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REQUESTOR NAME:  BCOAPO et al. 

INFORMATION REQUEST ROUND NO:  #1 

TO:  PNG (N.E.) Ltd. 

DATE:  17 December, 2020  

APPLICATION NAME: CPCN for the Salvus to Galloway Gas Line Upgrade 

Project  

 

 
 

 Reference: Exhibit B-1, page 2 
 

The referenced page states: 

The ongoing challenges have been heightened by the vintage of the original 

pipeline system and the accepted design and construction specifics for this 

pipeline segment when originally constructed in 1968. This resulted in a higher 

risk of physical damage and failure, complexity of maintenance and repair, 

and existing and resultant less than desirable conditions that “must be lived 

with”. PNG has managed these conditions and outcomes as best possible in 

an environment with limited market opportunities for natural gas in the Prince 

Rupert area for 12 the past 30 years. The status quo, however, is no longer 

acceptable, resulting in the Project proposed herein.   

 

1.1 Please provide (i) the original cost of the pipeline when constructed and (ii) the 
current net book value of the assets.   

Response: 
 
The original CPCN granted in December 1966 for the Western Transmission Gas Line from Summit Lake 
to Prince Rupert was for a capital cost of $26 million.   
 
As the original CPCN and pipeline date back over 50 years ago, PNG does not have detailed records to 
be able to explicitly identify the total cost of the portion of the Western Transmission Gas Line that is 
specifically related to the Salvus to Galloway section. The original fixed asset accounting records were 
all paper-based documents, and PNG has had numerous accounting system conversions over this time.  
 
On a best-efforts basis, over the past 10 years PNG has attempted to reconstruct more detailed records 
on the pipeline. Based on these reconstructed records, PNG estimates that the value of the Salvus to 
Galloway section of the pipeline had an original cost of approximately $7 million, which is considered 
reasonable based on the total capital cost of $26 million for the entire Western Transmission Gas Line.  
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Similarly, because of the lack of detailed asset records, on a best-efforts basis PNG estimates that the 
net book value of the Salvus to Galloway section of the pipeline was $8.7 million at December 31, 2019. 
This estimate was based on the estimated original 1969 cost of $7 million, plus the value of all additions 
that were identified for the Salvus to Galloway section, and reduced by the value of all retirements 
that were determined to be associated with this section of the pipeline.  
 
The following table provides a summary of the determination of the estimated net book value. 
 

 
 
PNG further notes that changes in depreciation rates over the years due to a number of depreciation 
studies have also contributed to the challenge of creating this estimate of the net book value of the 
Salvus to Galloway section of the pipeline. 
 
 
 

 
  

Original Cost of 
pipeline 

7,149,635 

MP 311 to MP 362 

System 
betterment 

Additions 

14,745,019 

Retirements Accumulated NBVat 
Depreciation Dec.31, 2020 

{1,097,254) {12,075,624) 8,721,776 
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 Reference: Exhibit B-1, page 3 (and 24) 
 

The referenced page states: 

Following a 20-plus year period where PNG deferred certain maintenance and 

integrity management practices in order to operate within an economic 

circumstance void of significant industrial customers, PNG must now look to 

undertake projects and investment that allow for the significant repair and 

upgrade of aged assets in order to safeguard the integrity and safety of its 

pipeline system. This is of utmost priority for the Salvus to Galloway pipeline 

segment that has been identified as being susceptible to high hazard and risk 

associated with threats such as corrosion, mechanical damage, and 

geohazards. 

 

2.1 In PNG’s view, if it hadn’t “deferred certain maintenance and integrity 
management practices,” would or could the remediating activities now 
proposed in the instant case have been mitigated, in terms of cost and scope, 
to some extent?  If not, please explain why not.   

Response: 
 
PNG is of the view that had maintenance and integrity management practices on the Salvus to 
Galloway pipeline segment been more completely executed over the past 20-plus years, the cost and 
scope of the project activities proposed in the Application could have potentially been mitigated to 
some extent. However, this would be limited to incremental costs associated with repair quantities. 
This is because the high costs associated with the planning, logistics, and access to work areas, which 
are generally independent of the total number of repairs to be conducted, would be expected to 
remain relatively unchanged and in some instances would have been incurred multiple times over the 
past 20 years had previously deferred work been conducted.  
 
A significant contributor to both cost and scope of the proposed Project and associated activities is the 
site remoteness, access and construction complexities, and the legacy of the original construction 
quality. As such, limiting the number of times the pipe is accessed can help reduce costs but must be 
weighed against any potential impacts to the reliable provision of gas service.  
 
PNG believes it has maintained an appropriate balance between costs and reliability over the operation 
of the pipeline but believes that in order to continue the safe reliable operation of the pipeline the 
work proposed in the Project is required. 
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2.2 In general, if deferring maintenance and integrity practices does not increase 
the future cost of performing these activities later, then why wouldn’t the utility 
defer them as a general practice?  

Response: 
 
In general, deferring maintenance and integrity practices does increase the future cost of performing 
the activities. The degree to which this is true is activity, asset, and location specific.  
 
Generally, asset inspections, repairs, and other associated maintenance that are integrity based is to 
be done at a frequency and degree of completeness that ensures the safety of the asset(s). Deferring 
such activities needs to be done in consideration of the overall impacts and risk. As described in PNG’s 
response to Question 2.1, the remoteness and cost of accessing the Salvus to Galloway section are 
significant cost drivers for any work being performed regardless of the quantity of repairs being 
undertaken. 
 
 
 

2.3 In British Columbia, it is uncontroversial to assert that utilities such as PNG 
can expect to recover 100% of all prudently incurred expenses from 
ratepayers by order of the regulator and, in addition, get a return on and return 
of capital on those capital expenditures. Given that fact, please explain why, 
other than in circumstances where the utility is seeking large rate increases for 
other reasons and wishes to avoid compounding that increase with those 
relating to normal maintenance and integrity activities, a utility would defer 
those maintenance and integrity activities. 

Response: 
 
A utility that has lost significant load and revenue from industrial customers, such as PNG, may look at 
any and all cost saving activities including, when absolutely necessary, the deferment of certain 
maintenance and integrity activities if the cost of those activities alone would result in very significant 
rate increases for other customer classes whose rates have seen substantial increases to recover the 
cost of service given the loss of industrial loads. Any such proposed maintenance and integrity activity 
deferral would require the confirmation that it was safe to do so, adjusting the balance between the 
accepted bounds of risk tolerance and aversion, while ensuring the ongoing safe and reliable operation 
of associated assets.   
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 Reference: Exhibit B-1, pages 4-5 
 

The referenced pages state: 

 

Given the materiality of the potential revenues associated with these 

incremental RECAP volumes, PNG has given consideration to the expected 

impact on average delivery rates of the Project, both alone and in combination 

with potential incremental demand from RECAP at both 30 MMSCFD and 65 

MMSCFD. On a standalone basis (without any RECAP revenues or costs), 

PNG anticipates that the Project will increase residential delivery rates for 

PNG-West customers by approximately 11% once fully implemented. 

However, under both the 30 MMSCFD and 65 MMSCFD RECAP scenarios 

the RECAP revenues are expected to more than offset the entire cost of 

service impact of the Project over the average initial 20-year term of the 

RECAP TSAs. 

 

3.1 Can PNG confirm that, barring anything untoward occurring, residential 
delivery rates are expected to decrease due to the RECAP revenues under 
both scenarios?   

Response: 
 
PNG expects that, in isolation, the excess RECAP revenues (revenues in excess of the RECAP cost of 
service) will more than offset the cost of service associated with the Salvus to Galloway Gas Line 
Upgrade Project under both scenarios noted in the preamble. However, PNG cannot know at this time  
what other costs or revenues will materialize over time as compared to PNG’s 2021 cost of service.  
 
Under BCUC Order G-35-20, the decision on PNG’s Application Regarding Process for Allocation of 
Reactivated Capacity and Approval of Large Volume Industrial Transportation Rate, PNG was granted 
approval to create a new interest-bearing deferral account, the Large Volume Industrial Deferral 
Account (LVIDA), to record revenues from RS 80 including the firm demand charges and toll premiums 
as per executed Transportation Service Agreements (TSAs) and reservation fees from the executed 
Transportation Reservation Agreements (TRAs) related to RECAP (PNG notes there were no TRAs 
executed). The LVIDA will be in place to mitigate rate volatility and may also be utilized to offset 
potentially adverse rate impacts upon the expiry of the initial term of the TSAs (among other purposes). 
Additions to and withdrawals from the LVIDA are expected to be determined through future revenue 
requirements applications.  
 
PNG notes that the intent of the LVIDA is more fully described in Section “9.1 Description and 
Justification” of its Application Regarding Process for Allocation of Reactivated Capacity and Approval 
of Large Volume Industrial Transportation Rate. PNG replicates Section 9.1 below for reference. 
 
  

3.0 
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9.1 Description and Justification 

PNG expects a successful outcome from the RECAP to result in the execution of long term contracts 
for the capacity on its pipeline system.  PNG is also proposing that a credit deferral account be 
created to provide PNG some flexibility on how to manage the incremental revenues to be received 
from shippers and the reservation fees to be received from future shippers.  The intent is to: 

• manage the inherent uncertainty related to the RECAP outcome, 

• avoid volatility in customer rates by systematically managing expected rate 
 decreases, 

• have the ability to avoid rate shock as contracts eventually expire, and 

• provide flexibility to manage any unforeseen circumstances that may arise in the 
future. 

The following examples illustrate how the LVIDA may be applied: 

• Future negative impact on remaining ratepayers’ rates following a Rate Schedule 80 
Shipper(s) contract expiring and not being renewed could be significant.  The LVIDA 
would be applied for the benefit of ratepayers to help smooth rates and avoid the likely 
potential of rate shock.  

• Capital requirements to allow PNG to have sufficient capacity to meet RECAP demand 
will depend on the outcome of the allocation process.   The contract term will likely be 
shorter (ranging between 20 and approximately 40 years) than the depreciable life of 
the assets (approximately 60 years) which will misalign the timing between the 
collection of revenues from the contracts and the associated cost of service.  This 
misalignment could result in future rate shock if the financial contribution from Rate 
Schedule 80 shipper(s) ceases at the end of their contract before the related rate base 
is fully recovered.  In other words, the remaining customer classes will be adversely 
affected by the departure of Rate Schedule 80 shipper(s) at the end of their contract 
life.  The LVIDA would be applied for the benefit of ratepayers to help smooth rates and 
mitigate the likely potential of rate shock.  

• If unexpected capital expenses (e.g. for system reliability) are incurred in the initial 
years of new shipper contracts when Schedule 80 rates are fixed and are not on a rolled-
in basis, the LVIDA could be applied to alleviate the impact of this unexpected capital 
requirement.  

• If an unforeseen credit collection issue were to arise with a Rate Schedule 80 shipper, 
the LVIDA could mitigate the effects of this unforeseen event. 

One of the main objectives of the RECAP is to optimize benefits to existing ratepayers by lowering 
their rates as PNG collects revenues from the new shippers in excess of the costs to provide such 
service.  PNG will not know what the magnitude of these benefits will be until after the completion 
of the RECAP.  At that time, PNG will be able to better understand the longer-term impact on 
customer rates and the requirements for the credit deferral account.  

PNG plans to address additions and the method of amortization in future revenue requirement 
applications or via a separate regulatory application, if required.  
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3.1.1 If not, please explain why not. 

Response: 
 
Please see the response to Question 3.1. 
 
 
 

3.2 Please provide an estimate for each year of a 20-year initial term under this 
“smooth sailing” scenario an estimate of the net impact (costs and revenues) 
on residential rates in both (i) the 30 MMSCFD RECAP scenario, and (ii) the 
65 MMSCFD RECAP scenario. 

Response: 
 
As described in PNG’s response to Question 3.1, PNG expects that, in isolation, the excess RECAP 
revenues (revenues in excess of the RECAP cost of service) will more than offset the cost of service 
associated with the Salvus to Galloway Gas Line Upgrade Project under both the 30 MMSCFD and the 
65 MMSCFD scenarios.  
 
However, the magnitude of the impact on rates will depend on a number of factors including future 
costs and revenues as well as any contributions to or withdrawals from the LVIDA. Actual rate impacts 
will be determined by future revenue requirements applications and, as such, it is impossible to 
determine an estimate of the net impact on residential rates for each year of the 20-year initial term 
of the TSAs.   
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 Reference: Exhibit B-1, page 21 
 

The referenced page states: 

In recognition of the condition of PNG’s aging transmission system, PNG has 

made significant increases in its system betterment expenditures over the past 

7 years. As an example of this, whereas in 2015 PNG spent $2.6 million on 

system betterment, this amount has increased to forecast amounts of $10.2 

million and $13.0 million for 2020 and 2021, respectively. 

4.1 Please provide a brief description of the various “system betterment 
expenditures” made in each year between 2015 and the (proposed) 2021 
inclusive. 

Response: 
 
The following graphical representation provides an illustration of the incremental increases in system 
betterment expenditures by PNG from 2015 to 2021 (proposed). This is followed by a table of specific 
and appreciable discrete betterment expenditures.  
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System Betterment Expenditures ($) – 2015 to 2021 (proposed) 
 
Expenditure 2015 2016 2017 2018 2019 2020 2021 

Unspecified Mainline Repairs            
525,680  

 
           

780,530  
       

1,025,600  
         

590,918  
       

912,665  
         

793,315  

Investigative Dig Cut-outs              
23,789  

             
54,719  

           
264,546  

           
530,821  

         
726,413  

       
416,821  

      
1,220,901  

Other Minor System 
Betterment Projects 

           
118,877  

           
304,976  

           
212,023  

           
110,819  

           
99,465  

       
442,761  

         
363,982  

Compressor Station 
Upgrades 

           
510,107  

           
189,790  

           
527,136  

       
2,655,432  

         
944,359  

    
1,221,012  

      
1,469,417  

Meter & Regulating Station 
Upgrades 

             
79,419  

             
50,740  

 
             

37,210  
           

75,073  
   

       80,906  
           

69,705  

Line Heater Replacements            
258,162  

           
574,830  

           
108,797  

           
542,683  

 
      

    21,729  
         

980,139  

Cathodic Protection RMU  
102,200  

      

Kitimat Lateral Receiving 
Barrel 

 
183,716  

      

Structure Improvements  
122,437  

      

Distribution Main 
Improvements 

           
134,289  

      

Paint Glen Creek Falls Bridge  
322,339  

      

Telkwa River Crossing 
Replacement 

           
205,025  

      

Transmission Mainline 
Repairs and Assessments 

 
           

498,167  
             

47,445  
       

1,210,656  
         

349,829  
    

3,541,918  
      

2,893,975  

MP 299 - New Crossing and 
Line Lowering 

 
           

259,596  
           

917,052  

    

M/L Repair Washout MP 
285.3 

 
           

639,495  

     

Access Upgrades - Work 
Channel & Gitnadoix 

  
             

83,643  

    

Replace 6 Communication 
Repeaters 

  
           

374,464  

    

Copper River MP 250 Repair 
   

 
5,927,403  

   
       57,052  

    
   294,587  

 

Salvus to Galloway 
Remediation - MP311-362 - 
Phase 1 

   
 
           

324,444  

 
           

24,040  

       
 

   24,313  

 

Salvus to Galloway 
Remediation - MP311-362 - 
Phase 2 

    
 
         

584,669  

 
       

454,722  

 

Salvus to Galloway 
Remediation - MP311-362 - 
Phase 3 

     
 
    

1,916,290  

 

Salvus to Galloway 
Remediation - Execution 
Phase 

      
 
      

2,598,209  

Automatic Meter Reading 
Pilot Project 

   
           

249,582  
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Expenditure 2015 2016 2017 2018 2019 2020 2021 

Kleanza Crk Crossing Rplmt 
TER 

   
             

69,449  
         

822,557  
        

  95,851  

 

Highway 16/37 Skeena 
Station Relocation 

   
           

444,195  
         

761,969  
        

  33,001  

 

MP 195.9 Exposed Pipe 
Lowering 

     
       

112,726  

 

MP 297 Exposed Pipe 
Remediation - Phase 1 

     
       

117,100  
           

56,624  

MP 297 Exposed Pipe 
Remediation - Phase 2 

      
         

917,217  

High Voltage Alternating 
Current Mitigation 

     
         

 25,238  
         

190,338  

MP 208 Rock Armouring 
      

         
321,728  

Port Edward Storage Bottle 
Removal to Assess 8" ML - 
Phase 1 

      
          
 

183,645  

10" & 8" Barrel Site 
Construction 

      
         

592,055  

Piping Modification for Gas 
Blowdown Reduction 

      
         

239,515  

Methanex Lateral at Kitimat 
River Crossing Repair - Phase 
1 

      
          
 

122,526  

 
Total 

       
2,586,039  

       
2,572,311  

       
3,315,636  

     
13,128,295  

      
5,036,345  

    
9,711,641  

    
13,013,291  
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4.2 Can PNG confirm that none of the earlier betterment spending will be made 
redundant (i.e., unnecessary in retrospect) due to the work included in the 
applied for proposal?  That is, had PNG known (somehow) in 2015 and in 
subsequent years that the current proposal would be undertaken in 2020 and 
thereafter, would it have still made the same 2015-2019 betterment 
expenditures and why?    

Response: 
 
None of the previous or planned system betterment will be made redundant given the proposed 
Project scope. The system betterment work has been inclusive of incremental increases in routine 
integrity management related spending and discrete one-off capital projects in order to sustain (and 
in some cases regain) compliance with CSA Z662 and the BC OGC’s regulatory purview. Previous system 
betterment repairs were made to address the aging nature of PNG’s assets, changes in standards and 
regulations, and the threats and locational conditions to which the assets are exposed (environmental 
corrosion, stress corrosion cracking, third party damage, hydrotechnical hazards related to seasonal 
floods and stream channel meander, geohazards, vegetation regrowth rate, for example). The nature 
of the proposed scope of the Project is to address identified pipeline integrity issues through localized 
repairs rather than the replacement of large sections of pipe.  
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 Reference: Exhibit B-1, page 22 
 

The referenced page states: 

 

In the first 20 years of operation, the Salvus to Galloway pipeline segment 

experienced at least 15 recorded significant repair or section replacement 

projects and it has been noted in previous reviews that (due to expected 

dents, corrosion, low depth of cover, and exposure concerns) future line 

relocation, upgrading, and lowering works should be anticipated. This was all 

prior to the first ILIs in the mid-1990s. 

 

5.1 In PNG’s experience, is it typical or atypical for a pipeline to experience “15 
recorded significant repair or section replacement projects” in its first twenty 
years of operation?  If atypical, were there any concerns with respect to any 
initial construction issues – as opposed to geologic and environmental issues 
– that drove the frequency of repair/replacement projects? 

Response: 
 
The frequency and quantity of repairs experienced on the Salvus to Galloway pipeline segment is 
outside of industry norms and can be attributed to both the construction practices employed during 
original construction and the extremely rugged and remote mountain and river valley terrain over 
which the pipeline traverses in areas of increased geohazard risks. Shallow depth of cover, external 
coating practices, and original weld quality are noted contributors from original construction. Some of 
the original construction characteristics were likely related to the difficult and remote terrain in which 
the pipeline is situated. 
 
For further emphasis and clarity around the impact of locationally specific geohazard risk, terrain, and 
associated construction practice complexities on the frequency of pipeline failures globally, please see 
the appended PDF copy titled “Attachment BCOAPO 5.1 - Updated Estimates of Frequencies of Pipeline 
Failures Caused by Geohazards (Porter et al. 2016)”. 
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 Reference: Exhibit B-1, page 31 and page 34, Table 4-5  
 

 The first referenced page states: 

As a result of the number of pipeline incidents related to rock slides, debris 

flow and other geohazards, PNG undertook geohazard-specific inventory and 

risk assessment studies across the Salvus to Galloway pipeline corridor 

through 2018-2019 to better understand the magnitude of geohazard risk 

along the corridor. The results of this work can be found in Appendix C, the 

BGC Engineering Inc. (BGC) 2019 Preliminary Geohazard Assessment, NPS 

8 Mainline Pipeline from Salvus to Galloway Rapids report (BGC 2019 

Report), and Appendix D, the BGC 2020 Development Support for Geohazard 

Mitigation Plan, NPS 8 Mainline Pipeline from Salvus to Galloway report (BGC 

2020 Report), which have been filed in support of this Application on a 

confidential basis. These studies identified the prominent presence of 

geotechnical, hydrotechnical, rockslide, rock fall, avalanche, debris flow, 

debris slide, and glaciomarine landslide threats. These threats, in conjunction 

with the legacy pipeline condition, original construction methods, and 

documented incident event history informed an assignment of the industry 

accepted hazard indicator Probability of Failure (PoF) and relative hazard 

rating for each of the identified geohazard locations. Table 4-4 lists the values 

for PoF and hazard rating generally accepted industry wide and used by 

numerous pipeline operators in Canada and the United States. PoFs greater 

than 1x10-3 are typically considered to exceed acceptable risk tolerance. 

 

6.1 Can PNG confirm that a probability of failure (PoF)  “> 1 x 10-2” corresponds 
to a probability of failure greater than 1% over a specified time period?   

Response: 
 
Probability of failure (PoF) is the probability of pipeline failure due to a geohazard, expressed as an 
annual frequency. Assessing geohazards using the PoF framework allows for a common metric to 
compare various geohazard types and to assist with prioritizing mitigation. A PoF of 1 x 10-2 
corresponds to 1% probability that a failure could occur in a given year. The expected number of 
failures over a period of time is estimated as the PoF multiplied by the number of years (ex. 1 failure 
is predicted within a period of 100 years for a site with a PoF of 1 x 10-2).    
 
 
 

6.1.1 If not, please explain what the specified PoF does mean. 

Response: 
 
Please see the response to Question 6.1.  

6.0 
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6.2 Can PNG confirm that the PoFs it has stated are those generally accepted in 
the industry, correspond to actual probabilities of failures that have been 
experienced/observed in practice by the industry in general?   

Response: 
 
As identified in Section 5.0, Geohazard Assessment Results, of the 2019 BGC Engineering report 
(Appendix C to the Application), the geohazard related PoF values stated by PNG are those generally 
accepted in the industry. They are in accepted application by over 20 pipeline operators in Canada and 
the US for which BGC provides geohazard risk management support.  
 
To the extent possible, BGC has calibrated the methods used to estimate PoF against historical pipeline 
failure rates observed in industry. The estimated PoF values have also been validated using the rate of 
actual historical failures and impacts along the Salvus to Galloway pipeline. The values as provided by 
PNG in Table 4-4 of the Application and by BGC in Table 5.1 of their 2019 report are used to provide 
relative mitigation and corrective action prioritization, noting that PoF greater than 1 x 10-3 is generally 
considered to exceed operator risk tolerance, and do not reflect actual probability of failure 
experienced by operators in the industry.  
 
Further insight into actual failure frequencies within the industry can be found in the appended PDF 
document titled “Attachment BCOAPO 5.1 - Updated Estimates of Frequencies of Pipeline Failures 
Caused by Geohazards (Porter et al. 2016)” that was provided in association with the response to 
Question 5.1, and to which BGC Engineering professionals were contributors.  
 

 

6.2.1 Do they correspond to actual probabilities or experiences in PNG’s 
own operations in general (i.e. in the aggregate as opposed to specific 
to the Salvus to Galloway Gas Line)?  If not, why not? 

Response: 
 
Given PNG’s history of system betterment investment in the last 50 years across the entirety of its 
operations related to geohazard incidents involving landslides, debris flows, frost heave, and river 
migration and stream channel erosion, for example, PNG can confirm that the PoF ranges presented 
in Table 4-4 of the Application do correspond in general to the actual experiences of PNG.  
 
While the Salvus to Galloway pipeline segment is of particularly higher risk and has a historical record 
related to geohazard influenced failures, other incidents in areas such as Terrace to Salvus and the 
Telkwa pass on the NPS10 mainline have contributed significantly to PNG’s experience base. PNG’s 
NPS10 west transmission pipeline is referenced within the failure frequency related PDF document 
identified as “Attachment BCOAPO 5.1 - Updated Estimates of Frequencies of Pipeline Failures Caused 
by Geohazards (Porter et al. 2016)” and provided in association with the response to Question 5.1.  
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6.3 Is any use made of the sample variance (the second moment about the mean) 
to take into account that the PoFs used are not equal to actuals except on 
average? 

Response: 
 
No. The hazard rating is intended as a basis to prioritize sites for mitigation and to guide any alternate 

follow-up actions (e.g., ground inspections, detailed assessments). They are intended to be used in a 

relative sense in order to gauge the current level of threat against company- and industry-accepted 

risk tolerance, and to guide monitoring and mitigation actions accordingly.  

 
 

6.4 Has PNG conducted any analyses that contemplate “fat tailed distributions” or 
“Black Swans” (as described by Nassim Nicholas Taleb in his 2007 book The 
Black Swan: The Impact of the Highly Improbable)?   

Response: 
 
PNG has not conducted any analyses that contemplate “fat tailed distributions” or “Black Swans”.  
 
 

6.4.1 If not, why not? 

Response: 
 
The high priority sites listed in BGC’s report are driven by frequent events that have the potential to 
cause a pipeline failure.   
 
Certain low probability, high impact events (e.g. rock avalanches) were considered in BGC’s 
assessment. However, these low probability events would result in consequences of similar order of 
magnitude as the higher probability events and, therefore, do not have significant bearing on the cost 
benefit analysis. 
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 Reference: Exhibit B-1, page 73, Table 5-13 and Exhibit A-4, BCUC IR 1.14.0 
series 
 

7.1 Under the proposed scoring system, UA1 gets an overall score of 3.42 while 
the utility’s preferred alternative, UA2 gets a score of 3.67.  How robust is this 
ranking with respect to the subjective allocation of weights?  In other words, 
how small of a shift in weightings would result in UA1 getting a higher score 
than UA2? 

Response: 
 
In developing the weighting and scoring of the alternatives, PNG held a series of workshops with both 
internal personnel as well as third-party experts, and the results of the workshops informed the 
weighting and scoring of the various alternatives. While there is a level of subjectivity in scoring and 
weighting, PNG believes the workshop process was robust and was informed by multiple opinions.  
 
With respect to how small a shift in weightings would result in UA1 getting a higher score than UA2, 
there are multiple weightings that make up the score and inform the overall rankings. However, PNG 
does note that if the Financial criteria weighting (where UA1 has the highest score) was given an overall 
weighting of 50% rather than 40%, and Integrity Management (where UA1 has the lowest score) was 
adjusted to 30%, UA1 and UA2 would be virtually tied at 3.75 and 3.74 respectively.  
 
While the overall score of UA1 and UA2 are generally close, PNG believes that UA2 is the preferred 
alternative as it better addresses the integrity issues by including allowance for rectifying depth of 
cover issues in the highest risk areas and rectifies one geohazard, while significantly reducing cost risk 
related to dent repair treatment by including costs to repair all prioritized dents, versus UA1 where 
there is an assumption that an apportioned list of dents will avoid repair through engineering 
assessment (FEA). PNG believes UA2 strikes an appropriate balance of mitigating pipeline integrity risks 
while managing the rate impacts associated with the Project. 
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ABSTRACT 


This paper provides an updated compilation of geohazard-
related pipeline failure frequencies for onshore hydrocarbon 
gathering and transmission pipelines, with a particular emphasis 
on the analysis of data from Western Europe, Western Canada, 
the US, and South America.  The results will be of interest to 
owners, operators, regulators and insurers who wish to calibrate 
estimates of geohazard failure frequency and risk on planned 
and operating pipelines, particularly for pipelines traversing 
mountainous terrain.  It concludes with an estimate of the global 
annual frequency of failures caused by geohazards on 
hydrocarbon gathering and transmission pipelines, and 
postulates that this failure frequency should continue to decline 
when measured on a per kilometer basis due to ongoing 
improvements in geohazard recognition, routing and design of 
new pipelines, and improvements to integrity management 
practices for operating pipelines.   


 
Keywords: Geohazard, Pipeline, Failure, Statistics, Frequency, 
Risk 
 


 
INTRODUCTION 


Within the context of the pipeline industry, geohazards 
comprise a subgroup of natural hazards associated with 
geotechnical, hydrotechnical, tectonic, snow and ice, and 
geochemical processes that can affect the safety of construction 
or operational personnel, impact construction schedules and 
costs, threaten the integrity of operating pipelines and 


associated infrastructure, and/or impact the environment [1].  
Most are natural processes triggered by storms or seismic 
activity, while others, such as cut and fill slope failures or mine 
subsidence along pipeline rights-of-way, can be triggered or 
exacerbated by project construction and site remediation 
activities or by third party activities.   


A partial list of geohazards, adapted from [1] and [2], that 
may need to be considered in onshore pipeline development 
projects and in pipeline integrity management programs, is 
provided in Table 1. 


 
Table 1.  Partial list of geohazards affecting onshore pipeline 
projects 


Hazard Class Type, Name 
Geotechnical Hazards Frost Heave 


Thaw Settlement 
Solifluction 
Rock Fall 
Rock Slide/Creep 
Earth Slide/Creep 
Earth Flow 
Debris Slide 
Ground Subsidence (Karst/Mines) 


Hydrotechnical Hazards Debris Flow 
Scour 
Channel Degradation 
Bank Erosion 
Encroachment 
Avulsion 
Shoreline Wave Erosion 


Tectonic Hazards Liquefaction 
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Lateral Spreading 
Surface Fault Rupture 
Strong Ground Motion 
Volcanic Eruption/Lava Flow 


Snow and Ice Hazards Snow Avalanche 
Ice Fall  


Erosion Hazards Surface Water Erosion 
Groundwater Erosion 
Wind Erosion and Dune Migration 


Geochemical Hazards Acid Rock Drainage and Metal 
Leaching 


 
A subset of geohazards that have caused pipeline failure 


due to unintended loads, often referred to as ground movement 
hazards, are the focus of the remainder of this paper. 


Quantitative predictions of the frequency of pipeline failure 
caused by geohazards are fraught with uncertainty.  Prediction 
of the failure frequency of a proposed or operating pipeline 
system is typically based on an evaluation of several hundred 
individual geohazard locations, the geohazard and pipeline 
attributes at those locations, and predictions of future 
performance.  Due to uncertainty in the models, the results 
should be calibrated by way of comparison of the system’s 
predicted failure frequency to pipeline industry statistics.  If 
carried out appropriately, this calibration allows owners to 
rationally prioritize pipeline design or integrity management 
efforts between geohazards and other types of threats.  In 
practice this means that a predicted frequency of failure based 
on a summation of the frequencies determined for identified 
geohazard sites needs to be compared with the historical 
frequency of failure for “similar pipelines.”  “Similar pipelines” 
are defined as those crossing similar types of geohazards in 
similar climatic and geographic settings, and having been 
designed, constructed and maintained according to similar 
standards.  Because the length of pipelines crossing geohazard-
prone terrain and the frequency of failures caused by 
geohazards are often relatively low (compared to other terrain 
types and failure causes) it can be very challenging to find 
relevant failure statistics, particularly those that reflect similar 
routing, design and operational standards. 


The European Gas Pipeline Incident Data Group (EGIG) 
compiles statistics on gas pipeline failures in Western Europe, 
and provides useful summaries of those caused by ground 
movement (or geohazards).  EGIG [3] data suggest the current 
industry average failure rate caused by geohazards is on the 
order of 0.02 failures per 1,000 km per year.  Sweeney et al. [4] 
and Porter et al. [5, 6] recognized that the Western European 
gas pipeline network contains a high percentage of pipelines 
crossing relatively benign terrain, and that failure frequencies 
caused by geohazards in mountainous terrain can be as much as 
10 to 100 times higher than measured by the EGIG.  Clearly, 
caution must be exercised when applying failure statistics 
obtained from one region to pipelines operated in another.   


This paper provides an updated compilation of geohazard-
related pipeline failure frequencies for hydrocarbon gathering 
and transmission pipelines with a particular emphasis on the 
analysis of data from Western Europe, Western Canada, the US, 
and South America.  The results will be of interest to owners, 
operators, regulators and insurers who wish to calibrate 
estimates of geohazard failure frequency and risk on planned 
and operating pipelines, particularly for pipelines traversing 
mountainous terrain.  It concludes with a rough estimate of the 
global annual frequency of failures caused by geohazards on 
hydrocarbon gathering and transmission pipelines, and 
postulates that this failure frequency should continue to decline 
when measured on a per kilometer basis as the result of ongoing 
improvements in hazard recognition, routing and design of new 
pipelines, and improvements to integrity management practices 
for operating pipelines.   


WESTERN EUROPE 
The European Gas Pipeline Incident Data Group (EGIG) 


comprises 15 operators of a combined 143,000 km of natural 
gas transmission pipelines [3].  Their data reports document 
failures of onshore steel pipelines with a maximum operating 
pressure greater than 15 bar and located outside the fences of 
the gas installations.   


Pipeline incidents (also referred to as failures or loss of 
containment in this paper) result in an unintentional release of 
gas and are assigned to one of three leak size classes by EGIG: 


• Pinhole/crack: diameter of the hole is less than 2 cm; 
• Hole: diameter of the hole is between 2 cm and the 


diameter of the pipe; and 
• Rupture: the diameter of the hole is larger than the 


pipe diameter. 


EGIG refers to geohazards as ‘ground movement’ hazards.  
The following useful conclusions can be drawn from their 9th 
report documenting failures between 1970 and 2013 [3] and 
from their 8th report covering the period between 1970 and 
2010 [7]: 


• Geohazards are the cause of about 7 to 8% of 
incidents, and are the 4th leading cause of failure. 


• The frequency of incidents caused by geohazards has 
slowly decreased over time, but more slowly than 
reductions in incident frequency caused by external 
interference, corrosion, and construction 
defect/material failure.  As a result, the percentage of 
failures caused by geohazards is slowly increasing. 


• The geohazard failure frequency between 1970 and 
2013 was 0.026 per 1,000 km per year, while the ten-
year moving average ending in 2013 was 0.02 per 
1,000 km per year (Figure 1).    


• Because geohazard failures are relatively rare, a small 
number of failures can have a big impact on the failure 
statistics.  For example, the five-year moving average 
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ending in 2010 was 0.015 per 1,000 km per year, while 
the five-year moving average ending 2013 was 0.024 
per 1,000 km per year. 


• Geohazards cause proportionally more ruptures than 
cracks and holes, and are the second leading cause of 
larger failures such as holes and ruptures. 


• There is a relationship between pipe diameter and 
geohazard failure frequency, though it is less 
pronounced than for other failure causes.  The 
normalized geohazard failure frequency per 1,000 km 
per year of smaller diameter pipes (less than 11 inches) 
is about 4 times higher than for pipe diameters greater 
than 23 inches.  This might be a result of the greater 
stress capacity of larger diameter pipes, but may also 
reflect a history of more rigorous geohazard design 
and management effort for larger diameter pipelines. 


• Over 60% of the geohazard failures were attributed to 
landslides, while about 22% were attributed to rivers, 
floods and dike breaches (hydrotechnical hazards), 4% 
were attributed to mine subsidence, and about 4% were 
attributed to lightning.  (note: where possible, lightning 
related pipeline failures have been removed by the 
authors from the compilation of failure frequency 
estimates – particularly for failures in Australia and the 
US where a high percentage of lightning-related 
failures have been reported).   


Cunha [8] summarized geohazard-related failure 
frequencies from other European databases: 0.015 per 1,000 km 
per year on liquids pipelines (CONCAWE) and 0.009 per 1,000 
km per year on UK gas pipelines (UKOPA) (Figure 1).   


In 2004, Sweeney et al. [4] observed that most of Western 
European terrain is relatively benign and that most pipeline 
failures due to geohazards have occurred in the mountainous 
Alps.  Normalizing the failure database by the length of (mostly 
older) pipelines in the Alps yielded an estimated failure 
frequency of 0.8 failures per 1,000 km per year for pipelines 
built without the benefit of modern geotechnical practice 
(Figure 1).  This failure frequency is about 40 times higher than 
the “all pipelines” frequency for Europe.  


AUSTRALIA 
Tuft and Cunha [9] report on pipeline loss of containment 


events recorded by the Pipeline Operators Group in Australia.  
Between 2002 and 2012, a total of 11 loss of containment 
events were recorded on approximately 32,000 km of Australian 
hydrocarbon pipelines.  Five of these events (nearly 50%) were 
caused by natural hazards, although four of these involved 
lightning strikes and only one was caused by earth movement.   


Tuft and Cunha’s analysis suggests that geohazards are 
responsible for approximately 9% of Australian pipeline 
failures, with a corresponding geohazard failure frequency of 
approximately 0.003 per 1,000 km per year (Figure 1).  The 


Australian geohazard failure frequency is nearly seven times 
lower than that reported by EGIG for Western Europe, 
presumably because geohazard exposure is extremely low as a 
result of the topography, climate and pipeline routing practices 
in Australia.   


CANADA 
Similar to Western Europe, much of the terrain traversed by 


pipelines in Canada is relatively benign from a geohazards-
perspective.  Notable exceptions include crossings of rivers and 
valley slopes that have been deeply incised in weak glacial 
sediments and sedimentary bedrock in the prairies, and 
crossings of the mountainous terrain in Western Alberta and 
through British Columbia.   


Responsibility for compilation of pipeline failure statistics 
in Canada rests with the National Energy Board (NEB) for 
pipelines that cross provincial or federal boarders, and with 
various provincial agencies for all other pipelines.  Data 
published by the NEB indicates the leading cause of failure 
during the period 1991 to 2009 was stress corrosion cracking 
(38%), followed by metal loss (27%), with geohazards 
contributing to between 5 and 9% of incidents [10, 11].  An 
analysis of the NEB incident data from 2000 to 2009 with gas 
and liquid releases greater than 1.5 m3 from river erosion and 
ground movement results in an annual failure frequency of 
0.005 per 1,000 km of pipeline.  This frequency is about four 
times lower than reported by EGIG.   


The BC Oil and Gas Commission (BC OGC) is the 
regulatory agency responsible for overseeing pipeline 
performance in the mountainous province of British Columbia.  
In pipeline performance reports for the years 2009 to 2013, the 
BC OGC recorded 13 geotechnical incidents on approximately 
193,000 km-years of pipeline exposure [12].  This equates to 
approximately 2.6 geohazard incidents per year, and an incident 
frequency of approximately 0.07 per 1,000 km per year.  This 
frequency is about 3.5 times higher than the EGIG data.  


Of special note is a 587 km long NPS10 gas pipeline 
traversing interior plateau and the extreme Coast Mountains in 
central and western British Columbia.  This pipeline was 
constructed in the 1960s under frontier conditions.  Publicly 
available data such as BC OGC incident data, technical 
geohazard papers, and regional and local news reports indicate 
that at least six confirmed failures from geohazards have 
occurred between 1991 and 2013.  One is from a large rock 
avalanche, two from debris flows, two from earth slides, and 
one from river erosion.  Based in this data, the current annual 
failure frequency is about 0.45 per 1,000 km. 


The Alberta Energy Regulator (AER) is the regulatory 
agency responsible for overseeing pipeline performance of 
about 259,000 km of pipeline traversing predominantly prairie 
terrain in the province of Alberta.  Performance data from 1990 
to 2012 compiled by AER indicates an annual failure frequency 
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from earth movements of 0.08 per 1,000 km of liquids and gas 
pipeline, all diameters, ages and statuses [13].  This frequency 
is similar to the OGC frequency generated for the mountainous 
terrain of neighboring British Columbia.  It is worth noting that 
the AER database includes mostly (90%) gas pipelines with 
diameters less than NPS12.   


Since 2002, the BGC authors have been involved in 
helping onshore oil and gas transmission pipeline operators 
manage geohazards along currently ~67,000 km of pipeline and 
~18,000 geohazard sites in Canada and the United States [14].  
Since 2003, the geohazard management program has recorded 
six geohazard related failures resulting in an averaged annual 
failure frequency of 0.03 per 1,000 km of gas and liquid 
pipelines traversing all terrain types, all pipeline diameters, ages 
and statuses.  This frequency is close to the EGIG failure 
frequency.   


UNITED STATES 
The U.S. Department of Transportation Pipeline and 


Hazardous Materials Safety Administration (PHMSA), collects 
reports of pipeline mileage and incidents on federally and state-
regulated pipelines in the United States.  Annual reports of 
pipeline mileage for the period 2005 to 2014 were accessed to 
obtain estimates of pipeline length (converted to kilometers) for 
onshore gas transmission and onshore hazardous liquids 
pipelines, as summarized in Table 2 and 3, respectively [15].  
Summaries of the respective ‘all reported incidents’ for 
transmission pipelines were also queried to estimate the annual 
frequency of incidents caused by geohazards (excluding those 
attributed to lightning, strong wind, or temperature).   


Table 2.  US onshore gas transmission pipeline data 
Year Number of 


Geohazard 
Incidents 


Length of 
Pipeline (km) 


Incident 
Frequency 


(per 1,000 km 
per year) 


2014 6 476,528 0.013 
2013 4 477,259 0.008 
2012 3 477,714 0.006 
2011 11 479,568 0.023 
2010 0 478,973 0.000 
2009 5 478,363 0.010 
2008 8 475,627 0.017 
2007 2 471,902 0.004 
2006 2 469,930 0.004 
2005 17 471,680 0.036 


Average 5.8 475,754 0.012 
 
Table 3.  US onshore hazardous liquids pipeline data 


Year Number of 
Geohazard 
Incidents 


Length of 
Pipeline (km) 


Incident 
Frequency 


(per 1,000 km 
per year) 


2014 5 318,934 0.016 
2013 5 307,867 0.016 
2012 6 297,954 0.020 


2011 5 293,728 0.017 
2010 3 291,178 0.010 
2009 7 281,544 0.025 
2008 12 278,062 0.043 
2007 10 271,754 0.037 
2006 7 266,750 0.026 
2005 17 266,816 0.064 


Average 7.7 287,459 0.027 
 


On average, the failure frequencies are similar to those 
recorded in the EGIG data from Western Europe (Figure 1).  
Failures by geohazard sub-type varied from year to year, but 
overall were roughly equally divided between earth movement 
(i.e. geotechnical hazards), and rains and floods (i.e. 
hydrotechnical hazards).   


When all pipeline types are included (e.g. gas distribution, 
gas gathering added to the pipeline types) then PHMSA data 
appear to suggest that the number of failures due to rains and 
floods is nearly twice that of earth movement.  In this larger 
data set comprising 140 failures due to rainfall / floods, 89 
occurred in two years (2005 and 2008) whereas other years had 
on average 6.3 failures per year caused by heavy rains / floods. 
In the 10 year period the average failure rate caused by ground 
movement was 7.2, which is similar to the number of failures 
caused by heavy rains / floods (excluding 2005 and 2008).     


In 2004, Sweeney et al. [4] reviewed US pipeline failure 
databases and route maps, and postulated that most pipeline 
failures caused by geohazards have occurred in mountainous 
regions comprising about 5% of the US pipeline network.  
Normalizing the failure database by the length of (mostly older) 
pipelines in the mountainous regions yielded an estimated 
failure rate of 0.32 failures per 1,000 km per year for pipelines 
built without the benefit of modern geotechnical practice 
(Figure 1).  This frequency is close the geohazard related failure 
frequency of 0.45 for the pipeline discussed in north central 
British Columbia.   


SOUTH AMERICA 
Numerous hydrocarbon basins are situated along the 


eastern foot of the South American Andes, extending from 
Venezuela to the southern tip of Argentina.  A significant 
proportion of the market for these hydrocarbons resides along 
the Pacific coast of South America, as well as the United States.  
Consequently, to meet market demands several trans-Andean 
pipelines have been constructed and many others are proposed 
[16].  The Andes are steep, tectonically active, and (outside of 
the Atacama Desert) are subject to heavy precipitation.  As a 
result, they pose formidable challenges to the design, 
construction and safe operation of pipelines.  Where these 
challenges are not fully appreciated, the end product is often an 
elevated and unacceptable level of exposure to geohazards such 
as landslides and river erosion.   
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In 2004, Sweeney et al. [4] reviewed pipeline failure 
reports from the Colombian and Ecuadorian Andes.  They 
estimated annual failure frequencies of 2.8 failures per 1,000 
km for older pipelines built without the benefit of modern 
geotechnical practice and 0.33 failures per 1,000 km per year 
for modern Andean pipelines (Figure 1).  They noted, however, 
that many of the modern pipelines had experienced no ruptures 
to date and that estimate of 0.33 was an upper bound.    


In 2004, Esford et al. [17] reported on an integrity 
management system being developed for the Transredes 
pipeline network in Bolivia (now operated by YPFB Transporte 
SA).  As part of the pilot study, the new management system 
was implemented on the OSSA-1 pipeline, a 415 km long, NPS 
10 and 12 pipeline between Santa Cruz and Cochabamba.  The 
OSSA-1 pipeline crosses terrain with high geohazard exposure 
and was built without the benefit of modern geotechnical 
practice.  As a result, between 1983 and 2003 the pipeline had 
experienced about 21 geohazard-related failures with a 
corresponding failure frequency of approximately 2.5 per 1,000 
km per year (Figure 1) – nearly identical to that estimated for 
older Andean pipelines by Sweeney et al. [4].   


To the authors’ knowledge, an additional 4 failures have 
occurred on the OSSA-1 pipeline since 2003.  As a result, the 
long-term geohazard failure frequency has been reduced to 
approximately 1.88 per 1,000 km per year (Figure 1).   


YPFB is in the process of implementing the above-
referenced integrity management program on all of their 
pipelines.  Recent failure statistics for the entire 5,500 km long 
YPFB pipeline network in Bolivia indicate approximately 20 
geohazard-related failures over a seven year period.  This yields 
a failure frequency of about 0.52 per 1,000 km per year (Figure 
1).  It is expected that this number will continue to decline as 
geohazard management efforts are increasingly focused on high 
priority geohazard sites.   


In 2006, Porter et al. [6] reported on geohazard failure 
frequencies for the NorAndino gas pipeline in northern 
Argentina and Chile.  Following two ruptures caused by 
geohazards, the failure frequency was estimated at 0.67 per 
1,000 km per year in 2002.  After completion of a 
comprehensive geohazard assessment and implementation of 
mitigation measures at priority geohazard sites, the failure 
frequency in 2005 was estimated to have dropped to about 0.28 
per 1,000 km per year – in line with estimates reported by 
Sweeney et al. [3] for modern Andean pipelines (Figure 1).   


Since 2006, the NorAndino pipeline has only experienced 
one additional rupture caused by geohazards, and this was at a 
site where failure was anticipated and the line had been recently 
abandoned.  Conservatively accounting for this third rupture, 
the geohazard failure frequency for the NorAndino pipeline is 
currently around 0.18 per 1,000 km per year (Figure 1).   


Cunha [8] provides failure statistics compiled from about 
70,000 km of gas and liquids pipelines in Brazil between 1978 


and 2010.  He reports a historical geohazard failure frequency 
of 0.073 per 1,000 km per year for Brazilian pipelines (Figure 
1).  All of the geohazard failures were attributed to earth 
movement, landslides and subsidence.   


CHALLENGES WITH INCIDENT DATABASES 
Bolt [18] cautions that the use of pipeline incident data is 


often not fit for purpose.  This is particularly true for geohazard 
incident frequencies [4, 5, 6]. As noted in Figure 1, the pipeline 
failure frequencies caused by geohazards and compiled herein 
range over nearly three orders of magnitude.  Clearly, use of 
reported geohazard failure frequencies from a large regional 
database must be applied with extreme caution when predicting 
the failure frequency of a specific pipeline.  Not only must 
terrain conditions along the specific pipeline be understood, but 
so must the routing, design and operational practices employed. 


Another challenge with incident databases that is perhaps 
more pronounced for geohazards than for other failure causes, 
is that failures caused by geohazards are often misdiagnosed.  
For example, in Western Canada and other parts of the world, 
landslides in weak clay shales can occur on slopes as flat as 3 
degrees and have resulted in failures of pipelines.  Without 
specialist geotechnical input, and particularly before the advent 
of LiDAR, it was very difficult to recognize that these sites 
were located on a slope, let alone a landslide.  Consequently, 
several of these types of failures are likely classified in 
historical databases as having been caused by design or 
installation defects, temperature extremes, stress corrosion, or 
simply ‘unknown or other’. 


To facilitate better estimates of geohazard-related pipeline 
failure frequencies, and more robust algorithms to predict the 
vulnerability of pipelines to geohazards, the following 
additional improvements to incident reporting databases would 
be helpful: 


• consistent definitions of what constitutes a 
pipeline failure (e.g. serviceability limits, 
pinholes, leaks or ruptures), and the reporting 
thresholds used 


• more details on the cause and trigger for the 
geohazard 


• better characterization of geohazard type, 
dimensions, and movement rates or intensities 


• the orientation of the pipeline relative to the 
geohazard 


• UTM or LAT/LONG coordinates of failure sites 
to facilitate external review of site conditions such 
as surficial and bedrock geology, site geometry, 
etc. 


ESTIMATED GLOBAL FREQUENCY OF FAILURES 
Estimates of the lengths of hydrocarbon pipelines around 


the world have been compiled by various organizations, 
including CEPA [19], PHMSA [15], and the Central Intelligence 
Agency’s World Factbook [20].  Approximate lengths of 


5 Copyright © 2016 by ASME







onshore gathering and transmission pipelines (i.e. excluding gas 
distribution pipelines) are as follows: 


• Canada – 390,000 km (including 115,000 km of 
transmission lines) [19] 


• US – 814,000 km [15] 
• South America –110,000 km [20] 
• Global – 2,324,000 km 


Combining pipeline length estimates by country or region 
with historical pipeline failure frequencies summarized in 
Figure 1 (and recognizing the limitations of the databases as 
reported above) can shed some light on the potential number of 
global pipeline failures caused by geohazards.  In the estimates 
below, we have assumed: 


• 0.02 per 1,000 km per year for Canada, US, and 
western Europe 


• 0.003 per 1,000 km per year for Australia 
• 0.07 per 1,000 km per year for Brazil 
• 0.5 per 1,000 km per year for Bolivia 
• 0.2 per 1,000 km per year for all other South American 


pipelines 
• 0.03 per 1,000 km per year for all remaining pipelines. 


The results are as follows: 


• Canada – 8 failures per year  
• US – 16 failures per year 
• South America – 22 failures per year 
• Global – 74 failures per year 


These estimates are admittedly simplistic.  They likely 
overstate the predicted frequency of failures in some regions, 
but may also underestimate the frequency of failures in others.  
And even within regions, some areas will have higher 
geohazard exposure while others will have virtually none.  
None-the-less, the failure frequency estimates provide a rough 
indication of the scale of the problem, and the opportunity for 
future improvement.   


PREDICTIONS OF FUTURE TRENDS 
In the authors’ experience, rigorous inclusion of geohazards 


in pipeline integrity management programs began in the early 
2000s and over the past 5 years is quickly becoming an 
accepted standard of practice in North America.  Geohazard 
management programs are being implemented by many South 
American pipeline operators, and presumably in other parts of 
the world as well.   


A rigorous geohazard management program begins with a 
review of historical records, the development of a detailed 
inventory of credible geohazards, baseline characterization in 
the field, and establishing a mechanism for data storage and 
retrieval usually in the form of an on-line database linked to a 
geographic information or map-based system [21, 22, 23, 24].   


Baseline characterization, during field inspections, is used 
to establish a screening level assessment and quantification of 
all geohazards that could affect the pipeline.  The screening 
level assessment is used to establish the general scale of 
importance of the geohazard, both from a likelihood of 
occurrence and a pipeline vulnerability standpoint.  Once this 
screening level is completed then detailed assessment of 
geohazard sites can begin.   


Risk-based concepts are used to prioritize geohazard sites 
for further management including office or field inspection, 
more detailed assessment, monitoring, and/or mitigation: some 
operators are conservative and prioritize based on the estimated 
likelihood of pipeline exposure or impact while others use 
estimates of the potential for geohazards to cause pipeline 
failure.  In the authors’ experience, few pipeline operators 
currently use explicit estimates of geohazard risk (which would 
include estimates of safety impacts or cost of a pipeline failure), 
although we anticipate that the industry may move in this 
direction within the next decade.   


As reported herein, the results of the pipeline industry’s 
geohazard management efforts are starting to appear in the 
failure statistics, particularly for regions and pipeline systems 
with elevated geohazard exposure.  It is in the pipeline industry 
and society’s best interest that these trends continue, and we 
expect they will, but for this to occur at least two opposing 
factors must be overcome:  


The first, and of lesser significance in our opinion, are the 
effects of an aging pipeline infrastructure.  Over time, the strain 
capacity of aging pipelines may diminish as a result of 
corrosion or crack growth, making them more vulnerable to 
failure if impacted by a geohazard.  This can be overcome 
through ongoing improvements to in-line survey techniques and 
gradual replacement of pipelines in areas of high geohazard 
exposure.   


The second is climate change which is impacting our 
ability to predict the location, frequency and magnitude of 
future geohazard events.  Overcoming uncertainties imposed by 
climate change will require improvements in predictive models 
that link climate change scenarios with secondary and tertiary 
effects like precipitation, flooding, and landslide activity.  It will 
also require that the industry implement emerging best practices 
for frequent and/or real-time monitoring of floods, slope 
movements and pipe strains in locations that are most 
susceptible to geohazards. 


Ongoing reporting of geohazard-related failures and 
incidents by industry and regulators, ideally with the benefit of 
some of the incident reporting improvements recommended 
herein, will provide valuable data to support these initiatives. 
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Figure 1. Compilation of frequency of pipeline failures caused by geohazards 
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