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Abstract: This paper discusses the implementation of the Atmos Wave Flow 

leak detection system on the Conpet crude oil pipeline network, the challenges faced on 
the project, solutions implemented and the extensive testing the leak detection system 
went through to be accepted by Conpet. 
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Rezumat: Aceasta prezentare a arătat că, Conpet a adoptat cea mai buna practică în 
selectia furnizorului de detecție a scurgerilor. În primul rând, a fost finalizat un concurs de 
selecție a conceptelor pentru a permite Conpet să revizuiască toate tehnologiile disponibile 
și să evalueze fiecare tehnologie prin teste la scurgere neanunțate. 

 

Cuvinte cheie: Sistem de detectare a scurgerilor din conducte, Atmos Wave Flow, 
rețea complexă de transport țiței prin conducte, Conpet 

 
1. Introduction 

 

Pipeline leaks and more recently thefts can have serious consequences including 
threats to human safety, damage to the environment, property and reputation, and 
financial loss through fines and clean-up costs. For these reasons, it is important that 

 
1 Sales and Senior Research Engineer, Atmos International 
2 Senior Project Engineer, Atmos International 
3 Project Engineer, Atmos International 
4 Șef Departament Dezvoltare Mentenanță, Conpet 
5 Șef Birou, Biroul SCADA, Conpet 
6 Șef Serviciu, Serviciul Scada & Automatizări, Conpet 



 The challenges and solution of implementing a leak detection system  61 

 

 

pipeline operators select the best available leak detection technology for their pipelines. 
Pipeline protection is vital to the security of the world’s energy supply. Pipeline 
protection cannot be guaranteed but it can be managed through a combination of different 
technologies and solutions. This paper discusses the implementation of the Atmos Wave 
Flow leak detection system on the Conpet crude oil pipeline network, the challenges 
faced on the project, solutions implemented and the extensive testing the leak detection 
system went through to be accepted by Conpet. 

Atmos International’s (Atmos) primary focus is to detect pipeline leaks and 

thefts reliably on operational pipelines. The technology has been successfully applied 

to over 1,500 pipelines across more than 60 countries. Conpet operates a 3800km 

pipeline network covering 24 Romanian counties which are illustrated in Figure 1.  

The pipelines within this network that utilize Atmos Wave Flow technology are on 

the Ticleni to Ploiesti pipeline via Poiana Lacului and Siliste the pipeline varies in 

diameter from 8” to 10.75” and cover a total distance of 247km while transporting 

different batches of crude oil. 

 

 
 

Figure 1. CONPET pipeline network 

 
2. Proof of concept trial  

 

Before project implementation on the pipeline network Conpet hosted an 

on-site competitive leak trial to effectively rule out unsuitable technologies.  A 

few vendors decided to participate but only a few made it as far as the trial. The 

trial was conducted over three days between the 14 th and 16th March 2017 on the 

Poiana Lacului to Siliste [F1] section. For this trial, Atmos utilized the Atmos 

Wave Flow system. This technology combines elements of the negative pressure 
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wave principle with a volume balance. Combining these technologies reduces 

uncertainty and improves performance.  

The wave method is based on the detection of the negative pressure waves 

associated with the onset of a leak. Wave is the result of many years of research and 

development to produce a pressure-based leak detection system that can differentiate 

between pressure waves that originate from pinhole leaks and other pressure changes 

caused by normal pipeline operations.   

  When a leak occurs in a pipeline, the pressure decreases at the release 

location. This negative pressure wave propagates out from the location of the release 

in both directions and can be sensed by pressure sensors at the pipeline ends or along 

the pipeline. The propagation speed of the wave is related to the speed of sound in 

the fluid. Identifying and timing the arrival of these waves at known positions can 

confirm the existence and location of a leak. Negative pressure wave systems detect 

the onset of a leak. If a leak is not detected upon its onset, the leak will not be detected 

later. Therefore, the pressure wave method is combined with a volume balance 

algorithm to overcome this challenge. Wave examines all aspects of the negative 

pressure wave front and its propagation through the entire pipeline length. Three 

comprehensive algorithms filter out the noise and arrange the analog pressure data 

into a detailed 3-dimensional map. This map allows the system to differentiate true 

leak/theft events from the pressure changes caused by transient operations. Extensive 

performance evaluation and field trials have proven that Atmos Wave Flow 

consistently differentiates the opening and closing of theft valves from transients. 

Figure 2 highlights this process.  

The mass, volume or flow balance element of Atmos Wave Flow is the 

extensively proven method used in the industry, but with a few additional features to 

correct measurement errors and provide intelligent learning to compensate for 

variations. These techniques correct for any meter errors present in the system. 

Atmos Wave Flow adjusts the actual flow difference for the long-term meter drift 

and uses the integrated RTTM to correct the flow difference for the inventory 

changes. If the remaining imbalance is greater than the configured sensitivity of the 

system, an alarm is raised. The flow method of Atmos Wave Flow differs from 

traditional mass balance leak detection systems (LDS) by the fact that, although both 

use flow meters to identify leaks and their properties, Atmos Wave Flow uses a 

sophisticated multi-element, real-time model to reduce the uncertainty in the system, 

which significantly reduces the response time. Figure 3 highlights this process.  

Atmos Wave Flow provides the following benefits to the pipeline operators:  

• Fast detection time  

• Accurate leak location  

• High sensitivity (exceeding flow meter performance)  

• Low false alarm rate  

• Detection of both leaks and theft events  
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During the competitive trial, a total of 16 blind leaks were performed by 

Conpet with varying flow rates and opening times as well as some of the leaks 

being performed to act as a theft event. These leaks were not without challenges 

as the system had to contend with the slack flow, pressure control valves, tanks 

dampening pressure wave signals and low pressure at the outlet section of the 

trial (Siliste). 

Even with these challenges, Atmos was able to provide accurate leak 

locations, impressive response times for different leak rates over the three days 

of testing. Figures 4 and 5 demonstrate the type of leaks performed during the 

competitive leak trial. Following the results and further discussions, Atmos was 

awarded the project and the project commenced in August 2017.       

 

 
 

Figure 2. Atmos Wave and its 3-step process 
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Figure 3: Process Logic diagram of mass balance method  

of Atmos Wave Flow 

 

3. Project implementation – the challenges faced  

 

The Conpet project scope consisted of implementing the Atmos Wave Flow 

leak detection system on the mostly parallel F1 and F2 pipelines running from 

Barbatesti through Orlesti, Poiana Lacului, and Siliste, ending at Petrobrazi. The 

branched pipelines from Otesti, Oarja, Saru and Bucsani are also covered.  

Figures 6 and 7 provide an overview of the Conpet pipeline and the locations 

of instrumentation for the leak detection system. Before installation, site surveys 

were completed to prepare site plans for the subcontractors who would be completing 

the installation work as part of Atmos’ turnkey solution.  

The following information was collected from each site:  

• Verification of the expected materials for each site 

• Quantity of Pressure transmitters 

• Instrumentation requirements 

o Instrument range  

o Connection type  

o Certifications 

o Classifications 

o Installation location 

• FT installation locations and pipeline diameter measurements 

• Instrument cable routing  
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Figure 4. Leak being performed during shut-in operation 

 

 
 

Figure 5. Leak being performed during running condition 
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Figure 6. Conpet pipeline instrumentation overview 

 

• Cabinet locations 

• Power supply availability 

• Communications routing 

Following the installation of hardware equipment that included pressure 

sensor assemblies, cabinets, data acquisition units known an AWAS units, clamp-on 

ultrasonic flow meters, 3G communication equipment, servers and laptops, the 

tuning process was commenced by Atmos International and several challenges were 

identified.  
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Figure 7. Conpet pipeline instrumentation overview 

 

4. The challenges  

 

• Sections of pipelines containing vapor pockets, known as slack conditions, 

were identified in several areas along the pipelines. The presence of slack 

prevents pressure waves from traveling effectively through the pipeline, 

which is critical for negative pressure wave leak detection systems to work 

optimally. The slack conditions, therefore, increased the likelihood of 

reduced sensitivity and leak location accuracy from the negative pressure 

wave element of the leak detection system 

• Although the pipeline only transports a single product type (crude), the 

varying density of each crude batch means the pipeline acts like a 

multiproduct pipeline thus the sensitivity of the system can vary depending 

on the batch of crude in the pipeline. In some respects, the crude can act 

like condensate. Varying densities had two major effects on the leak 

detections system: 
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o The negative pressure wave module calculates the leak location 

based on a known and constant product speed of sound. Speed of 

sound is observed to vary with density, therefore large changes in a 

density increase the likelihood of the leak location error. 

o The flow balance module detects leaks by comparing the corrected 

inlet and outlet flow readings for a section of the pipeline. Ultrasonic 

flowmeters are installed at some of the stations throughout the 

pipeline network and are used by the leak detection system. Flow 

readings from the ultrasonic flowmeters are likely to fluctuate based 

on the speed of sound of the product, which affected the sensitivity 

of the flow balance module for some crude batches. 

• The Conpet network is complex from the perspective of the leak detection 

system, due to variable inlets and outlets. The operation of the injection 

branches introduced challenges for both the negative pressure wave and 

flow balance modules. 

• Extensive testing of the leak detection system was carried out during 

multiple project phases, including some blind tests:  

o System calibration 

o SAT (Site Acceptance Test) 

o Observation period 

 

5. The solutions   

 

Although Atmos faced several challenges with the project implementation, 

solutions were found and implemented in the system. These solutions are detailed 

below:  

 

5.1. Slack Flow 

 

To handle the issue of vapor pockets, Atmos requested Conpet to increase the 

pipeline pressure within the identified slack zones. The leak detection system 

includes a hydraulic profile module, which was utilized to provide recommendations 

for minimum operational pressure. Although operating the pipeline at higher pressure 

can put strains on the pipeline and potentially reduce the lifespan of the pipeline, the 

performance of the leak detection system increases significantly. This allows leaks 

and thefts to be detected without the concern of leak location errors or sensitivity 

reductions.  

During the system calibration, several leak trials were carried out during 

slack conditions. As pressure waves were not able to travel effectively through the 



 The challenges and solution of implementing a leak detection system  69 

 

 

vapor pockets, clear pressure responses to the leaks were not observed. An example 

of this is shown in Figure 8 below, noting the following: 

• Graph 1 - Pressure readings (inlet shown in black, outlet shown in pink) 

• Graph 2 - Zoomed in pressure readings (inlet is shown in black, outlet shown 

in pink) - note that this graph displays the data within the grey box in graph 1 

• Graph 3 - Alg1 output, which is created by applying filters/algorithms to the 

raw pressure data. Peaks in this graph represent significant changes in the 

pressure. This graph has the same timespan as graph 2 (inlet shown in black, 

outlet shown in pink) 

• Graph 4 - 3d map, which shows the location of possible leak signatures. The 

left-hand vertical grey line represents the inlet of the pipeline section and the 

right-hand represents the outlet of the pipeline section. 
 

 
 

Figure 8. 4 mm leak trial during slack conditions 

 

 
 

Figure 9. 4mm leak trial after increasing outlet pressure 
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The pressure at the outlet of the pipeline was maintained at ~0 barg during 

this leak trial, which caused vapor to form. A response to the leak can be seen in the 

inlet pressure sensor, however not in the outlet sensor. Because of the vapor near the 

outlet of the pipeline, the negative pressure wave created by the leak was not able to 

travel effectively downstream from the leak location. 

An identical leak trial was carried out later after the pressure at the outlet of 

the pipeline was raised to 4.8 barg. As shown in Figure 9, a clear response to the leak 

can be seen in both the inlet and outlet pressure sensors and a single leak signature 

was generated at the location of the leak. 

Following the increase in the outlet pressure, this leak trial was detected by 

the leak detection system. The calculated leak location was 69 m away from the 

actual leak location (0.15% of the pipeline length). 

 
5.2. Density changes  

 

As mentioned above, flow readings from ultrasonic flowmeters may vary based 

on significant changes in product density/speed of sound; this resulted in decreased 

sensitivity for some products from the flow balance module. To counter this issue, the 

speed of sound signal from the ultrasonic flowmeters was made available to the leak 

detection system and meter correction was implemented based on the speed of sound. 

This allowed Atmos to improve the sensitivity of the flow balance system when pumping 

certain products.  

Figure 10 below demonstrates how flow readings can vary significantly based 

on product speed of sound, noting the following: 

• Graph 1 - Corrected flows (inlet PD-meter FT shown in white, outlet 

ultrasonic FT shown in red) 

• Graph 2 - Pressure readings (inlet shown in white, outlet shown in red) 

• Graph 3 - Final corrected flow difference between the inlet/outlet of the 

pipeline section (internally referred to as the Kappa value). The Kappa 

threshold is shown by the dotted line; a leak alarm will be generated if the 

Kappa value crosses the threshold for longer than a configured period. 

• Graph 4 - Speed of sound of the product (outlet shown in red) 

There are 3 occasions in the above figure where the speed of sound in the 

outlet changes, which are highlighted in a yellow shade. At these times, the outlet 

flow reading (red in graph 1) and the Kappa value (graph 3) change significantly.  

 

5.3. Complex flow balance 

 

Due to the number of inlets and outlets on the pipeline network, a 

complicated flow balance system was required to handle the different flow options 
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that Conpet could operate the pipeline with. Atmos introduced logic into the LDS 

system through the form of scripts to identify which flow meters are active to 

understand which section of the pipeline is in use. 

 

 
 

Figure 10. Flowmeter variation due to speed of sound variation 

 

5.4. Extensive leak testing during the project 

 

The Atmos Wave Flow leak detection system was extensively tested by 

Conpet during the project to prove the system could detect leaks and theft events in 

real-time. In total 307 leak tests were completed, 288 of these leaks were designed 

leaks that Atmos expected. 19 blind leaks were completed in secret to see if the 

system would alarm on the events. The leaks were completed using different size 

diameter holes ranging from 10mm to 4mm, with most leaks being detected with a 

leak location accuracy within 1% of the pipeline section length. The leaks were 

conducted in both dynamic and static conditions with every section of the pipeline 

being tested. Examples of leak trials in both dynamic and static conditions are shown 

in Figure 11 and Figure 12 below. 

All this information was utilized for tuning the leak detection system and 

ultimately give confidence to Conpet that the Atmos leak detection system would 

provide effective leak detection on their pipelines. The project was officially 

completed on the 4th July 2019. 
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Figure 11. Dynamic 7 mm leak trial 

 

 
 

Figure 12. Static 4 mm leak trial 

6. Conclusions 

 

This paper has shown that Conpet took the best practice approach in selecting 

a leak detection vendor. Firstly, a proof of concept trial was completed to allow 

Conpet to review all technologies available and evaluate each technology through 

blind leak tests. 
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Conpet required the leak detection vendor, in this case, Atmos, to provide a 

turnkey solution including installation works, communication, hardware and leak 

detection software. This meant site visits were required and the sharing of 

information to meet each specified requirement. 

While the Conpet pipeline network provided several challenges to implement 

leak detection, this paper has highlighted the solutions that were provided to 

overcome them. Finally, extensive leak testing was performed to provide invaluable 

tuning data to Atmos as well as build confidence with Conpet and their operators that 

the Atmos leak detection system can provide effective leak detection in any of their 

pipeline operating scenarios. 

Since the implementation of the Atmos leak detection system, several theft 

events have also been detected by the system on the Barbatesti and Orlesti pipeline 

which highlights the effectiveness of the Wave Flow LDS to detect both leak and theft 

events critical to pipeline protection.  Figure 13 shows evidence of one theft event.  

 

 
 

Figure 13. Theft event during running conditions 

 
Following the system completion in July 2019, Conpet has become a 

valuable customer and reference to Atmos. This demonstrates the importance of 

pipeline operators and leak detection vendors working in partnership to deliver 

successful projects and leak detection systems. 
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