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Abstract  
Ultrasonic Flow meters are widely accepted as being accurate, reliable and 
able to provide custody transfer measurements for liquids and gases. With 
enhanced digital signal processing and the use of special technologies like 
Widebeam, even non intrusive Ultrasonic Flow meters achieve custody transfer 
accuracy. A Leak detection system that is able to process the additional 
Information from these Flow meters is able to deliver its unique performance, 
accuracy and reliability compared against other Leak detection technologies.  

This paper presents the experience and concerns of two different oil and 
hydrocarbon operating companies by using the non intrusive Ultrasonic 
Widebeam technology and measurement based leak detection system. It 
discusses the actual performance derived from the tested Leak detection 
system, the performance of LD components on multiproduct pipeline under 
challenging conditions and the working principle of this Measurement Based 
Leak detection System.  

During clamp on installations there remains a certain degree of doubt about the 
pipe properties and accurateness of positioning of transducers. In order to 
eliminate these factors, a complete system which includes Transducers, Flow 
meter and pipe section was designed. Recently this first Ultrasonic Clamp On 
Spool, which meets OIML standards, as well as AGA 8 for Gas Flow 
measurement, was introduced to the market.  

 
Introduction  
Every pipeline operator has one major goal besides profitability, and that is 
safety. In a real world it is not possible to protect a pipeline 100% from ever 
having a leak. In case it happens it is most important to detect and locate it as 
soon as possible.  

The sooner a Leak Detection System (LDS) detects a leak, the less damage 
can happen. Whether the leak is from corrosion, accidents, (e.g. construction 
work, digging), natural disaster, from theft or even terrorist attacks: it has to be 
detected and located as fast as possible. Only then can measures be deployed, 
like activating emergency shutdown valves, sending clean-up teams, security 
teams and forces to seal off the pipe. The sooner this happens, the bigger the 
chance to protect lives, property, the environment and the public image of the 
company. An LDS is often mandatory according to state or national laws and 
regulations and is able to identify and prevent theft. 
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Choosing the best suitable system for Leak detection  
Every user of a Leak Detection System expects it to detect even the smallest 
leak within the fastest time, with no false alarms. Besides technologies which 
require access to the whole pipe, like fiber optic or dielectric cables, or right-of-
way-inspection, currently, there are two major leak detection approaches:  

One is the software based modeling system. It uses statistical methods to 
predict & identify the pipeline behavior based on the pipeline’s historical 
operating data. Re-optimization is normally required when the pipeline 
operating condition changes. The software package normally has strong 
functions in pipeline simulation and batch tracking. It uses other vendor’s 
hardware (flow, temperature, pressure, density and viscosity instrumentation) 
to facilitate some of the functions in its models.  

The other is the Measurement Based Non-intrusive Leak Detection System. It 
uses a compensated volume balance method that continually monitors the 
difference in flow rate between ultrasonic flow meters, the so called Site 
Stations (SS). In this system, all parameters are measured or inferred by 
clamp-on ultrasonic flow meters and clamp-on Temperature Sensors (RTD). 
These parameters include flow, temperature, viscosity, density, sonic velocity, 
etc.  All information is delivered to and processed by a Master Station which 
provides real time information about operating conditions, liquid quality, and 
leak status.  It is a stand-alone and non intrusive system without the need to 
interrupt the pipeline operation.  It provides both hardware & software with one 
party responsibility  

 

Why did company A (Asian based) want a LD system? 

The main purpose for company A to use a LDS is to detect an accidental leak 
(big or small) as well as suspected pipeline tempering, within the shortest time 
and with the highest leak location accuracy possible in order to be able to 
mobilize personnel to the site quickly and effectively. This is an underground 
pipeline and accurate leak location becomes more important to prevent people 
from digging long section of the pipeline for the location of the leak.  The 
challenge is that the oil theft occurs normally at very small discharging flow in 
order to bypass the leak detection capability of many leak detection 
technologies.  The slow opening of the tampering valves and discharging at 
small flow rate may not generate enough pressure transient for most of the leak 
detection systems to detect the leak or leak location. The low discharging rate 
may exceed the sensitivity of the conventional flow meters or the capability of 
the software companies optimizing other supplier’s flow measurement devices. 
The LDS should detect the leak at both dynamic (flowing) state and static (zero 
flow) state for both small and large leakages.  

The company was very cautious in the technology qualification and selection 
process due to the negative experiences with their current leak detection 
system.  They selected three leak detection technology suppliers. Two of them 
are based on the software modeling technology and one is based on the 
measurement technology. The three suppliers conducted the leak detection 
and location tests simultaneously on the same pipeline segments and under 
the same operating conditions. The goal was to evaluate the actual 
performance of world prevailing technologies with the claims of the respective 
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manufacturers for the Company’s leak detection and leak location 
requirements. They wanted to select the technology which performs to their 
pipeline specific leak detection and leak location requirements from either 
natural or man-made causes. Based on the series of testing, Company A 
selected the non-intrusive measurement based technology due to its superior 
capability of detecting leaks and leak locations. 

 

Why did Company B (Europe based) want clamp-on ultrasonic flow 
meters for its leak detection system? 

Company B (Based in Europe) has their own LD system based on a 
comprehensive toolset of flow, pressure and temperature measurement 
technologies. Having used successfully for over 15 years non intrusive 
ultrasonic flow measurement technology, this company wanted to compare the 
performance of next generation flow meters (which is used with the 
Measurement Based Leak Detection System) with existing fiscal approved 
Insert flow meters.  

 

Measurement Based Leak Detection System operating 
principles 
Ultrasonic Flowmetering: 

All transit time ultrasonic flow meters are designed based on the principal that 
sound moves at a faster velocity when travelling in the direction of flow and 
slower when travelling in the opposite direction of flow. By measuring the 
independent travel times of the sound transmission in each direction (upstream 
and downstream), the fluids flow velocity can be computed. 

 

 

 

 

 

 

 

Most ultrasonic flow meters are extremely sensitive at and around zero flow. 
This permits the system to detect and integrate extremely small leaks and even 
provide the capability to detect the opening of valves along the pipeline. Many 
pipelines remain at no flow conditions for long periods of time. Instruments with 
limited turn down ratio, particularly in the zero flow regions, have proven to be 
ineffective for leak detection during static flow conditions 

Measurement Based Leak Detection System (MBLDS)  

It provides centralized monitoring and control of the entire pipeline by segments 
utilizing its own equipped measurement hardware and leak detection software. 
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A segment is defined as the pipe between the two Site Stations (two flow 
meters), one at each end of the segment.  Although the segment distance is 
theoretically unlimited, sensitivity of both leak detection and leak location is 
best when the segment length is 75 to 100 kilometers. The Master Station can 
handle 25 and more Site Stations depending on overall configuration and 
speed of the available communication network.  It uses the collected data to 
calculate the standard volume into and out of the segment via the 
communication network.  These data includes flow rate, temperature, liquid 
density, liquid viscosity, relative line pressure, liquid sonic velocity and many 
more.  The Master Station polls this time-stamped data package once per 
minute.  The standard volume flow entering and leaving each segment will be 
compared in time intervals of 1, 5, 15 and 60 minutes to monitor line balance.  
Should line balance deviate by more than an established threshold, a leak 
alarm will be generated. 

It should be noted that the displays on the Master Stations can be used to 
perform trending that will permit the identification of smaller leaks that are 
below the threshold before they become larger leaks, or observe the trends of 
small leaks in the area of 0.2% before they are able to trigger the alarm 
thresholds. 
 
In the event of a pipeline leak, a sudden drop in pressure occurs which radiates 
both upstream and downstream from that point, at the speed of sound of that 
liquid.  This drop in pressure decreases the density of the liquid, which results 
in a sudden drop in the current value of the liquid’s sonic propagation velocity 
(Vs). Vs is processed at each of the upstream and downstream Site Stations 
(metering points) an average of ten to thirty times per second.  The decrease in 
Vs is detected and time stamped with the arrival of the pressure waves. Since 
all Site Stations have synchronized time clocks, the relative arrival times of the 
change in Vs at each Site Station is easily determined.  The accuracy of the 
location function is dependent on the resolution of time stamping and the sonic 
propagation velocity of the liquid.  Taking the sampling resolution as 0.100 
seconds, and assuming a liquid sonic velocity of 1500 meters per second, the 
leak can be located within ± 150 meters, providing that the pressure wave is 
able to travel the entire pipeline segment and the magnitude of the pressure 
transient is greater than the pressure fluctuations encountered during normal 
pipeline operation.  

When a leak is detected the master station first performs a leak location 
calculation based on the average sound velocity (Vs), flow velocity (VF), 
segment length (SL) and time difference (dT) between the measured pressure 
pulses as indicated in the following equation. 

 
If the leak is in the centre of the segment, the pressure transient wave will 
arrive at each of the segment’s site stations at the same time. If the leak is 
closer to one station, the pressure transient will arrive at this site station earlier 
than the other.  The difference in arrival times determines the leak location 
based on the above tribulation equation.  
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Company A: Testing conditions & MBLDS performance test 
The testing segment at Company A was a 119 Km 12” and 16” underground 
pipeline transporting diesel oil with flow rate from 0-300 m3/h with normal 
operation of 202 m3/h and 300 m3/h and pressure of 3-6 bars.  For the 
measurement based leak detection system, four clamp-on ultrasonic flow 
meters and one master station are installed with wireless communication and 
Ethernet connection between the flow meters at sites and the PC master 
station in the control room.   

       

 

A        55KM           B        C         64KM  
 D  

    Segment 1        Segment 2 

A, B, C & D represent the four clamp-on ultrasonic flow meters.  The distance 
between A and B was 55Km and that between C and D was 64Km.  There was 
a pump station between B and C.  Two segments (A to B, and C to D) were 
being monitored for leak and leak location.  Since this is an existing pipeline, 
clamp-on ultrasonic flow meters are the equipment of choice without the need 
to shut down the pipeline operation.  Another reason for choosing the ultrasonic 
flow meter is due to its capability of measuring zero and bi-directional flow and 
its high repeatability. For this test, each site station consisted of one flow 
transmitter, two pairs of clamp-on transducers and one clamp-on RTD as 
shown below. 

 
Fig. 1 - Measurement Based Leak Detection System (MBLDS) Configuration 
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Before the actual leak test, the pipeline segments were balanced at both static 
zero flow and dynamic flowing conditions.  At zero flow conditions, the segment 
was balanced to the accumulated flow volume error within 0.010 m3 for one 
hour period.  At flowing condition, the system was balanced to the accumulated 
volume error within 0.281 m3 for one hour period, which represents 0.139% of 
the relative flow rate error between the flow meters. 

Four leak alarm integration periods were set based on this pipeline’s operating 
conditions.  Large leak would trigger the alarm very quickly while the small leak 
would trigger the alarm much later.  However, the operator can see the trend 
earlier than the actual alarm and the system can be set up more sensitively to 
trigger the alarm more quickly by adjusting the leak alarm thresholds.  Based 
on the pipeline operating conditions, LDS set up the following leak thresholds 
for the leak detection test. 

 

Table 1 – Leak Detection Thresholds 

Configuration 1 minute 5 minute 15 minute 60 minute 

Standard 
Alarm 

Thresholds 

3.00% 2.00% 1.00% 0.50% 

Standard 
Visual Trend 

2.50% 1.00% 0.75% 0.25% 

Thresholds 
for Company 

A 

0.50% 0.40% 0.25% 0.25% 

 

Leaks were randomly simulated at different situations, which included very tiny 
leaks, big leaks, using both ball valve and gate valve with slow and fast valve 
openings. The quick opening of ball valves would be more identical to the 
natural pipeline leak while the leak discharged by the gate valves would not 
really represent the true actual leak and it generated smaller pressure 
transients than ball valves. The reason to use both is that ball valves and gate 
valves may be used for pipeline tampering. Slow opening of a gate valve may 
not generate enough pressure transients for some leak detection systems to 
detect.  For this test, the valves were opened with different speed and different 
percentage of full openings. The tests were conducted at the dynamic state on 
January 6, 2009 with diesel flowing through the pipeline (shown in Table 2) and 
at the static state on January 7, 2009 with diesel at no flow in the pipeline 
(shown in Table 3). Similar tests were conducted on August 27 and 28, 2009 
under more demanding conditions (shown in Tables 4 & 5).  

 

 

 

 



Session 7: Leak Detection and Fiscal Metering for Multi Product Pipelines – A Case Study 

Flow Measurement & Control Forum – IDC Technologies  
7

Table 2 – Dynamic State Leak and Leak Location Test (Jan. 7, 2009) 

Leak Hole Size Leak 
Start 
Time 

Leak 
Catch 
Time   

Flow 
Rate 

Leak 
Volume 

Time taken 
to detect 

leak 

3/4”  15:04 15:07 202 m3/h 50 liters 3 minutes 

12” gate valve 
– 2 turns 

16:02 16:04 202 m3/h 9156 
liters 

2 minutes 

12” gate valve -
1.5 turns 

17:49 17:52 202 m3/h 1342 
liters 

3 minutes 

12” gate valve -
1.5 turns 

17:56 17:56 202 m3/h 1425 
liters 

1 minute 

3/4”  18:20 18:20 202 m3/h 43 liters 1 minute 

 

Table 3 – Static State Leak and Leak Location Test (Jan. 8, 2009) 

Leak Hole 
Size 

Leak 
Start 
Time 

Leak 
Catch 
Time 

Flow 
Rate 

Leak 
Volume 

Time taken 
to detect 

leak 

3/4”  14:00 14:03 0 m3/h 189 liters 3 minutes 

1/2”  14:41 14:43 0 m3/h 178 liters 2 minutes 

3/8” (60% 
open) 

15:01 15:03 0 m3/h 59 liters 2 minutes 

3/8” (30% 
open) 

15:26 16:00 0 m3/h 189 liters 50 minutes 

When the valve was opened and the pump was started, the pipeline went 
through the packing stage and flow rate was increased to the nominal flow rate 
(202 m3/h). The flow rate of the two flow meters was identical and the changes 
in flow rate followed each other. When the leak was introduced, one flow meter 
started reading low and the other flow meter was reading high.    

From below figures, SS1 with one color line represented Site Station No. 1 (one 
flow meter) and SS2 with another color line represented Site Station No. 2 
(second flow meter).  At the normal operating conditions without a leak, the two 
colour lines are merged on top of each other representing the identical flow 
rate.  

The system is able to provide over 30 graphics and data screens showing over 
a few dozens of parameters. A combination of four processed data variables 
can be displayed in a timely correlated manner and the data combination can 
be changed any time. 
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Before the actual leaks were generated, the pipeline was optimized and 
balanced at zero and flowing conditions. The blue color represents the flow 
readings from Site Station 1 and the magenta color represents the flow 
readings from Site Station 2. At the normal operating conditions without the 
leak, the two lines are on top of each other representing the identical flow 
reading (with 0.15% relative error). Figure 2 shown below shows the results for 
both static and dynamic operating conditions. 

 
Fig. 2 – Two Site Stations were optimized to the relative flow error within 0.15% 

 

Below figure shows three large and two small leaks at flowing conditions on 
January 7, 2009. The three large leaks happened at 16:02, 17:49 and 17:56 
and the two small leaks happened at 15:04 and 18:20. These leaks caused a 
flow change between the two flow meters and the system detected the leaks 
within 1-3 minute. See Table 2 for details. 

 

As stated earlier, a leak will cause one flow meter to read high and the other 
flow meter to read low. In the below figure, the leak is very close to Site Station 
No. 2 for the three large leaks since it shows the much bigger instantaneous 
change in flow.  If the leak is in the middle between two Site Stations, the SS1 
and SS2 lines will be shifted apart symmetrically during the leak event.   
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Fig. 3 – Three large and two small simulated leaks on January 7, 2009 

Figure 4 shows the pipeline leak at static conditions at 14:00, 14:41, 15:01 and 
15:26 on January 8, 2009.  The leak amounts were 189, 178, 59 and 189 liters 
respectively from each leak simulation (see Table 3 for details).  These were 
very tiny leaks in a 12” pipeline.  With conventional flow meters such as turbine 
and PD meters, flow rates very close to zero flow conditions can not be 
measured. Ultrasonic flow meters can dynamically measure down to zero flow 
which is essential in enhancing the leak detection capability. 
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Fig. 4 – Four leaks at the static no flow conditions on January 8, 2009 

 

After these good results it was decided to apply even tougher and more 
challenging conditions. This time the customer used smaller valve, made 
smaller holes and discharge smaller leaks at lower leak flow rate.  

 

Table 4 – Dynamic State Leak and Leak Location Test (August 27, 2009) 

Leak Hole Size Leak 
Start 
Time 

Leak 
End 
Time 

Flow 
Rate 

Leak 
Volume 

% of 
Nominal 

Flow  

Leak 
Minutes 

3/8”  Packing 10:55 11:37 250 m3/h 5470 liters 3.12% 42 

3/8”   15:01 15:15 250 m3/h 130 liters 0.23% 14 

3/8” (2”gate 1 turn) 17:00 17:14 250 m3/h 800 liters 1.37% 14 

3/4”  19:05 19:09 250 m3/h 520 liters 2.49% 5 

pump stop  19:57   unpacking   

3/4” (2”gate 1 turn) 
3/4” (2”gate 2 turn) 

20:05  
20:29 

20:50 250 m3/h 4220 liters 2.25% 45 
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As listed in the above table, in addition to the regular leaks, the customer 
generated leaks at both packing and unpacking conditions.  

Whenever a liquid begins to flow through a long pipeline, the first significant 
event in regard to leak detection is the effect termed Line Pack.  Line packing is 
characterized by more liquid entering the pipeline than leaving the pipeline.  If a 
leak detector cannot distinguish between the resultant volume imbalance and 
an actual leak event, a false leak alarm would be declared each time that the 
liquid begins to flow or a flow rate increase occurs.  MBLDS is able to detect 
Line Pack and Line Unpack conditions.  This is because line packing 
compresses a liquid, which in turn increases its density. The Site Station 
senses this density increase as a sudden jump in sonic velocity.  The Master 
Station correlates the flow volume increase with the sudden sonic velocity 
increase and suppresses its leak alarm.  However, there is a possibility of an 
actual leak event under line packing conditions and MBLDS can detect the leak 
during these conditions.   

The MBLDS has the built-in application software to detect the leak at packing 
and unpacking conditions by monitoring the total packed volume versus the 
maximum volume that this segment could hold at the variable flow conditions, 
and monitoring the total packing time versus the maximum allowable packing 
time.  The leak alarm would be triggered if any of these thresholds were 
breached, whichever comes earlier.  The threshold for the above mentioned 
segment volume is intended to detect the large leak at the packing stage since 
it would take very short time for the large leak to breach the volume threshold 
without breaching the time threshold.  The threshold for the above mentioned 
maximum time is designed to detect the small leak at the packing stage since 
the small leak would eventually breach the maximum time thresholds without 
breaching the segment volume threshold.  The application software also 
accommodates the pipe line normal operation transients caused by the 
start/stop of valve or pumps, packing/unpacking conditions and pipeline normal 
pressure and product changes without triggering the leak alarms.  The system 
application software recognizes each of the conditions and displays these 
conditions on the master station screen.  

Figure 5 shows the leak at 10:55 during the packing stage and the leak at 
20:05 at the unpacking stage. 
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Fig. 5 – Three leaks at the flow conditions and two leaks at packing & 
unpacking stage on August 27, 2009 

Figure 5 also shows the small leaks of 130, 800, 520 liters representing 0.23, 
1.37 and 2.49% of the pipeline nominal flow for the integration time of 14,14 
and 5 minutes. Table 4 shows what size of leak holes were generated by the 
customer and how the valves were opened. Below is the overview of the leaks 
and their leak alarms. 
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Fig. 6 – Alarm displays for the three leaks at the flow conditions and two leaks 
at packing & unpacking stage on August 27, 2009 

In contrast to the static test on January 7, where the leaks were generated very 
close to Site Station 1, this time the leak was generated much further from Site 
Station 1 using very small holes such as 1/8”, 3/8” and 3/4” without full opening 
of the valves. See Table 5 for details.  

 

Table 5 – Static State Leak and Leak Location Test (August 28, 2009) 

Leak Hole Size Leak 
Start 
Time 

Leak 
End 
Time 

Flow 
Rate 

Leak 
Volume 

% of Nom. 
Flow for 

same period* 

Leak 
Minutes 

3/8” (2”gate 1.5 turn) 10:50 11:03 0 m3/h 50 liters 0.09% 13 

3/8” (2”gate 3 turn) 12:35 12:40 0 m3/h 100 liters 0.48% 5 

1/8”  14:00 14:30 0 m3/h 360 liters 0.29% 30 

3/4” 15:20 15:33 0 m3/h 710 liters 1.31% 13 

*Note: Assume nominal flow of 250 m3/h 
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Fig. 7 –  Four leaks at the static state on August 28, 2009 

As soon as a leak alarm is triggered by the MBLDS, the system automatically 
switches to the leak location screen and identifies where the leak location is.  
During multiple tests the MSBLD identified the simulated leaks and located the 
leak within 150 meters.  

 

MBLDS uses the technique of comparing the flow difference in standard 
volume to detect the leak and use the transient caused by the sudden sonic 
velocity change and by the sudden change of flow to identify the leak location. 
Below figure shows two transients (spikes). The top transient represents Site 
Station 1 and the below transient represents Site Station 2. In this figure, the 
transient received by Site Station 1 was much earlier than the same transient 
received by Site Station 1, therefore the leak was close to Site Station 1.  The 
master station calculates the actual leak location based on the above leak 
location equation. For this particular leak, the location was 55,433 meters from 
Site Station 2 in the 64,120 meter pipeline segment (Segment 2).   The MBLDS 
reported leak location was 82 meters difference from the actual leak.  Similar 
behaviour occurred for the leak location of the other leak tests listed in Tables 1 
and 2. 
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Fig. 8 – The leak location identified by the sonic transient method for the leak 
occurred at 12:34 on 8/28/09 at static state with leak amount of 100 liters 
(0.60% of nominal flow within 5 minute integration) – 5 minute leak via 3/4” hole  
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Fig. 9 – The leak location identified by the flow transient method occurred at  
15:00 on 8/27/09 at dynamic state with a 130 liter leak amount (0.23% of 
nominal flow at 14 minute integration period) – 14 minute leak via 3/8” hole 

  

Additional functionality and features of LDS components 
In addition to the above leak detection and leak location functions, the 
measurement based leak detection system is also serving functions required by 
the pipeline management. This functionality is even available just from the flow 
meters themselves. The most noticeable functions are: 

• interface detection of the different petroleum products,  
• Product quality monitoring.  
• pig detection and location 

These functions are realized by dynamically measuring and monitoring the 
changes of the sonic velocity at the standard conditions (Liquident).  Liquident 
can be compared to a human unique finger print. It provides an accurate way to 
distinguish products that have even close densities.  The distinctive Liquident 
pattern of different product batches reveals their current and past location in the 
pipeline. Note that each batch’s characteristic shape remains identifiable at 
both site stations of the segment shown. 

In the below chart, you can find the MBLDS master station follows all the 
product changes and interfaces in the long distance pipeline to satisfy the 
customer’s requirements for leak detection, leak location, interface and pig 
detection and product quality monitoring.  The below figure shows the product 
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changes seven times by the Site Station 1 and the same changes were 
identified by Site Station 2 seventeen and half hours later. These product 
changes represent the product type change or product quality change. 

 
Fig. 10 – Pipeline Interface Detection 

The Master Station triggers pig tracking upon receiving the first pig passage 
message from a site station.  A marker shows the pig’s progression along the 
pipeline.  A slip factor from 0.00 to 1.00 can be entered to compensate the 
possible difference between the liquid flow velocity and the pig moving velocity.  
Entering 1.00 indicates that pig is moving at the same velocity as the liquid.  
Entering 0.00 causes the pig to remain at its current location until a non-zero 
slip factor is entered. Since every site station transmits such a message, the 
ETA display can be used to determine if position needs to be compensated by 
applying a slip factor.  In this case, the master station will indicate the distance 
from the pig start and the estimated arrival time of the next station.    

Below is the figure showing the data for batch tracking and pig detection.  The 
numerical data indicates valuable information such as batch size, start date and 
time, average API (or SG), volume sent, estimated time of arrival to end of pipe 
and distance from start. 

 
Fig. 11 – Batch tracking and pig detection 
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Company B: Enhancement of Flow measurement and Leak 
Detection with Clamp On Ultrasonic Flow Meters 
This Pipeline operator is a Joint venture of several oil companies to transport 
crude oil from a harbor over several hundred miles over mountains to several 
refineries. Safety is the key element, but also reliability, robustness and 
accuracy of the instrumentation play an important role for successfully 
operating a pipeline.  

The company uses fiscal approved insert Ultrasonic flow meters for billing 
purposes. In addition following methods for Leak detection and location are 
being used: 

Volume balance: 

Leak detection with this method is based on cumulative balancing of all 
volumes derived from change in actual line content, and  based on changes in 
local pressure and temperature. Comparison is done in two different time 
windows (5 and 30 minutes). For both time intervals the total volumes (Qbil) at 
the beginning and the end of the time interval, are being calculated (Standard 
volume at 0 bar and 15° C). 

 ∆V = (Vt1 - Vt0) 

The total balance for the time interval is therefore 

Vbil = VA - VE + ∆V 

A missing Volume (m3/h)  

Qbil =  Vbil * (60/TK) 

 

Negative Pressure wave: 

Analysis of sudden changes in pressure allows the detection and location of a 
sudden leak. Such a leak creates a negative pressure wave, which travels at 
the speed of sound of the liquid in both directions (upstream/downstream). 
These changes are being communicated from each site to the control system 
(0.1 seconds). The control system then decides if there is a leak including 
evaluation of events from the past, segment status, and actual pipe content. 
Additional algorithms and data from instrumentation are being used to optimize 
this method. 

 

Challenges of modern day multiproduct pipelines 
Within the past 10 years there has been a great increase in the amount of 
different hydrocarbon blends and mixtures that are transported through the 
pipeline. These liquids have different properties and the varying viscosities and 
densities make an accurate flow measurement more challenging 

To improve efficiency and the leak detection speed and reliability, the customer 
decided to use Clamp On Flow meters which have proven to be a cost saving 
tool. With the enhanced next generation flow meters, the savings would be 
even more significant. The enhancements include additional compensation 
tables to allow dynamic compensation for density, viscosity and temperatures 
changes at the same time, additional separate temperature compensation for 
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the transducers, multipoint flow rate compensation and faster digital 
processing. 

The goal for the testing and installation of the new systems was to confirm the 
improved performance.  

Main challenges were: 

• Over 50 different oil mixtures have to be measured and tracked 
• Changing liquid properties like density and viscosity  
• Testing was conducted for 9 months with significant temperature 

changes 

Customer tested the new systems on a 15 km pipe section. He defined strict 
criteria for batch tracking, which had to be met. Systems were tested in a time 
frame of 9 months, temperatures varied from +10 to +35° C within the testing 
time.  

Figure 12 shows the raw data (uncompensated flow results) for the 9 months 
period compared with the existing inline Ultrasonic flow meters. With the 
compensation turned on, the Flow meters reaches a better than 0.5% accuracy 
through all conditions (flow rates, temperatures, densities, viscosities) 

 

The next generation ultrasonic flow meters shows significant improvement 
compared to the performance of the previous installed systems. The ultrasonic 
flow meters accuracy depends strongly on flow profile and, consequently, on 
the liquid’s characteristics. This requirement is solved using the improved 
compensation methods. As a result the company replaced all existing flow 
meters, and ordered additional systems for monitoring relief tanks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12 – Not compensated results compared to Inline custody transfer USFM 
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Advantages of Measurement Base Leak Detection System with 
Ultrasonic Clamp On flow meters  

• Non intrusive system reduces cost for installation, operation and 
maintenance 

• Unaffected by wax or other deposits in the line 
• No pressure drop saves energy 
• Interface detection, batch tracking, liquid identification and quality control 
• In-field installation with accuracy better than 0.5% of actual flow rate at all 

operating conditions 
• Leak detection within very short time frame, down to < 50 liters   
• Leak location of +/- 150 meter or better 
• Actual real time mass balancing with dynamic compensation of changes in 

liquid temperature, pressure, viscosity and density.  
• One party responsibility for hardware and software.   
• Repeatability and relative flow measurement error down to 0.15% 
• High leak detection accuracy even under transient conditions (line 

pack/unpack), dynamic and static state 
• Accurate measurement of highly viscous liquids (> 2800 cst) 
• Complete service package for fast and comfortable system optimization 

  

Conclusion 
The new generation of clamp on flow meters has improved transducers with 
built in temperature compensation, faster and more precise signal detection 
and processing, and additional built in tables for multidimensional density, 
viscosity and temperature compensation.  

The Measurement Based Non-intrusive Leak detection System provides a 
unique solution to the oil and hydrocarbon industry for their needs in leak 
detection and leak location. Numerous comparison tests as well as over 70 
operating systems worldwide have demonstrated its sensitivities, multiple 
features and capabilities of detection both leaks and leak locations with one 
party responsibility.  

The latest product, the clamp on spools with TranslocTM mounting removes the 
uncertainty of installation and pipe properties. Clamp on Ultrasonic flow meter 
have proven to be able to provide custody transfer accuracy and highest 
performance to improve efficiency and reduce overall cost significantly. 
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