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Abstract 

A gas transmission pipeline operating in a remote muskeg region of Alberta, Canada, had suffered 

an external corrosion leakage. Muskeg is a common term used in Canada to define an acidic infertile 

soil type common near artic areas. The external surface of the pipeline was protected with 

polyethylene coating and was backed up with cathodic protection at -1000 mV vs. Cu/CuSO4.   In 

spite of the corrosion strategies, the gas pipeline suffered an external corrosion failure.  Post-mortem 

analysis revealed that the failure was caused due to microbiological activities.  Corrosive 

microorganisms (mainly sulphate reducing bacteria) were later found at the bottom of disbonded 

plastic tape coatings where leakage was detected. 

 

This paper explains how proactive implementation of key performance indicators (KPIs) can avoid 

such failures.  In order to fully implement the 5-M methodology (model, mitigation, monitoring, 

maintenance, and management) 50 KPIs are required.  However, not all the 50 KPIs need to be 

addressed in all situations and only KPIs applicable to this study are identified. 

 

 

 



1. Introduction 

In order to evaluate the applicability of 50 KPIs, all available information from gas transmission 

pipeline were collected.   The following sections discuss the type of data collected and the salient 

information obtained from them. Table 1 discusses the status of the 50 KPIs based on information 

collected. 

 

2. Context of Corrosion Control 

This pipeline was located in a remote location which reduced the risk due to failure of this pipeline 

on human life and property damage. No information was available on the life of the pipeline. 

 

3. Internal corrosion – Model, mitigation and monitoring 

This gas transmission pipeline was mainly transporting dry gas and hence the potential for internal 

corrosion was low.  For this reason, no additional strategies to mitigate internal corrosion were 

implemented. This pipeline was piggable and inline inspected (ILI).  However the magnetic flux 

leakage (MFL)-ILI focussed only on external corrosion. 

 

Since data related to internal corrosion was not available, hence related KPIs were not evaluated 

in this study. 

 

4. External corrosion – Mitigation, model and monitoring 

Since the gas transmission pipeline was more susceptible to external corrosion, time tested and 

proven mitigation strategies were applied.  The pipeline was protected with polyethylene tape and 

backed up with cathodic protection.  The CP potential was 1000 mV vs. copper-copper sulphate 

(CCS) reference electrode. 

 

Pipe to soil potential measurement surveys were conducted.  Inline inspection using MFL tool 

indicated active external corrosion. In spite of these corrosion control practices, an external 

corrosion leakage had happened. 

 

 

 



5. Measurement 

The leakage site was excavated. Water was also found to be trapped at the site under the disbonded 

pipe coating. 

 

Samples were collected from the excavation site and various laboratory tests including pH 

measurements, water chemistry tests and corrosion product analysis (using X-ray diffraction, 

energy dispersive X-ray analysis, inductively coupled plasma emmision spectroscopy) were 

performed. MPN assays were performed for microbial enumeration and plate counts on nutrient 

agar. These measurements indicated MIC to be the major reason for pipe leakage. Since additional 

data collection and measurements were done post failure, only one data point as measured during 

report preparation was available.  This was  not sufficient for corrosion rate predictions, however 

based on various assumptions, corrosion rate was approximated to 0.74 mm/yr. 

 

6. Maintenance and Management 

No documented evidence was available to indicate that the hydrotest was conducted properly and 

that the infrastructure was commisioned properly. 

 

7. Status of KPIs and Status of infrastructure 

Of the 50 KPIs required to fully implement 5M- methodology, 

• 7 KPIs are properly applied 

• 12 KPIs are inadequately applied 

• 4 KPIs are not accounted for adequately  

• 27 KPIs are not relevant to the gas transmission pipeline described in this work. This 

evaluation predominantly focussed only on external corrosion.  

 

8. Summary 

Despite using regular industry standards for pipe protection like cathodic protection conditions 

and coatings on pipe, corrosion still occurred on a gas transmission pipeline. The accelerated 

corrosion was due to microbial attack.  Had all mechanisms that could cause external corrosion 

been considered in the design stage, failure of the gas transmission pipeline could have been 

avoided. In order to further improve the reliability of gas transmission pipeline it is recommended 

to improve the following KPIs: 



KPI 4: Quantification of risk before failure is important as it can help prevent a plausible failure 

scenario.  

KPI 46, 47: Data management to/from database is very important as it helps in determining the 

history of the transmission pipeline failures and the improvisations done in the past and the effect 

of such changes. Such information was missing in the present case and only one data point 

measured after failure was available which is insufficient for designing any mitigation strategy.  

The missing KPIs which were not adequately accounted for, but are very important for this 

operation included: 

KPI 15: Commissioning: The documented evidence related to proper commissioning of the pipe 

was not available. This is very important information, which can contribute towards understanding 

the cause of the pipeline failure. This is because it will provide information related to whether the 

hydrotesting of the pipeline was conducted properly or not and whether the water used during 

hydrotesting was properly removed from the pipeline or not. The data from the design stage and 

the baseline conditions of the pipeline was not available in any database, which a valuable 

information as the design and location of the pipeline together help in prediction of the risk of the 

failure. 

KPI 23: Polyethylene coating was used in the present case and backed with backed up with 

cathodic protection at -1000 mV vs. Cu/CuSO4. Polyethylene coating is a type of tape coating and 

is thermoplastic in nature. This was earlier a popular choice for small diameter pipelines due to its 

resistance to soil stress and high impact resistance at lower temperatures in cold countries like 

Canada. Many other cases of pipeline failures with tape coating in Canada were also reported in 

the 1990s due to near neutral pH stress corrosion cracking. This also points towards the choice of 

coating was not ideal and a better coating material currently available in the market like fusion 

bonded epoxy coating, three layered and composite coating could have prevented the failure. The 

cathodic protection of -1000 mV vs. Cu/CuSO4 was more in the overprotection range of CP. 

Though it usually benefits the pipeline infrastructure as any irregularity or defects can be overcome 

with overprotection. However, overprotection can also lead to hydrogen generation. Hydrogen 

could be harmful for the infrastructure as it leads to embrittlement and cracking and also promote 

the growth of SRB. A good way to monitor this could be the regular use of hydrogen probe.  

KPI 34: The corrosion rate collected from the pipe to soil measurements at three different field 

sites showed effective cathodic protection. However the magnetic flux leakage online inspection 



tool record observed active corrosion. This clearly shows the discrepancy between the field 

observations and the online inspection readings and highlights the importance of having many 

different ways to monitor corrosion. Total reliability on the readings obtained from just one probe 

may be very misleading and should be avoided.  
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Table 1: Status of KPI in a Canadian Gas Transmission Pipeline 

KPI 
No. 

KPI description KPI 
Score 

Rationale for KPI score 

1 Segmentation of the infrastructure 0* This information was not collected. 

2 Corrosion risks 3 
 

Long gas transmission line is in a sulfate reducing bacteria rich soil zone 
which increases the probabilty of localized corrosion and pit propagation  

3 Location of the infrastructure 1 Remote muskeg region of Alberta which is  a sparsely populated area and 
hence consequence of failure is relatively low as compared to a densly 

populated  area. 

4 Quantification of risk 0* This information was not collected. 

5 Life of infrastructure 0* This information was not collected. 

6 Materials of construction 2 Material information is not given but effective corrosion control measures 
were taken like CP and coating 

7 Corrosion allowance (wall thickness) 0* This information was not collected. 

8 Normal operating conditions 1 Coating on the external pipe and cathodic protection was applied 

9 Upset conditions or operation excursions in the 
upstream segment 

0* This information was not collected. 

10 Upset conditions in this sector affecting downstream 
sector. 

1 Corrosion susceptibility was determined and communicated to appropriate 
persons. 

11 Mechanisms of corrosion 1 Team of experts was assembled to determine the corrosion mechanisms.  
MIC was identified as primary cause. 

12 Maximum corrosion rate (internal surface) 0* This information was not collected. 

13 Maximum corrosion rate (external surface) 2 Once the mechanism of corrosion was determined, appropriate corrosion 
experiments were performed in the lab to determine maximum corrosion 

rate 

14 Installation of proper accessories 1 Pig launching and receiving facilities were installed. Magnetic flux leakage 
method was used for online inspection 

15 Commissioning 4 No documented evidence was reported that the hydrotest was conducted 
properly and the infrastructure was commissioned properly.  Besides 

corrosion was reported to occur under disbonded tape coatings and SRB 
were found in these disbonded coatings. 



Table 1: Status of KPI in a Canadian Gas Transmission Pipeline 

KPI 
No. 

KPI description KPI 
Score 

Rationale for KPI score 

16 Mitigation to control internal corrosion: Is it 
necessary? 

0* Not applicable/not evaluated 

17 Mitigation strategies to control internal corrosion. 0* Not applicable/not evaluated 

18 Mitigated internal corrosion rate, target. 0* Not applicable/not evaluated 

19 Effectiveness of internal corrosion mitigation 
strategies 

0* Not applicable/not evaluated 

20 Selection of mitigation to control external corrosion. 1 Both protective coatings and cathodic protection were in place 

21 Implementation of mitigation strategies to control 
external corrosion 

2 Common mitigation strategies were applied which are generally proven to 
be effective 

22 Mitigated external corrosion rate, target. 3 Corrosion rate was based on assumptions because of lack of adequate data 
points 

23 Effectiveness of external corrosion mitigation 
strategy 

4 Despite effective mitigation strategies in place, localized corrosion was 
detected.  Hence mitigation strategy was not fully effective at some points 

24 Internal corrosion monitoring techniques 0* Not applicable/not evaluated 

25 Number of probes per unit area to monitor internal 
corrosion 

0* Not applicable/not evaluated 

26 Internal corrosion rates, from monitoring technique. 0* Not applicable/not evaluated 

27 Accuracy of internal corrosion monitoring 
techniques 

0* Not applicable/not evaluated 

28 External corrosion monitoring techniques 2 Magnetic flux leakage method and online inspection tool was used 

29 Number of probes per unit area to monitor external 
corrosion 

2 Probes were used at critical locations on the pipe. 

30 External corrosion rates, from monitoring technique. 0* This information was not collected. 

31 Accuracy of external corrosion monitoring 
techniques. 

3 Pipe to soil potential measurements at 3 different sites showed effective 
cathodic protection. However active corrosion was observed by the 

magnetic flux leakage online inspection tool records 

32 Frequency of inspection 3 Frequency established based on some engineering  but process not clear 
and documented 

33 Percentage difference between targeted mitigated 
internal corrosion rate or corrosion rate from 

0* This information was not collected. 



Table 1: Status of KPI in a Canadian Gas Transmission Pipeline 

KPI 
No. 

KPI description KPI 
Score 

Rationale for KPI score 

monitoring techniques and corrosion rate from 
inspection technique. 

34 Percentage difference between targeted mitigated 
external corrosion rate or corrosion rate from 

monitoring techniques and corrosion rate from 
inspection technique. 

4 Pipe to soil potential measurements at 3 different sites showed effective 
cathodic protection. However active corrosion was observed by the 

magnetic flux leakage online inspection tool records. 

35 Measurement data availability 3 Only one data point as measured during report preparation was available 
which is not sufficient for corrosion rate predictions 

36 Validity and utilization of measured data. 1 Based on the mechanism predicted for corrosion, ppropriate lab 
experiments were performed to validate the predicted corrosion mechanism 

37 Procedures for establishing the maintenance 
schedule. 

0* This information was not collected. 

38 Maintenance activities 0* This information was not collected. 

39 Internal corrosion rate, after maintenance activities 0* Not applicable/not evaluated 

40 Percentage difference between internal corrosion 
rates and after maintenance activities. 

0* Not applicable/not evaluated 

41 External corrosion rate, after maintenance activities 0* Not applicable/not evaluated 

42 Percentage difference between external corrosion 
rates and after maintenance activities. 

0* Not applicable/not evaluated 

43 Workforce- capacity, skills, education, and training. 0* Not applicable/not evaluated 

44 Workforce- experience, knowledge, and quality. 2 As soon as corrosion was suspected, experts for corrosion control were 
consulted for further verification and improvement in corrosion control 

strategy 

45 Data management – Data to database. 0* Not applicable/not evaluated 

46 Data management – Data from database. 0* Not applicable/not evaluated 



Table 1: Status of KPI in a Canadian Gas Transmission Pipeline 

KPI 
No. 

KPI description KPI 
Score 

Rationale for KPI score 

47 Internal Communication Strategy 0* Not applicable/not evaluated 

48 External Communication Strategy 0* Not applicable/not evaluated 

49 Corrosion Management review 2 In this case, as mentioned in the report, corrosion control activites were 
reviewed between 2-5 years 

50 Failure Frequency 4 Incidence of corrosion reported  

*For the purpose of displaying the data, a value of 0.25 is used in Fig. 1.  

  



 

Figure 1: Status of KPI in a Canadian Gas Transmission Pipeline  

Figure legend 
0.25 Not addressed or 

not applicable 
0 to 1 Accounted for 

adequately 
1 to 3 Accounted for 

inadequately 
3-5 Not adequately 

accounted for 
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