal medium, 
the ?uid or gas that it contains. 

[0031] The Equilibrium Equation 
V-opf=p82/t/8t2 

[0032] De?nitions 

[0033] [M]=Mass [L]=Length [T]=Time 

Equation No. 1 [M/L2T2] 

0 Stress tensor of the medium 
p Mass density of the medium 
u Displacement vector 
pf Force density vector (due to acceleration or gravity ?eld) 
t Time 

[0034] For a perfect ?uid or gas the stress tensor is equal 
to: 

[0035] 
tensor. 

Equation No. 2 

Where P is equal to pressure and I is the unity 

[0036] Pressure is equal to: 

P=-B(V'M) 

[0037] Where B is the bulk modulus of the ?uid or gas and 
V-p is the divergence of the displacement ?eld. 

Equation No. 3 
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[0038] Substituting Equation No. 2 in Equation No. 1 We 
get: 

Equation No. 4 

Equation No. 5 

[0041] Where 0t equals the speed of sound in the medium. 

[0042] If V~(pf)=0, Which is the case for a gravity ?eld 
near the surface of the earth, We are left With the equation: 

Equation No. 6 

In cylindrical coordinates, this is: 

[0044] Since the Pressure in the ?uid or gas in the pipeline 
does not vary in this case, in the radial (r) or circular (e) 
direction, the pressure is a function of time (t) and of 
distance (Z) only. Placing the Z coordinate along the center 
line of the pipeline: 

82P/8z2p82P/8t2 
P=P(Z,t) 

[0045] Letting the pressure function be the product of tWo 
functions, distance Z and time T(times a constant), P=Z~T, 
and substituting into Equation No. 6 

Equation No. 7 

[0046] Separating variables by dividing both sides by 
(Z'T) 

[0047] is a constant. If the sign in front of k2 is negative 
(—) We have the familiar Wave equation, Which Would apply 
to Water hammer (pressure Waves) and sound Wave condi 
tions. HoWever, When the sign in front on k2 is positive (+) 
the equation describes a decaying function. 

[0048] The Z general function of distance is equal to: 

Z+C16Xp(}\.Z)+C26Xp(—}\.Z) (note: exp (M)=c“) 

[0049] The T general function of time is equal to: 

T =C36XP(}\.OLZ)+C 46Xp0u0tl) 

[0050] Equation No. 4 requires the consideration of pres 
sure variation along the pipeline due to the earth’s gravity 
?eld. This pressure variation is constant With time but varies 
linearly With distance due to elevation changes. Finally, 
there is pressure constant required to account for atmo 
spheric pressure. For eXample, if the pipeline Were perfectly 
level and the leak Were to occur on top of a pipeline full of 
liquid, only a small amount of the liquid Would spill out. The 
pressure of the pipeline Would drop only to atmospheric 
pressure and the pipeline Would remain virtually full. 

[0051] The complete general pressure equation, therefore, 
is: 

kott))+C52+Parm Equation No. 8 

[0052] NoW, We must look at the physics of the problem 
to determine the boundary conditions. First, after a leak 
occurs, the internal pressure decreases With time, it does not 
increase. Therefore, constant C3 must equal to Zero and C4 
is non-Zero. Second, if the pipeline Were perfectly level 
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Where elevation Were not a consideration, We knoW that the 
loWest pressure in the pipeline Will occur at the leak, at any 
and all times. Another Way of saying this is that pressure is 
at a minimum at the leak at all times. 

[0055] For [C1>\,-C2)\.] to be equal to Zero, C1 must be equal 
to C2. 

[0056] The ?nal Working general pressure equation We are 
left With then is: 

Pam. Equation No. 9. 

[0057] Before detailing the method for mathematically 
locating a pipeline leak using Equation No. 9 accuracy of the 
pressure reading should be discussed. As valuable and 
essential as equation No. 9 is, it is only as accurate as the 
variables used in the equation. The key variables in Equation 
No. 9 are pressure and time. 

[0058] The electronic clocks of computers for logging the 
data are highly accurate. At this time there is no need to get 
any more accurate. The accuracy of the pressure readings is 
another case. Present state-of-the-art electronic instrumen 
tation is usually +/— 0.5% inaccuracy over the range of the 
operation. For example, if the hydrostatic test pressure of a 
pipeline is 950 psig, and a test pressure gauge of 1200 psig 
range is used, the accuracy of the gauge is: 1200 psig><0.5/ 
100=+/—6.0 psig. 

[0059] It is obvious (from uncertainty analysis of the 
equation) that very accurate pressure readings are needed. 
ToWard this goal, the “standard” pressure vessels 10, 11 
illustrated in FIG. 1, a device for taking accurate pressure 
reading in inches of Water Was built, experimentally tested 
and developed. 

[0060] In order to increase accuracy of pressure readings, 
differential pressures measured in inches of Water are taken 
relative to a ?Xed “standard” pressure. At each end 1A, 1B 
of the pipeline, a standard pressure vessel 10, 11 is con 
nected to the pipeline, via a short high pressure conduit With 
an in line valve. The pressure of the vessels 10, 11 and 
pipeline section 1 increase simultaneously as the pressure is 
increased. The gauge pressure, differential pressure and 
temperature are electronically automatically and continu 
ously monitored by instrumentation (44, 45 in FIG. 3) and 
transmitted via remote communication from both ends of the 
pipeline to a central computer 49 and permanently recorded. 
When the pipeline reaches a predetermined pressure level, 
the pumps are shut off. As the pressure in the Whole pipeline 
section 1 starts to drop, the valves 14, 15 to the standard 
vessels (10, 11) at both ends 1A, 1B are simultaneously 
closed via an electronic signal. By closing the valves 14, 15, 
the pressures at the ends of the pipeline section are “locked 
in”. The times are also accurately recorded. From this 
pressures, very accurate and small differential pressure read 
ings (in inches of Water) are taken and recorded along With 
there times. The differential pressure range is 150 inches, 
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therefore the +/—0.5% inaccuracy for the range is 0.75 in. 
Water (0.0271 psig), The pressure reading is 221.5 times 
(6/0.0271) more accurate. 

[0061] The location of the leak Will noW be shoWn using 
Equation No. 9 Which is here repeated: 

P(z, t)=C1[eXp(M)+eXp(—7\.z]-C4eXp (—}\,(1l)+C5Z+Parm. 

[0062] Let us chose the origin of the coordinate system to 
be at the leak 7. See FIG. 2. It Will make the math simpler, 
although it really doesn’t matter Where the origin is chosen. 
TWo data stations are located at 1A and 1B distances A and 
B from the leak 7. Since point 1A is located to the left of the 
origin 7 on the X number line, it is considered negative. 

[0063] After the pumping stops and the pressure of the 
pipeline section starts to drop, due to the leak, the pressure 
in each standard pressure vessel 10, 11 at each location 1A, 
1B is locked in. Many differential pressure readings and 
their times are recorded. Any of these readings can be 
chosen to be the datum Zero time, although the earlier the 
better, since more readings can be compared. 

[0064] At Zero datum time, at Station 1A the pressure is: 

[0065] First, let C1-C2=C6, then 

5 + mm 

Pmm Equation No. 10 

[0066] At a later time t1, a differential pressure reading 
DP(—A,t1) is taken betWeen the pipeline and the “standard”. 
Therefore, at later time t1, at station 1A the pressure is: 

[0067] By subtracting Eq. No. 11 from Eq. No. 10, We 
have: 

Equation No. 11 atm 

[0068] Doing the same thing for another differential pres 
sure reading at another time interval t2 We get: 

Equation No. 13 

[0070] 0t is the speed of sound in Water and can be 
experimentally determined from the temperature readings 
taken. Therefore, from Eq. 14, )t can be mathematically 
determined. 9» is a characteristic of the pipeline and could 
just as easily have been determined at Station 1B. In fact, it 
should also be determined at Station 1B, and compared for 
accuracy. 

[0071] After 9» has been determined, differential pressures 
taken at the same time, at each Station 1A & 1B need to be 
compared. Using Eq. No. 12 at each station We have: 

DP(—A,t1)=C6[eXp(7\(—A))—eXp(—A))]-[1—eXp(—7\oLt1)]1quation No. 12 

DP(—B,t1)=C6[eXp(7»(—B))—eXp(—B))]-[1—eXp(—7\.oLt1)Equation No. 15 

[0072] Dividing Eq. No. 12 by Eq. no 15 We then have: 

DP(—A,t1)/DP(B, t1)=Cosh(A)/Cosh(B) Equation No. 17 
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[0074] L is the total length of the pipeline, and must be 
knoWn. A+B=L. Substituting L-A for B in Eq. No. 17 We 
get: 

DP(—A,t1)/DP(B,t1)=Cosh(A)/Cosh(L—A) 
[0075] From Eq. 18, Acan be mathematically determined. 
Ais the distance from Station 1A to the leak 7. For different 
readings the same value for A should be determined each 
time. For accuracy, all the different values determined for A 
should be averaged to get a more accurate location of the 
leak. 

[0076] With the method and apparatus of the present 
invention, leaks of small magnitude can be accurately 
located and repaired in a relatively short period of time and 
at reasonable cost. This may result in substantial environ 
mental, safety and ?nancial reWards. 

Equation No. 18 

[0077] Although a preferred method and apparatus there 
for are disclosed herein, many variations may be made by 
those skilled in the art Without departing from the spirit of 
the invention. Accordingly, it is intended that the scope of 
the invention be limited only by the claims Which folloW. 

1. A method of locating leaks at an undetermined location 
in a section of pipeline of knoWn length comprising the steps 
of: 

providing at each end of said section of pipeline a 
standard pressure vessel of relatively small volume; 

connecting each of said standard pressure vessels to a 
respective end of said pipeline section through a 
respective valve; 

closing each end of said section of pipeline and opening 
said valves into said standard pressure vessels; 

assuring that ?uids in said section of pipeline and in said 
standard pressure vessels are under a pressure of at 
least a predetermined level; 

simultaneously closing each of said standard pressure 
vessel valves isolating each of said standard pressure 
vessels from said section of pipeline; 

continuously monitoring and recording, in real time mea 
surements, the differential pressure betWeen each end 
of said pipeline and its respective standard pressure 
vessel; and 

determining the location of said leak by solving the 
folloWing equation: 

Where DP(—A,t,)=differential pressure betWeen one end of 
said pipeline section and its respective standard pres 
sure vessel at time t1; 

DP(B,t1)=differential pressure betWeen the opposite end 
of said pipeline section and its respective standard 
pressure vessel at time t1; 

L=the knoWn length of said pipeline section; and 

A=the distance betWeen said one end of said pipeline 
section and the location of said leak. 

2. The method of locating pipeline leaks as set forth in 
claim 1 in Which the pressure at each end of said pipeline 
section is also continuously monitored during said monitor 
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ing and recording of said differential pressures between said 
ends of said pipeline sections and their respective standard 
pressure vessels. 

3. The method of locating pipeline leaks as set forth in 
claim 2 in Which the temperature at each end of said pipeline 
section is also continuously monitored With said pressure 
thereof. 

4. The method of locating pipeline leaks as set forth in 
claim 1 in Which said valves of each of said standard 
pressure vessels are simultaneously closed by remote signals 
thereto. 

5. The method of locating pipeline leaks as set forth in 
claim 1 in Which said differential pressures betWeen said 
ends of said pipeline section and their respective standard 
pressure vessels are remotely transmitted to a processing 
station for said continuous monitoring and recording 
thereof. 

6. The method of locating a pipeline leak as set forth in 
claim 5 in Which said processing station comprises computer 
means Which determines the distance A betWeen said one 
end of said pipeline section and the location of said leak by 
solving the equation of claim 1. 

7. The method of locating a pipeline leak as set forth in 
claim 1 in Which the ?uid in said pipeline section and said 
standard pressure vessels is elevated to a predetermined 
pressure level and stabiliZed prior to said simultaneous 
closing of said ?rst valves. 

8. The method of locating a pipeline leak as set forth in 
claim 1 in Which said differential pressures at each end of 
said pipeline section are monitored and recorded a continued 
number of times, said equation of claim 1 being solved for 
each of said times and averaged to determine an average for 
distance A. 

9. Apparatus for locating leaks at an undetermined loca 
tion in a section of pipeline of knoWn length, the ends of 
Which may be closed, said apparatus comprising: 

a ?rst standard pressure vessel of relatively small volume 
at one end of said pipeline section, 

a second standard pressure vessel substantially identical 
to said ?rst standard pressure vessel at the opposite end 
of said pipeline section; 

each of said ?rst and second pressure vessels being in 
?uid communication With said one and said opposite 
ends of said pipeline section, respectively, through a 
?rst conduit and valve and a second conduit and valve, 
respectively; 

each of said ?rst and second valves being simultaneously 
closeable to isolate each of said ?rst and second stan 
dard vessels from their respective ends of said pipeline 
section; 

?rst differential pressure measuring means connected to 
said one end of said pipeline section and said ?rst 
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standard pressure vessel for measuring the differential 
pressure therebetWeen; and 

second differential pressure means connected to said 
opposite end of said pipeline section and said second 
standard pressure vessel for measuring the differential 
pressure therebetWeen. 

10. Pipeline leak locating apparatus as set forth in claim 
9 including ?rst and second means operably and respectively 
connected to said ?rst and second differential pressure 
means for continuously monitoring and recording said dif 
ferential pressures. 

11. Pipeline leak detecting apparatus as set forth in claim 
10 including computer means operably connected to said 
?rst and second means for continuously monitoring and 
recording said differential pressures, said computer means 
being programmed to solve an equation for determining the 
distance of said leak from said one end of said pipeline 
section by utiliZing said differential pressures. 

12. Pipeline leak detecting apparatus as set forth in claim 
11 in Which said computer means is programmed to solve 
the folloWing equation: 

Where DP(—A,t1)=differential pressure betWeen one end 
of said pipeline section and its respective standard 
pressure vessel at time t1; 

DP(B,t1)=differential pressure betWeen the opposite end 
of said pipeline section and its respective standard 
pressure vessel at time t1; 

L=the knoWn length of said pipeline section; and 

A=the distance betWeen said one end of said pipeline 
section and the location of said leak. 

13. Pipeline leak locating apparatus as set forth in claim 
11 including ?rst and second transmitters, respectively, 
connected to said ?rst and second means for monitoring and 
recording said differential pressures, and receiver means 
remotely located With and connected to said computer 
means to effect simultaneous, real-time input from said ?rst 
and second differential pressure means for processing by 
said computer means. 

14. Pipeline leak locating apparatus as set forth in claim 
11 including ?rst and second pressure measuring devices 
and ?rst and second temperature measuring devices con 
nected to said one and said opposite ends of said pipeline 
section, respectively, alloWing the pressure and temperature 
in ?uids at said one and said opposite ends of said pipeline 
section to be monitored. 

15. Pipeline leak locating apparatus as set forth in claim 
9 in Which each of said ?rst and second valves are provided 
With remotely operable actuators Which are responsive to 
electronically transmitted signals to effect said simultaneous 
closing thereof. 


