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1. Reference: Exhibit B-4, page 5 1 

 2 

1.1 Please provide the sources with quantification of the ‘offsetting revenues’.  3 

  4 

Response: 5 

The offsetting revenues referenced in the figure in the preamble refer to revenues from the 6 

projects that support increased capacity or demand and the potential revenue from LNG sales 7 

under FEI’s Rate Schedule 46 which would offset the rate impact of the Tilbury Phase 1A 8 

project.  As discussed during the CTS TIMC Workshop,1 FEI has not prepared a forecast of 9 

these offsetting revenues as they would vary year by year and are difficult to forecast. 10 

Moreover, the timing of these offsetting revenues are not necessarily aligned with the timing of 11 

the rate impact resulting from these projects.   12 

 13 

 14 

 15 

1.2 Please provide the same graph with the offsetting revenues included. 16 

  17 

                                                
1  CTS TIMC Workshop Transcript Volume 1, page 10. 
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Response: 1 

Please refer to the response to CEC IR1 1.1. 2 

 3 

 4 

 5 

1.3 Please confirm that the rate impact is delivery rate impact and not the same as 6 

bill impact, which would include the costs of natural gas, and provide the 7 

estimated bill impacts for the above to provide context. 8 

  9 

Response: 10 

Not confirmed.  The rate impact shown in the figure cited in the preamble is bill impact, and 11 

includes the delivery charge, cost of gas, and midstream rates.  FEI also notes the rate impacts 12 

shown in the figure are compared to current 2021 approved rates. 13 

  14 
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2. Reference: Exhibit B-1, page 3 and 4 1 

 2 

2.1 If the CTS TIMC Project has not, or not yet, received CPCN approval by January 3 

2022, would FEI expect to defer its recovery or would the recovery occur in any 4 

event? 5 

  6 

Response: 7 

If the proposed deferral account is approved, recovery of the CTS TIMC Project deferred project 8 

costs will occur January 1 the year following the BCUC decision.  As FEI currently does not 9 

anticipate receiving approval by January 2022, FEI is amending its approvals sought to request 10 

the transfer of the non-rate base deferral account to rate base on January 1, 2023 with 11 

amortization over a three-year period commencing at that time.  Please also refer to the 12 

response to BCUC IR1 26.2 for further detail. 13 

  14 
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3. Reference: Exhibit B-1, page 11 (Section 3)  1 

 2 

3.1 Please provide a list of regulations that are relevant to this application in requiring 3 

FEI to manage its transmission pipelines in a proactive and systematic way 4 

through its IMP-P or identify where they may be found on the public record. 5 

  6 

Response: 7 

FEI is subject to many regulations that require it to manage its transmission pipelines in a 8 

proactive and systematic way through its Integrity Management Policy and Integrity 9 

Management Program for Pipelines (IMP-P). The BC Oil and Gas Activities Act (OGAA) 2 and 10 

the associated BC Pipeline Regulation (BC Reg. 147/2014)3 and referenced standards comprise 11 

the overarching regulatory requirements for the safe operation of transmission pipelines, 12 

including their management in a proactive and systematic way. Key relevant requirements are 13 

as follows: 14 

Regulatory Requirement 

Significance / Relevance to FEI’s management of its 
transmission pipelines in a proactive and systematic 

way 

Section 37 (1) (a) of the OGAA states, “A 
permit holder, an authorization holder and a 
person carrying out an oil and gas activity 
must prevent spillage”4.  This requirement 
pertains to pipelines operating at or above a 
pressure of 700 kPa. 

FEI’s primary objective with its IMP-P is to prevent failure 
incidents that could result in significant safety, 
environmental, and/or reliability consequences. FEI has 
obligations as a “Permit Holder” under the OGAA to 
prevent all release of product from its BC OGC regulated 
pipeline system.  This obligation influences FEI’s 
selection of asset management strategies over the 
lifecycle of a pipeline, with preference given to a 
methodology (such as ILI) that provides FEI with the 
capability to monitor and proactively respond to potential 
changes to asset condition that occur with time. 

                                                
2  http://www.bclaws.ca/Recon/document/ID/freeside/00_08036_01.     
3  http://www.bclaws.ca/civix/document/id/complete/statreg/281_2010.  

4  “Spillage”, as defined in the OGAA, means “petroleum, natural gas, oil, solids or other substances escaping, 
leaking or spilling from (a) a pipeline, well, shot hole, flow line, or facility, or (b) any source apparently associated 
with any of those substances.” 

http://www.bclaws.ca/Recon/document/ID/freeside/00_08036_01
http://www.bclaws.ca/civix/document/id/complete/statreg/281_2010
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Regulatory Requirement 

Significance / Relevance to FEI’s management of its 
transmission pipelines in a proactive and systematic 

way 

Section 3 (1) of the BC Pipeline Regulation 
requires operators to manage pipelines 
throughout their lifecycle in accordance with 
CSA Z662 and Annex A of CSA Z662. 
Annex A is titled: “Safety and Loss 
Management System”. 

 

 

 

CSA Z662:19 defines a Safety and Loss Management 
System as “a systematic, comprehensive, and proactive 
set of interrelated processes for the management of 
safety and loss control associated with activities 
throughout the lifecycle of a pipeline system …”. This 
requires that FEI is systematic in its approach to 
managing its transmission pipelines. 

Section 7 (2) of the BC Pipeline Regulation 
requires operators to have a pipeline 
integrity management program, defined as 
“a program for the purpose of managing the 
integrity of a permit holder's pipeline and 
that complies with CSA Z662 and Annex N 
of CSA Z662.” 

CSA Z662:19 Annex N mandates that a pipeline system 
integrity management program is an integral part of the 
Safety and Loss Management System. 

 

Safety and reliability of gas transmission pipelines is only 
achieved by proactive failure prevention, and FEI’s IMP-
P is developed with the intent of predicting and 
preventing, in a proactive and systematic way, 
transmission pipeline failures. ILI is an effective tool, 
when available, for failure prevention as it provides 
detailed information on asset condition. 

 1 

The regulatory provisions that apply to FEI’s gas transmission pipelines are typically goal-2 

oriented rather than prescriptive in nature. In other words, the requirements of pipeline 3 

operators are typically expressed as outcomes to be achieved rather than as descriptions of 4 

how to achieve those outcomes. FEI has defined the activities within its IMP-P for the purposes 5 

of achieving the outcomes listed above, including those associated with its in-line inspections. 6 

 7 

 8 

 9 

3.2 To what extent are EMAT ILI tools already in use in other jurisdictions?  Please 10 

provide the names of the jurisdictions in Canada and the US and the total length 11 

of pipelines using EMAT ILI to date. 12 

  13 

Response: 14 

FEI is aware of EMAT ILI tools being used throughout the world to manage cracking in 15 

transmission pipelines, and that their adoption is increasing throughout Canada and the US. FEI 16 

does not have access to the total length of pipelines using EMAT ILI to date in Canada and the 17 

US. 18 

Please also refer to the response to RCIA IR1 2.1 which documents FEI’s awareness through 19 

public sources that all major operators of natural gas transmission pipelines in British Columbia, 20 
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namely FEI, Westcoast, and Pacific Northern Gas have adopted EMAT ILI tools, and FEI’s 1 

further awareness of EMAT ILI adoption by all Canadian Energy Pipeline Association members 2 

who are natural gas pipeline operators.  3 

  4 
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4. Reference: Exhibit B-1, page 6 1 

 2 

4.1 Please provide the average and range of bill impacts for each rate class.  3 

  4 

Response: 5 

The table below provides both the average annual bill impact and cumulative bill impact for 6 

FEI’s Rate Schedules 1 to 7 based on the delivery rate impact shown in Table 6-5 of the 7 

Application.  FEI has excluded transportation customers, as FEI does not have insight into their 8 

total bill including their commodity charges.  9 

 10 

  11 

$/GJ $0.013 $0.066

Residential

Rate Schedule 1 90                                  $1.19 $5.96

Commercial

Rate Schedule 2 340                               $4.50 $22.51

Rate Schedule 3 3,770                            $49.91 $249.56

Industrial

Rate Schedule 4 9,050                            $119.82 $599.09

Rate Schedule 5 16,240                         $215.01 $1,075.05

Rate Schedule 6 2,060                            $27.27 $136.37

Rate Schedule 7 177,950                       $2,355.96 $11,779.82

Avg. Use per 

Customer 

(UPC) in GJ

Avg. Annual Impact 

(2022-2026) 

Cumulative  Impact 

(2022-2026) 

Average 

Bill Impact ($)
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5. Reference: Exhibit B-1, page 6 1 

 2 

5.1 Is the Archaeological Overview Assessment complete?  3 

5.1.1 If yes, please provide. 4 

5.1.2 If no, please explain why not and when it will be completed.  5 

  6 

Response: 7 

Please refer to the response to BCUC IR1 31.3. 8 

  9 
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6. Reference: Exhibit B-1, page 13 and page 14 1 

 2 

6.1 Please confirm, or otherwise explain, that FEI has, over time, adhered to all 3 

relevant regulations regarding pipeline construction and installation, and utilized 4 

what would be considered as high-quality processes at the time of manufacture 5 

and installation for all its pipelines. 6 

6.1.1 If not, please explain why not.  7 

6.1.2 If not, please provide a discussion of what regulations were not adhered 8 

to and when and where this occurred. 9 

  10 

Response: 11 

FEI confirms that it adhered to all relevant regulations regarding pipeline construction and 12 

installation, and utilized what would be considered to be high-quality processes at the time of 13 

manufacture and installation for all its pipelines. 14 

  15 
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7. Reference: Exhibit B-1, page 18 and page 19 1 

 2 

7.1 Please confirm or otherwise explain that FEI has consistently maintained its 3 

pipelines according to all relevant regulation and industry standards. 4 

7.1.1 If not, please explain why not. 5 

7.1.1.1 Please identify where and when any lapses in maintenance 6 

have occurred. 7 

7.1.1.2 Please identify the impact of any lapses on the integrity of 8 

FEI’s pipelines and specifically identify and quantify any costs 9 

associated with the lapses in maintenance. 10 

  11 

Response: 12 

Confirmed. FEI has consistently maintained its pipelines according to all relevant regulation and 13 

industry standards.  14 

FEI has indicated in multiple Annual Review proceedings dating back to 2016 that it was 15 

assessing “the need for and feasibility of adopting crack-detection capabilities within its in-line 16 

inspection program”.5 FEI’s determination that EMAT ILI was sufficiently proven and 17 

commercialized for adoption in its system dates from August 3, 2018, with its application for the 18 

TIMC Deferral Account in the FEI Annual Review for 2019 Rates. 19 

FEI’s implementation of the CTS TIMC Project on the proposed Project schedule enables it to 20 

continue maintaining its pipelines according to all relevant regulation and industry standards.  21 

                                                
5  FEI Annual Review for 2017 Rates, Response to BCUC IR1 9.11, submitted September 21, 2016; FEI Annual 

Review of 2018 Rates, BCUC IR1 1.9 and 6.17, submitted September 26, 2017. 
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8. Reference: Exhibit B-1, page 22 1 

 2 

8.1 Is it fair to describe the EMAT ILI tools as being novel?  Please explain why or 3 

why not.  4 

  5 

Response: 6 

EMAT ILI tools are no longer considered novel and are the best available technology for 7 

mitigating cracking threats in natural gas pipelines. 8 

In its report “Best Available Technologies in Federally-Regulated Pipelines”6, dated 30 9 

September 2016, the National Energy Board (now the Canada Energy Regulator) stated: 10 

Though an emerging technology, EMAT is more generally described as a 11 

controlled implementation. The principal challenge is that it tends to find defects 12 

that are not there (false positives). However, the technology has been under 13 

development for some 20 years, and has become more sensitive and reliable so 14 

that now EMAT can be considered BAT [Best Available Technologies] for ILI 15 

crack detection in gas pipelines.  16 

Although the above-referenced report was published nearly five years ago, it is indicative of the 17 

trend of EMAT ILI increasingly being adopted by industry (as described by FEI in Section 3.3.2 18 

of the Application). As indicated by the report, EMAT has now been under development for 19 

approximately 25 years. 20 

                                                
6  https://www.cer-rec.gc.ca/en/about/publications-reports/best-available-technology/report/bstvlbltchnlgrprt-eng.pdf.  

https://www.cer-rec.gc.ca/en/about/publications-reports/best-available-technology/report/bstvlbltchnlgrprt-eng.pdf
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While the maturity and capabilities of EMAT technology are continually evolving, another 1 

necessary consideration is the commercial availability of tools suitable for FEI’s natural gas 2 

pipelines. Until recently, EMAT ILI tools were not commercially available for pipe diameters as 3 

small as NPS 10. As discussed in Section 3.2.2.3 of the Application, the issue of suitability 4 

includes that the ILI tools must be operable within the variable flow rates encountered on FEI’s 5 

system. Please refer to the response to CEC IR1 7.1 which explains that EMAT ILI was 6 

sufficiently proven and commercialized for adoption in FEI’s system since 2018.  7 

Please also refer to the responses to RCIA IR1 2.1 and CEC IR1 3.1 that describe the adoption 8 

and use of EMAT ILI in British Columbia, Canada, and worldwide. 9 

 10 

 11 

 12 

8.2 Is it possible that the suitable EMAT tools will be either further developed for 13 

superior performance, or come down in price over the next 5 years?  Please 14 

explain.  15 

  16 

Response: 17 

Based on FEI’s experience with other ILI technologies, FEI expects that the performance of 18 

EMAT tools will continue to evolve and improve over the next five years and beyond. However, 19 

FEI cannot predict whether the cost to run EMAT tools will increase or decrease in price over 20 

the next five years.  21 

For clarity, to FEI’s awareness, pipeline operators (including FEI) do not purchase ILI tools. 22 

Instead, pipeline operators contract with ILI vendors who develop, test, and construct ILI tools 23 

for the industry and then offer pipeline inspection services to customers. Thus, the ILI tool 24 

related cost, development, and obsolescence risks are borne by the ILI vendors, not the pipeline 25 

operators. 26 

 27 

 28 

 29 

8.3 To the best of FEI’s knowledge, please describe any new technologies that are 30 

being developed but have not yet reached commercialization.   31 

8.3.1 Please identify the benefits that are associated with the new 32 

technologies and whether or not they offer advantages relative to the 33 

technologies proposed to be adopted by FEI at this time. 34 

8.3.1.1 Please quantify any cost benefits that could be generated by 35 

any of these new technologies.  36 
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8.3.2 Please explain when any of these technologies are expected to be 1 

commercialized. 2 

8.3.3 Would FEI expect to implement any of these new technologies at a later 3 

date?  Please explain why or why not.  4 

8.3.3.1 If yes, when would FEI expect to do so?  5 

Response: 6 

FEI is not aware of any new crack detection ILI technologies for use in gas transmission 7 

pipelines that are under development and have not yet reached commercialization.  8 

  9 
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9. Reference: Exhibit B-1, page 22 1 

 2 

9.1 Please confirm or otherwise explain that FEI’s transmission system must have 3 

the variable flow rates in order to serve its end-use customers.   4 

  5 

Response: 6 

FEI does not actively impose flow variations. Rather, such variations are a system response to 7 

serving the customer demand (i.e., the fluctuating flow rates in the CTS are a result of the end-8 

use customers daily and seasonal consumption requirements). The CTS does not have flow 9 

control on its existing transmission lines. Thus, the flow rate in any transmission line in the 10 

system will vary because the downstream customer demand also varies.  11 

  12 
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10. Reference: Exhibit B-1, page 23 1 

 2 

10.1 Please explain what is meant by ‘due to a lack of volume’ and why it means that 3 

planar imperfections cannot be detected.  Volume of what?  4 

  5 

Response: 6 

Cracks are considered planar because they are essentially two dimensional. Pipeline cracks 7 

have a length and a depth, but negligible width – similar to a crack in a car windshield. 8 

Corrosion and metal loss features (which FEI’s current ILI tools can detect) are three 9 

dimensional, with a length, depth, and width. This results in a three-dimensional void in the 10 

pipeline wall – similar to a chip or “bulls-eye” in a car windshield.  Without this third dimension, a 11 

crack has negligible volume, and as a result, cannot be detected by the sensors used in current 12 

ILI tools as they are only able to detect the presence of voids (i.e., lost or missing metal). 13 

  14 
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11. Reference: Exhibit B-1, page 26 1 

 2 

11.1 If FEI had used pipeline manufactured using other processes, would FEI still 3 

likely experience similar or different imperfections?  Please explain. 4 

  5 

Response: 6 

In addition to ERW and submerged arc welding (SAW and DSAW), FEI has used pipe 7 

manufactured using spiral welded process in limited locations of its transmission pipeline 8 

system. FEI has also used seamless pipe for some of its transmission station piping.  Seamless 9 

pipe is manufactured by a hot extrusion process, and therefore it does not have a weld seam. 10 

These pipes are not susceptible to seam weld anomalies but are susceptible to several different 11 

types of imperfections.   12 

 13 

 14 

 15 

11.1.1 If FEI might not have experienced imperfections using pipeline 16 

manufactured with other processes, please explain how the use of 17 

pipeline manufactured using other processes might have mitigated the 18 

current risks and quantify any potential cost savings. 19 

  20 

Response: 21 

If FEI had used pipe without a seam weld there would be no risk associated with seam weld 22 

failures; however, there is typically a 30 percent cost premium for seamless pipe versus welded 23 

pipe. Further, seamless pipes would not lead to inspection cost savings as EMAT ILI would still 24 

be required to manage SCC in the pipe body.  25 
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 1 

 2 

 3 

11.1.2 If FEI might not have experienced imperfections using pipeline 4 

manufactured with other processes, please explain why FEI selected 5 

pipeline manufactured using the ERW or SAW and DSAW processes.  6 

  7 

Response: 8 

Please refer to the response to CEC IR1 11.1. FEI selected pipeline manufactured using the 9 

ERW, SAW and DSAW processes because these were the most commonly used pipe in the 10 

industry at the time of construction. FEI determined that this pipe was technically acceptable, 11 

readily available, and cost effective at the time of selection. 12 

  13 
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12. Reference: Exhibit B-1, page 26 and page 27 1 

 2 

12.1 Please provide the estimated range of costs for conducting an integrity dig that 3 

was not opportunistic – i.e. for the express purpose of checking pipeline 4 

condition.  5 

  6 

Response: 7 

The estimated range of costs for conducting an integrity dig that was not opportunistic would not 8 

be significantly different than for opportunity integrity digs. 9 
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Integrity dig costs, in general, vary significantly and can range from $0.010 million (e.g., shorter-1 

length excavation site, accessible to equipment, minimal permits and environmental impacts, 2 

minimal site restoration costs) to $0.150 million and higher (e.g., dig below a remote stream 3 

location, helicopter site access, extensive site management required during the dig, extensive 4 

site restoration, and the complexity of repair requirements). 5 

 6 

 7 

 8 

12.2 Could FEI improve its ability to manage cracking threats by undertaking a 9 

random integrity dig program conducted for the express purpose of identifying 10 

cracking?  Please explain why or why not.  11 

12.2.1 If yes, could such a program be cost-effective?  Please explain why or 12 

why not. 13 

  14 

Response: 15 

FEI provides the following response: 16 

No, FEI could not improve its ability to manage cracking threats by undertaking a random 17 

integrity dig program conducted for the express purpose of identifying cracking. A random 18 

integrity dig program would have no certainty that the most significant, and hence most likely to 19 

fail, cracking would be found. As stated in Section 3.2.5 of the Application, cracking is a highly 20 

localized and unpredictable phenomenon. As such, without full inspection of the pipeline, either 21 

through in-line inspection or exposing the entire pipeline for external inspection, the risk 22 

associated with cracking could not be effectively mitigated. 23 

JANA provides the following response: 24 

Given the nature of cracking threats, a random integrity dig program is not a viable approach for 25 

managing cracking. For cracking threats, highly localized factors combine to drive the 26 

mechanism of failure and the cracking can vary significantly meter to meter along the pipeline.  27 

Given a typical integrity dig is on the order of 10 to 20 meters it is not practical to inspect 28 

enough of the pipeline to identify with certainty the most significant SCC on the pipeline.  Due to 29 

similar reasons, random integrity digs provide limited information for a QRA (Quantitative Risk 30 

Assessment).    31 

  32 
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13. Reference: Exhibit B-1, page 28 1 

 2 

13.1 Please provide the number of instances in which SCC has been found on 3 

pipelines similar to those operated by FEI and in which year the findings were 4 

made. 5 

  6 

Response: 7 

FEI does not have public access to the number of instances in which SCC has been found on 8 

pipelines similar to those operated by FEI and in which year the findings were made. 9 

Please also refer to the response to RCIA IR1 2.1. 10 

 11 

 12 

 13 

13.2 Please quantify the total length of pipeline examined that resulted in instances of 14 

cracking.  15 

  16 

Response: 17 

FEI does not have public access to this type of information. 18 

  19 
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14. Reference: Exhibit B-1, page 28 1 

 2 

14.1 Does FEI use polyethylene tape? 3 

  4 

Response: 5 

FEI has historically used polyethylene tape as a field applied joint coating and as a repair 6 

coating.  FEI has also used polyethylene tape as the pipe body coating on a limited number of 7 

segments of transmission pipeline.  FEI does not currently use polyethylene tape. 8 

 9 

 10 

 11 

14.2 Does FEI use asphalt-coated lines or coal-tar coated pipe?  Please explain.  12 

  13 

Response: 14 

FEI installed asphalt-coated and coal-tar coated pipe up until the early 1980s. While these 15 

coatings have not been used in pipeline installations since that time, FEI still has approximately 16 

1,000 kilometres of transmission pressure pipelines in service which use these coatings. 17 

 18 

 19 

 20 

14.3 Is the CEC correct in understanding that polyethylene tape fails more quickly 21 

than either asphalt coated lines or coal-tar coated lines?  22 

14.3.1 If not, please explain why not.  23 

14.3.2 If yes, please provide an estimated timeline range in years for when 24 

each type of line is likely to develop stress corrosion cracking.  25 

  26 

Response: 27 

Coating failure depends on a number of factors including the quality of its application, the soil 28 

environment, and soil stresses. Polyethylene tape is considered more susceptible to failure 29 
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compared to asphalt coating or coal-tar coating; however, a coating failure can occur under a 1 

similar timeframe with asphalt and coal-tar coating. 2 

  3 
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15. Reference: Exhibit B-1, page 29 1 

 2 

15.1 Please explain from when FEI ‘advanced’ the TIMC Project.  Was such a project 3 

scheduled to occur at a later date, and if so, when?  4 

  5 

Response: 6 

FEI’s use of the term ‘advanced’ was in relation to proceeding with the current Project and does 7 

not refer to expediting a project that was planned to occur at a later date. FEI has recognized 8 

cracking as a potential threat to its system for approximately two decades as part of its existing 9 

integrity dig program on the CTS as part of its Transmission Pipeline Integrity Program (TPIP). 10 

FEI initiated the current Project in response to the availability of proven, commercialized, and 11 

adopted ILI tools and consistent with industry best practice. 12 

The following activities occurred during the development of the TIMC project: 13 
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 September 21, 2016:  FEI indicated it was assessing the need for and feasibility of 1 

adopting crack-detection capabilities within its in-line inspection program in the Annual 2 

Review for 2017 Rates, BCUC IR1 9.11. 3 

 September 26, 2017: FEI indicated that it was continuing its assessment in the Annual 4 

Review for 2018 Rates, BCUC IR1 1.9. 5 

 August 3, 2018: FEI applied for a new non-rate base deferral account to capture 6 

development costs for the TIMC Project in the Annual Review for 2019 Rates, as 7 

approved by Order G-237-18. 8 

FEI’s TIMC project is comprised of two CPCN applications: one for the CTS TIMC, and another 9 

for the ITS TIMC.  FEI confirms that it has no other projects currently planned to address 10 

cracking threats to its transmission pipelines.  11 

 12 

 13 

 14 

15.2 Please describe any differences between any other project planned and that 15 

being undertaken.  16 

15.2.1 If FEI did not have any other project planned, is it because FEI did not 17 

expect that cracking could occur?  Please explain. 18 

  19 

Response: 20 

Please refer to the response to CEC IR1 15.1. 21 

  22 
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16. FEI CPCN for the Inland Gas Upgrade Application page 31 and Appendix E page 3 1 

ILI is highly regarded by operators as the data enables rehabilitation efforts to be 2 

focused on specific locations.  ILI also enables proactive asset management by 3 

providing pipeline wall condition data (including changes over time) that can inform long-4 

term asset planning.  5 

Crack detection ILI technology (commonly referred to as ‘EMAT tools’, as the technology 6 

relies upon electro-magnetic acoustic transducers) is another ILI tool that is increasingly 7 

being adopted by Canadian gas transmission pipeline operators for the detection of 8 

cracks and crack- like imperfections. It is also becoming increasingly commercially 9 

available for use in a variety of pipeline diameters.  10 

16.1 The CEC notes that FEI implemented ILI, but not EMAT technology in its recent 11 

IGU project. Please explain the differences between the two technologies. 12 

  13 

Response: 14 

The differences between magnetic flux leakage (MFL) and EMAT ILI technologies are described 15 

in Section 3.2.3.3 of the Application as follows: 16 

… MFL tools are used for detecting and sizing three-dimensional metal loss 17 

defects, including corrosion and gouges. More recently, the industry developed 18 

circumferential magnetic flux leakage (CMFL) tools to address limitations in the 19 

capabilities of MFL tools to detect and size long, narrow, longitudinally-oriented 20 

metal loss.” and “… EMAT ILI tools… are capable of detecting and sizing certain 21 

types of cracking and other two-dimensional defects. 22 

  23 

 24 

 25 

16.2 Why did FEI not utilize EMAT ILI? Please explain.  26 

  27 

Response: 28 

EMAT ILI tools are not yet commercially available for pipeline diameters smaller than NPS 10. 29 

As such, the TIMC project focuses on larger diameter transmission pipelines. The IGU Project 30 

focused on smaller diameter transmission pipelines of primarily NPS 6 and NPS 8, and the 31 

adoption of proven, commercialized, and industry adopted ILI tools (i.e., MFL technology) for 32 

pipelines of those diameters. 33 

 34 

 35 

 36 
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 1 

16.3 Will FEI make application for the installation of EMAT ILI if the technology is or 2 

becomes technologically feasible for the laterals affected in the IGU project? 3 

Please explain why or why not.  4 

  5 

Response: 6 

FEI intends to continue to monitor available technology and industry practice for mitigating the 7 

potential for rupture of its transmission pipelines, including the laterals affected in the IGU 8 

Project. If proven and commercialized EMAT ILI technology becomes available and adopted by 9 

industry for transmission pipelines with diameters smaller than NPS 10, FEI would be obligated 10 

to evaluate the use of such technology and would make a decision at that time whether to 11 

introduce EMAT for such pipelines. 12 

  13 
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17. Reference: Exhibit B-1, page 29 and page 87 and page 89 1 

 2 

17.1 Please provide the operating pressures for each of the two pipelines as well as 3 

the maximum pipeline pressures permitted. 4 

  5 

Response: 6 

Please see the table below for the pressure information for the LIV PAT 457 and CPH BUR 508 7 

pipelines. 8 
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Description LIV PAT 457 CPH BUR 508 

Average operating pressure 3,646 kPa 3,620 kPa 

Maximum operating pressure 4,020 kPa 4,020 kPa 

 1 

 2 

 3 

17.2 Please describe any further results, with quantification, that have been provided 4 

by the pilot that were not included in the application and evidence currently on 5 

the record.  6 

  7 

Response: 8 

Please refer to the response to BCUC IR1 11.1. 9 

 10 

 11 

 12 

17.3 Why were significant repairs or replacements not required to address the 13 

instances of cracking? 14 

  15 

Response: 16 

Please refer to the response to BCUC IR1 11.1. 17 

 18 

 19 

 20 

17.4 Please confirm that FEI takes these instances of cracking to be representative of 21 

other likely cracking on its pipelines. 22 

  23 

Response: 24 

FEI does not take these instances of cracking to be representative of other likely cracking on its 25 

pipelines.  26 

 27 

 28 

 29 

17.5 Can the two pipelines FEI selected for the Pilot be considered as ‘typical’?  30 

Please explain why or why not. 31 

  32 
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Response: 1 

FEI does not consider any pipeline to be ‘typical’ with respect to cracking, and therefore, does 2 

not consider the LIV PAT 457 and CPH BUR 508 pipelines to be typical. As described in 3 

Section 3.2.5 of the Application, SCC is highly localized and an often unpredictable 4 

phenomenon which is the result of the variable contribution of factors that can result in SCC. As 5 

such, while the pilot project pipelines may share similar characteristics with other CTS pipelines 6 

(e.g., coating type), the results from the EMAT ILI on these pipelines cannot be extrapolated to 7 

other pipelines or considered typical for the system. 8 

  9 
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18. Reference: Exhibit B-1, page 33 1 

 2 

18.1 Please describe what would be considered as ‘aggressive’ conditions, normal 3 

conditions, and favourable conditions.  4 

  5 

Response: 6 

JANA provides the following response: 7 

‘Normal’ and ‘favorable’ conditions were not defined in the analysis. The analysis by Dr. Chen 8 

examined a range of conditions in terms of crack size (length and depth), pipe material fracture 9 

resistance that were considered reasonable estimates of what could be observed in the FEI 10 

system.  The ‘most aggressive condition’ mentioned speaks to the combination of factors in the 11 

analysis which leads to the shortest projected failure times.   12 

 13 

 14 

 15 

18.2 Please provide the likely timeframe for cracks to grow to failure under normal and 16 

favourable conditions.  17 

  18 

Response: 19 

JANA provides the following response: 20 

Normal or favorable conditions were not defined in the JANA analysis. There is no one timeline 21 

for cracks to grow to failure. The timeline for cracks to grow to failure depends on the depth, 22 

length, local environment, steel properties, operating conditions, etc. The purpose of the 23 

analysis was not to define explicit times to failure (as there is not complete characterization of 24 

the cracking in the FEI system as would be provided by EMAT ILI analysis), but to assess if 25 

there was the potential for cracks to grow to failure given the FEI system conditions.  The 26 

analysis showed that based on Dr. Chen’s models and reasonable assumptions around the 27 

input values that cracks could grow to failure in the FEI system. 28 
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 1 

 2 

 3 

18.3 Are there particular steps that a crack needs to go through to reach failure?  4 

Please explain.  5 

  6 

Response: 7 

JANA provides the following response: 8 

Based on Dr. Chen’s model, there are typically 4 phases identified for SCC crack growth: 9 

 Preparation: 10 

o Development of conditions for SCC initiation (e.g., coating failure) 11 

 Stage 1: 12 

o Crack initiation and early stage growth by dissolution  13 

 Stage 2: 14 

o Hydrogen-facilitated fatigue growth and increasing coalescence of cracks 15 

 Stage 3: 16 

o Instable crack growth through the remaining wall thickness driven by stress and 17 

mechanical cracking failure 18 

  19 
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19. Reference: Exhibit B-1, page 25, 33 and 35-36  1 

 2 
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 1 

19.1 Please confirm, or otherwise explain, that FEI’s reference to pipe seam cracking 2 

incorporates all the types of potential imperfections noted on page 26 of the 3 

application.  4 

  5 

Response: 6 

JANA provides the following response: 7 

Confirmed. 8 

 9 

 10 

 11 

19.2 Are the SCC and Seam Weld susceptibilities for the types of pipelines 12 

recognized industry-wide, or is this a JANA-specific observation?  Please 13 

explain.  14 

  15 

Response: 16 

JANA provides the following response: 17 

The susceptibilities are recognized industry-wide based on reported historical failures. 18 

 19 

 20 

 21 

19.3 What would constitute a rough numerical threshold that might trigger a 22 

‘susceptibility’ categorization vs being considered a ‘relatively low’ susceptibility?  23 
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  1 

Response: 2 

The ‘Low’ susceptibility assignment is a qualitative descriptor based on general industry 3 

experience without a hard numerical cutoff.  For SCC, it is where a pipeline has had no, or very 4 

few, reported failures with other contributing factors.  For seam weld cracking, it is based on the 5 

industry standard benchmark of post-1970, where construction practices changed. 6 

  7 
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20. Reference: Exhibit B-1, page 38 1 

 2 

 3 

20.1 Please provide a general timeline for how long it takes for a seam weld 4 

imperfection to result in a failure under aggressive, normal and favourable 5 

conditions, and describe those conditions if they differ from that for SCC.  6 

  7 

Response: 8 

JANA provides the following response: 9 

Aggressive, normal and favorable conditions were not defined in the analysis.    10 

The conditions for seam weld failure are different from those for SCC as they are driven by 11 

different mechanisms. Seam weld failures occur due to pre-existing seam weld imperfections 12 

from the manufacturing process combined with coinciding subsequent mechanical damage, 13 

such as dents, or other time-dependent integrity threats such as metal-loss corrosion. These 14 

pre-existing seam weld imperfections are most common in vintage pipelines (pre-1970).  Failure 15 

can occur in any timeframe if mechanical damage or metal-loss corrosion occurs coincident with 16 

a seam weld imperfection. If there is no coincident additional factors driving failure, seam weld 17 

imperfections that have been pressure tested to 1.25 operating pressure are considered benign.  18 

  19 
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21. Reference: Exhibit B-1, page 39 1 

 2 

 3 

21.1 For each table please add a final column demonstrating the number of integrity 4 

digs undertaken. 5 

  6 
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Response: 1 

JANA provides the following response: 2 

JANA is responding to this response as they did the original analysis.  In the original analysis, 3 

282 dig reports with cracking threats were identified from a total number of 543 integrity digs.  4 

Subsequent analysis has identified 402 dig reports with cracking threats, from a total number of 5 

890 integrity digs. This provides enhanced confirmation of the presence of cracking threats in 6 

the FEI system.  The updated tables are provided below with the added column indicating the 7 

total number of integrity digs for each line.   8 

Table 3-6 Updated:  FEI CTS Pipelines: Occurrences of Cracking on FEI pipe identified through 9 
JANA’s review of selected integrity digs and total number of integrity digs between analysed 10 

# 
Pipeline 

Short Name Pipeline Full Name 
SCC 

Susceptibility 

Seam Weld 
Cracking 

Susceptibility 

Integrity Digs 
with 

Cracking 
Threats 

Total 
Integrity Digs 

Analysed 

1 HUN BAL 
1066 

Huntingdon – Balfour 42” Yes Low 0 1 

BAL NIC 
1066 

Balfour – Roebuck 42” Low Low 0 0 

2 HUN NIC 762 Huntingdon – Nichol 30” Yes Yes 3 18 

3 LIV COQ 323 Livingston – Coquitlam 
12” 

Yes Yes 12 31 

4 LIV PAT 457 Livingston – Pattullo 18” Yes Yes 22 38 

5 NIC PMA 610 Nichol – Port Mann 24” Yes Yes 2 11 

6 CPH BUR 
508 

Cape Horn – Burrard 20” Yes Yes 18 41 

7 ROE TIL 914 Roebuck – Tilbury 36” Yes Low 0 0 

8 TIL BEN 323 Tilbury – Benson 12” Yes Yes 4 5 

9 TIL FRA 508 Tilbury – Fraser 20” Yes Yes 0 5 

10 NIC FRA 610 Nichol – Fraser 24” Yes Yes 0 12 

11 TIL LNG 323 Tilbury – LNG Plant 12” Yes Low 1 4 

12 NOO EMT 
610 

Noons Ck – Eagle Mtn 
24” 

Low Low 0 0 

13 PMA CPH 
914 

Port Mann – Cape Horn 
36” 

Low Low 0 0 

  11 
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Table 3-7 Updated:  FEI ITS Pipelines: Occurrences of Cracking on FEI pipe identified through 1 
JANA’s review of selected integrity digs and total integrity digs analysed 2 

# Line Name FEI Name SCC 
Susceptibility 

Seam Weld 
Cracking 
Susceptibility 

Integrity Digs 
with Cracking 
Threats 

Total Integrity 
Digs 
Analysed 

1 SAV VER 323 Savona – Vernon 12” Yes Yes 50 92 

2 VER PEN 323 Vernon – Penticton 12” Yes Yes 38 67 

3 GRF TRA 273 Grand Forks – Trail 10” Yes Yes 138 228 

4 OLI GRF 273 Oliver Y – Grand Forks 
10” 

Yes Yes 79 163 

5 PEN OLI 273 Penticton – Oliver Y 10” Yes Yes 13 23 

6 TRA CAS 219 Trail – Castlegar 8” Yes Yes 11 76 

7 KIN PRI 323 Kingsvale – Princeton 
12” 

Yes Low 0 3 

8 PRI OLI 323 Princeton – Oliver 12” Yes Low 2 12 

9 YAH TRA 323 Yahk – Trail (ELK) 12” Yes Low 9 53 

10 OLI PEN 406 Oliver – Penticton 16” Low Low 0 1 

11 DUK SAV 508 Duke Tap – Savona 
C/S 20” 

Low Low 0 0 

12 YAH OLI 610 Yahk – Rossland 24”, 
Rossland – Oliver 24” 

Low Low 0 6 

  3 
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22. Reference: Exhibit B-1, page 40 1 

 2 

22.1 Please provide a chart depicting the total number of incidents in each year 3 

between 2002 and 2016. 4 

  5 

Response: 6 

JANA provides the following response: 7 

The total number of SCC incidents reported in the PHMSA dataset between 2002 and 2016 are 8 

shown in the figure below.  9 

 10 

  11 
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23. Reference: Exhibit B-1, page 41 1 

 2 

23.1 Please provide a redacted copy of the report on the public record if feasible to do 3 

so.  4 

  5 

Response: 6 

Attachment 23.1 contains redacted copies of the following reports which were filed confidentially 7 

with the Application: 8 

 Appendix B-1, “Analysis of Cracking Threats in FEI Mainline Transmission Pipelines”; 9 

and 10 

 Appendix B-2, “Quantitative Safety Risk Assessment” 11 

FEI’s redactions have removed sensitive data and information regarding specific locations and 12 

quantified degrees of vulnerability along a pipeline, for the purposes of pipeline system security. 13 

 14 

 15 

 16 

23.2 Please provide a probability curve for SCC cracks growing to failure from 5 years 17 

to 85 years and break out for the CTS and ITS systems if possible. 18 

  19 

Response: 20 

JANA provides the following response: 21 

In addition to the analysis of observed industry failures, the purpose of the analysis was to 22 

assess if it is possible for SCC cracks to grow to failure in the FEI system. The analysis 23 

considered a range of scenarios in terms of crack size (depth and length), pipe fracture 24 

toughness, etc. that resulted in the range of projected potential time to failure.  It is not possible 25 

to provide a probability curve for cracks growing to failure from 5 to 85 years as the actual 26 

distribution of cracks within the pipeline system is not known. This type of information could 27 

possibly be provided by EMAT ILI if a large number of cracks were found by the ILI tool. 28 

  29 
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24. Reference: Exhibit B-1, page 51 1 

 2 

24.1 FEI provides multiple examples of ruptures that occurred.  Please confirm that 3 

the measures proposed by FEI could potentially have prevented such ruptures if 4 

undertaken early enough.  5 

  6 

Response: 7 

Not confirmed. FEI provided the examples solely to illustrate potential consequences of a 8 

natural gas pipeline rupture. FEI did not intend for these ruptures to correlate with the mitigation 9 

proposed by the CTS TIMC Project. 10 

FEI and the broader transmission pipeline industry review past failures for learnings that may be 11 

incorporated into integrity management programs. This approach fosters changes to industry 12 

standards and industry practice such as the widespread adoption of EMAT ILI technology. 13 

 14 

 15 

 16 

24.2 Please describe how FEI will utilize the requested technology to inspect once it is 17 

installed.  For example, will FEI conduct a transmission system overview 18 

sequentially reviewing its pipelines, or will it conduct simultaneous inspections of 19 

several or all transmission lines?  Please explain.  20 

  21 

Response: 22 

Please refer to the response to RCIA IR1 14.2 for the proposed inspection schedule. 23 

 24 

 25 

 26 

24.3 How quickly does the pig move through the transmission line such that an 27 

inspection is completed?  Please provide various examples.  28 

  29 
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Response: 1 

The optimal velocity of the EMAT ILI tool is between 1 and 2 metres per second. Assuming an 2 

average velocity of 1.5 metres per second, the table below provides a summary of the 3 

approximate duration required to complete an EMAT ILI inspection of the 11 CTS pipelines. 4 

Pipeline 
Length of Pipeline 

(km) 

Approx. duration of 
EMAT ILI tool run 

(hours) 

HUN ROE 1067 55.7 10.3 

HUN NIC 762 56.4 10.4 

LIV COQ 323 34.9 6.5 

CPH BUR 508 17 3.1 

TIL FRA 508 9.6 1.8 

TIL BEN 323 5.9 1.1 

LIV PAT 457 29.8 5.5 

NIC FRA 610 24.3 4.5 

ROE TIL 914 12.8 2.4 

NIC PMA 610 4.9 0.9 

TIL LNG 323 1.7 0.3 

 5 

 6 

 7 

24.4 How long would it take for FEI to identify cracking either during or after an 8 

inspection is completed?  Please explain.  9 

  10 

Response: 11 

FEI does not identify cracking during an inspection. Please refer to the response to CEC IR1 12 

33.1 for the timelines required to identify cracking after the ILI run is complete.  13 

  14 
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25. Reference: Exhibit B-1, page 61 1 

 2 

25.1 Over what period of time does FEI expect it will have been able to complete an 3 

inspection of its entire CTS transmission system using the technologies 4 

requested in this application?  Please explain why it is expected to take this time, 5 

and what are the limiting factors that result in the timelines – i.e. labour 6 

requirements, number of pigs available, time for the pig to move through a 7 

pipeline, etc. 8 

  9 

Response: 10 

FEI expects to complete its baseline EMAT ILI runs on the 11 CTS TIMC pipelines between 11 

2024 and 2027 for the following reasons: 12 

 Seasonal windows: Tool runs must be completed within certain seasonal windows to 13 

achieve the optimal tool velocities and collect good quality data. 14 

 Pipeline preparation: While actual ILI runs may be completed in a single day, the 15 

pipeline being inspected must be cleaned prior to running the ILI tool to ensure dirt and 16 

debris in the pipeline does not damage the tool or compromise its performance. This 17 

process can take up to two weeks or longer to complete. 18 

 FEI resources: Availability of Operations resources are a necessary consideration. FEI 19 

Operations is responsible for completing a range of other capital and maintenance work 20 

during the year, in addition to running ILI tools and performing the corresponding 21 

integrity digs. 22 

 Contractor resources: Tools and tool vendors may not be available during the window 23 

FEI requires to run tools. 24 

FEI’s schedule for these EMAT ILI runs also reflects the identified hazard and risks of SCC on 25 

its system and other factors.  26 

 27 

 28 

 29 

25.2 Once FEI has conducted a thorough inspection of its entire system, would FEI 30 

need to essentially recommence the same process immediately, such that there 31 

is continuous inspection or would FEI wait for particular period, i.e. the 7 years?  32 

Please explain.  33 

  34 
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Response: 1 

The re-inspection cycle for each pipeline will be determined using the findings of the initial 2 

EMAT ILI run. As described in CEC IR1 25.1, FEI expects to complete the baseline EMAT ILI 3 

runs within a period of four years. FEI does not anticipate that it will need to recommence the 4 

same process immediately in the CTS; however, some pipelines may be re-inspected earlier 5 

than others depending on the findings of the initial EMAT ILI run.   6 

 7 

 8 

 9 

25.2.1 Please provide a discussion relating the time frame it takes for a crack 10 

to develop and the expected inspection frequency.    11 

  12 

Response: 13 

Cracks can develop and grow over any time frame and, hence, crack analysis to establish 14 

integrity digs and re-inspection frequencies employs appropriate conservatism and line-specific 15 

inputs to ensure timely intervention such that potential cracks are found and repaired prior to 16 

growing to failure. 17 

FEI will use a range of crack growth rates, informed by industry practice and the CEPA 18 

Recommended Practice for Managing Near-neutral pH Stress Corrosion Cracking, to assess 19 

the features found through EMAT ILI and to determine a re-inspection frequency for subsequent 20 

EMAT ILI. FEI typically inspects its pipelines on a 7-year cycle, unless the growth assessment 21 

or other line-specific considerations (such as an observed localized external stress) indicates 22 

earlier re-inspection is required.  23 

 24 
 25 

 26 

25.3 Will FEI be providing the Commission with reports on the results of its ILI 27 

inspections on each or all of its CTS lines?  Please explain why or why not.  28 

  29 

Response: 30 

A key outcome from FEI's EMAT ILI inspections is its determination of subsequent Integrity 31 

Digs. FEI currently provides Integrity Dig forecasts through Annual Reviews, including 32 

discussion of the drivers for digs such as inspection results pertaining to all ILI technologies 33 

including FEI’s current use of MFL and CMFL ILI tools and the adoption of EMAT ILI tools in the 34 

CTS pipelines. 35 

  36 
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26. Reference: Exhibit B-1, page 56 1 

 2 

26.1 Are the alternatives evaluated similar to those evaluated for the 29 transmission 3 

laterals for the Inland Gas Upgrade Project?  Please explain how they are similar 4 

or different and why. 5 

  6 

Response: 7 

The alternatives evaluated in the CTS TIMC Project are similar to those evaluated as part of the 8 

Inland Gas Upgrade (IGU) Project, with differences in some alternatives as described below. 9 

The IGU Project evaluated alternatives for individual laterals whereas the CTS TIMC Project 10 

alternatives were evaluated for the system (all 11 pipelines).  11 

 Alternative 1: Stress Corrosion Cracking Direct Assessment (SSCDA) 12 

This alternative is similar to the Modified External Corrosion Direct Assessment (ECDA) 13 

alternative evaluated under the IGU Project as it requires the same four steps: 14 

1. Pre-assessment; 15 

2. Indirect inspection; 16 

3. Direct examination; and 17 

4. Post assessment. 18 

The main difference between the SSCDA and Modified ECDA alternatives is that they 19 

are used to manage different integrity threats. SSCDA is used to manage stress 20 

corrosion cracking, whereas Modified ECDA is used to manage metal-loss external 21 

corrosion. 22 

 Alternative 2: Pressure Regulating Station (PRS) 23 

This alternative is the same as the PRS alternative evaluated as part of the IGU Project. 24 
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 Alternative 3: Hydrostatic Testing Program (HSTP) 1 

This alternative is the same as the HSTP alternative evaluated as part of the IGU 2 

Project.  3 

 Alternative 4: Electro-magnetic Acoustic Transducer In-Line Inspection (EMAT ILI) 4 

This alternative is similar to the ILI alternative evaluated as part of the IGU Project in that 5 

it proposes passing a data inspection device through the pipeline to identify and locate 6 

certain integrity threats. However, there are several key difference between the CTS 7 

TIMC and IGU projects as it relates to this alternative: 8 

1. Tool sensor: The sensor on the EMAT ILI tool is specifically designed to detect 9 

cracking in pipelines. The sensors on the ILI tools proposed under the IGU 10 

Project are not capable of detecting cracks.  11 

2. Launcher and receiver barrels: FEI runs other types of ILI tools in the 11 CTS 12 

TIMC pipelines. As such, the CTS TIMC Project proposes modifying the existing 13 

launchers and receivers to accommodate EMAT ILI tools, which are longer than 14 

the tools currently being run in these pipelines. The laterals considered under the 15 

IGU Project were not being in-line inspected prior to the Application. As such, the 16 

IGU’s ILI alternative involved the installation of new launchers and receivers and 17 

the associated barrel isolation valves. 18 

3. Flow control and pressure regulating stations: The CTS TIMC Project 19 

proposes the construction of flow control stations to maintain the velocity of the 20 

EMAT ILI tools that do not have a speed control unit. EMAT ILI tools must travel 21 

at slower velocities than the tools proposed for use under the IGU Project.  The 22 

scope of the CTS TIMC Project also includes the construction of pressure 23 

regulating stations (PRS) to facilitate pressure reductions on individual pipelines. 24 

These PRS’s enable FEI to implement the required safety response in the event 25 

that a significant cracking threat is found. The CSA Z662 standard requires a 26 

more stringent safety response for a sharp feature like a crack than for a more 27 

typical blunt feature like corrosion.  28 

 Alternative 5: Pipeline Replacement (PLR) 29 

This alternative is similar to the PLR alternative evaluated under the IGU Project as it 30 

involves replacing the existing pipeline(s) in their entirety. In Section 4.2.6 of the IGU 31 

Project Application, FEI stated that it would design the replacement pipeline with an 32 

operating stress less than 30 percent of SMYS to reduce the corrosion-related rupture 33 

potential. The PLR alternative evaluated under the CTS TIMC Project may or may not 34 

design the replacement pipelines with an operating stress less than 30 percent of SMYS 35 

due to different operational requirements between individual laterals and a transmission 36 

system. 37 
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 Alternative 6: Pipeline Exposure and Recoat (PLE) 1 

This alternative is similar to the PLE alternative evaluated under the IGU Project as it 2 

requires the same six steps: 3 

1. Expose the entire length of the pipeline; 4 

2. Remove the existing coating; 5 

3. Perform an inspection of the surface of the pipeline; 6 

4. Conduct repairs, as needed; 7 

5. Re-coat the pipeline; and 8 

6. Rebury the pipeline.  9 

 10 

In Section 4.2.2 of the IGU Project application, FEI stated that once the pipeline was 11 

recoated and reburied, it would be subject to future inspection via Modified ECDA which 12 

is a practice specific to external corrosion. In the case of the CTS TIMC Project, FEI 13 

would recoat with a coating that is non-susceptible to SCC. 14 

 15 

 16 

 17 

26.2 Would any of the alternatives determined to be Not Feasible have been feasible 18 

on any significant portions of the CTS system?  Please explain.  19 

26.2.1 If yes, please identify which portions of the CTS system could have 20 

used a different alternative than that selected.  21 

  22 

Response: 23 

Please refer to the response to BCUC IR1 6.1.  24 

 25 

 26 

 27 

26.2.1.1 Recognizing that FEI did not conduct a financial analysis of 28 

alternatives not deemed feasible, please provide a best 29 

estimate order of magnitude relationship between the cost of a 30 

different alternative for a specific portion of the CTS – i.e. 30% 31 

more? 1% less?  32 

  33 
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Response: 1 

FEI evaluated the project alternatives first for technical feasibility, followed by financial 2 

feasibility. Alternatives 1, 2 and 3 were not technically feasible. As discussed in response to 3 

BCUC IR1 6.1, these alternatives are also not feasible when applied to sub-portions of the CTS. 4 

To develop a best estimate order of magnitude for the other alternatives, the alternatives need 5 

to be scoped such that it could theoretically reduce the risk in an acceptable way. With that in 6 

mind, the following high-level scope would need to be considered: 7 

 Alternative 1: Given the inability of SCCDA to reliably find cracking threats, FEI would 8 

be required to expose the pipelines in their entirety to understand cracking threats on its 9 

system. The resulting alternative would be similar to Alternative 6: PLE and would be 10 

expected to have a similar cost magnitude (see Table 4-4 of the Application). 11 

 Alternative 2: The reduction in pressure on the CTS would result in a capacity shortfall. 12 

The lost capacity would need to be replaced through the installation of additional pipe. 13 

The resulting alternative would be similar to Alternative 5: PLR and would be expected to 14 

have a similar cost magnitude (see Table 4-4 of the Application). 15 

 Alternative 3: A hydrostatic testing program would have similar elements as an EMAT 16 

ILI program, in that testing would be required to be completed on a recurring interval. 17 

However, FEI would also need to consider alternate ways to supply customers serviced 18 

by lines that do not have a parallel pipeline to maintain gas supply during testing. This 19 

would likely involve looping some pipelines and would make up a majority of the cost of 20 

the alternative. As such, if 25 percent of the system required looping, then the magnitude 21 

of costs would be in the hundreds of millions of dollars (assuming 25 percent of the cost 22 

of Alternative 5). 23 

  24 
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27. Reference: Exhibit B-1, page 56 1 

 2 

27.1 Did the project need to be similar for the entire CTS overall, or could FEI have 3 

conducted a mixed group of technologies as was provided in the IGU?  Please 4 

explain. 5 

  6 

Response: 7 

Please refer to the response to BCUC IR1 6.1. 8 

 9 

 10 

 11 

27.1.1 If the project could have been undertaken using different technologies, 12 

did FEI screen out any options where different technologies could have 13 

been employed, in order to use a system wide technology?  Please 14 

explain.  15 

  16 

Response: 17 

FEI is unclear what CEC is referring to by “different technologies” in its question.  18 

If CEC is referring to the alternatives other than EMAT ILI presented in the Application, then 19 

please refer to the response to BCUC IR1 6.1, which explains that the alternatives remain non-20 

feasible for sub-portions of the CTS. On this basis, these different technologies were not 21 

screened out in order to use a system-wide alternative.  22 

FEI is not aware of any different technologies beyond those presented in the Application that 23 

would address the integrity management objectives of the Project. 24 

  25 
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28. Reference: Exhibit B-1, page 61 1 

 2 

28.1 Please identify any technologies that FEI is aware of that are currently under 3 

development and might permit FEI to avoid pipeline alterations if they were used 4 

and/or trialled. 5 

28.1.1 If FEI is able to identify any technologies that are currently under 6 

development, could FEI have potentially acquired any cost savings or 7 

benefits from these technologies?  Please explain.  8 

 9 

Response: 10 

FEI is not aware of any technologies that are currently under development that would permit FEI 11 

to avoid the pipe alterations identified as part of the Application. 12 

  13 
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29. Reference: Exhibit B-1, page 68 and 72 1 

 2 

 3 

29.1.1 Please provide FEI’s demand curve, and provide the point at which FEI 4 

would not be able to meet the current peak demand.  5 

  6 
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Response: 1 

To achieve an operating stress less than 30 percent of SYMS, FEI would require the system to 2 

operate at a pressure of 2390 kPa. FEI’s analysis of the CTS during the development of the 3 

TIMC CTS Application demonstrated that the capacity of the system under this condition is 4 

exceeded when the average daily temperature is between 9 degrees Celsius or cooler.  Daily 5 

temperature averages lower than 9 degrees Celsius could occur any time in the period of 6 

September through May. The figure below shows the system demand versus temperature 7 

indicating the demand at which the CTS would have insufficient capacity if it were regulated to 8 

30 percent of SMYS. 9 

 10 

 11 

 12 

 13 

29.1.2 Would the issue of insufficient capacity occur along the entire line, or 14 

would this occur only in certain areas of a given pipeline?  Please 15 

elaborate. 16 

  17 
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Response: 1 

System capacity issues would occur across the entire CTS at multiple locations, and would 2 

occur at a system demand well below that currently occurring on a peak day. The CTS is 3 

designed to have capacity to meet peak demand with pressure at the Huntingdon Control 4 

Station at 3447 kPa, the minimum contract pressure provided at that point from the upstream 5 

Enbridge pipeline.  To achieve an operating stress of 30 percent of SMYS, the reduction in 6 

system pressure required would be over 1050 kPa, from 3447 kPag to 2390 kPag, and would 7 

result in capacity issues at multiple gate stations across the system that would require upgrades 8 

to ensure reliable operation into the downstream distribution systems. Additionally, the inlet 9 

pressure to the V1 Compressor Station in Coquitlam that supplies FEI’s Vancouver Island 10 

transmission system would fall below the minimum design pressure of 2070 kPa for most of the 11 

year requiring significant pipeline looping within the CTS to manage capacity needs. 12 

 13 

 14 

 15 

29.1.2.1 If the insufficient capacity would only occur at certain portions 16 

of a pipeline, could FEI meet these demands in any other 17 

manner, such as using LNG? 18 

  19 

Response: 20 

As described in the response to CEC IR1 29.1.2, insufficient capacity to meet customer demand 21 

would occur for large portions of the year including the spring, fall and winter seasons at 22 

multiple locations across the CTS. As a result, peak shaving options like local LNG or CNG 23 

injection would not be a feasible solution for avoiding the otherwise extensive capacity upgrades 24 

that would be required to accommodate an operating pressure reduction on the system to 25 

achieve an operating stress below 30 percent of SMYS. 26 

 27 

 28 

 29 

29.1.3  Please explain why additional looping is not feasible.  30 

  31 

Response: 32 

Pipeline looping was considered not feasible to allow operating the CTS at a reduced pressure 33 

because of the challenges associated with the extensive looping that would be required.   34 

First, as discussed in the response to CEC IR1 29.1, operating pressures that would reduce 35 

pipeline stress to below 30 percent of SMYS creates capacity limitations for large portions of the 36 

year. This is based on current customer demand and does not consider future growth in 37 
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demand or the possibility of large industrial demand being served through the system.  Pipeline 1 

looping would require FEI to install new, large-diameter transmission lines from the Huntingdon 2 

Control Station in Abbotsford to near the Coquitlam Gate Station and another similar station 3 

location in Delta to recover capacity to serve current demand and future load growth.  Similar to 4 

the Pipeline Replacement (PLR) alternative, pipeline looping would be rated a poor choice due 5 

to its cost, implementation complexity, and community, Indigenous, and environmental impacts.   6 

Second, the CTS pipelines are located in highly urbanized areas and some statutory rights of 7 

ways (SRWs) are already occupied by multiple transmission pipelines. The installation of 8 

another transmission pipeline would be difficult and it may not even be possible while 9 

maintaining adequate clearance between existing pipelines in the SRW.  Therefore, expansion 10 

of existing SRWs or acquisition of new land rights would likely be required. 11 

  12 
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30. Reference: Exhibit B-1, page 76 1 

 2 

30.1 Does FEI have a threshold at which it would consider EMAT ILI to have been 3 

cost prohibitive?  Please explain.  4 

30.1.1 If yes, please provide the threshold. 5 

  6 

Response: 7 

Please refer to the response to BCUC IR1 12.1.   8 

 9 

 10 

 11 

30.1.2 What alternative actions would FEI have pursued if the EMAT ILI was 12 

deemed to be too costly?  Please explain. 13 

  14 

Response: 15 

The EMAT ILI is not too costly. FEI has identified a credible cracking threat to its transmission 16 

pipelines, and has identified a proven, cost-effective, commercialized, and industry adopted 17 

mitigation in the form of EMAT ILI. As discussed in Section 4 of the Application, the only other 18 

meaningful alternative actions would be more costly for ratepayers. 19 

  20 
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31. Reference: Exhibit B-1, page 76 1 

 2 

31.1 Will FEI experience cost or other benefits as a result of using EMAT ILI on all 11 3 

CTS pipelines, as opposed to using differing options on different pipelines?  4 

Please explain.  5 

 31.1.1 Please quantify any cost or other benefits if possible.  6 

 7 

Response: 8 

By utilizing EMAT ILI on all 11 CTS pipelines, FEI will realize the following benefits: 9 

 Consistent approach to managing cracking threats: EMAT is able to provide 10 

superior data with respect to cracking, including the size and location of features. By 11 

ensuring all pipelines have this same type of integrity data, FEI can monitor crack growth 12 

over time and utilize the data in its ongoing risk assessments.  13 

 Optimized response to cracking threats: Ongoing ILI allows FEI to monitor the growth 14 

of features on an ongoing basis and optimize its response to these features, leading to 15 

optimization of resources and costs with respect to crack management integrity work. 16 

 Reduced costs compared to other feasible alternatives: The only other technically 17 

feasible alternatives were Pipeline Replacement (PLR) and Pipeline Exposure and 18 

Recoat (PLE). As shown in Table 4-4 of the Application, the significant difference in the 19 

cost of these alternatives as compared to EMAT ILI (even if these alternatives were 20 

employed on a single pipeline), would make them significantly more expensive 21 

compared to implementing EMAT ILI on the same pipeline. 22 

  23 

 24 

 25 

31.2 Can FEI expect to experience cost or other benefits as a result of making an 26 

application for the whole CTS (11 pipelines) vs breaking it into smaller CPCNs?  27 

Please explain.  28 

  29 

Response: 30 

FEI’s rationale for combining all 11 CTS pipelines under a single CPCN application was 31 

because all of these pipelines are part of a single program to mitigate the identified cracking risk 32 

for pipelines meeting a common set of justification criteria, and will be executed and managed 33 
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as one project.  Therefore, presenting these pipelines as a single CPCN is efficient from a 1 

regulatory perspective and necessary to demonstrate the need and scope of the CTS TIMC 2 

Project so that a determination of public interest can be made with an understanding of the 3 

magnitude of costs and scope of work. 4 

The need to monitor and mitigate the identified cracking risks and reduce the consequences of 5 

the associated risks is the same for each of the 11 CTS susceptible pipelines.  The alternatives 6 

explored for each pipeline and the criteria used to determine the preferred alternative are also 7 

the same.  The work for the Project will be executed as one program to obtain efficiencies and 8 

flexibility in scheduling. FEI believes that it is more informative for the BCUC to have all project 9 

information at once to be able to compare all feasible alternatives and evaluate the Project. 10 

Given the shared justification, alternatives analysis, and project execution strategy, FEI has 11 

treated the CTS TIMC Project as a single project in relation to the CPCN application.  12 

FEI believes that it is more efficient to review all these shared aspects in one proceeding, rather 13 

than duplicate that effort in multiple regulatory proceedings. Please also refer to the response to 14 

BCUC IR1 4.5. 15 

 16 

 17 

 18 

31.3 Could FEI have developed any cost or other benefit savings by including the next 19 

ITS TIMC CPCN in this CPCN application?  Please explain.  20 

  21 

Response: 22 

FEI has not identified any cost or other benefit savings that would result from the inclusion of the 23 

ITS TIMC pipelines in this Application. The CTS and ITS are different systems based on: (1) the 24 

regions they operate within; (2) the stakeholders and Indigenous groups potentially affected; 25 

and (3) the operating parameters of the transmission pipelines within the systems. As such, the 26 

incremental resources and development work required to include the ITS component within this 27 

Application would remain relatively unchanged compared to FEI’s current process of filing 28 

separate CPCN applications. 29 

Moreover, as explained in the response to BCUC IR1 4.3, the inclusion of some or all of the ITS 30 

TIMC pipelines in this Application would incur delays to the CTS TIMC Project, resulting in a 31 

delay in risk mitigation on the higher risk CTS pipelines. FEI’s decision to file the CTS and ITS 32 

TIMC CPCN applications separately allows risk to be mitigated in a timelier manner. 33 

  34 
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32. Reference: Exhibit B-1, page 84 1 

 2 

32.1 Please confirm that the workshop being referenced was conducted on May 13, 3 

2021, and that the reference material is included in Exhibit B-4.  4 

  5 

Response: 6 

Confirmed.   7 

  8 
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33. Reference: Exhibit B-4, page 60 1 

 2 

33.1 Please provide timelines for each of the identified activities.  3 

  4 

Response: 5 

The typical timelines for each activity are provided in the Gantt chart below. The actual timelines 6 

may vary for each pipeline based on availability of tools and resources and pipeline operating 7 

conditions. A brief description of each activity is also provided.   8 

 9 

1. Prepare the System: Includes performing pipeline and facility alterations required to 10 

ready the system for EMAT ILI tool runs and facilitate post-EMAT ILI run actions.  11 

2. Run EMAT ILI Tool: Includes cleaning tool runs to prepare the pipeline for the EMAT ILI 12 

tool, and the EMAT ILI tool run. 13 
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 Note: EMAT ILI tool runs on the 11 CTS pipelines will be completed over the 1 

multiple years and thus, may not occur directly after CTS TIMC Project 2 

construction (preparing the system). 3 

3. Data Analysis: An iterative process performed in conjunction with inspection and 4 

repairs. The EMAT ILI vendor assesses tool data and FEI reviews the findings and 5 

identifies whether any digs are required. Dig information is fed back to the EMAT ILI 6 

vendor to refine the data analysis.  7 

4. Inspect Anomalies and Repair Cracks: An iterative process performed in conjunction 8 

with data analysis; includes inspection and repair of features identified through the data 9 

analysis process. 10 

5. Inform Future Plans: Including blind spot repairs, determination of EMAT ILI re-11 

inspection interval, and the assessment of pipeline integrity data to determine areas 12 

requiring broader mitigation efforts. 13 

 14 

 15 

 16 

33.2 Please describe the types of activities that would be included in ‘Future Plans’.  17 

Do the ‘Future Plans’ include further inspections, reporting or other types of 18 

activities? 19 

  20 

Response: 21 

FEI’s reference to “Future plans” in the Application includes the following types of activities 22 

which may take place: 23 

 Blind spot repairs: As described in Table 5-15 of the Application, discrete projects will 24 

be developed to mitigate cracking at locations where the EMAT ILI tool data was 25 

compromised. Depending on the number of locations where this occurs and site-specific 26 

considerations, these projects may take multiple years to complete. 27 

 Determination of EMAT ILI re-inspection interval: Once ILI data has been reviewed 28 

and validated, FEI will need to determine a re-inspection interval for each CTS pipeline.  29 

 Assessment of pipeline integrity data to determine areas requiring broader 30 

mitigation efforts: Once the ILI data has been reviewed and validated, FEI may be 31 

required to undertake larger pipeline rehabilitation projects depending on the overall 32 

integrity of the pipeline with respect to cracking and other threats. 33 

  34 
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34. Reference: Exhibit B-1, page 76 and page 123 Table 6-4 1 

 2 

34.1 Please provide any updates to the above tables if any have occurred since the 3 

application.  4 

  5 

Response: 6 

FEI confirms there have been no updates to Table 6-4 since filing the Application.  7 

 8 

 9 

 10 

34.2 Does the NPV of Capital costs of $225 (Alternative 4) include sustainment capital 11 

with a cost of $222.826?  Please explain.  12 

  13 

Response: 14 

No, the NPV of Capital Costs of $225 million for Alternative 4 in Table 4-4 does not include the 15 

Sustainment Capital of $84.983 million in Line 4 of Table 6-4.   16 
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The NPV analyses presented in Table 4-4 are for the purpose of alternative analysis only based 1 

on the direct capital and O&M costs of the identified alternatives.  The direct costs used in the 2 

alternative analysis in Table 4-4 did not include contingency, AFUDC, or future estimates for 3 

Sustainment Capital.   4 

The financial analysis completed in Section 6 and presented in Table 6-4 of the Application is 5 

for the preferred alternative with a total Project cost that includes contingency, AFUDC, and 6 

future estimates for Sustainment Capital.   7 

 8 

 9 

 10 

34.3 Please provide the calculation of the NPV values for Alternative 4 in Table 4-4 11 

and the assumptions used on the public record, or explain why they should be 12 

kept confidential.    13 

  14 

Response: 15 

The calculation and assumptions (capital and O&M estimates) for the NPV values of Alternative 16 

4 in Table 4-4 were filed in Confidential Appendix G-1.  The NPV analysis shown in Section 4 17 

also includes the future estimates for integrity management activities. FEI notes NPV 18 

calculations for the alternative analysis do not include contingency, AFUDC, and future 19 

estimates of Sustainment Capital.  20 

FEI requested Appendix G be filed confidentially because it includes estimates of material costs 21 

as well as the direct and indirect construction costs. The estimates have been filed confidentially 22 

on the basis FEI may be going to the market to seek competitive bids for the materials and 23 

construction work for the Project.  If the estimated costs for the material and construction work 24 

were disclosed, FEI reasonably expects that its negotiating position may be prejudiced. For 25 

instance, the bidding parties with knowledge about the estimated costs may use the estimate 26 

costs as a reference for their bidding.  This approach is consistent with past CPCN applications 27 

filed by FEI. 28 

  29 
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35. Reference: Exhibit B-1, page 85 and 86 1 

 2 

35.1 Please confirm or otherwise explain that FEI can expect significant cost savings 3 

for the ITS TIMC application relative to the CTS application.  4 

  5 

Response: 6 

FEI confirms that the development costs for the ITS TIMC application will be lower than that of 7 

the CTS TIMC Application. This is primarily due to the inclusion of the baseline QRA and EMAT 8 

Pilot Project costs in the CTS TIMC Project development costs as reflected in Table 6-1 of the 9 

Application. 10 

 11 

 12 

 13 

35.2 What portion of the original CPCN development costs of $41.6 million did FEI 14 

originally expect would be attributable to the CTS and what portion was 15 

attributable to the ITS portion of the entire project?  Please provide any 16 

breakdown that FEI has available from its original estimate.  17 

  18 

Response: 19 

Please refer to the response to BCUC IR1 26.1. 20 

 21 

 22 
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35.3 Please provide FEI’s best estimate of the development costs that will be required 1 

for the ITS TIMC CPCN. 2 

  3 

Response: 4 

Please refer to the response to BCUC IR1 26.1. 5 

 6 

 7 

35.4 To the extent that FEI expects that the total costs will differ from the original 8 

forecast, please explain why, and provide quantification for each reason. 9 

  10 

Response: 11 

Please refer to the response to BCUC IR1 26.1.  12 

  13 
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36. Reference: Exhibit B-1, page 104 1 

 2 

 3 
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36.1 Please update the project schedule to the extent that any changes have occurred 1 

or are forecast since the application was submitted.  2 

  3 

Response: 4 

No changes have occurred to the Project schedule since the Application was submitted in 5 

February 2021. 6 

  7 



FortisBC Energy Inc. (FEI or the Company) 

Application for a Certificate of Public Convenience and Necessity (CPCN) for Approval of 
the Coastal Transmission System (CTS) Transmission Integrity Management Capabilities 

(TIMC) Project (Application) 

Submission Date: 

July 27, 2021 

Response to the Commercial Energy Consumers Association of British Columbia (CEC) 
Information Request (IR) No. 1 

Page 67 

 

37. Reference: Exhibit B-1, page 120 and page 122 and 123 1 

 2 

37.1 Please confirm that the Total Cost Estimate referenced in the introduction of 3 

Section 6.1 of $137.8 million relates only to Forecast capital and deferred costs 4 

as shown in Table 6¬2, whereas the Total Project cost including sustainment 5 

capital is $222.826 million as shown in Table 6-4. 6 

  7 

Response: 8 

The total Project cost estimate of $137.8 million referenced in the introduction of Section 6.1 of 9 

the Application equals the forecast capital and deferred costs as shown in Table 6-2.    10 
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The total Project cost including Sustainment capital of $222.826 million on Line 5 of Table 6-4 is 1 

the total capital costs included in the 70-year financial analysis and includes the same $137.8 2 

million of project cost from Table 6-2, plus the estimated future Sustainment capital added to the 3 

financial analysis for the 70-year period.   4 

  5 
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38. Reference: Exhibit B-1, page 124 1 

 2 

38.1 Does FEI consider the annual rate impacts to be de minimis or did FEI consider 3 

rate smoothing options to avoid a rate reduction in 2024 followed by a larger rate 4 

impact in 2025?  Please explain. 5 

  6 

Response: 7 

The CTS TIMC Project is planned to be completed in phases with assets entering rate base 8 

between 2022 and 2026.  The rate reduction in 2024 reflects that there are no additions to rate 9 

base forecast to occur in that year.  The delivery rate impacts shown in Table 6-5 are estimates 10 

associated with the CTS TIMC Project only, and are incremental to any delivery rate impacts 11 

due to FEI’s revenue requirements for those specific years.  FEI did not consider, nor is it 12 

reasonable to consider, a rate smoothing option at this time.  The actual delivery rate impact for 13 

FEI in 2024 or 2025 will not be dependent on the CTS TIMC Project alone.  Various factors will 14 

affect FEI’s revenue requirement in those years including the demand forecast, offsetting 15 

revenues, taxes, O&M expenses, and capital additions (including the CTS TIMC Project, if 16 

approved).  It is unknown at this time what the overall delivery rate impacts may be in 2024 and 17 

2025, and FEI will consider and propose rate smoothing options, if necessary, in FEI’s future 18 

annual review proceedings for delivery rates.     19 

  20 
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39. Reference: Exhibit B-1, page 125 and Appendix H page vi and page 47 1 

 2 

 3 

 4 
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39.1 Please confirm or otherwise explain the CEC’s understanding that where the 1 

impacts on the environment could be considered as moderate, the project could 2 

approach the upper bounds of the regulatory limit after all mitigation measures 3 

have been put in place. 4 

  5 

Response: 6 

CEC’s understanding is correct, with the exception that potential impacts are not on the 7 

environment as a whole, but on individual and localized components of the environment (e.g., 8 

clearing of wildlife habitat and riparian habitat for temporary workspace). It should be noted that 9 

the definition of “moderate risk” is still within regulatory limits and within permissible natural 10 

variation. 11 

  12 
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40. Reference: Exhibit B-1, page 125 1 

 2 

40.1 Will FEI conduct the 2021 AOA or will FEI outsource this report? 3 

40.1.1 If FEI outsources the work, which company does FEI expect to use, and 4 

why?  5 

  6 

Response: 7 

The AOA is currently being undertaken by FEI’s external consultant (Stantec) and will be sent to 8 

Indigenous groups for review before finalization. Stantec’s professional archaeologists have 9 

extensive experience in the Lower Mainland, and have successfully worked with FEI on several 10 

other major projects. 11 

  12 
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41. Reference: Exhibit B-1, page 128-129 1 

 2 

41.1 Please provide high-level estimates of the cost for remediating each site.  3 

  4 

Response: 5 

FEI’s responsibility for contaminated site remediation would involve the removal of 6 

contaminated soil, if encountered, from its rights-of-way and disposal at an off-site regulated 7 

disposal facility. FEI is not required to remediate contamination beyond the construction 8 

footprint. The total estimated cost of contaminated soil disposal provided in the Class 3 estimate 9 

is approximately $200 thousand. 10 

 11 

 12 

 13 
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41.2 Which party would normally be responsible for remediating contaminated sites?  1 

Please explain. 2 

  3 

Response: 4 

The Environmental Management Act (EMA) and the Contaminated Sites Regulation (CSR) 5 

incorporate the “polluter-pays” principle.  Individuals who are responsible for contamination are 6 

“responsible persons” and they are considered liable for remediation.  Responsible persons can 7 

include current and previous property owners or operators.  However, if the site is not 8 

considered high risk under EMA/CSR, then there is no regulatory requirement for the 9 

responsible person to remediate the site.   10 

 11 

 12 

 13 

41.2.1 If the party such as a Husky Station would normally be required to 14 

remediate their own site, does FEI intend to recover costs from these 15 

landowners?  Please explain why or why not.  16 

  17 

Response: 18 

If the site is not considered high risk under the EMA or the CSR, then there is no regulatory 19 

requirement for Husky or any other responsible person to remediate their site. FEI will remove 20 

contaminated soil from the rights-of-way, if encountered, to facilitate the Project because the 21 

EMA/CSR does not allow re-use of contaminated soil.   22 

 23 

 24 

 25 

41.2.2 Has FEI contacted the landowners with contaminated sites?  Please 26 

explain. 27 

41.2.2.1 If yes, please briefly describe the communications between the 28 

parties. 29 

41.2.2.2 If no, please explain why not.  30 

  31 

Response: 32 

The two Areas of Potential Environmental Concern (APECs) that are listed on the contaminated 33 

sites registry are the Husky fuel station and the Tilbury LNG plant. The other three APECs are 34 

not listed on the site registry, and are only considered to be areas that could potentially be 35 

contaminated due to present or historic land use. To date, FEI has not communicated with any 36 

of the landowners with regard to potential contamination. FEI plans to undertake sampling on its 37 
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rights-of-way during detailed design of the Project. If contamination is encountered and it is 1 

deemed to be high risk under the EMA or the CSR, then direct communication with the 2 

landowner will occur. 3 

  4 
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42. Reference: Exhibit B-1, page 130 1 

 2 

42.1 Please provide an estimate to remediate each of the sites with noxious weeds. 3 

  4 

Response: 5 

FEI included approximately $6 thousand in the cost estimate for the control of noxious weeds. A 6 

more detailed and accurate cost will be developed during detailed design based on field-7 

checked locations of noxious weeds. 8 

 9 

 10 

 11 

42.2 Are the noxious weeds likely to be encountered on land owned by others?  12 

Please explain and provide a table such as that provided for Contaminated sites. 13 

42.2.1 If yes, is the landowner responsible for removing noxious species?  14 

Please explain. 15 

42.2.1.1 If yes, does FEI expect to recover costs from these 16 

landowners?  Please explain why or why not.  17 

  18 

Response: 19 

As described in the response to BCUC IR1 42.1, FEI will undertake field-checks for noxious 20 

weeds at Project sites. Some Project sites are owned by FEI, and other sites are located in 21 

rights of way on lands owned by others. The Weed Control Act RSBC1996 c. 487, imposes a 22 

general requirement on FEI to control noxious weeds on lands it owns and on its rights-of-way.  23 

Cost recovery in any particular situation depends on the facts, but in general, FEI would not 24 

recover the cost of noxious weed management on rights-of-way from landowners.  25 

 26 

 27 

 28 
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42.2.2 Has FEI contacted landowners with noxious weeds?  Please explain. 1 

42.2.2.1 If yes, please briefly describe the communications between the 2 

parties. 3 

42.2.2.2 If not, please explain why not. 4 

  5 

Response: 6 

FEI has not yet contacted landowners with noxious weeds. If noxious weed management is 7 

required on the rights-of-way, then the landowners will be contacted prior to construction. 8 

FEI does not intend to initiate discussions regarding noxious weeds and the need for treatment 9 

until after the pre-construction site visits have occurred confirming if noxious weeds are present. 10 

These site visits are expected to be scheduled in the spring-summer of 2023.  11 

  12 
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43. Reference: Exhibit B-1, page 140 1 

 2 

43.1 Does FEI typically notify customers about ‘associated rate impacts’ prior to 3 

BCUC approval of its CPCN applications?  4 

  5 

Response: 6 

Yes, as part of its consultation activities FEI notifies all customers of the potential rate impacts 7 

associated with its projects that require CPCN applications. These notifications occur in various 8 

forms in advance of the BCUC’s decision on the project application. 9 

For the CTS TIMC Project, FEI used the following communication material to notify all gas 10 

customers about the project scope and potential rate impacts: 11 

 Webpage: In October 2020, a dedicated project webpage was launched on FEI’s 12 

Talking Energy website7. The webpage, which is updated as new project information 13 

becomes available, states:8 “Rate impacts are estimated and have not yet been 14 

approved by the BCUC.”  15 

 Bill insert: A bill insert was distributed to all FEI gas customers in our February 2021 16 

and March 2021 billing cycles. The insert states that project costs and associated rate 17 

impacts are “estimated.” 18 

 19 

 20 

 21 

43.2 Is FEI advising customers that the associated rate impacts are preliminary and 22 

not yet approved?  Please explain.  23 

  24 

Response: 25 

Please refer to the response to CEC IR1 43.1.  26 

                                                
7  www.talkingenergy.ca/transmissionupgrades.  
8  www.talkingenergy.ca/project/transmission-system-

upgrades?utm_campaign=transmissionsystemsupgrade&utm_source=collateral&utm_content=transmissionupgra
des#q-and-a. 

http://www.talkingenergy.ca/transmissionupgrades
http://www.talkingenergy.ca/project/transmission-system-upgrades?utm_campaign=transmissionsystemsupgrade&utm_source=collateral&utm_content=transmissionupgrades#q-and-a
http://www.talkingenergy.ca/project/transmission-system-upgrades?utm_campaign=transmissionsystemsupgrade&utm_source=collateral&utm_content=transmissionupgrades#q-and-a
http://www.talkingenergy.ca/project/transmission-system-upgrades?utm_campaign=transmissionsystemsupgrade&utm_source=collateral&utm_content=transmissionupgrades#q-and-a
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44. Reference: Exhibit B-1, page 143 1 

 2 

44.1 Were only 3 residents and 7 businesses situated along the Project’s rights of way 3 

affected?  4 

44.1.1 If no, please explain why FEI did not provide information letters to all 5 

residents and businesses along the Project’s rights of ways, and why 6 

they selected this group for this form of contact. 7 

  8 

Response: 9 

FEI only identified three residents and seven businesses along the rights of way and in direct 10 

proximity to worksites. As outlined in Section 8.2.5.2 of the Application, these residents and 11 

businesses were mailed project information letters and were provided with follow-up phone 12 

calls. As outlined in Section 8.2.5.3 of the Application, FEI also identified approximately 210 13 

residents and businesses nearby the rights of way and worksites. These residents and 14 

businesses were also mailed project information letters.  15 

 16 
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EXECUTIVE SUMMARY 


FortisBC Energy Inc. (“FEI”) identified cracking threats, specifically stress corrosion cracking (“SCC”) and pipe seam 


cracking (crack like imperfections in seam welds), through their on-going Integrity Management Program – Pipeline 


(“IMP-P”). As part of an overall project to assess and develop methodologies to assess these potential threats, FEI 


contracted JANA to assess and characterize the potential for cracking threats on FEI pipelines. This report provides the 


details of that assessment. 


Based on its assessment of the potential for cracking threats on FEI pipelines, JANA concluded that cracking threats 


(SCC and pipe seam) pose a credible integrity hazard. This is based on: 


• Identification of lines with characteristics that make them susceptible to cracking threats in the FEI system. 


• Identification of SCC and seam issues in FEI pipelines during integrity digs. 


• Analysis that indicates the identified SCC can grow to failure under FEI operating conditions as: 


o Industry failures have been observed within the operating stress range of the FEI susceptible lines. 


o Analysis of SCC crack growth rates based on FEI operating conditions in conjunction with Dr. Chen of 


the University of Alberta indicate the potential for cracks to grow to failure and, with practical 


assumptions, in timeframes on the order of five years under the most aggressive condition). 


• The baseline system level safety Quantitative Risk Assessment (“QRA”) conducted by JANA under a separate 


project identified cracking threats as one of the top threats to pipeline integrity1: 


o The QRA analyzed risk for all FEI’s transmission pressure (“TP”), in-line inspected (“ILI”), mainline pipe 


in the Coastal Transmission System (“CTS”), Interior Transmission System (“ITS”) and Vancouver Island 


Transmission System (“VITS”) regions.  
o At the system level, the CTS was estimated to have the highest risk followed by the ITS and then the 


VITS.   


o For the CTS overall, cracking threats (SCC and pipe seam) were the top driver of risk. At the line level, 


of the 11 CTS lines identified as susceptible to cracking threats, cracking threats (SCC and pipe seam) 


are the top driver of risk for nine of the lines. For the other two lines cracking threats are the second 


and the fourth top line level threat (for each of these lines there are specific sections where cracking 


threats are the top risk driver).   


 


 


  


 


1 JANA Project 18-1651 Quantitative Safety Risk Assessment.  
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1.0 BACKGROUND 


FortisBC Energy Inc. (“FEI”) identified cracking threats, specifically Stress Corrosion Cracking (“SCC”) and pipe seam 


cracking (crack like imperfections in seam welds), through their on-going Integrity Management Program – Pipeline 


(“IMP-P”).  As part of an overall project to assess and develop methodologies to assess these potential threats, FEI 


contracted JANA was contracted to assess and characterize the potential for cracking threats on FEI pipelines.  This 


report provides the details of that assessment. 


Cracking threats, such as SCC2 or pipe seam3, are known integrity threats within the pipeline industry. They affect the 


strength of a pipeline by reducing wall thickness and introducing potential points of failure. 


SCC is the cracking of a material produced by the combined action of corrosion and stress.  It occurs because of the 


combination of: 


• A susceptible metallic material 


• Tensile stress 


• A susceptible environment 


 


SCC is a time dependent integrity threat – its potential to impact the pipeline can increase over time if not mitigated.  


Additionally, if SCC occurs in conjunction with other integrity threats (e.g., corrosion), there is a higher potential for 


pipeline failure.    


There are a number of crack-like imperfections and defects associated with seam welds (referred to as pipe seam 


threats herein) that when they occur in conjunction with mechanical damage, like a dent, or other time dependent 


integrity threats, like corrosion, could grow to failure under operating conditions.  


Most industry literature and guidance are focused on SCC in pipelines operating at higher percentage of specified 


minimum yield strength (“% SMYS”) (typically greater than 60% SMYS) than many FEI pipelines are operated. Past 


industry wisdom is that it is only for higher stress pipelines that SCC is a significant integrity threat. However, based on 


the experience of peer Canadian transmission pipeline operators, SCC on pipelines operating below 60% SMYS is an 


evolving concern. SCC colonies have also been identified on FEI pipelines during integrity digs. A detailed assessment 


was, therefore, conducted to assess the potential for SCC cracking to lead to failure or rupture on FEI pipelines.  As pipe 


seam cracking had also been observed on the FEI system and was identified as a potential integrity threat, pipe seam 


cracking was also included in the assessment. 


2.0 OVERVIEW OF RESULTS 


Based on its assessment of the potential for cracking threats on FEI pipelines, JANA concluded that cracking threats 


(SCC and pipe seam) pose a credible integrity hazard that needs to be addressed through active integrity management. 


This is based on: 


• Identification of lines with characteristics that make them susceptible to cracking threats in the FEI system. 


• Identification of SCC and seam issues in FEI pipelines during integrity digs. 


• Analysis that indicates the identified SCC can grow to failure under FEI operating conditions as: 


o Industry failures have been observed within the operating stress range of the FEI susceptible lines. 


 


2 SCC is cracking induced from the combined influence of tensile stress and a corrosive environment. 
3 Pipe seam defects arise during the line pipe manufacturing processes. 
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o Analysis of SCC crack growth rates based on FEI operating conditions in conjunction with Dr. Chen of 


the University of Alberta indicate the potential for cracks to grow to failure and, with practical 


assumptions, in timeframes on the order of five years under the most aggressive condition). 


• The baseline system level safety Quantitative Risk Assessment (“QRA”) conducted by JANA under a separate 


project identified cracking threats as one of the top threats to pipeline integrity4: 


o The QRA analyzed risk for all FEI’s transmission pressure (“TP”), in-line inspected (“ILI”), mainline pipe 


in the Coastal Transmission System (“CTS”), Interior Transmission System (“ITS”) and Vancouver Island 


Transmission System (“VITS”) regions.  
o At the system level, the CTS was estimated to have the highest risk followed by the ITS and then the 


VITS.   


o For the CTS overall, cracking threats (SCC and pipe seam) were the top driver of risk. At the line level, 


of the 11 CTS lines identified as susceptible to cracking threats, cracking threats (SCC and pipe seam) 


are the top driver of risk for nine of the lines. For the other two lines cracking threats are the second 


and the fourth top line level threat (for each of these lines there are specific sections where cracking 


threats are the top risk driver).   


 


3.0 ASSESSMENT 


JANA’s assessment of included: 


• A line-by-line assessment of susceptibility to cracking threats for the CTS, ITS, and VITS mainline transmission 


pipelines based on pipeline properties and operating conditions compared with those where historical failures 


have been observed in industry through analysis of PHMSA and NEB databases and technical publications and 


discussions with FEI Subject Matter Experts (“SMEs”). 


• An assessment of historical FEI dig reports and discussions with FEI SMEs to assess cracking found to date on 


FEI pipelines. 


• An assessment of the potential for SCC cracks to grow to failure under the operating conditions of FEI’s 


pipelines through analysis of industry historical failures and crack growth modeling in conjunction with Dr. 


Chen, University of Alberta. 


• Estimates of the contribution of cracking threats to overall frequency of failure and risk based on the JANA 


baseline system level safety QRA (see JANA Project 18-1651 Quantitative Safety Risk Assessment). 


 


The term “Susceptible” is used to indicate the potential for SCC nor pipe seam cracking to initiate on the lines based on 


the specific characteristics of the lines and their operating conditions.  A “yes” susceptible line is one where the 


characteristics of the line are consistent with lines where SCC or pipe seam cracking has been observed on multiple 


systems within the broader pipeline industry.  A “low” susceptible line is one with characteristic where no or very limited 


failures have historically been observed in the industry.  


3.1 Susceptibility of FEI Mainline Transmission Pipelines to Cracking Threats 


Specific mainline transmission pipelines within the FEI CTS and ITS have clear susceptibility to the initiation of SCC or 


pipe seam cracking as: 


• These lines have characteristics typical of those where SCC and seam weld cracking have been found in 


industry. 


• Identification of lines with characteristics that make them susceptible to cracking threats in the FEI system: 


o 11 of the 13 CTS mainline transmission pipelines were identified as susceptible to cracking threats. 


o 9 of the 12 ITS mainline transmission pipelines were identified as susceptible to cracking threats. 


 


4 JANA Project 18-1651 Quantitative Safety Risk Assessment.  
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o None of the 10 VITS mainline transmission pipelines were identified as susceptible to cracking threats. 


• SCC, crack-like features potentially indicative of SCC and seam weld cracking have been identified during 


integrity digs on some of these lines. Although very low percentages of the pipelines have been subjected to 


integrity digs (<0.2% by length overall), cracking threats have been identified on six of the 11 CTS pipelines 


identified as susceptible and all nine of the ITS lines identified as susceptible. 


 


The specific line and analysis details are summarized in the sections that follow. 


3.1.1 FEI Line Characteristics Typical of those with SCC and Pipe Seam Threat Vulnerability  


SCC has been observed for pipelines of specific vintages (from early 1940s to early 1980s5) and coating types 


(primarily polyethylene (“PE”) tape, asphalt and coal tar6) over a broad range of pipe diameters (4” – 42”6, 7). 


Significant SCC is also often associated with electric resistance weld (“ERW”), double submerged arc weld (“DSAW”) 


and spiral weld long-seam manufactured pipe8, making these pipe types higher risk for SCC failure.  


As summarized in Table 1, Table 2 and Table 3, 20 of the 25 FEI pipelines in the CTS and ITS were identified as having 


characteristics consistent with those of pipelines where SCC has been historically identified in the pipeline industry (11 


of the 13 CTS mainline pipelines and nine of the 12 ITS mainline pipelines). FEI’s VITS mainline transmission pipelines 


were constructed mainly in 1990 and are considered to have low susceptibility to SCC based on age and coating types. 


Pipelines manufactured prior to 1970 are considered within the industry to be more susceptible to seam weld cracking. 


The 14 of the 25 FEI coastal and interior mainline transmission pipelines were installed prior to 1970 and are 


considered to have susceptibility to seam weld cracking. These lines are identified as “yes” (susceptible) or “low” 


(limited susceptibility) in Table 1, Table 2 and Table 3. 


Historically, the majority of significant SCC has been associated with PE tape. However, as companies have expanded 


monitoring, significant SCC has been found on asphalt-coated lines and on coal-tar coated pipe (previously considered 


to have a low susceptibility to SCC).9 This is consistent with the overall trend of SCC being found more and more in 


pipelines previously thought to be less susceptible, as the time dependent mechanisms at play continue to manifest 


themselves. There has also been a tendency in the industry to a “natural concentration of attention towards pipelines 


that have a legacy of SCC susceptibility” and it is expected that in the future attention will need to be re-focused on 


lines considered at present to have a low likelihood of SCC.10. As industry knowledge continues to evolve, therefore, the 


range of pipelines considered susceptible could expand. It is recommended, therefore, that the susceptibility of lines 


should be re-examined on an on-going basis as part of FEI’s integrity management program.  


 


 


5 Evaluation of EMAT Tool Performance and Reliability by Monitoring Industry Experience (Phase I and II), Integrity & Inspection of Technical 


Committee of Pipeline Research Council International, Contract PR-328-083501 (Contract Project No.: PRC-U212-014), 13 Sept. 2017.  
6 Dupuis, Bruce. “The Canadian Energy Pipeline Association Stress Corrosion Cracking Database," International Pipeline Conference – Volume I, 


ASME 1998 (IPC1998-2067). 
7 PHMSA Incident Database 
8 Evaluation of EMAT Tool Performance and Reliability by Monitoring Industry Experience (Phase I and II), Integrity & Inspection of Technical 


Committee of Pipeline Research Council International, Contract PR-328-083501 (Contract Project No.: PRC-U212-014), 13 Sept. 2017. 
9 Evaluation of EMAT Tool Performance and Reliability by Monitoring Industry Experience (Phase I and II), Integrity & Inspection of Technical 


Committee of Pipeline Research Council International, Contract PR-328-083501 (Contract Project No.: PRC-U212-014), 13 Sept. 2017. 
10 Batte, AD et al. “Managing the Threat of SCC in Gas Transmission Pipelines,” in Proc. of the 2012 9th International Pipeline Conference, September 


24-28, 2012, Calgary, AB, Canada (IPC2012-90231).  
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Table 1: FEI CTS Pipelines – Susceptibility to Cracking Threats based on Installation Year Coating Type, and Seam 


Type 


# 


PIPELINE 


SHORT 


NAME 


PIPELINE 


FULL NAME 


SCC 


SUSCEPTIBILITY* 


NON-SCC CRACKING 


SUSCEPTIBILITY* 


ORIGINAL 


INSTALL 


YEAR(S) 


COATING 


TYPES 


SEAM 


TYPE(S) 


1** HUN BAL 


1066 


Huntingdon – 


Balfour 42” 


Yes Low 1977 Coal Tar 


Enamel 


Unknown 


BAL NIC 


1066 


Balfour – 


Roebuck 42” 


Low Low 1992, 2018 Fusion 


Bonded 


Epoxy 


Unknown 


2 HUN NIC 


762 


Huntingdon – 


Nichol 30” 


Yes Yes 1960, 1964 Coal Tar 


Enamel 


DSAW 


3 LIV COQ 


323 


Livingston – 


Coquitlam 


12” 


Yes Yes 1957, 1958 Coal Tar 


Enamel 


ERW 


4 LIV PAT 457 Livingston – 


Pattullo 18” 


Yes Yes 1956 Coal Tar 


Enamel 


Unknown 


5 NIC PMA 


610 


Nichol – Port 


Mann 24” 


Yes Yes 1959 Coal Tar 


Enamel 


SAW 


6 CPH BUR 


508 


Cape Horn – 


Burrard 20” 


Yes Yes 1960, 1964 Coal Tar 


Enamel 


DSAW, 


SAW 


7 ROE TIL 


914 


Roebuck – 


Tilbury 36” 


Yes Low 1981 Coal Tar 


Enamel 


DSAW 


8 TIL BEN 


323 


Tilbury – 


Benson 12” 


Yes Yes 1959 Coal Tar 


Enamel 


ERW 


9 TIL FRA 


508 


Tilbury – 


Fraser 20” 


Yes Yes 1959 Coal Tar 


Enamel 


ERW 


10 NIC FRA 


610 


Nichol – 


Fraser 24” 


Yes Yes 1958, 1959, 


1974 


Coal Tar 


Enamel 


Unknown 


11 TIL LNG 


323 


Tilbury – LNG 


Plant 12” 


Yes Low 1970 Extruded 


PE, Shrink 


Sleeve on 


girth welds 


ERW 


12 NOO EMT 


610 


Noons Ck – 


Eagle Mtn 


24” 


Low Low 1991 Fusion 


Bonded 


Epoxy 


Unknown 


13 PMA CPH 


914 


Port Mann – 


Cape Horn 


36” 


Low Low 2000 Fusion 


Bonded 


Epoxy 


Unknown 


* “Yes” for susceptibility indicates that the cracking type has been found on pipelines with similar attributes in the industry. 


“Low” for susceptibility indicates that there are relatively limited, or no cases of that cracking type found on pipelines with similar attributes in the 


industry. 


** The Huntingdon – Roebuck 42” pipeline was split into two sections due to distinct characteristics of the vintage versus newer sections of the 


pipeline. 
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Table 2: FEI ITS Pipelines – Susceptibility to Cracking Threats based on Installation Year and Coating Type  


# 


PIPELINE 


SHORT 


NAME 


PIPELINE 


FULL NAME 


SCC 


SUSCEPTIBILITY* 


NON-SCC CRACKING 


SUSCEPTIBILITY* 


ORIGINAL 


INSTALL 


YEAR(S) 


COATING 


TYPES 


SEAM 


TYPE(S) 


1 SAV VER 


323 


Savona – 


Vernon 12” 


Yes Yes 1957 Asphalt, 


Polymer 


Tape 


Unknown 


2 VER PEN 


323 


Vernon – 


Penticton 12” 


Yes Yes 1957 Asphalt, 


Polymer 


Tape 


ERW 


3 GRF TRA 


273 


Grand Forks – 


Trail 10” 


Yes Yes 1957 Asphalt, 


Polymer 


Tape 


ERW 


4 OLI GRF 


273 


Oliver Y – 


Grand Forks 


10” 


Yes Yes 1957 Asphalt, 


Polymer 


Tape 


ERW 


5 PEN OLI 


273 


Penticton – 


Oliver Y 10” 


Yes Yes 1957 Asphalt, 


Polymer 


Tape 


ERW 


6 TRA CAS 


219 


Trail – 


Castlegar 8” 


Yes Yes 1957 Asphalt, 


Polymer 


Tape 


Unknown 


7 KIN PRI 


323 


Kingsvale – 


Princeton 12” 


Yes Low 1971 Extruded 


PE, Shrink 


Sleeve on 


girth welds 


ERW 


8 PRI OLI 


323 


Princeton – 


Oliver 12” 


Yes Low 1971 Extruded 


PE, Shrink 


Sleeve on 


girth welds 


ERW 


9 YAH TRA 


323 


Yahk – Trail 


(EKL) 12” 


Yes Low 1974, 1975 Extruded 


PE, Polymer 


Tape on 


girth welds 


Unknown 


10 OLI PEN 


406 


Oliver – 


Penticton 16” 


Low Low 1994 Extruded 


PE 


ERW 


11 DUK SAV 


508 


Duke Tap – 


Savona C/S 


20” 


Low Low 1997 Extruded 


PE - 


Multilayer 


ERW 


12 YAH OLI 


610 


Yahk – 


Rossland 24”, 


Rossland – 


Oliver 24” 


Low Low 2000 Fusion 


Bonded 


Epoxy 


SAW 


* “Yes” for susceptibility indicates that the cracking type has been found on pipelines with similar attributes in the industry. 


“Low” for susceptibility indicates that there are relatively limited, or no cases of that cracking type found on pipelines with similar attributes in the 


industry. 
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Table 3: FEI VITS Pipelines – Susceptibility to Cracking Threats based on Installation Year and Coating Type 


# 


PIPELINE 


SHORT 


NAME 


PIPELINE FULL 


NAME 


SCC 


SUSCEPTIBILITY* 


NON-SCC CRACKING 


SUSCEPTIBILITY* 


ORIGINAL 


INSTALL 


YEAR(S) 


COATING 


TYPES 


SEAM 


TYPE(S) 


1 ISL MAN 


273 


Little R - Mid 


Island 10" 


Low Low 1990 Extruded 


PE, 


Extruded 


PE - 


Multilayer 


Unknown 


2 LRN LOP 


273 


Little River North 


10" 


Low Low 1990 Fusion 


Bonded 


Epoxy 


ERW 


3 LRS LOP 


273 


Little River South 


10" 


Low Low 1990 Fusion 


Bonded 


Epoxy 


ERW 


4 PRN LOP 


273 


Powell River 


North 10" 


Low Low 1990 Fusion 


Bonded 


Epoxy 


ERW 


5 PRS LOP 


273 


Powell River 


South 10" 


Low Low 1990 Fusion 


Bonded 


Epoxy 


ERW 


6 SCN LOP 


273 


Secret Cove 


North 10" 


Low Low 1990 Fusion 


Bonded 


Epoxy 


ERW 


7 SCS LOP 


273 


Secret Cove 


South 10" 


Low Low 1990 Fusion 


Bonded 


Epoxy 


ERW 


8 TEX MAN 


273 


Texada S - 


Texada N 10" 


Low Low 1990, 1991 Extruded 


PE 


ERW 


9 VAN MAN 


273 


Watershed-


Secret Cove 10" 


Low Low 1990, 1991 Extruded 


PE 


Unknown 


10 VAN MAN 


323 


V1-Watershed 


12" 


Low Low 1991 Extruded 


PE 


ERW 


* “Yes” for susceptibility indicates that the cracking type has been found on pipelines with similar attributes in the industry. 


“Low” for susceptibility indicates that there are relatively limited, or no cases of that cracking type found on pipelines with similar attributes in the 


industry. 
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3.1.2 FEI Identified SCC and Pipe Seam Cracking 


As detailed in Table 4 and Table 5, SCC colonies and pipe seam cracking have been identified on several FEI CTS and 


ITS pipelines during integrity digs conducted since 2002. Both “high-pH SCC” and “near neutral-pH SCC” were found. 


Due to the nature of SCC11, these integrity digs cannot be considered to have identified all cases of SCC nor to have 


identified all lines with potential SCC or pipe seam cracking susceptibility, as cracking is a randomly distributed 


phenomenon and limited line lengths have been inspected (see Table 4– overall less than 0.2% of pipeline length was 


inspected by length).  What they do clearly indicate is that the conditions required for SCC crack initiation and pipe 


seam cracking do exist within the FEI CTS and ITS.  


There were nine dig records in the SQL dig database for the VITS from 2016 to 2017 and there was no indication of 


SCC or pipe seam cracking. Based on coating type and installation year, the VITS should have very low susceptibility to 


SCC and pipe seam cracking. 


Figure 1 provides an example of an SCC colony identified during an integrity dig in 2000 that represents the most 


severe SCC cracking identified in the dig records investigated by JANA. The overall colony was 300 mm long and 80 mm 


wide and SCC was removed to a depth of 30% (combined corrosion and cracks). The longest coalescing crack feature 


was 90 mm and the longest individual crack 36 mm. 


Figure 1:  


 


 


 


 


 


 


 


11 SCC is a very localized phenomenon arising through the interaction of many factors. See Section 4.0. 
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Table 4: FEI Coastal Pipelines: SCC Identified During Integrity Digs from 2002 to 2017 


# 
LINE 


NAME 
FEI NAME 


SCC 


SUSCEPTIBILITY 


NON-SCC 


CRACKING 


SUSCEPTIBILITY 


INTEGRITY 


DIG 


RECORDS 


INTEGRITY 


DIGS 


WITH SCC 


INTEGRITY 


DIGS WITH 


OTHER 


CRACKING 


THREATS 


% LENGTH 


OF LINE 


INSPECTED 


1 HUN BAL 


1066 


Huntingdon – 


Balfour 42” 


Yes Low 0 0 0 0% 


BAL NIC 


1066 


Balfour – 


Roebuck 42” 


Low Low 0 0 0 0% 


2 HUN NIC 


762 


Huntingdon – 


Nichol 30” 


Yes Yes 2 0 0 0.01% 


3 LIV COQ 


323 


Livingston – 


Coquitlam 12” 


Yes Yes 12 0 2 0.04% 


4 LIV PAT 


457 


Livingston – 


Pattullo 18” 


Yes Yes 19 2 7 0.23% 


5 NIC PMA 


610 


Nichol – Port 


Mann 24” 


Yes Yes 0 0 0 0% 


6 CPH BUR 


508 


Cape Horn – 


Burrard 20” 


Yes Yes 24 9 6 0.40% 


7 ROE TIL 


914 


Roebuck – 


Tilbury 36” 


Yes Low 0 0 0 0% 


8 TIL BEN 


323 


Tilbury – 


Benson 12” 


Yes Yes 4 0 4 0.26% 


9 TIL FRA 


508 


Tilbury – 


Fraser 20” 


Yes Yes 2 0 1 0.08% 


10 NIC FRA 


610 


Nichol – 


Fraser 24” 


Yes Yes 8 0 2 0.09% 


11 TIL LNG 


323 


Tilbury – LNG 


Plant 12” 


Yes Low 1 0 0 0.22% 


12 NOO 


EMT 610 


Noons Ck – 


Eagle Mtn 24” 


Low Low 0 0 0 0% 


13 PMA CPH 


914 


Port Mann – 


Cape Horn 


36” 


Low Low 0 0 0 0% 
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Table 5: FEI Interior Pipelines: SCC Identified During Integrity Digs from 2002 to 2017 


# 
LINE 


NAME 
FEI NAME 


SCC 


SUSCEPTIBILITY 


NON-SCC 


CRACKING 


SUSCEPTIBILITY 


INTEGRITY 


DIG 


RECORDS 


INTEGRITY 


DIGS 


WITH SCC 


INTEGRITY 


DIGS WITH 


OTHER 


CRACKING 


THREATS 


% LENGTH 


OF LINE 


INSPECTED 


1 SAV VER 


323 


Savona – 


Vernon 12” 


Yes Yes 58 1 32 0.17% 


2 VER PEN 


323 


Vernon – 


Penticton 


12” 


Yes Yes 46 1 21 0.15% 


3 GRF TRA 


273 


Grand Forks 


– Trail 10” 


Yes Yes 147  


5 


81 1.03% 


4 OLI GRF 


273 


Oliver Y – 


Grand Forks 


10” 


Yes Yes 114 1 54 0.45% 


5 PEN OLI 


273 


Penticton – 


Oliver Y 10” 


Yes Yes 14 3 4 0.23% 


6 TRA CAS 


219 


Trail – 


Castlegar 8” 


Yes Yes 41 0 21 0.74% 


7 KIN PRI 


323 


Kingsvale – 


Princeton 


12” 


Yes Low 2 0 1 0.007% 


8 PRI OLI 


323 


Princeton – 


Oliver 12” 


Yes Low 7 0 4 0.03% 


9 YAH TRA 


323 


Yahk – Trail 


(ELK) 12” 


Yes Low 24 0 8 0.06% 


10 OLI PEN 


406 


Oliver – 


Penticton 16” 


Low Low 0 0 0 0% 


11 DUK SAV 


508 


Duke Tap – 


Savona C/S 


20” 


Low Low 0 0 0 0% 


12 YAH OLI 


610 


Yahk – 


Rossland 


24”, 


Rossland – 


Oliver 24” 


Low Low 18 0 12 0.02% 
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3.2 Potential for SCC Crack Growth to Failure  


Neither the presence of SCC colonies nor the susceptibility of pipelines to SCC confirms that SCC is a credible integrity 


threat. Many SCC colonies that initiate become dormant and do not grow to failure. The mechanisms and drivers that 


determine if a crack will grow to failure are complex and interdependent. 


JANA conducted a detailed analysis was to determine if the SCC could grow to failure under the operating conditions of 


FEI’s pipelines. This analysis concluded that: 


• Industry failures have been observed within the operating pressure range of FEI’s susceptible lines. 


• Analysis of SCC crack growth rates based on FEI operating conditions in conjunction with Dr. Chen of the 


University of Alberta indicates the potential for cracks to grow to failure and, with practical assumptions, in 


timeframes in the order of five years under the most aggressive conditions. 


 


3.2.1 SCC can cause failure and rupture at <60% SMYS 


Several published industry guidelines, such as ASME B31.8S12, NACE SP0204-201513 and ASME STP-PT-011,14 


suggest that SCC is not a significant threat unless the pipeline is operating at >60% SMYS. That is, these guidelines 


suggest that, while lines may be susceptible to SCC initiation, the cracks would not grow sufficiently to represent a 


serious threat. As shown in Table 6 and Table 7, much of FEI’s mainline transmission pipelines in the CTS, ITS and VITS 


operate at pressures below 60% SMYS. 


Table 6: FEI Coastal Pipelines: Operating Stress Range of Considered SCC Susceptible Lines* 


# LINE NAME FEI NAME 
SCC 


SUSCEPTIBILITY 


INSTALL 


YEAR 


MIN. 


OPERATING 


STRESS DUE 


TO INTERNAL 


PRESSURE 


(%SMYS) 


MAX. 


OPERATING 


STRESS DUE 


TO INTERNAL 


PRESSURE** 


(%SMYS) 


1 HUN BAL 1066 Huntingdon – Balfour 42” Yes 1977 30.1 49.3 


2 HUN NIC 762 Huntingdon – Nichol 30” Yes 1960, 1964 25.0 49.8 


3 LIV COQ 323 Livingston – Coquitlam 12” Yes 1957, 1958 12.4 49.1 


4 LIV PAT 457 Livingston – Pattullo 18” Yes 1956 17.5 49.9 


5 NIC PMA 610 Nichol – Port Mann 24” Yes 1959 20.0 48.6 


6 CPH BUR 508 Cape Horn – Burrard 20” Yes 1960, 1964 23.9 49.6 


7 ROE TIL 914 Roebuck – Tilbury 36” Yes 1981 23.6 49.7 


8 TIL BEN 323 Tilbury – Benson 12” Yes 1959 19.0 49.5 


9 TIL FRA 508 Tilbury – Fraser 20” Yes 1959, 2011 17.9 49.3 


10 NIC FRA 610 Nichol – Fraser 24” Yes 1958, 1959, 


1974 


16.9 49.8 


11 TIL LNG 323 Tilbury – LNG Plant 12” Yes 1970 17.7 35.1 


* Note: FEI’s baseline QRA was limited to in-line inspected transmission mainline pipelines, as these lines were the most suitable and provided the 


most value for quantitative risk assessment (due to the availability of ILI data) at this time. Further, these lines cover the range of pipeline diameters 


for which crack-detection ILI tools are currently available and for which industry practice is evolving. 


** The effective stress will be higher than the %SMYS based solely on internal pressure at some locations due to external loads (e.g., at road 


crossings) and residual stresses (e.g., from manufacturing and welding). 


 


 


12 ASME B31.8S, Managing System Integrity of Gas Pipelines: ASME Code for Pressure Piping, B31, Supplement to ASME B31.8.  
13 NACE SP0204-2015, Stress Corrosion Cracking (SCC) Direct Assessment Methodology. 
14 AMSE STP-PT-011, Integrity Management of Stress Corrosion Cracking in Gas Pipeline High Consequence Areas. 
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Table 7: FEI Interior Pipelines: Operating Stress Range of Considered SCC Susceptible Lines* 


# LINE NAME FEI NAME 
SCC 


SUSCEPTIBILITY 


INSTALL 


YEAR 


MIN. 


OPERATING 


STRESS DUE 


TO INTERNAL 


PRESSURE 


(%SMYS) 


MAX. 


OPERATING 


STRESS DUE 


TO INTERNAL 


PRESSURE** 


(%SMYS) 


1 SAV VER 323 Savona – Vernon 12” Yes 1957 24.5 71.6 


2 VER PEN 323 Vernon – Penticton 12” Yes 1957 22.1 56.0 


3 GRF TRA 273 Grand Forks – Trail 10” Yes 1957 24.8 59.8 


4 OLI GRF 273 Oliver Y – Grand Forks 10” Yes 1957 24.9 59.5 


5 PEN OLI 273 Penticton – Oliver Y 10” Yes 1957 29.6 59.8 


6 TRA CAS 219 Trail – Castlegar 8” Yes 1957 17.7 37.6 


7 KIN PRI 323 Kingsvale – Princeton 12” Yes 1971 37.2 59.0 


8 PRI OLI 323 Princeton – Oliver 12” Yes 1971 37.0 59.0 


9 YAH TRA 323 Yahk – Trail (ELK) 12” Yes 1974, 1975 34.0 67.3 
 


* Note: FEI’s baseline QRA was limited to in-line inspected transmission mainline pipelines, as these lines were the most suitable and provided the 


most value for quantitative risk assessment (due to the availability of ILI data) at this time. Further, these lines cover the range of pipeline diameters 


for which crack-detection ILI tools are currently available and for which industry practice is evolving. 


** The effective stress will be higher than the %SMYS based solely on internal pressure at some locations due to external loads (e.g., at road 


crossings) and residual stresses (e.g., from manufacturing and welding). 


 


While there is certainly a role that stress plays in SCC failures, this guidance is inconsistent with current industry 


experience. From the general historical industry incident data, SCC can pose a threat at stresses significantly below 


60% SMYS. This is shown by: 


• PHMSA/Industry Incident Data: 


o Roughly half of reported PHMSA SCC reported incidents through 2002-2016 occurred at 60% SMYS or 


lower (Figure 2) 


o Roughly ¼ of reported incidents occurred at %SMYS below 55%, with some circumferential SCC 


failures (leaks) occurring below 30% SMYS (presence of additional loading factors) 


• Peer Canadian transmission pipeline operators have expressed growing concern for SCC at operating 


stress <60% SMYS15 


Contrary to past industry wisdom, SCC can clearly represent an integrity threat for pipelines operating below 60% SMYS. 


As shown in Figure 2, SCC failures can clearly occur throughout the range of operating stresses observed in the FEI 


mainline transmission pipelines identified as susceptible to SCC. 


 


 


 


 


 


15 Based on discussions with FEI SME (Chris Billinton, Specialist Engineer, Pipeline Integrity).  
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Figure 2: Operating Stress Versus Time to Failure of PHMSA SCC Rupture and Leak Incidents from 2002 to 


201616,17 


 


Further, CEPA has stated that “based upon the data collected by CEPA member companies it is apparent that there was 


no absolute threshold operating stress value for SCC initiation or propagation”.18 This is supported by CEPA’s failure 


record where ruptures had occurred down to operating stress levels of between 49% and 71% of the pipes SMYS. The 


operating stresses of PHMSA reported SCC ruptures between 2002 to 2016 are as low as 30% SMYS (Figure 2) with 


three failures involving external loading (interacting threats) occurring below 30% SMYS.  There were also three 


identified circumferential ruptures, which is also an indication that external loading contributed to those failures. 


As SCC is a time dependent threat that is impacted by stress, it is not surprising that initial failures would be observed 


in higher stress pipelines. Pipelines operating at less than 60% SMYS, however, are clearly susceptible to SCC failures.  


3.2.2 SCC Colonies Can Grow to Failure under FEI Operating Conditions 


To characterize the SCC threat more specifically for the FEI CTS and ITS, the potential for SCC colonies to grow to failure 


in FEI pipelines was assessed (see Appendix A). SCC crack growth analysis was applied to SCC crack features derived 


from FEI dig reports, actual FEI operating data and pipe material properties characteristic of the FEI system. The 


analysis, which JANA conducted in conjunction with Dr. Chen of the University of Alberta (a leading SCC researcher), 


clearly shows that there is the potential for SCC colonies to grow to failure in the FEI system.  


The analysis was based on the Pipe-Online software developed by Dr. Chen for the analysis of SCC crack growth 


behaviour, prediction of remaining lifetime (i.e. how long it would take the cracks to grow to a size where failure of the 


pipeline could occur) and analysis of FEI SCADA (Supervisory Control and Data Acquisition). For the purpose of the 


analysis, FEI provided JANA with pressure data from 54 pipeline locations in the CTS (21 locations) and ITS (33 


 


16 PHMSA potential circumferential SCC Ruptures: Not explicitly referenced as circumferential failure though the incident narratives suggest that a 


circumferential failure could have occurred 
17 PHMSA Circumferential SCC Leak Incidents: Identified as circumferential leaks in PHMSA database 
18 Bruce. “The Canadian Energy Pipeline Association Stress Corrosion Cracking Database," International Pipeline Conference – Volume I, ASME 1998 


(IPC1998-2067). 
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locations) (used to provide an estimate of the pressure cycling the lines are exposed to), eight FEI field inspection 


reports (detailed dig reports) and an excel spreadsheet summarizing SCC findings from 14 dig excavations. 


Given the nature of SCC, where multiple highly localized factors combine to drive the mechanism of failure, it is unlikely 


that the worst-case SCC has been identified in the limited integrity digs conducted to date (see Table 4 and Table 5 for 


the percentage of the lines that have been assessed in the identified integrity dig records). The analysis, therefore, 


considered a range of crack depths (2.72 mm to 4.08 mm) and lengths (20 mm to 100 mm) considered to be 


reasonable approximations of what could be anticipated to be in the FEI system. Figure 3 shows these ranges 


compared to currently identified SCC depths and Figure 4 for currently identified lengths of SCC found in FEI integrity 


digs.  The ranges used for crack length and crack depth include the worst-case cracking identified through opportunistic 


integrity digs (see Figure 4). 


Figure 3: Comparison of Crack Depths observed in FEI Integrity Digs (Blue Dots) with Assumed Possible Crack Depths 


(Dashed Lines) 


 


Figure 4: Comparison of Interlinking19 Crack Lengths observed in FEI Integrity Digs (Blue Dots) with Assumed Possible 


Crack Lengths (Dashed Lines) 


 
 


The analysis also considered a range of fracture toughness values consistent with typical industry values (60 -100 


MPa.m1/2). With these assumptions, the analysis used the FEI operating conditions and the Pipe-Online software to 


project time to failure of SCC cracks.  


 


19 “Interlinking describes cracks whose tips are close enough that the stress field in front of the propagating crack are relieved and they physically 


join to eventually form one crack.” Stress Corrosion Cracking, RP, 2nd Edition, CEPA, 2007 
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The analysis indicated a range of potential remaining lifetimes (i.e. time for an SCC crack to grow to failure) based on 


these assumptions from 5 to 85 years depending on the specific assumed input values for the factors that drive crack 


growth and failure (e.g., initial crack size, pipeline toughness, etc.).  This clearly indicates that there is the potential for 


SCC cracks to grow to failure under the operating conditions of the FEI system. While the lower end bound of five years 


is considered highly unlikely (combination of longest, deepest crack with lowest toughness pipeline), the analysis does 


clearly indicate that SCC is a credible integrity threat that needs to be managed. 


 


3.3 Relative Importance of Cracking Threats to Pipeline Integrity 


The results of FEI’s baseline system level safety QRA results were used to assess the relative importance of cracking 


threats (SCC and pipe seam) (see JANA Project 18-1651 Quantitative Safety Risk Assessment). Based on the high-level 


assessment of risk conducted in that project, FEI’s initial focus is centered on the CTS. 


SCC is a highly localized phenomenon, with crack initiation occurring at localized areas of stress concentration (often 


associated with highly localized residual stresses from the manufacturing process or dents) where specific 


environmental conditions exist. Characterization of SCC for integrity management purposes, where the specific location 


of the SCC colony needs to be identified to direct where to dig and make repairs to the pipeline, requires the use of 


Electro-Magnetic Acoustic Transducer (“EMAT”). Selective seam corrosion or general seam issues are also highly 


random and need to be assessed similarly. Baseline Frequency of Failure (“FoF”) estimates, however, are useful for 


characterizing the general potential for failure of a pipeline and assessing the risk overall and for a specific threat.  


The results of FEI’s baseline system level safety QRA results were used to assess the relative importance of cracking 


threats (SCC and pipe seam) (see JANA Project 18-1651 Quantitative Safety Risk Assessment). Based on the high-level 


assessment of risk conducted in that project, FEI’s initial focus is centered on the CTS.  


Figure 5 provides a high-level summary of how the different threats contribute to overall risk of the CTS system. 


Cracking threats (SCC and pipe seam) are the top driver of risk, at the system level, for the CTS. 


Figure 5 : Threat Contribution to Safety Risk for the CTS Pipeline System 
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Table 8 provides a breakdown of the pipeline and threat safety risk rank for the CTS pipelines. The table lists the lines 


in order of risk rank (highest to lowest total line risk). For each line the top four threats driving risk are ranked and there 


is a column indicating whether or not the line has been identified as susceptible to cracking threats. For nine of the 11 


lines identified as susceptible to cracking threats, cracking threats (SCC and/or pipe seam) are the top driver of risk. 


For the other two lines cracking threats are the second top and the fourth top threat.   For each of these lines there are 


specific sections where cracking threats are the top driver of risk. The QRA results, therefore, support the conclusion 


that cracking threats are a credible integrity threat.  


Table 8: Safety Risk per Pipeline per Threat for CTS lines 


RANK LINE NAME 
CRACKING 


SUCEPTIBILITY* 
THREAT RISK RANK SAFETY RISK PER YEAR 


1 
HUN NIC 762 Yes 


SCC 
 


Natural Hazards 
 


Third Party Damage 
 


Pipe Seam 
 


2 
NIC FRA 610 Yes 


SCC 
 


Natural Hazards 
 


Third Party Damage 
 


Pipe Seam 
 


3 
HUN NIC 1066 Yes 


SCC 
 


Natural Hazards 
 


Third Party Damage 
 


Girth Welds 
 


4 
CPH BUR 508 Yes 


SCC 
 


Third Party Damage 
 


Natural Hazards 
 


External Corrosion 
 


5 
LIV PAT 457 Yes 


SCC 
 


Third Party Damage 
 


Natural Hazards 
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RANK LINE NAME 
CRACKING 


SUCEPTIBILITY* 
THREAT RISK RANK SAFETY RISK PER YEAR 


Girth Welds 
 


6 
ROE TIL 914 Yes 


SCC 
 


Natural Hazards 
 


Third Party Damage 
 


Girth Welds 
 


7 
NIC PMA 610 Yes 


SCC 
 


Natural Hazards 
 


Third Party Damage 
 


Girth Welds 
 


8 
LIV COQ 323 Yes 


Third Party Damage 
 


SCC 
 


Natural Hazards 
 


Girth Welds 
 


9 
TIL FRA 508 Yes 


SCC 
 


Third Party Damage 
 


Natural Hazards 
 


Girth Welds 
 


10 
NOO EMT 610 Low 


Natural Hazards 
 


Third Party Damage 
 


Girth Welds 
 


Material Defects and 


Equipment 


 


11 
TIL LNG 323 Yes 


Third Party Damage 
 


Natural Hazards 
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RANK LINE NAME 
CRACKING 


SUCEPTIBILITY* 
THREAT RISK RANK SAFETY RISK PER YEAR 


Girth Welds 
 


SCC 
 


12 
TIL BEN 323 Yes 


SCC 
 


Third Party Damage 
 


Natural Hazards 
 


Girth Welds 
 


13 
PMA CPH 914 Low 


Third Party Damage 
 


Natural Hazards 
 


Girth Welds 
 


Material Defects and 


Equipment 


 


* “Yes” for susceptibility indicates that cracking has been found on pipelines with similar attributes in the industry. 


“Low” for susceptibility indicates that there are relatively limited, or no cases of cracking found on pipelines with similar attributes in the industry. 
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4.0 CONCLUSIONS 


Based on this analysis it was concluded that cracking threats (SCC and pipe seam) pose a credible integrity hazard that 


needs to be addressed through IM. This is based on: 


• Identification of lines with characteristics that make them susceptible to cracking threats in the FEI system. 


• Identification of SCC and seam issues in FEI pipelines during integrity digs. 


• Analysis that indicates the identified SCC can grow to failure under FEI operating conditions as: 


o Industry failures have been observed within the operating stress range of the FEI susceptible lines. 


o Analysis of SCC crack growth rates based on FEI operating conditions in conjunction with Dr. Chen of 


the University of Alberta indicate the potential for cracks to grow to failure and, with practical 


assumptions, in timeframes on the order of five years under the most aggressive condition). 


• The baseline system level safety QRA conducted by JANA under a separate project identified cracking threats 


as one of the top threats to pipeline integrity20: 


o The QRA analyzed risk for all FEI’s transmission pressure (“TP”), in-line inspected (“ILI”), mainline pipe 


in the CTS, ITS and VITS regions.  


o At the system level, the CTS was estimated to have the highest risk followed by the ITS and then the 


VITS.   


o For the CTS overall, cracking threats (SCC and pipe seam) were the top driver of risk. At the line level, 


of the 11 CTS lines identified as susceptible to cracking threats, cracking threats (SCC and pipe seam) 


are the top driver of risk for nine of the lines. For the other two lines cracking threats are the second 


and the fourth top line level threat (for each of these lines there are specific sections where cracking 


threats are the top risk driver).   


o for each of these lines there are specific sections where cracking threats are the top risk driver).   
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o James DuQuesnay, M.A.Sc. 


• Support Team 


o Vida Meidanshahi, Ph.D., EIT 


o Tammeen Siraj, Ph.D. 


o Idris Malik, Ph.D., EIT 


o Gabriel Langlois-Rahme, M.Eng.  
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20 JANA Project 18-1651 Quantitative Safety Risk Assessment.  
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APPENDIX A: ANALYSIS OF SCC FAILURES REPORT 


The report from Dr. Chen, “Analysis of SCC Failures of Pipeline Steels with Low or Medium Operating Hoop Stress”, is 


attached. It contains 12 pages (including cover). 
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ANALYSIS OF SCC FAILURES OF PIPELINE STEELS WITH LOW OR MEDIUM 


OPERATING HOOP STRESSES 


 


 


 


1. INTRODUCTION 


 


This report is aimed to provide analysis of potential stress corrosion cracking (SCC) failures of 


pipeline steels with low or medium operating hoop stresses in pipeline systems provided by JANA 


Corporation (the client). The data received for the analysis provided here include: 


 


1) SCADA (supervisory control and data acquisition) data from 54 pipeline locations in two 


regions: Coastal region (21 spectra) and Interior region (33 pressure spectra)  


2) 8 field inspection reports. 


3) An excel spreadsheet summarizing SCC findings from 14 dig excavations.  


 


The report starts with a brief introduction of the theory of SCC initiation and propagation in near-


neutral pH (NNpH) soil environments under low and medium operating hoop stress. This is 


followed by establishing failure criteria caused by crack-like flaws oriented in pipeline length 


direction. At the end, Pipe-Online software was used to analyze SCC crack growth behavior of 


pipeline steels and the remaining life time of selected pipeline sections. 


 


 


2. THEORETICAL ANALYSIS OF PIPELINE RUPTURE UNDER LOW OPERATING 


HOOP STRESS 


Near-neutral pH stress corrosion cracking in pipeline steels usually undergo a three-stage initiation 


and growth process before failure as illustrated in Figure 1, which is further described below:  


Stage 1 – Crack initiation and early stage crack growth, where cracks initiate at imperfections and 


slowly grow depth-wise over time. Crack length may be seen to increase either because new small 


cracks in the vicinity merge with the existing crack or fast crack growth at the crack tip. Some 


cracks pose little threat to pipeline steel integrity if they remain dormant. The initiation of a crack 


is strongly dependent on residual stresses at the surface of pipeline steels, which can be added to 


the operating hoop stress. The total stress can be very high even though the operating hoop pressure 


is low [1, 2]. 


 


Stage 2 – An accelerated crack growth rate caused by mechanical driving forces. More than 95% 


SCC cracks are found to be dormant after Stage 1 initiation and growth [3, 4]. A dormant crack 


would not cause a threat to pipeline integrity as long as it does not evolve into the Stage 2 crack 


growth. Regardless of the type of SCC, Stage 2 crack growth develops when mechanical driving 


forces meet the critical mechanical thresholds for growth. The critical thresholds for the onset of 


Stage 2 depend on the type of environmentally assisted cracking that is present. In the case of 


NNpHSCC, the critical threshold for the onset of Stage 2 is related to the appreciable level of crack 


growth caused by the interaction of cyclic loading and hydrogen embrittlement.  
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Stage 3 – An extremely high crack growth rate. Typical crack management programs mitigate 


cracks before they are able to reach Stage 3. 


 


 
Figure 1. Schematic illustration of the three-stage crack growth curve of pipeline steels 


exposed to near-neutral pH solution [1]. 


 


Assessments to determine the remaining life of pipeline steels with near-neutral pH SCC are 


usually performed when stage 2 crack growth has occurred. A crack found in pipeline steels can 


be characterized by its length, 2c, on the pipe surface and its depth, a, in the thickness direction, 


as illustrated in Figure 2. From the perspective of integrity management, the depth of a crack is 


usually considered because it causes either pipe leakage or rupture, although the calculation of 


mechanical driving forces such as maximum stress intensity factor corresponding to maximum 


pressure point in a pressure cycle, Kmax, and stress intensity factor range correlating to the 


magnitude of pressure variation in a pressure cycle, Kth, is both crack length- and depth-


dependent. In this report, the calculation of the stress intensity factor was made based on the 


solutions for a plate structure, without considering the effect of the bulging factor of a curved 


surface [5].  


 


 
Figure 2. Geometry of a surface crack developed at the outer surface of a pipeline steel 


 


It has been determined that the crack growth rate under constant amplitude cyclic loading in near-


neutral pH environments can be described by the equation below [1, 2, 6]: 


 


𝑑𝑎


𝑑𝑁
= 𝐴 (


𝐾𝐾𝑚𝑎𝑥



𝑓
)


𝑛


+ ℎ   (1) 
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where A, n (= 2), α (= 0.67), β (= 0.33), and γ (= 0.033) are all constants, α + β = 1, and h represents 


the stable value of the growth rate of the crack depth by dissolution during Stage II crack growth. 


The value of h can be determined experimentally and was found to be about one order of magnitude 


lower than the first term in Stage 2 crack growth. The power of the frequency, f, was found to be 


a factor representing the influence of corrosive environments on the crack growth rate. In 


particular,  is related to the diffusible hydrogen in the steels, as discussed previously. 


𝐾𝐾𝑚𝑎𝑥



𝑓⁄
 
is the combined factor that makes it possible to model a crack’s growth with all of 


the attributing factors included, such as crack dimension, pressure fluctuations, materials, and 


environments.  


 


Based on the crack growth mechanisms being identified, Matlab codes (Pipe-Online software) 


have been written to predict the crack growth rate and service life of pipeline steels. Details of 


governing equations used in life prediction and mathematic algorithm involved can be found in 


Ref. [7, 8]. 


.   


 


3. FAILURE CRITERIA OF PIPELINE STEELS WITH CRACK-LIKE DEFECTS 


The failure of a structure caused by crack-like flaws can occur through either or a combination of 


the following two mechanisms: 


1) Plastic collapse or general yielding, in which failure of the structure would follow 


immediately when the average stress in the remaining un-cracked cross section of the crack 


has reached the collapse strength of the structural material. This can be mathematically 


expressed using the following equation for a plate with a central crack of 2a: 


𝑓𝑐 = 𝑐𝑜𝑙
𝑊−2𝑎𝑐𝑟𝑖𝑡


𝑊
   2) 


Where fc is the fracture stress due to plastic collapse; col is the collapse strength, a property 


of a material with a value in between the yield strength and the tensile strength; W is the width 


of a structure; 2acrit is the critical length of a crack at which plastic collapse will occur. 


The stress required to cause the plastic collapse of pipeline steels with surface cracks have been 


well examined and developed into an equation. One of the solutions of plastic collapse of pipeline 


structures is given in CSA Z662 [9]: 


𝑓𝑐 = 𝑌 [1.03 −
18𝑐𝑎


2𝑅𝑡
]  3) 


where y is the specified minimum yield strength (SMYS), R is the outer diameter of the pipeline, 


and all other variables are defined in Figure 1. Eq. 3) has confirmed that thin pipes have a lower𝑓𝑐. 


2) Cleavage fracture, which occurs because the stress intensity factor at the crack tip has reached 


the fracture toughness of the material. The nominal stress at the time of fracture can be 


determined using the following equation: 


𝑓𝑟 =
𝐾𝑐 𝑜𝑟 𝐾𝐼𝐶


𝑌√ 𝑎𝑐𝑟𝑖𝑡.
   4) 
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Where fr is the fracture stress of a structure due to brittle/cleavage; Kc and KIC is the plane 


stress fracture toughness and plane strain fracture toughness, respectively; Y is the geometrical 


factor of a crack and the structure with the crack. 


Between the above two failure mechanisms, the structure will fail by whichever one requires a 


lower fracture stress.  


The above general mechanisms can also be applied to the failure of buried pipeline steels. The 


failure of pipeline steels will usually start with an initiation of surface cracks with dimensions 


defined in Figure 2. As the surface crack grows either because of environmentally assisted 


cracking, fatigue or corrosion fatigue, the brittle fracture will either occur when the stress intensity 


factor at the depth tip reaches the fracture toughness of the material or if the stress acting in the 


cross section of the crack has reached the collapse strength of the pipeline steel, which will result 


in a plastic collapse. 


 


Figure 3 A comparison of the critical crack dimensions corresponding to plastic collapse and 


brittle fracture of a X 52 pipeline steel with a fracture toughness of 80 MPam. 


Based on Equations 3) and 4), one can determine a critical a-2c boundary line that demarcates the 


safe and unsafe conditions of operation. An example of such a demarcation line is given in Figure 


3, which was calculated by assuming an X-52 pipeline steel with 6.35 mm wall thickness was 


operated at 72% SMYS and a plane strain fracture toughness of 80 MPam. It is clearly seen from 


Figure 3 that the critical crack depth for plastic collapse to occur can be very low, depending on 


crack surface length and pipe diameter. Cracks with a longer surface crack length and a smaller 


pipe diameter are seen to have plastic collapses that occur at lower crack depths. In contrast, brittle 


fractures can take place when the surface length of a crack is relatively short. 


4. REMAINING LIFE ASSESSMENT OF THE FAILURE CRITERIA OF PIPELINE 


STEELS WITH CRACK-LIKE DEFECTS 


As requested by the client, SCADA data from three locations, depicted in Figure 4, were selected 


for assessment using the Pipe-Online software. These SCADA data were first filtered to remove 
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un-realistic pressure data according to the procedures detailed in Ref. [10]. Details of pipeline 


location identification and pipeline steel grade and geometries are listed in Table 1. 


 


 
 


Figure 4 SCADA data from three locations in client’s pipeline system: a) Penticton – Metric, 


b) Benson, c) Nichol PT 400, and remaining life time predicted, assuming a crack dimension of a 


= 1.0 mm and 2c = 50 mm: d) under pressure of a), e) under pressure of b), and f) under pressure 


of c). 


 


Table 1 Pipeline sections being selected for remaining life prediction 


Region 
Station 


name 
Tag name 


Station 


Inlet Line 


Name 


Station 


Outlet Line 


Name 


Measure 


(m) 


SMYS 


(MPa) 


OD 


(mm) 


ID 


(mm) 


WT 


(mm) 


Interior 
Penticton 


- Metric 


analog.PEN


pM_.curval 
 PEN OLI 


273 
-14.424 290 273.1 254.7 9.2 


Coastal Benson 
analog.BEN


p.curval 
 TIL BEN 


323 
-4.27 290 406.4 381 12.7 


Coastal 
Nichol 


PT 400 


analog.NIC_


PT400.curva


l 


PMA 


CPH 914 
 1271.372 290 914.4 889 12.7 


 


The following assumptions were made in order to predict the remaining service life of the pipeline 


steel, at the locations where the three SCADA data were recorded and used for life prediction: 


1) The pipeline will operate under the same pressure fluctuation schemes as those shown in Figure 


4. The same pressure scheme was repeatedly added in order to cover the predicted year. 


2) A SCC crack is assumed to have a geometric dimension shown in Figure 2. The remaining life 


was assessed assuming a = 1.0 mm and 2c = 50 mm. 


3) The pipeline steel is surrounded by ground water saturated with a 5% CO2 + N2 gas 


environment and no cathodic current can be reached at the pipe surface with SCC cracks [open 


circuit potential (OCP)]. 
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Based on the above information, the remaining life time was assessed and the results obtained are 


shown in Figure 4. It must be noted that the prediction in Figure 4 does not consider the service 


limit that was determined based on the failure criteria as introduced in Section 3. 


 


As further requested by the client, additional predictions were made by assuming the pipeline was 


operated under the same pressure scheme as recorded at Pipe section: RGW7920 km 8,009, but 


different SCC crack dimensions as listed in Table 2. 


 


 


Table 2 Dimensions of SCC cracks reported from inspection on July 23, 2014 for Pipe section: 


RGW7920 km 8,009 and those assumed. 


 
Crack ID Crack 


Depth 


Crack 


Length 


OD ID Grade MOP MOP WT Year of 


installation 


(mm) (mm) (mm) (mm) (MPa) (kPa) %SMYS (mm) 


SCC-AA-021 2.72 20 508 493.8 290 4020 49.6 7.1 1960 


SCC-AA-02A2 2.72 50 508 493.8 290 4020 49.6 7.1 1960 


SCC-AA-02B2 2.72 100 508 493.8 290 4020 49.6 7.1 1960 


SCC-AA-02C2 4.08 50 508 493.8 290 4020 49.6 7.1 1960 


SCC-AA-02D2 4.08 100 508 493.8 290 4020 49.6 7.1 1960 


1 SCC crack found from inspection report dated on July 23, 2014 
2 SCC cracks with assumed crack dimensions 


 


 


In order to determine the remaining life before failure, different values of fracture toughness of the 


pipeline steel grade were based on the steel yield strength and fracture toughness diagram provided 


in Figure 5 [11]. According to Figure 5, a lower fracture toughness limit of 60 MPam was used 


for the current steel grade with a SMYS of 290 MPa. Some toughness values higher than the low 


bound value, 80 MPam and 100 MPam, were also used to predict the remaining life.  


 


The predicted remaining life of the 5 SCC cracks listed in Table 2 is shown in Figure 6a) and 


Figure 6b) with an enlarged scale. According to the crack depth and crack surface length trajectory, 


the final failure of all the 5 SCC cracks would occur through cleavage fracture. In Figure 6, the 


life time between each data point for the given crack length and depth curve is five years. For 


example, the remaining life would be less than 5 years for SCC-AAS02D if the fracture toughness 


of the pipeline steel is at lower bound of 60 MPam, but would be increased to over 15 years when 


the fracture toughness of the steel is increased to 80 MPam. 
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Figure 5 Relation between fracture toughness and yield strength of various steels [11]. 


 


 


 
a) 
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b) 


 


Figure 6 Predicted life time of the five SCC cracks listed in Table 2 under the same pressure 


scheme recorded at pipe section: RGW7920 km 8,009: a) overall predicted curves, b) predicted 


curve with enlarged scale.  


 


 


 
 


Figure 7 A comparison of crack growth rate at the specimen surface with that measured in the 


middle section of a CT specimen [12]. 
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The prediction made in Figure 6 was carried out by assuming pipe surface with SCC cracks was 


at open circuit potential (no cathodic protection). When cathodic protection is present, crack 


growth rate at both surface tip and depth tip can be different. As shown in Figure. 7, crack growth 


rate at the surface tip would be reduced by a lack of corrosion due to cathodic protection, while it 


increases slightly at the depth tip of a crack (the curve marked by Middle in Figure 7) because of 


a higher content of diffusible hydrogen under the cathodic protected condition.  


 


By incorporating the effect of cathodic protection, the remaining life of pipeline steel with SCC 


can be different. Figure 8 shows a comparison between the predicted remaining life with and 


without cathodic protection, assuming a crack with initial depth of 2.72mm and length of 20 mm 


under the same pressure scheme as those for the prediction made in Figure. 6.  A slight increase in 


the predicted life was found when the pipeline steels with SCC crack was applied with a cathodic 


potential of -900 mV (SCE). 


 
 


      
 


Figure 8 A comparison of predicted remaining life of pipeline steel with and without 


cathodic protection for a SCC crack with an initial depth of 2.72mm and length of 20 mm under 


the same pressure scheme as used for the prediction made in Figure 6. 


 


5. CONCLUSIONS 


SCC crack growth can occur in pipeline steels operating at low and medium hoop stresses and the 


remaining life of such pipelines can be predicted using the Pipe-Online software if operating 


pressure data are available. 
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EXECUTIVE SUMMARY 


A baseline system-level safety quantitative risk assessment (QRA) was conducted in accordance with the guidelines of 


CSA Z662 Annex B: Guidelines for risk assessment of pipeline systems1 to estimate the current level of safety risk for 


FortisBC Energy Inc.’s (“FEI”) transmission pressure mainline pipelines. The risk was assessed for all FEI’s transmission 


pressure, in-line inspected, mainline pipe in the Coastal Transmission System (“CTS”), Interior Transmission System 


(“ITS”) and Vancouver Island Transmission System (“VITS”) regions. 


A QRA is a formal and systematic approach to estimating the probability and consequences of hazardous events, and 


expressing the results quantitatively as risk to people, the environment, and/or the business. JANA has performed for 


FEI a system-level (general) QRA, the purpose of which is to assess the overall threats to the pipeline system at a level 


that enables identification of general system risk and the threats driving that risk to identify where additional integrity 


management activities may be warranted. This system-level QRA can identify specific lines where mitigation may be 


deemed necessary, but cannot identify the specific areas on the line where the mitigation is required. The identification 


of site-specific risk would require an integrity-management level QRA, which requires additional information, such as 


the output of crack-detecting in-line inspection (“ILI”) tools, to identify the specific location and sizing of the cracking 


threats. 


The purpose of the system level QRA was to: 


• Inform the urgency and priority of addressing cracking threats within the FEI transmission pressure mainline 


pipelines. 


• Assess the significance of the cracking threats in terms of their contribution to overall risk. 


• Allow for prioritization of pipelines based on risk and frequency of failure for possible mitigation of cracking 


threats.  


• Continue the efforts of FEI in moving to a quantitative risk-based approach to pipeline integrity management. 


 


The detailed results are provided as a Risk Results Database for each of the pipelines analyzed. The MS Excel viewer 


provides the ability to review those results for each pipeline and conduct comparisons of pipeline risk between different 


lines and different or all threats. 


At the system level, the CTS was estimated to have the highest risk followed by the ITS and then the VITS. For the CTS 


overall, cracking threats (Stress Corrosion Cracking (SCC) and pipe seam) were the top driver of risk. At the line level, of 


the 11 CTS lines identified as susceptible to cracking threats, cracking threats (SCC and pipe seam) are the top driver 


of risk for nine of the lines. For the other two lines cracking threats are the second and the fourth top line level threat 


(for each of these lines there are specific sections where cracking threats are the top risk driver).  


 


  


 


1 CSA Z662-19, Oil and gas pipeline systems: Annex B. Guidelines for risk assessment of pipeline systems. 







  


 


JANA Project 18-1651 2 Quantitative Safety Risk Assessment 


CONTENTS 


EXECUTIVE SUMMARY ....................................................................................................................................................................... 1 
1.0 Objectives and Scope ............................................................................................................................................................. 4 
2.0 System Description ................................................................................................................................................................. 4 
3.0 Risk Analysis Methodology .................................................................................................................................................... 5 


3.1 ----- Risk Analysis .................................................................................................................................................................................... 5 
3.2 ----- Consequence Model ........................................................................................................................................................................ 6 
3.3 ----- Frequency of Failure Models ........................................................................................................................................................... 7 


3.3.1 --- Main Line Piping and Valves ...................................................................................................................................................... 7 
3.3.2 --- Model Basis ................................................................................................................................................................................. 9 
3.3.3 --- Threat Categories ..................................................................................................................................................................... 12 


4.0 Limitations and Assumptions .............................................................................................................................................. 13 
5.0 Hazard Identification Results .............................................................................................................................................. 13 
6.0 Frequency Analysis Results, Including Assumptions ....................................................................................................... 13 
7.0 Consequence Analysis Results, Including Assumptions .................................................................................................. 13 
8.0 Risk Estimation Results ....................................................................................................................................................... 13 
9.0 Sensitivity and Uncertainty Analysis ................................................................................................................................... 14 
10.0 Discussion of Results ........................................................................................................................................................... 14 
11.0 Conclusions ............................................................................................................................................................................ 17 
12.0 References ............................................................................................................................................................................. 18 
13.0 Names and Qualifications .................................................................................................................................................... 18 
Appendix A : Risk Summary By Pipeline ........................................................................................................................................ 20 


A1 Pipeline List .......................................................................................................................................................................................... 20 
A2 Safety Risk Summary ........................................................................................................................................................................... 21 
A3 Frequency of Rupture Failure Summary ............................................................................................................................................. 23 
A4 Pipeline Attribute and Risk Summary ................................................................................................................................................. 24 


A4.1 ---- HUN NIC 1066 (42003 42016) .............................................................................................................................................. 24 
A4.2 ---- HUN NIC 762 (42004) ............................................................................................................................................................. 26 
A4.3 ---- LIV COQ 323 (42005) .............................................................................................................................................................. 28 
A4.4 ---- LIV PAT 457 (42006) ............................................................................................................................................................... 30 
A4.5 ---- NIC PMA 610 (42007) ............................................................................................................................................................. 32 
A4.6 ---- CPH BUR 508 (42008) ............................................................................................................................................................ 34 
A4.7 ---- ROE TIL 914 (42010) .............................................................................................................................................................. 36 
A4.8 ---- TIL BEN 323 (42011) .............................................................................................................................................................. 38 
A4.9 ---- TIL FRA 508 (42012) ............................................................................................................................................................... 40 
A4.10 -- NIC FRA 610 (42013) .............................................................................................................................................................. 42 
A4.11 -- TIL LNG 323 (42014) .............................................................................................................................................................. 44 
A4.12 -- NOO EMT 610 (42020) ........................................................................................................................................................... 46 
A4.13 -- PMA CPH 914 (42037) ............................................................................................................................................................ 48 
A4.14 -- SAV VER 323 (12056) ............................................................................................................................................................. 50 
A4.15 -- VER PEN 323 (12056) ............................................................................................................................................................. 52 
A4.16 -- PEN OLI 273 (12057) .............................................................................................................................................................. 54 
A4.17 -- OLI GRF 273 (12057) .............................................................................................................................................................. 56 
A4.18 -- GRF TRA 273 (12057) ............................................................................................................................................................. 58 
A4.19 -- TRA CAS 219 (12058) ............................................................................................................................................................. 60 
A4.20 -- KIN PRI 323 (12060) ............................................................................................................................................................... 62 
A4.21 -- PRI OLI 323 (12060) ............................................................................................................................................................... 64 
A4.22 -- YAH TRA 323 (12061) ............................................................................................................................................................. 66 
A4.23 -- OLI PEN 406 (12264) .............................................................................................................................................................. 68 
A4.24 -- DUK SAV 508 (12272) ............................................................................................................................................................ 70 
A4.25 -- YAH OLI 610 (12275) .............................................................................................................................................................. 72 
A4.26 -- LRN LOP 273 (62000) ............................................................................................................................................................. 74 







  


 


JANA Project 18-1651 3 Quantitative Safety Risk Assessment 


A4.27 -- PRN LOP 273 (62001) ............................................................................................................................................................ 76 
A4.28 -- TEX MAN 273 (62002) ............................................................................................................................................................ 78 
A4.29 -- VAN MAN 323 (62003) ............................................................................................................................................................ 80 
A4.30 -- VAN MAN 273 (62004) ............................................................................................................................................................ 82 
A4.31 -- SCN LOP 273 (62005) ............................................................................................................................................................. 84 
A4.32 -- ISL MAN 273 (62006) ............................................................................................................................................................. 86 
A4.33 -- SCS LOP 273 (62005) ............................................................................................................................................................. 88 
A4.34 -- PRS LOP 273 (62032) ............................................................................................................................................................. 90 
A4.35 -- LRS LOP 273 (62033) ............................................................................................................................................................. 92 


Appendix B : JANA CV’s .................................................................................................................................................................... 95 
 







  


 


JANA Project 18-1651 4 Quantitative Safety Risk Assessment 


1.0 OBJECTIVES AND SCOPE 


A baseline system-level safety quantitative risk assessment (“QRA”) was conducted to estimate the current level of 


safety risk for FortisBC Energy Inc.’s (“FEI”) transmission pressure mainline pipelines. The risk was assessed for all 


FEI’s transmission pressure), in-line inspected, mainline pipe in the Coastal Transmission System (“CTS”), Interior 


Transmission System (“ITS”) and Vancouver Island Transmission System (“VITS”) regions. 


The purpose of the assessment was to: 


• Inform the urgency and priority of addressing cracking threats within the FEI transmission pressure mainline 


pipelines 


• Assess the significance of the cracking threats in terms of their contribution to overall risk 


• Allow for prioritization of pipelines based on risk and frequency of failure for possible mitigation of cracking 


threats  


• Continue the efforts of FEI in moving to a quantitative risk-based approach to pipeline integrity management 


 


2.0 SYSTEM DESCRIPTION 


FEI’s transmission pressure system has three (3) named regions based on geography: CTS, ITS and VITS regions. The 


CTS region includes 255 km of (in-scope) mainline pipe and is predominantly located in urban areas. Most of the CTS 


mainline pipe was installed from the late-1950s to mid-1970s. The ITS region covers 1120 km of mainline pipe and 


mostly passes though remote areas with relatively short sections though urban areas. Most of the ITS mainline pipe 


was installed from the late-1950s to early-1970s. The VITS region covers 535 km of mainline pipe and, like the ITS 


region, passes mostly though remote areas with relatively short sections though urban areas. The VITS was installed in 


the early-1990s. 


Across all three regions, 35 named sections of pipeline are included in the scope of this risk assessment. The first 


iteration assessment was conducted only on pipeline segments with ILI data. See Table 1 for a summary of the pipeline 


sections. Appendix A provides a more detailed summary of these pipelines (including pipeline name aliases, 


predominant pipe segment attributes, pipe coating, etc.).  


Table 1: FEI TP Mainline Pipeline Summary 


SYSTEM FID 
GIS SHORT 


NAME 


LENGTH 


(KM) 


INSTALLATION 


YEAR 


OPERATING 


PRESSURE (KPA) 


OPERATING STRESS 


RANGE (%SMYS) 


CTS 


42003 


42016 
HUN NIC 1066 54.1 1977, 1992 4020 30.1 - 49.3 


42004 HUN NIC 762 56.5 1960, 1964 4020 25.0 - 49.8 


42005 LIV COQ 323 35 1957, 1958 4020 12.4 - 49.1 


42006 LIV PAT 457 29.9 1956 4020 17.5 - 49.9 


42007 NIC PMA 610 4.9 1959 4020 20 - 48.6 


42008 CPH BUR 508 17 1960, 1964 4020 23.9 - 49.6 


42010 ROE TIL 914 12.8 1981 4020 23.6 - 49.7 


42011 TIL BEN 323 5.9 1959 4020 19.0 - 49.5 


42012 TIL FRA 508 9.7 1959 4020 17.9 - 49.3 


42013 NIC FRA 610 24.3 
1958, 1959, 


1974 
4020 16.9 - 49.8 
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SYSTEM FID 
GIS SHORT 


NAME 


LENGTH 


(KM) 


INSTALLATION 


YEAR 


OPERATING 


PRESSURE (KPA) 


OPERATING STRESS 


RANGE (%SMYS) 


42014 TIL LNG 323 1.7 1970 4020 17.7 - 35.1 


42020 NOO EMT 610 1.8 1991 4020 28.8 - 42.3 


42037 PMA CPH 914 1.3 2000 4020 27.9 - 49.9 


ITS 


12056 SAV VER 323 143.6 1957 5171, 6619 24.5 - 71.6 


 VER PEN 323 99.7 1957 4653, 5171 22.1 - 56.0 


12057 GRF TRA 273 60.7 1957 6068 24.8 - 59.8 


 OLI GRF 273 95.2 1957 6068 24.9 - 59.5 


 PEN OLI 273 30.8 1957 6068 29.6 - 59.8 


12058 TRA CAS 219 24.1 1957 4760 17.7 - 37.6 


12060 KIN PRI 323 67.4 1971 7825 37.2 - 59.0 


 PRI OLI 323 95.6 1971 7825 37.0 - 58.8 


12061 YAH TRA 323 164.8 1974, 1975 7136 34.0 - 67.3 


12264 OLI PEN 406 32.1 1994 7826 34.6 - 46.3 


12272 DUK SAV 508 3.6 1997 6619 31.7 - 49.5 


12275 YAH OLI 610 302.5 2000 9930 35.8 - 79.4 


VITS 


62000 LRN LOP 273 23.7 1990 14890 40.9 - 43.6 


62001 PRN LOP 273 10.9 1990 14890 40.9 - 43.6 


62002 TEX MAN 273 50.2 1990, 1991 14890 43.6 - 72.0 


62003 VAN MAN 323 31.5 1991 14890 45.2 - 49.8 


62004 VAN MAN 273 132.1 1990, 1991 14890 40.5 - 72.0 


62005 SCN LOP 273 12.3 1990 14890 40.9 - 43.6 


62006 ISL MAN 273 217.2 1990 14890 35.7 - 72.0 


62031 SCS LOP 273 12.3 1990 14890 40.9 - 43.6 


62032 PRS LOP 273 11 1990 14890 40.9 - 43.6 


62033 LRS LOP 273 23.7 1990 14890 40.9 - 43.6 


 


3.0 RISK ANALYSIS METHODOLOGY 


3.1 Risk Analysis 


A baseline system-level safety QRA was conducted in accordance with the guidelines of CSA Z662 Annex B2 to estimate 


the current level of safety risk for FEI’s transmission pressure mainline pipelines. The risk was assessed for all FEI’s TP, 


ILI, mainline pipe in the CTS, ITS and VITS regions. 


A QRA is a formal and systematic approach to estimating the probability and consequences of hazardous events, and 


expressing the results quantitatively as risk to people, the environment, and/or the business. QRAs can be performed 


at the system level (general) or the integrity management level (specific). The purpose of a system-level QRA is to 


assess the overall threats to the pipeline system at a level that enables identification of general system risk and the 


threats driving that risk to identify where additional integrity management activities may be warranted. Where 


 


2 Ibid.  
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significant risk is identified, mitigation approaches can be identified and evaluated to reduce the level of risk. By 


design, a system-level QRA uses available information to derive the best possible forecast of system risk, typically 


employing models based on historical industry failure rates or higher-level models.  


Where more detailed risk management is required, an integrity management-level QRA can be performed. For example, 


the system-level analysis can identify specific lines where mitigation may be deemed necessary, but cannot identify the 


specific areas on the line where the mitigation is required (i.e. where to dig). That site-specific identification and 


mitigation requires additional information, such as the output of crack-detecting ILI tools, to identify the specific 


location and sizing of the cracking threats. Thus, an integrity management-level QRA would require ILI data and could 


be used to inform subsequent site-specific mitigation activities. 


For this risk assessment, the safety risk associated with a pipeline is defined as the product of the frequency and 


consequences of a failure event. The frequency of a failure is calculated on a per-threat basis (see Section 3.3 for the 


threat models) in terms of an annual frequency of event per unit length of pipeline. The consequence of a failure is 


defined as the potential safety impact as a result of a failure and is calculated on a per-scenario basis (see Section 3.2 


for the consequence scenarios). 


3.2 Consequence Model 


The dominant safety hazard associated with transmission pressure, natural gas pipeline failures is thermal radiation 


exposure from a jet fire resulting from ignition of the released gas. The consequences of a failure depend on the size of 


the release and if the gas ignites. 


Four (4) release sizes were considered in this assessment: Rupture, Large Leak, Medium Leak and Pinhole Leak (see 


Table 2 for the effective hole diameters by release size).  


Table 2: Release Size Effective Hole Diameters 


RELEASE SIZE OUTFLOW HOLE DIAMETER (IN) 


Rupture Pipe Diameter 


Large Leak 4.00 


Medium Leak 1.00 


Pinhole Leak 0.25 


 


The gas outflow rates were calculated for each of the release sizes assuming the pipeline is operating at its maximum 


operating pressure (FEI designated operating pressure) at the time of failure. A double-ended release was assumed for 


the rupture outflow rate. 


The frequency of ignition for rupture scenarios was calculated using a correlation with pipe diameter and pressure. The 


frequency of ignition for leak scenarios are failure-cause (i.e., threat) dependent and are based on historical natural gas 


transmission pipeline leak ignition rates. 


To model the impact of the thermal radiation hazard, standard industry approaches were utilized. The heat flux was 


calculated as a function of distance away from the flame source using the simplified point source model for jet fires in 


Stephens (2000).3 The level of impact based on proximity to the flame source was calculated using the probit models 


 


3 M.J. Stephens. A Model for Sizing High Consequence Areas Associated with Natural Gas Pipelines, GRI-00/0189. 2000. 
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for thermal radiation from hydrocarbon fires in the TNO Green and Purple Books.4,5 These models are utilized to 


estimate the potential impact on the population surrounding the pipeline should a ignited gas release occur, and 


expressed in safety impact units. Safety impact units allow for the consistent comparison of potential safety impacts 


between different pipelines, threats, and release sizes. 


 


3.3 Frequency of Failure Models 


The safety risk assessment requires the frequency of failures that result in a Loss of Containment event. For Loss of 


Containment, separate Frequency of Failure (“FoF”) calculations are run for the potential release sizes (rupture, large 


leak, medium leak and pinhole leak). The leak sizes that are considered depend on the asset type and the threat. 


Discrete probabilities are calculated for each of these primary failure outcomes. 


3.3.1 Main Line Piping and Valves 


The J-TIMPTM Main Line Piping risk model package covers threats on body of pipe and valves on main line piping. This is 


a proprietary set of quantitative models developed by JANA. The models covered in the J-TIMPTM Main Line Piping risk 


model package for linear piping assets and main line valves are shown in Figure 1 and listed in Table 3. A summary of 


the basis for the models is provided in Section 3.3.2 followed by a mapping of how the threats were aggregated into 


higher level threat categories for reporting purposes and to align with the high-level threat categories in the FEI IMP-P 


dashboard (Section 3.3.3). 


Figure 1: J-TIMPTM Linear Piping Asset Models 


 
 


 


 


4 TNO. Methods for the determination of possible damage to people and objects resulting from releases of hazardous materials – Green Book. 


CPR16E. 1992. 
5 TNO. Guideline for quantitative risk assessment – Purple Book. CPR18E. 1999. 


J-TIMP  Linear 


Piping Assets 


Models


1.  Body of Main Line Pipe


2.  Joints


3.  Pipe Seam


4.  Repair Sleeve/Clamp


5.  Wrinkle Bends


6.  Valves


2.1  Girth Welds


2.2  Flanges


2.3  Couplings


1.1  External Corrosion  


1.2  Internal Corrosion  


1.3  Stress Corrosion Cracking


1.4  Excavation Damage  


1.5  Previous Damage 


1.6  Vandalism


1.7  Defective Pipe  


1.8  Incorrect Operation 


1.9  Lightning 


1.10  Heavy Rains/Floods  


1.11  Earth Movement 


1.12  Car/Truck/Other Equipment


1.13  Damage in Water Crossing


1.7.1  Manufacturing Defect  


1.7.2  Construction Defect  
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Table 3: J-TIMPTM Main Line Piping and Main Line Valves Risk Model Package  


# J-TIMP™ MODELS 


1 Body of pipe - External corrosion 


2 Body of pipe - Internal Corrosion 


3 Body of pipe - Stress Corrosion cracking 


4 Body of pipe - Excavation damage 


5 Body of pipe - Previous damage 


6 Body of pipe - Vandalism 


7 Body of pipe - Damage by vehicles 


8 Body of pipe - Damage in water crossings 


9 Body of pipe - Manufacturing defects  


10 Pipe seam 


11 Body of pipe - Construction defects 


12 Girth welds 


13 Wrinkle bend 


14 Body of pipe - Lightning 


15 Body of pipe - Heavy rains or floods 


16 Body of pipe - Earth movements 


17 Body of pipe - Incorrect operation 


18 Main line valve – Equipment failure 


19 Main line valve – External interferences 


20 Main line valve – Incorrect operation 


21 Flanges 


22 Repair sleeve & clamp 


23 Mechanical couplings 
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3.3.2 Model Basis 


The basis for the individual FoF models for each threat is detailed in the sub-sections that follow.  


External and Internal Corrosion 


The frequency of failure due to corrosion was assessed based on corrosion indications from the most recent metal loss 


ILI data available for a pipe segment. 


The frequency of failure for an ILI-reported corrosion anomaly was calculated as the probability that a reported 


corrosion metal loss indication size exceeds a failure pressure criterion. The frequency of exceedance for failure 


pressure was calculated using the depth sizing distribution based on the ILI tool measurement uncertainty. 


The following failure criteria were used: 


• B31G Modified (0.85dL) for individual indications 


• RSTRENG (effective area) for clustered indications 


 


Three failure modes are considered while assessing pipe failure due to external corrosion: small leak, large leak, and 


rupture. Frequency of failure due to small leak, large leak, and rupture are determined based on the limit state function 


associated with the different failure modes. The frequency of exceedance for the leak rupture boundary was calculated 


using the length sizing distribution based on the ILI tool measurement uncertainty. 


The following failure mode criteria were used: 


• Though-wall failure for pinhole leaks 


• NG-18 for pressure-based failure (leak/rupture boundary) 


 


Corrosion depth growth rate was determined for each corrosion feature based on its size and growth period. It is 


assumed that the corrosion defect was initiated at half of the pipe segment age. If the pipe age was less than 15 years, 


a fixed depth growth rate of 0.03 mm/year (~1 mil/year) was used instead. Corrosion length growth rate was assumed 


to be zero.  


Some pipeline segments had both axial and circumferential MFL tool ILI runs available. For these pipelines, the 


frequency of failure for a dynamic segment (within the ILI inspected segment) was conservatively based on the tool run 


that reported the features with the highest calculated frequency of failure for that dynamic segment. 


As the ILI data is used to direct FEI’s integrity dig program, the FoF used in the risk assessment was estimated based 


on applying FEI’s repair criteria and removing those defects that would be repaired based on those criteria (or had 


already been repaired as evidenced by available information). 


Excavation Damage 


The frequency of failure due to excavation damage is calculated as the product of the mitigation-weighted impact 


frequency and the failure probability given an impact. 
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The impact frequency is based on a fault tree developed by Chen and Nessim6 for excavator impacts. This comprises of 


three effects: failure of preventive measures, probability that excavation exceeds the depth of cover, and the excavation 


rate on the alignment7.  


The failure probability for a given impact is calculated based on two failure mechanisms8: puncture and gouged dent. A 


puncture occurs if the excavator impact exceeds the combined shear and membrane resistance of the pipe wall. A 


gouged dent occurs if the impact is not sufficient to puncture the pipe but is large enough to gouge the pipe resulting in 


failure after the load is removed. The overall probability of damage is calculated as the probability of puncture or 


gouged dent failure. 


Previous Damage 


The previous damage (due to excavation activity) frequency of failure model is based on the excavation damage rate 


from the excavation damage threat model. 


Stress Corrosion Cracking (SCC) 


The frequency of failure due to SCC for lines not inspected with crack detection tools (e.g., EMAT) is based on an 


analysis of industry historical failure data considering the driving factors for SCC. Some of the key factors include pipe 


coating, pipe age, location, cathodic protection, pressure cycling, earth movement susceptibility, and operating stress. 


Vandalism 


The frequency of failure due to vandalism is based on an analysis of industry historical failure data considering the 


factors for vandalism. The key factor for vandalism is the location of the asset. 


Manufacturing – Pipe Defects 


The frequency of failure due to manufacturing defects is based on an analysis of industry historical failure data 


considering the factors for manufacturing defect failure. Some of the key factors include pipe age, manufacturer, and 


fatigue factors (pressure cycles). 


Manufacturing – Seam Weld Defects 


The frequency of failure due to pipe seam defects was based on an analysis of industry historical failure data 


considering the factors for seam weld failure. Some of the key factors include seam weld type, pipe age, diameter, and 


fatigue factors (pressure cycles). 


Construction – Pipe Defects 


The frequency of failure due to construction defects is based on an analysis of industry historical failure data 


considering the factors for construction defect failure. Some of the key factors include pipe age, installation contractor, 


installation method, backfill, soil-rock content, and fatigue factors (pressure cycles). 


 


6 Chen, Q., and Nessim, M. A. “Reliability-Based Prevention of Mechanical Damage to Pipelines”. PRCI Project PR-244-9729, 1999. 
7 Fuglem, M., Chen, Q., and Stephens, M. “Pipeline Design for Mechanical Damage”. Pipeline Research Committee International. C-FER Report 


99024, 2001. 
8 CSA Z662-19, Oil and gas pipeline systems: Annex O (informative). Reliability-based design and assessment (RBDA) of onshore non-sour service 


natural gas transmission pipelines. 
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Construction – Girth Weld Defects 


The frequency of failure of girth welds is based on an analysis of industry historical failure data considering the factors 


for girth weld failure. Some of the key factors include girth weld type, pipe age, and earth movement susceptibility. 


Incorrect Operations 


The frequency of failure due to incorrect operations is based on an analysis of industry historical failure data. 


Lightning 


The frequency of failure due to lightning is based on an analysis of industry historical failure data including factors such 


as location and lightning strike density. 


Heavy Rains or Floods 


The frequency of failure due to flooding is based on an analysis of industry historical failure data including factors such 


as location, flood potential, depth of cover, and stabilization (anchors, weights, etc.). 


Earth Movement 


The frequency of failure due to earth movement is based on FEI’s site-specific geotechnical and hydrotechnical 


assessments. 


Other Outside Force – Damage by Vehicles (Land) 


The frequency of failure due to damage by vehicles (land) is based on the industry historical failure data including 


factors such as location, depth of cover, and protection barriers. 


Other Outside Force – Damage by Vehicles (Watercourse) 


The frequency of failure due to damage by vehicles (watercourse) is based on the industry historical failure data 


including factors such as location, depth of cover, and protection barriers. 


Flanges 


The frequency of failure for flanges is based on an analysis of industry historical data considering the factors for flange 


failure. Some of the key factors include installation date, and flange seal type. 


Repair Sleeves and Clamps 


The frequency of failure for repair sleeves and clamps is based on an analysis of industry historical failure data 


considering the factors for repair sleeve failure. 


Bends/Wrinkle Bends 


The frequency of failure for bends was based on an analysis of industry historical failure data considering the factors 


for bend failure. 


Main Line Valves  


The frequency of failure for valves was based on an analysis of industry historical data considering the factors for valve 


product release failure. Some of the key factors include the valve type, valve size, installation date, and location. 
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3.3.3 Threat Categories 


For the purposes of simplifying the presentation of the data some of the outputs of the J-TIMP™ threat models in 


Figure 1 and Table 3 were combined into higher level categories per Table 4 below. The higher-level threat categories 


correspond to the hazard categories in FEI’s IMP dashboard. 


Table 4: J-TIMPTM Main Line Piping Threat by Threat Group Mapping 


THREAT THREAT GROUP 


External Corrosion ILI External Corrosion 


Internal Corrosion ILI Internal Corrosion 


SCC SCC 


Girth Welds Girth Welds 


Valve Incorrect Operation Human Factors 


Incorrect Operations Human Factors 


Mechanical Couplings Material Defects and Equipment 


Manufacturing Material Defects and Equipment 


Construction Material Defects and Equipment 


Repair Sleeve & Clamp Material Defects and Equipment 


Flanges Material Defects and Equipment 


Wrinkle Bends Material Defects and Equipment 


Valve Equipment failure Material Defects and Equipment 


Pipe Seam Pipe Seam 


Lightning Natural Hazards 


Heavy Rain Natural Hazards 


Earth Movement Natural Hazards 


Vehicle Damage Third Party Damage 


Damage in Watercourse Third Party Damage 


Valve External Interference Third Party Damage 


Previous Damage Third Party Damage 


Vandalism Third Party Damage 


Excavation Third Party Damage 
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4.0 LIMITATIONS AND ASSUMPTIONS 


This baseline system-level QRA provides a granular assessment of safety risk to aid decision making. The analysis used 


fully quantitative risk measures. 


The analysis used currently available integrity data and where data was missing, default values based on best 


estimations available were used to provide reasonably conservative estimation of failure frequencies. The data 


assumptions are detailed in the MS Excel viewer provided with the Risk Results Database.  


The assessment was to conducted to evaluate the frequency of failure and associated level of safety risk for each of 


the threats, to allow comparison and ranking (prioritization) of these frequency of failure (rupture) and risk, and to 


evaluate the potential impact of risk mitigation such as the use of EMAT. The model outputs should be used with 


caution outside their intended purpose. 


5.0 HAZARD IDENTIFICATION RESULTS 


Visual elements in a report are referred to as either Tables or Figures. Tables are made up of rows and columns and the 


cells may contain numbers, words or images. Figures refer to any visual elements that are not Tables, such as graphs, 


charts, diagrams, photos, etc.  


To identify hazards to main line piping and main line valves, historical failures of FEI and North American gas 


transmission pipelines were assessed along with FEI’s identified threats (though the IMP-P program9) threats and CSA 


Z662 Annex H failure causes. A list of the models included in JANA’s J-TIMPTM package to address all of these hazards 


is presented are presented in Section 3.3.1 and Table 3. Review with FEI’s Subject Matter Experts (SMEs)10 was 


conducted to ensure all relevant threats were addressed in the analysis.  


6.0 FREQUENCY ANALYSIS RESULTS, INCLUDING ASSUMPTIONS 


The overall frequency of failure and frequency of failure by threat summaries are provided in Appendix A2 for each of 


the pipelines analyzed. A detailed, breakdown of the frequency of failure results are provided in the Risk Results 


Database. 


7.0 CONSEQUENCE ANALYSIS RESULTS, INCLUDING ASSUMPTIONS 


The consequence results have been incorporated into the risk profiles by pipeline, provided in Appendix A. A detailed 


view of the consequence results are provided in the Risk Results Database. 


8.0 RISK ESTIMATION RESULTS 


The risk results are available in the Risk Results Database for each of the pipelines analyzed. The MS Excel viewer 


provides the ability to review those results for each line. Appendix A includes a summary of the results for each of the 


pipelines included in the assessment. 


 


9 FEI manages the integrity of its transmission pipeline system under its Integrity Management Program – Pipeline (IMP-P) 
10 FEI Subject Matter Experts (SMEs) were: Chris Billinton (Specialist Engineer, Pipeline Integrity), Sunjin Park (Senior Integrity Engineer) and Bryan 


Balmer (Manager, System Integrity Programs) 
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9.0 SENSITIVITY AND UNCERTAINTY ANALYSIS 


Several assessments were conducted to assess the reliability of the system level safety QRA and determine the impact 


of uncertainties on the overall decision-making process. These involved: 


• Comparison of model outputs versus historical failure rate data from FEI, PHMSA, NEB, BC Oil and Gas 


Commission and one major Canadian transmission pipeline operator 


• Review of the model outputs with FEI’s SMEs11 in a three-day workshop in July 2019 


• Based on identified data uncertainties, an uncertainty analysis was run to identify their impact on the results of 


the JANA  


• A sensitivity analysis of the assigned and default data and model parameters utilized in the consequence 


model was run  


• Under a separate project (JANA Project 18-1650: TIMP Data Management) a detailed assessment of FEI 


integrity data was conducted and used to inform the sensitivity analysis 


 


Based on these assessments it was determined that: 


• The uncertainties in model outputs and data inputs are not expected to impact the overall conclusions in terms 


of the relative importance of cracking threats and the system level risk rankings for prioritization.  


• Additional data collection and model refinement are required before the risk model outputs can be used for 


more detailed assessments and integrity management activities. 


 


The results of the sensitivity and uncertainty analysis are included in the database with the detailed project results. 


 


10.0 DISCUSSION OF RESULTS 


The detailed results are presented in Appendix A as risk versus distance profiles for each pipeline analyzed. These risk 


results are also available in the Risk Results Database provided to FEI. 


Figure 2 provides a high-level summary of the total risk for each of the three pipeline systems on an overall and per 


kilometer basis. The CTS has the highest risk, driven by its proximity to populated areas, followed by the ITS system. The 


VITS system has the lowest risk as it is a newer system in largely unpopulated areas. 


 


 


 


 


 


11 FEI Subject Matter Experts (SMEs) were: Chris Billinton (Specialist Engineer, Pipeline Integrity), Sunjin Park (Senior Integrity Engineer) and Bryan 


Balmer (Manager, System Integrity Programs) 
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Figure 2: Safety Risk Comparison between CTS, ITS, and VITS. Showing: (a) total safety risk and (b) average safety risk 


per km of pipeline. 


 


Based on multiple factors, including the CTS showing the highest overall estimated system risk, FEI is initially 


developing a Certificate of Public Convenience and Necessity (CPCN) to address risk in the CTS (TIMC 1), followed by 


the ITS system. To support the planning process, a more detailed assessment of risk in the CTS is presented below.  


Figure 3 provides a high-level summary of how the different threats contribute to overall risk for the CTS. At the system 


level cracking threats (SCC and pipe seam) are the top driver of risk for the CTS. The analysis is summarized at the line 


level as ILI tools are typically run on the entire line for large sections of the line. More detailed results are provided in 


the Appendix A.  


Figure 3: Threat Contribution to Safety Risk for CTS Pipelines  
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Table 5 provides a breakdown of the pipeline and threat safety risk rank for the CTS pipelines. The table lists the lines 


in order of risk rank (highest to lowest total line risk). For each line the top four threats driving risk are ranked and, 


based on the analysis presented in JANA Report – Analysis of Cracking Threats in FEI Mainline Transmission 


Pipelines12, there is a column indicating whether or not the line has been identified as susceptible to cracking threats. 


For 9 of the 11 lines identified as susceptible to cracking threats, cracking threats (SCC and/or pipe seam) are the top 


driver of risk. For the other two lines cracking threats are the second top and the fourth top threat.  For each of these 


lines there are specific sections where cracking threats are the top driver of risk.  


Table 5: Safety Risk per Pipeline per Threat for CTS Pipelines 


RANK LINE NAME 
CRACKING 


SUCEPTIBILITY* 
THREAT RISK RANK  SAFETY RISK PER YEAR  


1 HUN NIC 762 Yes 


SCC  


Natural Hazards  


Third Party Damage  


Pipe Seam  


2 NIC FRA 610 Yes 


SCC  


Natural Hazards  


Third Party Damage  


Pipe Seam  


3 HUN NIC 1066 Yes 


SCC  


Natural Hazards  


Third Party Damage  


Girth Welds  


4 CPH BUR 508 Yes 


SCC  


Third Party Damage  


Natural Hazards  


External Corrosion  


5 LIV PAT 457 Yes 


SCC  


Third Party Damage  


Natural Hazards  


Girth Welds  


6 ROE TIL 914 Yes 


SCC  


Natural Hazards  


Third Party Damage  


Girth Welds  


7 NIC PMA 610 Yes 


SCC  


Natural Hazards  


Third Party Damage  


Girth Welds  


8 LIV COQ 323 Yes 


Third Party Damage  


SCC  


Natural Hazards  


Girth Welds  


9 TIL FRA 508 Yes 


SCC  


Third Party Damage  


Natural Hazards  


Girth Welds  


 


12 JANA Project 18-1651 Analysis of Cracking Threats in FEI Mainline Transmission Pipelines.  
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RANK LINE NAME 
CRACKING 


SUCEPTIBILITY* 
THREAT RISK RANK  SAFETY RISK PER YEAR  


10 NOO EMT 610 Low 


Natural Hazards  


Third Party Damage  


Girth Welds  


Material Defects and 


Equipment 
 


11 TIL LNG 323 Yes 


Third Party Damage  


Natural Hazards  


Girth Welds  


SCC  


12 TIL BEN 323 Yes 


SCC  


Third Party Damage  


Natural Hazards  


Girth Welds  


13 PMA CPH 914 Low 


Third Party Damage  


Natural Hazards  


Girth Welds  


Material Defects and 


Equipment 
 


* “Yes” for susceptibility indicates that cracking has been found on pipelines with similar attributes in the industry. 


“Low” for susceptibility indicates that there are relatively limited, or no cases of cracking found on pipelines with similar attributes in the industry. 


 


11.0 CONCLUSIONS 


A baseline, system level safety QRA was conducted on the FEI ITS, CTS and VITS mainline piping in order to: 


• Inform the urgency and priority of addressing cracking threats within the FEI transmission pressure mainline 


pipelines. 


• Assess the significance of the cracking threats in terms of their contribution to overall risk. 


• Allow for prioritization of pipelines based on risk and frequency of failure for possible mitigation of cracking 


threats. Continue the efforts of FEI in moving to a quantitative risk-based approach to pipeline integrity 


management 


 


The project was run in conjunction with JANA Project 18-1650: TIMP Data Management Program. 


At the system level, the CTS was estimated to have the highest risk followed by the ITS and then the VITS. For the CTS 


overall, cracking threats (SCC and pipe seam) were the top driver of risk. At the line level, of the 11 CTS pipelines 


identified as susceptible to cracking threats, cracking threats (SCC and pipe seam) are the top driver of risk for nine of 


the lines. For the other two lines, cracking threats are the second and the fourth top line level threat (for each of these 


lines there are specific sections where cracking threats are the top risk driver).  
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JANA Project 18-1651 20 Quantitative Safety Risk Assessment 


APPENDIX A: RISK SUMMARY BY PIPELINE 


A1 Pipeline List 


A summary of the 35 pipeline sections included in the assessment are provided in Table 6. 


Table 6: Summary of Pipelines 


SYSTEM GIS SHORT NAME SI FULL NAME LENGTH (KM) 


CTS 


HUN NIC 1066 Huntingdon - Nichol 42" 54.1 


HUN NIC 762 Huntingdon - Nichol 30" 56.4 


LIV COQ 323 Livingston - Coquitlam 12" 34.9 


LIV PAT 457 Livingston - Pattullo 18" 29.8 


NIC PMA 610 Nichol - Port Mann 24" 4.9 


CPH BUR 508 Cape Horn - Burrard 20" 16.9 


ROE TIL 914 Roebuck - Tilbury 36" 12.8 


TIL BEN 323 Tilbury - Benson 12" 5.9 


TIL FRA 508 Tilbury - Fraser 20" 9.7 


NIC FRA 610 Nichol - Fraser 24" 24.3 


TIL LNG 323 Tilbury - LNG Plant 12" 1.7 


NOO EMT 610 Noons Ck - Eagle Mtn 24" 1.8 


PMA CPH 914 Port Mann - Cape Horn 36" 1.3 


ITS 


SAV VER 323 Savona - Vernon 12" 142.6 


VER PEN 323 Vernon - Penticton 12" 99.0 


PEN OLI 273 Penticton - Oliver Y 10" 30.4 


OLI GRF 273 Oliver Y - Grand Forks 10" 94.1 


GRF TRA 273 Grand Forks-Trail 10" 59.7 


TRA CAS 219 Trail - Castlegar 8" 23.6 


KIN PRI 323 Kingsvale - Princeton 12" 67.2 


PRI OLI 323 Princeton - Oliver 12" 95.2 


YAH TRA 323 Yahk - Trail (EKL) 12" 163.4 


OLI PEN 406 Oliver - Penticton 16" 31.9 


DUK SAV 508 Duke Tap - Savona C/S 20" 3.6 


YAH OLI 610 
Yahk - Rossland 24", 


Rossland - Oliver 24" 
298.8 


VITS 


LRN LOP 273 Little River North 10" 23.7 


PRN LOP 273 Powell River North 10" 10.9 


TEX MAN 273 Texada S - Texada N 10" 49.9 


VAN MAN 323 V1-Watershed 12" 31.3 


VAN MAN 273 Watershed-Secret Cove 10" 130.5 


SCN LOP 273 Secret Cove North 10" 12.1 


ISL MAN 273 
Little R - Mid Island 10", 


Mid Island - Victoria 10" 
216.1 


SCS LOP 273 Secret Cove South 10" 12.1 


PRS LOP 273 Powell River South 10" 10.9 


LRS LOP 273 Little River South 10" 23.7 


 







  


 


JANA Project 18-1651 21 Quantitative Safety Risk Assessment 


A2 Safety Risk Summary 


The safety risk by pipeline for the year 2021 are summarized in Table 7. An overall breakdown of safety risk by threat is 


provided in Table 8. 


 


Table 7: Summary of Safety Risk per Pipeline (sorted by total Safety Risk Units (SRU)) 


RANK PIPELINE 
TOTAL SAFETY RISK (SRU PER 


YEAR) 


AVERAGE SAFETY RISK (SRU PER KM 


PER YEAR) 


1 HUN NIC 762   


2 NIC FRA 610   


3 HUN NIC 1066   


4 CPH BUR 508   


5 LIV PAT 457   


6 ROE TIL 914   


7 SAV VER 323   


8 NIC PMA 610   


9 VER PEN 323   


10 LIV COQ 323   


11 ISL MAN 273   


12 YAH TRA 323   


13 YAH OLI 610   


14 OLI GRF 273   


15 TIL FRA 508   


16 PRI OLI 323   


17 NOO EMT 610   


18 GRF TRA 273   


19 PEN OLI 273   


20 TRA CAS 219   


21 TIL LNG 323   


22 VAN MAN 273   


23 DUK SAV 508   


24 TIL BEN 323   


25 PMA CPH 914   


26 VAN MAN 323   


27 OLI PEN 406   


28 KIN PRI 323   


29 PRN LOP 273   


30 PRS LOP 273   
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RANK PIPELINE 
TOTAL SAFETY RISK (SRU PER 


YEAR) 


AVERAGE SAFETY RISK (SRU PER KM 


PER YEAR) 


31 LRS LOP 273   


32 SCN LOP 273   


33 SCS LOP 273   


34 LRN LOP 273   


35 TEX MAN 273   


 


Table 8: Safety Risk per Threat 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  92.0 


2 Third Party Damage  5.0 


3 Natural Hazards  3.2 


4 Pipe Seam  0.1 


5 Girth Welds  0.1 


6 Material Defects and Equipment  0.1 


7 External Corrosion  0.0 


8 Internal Corrosion  0.0 


9 Human Factors  0.0 
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A3 Frequency of Rupture Failure Summary 


The estimated rupture rate by pipeline for the year 2021 are summarized in Table 9. 


Table 9: Rupture Rate by Pipeline for the Year 2021 (sorted by Rupture Rate per km) 


RANK PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


1 NIC FRA 610   


2 HUN NIC 762   


3 CPH BUR 508   


4 SAV VER 323   


5 GRF TRA 273   


6 VER PEN 323   


7 OLI GRF 273   


8 PEN OLI 273   


9 PRI OLI 323   


10 LIV PAT 457   


11 TRA CAS 219   


12 TIL FRA 508   


13 NIC PMA 610   


14 YAH TRA 323   


15 HUN NIC 1066   


16 ROE TIL 914   


17 LIV COQ 323   


18 KIN PRI 323   


19 ISL MAN 273   


20 TIL BEN 323   


21 VAN MAN 273   


22 DUK SAV 508   


23 TIL LNG 323   


24 NOO EMT 610   


25 TEX MAN 273   


26 YAH OLI 610   


27 OLI PEN 406   


28 VAN MAN 323   


29 LRN LOP 273   


30 LRS LOP 273   


31 SCN LOP 273   


32 PRN LOP 273   


33 PRS LOP 273   


34 SCS LOP 273   


35 PMA CPH 914   
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A4 Pipeline Attribute and Risk Summary 


This section provides a high-level attribute summary and an overview of the Quantitative Safety Risk Assessment 


results for each pipeline. A detailed view of the inputs and results are available in the Risk Results Database. 


Each pipeline summary in this section includes threat breakdowns for safety risk and rupture rate. Additionally, a safety 


risk strip chart is presented for each pipeline. This chart is a plot of safety risk per unit length (i.e., SRU per km per year) 


versus distance along the pipeline. The plot includes two series showing the baseline risk (with no additional risk 


mitigation) and a “mitigated cracking threats” risk scenario. 


Risk is reported in “Safety Risk Units” (SRU) and is defined as the product of frequency of failure and consequence of 


failure. Frequency of failure was calculated using JANA’s pipeline threat models (see Section 3.3 of this report for 


details). Consequence of failure were assessed based on the consequence area definitions from CSA Z662 Section 


4.3.2 (Canadian Code)13 and 49 CFR 192.903 (US Code)14 (see Section 3.2 of this report for details). 


A4.1 HUN NIC 1066 (42003 42016) 


Table 10: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


HUN NIC 1066 


Facility ID (FID) 42003 42016 SI Short Name 42 HUN-NIC 


Facility Name Huntingdon Balfour 1066, Balfour 


Roebuck 1066 


SI Full Name Huntingdon – Nichol 42” 


 


Table 11: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 42 


Installation Year 1977, 1992 


Stationed Length 54.1 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 54.1 km 0.0 km 


 


Table 12: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating Coal Tar Enamel, FBE 


 


 


 


 


 


 


 


13 CSA Z662-19, Oil and gas pipeline systems. 
14 49 CFR 192, Subpart O – Gas Transmission Pipeline Integrity Management. 
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Table 13: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.1 


40 ≤ %SMYS < 50 54.0 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 


 


Table 14: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 15: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  59.1 


2 Natural Hazards  27.1 


3 Third Party Damage  12.9 


4 Girth Welds  0.7 


5 Material Defects and Equipment  0.2 


6 Pipe Seam  0.0 


7 Internal Corrosion  0.0 


8 Human Factors  0.0 


9 External Corrosion  0.0 


 


Table 16: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


HUN NIC 1066   


 


Table 17: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   73.2 


Natural Hazards   18.0 


Third Party Damage   8.3 


Girth Weld   0.4 


Material Defects and Equipment   0.1 
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THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Pipe Seam   0.0 


Internal Corrosion   0.0 


External Corrosion   0.0 


Human Factors   0.0 


 


Figure 4: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.2 HUN NIC 762 (42004) 


Table 18: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


HUN NIC 762 


Facility ID (FID) 42004  SI Short Name 30 HUN-NIC 


Facility Name Huntingdon Nichol 762 SI Full Name Huntingdon - Nichol 30" 


 


Table 19: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 30 


Installation Year 1960, 1964 


Stationed Length 56.4 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 56.4 km 0.0 km 


 


Table 20: Predominant Pipe Segment Attributes 


Longitudinal Seam DSAW 


Coating Coal Tar Enamel 
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Table 21: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.3 


30 ≤ %SMYS < 40 0.2 


40 ≤ %SMYS < 50 55.9 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 


 


Table 22: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 
Table 23: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  97.9 


2 Natural Hazards  1.2 


3 Third Party Damage  0.7 


4 Pipe Seam  0.1 


5 Material Defects and Equipment  0.1 


6 Girth Welds  0.0 


7 External Corrosion  0.0 


8 Internal Corrosion  0.0 


9 Human Factors  0.0 


 


Table 24: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


HUN NIC 762   


 


Table 25: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   97.9 


Natural Hazards   1.3 


Third Party Damage   0.7 


Pipe Seam   0.1 


Material Defects and Equipment   0.1 
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THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Girth Weld   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 


External Corrosion   0.0 


 


Figure 5: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.3 LIV COQ 323 (42005) 


Table 26: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


LIV COQ 323 


Facility ID (FID) 42005  SI Short Name 12 LIV-COQ 


Facility Name Livingston Coquitlam 323 SI Full Name Livingston - Coquitlam 12" 


 


Table 27: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1957, 1958 


Stationed Length 34.9 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 34.9 km 0.0 km 


 


Table 28: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Coal Tar Enamel 
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Table 29: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 1.4 


30 ≤ %SMYS < 40 33.4 


40 ≤ %SMYS < 50 0.0 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 


 


Table 30: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 31: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  47.5 


2 SCC  44.7 


3 Natural Hazards  7.3 


4 Girth Welds  0.3 


5 External Corrosion  0.1 


6 Pipe Seam  0.1 


7 Material Defects and Equipment  0.0 


8 Human Factors  0.0 


9 Internal Corrosion  0.0 


 


Table 32: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


LIV COQ 323   


 


Table 33: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   48.0 


SCC   43.3 


Natural Hazards   8.2 


Girth Weld   0.4 


Pipe Seam   0.1 


External Corrosion   0.1 


Material Defects and Equipment   0.0 


Internal Corrosion   0.0 
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THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Human Factors   0.0 


 


Figure 6: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.4 LIV PAT 457 (42006) 


Table 34: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


LIV PAT 457 


Facility ID (FID) 42006  SI Short Name 18 LIV-PAT 


Facility Name Livingston Pattullo 457 SI Full Name Livingston - Pattullo 18" 


 


Table 35: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 18 


Installation Year 1956 


Stationed Length 29.8 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 29.8 km 0.0 km 


 


Table 36: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating Coal Tar Enamel 


 


Table 37: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.6 


30 ≤ %SMYS < 40 0.3 


40 ≤ %SMYS < 50 28.8 


50 ≤ %SMYS < 60 0.1 
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OPERATING STRESS RANGE LENGTH (KM) 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 


 


Table 38: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 39: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  52.0 


2 Third Party Damage  42.1 


3 Natural Hazards  5.7 


4 Girth Welds  0.1 


5 Pipe Seam  0.0 


6 Material Defects and Equipment  0.0 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 40: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


LIV PAT 457   


 


Table 41: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   55.3 


SCC   39.3 


Natural Hazards   5.2 


Girth Weld   0.1 


Pipe Seam   0.0 


Material Defects and Equipment   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 7: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.5 NIC PMA 610 (42007) 


Table 42: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


NIC PMA 610 


Facility ID (FID) 42007 SI Short Name 24 NIC-PMA 


Facility Name Nichol Port Mann 610 SI Full Name Nichol - Port Mann 24" 


 


Table 43: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 24 


Installation Year 1959 


Stationed Length 4.9 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 4.9 km 0.0 km 


 


Table 44: Predominant Pipe Segment Attributes 


Longitudinal Seam SAW 


Coating Coal Tar Enamel 


 


Table 45: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 4.9 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 46: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 47: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  81.9 


2 Natural Hazards  10.8 


3 Third Party Damage  6.9 


4 Girth Welds  0.2 


5 Pipe Seam  0.1 


6 Material Defects and Equipment  0.1 


7 External Corrosion  0.0 


8 Human Factors  0.0 


9 Internal Corrosion  0.0 


 


Table 48: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


NIC PMA 610   


 


Table 49: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   83.0 


Natural Hazards   10.1 


Third Party Damage   6.5 


Girth Weld   0.2 


Pipe Seam   0.1 


Material Defects and Equipment   0.1 


Internal Corrosion   0.0 


Human Factors   0.0 


External Corrosion   0.0 
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Figure 8: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.6 CPH BUR 508 (42008) 


Table 50: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


CPH BUR 508 


Facility ID (FID) 42008 SI Short Name 20 CH-BT 


Facility Name Cape Horn Burrard Thermal 508 SI Full Name Cape Horn - Burrard 20" 


 


Table 51: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 20 


Installation Year 1960, 1964 


Stationed Length 16.9 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 16.9 km 0.0 km 


 


Table 52: Predominant Pipe Segment Attributes 


Longitudinal Seam DSAW, SAW 


Coating Coal Tar Enamel 


 


Table 53: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.4 


30 ≤ %SMYS < 40 0.9 


40 ≤ %SMYS < 50 15.6 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 54: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 55: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  89.0 


2 Third Party Damage  7.6 


3 Natural Hazards  2.0 


4 External Corrosion  0.8 


5 Internal Corrosion  0.3 


6 Pipe Seam  0.1 


7 Material Defects and Equipment  0.1 


8 Girth Welds  0.0 


9 Human Factors  0.0 


 


Table 56: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


CPH BUR 508   


 


Table 57: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   84.3 


Third Party Damage   11.7 


Natural Hazards   2.3 


External Corrosion   1.0 


Internal Corrosion   0.5 


Pipe Seam   0.1 


Material Defects and Equipment   0.1 


Girth Weld   0.1 


Human Factors   0.0 
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Figure 9: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.7 ROE TIL 914 (42010) 


Table 58: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


ROE TIL 914 


Facility ID (FID) 42010 SI Short Name 36 ROE-TIL 


Facility Name Roebuck Tilbury 914 SI Full Name Roebuck - Tilbury 36" 


 


Table 59: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 36 


Installation Year 1981 


Stationed Length 12.8 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km 0.0 km 12.8 km 0.0 km 


 


Table 60: Predominant Pipe Segment Attributes 


Longitudinal Seam DSAW 


Coating Coal Tar Enamel 


 


Table 61: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 1.8 


30 ≤ %SMYS < 40 0.5 


40 ≤ %SMYS < 50 10.5 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 62: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 63: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  80.3 


2 Natural Hazards  14.1 


3 Third Party Damage  5.1 


4 Girth Welds  0.4 


5 Material Defects and Equipment  0.1 


6 Pipe Seam  0.0 


7 External Corrosion  0.0 


8 Internal Corrosion  0.0 


9 Human Factors  0.0 


 


Table 64: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


ROE TIL 914   


 


Table 65: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   79.4 


Natural Hazards   14.9 


Third Party Damage   5.2 


Girth Weld   0.4 


Material Defects and Equipment   0.1 


Pipe Seam   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 


External Corrosion   0.0 
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Figure 10: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.8 TIL BEN 323 (42011) 


Table 66: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


TIL BEN 323 


Facility ID (FID) 42011 SI Short Name 12 TIL-BEN 


Facility Name Tilbury Benson 323 SI Full Name Tilbury - Benson 12" 


 


Table 67: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1959 


Stationed Length 5.9 km 


Class Location Class 1 Class 2 Class 3 Class 4 


4.1 km 1.8 km 0.0 km 0.0 km 


 


Table 68: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Coal Tar Enamel 


 


Table 69: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 1.0 


30 ≤ %SMYS < 40 4.5 


40 ≤ %SMYS < 50 0.4 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 70: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 71: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  57.8 


2 Third Party Damage  22.4 


3 Natural Hazards  19.1 


4 Girth Welds  0.6 


5 Pipe Seam  0.1 


6 Material Defects and Equipment  0.1 


7 External Corrosion  0.0 


8 Human Factors  0.0 


9 Internal Corrosion  0.0 


 


Table 72: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


TIL BEN 323   


 


Table 73: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   46.6 


Third Party Damage   29.9 


Natural Hazards   22.6 


Girth Weld   0.8 


Pipe Seam   0.2 


Material Defects and Equipment   0.0 


Internal Corrosion   0.0 


External Corrosion   0.0 


Human Factors   0.0 
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Figure 11: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.9 TIL FRA 508 (42012) 


Table 74: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


TIL FRA 508 


Facility ID (FID) 42012 SI Short Name 20 TIL-FRA 


Facility Name Tilbury Fraser 508 SI Full Name Tilbury - Fraser 20" 


 


Table 75: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 20 


Installation Year 1959 


Stationed Length 9.7 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km 0.0 km 9.7 km 0.0 km 


 


Table 76: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Coal Tar Enamel 


 


Table 77: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 2.2 


30 ≤ %SMYS < 40 0.3 


40 ≤ %SMYS < 50 7.1 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 78: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 79: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  74.9 


2 Third Party Damage  19.1 


3 Natural Hazards  5.6 


4 Girth Welds  0.2 


5 Pipe Seam  0.1 


6 Material Defects and Equipment  0.1 


7 External Corrosion  0.0 


8 Human Factors  0.0 


9 Internal Corrosion  0.0 


 


Table 80: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


TIL FRA 508   


 


Table 81: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   67.7 


Third Party Damage   25.9 


Natural Hazards   6.0 


Girth Weld   0.2 


Pipe Seam   0.1 


Material Defects and Equipment   0.1 


Human Factors   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 
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Figure 12: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


A4.10 NIC FRA 610 (42013) 


Table 82: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


NIC FRA 610 


Facility ID (FID) 42013 SI Short Name 24 NIC-FRA 


Facility Name Nichol Fraser 610 SI Full Name Nichol - Fraser 24" 


 


Table 83: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 24 


Installation Year 1958, 1959, 1974 


Stationed Length 24.3 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km 0.0 km 24.3 km 0.0 km 


 


Table 84: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating Coal Tar Enamel 


 


Table 85: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 4.1 


30 ≤ %SMYS < 40 1.2 


40 ≤ %SMYS < 50 19.1 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 86: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 87: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 SCC  98.9 


2 Natural Hazards  0.6 


3 Third Party Damage  0.4 


4 Pipe Seam  0.1 


5 Material Defects and Equipment  0.1 


6 Girth Welds  0.0 


7 External Corrosion  0.0 


8 Human Factors  0.0 


9 Internal Corrosion  0.0 


 


Table 88: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


NIC FRA 610   


 


Table 89: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   98.2 


Natural Hazards   0.9 


Third Party Damage   0.7 


Material Defects and Equipment   0.1 


Pipe Seam   0.1 


Girth Weld   0.0 


Human Factors   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 
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Figure 13: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.11 TIL LNG 323 (42014) 


Table 90: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


TIL LNG 323 


Facility ID (FID) 42014 SI Short Name 12 TIL-LNG 


Facility Name Tilbury LNG Plant 323 SI Full Name Tilbury - LNG Plant 12" 


 


Table 91: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1970 


Stationed Length 1.7 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 1.7 km 0.0 km 


 


Table 92: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Extruded PE (Yellow Jacket), Shrink Sleeve on girth welds 


 


Table 93: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 1.7 


40 ≤ %SMYS < 50 0.0 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 94: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 95: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  68.6 


2 Natural Hazards  29.4 


3 Girth Welds  1.1 


4 SCC  0.9 


5 Human Factors  0.0 


6 Material Defects and Equipment  0.0 


7 Pipe Seam  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 96: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


TIL LNG 323   


 


Table 97: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   64.6 


Natural Hazards   32.5 


SCC   1.6 


Girth Weld   1.3 


Material Defects and Equipment   0.0 


Pipe Seam   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 


External Corrosion   0.0 
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Figure 14: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.12 NOO EMT 610 (42020) 


Table 98: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


NOO EMT 610 


Facility ID (FID) 42020 SI Short Name 24 NC-EM 


Facility Name Noons Creek Eagle Mountain 610 SI Full Name Noons Ck - Eagle Mtn 24" 


 


Table 99: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 24 


Installation Year 1991 


Stationed Length 1.8 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 1.8 km 0.0 km 


 


Table 100: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating FBE 


 


Table 101: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 1.8 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 102: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 103: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Natural Hazards  62.9 


2 Third Party Damage  33.8 


3 Girth Welds  1.6 


4 Material Defects and Equipment  1.0 


5 SCC  0.6 


6 Pipe Seam  0.2 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 104: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


NOO EMT 610   


 


Table 105: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Natural Hazards   63.3 


Third Party Damage   33.3 


Girth Weld   1.6 


Material Defects and Equipment   1.0 


SCC   0.6 


Pipe Seam   0.2 


Internal Corrosion   0.0 


External Corrosion   0.0 


Human Factors   0.0 
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Figure 15: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.13 PMA CPH 914 (42037) 


Table 106: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


PMA CPH 914 


Facility ID (FID) 42037 SI Short Name 36 PMA-CH 


Facility Name Port Mann Cape Horn 914 SI Full Name Port Mann - Cape Horn 36" 


 


Table 107: Pipeline Attribute Summary 


System Coastal Transmission System (CTS) 


System Segment Coastal Transmission System (CTS) 


Pipeline Nominal Diameter NPS 36 


Installation Year 2000 


Stationed Length 1.3 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  0.0 km 1.3 km 0.0 km 


 


Table 108: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating FBE 


 


Table 109: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 1.2 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 0.0 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 







  


 


JANA Project 18-1651 49 Quantitative Safety Risk Assessment 


Table 110: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


Huntingdon - Terminus 4020 


 


Table 111: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  52.4 


2 Natural Hazards  46.4 


3 Girth Welds  1.1 


4 Material Defects and Equipment  0.1 


5 Pipe Seam  0.0 


6 SCC  0.0 


7 External Corrosion  0.0 


8 Human Factors  0.0 


9 Internal Corrosion  0.0 


 


Table 112: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


PMA CPH 914   


 


Table 113: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   52.4 


Natural Hazards   46.4 


Girth Weld   1.1 


Material Defects and Equipment   0.1 


Pipe Seam   0.0 


SCC   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 16: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


A4.14 SAV VER 323 (12056) 


Table 114: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


SAV VER 323 


Facility ID (FID) 12056 SI Short Name 12 SAV-VER 


Facility Name Savona Penticton 323 SI Full Name Savona - Vernon 12" 


 


Table 115: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Savona – Nelson (SN) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1957 


Stationed Length 142.6 km 


Class Location Class 1 Class 2 Class 3 Class 4 


115.3 km 8.6 km 18.7 km 0.0 km 


 


Table 116: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating Asphalt, Tape - Polymer 


 


Table 117: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.3 


30 ≤ %SMYS < 40 3.4 


40 ≤ %SMYS < 50 4.8 


50 ≤ %SMYS < 60 105.2 


60 ≤ %SMYS < 70 0.3 


70 ≤ %SMYS < 80 28.5 


%SMYS ≥ 80 0.0 
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Table 118: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


Savona Control Station - SN-3 (Kamloops) 6619 32.1 


SN-3 (Kamloops) - SN8-1 (Vernon) 5171 110.5 


 


Table 119: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  83.9 


2 SCC  15.1 


3 Natural Hazards  0.8 


4 Pipe Seam  0.1 


5 Material Defects and Equipment  0.0 


6 Girth Welds  0.0 


7 External Corrosion  0.0 


8 Human Factors  0.0 


9 Internal Corrosion  0.0 


 


Table 120: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


SAV VER 323   


 


Table 121: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   49.1 


Third Party Damage   47.9 


Natural Hazards   2.5 


Pipe Seam   0.2 


External Corrosion   0.2 


Material Defects and Equipment   0.1 


Girth Weld   0.1 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 17: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.15 VER PEN 323 (12056) 


Table 122: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


VER PEN 323 


Facility ID (FID) 12056 SI Short Name 12 PEN-VER 


Facility Name Savona Penticton 323 SI Full Name Vernon - Penticton 12" 


 


Table 123: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Savona – Nelson (SN) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1957 


Stationed Length 99.0 km 


Class Location Class 1 Class 2 Class 3 Class 4 


60.4 km 13.8 km 24.8 km 0.0 km 


 


Table 124: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Asphalt, Tape - Polymer 


 


Table 125: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 1.9 


30 ≤ %SMYS < 40 4.1 


40 ≤ %SMYS < 50 10.0 


50 ≤ %SMYS < 60 83.1 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 126: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


SN-3 (Kamloops) - SN8-1 (Vernon) 5171 32.0 


SN8-1 (Vernon) - SN9-1 (Kelowna) 4653 28.5 


SN9-1 (Kelowna) - SN 11 A (Ellis Creek) 5171 38.5 


 


Table 127: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  85.8 


2 SCC  12.6 


3 Natural Hazards  1.5 


4 Pipe Seam  0.0 


5 Girth Welds  0.0 


6 Material Defects and Equipment  0.0 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 128: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


VER PEN 323   


 


Table 129: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   79.1 


SCC   18.2 


Natural Hazards   2.5 


Pipe Seam   0.1 


Girth Weld   0.1 


External Corrosion   0.0 


Material Defects and Equipment   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 18: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.16 PEN OLI 273 (12057) 


Table 130: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


PEN OLI 273 


Facility ID (FID) 12057 SI Short Name 10 OLI-PEN 


Facility Name Penticton Trail 273 SI Full Name Penticton - Oliver Y 10" 


 


Table 131: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Savona – Nelson (SN) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1957 


Stationed Length 30.4 km 


Class Location Class 1 Class 2 Class 3 Class 4 


22.7 km  5.8 km 1.9 km 0.0 km 


 


Table 132: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Asphalt, Tape - Polymer 


 


Table 133: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.1 


40 ≤ %SMYS < 50 7.6 


50 ≤ %SMYS < 60 22.7 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 134: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT 
DESIGNATED OPERATING PRESSURE 


(KPA) 
LENGTH (KM) 


Oliver Y Control Station - Warfield 


Compressor Station 
6068 30.4 


 


Table 135: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  91.1 


2 SCC  6.7 


3 Natural Hazards  2.0 


4 Girth Welds  0.1 


5 Pipe Seam  0.0 


6 Material Defects and Equipment  0.0 


7 External Corrosion  0.0 


8 Internal Corrosion  0.0 


9 Human Factors  0.0 


 


Table 136: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


PEN OLI 273   


 


Table 137: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   88.7 


SCC   7.8 


Natural Hazards   3.2 


External Corrosion   0.2 


Girth Weld   0.1 


Pipe Seam   0.0 


Material Defects and Equipment   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 19: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.17 OLI GRF 273 (12057) 


Table 138: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


OLI GRF 273 


Facility ID (FID) 12057 SI Short Name 10 OLI-GF 


Facility Name Penticton Trail 273 SI Full Name Oliver Y - Grand Forks 10" 


 


Table 139: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Savona – Nelson (SN) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1957 


Stationed Length 94.1 km 


Class Location Class 1 Class 2 Class 3 Class 4 


62.9 km  26.3 km 5.0 km 0.0 km 


 


Table 140: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Asphalt, Tape - Polymer 


 


Table 141: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 1.6 


30 ≤ %SMYS < 40 5.3 


40 ≤ %SMYS < 50 7.6 


50 ≤ %SMYS < 60 79.6 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 142: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


SN10-3 (Penticton) - Oliver Y Control 


Station 


6068 94.1 


 


Table 143: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  86.7 


2 SCC  11.4 


3 Natural Hazards  1.7 


4 Pipe Seam  0.0 


5 Girth Welds  0.0 


6 Material Defects and Equipment  0.0 


7 Internal Corrosion  0.0 


8 Human Factors  0.0 


9 External Corrosion  0.0 


 


Table 144: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


OLI GRF 273   


 


Table 145: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   86.4 


SCC   11.3 


Natural Hazards   2.1 


Girth Weld   0.1 


Pipe Seam   0.1 


Material Defects and Equipment   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 20: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.18 GRF TRA 273 (12057) 


Table 146: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


GRF TRA 273 


Facility ID (FID) 12057 SI Short Name 10 GF-TRA 


Facility Name Penticton Trail 273 SI Full Name Grand Forks-Trail 10" 


 


Table 147: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Savona – Nelson (SN) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1957 


Stationed Length 59.7 km 


Class Location Class 1 Class 2 Class 3 Class 4 


50.6 km  9.1 km 0.0 km 0.0 km 


 


Table 148: Predominant Pipe Segment Attributes 


Pipe Grade API 5L X42 


Wall Thickness 4.8 mm 


Longitudinal Seam ERW 


Coating Asphalt, Tape - Polymer 


 


Table 149: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.8 


30 ≤ %SMYS < 40 4.0 


40 ≤ %SMYS < 50 5.0 


50 ≤ %SMYS < 60 49.9 


60 ≤ %SMYS < 70 0.0 
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OPERATING STRESS RANGE LENGTH (KM) 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 


 


Table 150: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


Oliver Y Control Station - Warfield Compressor 


Station 
6068 59.7  


 


Table 151: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  84.9 


2 SCC  14.2 


3 Natural Hazards  0.7 


4 Pipe Seam  0.1 


5 Material Defects and Equipment  0.0 


6 Girth Welds  0.0 


7 External Corrosion  0.0 


8 Internal Corrosion  0.0 


9 Human Factors  0.0 


 


Table 152: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


GRF TRA 273   


 


Table 153: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


SCC   55.2 


Third Party Damage   42.3 


Natural Hazards   2.1 


Pipe Seam   0.3 


Material Defects and Equipment   0.1 


Girth Weld   0.1 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 21: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.19 TRA CAS 219 (12058) 


Table 154: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


TRA CAS 219 


Facility ID (FID) 12058 SI Short Name 8 TRA-CAS 


Facility Name Trail Castlegar 219 SI Full Name Trail - Castlegar 8" 


 


Table 155: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Savona – Nelson (SN) 


Pipeline Nominal Diameter NPS 8 


Installation Year 1957 


Stationed Length 23.6 km 


Class Location Class 1 Class 2 Class 3 Class 4 


16.2 km  3.3 km 4.1 km 0.0 km 


 


Table 156: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating Asphalt, Tape - Polymer 


 


Table 157: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 1.4 


30 ≤ %SMYS < 40 22.2 


40 ≤ %SMYS < 50 0.0 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 158: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


SN 17 (Trail) - Nelson Gate Station 4760 23.6 


 
Table 159: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  95.4 


2 SCC  3.8 


3 Natural Hazards  0.8 


4 Girth Welds  0.0 


5 Pipe Seam  0.0 


6 Material Defects and Equipment  0.0 


7 Human Factors  0.0 


8 Internal Corrosion  0.0 


9 External Corrosion  0.0 


 


Table 160: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


TRA CAS 219   


 


Table 161: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   88.5 


SCC   8.7 


Natural Hazards   2.6 


Girth Weld   0.1 


Material Defects and Equipment   0.1 


Pipe Seam   0.1 


Human Factors   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 
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Figure 22: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.20 KIN PRI 323 (12060) 


Table 162: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


KIN PRI 323 


Facility ID (FID) 12060 SI Short Name 12 KIN-OLI 


Facility Name Kingsvale Oliver 323 SI Full Name Kingsvale - Princeton 12" 


 


Table 163: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Kingsvale - Oliver (KO) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1971 


Stationed Length 67.2 km 


Class Location Class 1 Class 2 Class 3 Class 4 


65.1 km  2.2 km 0.0 km 0.0 km 


 


Table 164: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Extruded PE (Yellow Jacket), Shrink Sleeve on girth welds 


 


Table 165: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 0.1 


50 ≤ %SMYS < 60 67.1 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 166: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


Kingsvale Control Station to Oliver Y Control Station 7825 67.2 


 


Table 167: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  52.6 


2 Natural Hazards  38.5 


3 SCC  5.3 


4 Girth Welds  1.5 


5 Pipe Seam  1.3 


6 Material Defects and Equipment  0.7 


7 External Corrosion  0.0 


8 Human Factors  0.0 


9 Internal Corrosion  0.0 


 


Table 168: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


KIN PRI 323   


 


Table 169: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   58.3 


Natural Hazards   22.8 


SCC   16.7 


Girth Weld   0.9 


Pipe Seam   0.8 


Material Defects and Equipment   0.4 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 23: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.21 PRI OLI 323 (12060) 


 


Table 170: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


PRI OLI 323 


Facility ID (FID) 12060 SI Short Name 12 PRI-OLI 


Facility Name Kingsvale Oliver 323 SI Full Name Princeton – Oliver 12” 


 


Table 171: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Kingsvale – Oliver (KO) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1971 


Stationed Length 95.2 km 


Class Location Class 1 Class 2 Class 3 Class 4 


0.0 km  95.2 km 0.0 km 0.0 km 


 


Table 172: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Extruded PE (Yellow Jacket), Shrink Sleeve on girth welds 


 


Table 173: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.1 


40 ≤ %SMYS < 50 0.4 


50 ≤ %SMYS < 60 94.8 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 174: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


Kingsvale Control Station to Oliver Y Control 


Station 
7825 95.2 


 


Table 175: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  90.8 


2 SCC  5.9 


3 Natural Hazards  3.0 


4 Girth Welds  0.1 


5 Pipe Seam  0.1 


6 Material Defects and Equipment  0.1 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 176: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


PRI OLI 323   


 


Table 177: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   95.2 


Natural Hazards   2.6 


SCC   2.0 


Girth Weld   0.1 


Pipe Seam   0.1 


Material Defects and Equipment   0.1 


External Corrosion   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 
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Figure 24: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.22 YAH TRA 323 (12061) 


 


Table 178: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


YAH TRA 323 


Facility ID (FID) 12061 SI Short Name 12 YAK-TRA 


Facility Name East Kootenay Link 323 SI Full Name Yahk - Trail (EKL) 12" 


 


Table 179: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment East Kootenay Link (EKL) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1974, 1975 


Stationed Length 163.4 km 


Class Location Class 1 Class 2 Class 3 Class 4 


138.5 km  19.7 km 5.2 km 0.0 km 


 


Table 180: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating Extruded PE (Yellow Jacket), Tape – Polymer on girth welds 


 


Table 181: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.3 


40 ≤ %SMYS < 50 0.2 


50 ≤ %SMYS < 60 38.5 


60 ≤ %SMYS < 70 124.3 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 182: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


Warfield Compression Station - EKL 9-1 


(KITA) 


7136 147.3 


EKL 9-1 (KITA) - EKL 10-A (EKE) 7136 16.1 


 


Table 183: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  92.4 


2 Natural Hazards  4.4 


3 SCC  2.8 


4 Pipe Seam  0.2 


5 Girth Welds  0.2 


6 Material Defects and Equipment  0.1 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 184: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


YAH TRA 323   


 


Table 185: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   84.3 


Natural Hazards   10.2 


SCC   4.3 


Material Defects and Equipment   0.4 


Pipe Seam   0.4 


Girth Weld   0.3 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 25: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.23 OLI PEN 406 (12264) 


 


Table 186: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


OLI PEN 406 


Facility ID (FID) 12264 SI Short Name 16 OLI-PEN 


Facility Name Oliver Penticton 406 SI Full Name Oliver - Penticton 16" 


 


Table 187: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment South Okanagan (SONG) 


Pipeline Nominal Diameter NPS 16 


Installation Year 1994 


Stationed Length 31.9 km 


Class Location Class 1 Class 2 Class 3 Class 4 


27.8 km  3.1 km 1.0 km 0.0 km 


 


Table 188: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Extruded PE (Yellow Jacket) 


 


Table 189: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 12.8 


40 ≤ %SMYS < 50 19.1 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 190: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


Oliver Y Control Station - Ellis Creek Control Station 7286 31.9 


 


Table 191: Safety Summary Risk 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Girth Welds  74.9 


2 Pipe Seam  9.1 


3 SCC  7.0 


4 Natural Hazards  5.0 


5 Third Party Damage  3.2 


6 Human Factors  0.7 


7 Material Defects and Equipment  0.1 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 192: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


OLI PEN 406   


 


Table 193: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Natural Hazards   55.2 


Third Party Damage   38.9 


Girth Weld   5.0 


Pipe Seam   0.6 


SCC   0.2 


Material Defects and Equipment   0.1 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 26: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.24 DUK SAV 508 (12272) 


 


Table 194: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


DUK SAV 508 


Facility ID (FID) 12272 SI Short Name 20 DUK-SAV 


Facility Name Duke Savona 508 SI Full Name Duke Tap - Savona C/S 20" 


 


Table 195: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Savona – Nelson (SN) 


Pipeline Nominal Diameter NPS 20 


Installation Year 1997 


Stationed Length 3.6 km 


Class Location Class 1 Class 2 Class 3 Class 4 


3.2 km  0.4 km 0.0 km 0.0 km 


 


Table 196: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Extruded PE - Multilayer (YJ2K) 


 


Table 197: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 3.6 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 
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OPERATING STRESS RANGE LENGTH (KM) 


%SMYS ≥ 80 0.0 


 


Table 198: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


Savona Control Station - SN-3 (Kamloops) 6619 3.6  


 


Table 199: Safety Summary Risk 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  70.6 


2 Natural Hazards  28.0 


3 Girth Welds  0.9 


4 Material Defects and Equipment  0.2 


5 Pipe Seam  0.1 


6 SCC  0.1 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 200: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


DUK SAV 508   


 


Table 201: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Natural Hazards   50.0 


Third Party Damage   47.5 


Girth Weld   1.8 


Pipe Seam   0.3 


Material Defects and Equipment   0.3 


SCC   0.2 


Human Factors   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 
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Figure 27: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.25 YAH OLI 610 (12275) 


Table 202: Pipeline Name Aliases 


GIS Short Name (Line/Loop) YAH OLI 610 


Facility ID (FID) 12275 SI Short Name 24 YAK-ROS, 24 ROS-OLI 


Facility Name Southern Crossing 610 SI Full Name Yahk - Rossland 24", Rossland - Oliver 24" 


 


Table 203: Pipeline Attribute Summary 


System Interior Transmission System (ITS) 


System Segment Southern Crossing Pipeline (SCP) 


Pipeline Nominal Diameter NPS 24 


Installation Year 2000 


Stationed Length 298.8 km 


Class Location Class 1 Class 2 Class 3 Class 4 


259.4 km  30.7 km 8.7 km 0.0 km 


 


Table 204: Predominant Pipe Segment Attributes 


Longitudinal Seam SAW 


Coating FBE 


 


Table 205: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.3 


40 ≤ %SMYS < 50 3.2 


50 ≤ %SMYS < 60 27.1 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 268.2 


%SMYS ≥ 80 0.0 
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Table 206: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) LENGTH (KM) 


Oliver Y Control Station - SCP B-02 


(KITB) 


9930 104.2 


SCP B-02 (KITB) - SCP-10A (EKE) 9930 194.6 


 


Table 207: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Natural Hazards  72.0 


2 Third Party Damage  21.0 


3 Girth Welds  3.8 


4 Pipe Seam  1.6 


5 Material Defects and Equipment  0.9 


6 SCC  0.6 


7 Human Factors  0.1 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 208: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


YAH OLI 610   


 


Table 209: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Natural Hazards   77.7 


Third Party Damage   15.6 


Girth Weld   3.5 


Pipe Seam   1.5 


Material Defects and Equipment   1.2 


SCC   0.5 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 28: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.26 LRN LOP 273 (62000) 


 


Table 210: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


LRN LOP 273 


Facility ID (FID) 62000 SI Short Name 10 TEX-LRN 


Facility Name Little River North 273 SI Full Name Little River North 10" 


 


Table 211: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990 


Stationed Length 23.7 km 


Class Location Class 1 Class 2 Class 3 Class 4 


23.7 km  0.0 km 0.0 km 0.0 km 


 


Table 212: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating FBE 


 


Table 213: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 23.7 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 214: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 


Table 215: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Natural Hazards  0.0 


2 Third Party Damage  0.0 


3 Girth Welds  0.0 


4 Pipe Seam  0.0 


5 Material Defects and Equipment  0.0 


6 SCC  0.0 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 216: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


LRN LOP 273   


 


Table 217: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Girth Weld   28.2 


Pipe Seam   25.5 


Natural Hazards   25.0 


Third Party Damage   13.3 


SCC   8.0 


Material Defects and Equipment   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 


External Corrosion   0.0 


 


 


 


 


 


 


 


 







  


 


JANA Project 18-1651 76 Quantitative Safety Risk Assessment 


Figure 29: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 
A4.27 PRN LOP 273 (62001) 


 


Table 218: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


PRN LOP 273 


Facility ID (FID) 62001 SI Short Name 10 PRL 


Facility Name Powell River North 273 SI Full Name Powell River North 10" 


 


Table 219: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990 


Stationed Length 10.9 km 


Class Location Class 1 Class 2 Class 3 Class 4 


10.7 km  0.2 km 0.0 km 0.0 km 


Table 220: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating FBE 


 


Table 221: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 10.9 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 222: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 


Table 223: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Natural Hazards  0.0 


2 Third Party Damage  0.0 


3 Girth Welds  0.0 


4 Pipe Seam  0.0 


5 Material Defects and Equipment  0.0 


6 SCC  0.0 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 224: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


PRN LOP 273   


 


Table 225: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Girth Weld   36.1 


Natural Hazards   32.1 


Third Party Damage   18.8 


Pipe Seam   9.9 


SCC   3.2 


Material Defects and Equipment   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 


External Corrosion   0.0 
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Figure 30: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.28 TEX MAN 273 (62002) 


 


Table 226: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


TEX MAN 273 


Facility ID (FID) 62002 SI Short Name 10 TI 


Facility Name Texada Island 273 SI Full Name Texada S - Texada N 10" 


 


Table 227: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990, 1991 


Stationed Length 49.9 km 


Class Location Class 1 Class 2 Class 3 Class 4 


49.9 km  0.0 km 0.0 km 0.0 km 


 


Table 228: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Extruded PE (Yellow Jacket) 


 


Table 229: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 3.1 


50 ≤ %SMYS < 60 19.1 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 27.8 


%SMYS ≥ 80 0.0 
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Table 230: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 


Table 231: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Natural Hazards  0.0 


2 Third Party Damage  0.0 


3 Girth Welds  0.0 


4 Pipe Seam  0.0 


5 Material Defects and Equipment  0.0 


6 SCC  0.0 


7 Human Factors  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 232: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


TEX MAN 273   


 


Table 233: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   68.7 


Natural Hazards   14.4 


Pipe Seam   10.5 


SCC   3.8 


Girth Weld   2.5 


Material Defects and Equipment   0.1 


External Corrosion   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 
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Figure 31: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.29 VAN MAN 323 (62003) 


 


Table 234: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


VAN MAN 323 


Facility ID (FID) 62003 SI Short Name 12 V1-Watershed 


Facility Name Vancouver Mainland 323 SI Full Name V1-Watershed 12" 


 


Table 235: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 12 


Installation Year 1991 


Stationed Length 31.3 km 


Class Location Class 1 Class 2 Class 3 Class 4 


31.3 km  0.0 km 0.0 km 0.0 km 


 


Table 236: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating Extruded PE (Yellow Jacket) 


 


Table 237: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 31.3 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 238: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 


Table 239: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Natural Hazards  33.6 


2 Pipe Seam  33.2 


3 Girth Welds  17.5 


4 SCC  10.2 


5 Third Party Damage  5.4 


6 Material Defects and Equipment  0.0 


7 Human Factors  0.0 


8 Internal Corrosion  0.0 


9 External Corrosion  0.0 


 


Table 240: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


VAN MAN 323   


 


Table 241: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Pipe Seam   32.5 


Natural Hazards   30.5 


SCC   17.6 


Girth Weld   14.3 


Third Party Damage   5.2 


Material Defects and Equipment   0.0 


External Corrosion   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 
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Figure 32: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.30 VAN MAN 273 (62004) 


 


Table 242: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


VAN MAN 273 


Facility ID (FID) 62004 SI Short Name 10 ML 


Facility Name Vancouver Mainland 273 SI Full Name Watershed-Secret Cove 10" 


 


Table 243: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990, 1991 


Stationed Length 130.5 km 


Class Location Class 1 Class 2 Class 3 Class 4 


123.0 km  2.9 km 4.6 km 0.0 km 


 


Table 244: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating  Extruded PE (Yellow Jacket) 


 


Table 245: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 12.1 


50 ≤ %SMYS < 60 72.2 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 46.3 


%SMYS ≥ 80 0.0 
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Table 246: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 


Table 247: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  90.5 


2 Pipe Seam  3.6 


3 Natural Hazards  2.9 


4 Girth Welds  1.9 


5 SCC  1.0 


6 Human Factors  0.0 


7 Material Defects and Equipment  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 248: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


VAN MAN 273   


 


Table 249: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   83.2 


Natural Hazards   10.1 


Pipe Seam   3.7 


Girth Weld   1.9 


SCC   1.0 


Material Defects and Equipment   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 


Human Factors   0.0 
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Figure 33: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.31 SCN LOP 273 (62005) 


 


Table 250: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


SCN LOP 273 


Facility ID (FID) 62005 SI Short Name 10 SC-TN 


Facility Name Secret Cove North 273 SI Full Name Secret Cove North 10" 


 


Table 251: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990 


Stationed Length 12.1 km 


Class Location Class 1 Class 2 Class 3 Class 4 


11.6 km  0.5 km 0.0 km 0.0 km 


 


Table 252: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating FBE 


 


Table 253: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 12.1 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 254: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 


Table 255: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  0.0 


2 Pipe Seam  0.0 


3 Natural Hazards  0.0 


4 Girth Welds  0.0 


5 SCC  0.0 


6 Human Factors  0.0 


7 Material Defects and Equipment  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 256: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


SCN LOP 273   


 


Table 257: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Girth Weld   35.7 


Natural Hazards   31.1 


Third Party Damage   27.5 


Pipe Seam   4.3 


SCC   1.3 


Material Defects and Equipment   0.0 


Human Factors   0.0 


External Corrosion   0.0 


Internal Corrosion   0.0 
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Figure 34: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.32 ISL MAN 273 (62006) 


 


Table 258: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


ISL MAN 273 


Facility ID (FID) 62006 SI Short Name 10 LR-MI,  


10 MI-VIC 


Facility Name Vancouver Island Mainline 273 SI Full Name Little R - Mid Island 10",  


Mid Island - Victoria 10" 


 


Table 259: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990 


Stationed Length 216.1 km 


Class Location Class 1 Class 2 Class 3 Class 4 


145.6 km  52.3 km 18.1 km 0.0 km 


 


Table 260: Predominant Pipe Segment Attributes 


Longitudinal Seam Unknown 


Coating Extruded PE - Multilayer (YJ2K), Extruded PE (Yellow Jacket) 


 


Table 261: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 54.2 


50 ≤ %SMYS < 60 77.9 


60 ≤ %SMYS < 70 0.0 
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OPERATING STRESS RANGE LENGTH (KM) 


70 ≤ %SMYS < 80 84.1 


%SMYS ≥ 80 0.0 


 


Table 262: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 
Table 263: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  98.3 


2 Natural Hazards  0.9 


3 Pipe Seam  0.3 


4 Girth Welds  0.3 


5 SCC  0.1 


6 Human Factors  0.0 


7 Material Defects and Equipment  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 264: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


ISL MAN 273   


 


Table 265: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Third Party Damage   90.7 


Natural Hazards   6.0 


Pipe Seam   1.5 


Girth Weld   1.3 


SCC   0.5 


Material Defects and Equipment   0.0 


External Corrosion   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 
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Figure 35: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.33 SCS LOP 273 (62005) 


 


Table 266: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


SCN LOP 273 


Facility ID (FID) 62005 SI Short Name 10 SC-TN 


Facility Name Secret Cove North 273 SI Full Name Secret Cove North 10" 


 


Table 267: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990 


Stationed Length 12.1 km 


Class Location Class 1 Class 2 Class 3 Class 4 


11.6 km  0.5 km 0.0 km 0.0 km 


 


Table 268: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating FBE 


 


Table 269: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 12.1 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 270: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 


Table 271: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  0.0 


2 Natural Hazards  0.0 


3 Pipe Seam  0.0 


4 Girth Welds  0.0 


5 SCC  0.0 


6 Human Factors  0.0 


7 Material Defects and Equipment  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 272: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


SCS LOP 273   


 


Table 273: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Girth Weld   39.9 


Natural Hazards   33.0 


Third Party Damage   20.6 


Pipe Seam   4.9 


SCC   1.6 


Material Defects and Equipment   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 


External Corrosion   0.0 
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Figure 36: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.34 PRS LOP 273 (62032) 


 


Table 274: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


PRS LOP 273 


Facility ID (FID) 62032 SI Short Name 10 PRL 


Facility Name Powell River South 273 SI Full Name Powell River South 10" 


 


Table 275: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990 


Stationed Length 10.9 km 


Class Location Class 1 Class 2 Class 3 Class 4 


10.8 km  0.2 km 0.0 km 0.0 km 


 


Table 276: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating FBE 


 


Table 277: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 11.0 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 278: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 
Table 279: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  0.0 


2 Natural Hazards  0.0 


3 Pipe Seam  0.0 


4 Girth Welds  0.0 


5 SCC  0.0 


6 Human Factors  0.0 


7 Material Defects and Equipment  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 280: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


PRS LOP 273   


 


Table 281: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Girth Weld   39.1 


Natural Hazards   34.8 


Third Party Damage   19.4 


Pipe Seam   5.1 


SCC   1.6 


Material Defects and Equipment   0.0 


External Corrosion   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 
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Figure 37: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios 


 


A4.35 LRS LOP 273 (62033) 


 


Table 282: Pipeline Name Aliases 


GIS Short Name 


(Line/Loop) 


LRS LOP 273 


Facility ID (FID) 62033 SI Short Name 10 TEX-LRS 


Facility Name Little River South 273 SI Full Name Little River South 10" 


 


Table 283: Pipeline Attribute Summary 


System Vancouver Island (VITS) 


System Segment Vancouver Island (VITS) 


Pipeline Nominal Diameter NPS 10 


Installation Year 1990 


Stationed Length 23.7 km 


Class Location Class 1 Class 2 Class 3 Class 4 


23.7 km  0.0 km 0.0 km 0.0 km 


 


Table 284: Predominant Pipe Segment Attributes 


Longitudinal Seam ERW 


Coating FBE 


 


Table 285: Operating Stress Summary 


OPERATING STRESS RANGE LENGTH (KM) 


%SMYS < 30 0.0 


30 ≤ %SMYS < 40 0.0 


40 ≤ %SMYS < 50 23.7 


50 ≤ %SMYS < 60 0.0 


60 ≤ %SMYS < 70 0.0 


70 ≤ %SMYS < 80 0.0 


%SMYS ≥ 80 0.0 
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Table 286: Operating Pressure Summary 


PRESSURE CONTROL SEGMENT DESIGNATED OPERATING PRESSURE (KPA) 


V1 - Victoria (Langford) Control Station 14890 


 


Table 287: Safety Risk Summary 


RANK THREAT SAFETY RISK (SRU PER YEAR) SAFETY RISK (%) 


1 Third Party Damage  0.0 


2 Natural Hazards  0.0 


3 Pipe Seam  0.0 


4 Girth Welds  0.0 


5 SCC  0.0 


6 Human Factors  0.0 


7 Material Defects and Equipment  0.0 


8 External Corrosion  0.0 


9 Internal Corrosion  0.0 


 


Table 288: Estimated Rupture Rate 


PIPELINE RUPTURES PER YEAR RUPTURES PER KM PER YEAR 


LRS LOP 273   


 


Table 289: Estimated Rupture Rate per Threat 


THREAT RUPTURES PER YEAR RUPTURES PER KM PER YEAR RUPTURE RATE (%) 


Girth Weld   34.5 


Natural Hazards   30.6 


Third Party Damage   16.3 


Pipe Seam   14.2 


SCC   4.4 


Material Defects and Equipment   0.0 


Human Factors   0.0 


Internal Corrosion   0.0 


External Corrosion   0.0 
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Figure 38: Segment Risk Profile for 2021 Showing the Baseline and the Cracking Threats Mitigated Scenarios  
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strategies based on JANA’s state-of-the-art mechanistic-probabilistic risk modeling, 
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EXPERIENCE  
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Responsibilities: 
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threats facing pipeline assets, Mr. DuQuesnay develops mechanistic-probabilistic risk 


models and effects those risk models via JANA’s Integrity Management software 


solutions. As Technical Manager, it is Mr. DuQuesnay’s responsibility to ensure JANA’s 


clients use the most robust risk models in support of their Integrity Management 


initiatives. In so doing, Mr. DuQuesnay prides himself on his ability to understand our 


clients’ needs and to resolve problems quickly and effectively. 


EXPERIENCE 
JANA Corporation 


2015 > Current 


Technical Manager 


JANA was founded in 1999 as a testing laboratory for plastic piping systems.  Over 


the next 15 years, JANA grew to be the largest hydrostatic testing lab in North America 


and the largest oxidative resistance testing lab in the world.  In 2014, JANA sold its 


laboratory assets to NSF International and turned its entire focus to JANA’s state-of-


the-art risk models for gas pipeline systems.  Emerging from JANA’s 300,000,000 


hours of plastic pipe testing experience, advanced reliability engineering tools from 


the aerospace and nuclear industries, and the performance modelling tools 


developed at JANA over the last two decades, JANA’s risk models are used by North 


American gas pipeline operators to create Risk Assessments customized to an 


operator’s specific piping network. JANA is proud to have made an impact on the 


integrity of natural gas pipelines serving over 51 million homes in the US and Canada. 


Responsibilities: 


• Leads JANA’s transmission pipeline risk technology development and


implementation


• Provides leadership to the Risk Model Development and Risk Strategies teams


• Develops technical solutions, project scoping and enterprise architecture


JANA’s software solutions


• Provides input towards product advancements to meet emerging industry


requirements


• Collaborates with pipeline operators to develop high-level risk strategies to allow


optimal integration of risk assessments into corporate decision-making


processes


James DuQuesnay, M.A.Sc. 
Technical Manager 


JANA Corporation 
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Royal Military College of 


Canada 


2015 


 


M.A.Sc. Chemical Engineering 


 


Queen’s University 


2012 


 


 


B.Sc. Chemical Engineering 


   
INDUSTRY 


PARTICIPATION 
Over his career, Mr. DuQuesnay has participated in the industry as follows: 


Industry Associations 


 


 


 


• Canadian Standards Association (CSA) 


• American Gas Association (AGA) 


• Southern Gas Association (SGA) 


 
Technical Leadership  • CSA Z662 


Regulatory Influence Mr. DuQuesnay has been actively involved in supporting JANA’s clients and 


their communities in the following regulated jurisdictions: 


• British Columbia 


 
  
PUBLICATIONS 


 


• “A Risk-Based Approach to Stress Corrosion Cracking Integrity Management” Paul Chernikhowsky, Bryan 


Balmer, Ken Oliphant, James DuQuesnay, 2020. 


• “Phase equilibria, kinetics and morphology of methane hydrate inhibited by antifreeze proteins: application of 


a novel 3-in-1 method”, L. U. Udegbunam, J. R. DuQuesnay, L. Osorio, V. K. Walker, J. G. Beltrán, The Journal of 


Chemical Thermodynamics, 2018. 


• “A Critical Review of Pipeline Risk Modeling Approaches”, William Luff, Dr. Ken Oliphant, Wayne Bryce and 


James DuQuesnay, JANA Corporation, American Gas Association, Phoenix, 2016. 


• “Bowtie Risk Assessment of Electrofusion Fitting Installations”, Dr. Ken Oliphant, P.Eng., James DuQuesnay, 


William Luff, JANA Corporation, American Gas Association, Phoenix, 2016. 


• “Novel gas hydrate reactor design: 3-in-1 assessment of phase equilibria, morphology and kinetics”, J. R. 


DuQuesnay, M. C. Diaz Posada, J. G. Beltrán, Fluid Phase Equilibria, 2016. 


 









