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RE: Terasen Gas Inc. ("TGI" or the “Company”) 
 Application (“Application”) for a Certificate of Public Convenience and 

Necessity ("CPCN") Fraser River South Arm Crossing Upgrade Project 

Pursuant to Section 45 of the Utilities Commission Act, TGI hereby requests approval from 
the British Columbia Utilities Commission (the “Commission”) for a CPCN for the Fraser 
River South Arm Crossing Upgrade (the “Application”).   
 
TGI currently crosses the South Arm of the Fraser River with two parallel transmission 
pressure pipelines with outside diameters of 508 mm and 610 mm (nominal pipe size (“NPS”) 
20 and NPS 24).  The pipelines were installed in 1958 and 1974, respectively.  They provide 
gas supply to the municipalities of Richmond, Vancouver, North Vancouver City and District, 
West Vancouver and parts of Burnaby.  The proposed project is required in order to address 
integrity concerns with respect to seismic events, river erosion, and future dike 
improvements.  TGI has concluded that the risk associated with these crossings is 
unacceptable and remedial action is required. 
 
The Company’s current 2004-2007 Performance Based Rates (“PBR) Settlement Agreement 
requires that the Company submit CPCN applications for capital investments in excess of $5 
million.   
 
Twenty hardcopies of this Application will be submitted to Commission in accordance with 
the Commission’s Document Filing Protocols.  The Application and all subsequent exhibits 
will be made available on the Terasen Gas website under the Regulatory Submissions 
section for the Lower Mainland at the following link: 
http://www.terasengas.com/_Publications/Regulatory/Submissions/LowerMainlandInterior/default.htm  
 
If there are any questions regarding this Application, please contact the undersigned. 
 
Yours very truly, 
 
TERASEN GAS INC. 
 
Original signed:   
 
Tom Loski 
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  Stakeholder Contacts from Appendix 11 for whom e-mail information is listed
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IN THE MATTER OF THE UTILITIES COMMISSION ACT 

R.S.B.C. 1996, CHAPTER 473 
 

AND IN THE MATTER OF AN APPLICATION BY 
TERASEN GAS INC. FOR THE 

FRASER RIVER SOUTH ARM CROSSING UPGRADE 
 

 
To: The Secretary 

British Columbia Utilities Commission 
 Sixth Floor, 900 Howe Street 
 Vancouver, British Columbia V6Z 2N3 
 

1 APPLICATION 

Terasen Gas Inc. (“TGI” or the “Company”) hereby applies to the British Columbia Utilities 

Commission (the “BCUC” or the “Commission”) pursuant to Section 45 of the Utilities 

Commission Act, R.S.B.C. 1996, Chapter 473, (the “Act”) for approval of a Certificate of Public 

Convenience and Necessity (“CPCN”) to upgrade the transmission pipeline system crossing the 

south arm of the Fraser River (the “Project” or “Application”).  TGI seeks approval of the 

following: 

Replacement of approximately 1400 m of existing NPS 20 (508 mm) and 1400 
m of existing NPS 24 (610 mm) outside diameter (“OD”) transmission pressure 
pipelines, both to be installed across the Fraser River using Horizontal 
Directionally Drilled (“HDD”) technology. 

1.1 Applicant 

1.1.1 Name, Address, and Nature of Business 

TGI is a company incorporated under the laws of the Province of British Columbia and is a 

wholly-owned subsidiary of Terasen Inc., which in turn is a wholly-owned subsidiary of Fortis 

Inc.  TGI maintains an office and place of business at 16705 Fraser Highway, Surrey, British 

Columbia, V4N 0E8. 

TGI is the largest natural gas distribution utility in British Columbia, providing sales and 

transportation services to residential, commercial, and industrial customers in more than 100 

communities throughout British Columbia, with approximately 840,000 customers served on the 
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mainland including the Inland, Columbia, and Lower Mainland service areas.  TGI’s distribution 

network delivers gas to more than eighty percent of the natural gas customers in British 

Columbia. 

1.1.2 Financial Capability of Applicant 

TGI is regulated by the BCUC.  TGI is capable of financing the Project either directly or through 

its parent, Terasen Inc.  TGI has credit ratings for senior unsecured debentures from Dominion 

Bond Rating Service and Moody’s Investors Service of A and A3 respectively.  Terasen Inc. has 

credit ratings for senior unsecured debentures from Dominion Bond Rating Service and Moody’s 

Investors Service of BBB (High) and Baa2 respectively. 

1.1.3 Technical Capability of Applicant 

TGI has designed and constructed a system of integrated high, intermediate and low-pressure 

pipelines and operates more than 38,000 kilometres of natural gas transmission and natural gas 

distribution mains and service lines in British Columbia.  This transmission and distribution 

infrastructure serves approximately 840,000 customers on the mainland. 

1.1.4 Name, Title, and Address of Company Contact 
 

Tom A. Loski. 
Chief Regulatory Officer 
Terasen Gas Inc. 
16705 Fraser Highway 
Surrey, B.C., V4N 0E8 
Phone:   (604) 592-7464 
Facsimile:  (604) 576-7074 
E-mail:   tom.loski@terasengas.com
Regulatory Matters: regulatory.affairs@terasengas.com
 

1.1.5 Name, Title, and Address of Legal Counsel 
 
Matthew Ghikas 
Fasken Martineau DuMoulin LLP 
21st Floor, 1075 West Georgia Street 
Vancouver, B.C.  V6E 3G2 
Phone:  (604) 631-3191 
Facsimile: (604) 632-3191 
E-mail: mghikas@fasken.com  

mailto:scott.thomson@terasengas.com
mailto:regulatory.affairs@terasengas.com
mailto:mghikas@fasken.com


 
TERASEN GAS INC.  
CPCN Application:  Fraser River South Arm Crossing Upgrade Project  
 

Page 3 
 

1.2 Executive Summary 

The Company seeks a CPCN for the Fraser River South Arm Crossing Upgrade Project. 

As part of the TGI transmission pipeline infrastructure serving the Lower Mainland, two pipelines 

with outside diameters of 508 mm and 610 mm (nominal pipe size (“NPS”) 20 and NPS 24) 

cross the South Arm of the Fraser River between Delta and Richmond approximately 5 km east 

of the George Massey Tunnel.  These two pipelines provide gas supply to the municipalities of 

Richmond, Vancouver, North Vancouver City and District, West Vancouver and parts of 

Burnaby. 

As described in Section 4, the Fraser River South Arm Crossing Upgrade Project consists of the 

replacement of approximately 1400 meters of NPS 20 and approximately 1400 meters of NPS 

24 pipelines using the Horizontal Directional Drill (“HDD”) construction method.  The 

replacement crossings will be constructed within the existing Right-Of-Way (“ROW”), both on 

land and across the river.  The construction will require temporary shut down of each line while 

it is being replaced; however, the other line will have sufficient capacity to ensure gas supply 

during the construction period. 

Project justification is addressed in Section 5.  The proposed project is required in order to 

address integrity concerns with respect to seismic events, river erosion, and future dike 

improvements.  Both pipelines are vulnerable to ground movement from seismic induced soil 

liquefaction and lateral spread.  The pipelines do not currently meet TGI’s seismic criteria.  

River erosion is also a concern, particularly for the NPS 20.  Dike improvement works planned 

at the crossings in the near future will exacerbate the stresses which exist on both pipelines 

from previous and ongoing settlement of the dike.  This project will help ensure reliable gas 

supply following a strong earthquake, will also address river erosion concerns, and will avoid the 

further stress on the pipelines that will result from the dike upgrades.  For these reasons, TGI 

believes that the Project is in the public convenience and necessity. 

Project alternatives are discussed in Section 6.  As a crossing methodology, HDD is more 

advantageous than open trenching, aerial crossings, or ground consolidation with partial pipe 

replacement.  The Company considered four alternatives for HDD:   

Alternative 1 Replacement of both the NPS 20 and NPS 24 crossings 
Alternative 2 Replacement of the NPS 24 crossing with a new NPS 24  
Alternative 3 Replacement of the NPS 20 crossing with a new NPS 20  
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Alternative 4 Replacement of the NPS 20 from Tilbury Gate to Nelson Gate 
with a new NPS 30  

 
The preferred HDD alternative is Alternative 1, as it is the only one which addresses all of the 

seismic, erosion, and dike settlement risks identified in this Application that could result in the 

pipelines being compromised. 

As described in Section 6, at this stage of project development, the cost of the project based on 

the preferred alternative is estimated at $27.3 million with an accuracy of -15/+20%.  The project 

duration from receipt of approval for the CPCN Application until the new crossing is in-service is 

expected to be approximately 8 – 11 months, as shown in Table 6.2. 

The recommended alternative includes efficiencies resulting from replacing both crossings 

utilizing one HDD equipment mobilization.  Analysis of tenders is required to better understand 

the impact of schedule on those efficiencies.  The current schedule assumes that construction 

will occur in 2009, however the project team has allowed for 2010 construction if following 

evaluation of tenders for the HDD work it is determined to be more cost effective. 

Consultations with landowners, local and regional governments, federal and provincial agencies 

and authorities are in progress, with preliminary discussions already completed.  In addition, 

First Nations have been consulted and continue to be involved in the review of the project.  To 

date, no significant objections to the project have been identified and further input from 

stakeholders will be incorporated into all phases of the project through to completion.   

Primary risks to cost and schedule for this project include: project management, stakeholder 

impacts, construction schedule, engineering / construction resources, material cost / delivery, 

HDD / pipeline contract cost, and HDD / pipeline contractor capability.  The Application 

describes how TGI is seeking to manage these risks. 

In light of the public safety issues and significant public interest in ensuring reliable service to 

hundreds of thousands of customers in the Lower Mainland, TGI believes this Project is in the 

public convenience and necessity and a CPCN should be granted as sought.  TGI is committed 

to minimizing the rate impact associated with this non-discretionary Project.  Therefore, TGI 

proposes to: (i) structure the HDD contract as being conditional upon Commission review and 

approval; (ii) at the same time, file a revised control budget accounting for new information; and 

(iii) file with the Commission quarterly project progress reports and a project completion report in 

a form developed in conjunction with Commission staff.    
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1.3 Regulatory Review of CPCN Application 

Under the Company’s current 2004-2007 Performance Based Rates (“PBR”) Settlement 

Agreement, and 2008-2009 Settlement Agreement Extension, a CPCN is necessary for this 

project as it is in excess of $5 million.   

Given the estimated capital cost for the project, and because it involves the integrity of existing 

assets, does not require new ROW acquisition, and has to date identified no significant 

stakeholder concerns, TGI believes that a written review and approval process is appropriate for 

this Application.   

TGI requests that the Commission complete its process to review this Application and reach a 

decision by early March 2009 in order to meet the proposed construction schedule outlined 

herein.   
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2 Background 

The Fraser River South Arm crossings consist of two parallel natural gas transmission pipelines 

which cross beneath the South Arm of the Fraser River between Delta and Richmond 

approximately 5 km east of the George Massey Tunnel.  The original NPS 20 crossing was 

installed in 1958 as part of the program to bring natural gas to the Lower Mainland in the late 

1950’s and early 1960’s.  Subsequent demand growth resulted in the need for system 

reinforcement, so a parallel NPS 24 crossing was installed in 1974.  Both crossings are welded 

steel, weighted with a concrete outer coating, and were installed in trenches dredged across the 

river bed.  These two pipelines provide gas supply to the cities and municipalities of Richmond, 

Vancouver, North Vancouver City and District, West Vancouver, and parts of Burnaby.  

Figure 1 provides an overview of TGI’s Coastal Transmission System in the Lower Mainland.  A 

more detailed map of the system is attached as Appendix 1. 

 
Figure 2.1 ─ Coastal Transmission System 
 

 

Fraser River 
South Arm 
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3 Project Description 

TGI is applying to replace the existing NPS 20 and NPS 24 transmission pipelines across the 

south arm of the Fraser River with new NPS 20 and NPS 24 lines installed using HDD.  The two 

new crossings, each approximately 1400 m in length, will be constructed within the existing 

ROW, both on land and across the river at depths significantly below the existing crossings.  

The construction will require the temporary shut down of each pipeline while it is being replaced; 

however, the other pipeline will have sufficient capacity during the construction period to supply 

downstream customers. 
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4 Project Justification 

This section discusses how the proposed Fraser River South Arm Crossing Upgrade Project will 

mitigate three major threats to the integrity of the existing crossings: 

Seismic Vulnerability – Recent analyses have confirmed that both pipelines crossing the Fraser 

River South Arm will likely fail beneath the river in a strong earthquake. 

Erosion Vulnerability – The NPS 20 pipeline is at risk of becoming uncovered in the river at the 

north bank, where prevailing currents have and will likely continue to erode both the north bank 

and the river-bed at the base of the north bank. 

Dike Settlement Vulnerability – The height of the north dike must soon be raised for municipal 

flood protection.  This remediation work will exacerbate the stresses which exist on both 

pipelines from previous and ongoing settlement of the dike.  

4.1 Seismic Vulnerability 

4.1.1 TGI Design Practice 

The Canadian Pipeline System Standard CSA Z662 requires that anticipated seismic loading be 

part of the design criteria for any oil or gas pipeline.  In accordance with this standard and 

consistent with industry practice, the TGI seismic design guideline, which is attached as 

Appendix 2, requires an assessment of potential seismic risks and that the pipeline design be 

sufficient to withstand anticipated seismic loadings for a seismic event with a return period of 

2000 years (2.5% probability of exceedance over 50 years).  This design criterion is commonly 

used by other utilities and, has been the basis for seismic upgrades undertaken by TGI from 

1996 to date.  

4.1.2 Background Studies 

In the early 1990s, TGI initiated a major review of its Lower Mainland pipeline systems in order 

to address increased seismic concerns.  A 1994 report by Golder Associates Ltd (“Golder”) 

identified the potential for long-term disruption of the gas supply to large portions of the system, 

including the Fraser River South Arm Crossing, based on soil liquefaction and lateral spread 

ground displacement in a major seismic event.  
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Site-specific follow-up studies by Golder in 1996 and 1997 identified a number of transmission 

pipeline facilities as requiring further study and mitigation.  Since 1996, a number of these 

facilities have been upgraded and all of the remaining facilities have either been deemed 

acceptable or have been the subject of further study.  

The initial evaluation in 1996 of both of the Fraser River South Arm crossings by Golder 

indicated that with some on-shore improvements, the crossings may very nearly meet TGI’s 

seismic criterion.  Therefore, given the uncertainty about meeting the criterion, and because the 

crossings serve a significant number of Lower Mainland customers, TGI engaged Golder to 

undertake further field studies and seismic analyses during the period from 1996 and 2006 to 

better define the seismic vulnerability and potential options to address any concerns. A 

summary of the findings from the previous analyses can be found in Appendix 3, Appendix II, 

page 7, Table 1 “A Summary of Findings from Analyses at South Arm Crossings”.   

4.1.3 Recent Studies 

In 2007, as a result of additional geotechnical information and the availability to geotechnical 

consultants of more sophisticated seismic modeling, and because the NPS 20 and NPS 24 

crossings pass through soil layers which are susceptible to liquefaction, TGI commissioned 

Golder to update the seismic vulnerability of these crossings.  

A 2007 seismic assessment by Golder concluded that a strong earthquake will cause 

liquefaction underneath the river bed, leaving the pipelines unsupported and subject to 

compressive (buckling) stresses which would likely result in failure of the pipelines in the middle 

of the river.  A copy of this study is attached in Appendix 3. 

Because of the high consequence from the failure of these crossings, TGI commissioned an 

independent review of the 2007 Golder assessment by a second geotechnical firm, BGC 

Engineering Ltd. (“BGC”).  BGC examined the procedures and assumptions used to calculate 

ground deformations and concluded the methodology used was reasonable and in accordance 

with current standards for professional geotechnical practice.  BGC’s report is attached as 

Appendix 4. 

In 2008, TGI requested an update to the 2007 analysis utilizing recently published updates to 

seismic data and modeling from the Geological Survey of Canada (“GSC”), and to collect and 

incorporate additional soils information collected from within the river channel.  The 2008 Golder 



 
TERASEN GAS INC.  
CPCN Application:  Fraser River South Arm Crossing Upgrade Project  
 

Page 10 
 

study determined that both pipelines will fail in seismic events far less severe than the TGI 

seismic risk criterion of a return period of 2000 years (2.5% probability of exceedance over 50 

years).  This study determined that the NPS 20 and NPS 24 pipelines are vulnerable to loss of 

pressure integrity in seismic events which have the following return periods (probabilities of 

occurrence): 

 NPS 20 pipeline - 300 to 500 year return period event (15% - 9% in the next 50 years) 

and, 

 NPS 24 pipeline - 500 to 800 year return period event (9% – 6% in the next 50 years).   

In summary, neither pipeline meets the Terasen seismic risk criterion, with the NPS 20 being 

more vulnerable that the NPS 24.  This study is attached as Appendix 5. 

4.2 River Erosion Vulnerability 

As part of its on-going operation and maintenance activities, TGI routinely surveys and 

evaluates its major river crossings with respect to hydrotechnical concerns including river scour, 

channel degradation, and bank erosion.  Aside from a strong earthquake, the greatest risk at 

these crossing locations is the potential exposure of the pipeline resulting in excessive stresses 

and failure.   

Since 1974, TGI has been performing bathymetric surveys of the South Arm crossings at 

regular intervals and following high flow events.  The survey results have identified a gradual 

degradation of the river bed at the base of the north bank as well as transient local scouring 

between the pipelines to a depth of 4.0 m.  In addition, aerial photographic records show that 

the north bank of the NPS 20 pipeline crossing has experienced erosion which has significantly 

degraded the bank armouring. 

The depth of cover over the NPS 20 has been recorded as low as 1.7 m, yet river bed scour 

could reach depths of 5.7 m based on TGI’s 1 in 200 year design flood criterion.  A 2002 

bathymetric report identified that as much as 335 m of the NPS 20 crossing was at risk of 

undermining.  Consequently, Terasen installed scour protection blankets over both pipelines at 

the base of the north bank in 2002 in order to reduce immediate operating risk.  Notwithstanding 

that work, if the NPS 20 is not replaced, it is evident that on-going monitoring, analysis and 
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mitigation measures will be required in order to reduce the risk of failure due to erosion.  These 

measures will not reduce the vulnerability due to seismic risk. 

The NPS 24 crossing was constructed at a greater depth and at the present time is less 

vulnerable to excessive stress and failure due to river erosion. 

4.3 Dike Settlement Vulnerability 

The dike located on the north bank of the Fraser River South Arm crossing was constructed as 

a sea-dike to protect farm lands from high tides and river floods.  The dike was constructed after 

the 1894 flood using mineral fill materials placed onto unexcavated weak and highly 

compressible sub-soils that include both organic peat and fine-grained sediments.   Over time, 

the weight of the dike has compressed the underlying soils resulting in a gradual, long-term 

settlement.  

The NPS 20 and the NPS 24 pipelines cross the dikes on both the north and south sides of the 

river.  Since construction, the pipelines have experienced some differential settlement resulting 

in increased, but acceptable stress levels.  However, in order to meet the provincial flood 

protection standard (1 in 200 year flood event) the dike crest on the north bank must be raised 

by an additional 0.65 m above its present elevation.  Should this be accomplished by placement 

of additional fill, TGI predicts an increase in differential settlement which would cause pipeline 

operating stresses to exceed the level allowed by TGI operating policies and the CSA Pipeline 

Standard.  

4.4 Consequences of Pipeline Failure 

Failure of both crossings would leave approximately 117,000 TGI customers isolated for a 

prolonged period with no alternative gas supply.  This figure is based on typical, above-freezing 

winter weather, representing approximately 50% of system design load.  A high-level 

breakdown of customer accounts affected by such an outage is as follows: 

• 500 plus health-care and related facilities  (space heating, sanitation, cooking); 
• 400 schools and educational institutions (space heating, cooking);  
• 7,000 plus commercial businesses (space heating); 
• 1,000 plus large commercial / industrial businesses (space heating, manufacturing 

processes); 
• 3,000 retail stores and restaurants (space heating, cooking); 
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• 105,000 residential customers (including apartment complexes), leaving approximately 
300,000 residents without gas service for their space & water heating.  
 

Under design conditions, the number of customers impacted would approach 200,000. 

It is evident that a prolonged loss of gas supply would not only impact a large number of 

businesses, industries and residents, but it would particularly impact facilities providing food 

services, accommodation and care to those most in need following an earthquake. 

TGI anticipates that if both crossings failed, restoration could be expected to take from six 

months to a year at best, assuming extraordinary levels of assistance are available.  Installation 

of a new crossing under post earthquake circumstances would also be considerably more 

costly.  Re-light costs would be in the order of $12 Million and would take an additional number 

of months, the actual time depending on the number of technicians that could be mobilized. 

Unlike the potential failures of other more accessible and repairable parts of the TGI 

transmission and distribution systems, the integrity of underwater crossings is critical to 

minimizing the duration and extent of any gas supply interruption to a significant part of the 

Lower Mainland.   

In addition to the capacity constraints, it is also possible that there could be serious safety 

consequences related to a high pressure pipeline failure at this location.  This would not be in 

compliance with TGI’s seismic standard.  This is a risk to public safety and would necessitate 

emergency response efforts. 

4.5 Justification Summary 

Given the potential for the two crossings to fail, in particular the probability of failure in the event 

of a seismic event, and the consequences of such a failure discussed above, TGI has 

concluded that the risk associated with these crossings is unacceptable and remedial action is 

required. 
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5 Upgrade Alternatives 

TGI has considered a number of alternatives both in terms of methodology and location to 

address the concerns with the two crossings. 

5.1 Methodology 

TGI identified five potential methodologies to remediate the crossing of the Fraser River: 

reinforcement of system back-feeds, ground consolidation and replacement with higher strength 

pipe, aerial crossing, open trenching, and HDD. 

The first methodology considered was reinforcement of existing back-feeds.  This would involve 

looping of the transmission system from Surrey to Coquitlam, the addition of large-diameter 

intermediate pressure pipelines across Coquitlam and Burnaby, and the abandonment of major 

existing assets.  This option is judged to be significantly more costly than replacing the Fraser 

River South Arm crossings, and was therefore rejected and detailed cost estimates were not 

completed. 

Improvement of the existing crossings could be achieved using ground consolidation, combined 

with higher strength pipe replacement.  However, this methodology will not adequately reduce 

the vulnerability of both crossings to failure caused by seismically induced soil liquefaction, 

subsequent pipe movement, and failure under the river bed, nor will it mitigate the on-going river 

erosion or dike settlement concerns.  It was ruled out on this basis and cost assessments were 

not completed. 

An aerial crossing replacing one or both river crossings was also considered.  This methodology 

would address concerns associated with seismic events, erosion and dike improvements, and 

avoid environmental concerns associated with trenching.  However, such a crossing would have 

to span the entire distance impacted by any potential soil liquefaction and consequently would 

require a massive structure spanning over 1400m and built sufficiently high to permit ocean-

going ships to  pass beneath.  This option involves substantial land use impacts at both ends, 

including construction of the north bridge tower within an existing industrial park, new ROW, and 

conflicts with existing pipelines.  This would have significant permitting and implementation 

difficulties with adverse stakeholder impacts.  This option is judged to be significantly more 
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costly than pipeline replacement, and was therefore rejected and cost assessments were not 

completed. 

New crossings underneath the river can be constructed either by means of open cutting of the 

river bed (trenching), or by means of HDD.  Open cut trenching in a large river such as the 

Fraser is a significant logistical undertaking and is now generally considered unacceptable to 

federal and provincial agencies, given the availability of HDD technology.  As well, trenching is 

considered impractical to reach the soil depth needed to address the seismic design 

requirements, and therefore cost assessments of this option were not completed.   

In sum, utilizing HDD for new pipeline installation was determined to be the best upgrade choice 

on the basis of cost, low environmental impact and the ability to mitigate all seismic, river scour, 

and dike improvement concerns. 

5.2 Location 

For a new HDD pipeline crossing or crossings, use of the existing right-of-way (“ROW”) offers 

significant advantages.  Other alignments in the vicinity of the existing crossings were 

considered, but due to the need for significant new ROW and associated environmental and 

land use concerns, public impact and cost, these other options were considered significantly 

less attractive. 

5.3 HDD Alternatives Considered 

5.3.1  Evaluation Criteria 

The following criteria were used to further analyze and compare the alternatives for HDD 

pipeline replacement within the existing right of way: 

• Vulnerability (safety risks) 
o Compliance with TGI seismic standard, including acceptability of 

  predicted likelihood and consequences of pipeline failure 
o Vulnerability to on-going river bank erosion and river bed scour  

• Project Considerations 
o Capital cost 
o Environmental and stakeholder impacts 
o Dike work mitigation requirement 
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• Operational flexibility 
o Availability of a second pipeline crossing for O&M or emergency requirements 

• Post Earthquake Considerations  
o Emergency response to failed pipeline 
o Capacity of the remaining facilities within the 20-year long range planning period 
o The need to replace a failed line for capacity reasons immediately following a 

strong earthquake 
 

Where applicable, the evaluations consider costs related to dike improvements, as well as on-

going activities to address potential river bank erosion and river bed scour.  All alternatives 

incorporate the requirement to utilize internal pipeline inspection tools at a future date. 

5.3.2  Evaluation of Alternatives 
 
Four HDD replacement alternatives were considered in detail: 
 

Alternative 1 Replacement of both the NPS 20 and NPS 24 crossings 
Alternative 2 Replacement of the NPS 24 crossing with a new NPS 24  
Alternative 3 Replacement of the NPS 20 crossing with a new NPS 20  
Alternative 4 Replacement of the NPS 20 from Tilbury Gate to Nelson Gate 

with a new NPS 30  
 

Advantages and disadvantages of the four alternatives are described below, followed by Table 

5.1 which summarizes the evaluation criteria.  

 
Alternative 1 – Replacement of both the NPS 20 and NPS 24 Crossings with new NPS 20 
and NPS 24 Crossings 

 
Description  

Install new NPS 20 and NPS 24 crossings using HDD’s, at an estimated cost of $27.3 million 

and tie into the existing pipelines on either side of the river.  The contemporaneous installation 

of two new crossings is considerably less costly than would be the case with separate 

mobilizations. 

Advantages 

• Fully complies with all TGI standards; current and future seismic and river erosion 
issues are fully mitigated.  

• System reliability is improved: full capacity of the crossing will survive a strong 
earthquake.  
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• Avoids future emergency response and pipeline reconstruction in potentially adverse 
conditions and difficult terrain.  TGI’s post-earthquake public safety and recovery 
efforts can be focused on other response and recovery issues, which can be 
expected in such events. 

• Mitigates effect of dike improvement work and ongoing dike settlement. 

• Minimizes construction impacts on environment and landowners relative to 
Alternative 4. 

• Full operating flexibility is retained.  

• Efficiencies of at least $6 million by constructing both crossings at once, compared 
with replacing one now and the second at some later date. 
 

Disadvantages 

• Higher initial cost than Alternatives 2 and 3 
 

 
Alternative 2 – Replacement of the NPS 24 Crossing only with a new NPS 24 Crossing  

 
Description 

Install a new NPS 24 crossing using an HDD and tie into the existing NPS 24 pipeline on either 

side of the river at an estimated cost of $17 million.  The existing NPS 24 crossing would be 

abandoned.  This Alternative does not contemplate any changes being made to the NPS 20; 

rather, it anticipates this pipeline being operated and maintained as per current practice until it 

either reaches the end of its life or fails in a seismic event and is then replaced. 

Advantages 

• Second lowest initial cost. 

• Relative to Alternative 3, Alternative 2 will support more regional post-earthquake 
recovery before replacement of the failed NPS 20 is needed.  However, TGI 
recognizes that NPS 24 capacity alone will not be sufficient to meet design loads for 
the 20 year planning period. 

 

Disadvantages 

• Reduced crossing capacity following a strong earthquake.  Towards the end of the 
planning period, downstream system capacity would be reduced below design 
loads. 

• The existing NPS 20 will continue to operate in non-compliance with Terasen’s 
seismic standard, with ongoing public safety risk from failure due to an earthquake.  
This is a potentially significant addition to initial earthquake emergency assessment 
and public safety response.  
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• The existing NPS 20 will continue to operate in non-compliance with Terasen’s 
underwater crossing design standard, with ongoing risk of failure due to river scour. 

• Need for future replacement of the existing NPS 20 under unfavourable, post 
earthquake conditions.  This would entail additional costs for the replacement and 
potential diversion of Terasen and other resources from other recovery work.  

• Dike improvement work will require mitigation of stress on NPS 20, and long-term 
dike settlement concerns will remain.  

• On-going O&M costs associated with monitoring the NPS 20 and potential mitigation 
required due to bank erosion and river bed scour, which would not be required 
under Alternative 1. 

• Operating flexibility is lost following a strong earthquake (including the period of 
aftershocks), until the failed NPS 20 is replaced. 

 

Alternative 3 – Replacement of the NPS 20 Crossing only with a new NPS 20 Crossing 

Description 

Install a new NPS 20 crossing using an HDD and tie into the existing NPS 20 pipeline on either 

side of the river at an estimated cost of $16 million.  The existing NPS 20 crossing would be 

abandoned.  This Alternative does not contemplate any changes being made to NPS 24; rather, 

it anticipates this pipeline being operated and maintained as per current practice until it either 

reaches the end of its life or fails in a seismic event and is then replaced. 

Advantages 

• Lowest initial cost alternative. 

• Relative to Alternative 2, lower on-going O&M costs for monitoring of the NPS 24 for 
bank erosion and river bed scour and less potential for related mitigation work. 

 
Disadvantages 

• The existing NPS 24 will continue to operate in non-compliance with TGI’s 
standards, with ongoing risk of failure due to an earthquake.  Although slightly less 
seismically vulnerable than the NPS 20, and less at risk from river scour, this 
remains a potentially significant emergency assessment and public safety response 
issue.  

• Insufficient crossing capacity following a strong earthquake.  In the last half of the 
planning period, downstream system capacity would be reduced below design 
loads, potentially limiting post-earthquake recovery of the region.  Urgent 
replacement of the failed NPS 24 would be needed to avoid significant and 
prolonged customer outages, putting a major additional strain on TGI and regional 
resources in extremely unfavourable circumstances. 
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• Dike improvement work will require mitigation of stress on NPS 24, and long-term 
dike settlement concerns will remain.   

• Operating flexibility is lost following a strong earthquake (including the period of 
aftershocks), until the failed NPS 24 is replaced. 
 
 

Alternative 4 – Replacement of the NPS 20 Crossing with a new NPS 30 Crossing 
Extending from Tilbury Gate Station to Nelson Gate Station 
 
Description 

Install a new NPS 30 crossing using an HDD, and abandon the existing NPS 20 crossing in 

place.  As well, remove the existing on-land NPS 20 pipeline segments which extend from the 

crossing to existing facilities at Tilbury Gate Station to the south and Nelson Gate Station to the 

north, replacing those segments with NPS 30.  There are additional complexities with this 

alternative, as both existing gate stations at Tilbury and Nelson require reconfigurations in order 

to accommodate the NPS 30 pipeline and abandonment of the NPS 20.  The total length of 

transmission system replacement in this alternative is 2.8 km, including 1.3 km of additional 

open trench pipeline installation.  Tie-ins would include addition of facilities for internal 

inspection of the NPS 30, some of which already exist at Tilbury Gate Station.  Existing NPS 24 

pipeline and crossing would remain in service to provide operating flexibility.  The estimated 

cost of this alternative is $27 million.  It does not contemplate any changes being made to NPS 

24; rather, it anticipates the NPS 24 either reaching its end of life or rupturing upon the 

occurrence of a seismic event and subsequently being replaced. 

Advantages 

• New NPS 30 fully complies with all TGI standards. 

• The crossing can meet gas demand requirements for the planning period after a 
strong earthquake in the event the NPS 24 fails. 

Disadvantages 

• Higher cost than Alternatives 2 and 3; equivalent cost to Alternative 1, but with 
increased cost uncertainty.  

• Significant increase in scope, number and duration of landowner, tenant, and 
environmental/land restoration impacts from open trench construction activities, 
which would extend on either side of the crossing, to Tilbury Gate Station and to 
Nelson Gate Station, a total length of 2.8 km. 
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• Retention of NPS 24 for operating flexibility requires assumption of public safety risk 
from seismic events, and some river scour risk, which add to emergency response 
and public safety concerns. 

• Dike improvement work will require mitigation of stress on NPS 24.  

• Operating flexibility is lost after the NPS 24 fails in a strong earthquake.  Parallel 
pipelines for critical underwater crossings provide better long-term reliability. 
 

Table 5.1 summarizes the evaluation of the four alternatives, and cost estimates are attached 

as Appendix 13. 



1 Both crossings: 
NPS 20 + NPS 24 27 No No No   (2) Yes No No No

2 One crossing: 
NPS 24 with NPS 24 17 Yes - NPS 20 High - NPS 20 Yes - NPS 20 Yes Yes Yes - NPS 20

3 One crossing: 
NPS 20 with NPS 20 16 Yes - NPS 24 Med - NPS 24 Yes - NPS 24 Yes Yes - large Yes - NPS 24

4
Entire pipeline from

Tilbury to Nelson
 NPS 20 with NPS 30 

27 Yes - NPS 24 Med - NPS 24 Yes - NPS 24 No(3) Yes No No(3)

NOTES: 

 Vulnerabilities

Current Issues
Alternative

Operating 
Flexibility

           Table 5.1 -  Evaluation of HDD Alternatives

Replace 
Failed 

Pipeline 

Capacity 
Shortfall

Emergency 
Response 

Needed

Post Earthquake Issues

 Replacement
ScenarioNo. Seismic

Project 
 Cost

 
($ millions) (1)

(3)  Unless failed pipeline is replaced for operating flexibility only

(1)  2008 dollars, incl. AFUDC; accuracy of cost estimates is  -15%  +20%   (dike improvement cost included) 
(2)  Requires delay of dike improvements until after pipeline construction

River Scour
Dike 

Mitigation 
Needed

Not until  
failed pipeline
 is replaced
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5.4 Conclusions and Recommendation 

Alternative 1, replacing both existing pipelines, has a greater initial cost than Alternatives 2 or 3.  

However, it is the only alternative which fully resolves all issues, both current and future (post-

earthquake).  This dual HDD replacement resolves seismic and river scour issues, and 

mitigates current and future problems related to dike improvement and ongoing settlement.  

Pipeline capacity and operating flexibility are maintained.  This alternative improves system 

reliability and avoids additional maintenance associated with other alternatives, such as 

bathymetric surveys and possible requirement to install rock blanket scour protection.  It also 

avoids future emergency response and pipeline reconstruction in potentially adverse post-

earthquake conditions and difficult terrain.  These latter issues, which would arise if both lines 

are not replaced, potentially create substantial extra burdens on both TGI and the region in the 

event of a strong earthquake.   

In addition, replacing both crossings during one contractor mobilization will reduce future siting 

and permitting risk and result in cost efficiencies.  TGI anticipates cost savings of at least $6 

million can be realised under today’s conditions with one mobilization versus staging of the 

replacements of the second crossing to some time in the future or after an event that causes the 

crossing to fail.   TGI also recognises that there will continued development in the area on both 

sides of the river and therefore gaining approvals and access to the ROW and temporary 

construction space in the future will become increasing more difficult and could add significantly 

to costs of doing the second replacement.   

Alternative 2, replacing the NPS 24 with a new NPS 24 crossing, is considered unacceptable 

due to the significant vulnerability of the remaining NPS 20 to river scour, greater seismic 

vulnerability of the NPS 20, and the added requirement to mitigate the effects of dike 

improvements and ongoing dike settlement on the remaining NPS 20.  The NPS 20 pipeline 

does not meet TGI seismic or flood design criteria.  In addition, a new NPS 24 alone will not fully 

meet winter capacity requirements throughout the planning period.  TGI therefore considers 

Alternative 2 to carry an unacceptable level of long-term risk.  

Alternative 3, replacing the NPS 20 with a new NPS 20 crossing, is the option with lowest initial 

cost, and would replace the one pipeline most vulnerable to erosion and earthquakes.  However 

the NPS 20 alone is well short of capacity to meet future winter loads.  TGI believes that 

prolonged loss of the NPS 24 capacity following a strong earthquake will be unacceptable at a 
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time when the Lower Mainland will depend on natural gas supply for regional economic 

recovery.  That situation would necessitate immediate replacement of the failed NPS 24 pipeline 

during the most adverse of circumstances, which would greatly compound the other challenges 

that TGI will face in the aftermath of a strong earthquake. 

Importantly, this alternative will not address the seismic vulnerability of the NPS 24 pipeline, 

which does not meet the TGI seismic design criterion.  As well, it will not mitigate the effects of 

dike improvements and ongoing dike settlement on the remaining NPS 24.  TGI therefore 

considers Alternative 3 to carry an unacceptable level of long-term risk.  

Alternative 4, replacing the entire NPS 20 pipeline segment from Tilbury Gate Station to Nelson 

Gate Station with NPS 30 would ensure capacity and security of supply following a strong 

earthquake.  However, this alternative has greater potential for disruption to stakeholders due to 

the greater physical length of the project work.  Furthermore, Alternative 4 requires that the 

vulnerabilities, mitigation and emergency response issues associated with the existing NPS 24 

be accepted in return for retaining a second pipeline at this critical crossing to retain operating 

security and flexibility.  Finally, there are no cost or operating advantages for choosing this 

approach over Alternative 1.  

TGI therefore believes that Alternative 1, the replacement of both the NPS 20 and NPS 24 

crossings, is the most appropriate alternative. 
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6 Project Construction 

6.1 Replacement of the NPS 20 and NPS 24 Using HDD 

Horizontal Directional Drilling is a common method for replacing river crossings.  TGI has 

utilized HDD’s on numerous occasions to avoid both technical and environmental concerns 

associated with other construction methods. 

The methodology requires temporary “set-up” areas on both sides of the proposed crossing.  On 

the entry side, a drilling machine is positioned.  This machine, using GPS guidance technology, 

first drills a small diameter pilot hole between the entry and exit points.  This is followed by a 

second drilling process which enlarges the pilot hole to a diameter larger than the pipeline to be 

installed.  

On the opposite side of the proposed crossing (the exit point) a pipe “lay-up” area is required.  

The space requirements on this side are considerably larger since this area is used to weld 

together the pipe for the eventual crossing.  The drilling machine is then used to pull the pipe 

through the previously enlarged hole. 

The final step involves “tie-ins” to the existing pipeline upstream and downstream of the entry 

and exit points.   

6.2 Design and Construction Considerations 

This section describes considerations which impact the design and/or construction of the HDD 

crossings.  An aerial photograph of the proposed crossing site is attached in Appendix 6. 

6.2.1 Use of TGI ROW 

The pipe lay down area will be located on the north (Richmond) side of the river.  The lay down 

area will utilize existing TGI ROW as much as possible, with additional workspace requirement 

as identified through the HDD tendering process.  

The drill entry points will be located on the existing TGI ROW, to the south of Blundell Road in 

Richmond and some additional working space will be required at this site. 
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The drill exit points will be located on existing TGI ROW, to the north of Berg Rd, in Delta, B.C. 

with some additional access and working space required at this site as well. 

Preliminary discussions with impacted businesses and landowners have taken place.  

Additional detail regarding communication with stakeholders can be found in Section 6.6 of this 

application. 

The drill paths will utilize existing TGI ROW between the entry and exit points, and no new 

additional ROW will be required.  It will be necessary to remove a short section of each existing 

pipeline at the drill entry and exit locations prior to drilling.  The proposed HDD path for both 

pipelines is generally underneath the existing NPS 20 pipeline alignment.   

6.2.2 Other Utilities 

The HDD paths involve crossing Metro Vancouver’s NPS 48 Tilbury water main on the south 

side of the river.  The expected vertical separation between the HDD paths and the water main 

is approximately 25 m and no impacts to this important water main are foreseen.  TGI will 

provide sufficient monitoring to ensure that there are no detrimental effects.   

Pipeline assembly will be on the ground above and adjacent to the existing TGI pipelines, and 

there will be no need for excavation of utility lines crossing the ROW.  TGI will utilize its existing 

protocols to assess and mitigate any impact of construction activities on buried utilities, and will 

implement site-specific construction practices and precautions that may be required to prevent 

damage from construction equipment.  Pipe assembly may also occur in proximity to overhead 

electrical power lines and all appropriate safe work practices will be followed. 

6.2.3 Roads, Highways, Railways 

The project will be carried out entirely within the existing TGI ROW and acquired temporary 

workspace.  Construction of new roads or permanent impacts to municipal roads is not 

anticipated.  Minor temporary road closures may be required for transporting pipe, equipment 

and assembling the pipe strings however these closures will conform to municipal traffic 

management plans as required.  In addition, the selected contractor will be required to comply 

with all municipal requirements when utilizing city roads. 
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6.2.4 Private Land and ROW Issues 

Noise Control – The drill entry sites are located within an industrial park.  Noise monitoring and 

control of construction activities will comply with municipal guidelines.  Noise control methods 

will include temporary walls and screening to deflect sound away from occupied buildings.  

Noise control at the drill exit locations is not anticipated as there are no immediate neighbours.  

Vehicle Access – Preliminary consultation with property owners to coordinate construction 

vehicle access have taken place.  No significant impacts or disruptions to existing businesses 

are expected.  

ROW Restoration – Preliminary discussions with property owners regarding restoration have 

taken place and all impacted properties will be restored to pre-construction conditions or 

equivalent. 

6.2.5 Safety Plan 

Considering the proximity of the proposed work to industrial areas, farmland, rail lines, 

roadways, a water pipeline and the existing NPS 20 and NPS 24 transmission lines, an 

important consideration will be the safety of public and site personnel during construction.  A 

comprehensive safety plan will be developed by the HDD contractor in compliance with TGI 

standards, WorkSafeBC regulations and the requirements of other impacted stakeholders. 

6.3 Capital Cost 

The total capital cost of the project is estimated to be approximately $27.3 million in 2008 

dollars.  This cost estimate is based on preliminary project definition and design and the 

individual cost elements consist of historical costs, non-binding quotations and projections.  The 

expected accuracy of the cost estimate is -15 to +20%. 
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Table 6.1 Capital Cost 

 Alternative 1;  NPS 20 and NPS 24 HDD Replacement Estimate 
($2008 millions) 

1 Project Management, Engineering, Consultation, Inspection $ 4.9 
2 Land Utilization, Temporary Workspace $ 1.8 
3 Pipe & Coating Materials $ 3.6 
4 River Crossing HDD Installation & Pipeline Construction $ 11.6 
5 Tie In Construction $ 2.5 
6 North Bank Dike Improvements Allowance $ 1.0 
7 Operations & Commissioning $ 0.6 
8 Sub- Total $ 26.0 
9 Retirement Costs (existing NPS 20 and NPS 24) $ 0.4 
10 AFUDC $ 0.9 
 Total Project  $ 27.3 

 
Notes  

• All capital cost estimates are based on an in-service date of November 2009. 
• Cost estimates include all engineering, procurement and construction costs, regulatory and 

environmental costs, and workspace acquisition costs. 
• Steel pipe costs based on July 2008 quotation and subject to market variation. 

 

Cost estimates are based on the most recent studies and information available to TGI.  Relative 

to previous studies, recent geotechnical information collected at the site along with detailed 

seismic analysis has resulted in an increase in both the length and depth of the crossing 

replacements.  As well, the north side of the river has undergone significant industrial 

development over the last few years which has complicated the logistics of the HDD based on 

pipe layout and impact on businesses.  Current market prices have been used for the expected 

contracted construction services, materials, and heavy-wall line pipe.  In particular, the HDD 

contract estimate is based on construction during the spring, summer or fall seasons.  

Construction during the winter is typically 5-15% more costly.  Allowances have also been 

included for the rental of workspace and procedures to minimize impacts to local businesses.  

TGI is committed to minimizing the rate impact associated with this non-discretionary Project; 

therefore, TGI proposes to: (i) structure the HDD contract as being conditional upon 

Commission review and approval; (ii) schedule the project to avoid higher winter prices for HDD, 

(iii) file a revised control budget accounting for new information; and (iv) file with the 

Commission quarterly project progress reports and a project completion report in a form 

developed in conjunction with Commission staff.   
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6.4 Schedule 

The proposed Fraser River Crossing Upgrade will be undertaken from 2008 to early 2010 with 

specific activities and durations as follows: 

Table 6.2: Schedule Milestones 
 

Activity Duration 
Concept Development  January – September 2008  
Detailed Engineering  August 2008 – May 2009  
CPCN Preparation and Approval  July 2008 – March 2009  
Tendering (Materials) November 2008 – February 2009  
Tendering (HDD) November 2008 – March 2009 
Construction  June 2009 – October 2009  
In Service  November 2009  
Site Restoration  September 2009 – May 2010  

 
A more detailed schedule is attached as Appendix 7. 

The recommended alternative includes efficiencies resulting from replacing both crossings 

utilizing one HDD equipment mobilization.  Analysis of tenders is required to better understand 

the impact of schedule on those efficiencies.  The current schedule assumes that construction 

will occur in 2009, however the project team has allowed for 2010 construction if following 

evaluation of tenders for the HDD work it is determined to be more cost effective. 

6.5 Cost & Schedule Risks 

The primary risks to cost and schedule, and the control / mitigation strategies for this Project are 

identified in Table 6.3.  
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Table  6.3  - Project Execution - Risk Control Summary

Project Management Upon approval of the Project, a Project Execution Plan will be issued to detail risks and mitigation strategies, 
including a Control Budget based on material and HDD/Pipeline construction tenders.

Stakeholder Impacts Regular collaborative communication with all internal and external stakeholders throughout duration of the 
Project. 

Construction Schedule Analyze requirements and the feedback from tenders to determine whether 2009 In-service Target is reasonably 
achievable, or that 2010 completion target is better.

Engineering / Construction Resources Use Terasen internal resources combined with consultants who have proven skills, HDD experience and 
availability.

Material Cost / Delivery Tender to known vendors and award to the lowest qualified bidder.

HDD / Pipeline Contract Cost Optimize Total Contract Price via: 
1) Lump Sum cost components for surface activities that can be best managed by the contractor; and 
2) Unit Rates for unforeseen or variable subsurface risks to be shared between the contractor and Terasen
     (e.g. mud fractures or extreme weather). 

HDD / Pipeline Contractor Capability Tender to known contractors with proven experience; award to the lowest qualified bidder.

KEY RISK CONTROL / MITIGATION

 

 

In the case of an HDD contract, there will always remain some uncertainty with respect to 

subsurface conditions.  TGI has conducted detailed geotechnical investigations along the drill 

path and it is expected that the geotechnical baseline report produced for the HDD contractors 

will reduce the uncertainty regarding subsurface conditions.  In designing procurement 

documents, it is possible to trade off risk for cost.  TGI will seek to structure the tender 

documents for the HDD contract in such a way as to arrive at an appropriate balance between 

price and the retention of some risk.   

TGI plans to schedule the HDD construction work for the summer or fall, when contractors are 

more available and pricing will be more competitive. 

6.6 Environment and Socio-Economic Assessments 

6.6.1 Environmental Assessment 

TGI has retained a team of environmental professionals from Dillon Consulting Ltd. (“Dillon”) 

and sub-consultants, Madrone Environmental Consulting, and Altamira Consulting Ltd. to 

complete a preliminary screening assessment of environmental issues including fisheries, 

aquatic and terrestrial habitat, agricultural and archaeological resources.  In addition, 

introductory discussions with relevant environmental regulators have been initiated for this 

project.  Based on the results of the environmental screening and agency liaison completed to 
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date, TGI expects that all potential environmental, agricultural, and archaeological impacts 

associated with this project can be mitigated through standard mitigation protocols. 

An environmental screening-level assessment of the project was completed in September 2008 

and a copy of the report prepared by Dillon has been attached as Appendix 8. The objective of 

the environmental screening assessment is to: 

• describe the pre-construction conditions of the project site and its attributes (e.g., 
fish and wildlife habitat, riparian vegetation, upland conditions, surface water 
drainage patterns, and agricultural, archaeological, and cultural resources); 

• predict and evaluate potential temporal and residual project-related impacts and/or 
interactions with environmentally sensitive areas; 

• identify other potential issues of concern in the study area; and  
• determine and identify construction constraints (e.g., appropriate timing windows), 

regulatory permits and approvals and summarize the environmental regulatory 
process. 

 
The Dillon environmental assessment report has been supplemented with two additional 

detailed assessments. 

First a screening level archaeological overview has confirmed that there are no known 

archaeological sites or areas of archaeological potential within or immediately adjacent to the 

Project area.  As such, there exists little to no possibility that the project could adversely affect 

any known or unknown archaeological sites.  A copy of the report prepared by Altamira 

Consulting Ltd. has been attached as Appendix 9. 

Second, a preliminary agricultural assessment of the potentially affected Agricultural Land 

Reserve (ALR) regulated property (i.e., the Gilmour Farm property) in Richmond has been 

completed.  Any agricultural impacts associated with construction can be mitigated by means of 

standard topsoil stripping and ground pressure reduction measures.  Preliminary negotiations 

for any required temporary work space and access have been initiated with the land owners and 

applications will be submitted for all required permits post-CPCN approval.  A report from 

Madrone Environmental Services is attached as Appendix 10 

In summary, all potential environmental impacts associated with the project will be temporary 

and mitigated through the implementation of standard mitigation protocols during construction 

and site restoration.  
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TGI has completed its initial environmental screening for the project.  A more detailed 

Environmental Impact Assessment (EIA) will be undertaken during the design phase of the 

project to identify the nature and magnitude of potential impacts and associated risks to the 

environment.  The EIA will focus on the use of matrices to show issues scoping and pathway 

analysis plus potential effects on valued components and recommended mitigation measures as 

per appropriate provincial and federal legislation and guidelines.  Coinciding with the completion 

of the EIA, individual permit and approval applications will be submitted to the environmental 

regulatory agencies for review.   Consultation with local and regional governments and federal 

and provincial agencies and authorities have been initiated and will continue through to 

completion of the project.   

The table below outlines the proposed completion dates for the environmental activities. 

Table 6.4 Environmental Activities Schedule 

Activity Completed by 
Environmental Screening-level Assessment  Sept 2008 - complete 

Environmental Impact Assessment  March 2009 

Regulatory Approvals/permitting Submission  March 2009 
 

6.6.2 Socio-Economic Assessment 

The economic impact of the Project to the regional area is expected to be limited.  The HDD 

contractor and the major materials, such as pipe and valves, will be procured from out-of-

province sources since these resources are not available in B.C.  Most of the professional 

services, such as geotechnical engineering and environmental assessments will be provided by 

personnel based in B.C as will some of the HDD personnel.  Expenditure by the small workforce 

can be expected to benefit local restaurants and hotels. 

The Project’s greatest impact, however, is the prevention of major social and economic 

consequences to the region that would be associated with a failure of these pipelines.  These 

issues and impacts are addressed in Section 4 Project Justification. 

The majority of the project work will be carried out within the existing TGI ROW.  However, the 

project will have some minor impact on the operations of a few industrial properties, farms and 

owners on both sides of the Fraser River.  Preliminary discussions with property owners and 
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lessees have included the use of temporary working space, noise control, vehicular access, 

ROW restoration, and compensation for business or crop losses. 

The City of Richmond and the Corporation of Delta have been informed of the project and will 

be consulted on traffic patterns, removal and replacement of vegetation, grading, and the supply 

and disposal of water for drilling and testing purposes.  The Vancouver Fraser Port Authority 

has also been informed as the proposed works will extend beneath the Fraser River. 

6.7 Communication and Consultation Program 

Through its communication and consultation program, TGI has currently undertaken through 

initial stakeholder discussions to: 

• identify key community stakeholders in order to appropriately communicate project 
intent; 

• respond to public interest and potential issues; and 
• gather information that will assist TGI in its plans to construct, schedule and operate the 

pipeline crossings. 
 
TGI has held initial meetings with key stakeholders in Richmond, Delta and Metro Vancouver 

and has been in contact with government bodies and landowners that would be affected by the 

project.  These meetings have gone well.  No "show-stoppers" have been identified, and key 

stakeholders have voiced their support of the potential project. 

6.7.1 Project Stakeholders 

TGI has completed preliminary discussions with each of the following project stakeholders: 

• Affected property owners or lessees that include: 
o Lantic (Belkorp Industries Inc)  
o Lehigh Cement Dynacor Coatings 
o Stork Craft Manufacturing Inc 
o Kingswood Industrial Park Property Management 
o Emerson Real Estate Group 
o Gilmour Farms 

• City of Richmond 
o Director of Engineering 
o Director of Parks & Operations 
o Mayor & Council 

• Richmond Chamber of Commerce 
o Executive Director 

• Delta Chamber of Commerce 
o Executive Director 
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• Corporation of Delta 
o Chief Administrative Officer 
o Director of Engineering 
o Mayor & Council 

• Canadian National Railway / Burlington Northern Santa Fe Railway / CP Railway  
• Metro Vancouver (formerly Greater Vancouver Regional District) 
• Provincial Dike Authority 
• Fraser River Port Authority (“FRPA” - replaces Fraser River Harbour Commission), 
• Fraser River Estuary Management Program (“FREMP”) 
• Ministry of Environment (“MoE”) 
• Dept of Fisheries and Oceans (“DFO”) 
• First Nations 

o Musqueam Indian Band 
o Katzie First Nation 
o Tsawwassen First Nation 

• Oil and Gas Commission (“OGC”) 
• Agricultural Land Commission 
• Transport Canada (Navigable Water Protection Division) 

6.7.2 First Nations 

The Fraser River Crossing South Arm Crossing Upgrade Project will be impacting private fee 

simple land that contains the TGI statutory ROW on both sides of the Fraser River. It will not be 

impacting Crown or Indian Reserve land.  Studies have not identified any archaeological sites 

within the project area. All land has been previously disturbed.  Nonetheless, TGI has contacted 

three First Nations who have archaeological interests in the area - Tsawwassen First Nation, 

Katzie First Nation and Musqueam First Nation - and provided information on the proposed 

project.  To date none of the three First Nations have identified any issues with the project.  

6.7.3 Summary of Stakeholder Concerns 

To the point of filing this CPCN application, all feedback on the project has been positive and 

encouraging.  TGI believes all identified issues can be mitigated.  Stakeholder comments have 

included typical concerns such as: 

• temporary loss of parking; 
• stakeholder vehicular access; 
• site restoration / remediation; 
• access or utility disruption associated with possible road closures and traffic detours, and 
• noise impacts associated with construction equipment and movement of support 

vehicles. 
TGI expects to develop reasonable resolutions that mitigate the concerns that have been 

raised.  A more detailed summary of stakeholder communications is attached as Appendix 11.  



 
TERASEN GAS INC.  
CPCN Application:  Fraser River South Arm Crossing Upgrade Project  
 

Page 33 
 

6.7.4 Communications Plan 

TGI’s approach with stakeholders will remain inclusive and proactive. A summary of TGI’s 

communications plans is presented in Table 6.4 below. 

Table 6.5 Project Communications Plan Summary 

Activity Completed By 

Informational meetings regarding the project held with key 
stakeholders and property owners 

Summer 2008 - Complete 

A local TGI employee has been designated as the spokesperson 
and contact for project inquiries 

Summer 2008 - Complete 

A project fact sheet  has been assembled that includes details on 
the pipeline replacement rationale, methodology, project 
schedule, costs and the regulatory approval process 

Summer 2008 - Complete 

Presentations will be made to Mayor & Council of City of 
Richmond and the Corporation of Delta 

Fall 2008 

Key property owners, First Nations and other stakeholders will 
receive project updates and reports 

As needed basis 

TGI will continue to work directly with stakeholders Throughout the project 

6.7.5 Conclusions - Communication and Consultation Program 

TGI believes that the public consultation and communication plan at the time of filing has been 

appropriate and has met the expectations of landowners and interested stakeholders alike.  In 

particular, initial meetings with the City of Richmond, the Corporation of Delta, Metro Vancouver, 

Belkorp, Lantic and Stork Craft have been both useful and instructive.  TGI will continue to 

consult with property owners and lessees regarding public safety, schedule, ROW, temporary 

construction space, access and accommodation issues. 

With respect to First Nations, in light of the limited impact to previously disturbed fee simple 

land, TGI believes that the consultation conducted to date has been appropriate and adequate. 

It is TGI’s intent that good relationships with property owners, First Nations and other 

stakeholders will be maintained through all phases of the project.  TGI has every expectation 

that the public consultation and communication process will help diminish potential impacts, 

ensure the project remains on schedule, and mitigate unexpected project issues. 
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6.8 Applications and Approvals 

6.8.1 Design, Construction and Operations 

The design, construction and operation of the Fraser River South Arm Crossing transmission 

pipelines are subject to the British Columbia Pipeline Act and Regulations, which fall under the 

jurisdiction of the OGC.  Design & construction and operating approvals for the Fraser River 

South Arm Crossing Upgrade Project have been discussed with the OGC, and these will be 

obtained as required.  

6.8.2 Site Rezoning and Land Rights Purchase 

Site rezoning is not required for this Project.  The new pipelines will be wholly installed within 

the existing TGI ROW, and additional temporary working space will be negotiated as required 

with the land owners. TGI has completed preliminary discussions with land owners regarding 

temporary working space. 

6.8.3 Private Land Rights and Access Road Use 

Access to private lands and access road use will be in accordance with established or new 

agreements with property owners and lessees. TGI has completed preliminary discussions with 

land owners regarding temporary road access. 

6.8.4 Water Crossing 

All waters classified as fish habitat are protected by the federal Fisheries Act, which is 

administered by DFO.  TGI will make application to DFO which will determine whether the 

activities associated with the Project should also be referred to the Fraser River Estuary 

Management Program (FREMP) for project review.  TGI has had preliminary discussions with 

DFO and FREMP, and expects the Project will receive a favorable review, given that no work is 

expected to occur within fish habitat; i.e. “no-net loss” of fish habitat can be achieved.  

Notification to the Fraser River Port Authority (FRPA) will be required for the project.  TGI 

expects that the FRPA will process the notification via their “Track 1” process given that the 

project activities are of a predictable nature with little or no impact.  An approval submission to 

Transport Canada (Navigable Waters Protection Division) will likewise be required for this 

project as will an application for approval to the OGC under Section 9 of the Provincial Water 

Act.  
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7 Resource Requirements 

7.1 Project Management 

A TGI project manager will manage the Project and implement the execution plan for each 

phase of the Project.  Figure 7.1 below outlines the functional organization chart for 

management of this Project.  

Figure 7.1: Project Functional Organization Chart  

 
 

7.2 Design and Quality Control 

TGI engineering resources will be utilized for the design of the land-based pipelines and tie-ins.  

However, the specialized services required for environmental management, geotechnical 

investigation and analysis, HDD pipe and profile design, and construction inspection will be 

contracted to individuals and companies possessing the demonstrated skills and experience to 

complete the work.  These individuals and companies will be expected to ensure that public and 
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worker safety, quality workmanship and environmental compliance are maintained throughout 

this Project.  

TGI operating personnel will ensure all facilities are efficiently placed into operation upon 

completion of construction and conform to TGI standards and industry practices.  

7.3 Construction Services 

Potential prime construction contractors will be pre-qualified prior to the release of the tender 

documents.  For the HDD Crossing, the prime contractor will be responsible for the drilling and 

installation of the pipeline across the Fraser River.  The lowest cost qualified contractor will be 

selected by TGI at the close of the procurement process.  

7.4 Materials 

All owner-supplied materials will be purchased by TGI from the lowest-cost qualified bidder. 
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8 Cost of Service Impact 

TGI estimates the annual incremental cost of service for the $27.3 million investment in the new 

crossing assets to be approximately $2.2 million starting 2010.  The incremental cost of service 

estimates are based on the TGI current approved capital structure, cost of capital and tax 

treatment.  TGI does not anticipate any incremental operating or maintenance costs, and 

modest potential maintenance savings have not been included.   

Based on forecasted volumes for sales and applicable transportation customers the unit cost of 

service impact is estimated to be 1.4 cents per GJ starting 2010.  

The estimated 20 year incremental cost of service for the new crossing is attached as Appendix 
12.  

9 Conclusion 

As described in this Application, TGI’s concerns regarding seismic events, river erosion and the 

negative effects of future dike improvements on the NPS 20 and 24 are founded on a series of 

studies commissioned over the last decade.  In light of the public safety issues and significant 

public interest in ensuring reliable service to hundreds of thousands of customers in the Lower 

Mainland, TGI believes this Project is in the public convenience and necessity and a CPCN 

should be granted as sought.  TGI has evaluated a number of alternatives to mitigate 

unacceptable seismic and erosion risks to the existing Fraser River South Arm crossings.  TGI 

has concluded that the most appropriate alternative is the replacement of both the NPS 20 and 

NPS 24 crossings in 2009, at an estimated cost of $27.3 million. Consultations with 

stakeholders and First Nations have been initiated, and no significant issues have been 

identified. 

TGI is committed to minimizing the rate impact associated with this non-discretionary Project; 

therefore, TGI proposes to: (i) structure the HDD contract as being conditional upon 

Commission review and approval; (ii) at the same time, file a revised control budget accounting 

for new information; and (iii) file with the Commission quarterly project progress reports and a 

project completion report in a form developed in conjunction with Commission staff. 



 
 
 

Appendix 1 





 
 
 

Appendix 2 



DES-09-02.doc Page 1 of 23 
Caution: Printed documents may not be current. Verify online. 

DES 09-02 GUIDELINE 
27 February 2004 DESIGN 

  Seismic Design 
  Seismic Design Requirements for 

Buried Pipelines 
   
  

 Replaces: n/a 

Overview 
This guideline describes factors that need to be considered in determining 
the need for special seismic design measures. It provides guidance on 
implementing seismic design measures for buried pipelines. 

A screening methodology is provided to assist in the process of deciding 
whether or not additional expertise is required to quantify specific 
seismic design issues and design measures. The screening methodology 
is largely based on judgment and uses a qualitative assessment of damage 
consequences and general information on surface soil deposits and 
topography to identify site conditions that could experience permanent 
ground displacements large enough to pose a hazard to Terasen Gas 
buried pipelines. It must be recognized that local conditions may be 
highly variable and there is always the possibility that detailed site 
investigations will lead to conclusions that differ from the screening 
methodology. 

Audience 
This guideline is intended to be used by engineers responsible for the 
planning and design of projects related to the installation, repair, and 
replacement of pipelines. 

Background 
Since 1993, Terasen Gas has implemented several projects to assess the 
vulnerability of its major transmission and intermediate pressure 
pipelines to potential hazards related to a significant earthquake affecting 
the Terasen Gas service area. These assessments were focused on 
determining whether or not key pipelines critical to the Terasen Gas 
system had a reasonable likelihood of maintaining pressure following a 
seismic event with an average return period of 2,000 years (annual 
exceedance probability of 0.0005). 

Past efforts to assess pipeline response to seismic hazards have led to the 
upgrading of several critical pipelines and modification of design 
requirements for new pipeline installations and pipeline replacement. 
This guideline is based on the lessons learned from Terasen Gas 
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experience in assessing expected pipeline performance for earthquake 
hazards typically found in British Columbia and generally accepted 
seismic design practices in the natural gas industry. 

References 
•     American Lifelines Alliance (ALA), 2001. Guidelines for the Design 

of Buried Steel Pipe, www.americanlifelinesalliance.org 
•      American Lifelines Alliance (ALA), 2002. Seismic Design and 

Retrofit of Aboveground Piping, www.americanlifelinesalliance.org 
•      CSA Z662-03. Oil and Gas Pipeline Systems, Canadian Standards 

Association 
•     EQE International, 1994. Seismic Risk Assessment of BC Gas 

Transmission and Intermediate Pressure Natural Gas Pipeline System 
in the Lower Mainland Region, report prepared for BC Gas Utility 
Ltd., March 

•     Geologic Survey of Canada, Open File Report 3511, GeoMap 
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•     Geologic Survey of Canada, Open File Report 3724, Trial Seismic 
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Canadian Cities 
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•      Geologic Survey of Canada, Pacific Division (source for surficial 

geology and topographic maps), http://www.rodus.com/shop 
•      Honegger, D.G. and D.J. Nyman, 2002. Seismic Design and 

Assessment of Natural Gas and Liquid Hydrocarbon Pipelines, PRCI 
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Definitions 

Annual Exceedance Probability 
Probability that a specific level of seismic hazard (ground shaking, 
liquefaction, ground displacement) will be exceeded in one year; equal to 
1/Return Period. 

Distribution Pipeline 
A pipeline operating at a gauge pressure of 700 kPa or less. 

Intermediate Pressure 
A pipeline operating at a gauge pressure greater than 700 kPa but less 
than or equal to 2070 kPa. 

Lateral Spread 
Ground displacement that generally occurs in a down-slope direction as a 
result of liquefaction-induced soil strength loss. 

Liquefaction 
Process by which the strength of granular soil layers below the water 
table is reduced as a result of an increase in pore water pressure generated 
by shearing deformation of the soil caused by earthquake ground shaking. 

Peak Ground Acceleration 
Maximum earthquake acceleration experienced by a perfectly rigid object 
on the ground surface. 

Return Period 
Average time interval between earthquake events. 

Transmission Pipeline 
A pipeline operating at a gauge pressure greater than 2070 kPa. 
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Responsibilities 
The pipeline asset manager is responsible for ensuring that the 
appropriate level of engineering design is applied to the pipeline system. 
Where it is determined that special seismic design measures are needed, 
the asset manager is responsible for obtaining the necessary geotechnical 
and pipeline design services to define appropriate design and construction 
recommendations. 

Design Objectives 
The seismic design objective for Terasen Gas pipelines is to provide a 
reasonable level of confidence that the pipelines will not pose a hazard to 
the public significantly greater than other risks the public might face in 
the event of a major earthquake. An additional benefit of meeting this 
objective is an increased likelihood that natural gas service can be 
maintained and enhance earthquake response and recovery to residential 
customers by providing fuel for heating, cooking, and disinfecting 
drinking water. 

Seismic Hazards Considered 
Potential seismic hazards affecting the Terasen Gas service area include 
the following: 

•     Ground shaking 
•     Liquefaction 
•     Lateral spread displacement 
•     Slope movement caused by ground shaking 

 
Earthquake-generated permanent ground displacement is considered the 
only credible hazard to buried pipelines used in the Terasen Gas system. 
Sources of earthquake-generated permanent ground displacement in the 
Terasen Gas service area are limited to earthquake-triggered landslides, 
lateral spread displacement, and settlement related to liquefaction. 

In addition, there is a potential for collateral damage from interaction 
with other structures or systems (limited to pipelines supported on 
bridges and in close proximity to other utilities damaged as a result of the 
seismic hazards listed above). 
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Regulatory Requirements 
Existing regulatory requirements do not specifically address mandatory 
measures for the seismic design of buried pipelines. Section 4.2.4.1 of 
CSA Z-662-03 explicitly excludes loading related to “(a) occasional 
extreme loads, such as inertial earthquakes, (b) slope movements,  
(c) fault movements, and (d) seismic-related earth movements.” Although 
Appendix C of CSA Z-662-03 addresses limit state design for ground 
movement, the provisions of Appendix C are generally only applicable 
when the design requirements are focused on preventing significant 
permanent deformation of the pipe. This design requirement is generally 
far too conservative for use in assessing earthquake performance where 
some pipeline damage can be accepted (see discussion in Pipeline 
Deformation Capacity, below).  

Buried Pipeline Response to Ground Displacement 

General Behaviour 
Permanent ground displacements are an important consideration for 
buried pipelines, because pipelines crossing zones of ground 
displacement must deform longitudinally and in flexure to accommodate 
the ground movements. Loads will be induced in a pipeline when it 
moves relative to the surrounding soil. This may occur when the soil 
restricts the free movement of a pipeline or when the pipeline attempts to 
resist the movement of the surrounding soil. 

The axial component of ground displacement is resisted by friction forces 
at the soil-pipeline interface. For a given pipeline axial force, there is a 
length of pipeline required to develop opposing soil frictional forces. 
Beyond this length, the pipeline is not affected by the ground 
displacement and can be considered anchored. Hence, the frictional 
resistance provided by soil-pipeline interaction governs the length of 
pipeline available to undergo axial strain to accommodate ground 
displacement. 

Vertical ground movement is resisted by a pipeline in a different manner. 
For a shallow buried pipeline, the uplift resistance of the soil is much 
lower than the downward bearing resistance. Thus, the pipeline may be 
able to lift upward with relative freedom to accommodate the vertical 
ground movement, and the maximum pressure between the  
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pipeline and the soil will occur on the upward moving side. The 
corresponding curvature and bending strains will generally be lower than 
those caused by purely horizontal ground movements of equal 
magnitude. 

The longitudinal strain (combined axial and bending strain) condition in a 
buried pipeline subject to ground displacement generally varies directly 
with soil restraint conditions, i.e., the greater the resistance of the soil to 
the relative displacement of the pipeline within the soil mass, the more 
concentrated the loads become at the location of differential ground 
movement, and the larger the pipe strains must become to conform to the 
ground at the location of differential ground movement. For typical 
pipeline trench conditions, loose granular backfills (sand or gravel) will 
offer less resistance to pipe movement than cohesive backfill materials 
(clay or silty clay). In cases where the native soil is cohesive, loose to 
medium dense granular soil can be used to promote additional fault 
movement capacity. 

The strain developed in a buried pipeline from imposed ground 
displacement is limited by the fact that the maximum pipeline 
displacement cannot exceed the ground displacement. That is, exceeding 
the pipeline yield stress does not imply uncontrolled increase in pipeline 
displacement as might occur if an aboveground span of pipe was 
overloaded. The behaviour characteristic of buried pipelines responding 
to ground displacement is commonly called displacement-controlled or 
displacement-limited and is referred to as a secondary load in the ASME 
codes. Because exceeding the pipeline yield stress in the longitudinal 
direction is of little importance to the ability of the pipeline to maintain 
pressure integrity, strain acceptance criteria are more appropriate for 
determining pipeline ground displacement capacity. 

Pipeline Deformation Capacity 
Contemporary pipeline steels generally can accommodate average tensile 
strains on the order of 3% to 5% or more and local strain concentrations 
of 15% or more without rupture. Small homogenous test specimens of 
typical pipe material in a tensile test fail at a total tensile strain on the 
order of 20% to 25%. However, the strain between first yield and 
maximum load (onset of necking and plastic instability) is only 5% to 
10% and may be even smaller on specimens from large weldments that 
generally contain some flaws of various sizes. 
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The ability of pipelines to undergo flexural compressive strains much 
greater than those associated with the onset of wrinkling without loss of 
pressure integrity, as demonstrated by full-scale testing, has led to the 
adoption of flexural compressive strains much greater than those 
associated with the onset of wrinkling. Flexural compressive strains of 
the same order of magnitude as tensile strains will generally not result in 
a rupture condition, although consideration should be given to the 
potential for wrinkling due to compressive bending strains. 

In compression, local instabilities such as wrinkling can develop at 
strains much less than the achievable tensile strain limits. Wrinkling of 
the pipeline wall does not, in itself, constitute a failure condition for 
displacement controlled loading conditions produced by pipeline 
response to permanent ground displacement. However, under sustained 
loading, further compressive shortening would be expected to concentrate 
at points of initial wrinkling. Typically, the initiation of compressive 
wrinkling occurs in the range of 0.3% to 0.6% strain for most thin-walled 
large diameter pipes. Loss of pressure boundary integrity is associated 
with strains far greater, generally at least ten to twenty times greater, than 
those associated with the initiation of compressive wrinkling. 

Pipe and Welding Specifications 
The selection and specification of both pipe and welding for a strain-
based design pipeline system includes consideration of a number of 
factors that may not be adequately addressed in current Terasen Gas pipe 
welding specifications. The level of pipeline strain that can be developed 
without compromising pressure integrity is influenced primarily by the 
properties of the pipe steel, welding materials and procedures, and quality 
control over the welding process. 

In addition to strength, fracture toughness, and weldability 
considerations, the most important pipe property for strain-based design 
is the yield-to-ultimate strength, Y/U, ratio of the pipe, heat-affected zone 
(HAZ), and weld deposit. This ratio, together with the shape of the stress-
strain curve, determines the amount of plastic strain that can be tolerated 
without failure of the material in and adjacent to the girth weld. A ratio 
on the order of 75% is desirable and is common on low yield strength 
pipe. (The low Y/U ratio should also apply to the longitudinal seam weld 
of the fabricated pipe.) The Y/U properties of the as-rolled plate for the 
pipe and the as-welded properties of the weld deposit are both subject to 
change, almost always in the wrong direction, as the result of straining 
and aging during the manufacturing, field welding, and/or pipe 
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installation process. Special precautions and quality control testing are 
needed to minimize this condition (i.e., higher Y/U ratios). 

Modern high strength line pipe achieves its strength from thermo-
mechanical controlled processing during plate rolling as opposed to the 
older technology of adding alloying elements to the steel. The newer 
technology results in a more weldable pipe at a lower cost but sacrifices 
the Y/U ratio. The high strength grade X70 pipe that would normally be 
specified to achieve minimum pipe weight and price is likely to have a 
Y/U ratio of 85-90% or perhaps higher if the high end of the normal 
distribution is included. It will be difficult to purchase the small 
quantities of special pipe required for crossing zones of ground 
displacement. Selection of a lower strength pipe material such as X52 or 
X60, with a necessarily thicker wall, is suggested whenever practical 
because of its generally lower Y/U ratios and the higher likelihood that 
welds will substantially overmatch the lower-strength pipe materials. 

The choice of a minimum wall design based upon higher pipe material 
strength also leads to a higher D/t ratio and a lower compressive strain at 
which buckling initiates. A higher D/t ratio increases the potential for 
wrinkling of the pipe wall if the pipe is subjected to permanent ground 
deformation. Therefore, when economically practical, consideration 
should be given to selecting a pipe wall thickness larger than what may 
be required by code for internal pressure loads. 
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General Design Considerations 

Transmission and Intermediate Pressure Pipelines 
Figure 1 
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           YES
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The general process for performing a design or an assessment of a buried 
pipeline is illustrated by Figure 1 above. As indicated in the flowchart, 
seismic pipeline design may require input from experts in specialized 
technical disciplines, particularly in the areas of seismology, geology, 
soil mechanics, and materials and welding technology. 
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Most of the approaches for quantifying seismic hazards are based upon 
empirical relationships developed from past earthquake observations. As 
a result, use of the empirical relationships is inherently limited to the 
particular conditions characteristic of the underlying database, i.e., the 
earthquake data used to develop the empirical relationship. 
Understanding the relative importance of these limits and rational 
approaches for implementing modifications for site-specific conditions is 
the primary reason for relying on individuals with special technical 
expertise. 

Detailed seismic design of buried pipelines typically requires a site-
specific soils investigation, analytical assessment of likely permanent 
ground displacements along the pipeline alignment and detailed analysis 
of pipeline response to the estimated ground displacements. Site specific 
seismic design will require outside contractors with expertise in 
geotechnical engineering, analytical assessment of buried pipelines and, 
in some cases, local geology and seismology. 

The approach to seismic design is often iterative and requires 
consideration of modifications to pipeline material or wall thickness, 
pipeline alignment, and pipeline construction details in order to arrive at 
an acceptable design. Because of the iterative nature of the process, it is 
important that the seismic design be considered early in the planning 
process, preferably before rights-of-way have been secured for the 
pipeline alignment. 

It is not possible to provide general guidance on the likely vulnerability 
of buried pipelines to permanent ground displacement without the benefit 
of a detailed analysis. An assessment of the likelihood of damage to 
buried pipelines involves many factors. Some of the most important 
factors include the length of pipe traversing an area of potential 
permanent ground displacement, the direction of ground displacement 
relative to the pipeline alignment, the presence of significant bends (side 
bends, sag bends, and over bends greater than about 10°) within or 
adjacent to the zone of ground displacement, and the pipeline diameter-
to-thickness ratio. 
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Because of the ability of pipelines to withstand higher strains in tension, 
buried pipeline alignments through zones of permanent ground 
displacement that result in pipeline being placed in tension or tension and 
bending are preferred over alignments that result in compression or 
compression and bending. At river crossings, this will often require 
crossing perpendicular to the river and maintaining a straight pipeline 
alignment within 250 m of the river bank. 

Buried pipeline response to ground displacement is also improved by 
increasing the length of pipeline available to undergo axial strain. The 
length of pipeline available to strain axially is increased when soil 
friction forces are reduced and the pipeline alignment is relatively 
straight within 100 m to 300 m of the zone of ground displacement. 
Reduced soil friction is achieved by minimizing the depth of soil cover, 
using hard, smooth pipeline coatings (e.g., fusion bonded epoxy, 
polyethylene) and backfilling the pipeline trench with loose granular soil. 
Sharp bends (side bends, sag bends and over bends greater than about 
10°) can significantly increase the axial soil restraint on buried pipelines 
and should be avoided within 100 m to 300 m of zones of ground 
displacement. 

Other construction alternatives available to improve pipeline response to 
permanent ground displacement include aboveground support of the 
pipeline, placing the pipeline within a soil berm, isolating the pipeline 
from the soil by placing the pipeline within a culvert or sacrificial casing 
and using alternate lightweight backfill material such geofoam. Each of 
these alternatives has certain drawbacks with respect to exposing the 
pipeline to other non-seismic hazards and is best suited for pipelines in 
remote, sparsely populated areas. 

Distribution Pipelines 
By necessity, distribution pipelines are typically installed within a road or 
street right-of-way and must be installed in well-compacted soils that 
reduce the potential for ground settlement that can lead to deterioration of 
the road surface. In addition, the alignment and depth of distribution 
pipelines beneath streets is often dictated by the need to avoid other 
services (e.g., water, sewer, telecommunication lines). Distribution 
pipelines typically have multiple tie-ins for customer gas connections that 
can be especially susceptible to damage from ground displacement. 
Finally, the majority of new or replacement distribution pipelines in the 
Terasen Gas system are constructed of medium density polyethylene 
(MDPE) While MDPE pipelines can undergo larger strains than steel 
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pipelines without loss of pressure integrity, MDPE has lower stiffness 
and is susceptible to pinching failures when subjected to ground 
displacement. 

The potentially higher vulnerability of distribution pipelines is offset by 
the fact that the lower pressure generally leads to lower consequences of 
failure for a distribution pipeline compared to an intermediate or 
transmission pressure pipeline. 

The scoring checklist in Appendix A is intended to infrequently identify a 
need for special seismic design measures for distribution pipelines. When 
considered necessary, seismic design considerations for distribution 
pipelines should focus on providing sufficient operational flexibility to 
isolate areas of potential damage, typically by judicial installation of 
valves, to limit the duration of gas release and the extent of affected 
service area. Practical seismic design considerations for a distribution 
pipeline are often limited to locating the pipeline in the street right-of-
way to maximize the distance between the pipeline and buildings to 
reduce the threat to the public from earthquake damage. Post-earthquake 
response planning should include procedures for rapidly identifying areas 
of pipeline damage and getting field crews to the damaged areas to 
isolate the distribution system. Additional guidance on practical seismic 
design measures for distribution pipelines can be found in McDounough 
(1995). 

Determining the Need for Special Seismic Design of Buried Pipelines 
Determining whether or not detailed seismic design for permanent 
ground displacement (typically involving contracting with specialists in 
geotechnical engineering, seismic hazard evaluation, and analytical 
assessments) is required for a particular buried pipeline installation can 
be accomplished through the following steps: 

1.   Assess the potential consequences of pipeline damage on public 
safety. 

2.   Assess the potential consequences related to operational integrity of 
the gas system. 

3.   Determine that there is a significant likelihood that the project site can 
experience earthquake-related ground displacement. 
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Decisions on the level of required seismic design measures should be 
made on a case-by-case basis with the additional costs of implementing 
seismic design balanced against the above. 

These guidelines provide a multilevel qualitative scoring methodology to 
assist in determining the need for special seismic design measures. The 
scoring methodology examines the potential consequences, as measured 
by potential direct effects (gas release and potential ignition) and indirect 
effects (number of customers potentially impacted by earthquake 
damage) to determine if a pipeline segment warrants special seismic 
design considerations. If the score indicates a significant consequence of 
pipeline damage, an additional scoring sheet is used to identify the 
likelihood for earthquake-related permanent ground displacements with a 
potential to cause pipeline damage. 

Assess Impact of Pipeline Damage 
A scoring checklist to assist in assessing consequences of pipeline 
damage is provided in Appendix A. The scoring checklist separately 
addresses safety consequences (based on location class, diameter, and 
pressure) and operational consequences (based on potential number of 
customers impacted). A score greater than 1.0 is representative of 
unacceptable consequences of earthquake-related pipeline damage and 
indicates that an assessment of potential for seismic hazards is necessary. 

Assess Likelihood for Ground Displacement 
Based upon past experience in assessing seismic hazards for the Terasen 
Gas service area, a scoring checklist to assist in the determination of 
whether or not a credible seismic hazard exists is also provided in 
Appendix A. The scoring checklist provides a system for ranking various 
factors important in determining the likelihood for earthquake-induced 
permanent ground displacements. 

Use of the ground displacement scoring checklist in Appendix A requires 
information on surficial geology, topography, and seismicity. Information 
that can be used in conjunction with the scoring checklist in Appendix A 
includes the following: 
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1.   PGA contour maps from the National Building Code of Canada (map 
MCR 4171 (1994) available from the Geologic Survey of Canada) 

2.   Topographic maps (available from Geologic Survey of Canada) 
3.   Natural hazard map for the lower mainland indicating liquefaction 

susceptibility (available from Geologic Survey of Canada) 
4.   Liquefaction susceptibility maps contained in a 1994 EQE/Golder 

report on the seismic vulnerability of Terasen Gas transmission and 
intermediate pressure pipelines in the lower mainland. 

5.   Municipal liquefaction hazard maps. (These are only available for 
those municipalities that have undertaken detailed studies. It is known 
that such maps exist for the City of Richmond, the City of Surrey, the 
City of Coquitlam, and the Greater Saanich District (Vancouver 
Island). Other municipalities could be contacted as required to 
determine if detailed maps are available.). 

Guidance for Implementing Seismic Design Measures 
Specifying special seismic design measures for buried pipelines should 
be considered when the product of the consequence score and seismic 
hazard score is greater than 1.0. Note that the overall score can be much 
greater than 1.0. However, the actual score is not indicative of the relative 
need to consider special seismic design measures (i.e., a score of 22 does 
not indicate that seismic issues are 22 times greater than a score of 1.0). 

Buried Pipelines 
The approach to the seismic design of transmission and intermediate 
pressure pipelines for Terasen Gas considers conservative estimates of 
what is likely to occur in defining seismic ground displacements with 
lesser degrees of conservatism adopted in pipeline strain acceptance 
criteria. Past approaches for evaluating and upgrading critical Terasen 
Gas pipelines has equated the likelihood of experiencing a seismic hazard 
to the acceptable probability of not achieving the performance goals for 
the pipeline. In other words, the annual exceedance probability of 0.0005 
for defining seismic hazards is based on accepting an annual probability 
of 0.0005 that seismic hazards may lead to loss of pipeline pressure 
integrity. 
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Unless a lower level of performance can be justified based on specific 
project constraints, seismic design of key high pressure pipelines should 
strive to achieve an annual probability of loss of pressure integrity less 
than or equal to 0.0005. This can be achieved by using mean permanent 
ground displacements associated with an exceedance probability of 
0.0005 (average annual return period of 2,000 years). 

In general, analytical assessment of pipeline performance should focus on 
strain acceptance criteria consistent with accepting permanent 
deformation of the pipeline but maintaining pressure integrity. This 
approach requires post-earthquake investigation of pipeline response and 
replacing deformed sections of the pipeline. 

The following actions will typically be necessary to adequately address 
potential seismic hazards to buried pipelines: 

1.   Perform a geotechnical assessment to determine the potential for 
earthquake-generated permanent ground displacement for mean or 
median estimates of earthquake ground motions. This assessment will 
typically require subsurface investigations to determine site 
stratigraphy and analytical studies to assess site stability. Permanent 
ground displacement estimates should be mean or median estimates 
and not incorporate additional conservatism. 

2.   Perform an analytical assessment of pipeline response to earthquake-
generated permanent ground displacement. The pipeline assessment 
should use finite element analysis methods that have the capability to 
account for geometric, material, and boundary condition 
nonlinearities. Soil-pipeline interaction can be modeled by discrete 
nonlinear springs oriented in the axial, horizontal, and vertical 
directions with respect to the pipeline alignment. Inelastic pipeline 
behaviour should be simulated by specifying a nonlinear stress-strain 
curve for the pipeline steel. Guidance on acceptable analysis 
approaches and strain acceptance criteria can be found in ALA (2001). 

3.   Establishing specific construction criteria to assure the pipeline 
installation is consistent with the assumptions used in the analytical 
assessment. Special construction criteria will typically focus on weld 
acceptance criteria (number and size of permissible flaws), weld 
inspection (typically 100% radiographic and/or ultrasonic inspection), 
pipe material specifications (e.g., limits on maximum yield stress and 
Y/U ratio), pipe coating (use of hard, smooth external coatings and 
alternatives to the use of concrete coating), and placement of backfill 
(e.g., backfill material, degree of compaction). 
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Appendix A: Scoring Checklists 

Use of Scoring Checklists to Assess Need for Special Seismic Design 
Requirements 

The checklists in this Appendix are intended to assist in the determining 
the need to provide special seismic design measures for buried pipelines. 
The checklist approach is based on separate qualitative measures of the 
potential for liquefaction, lateral spread displacement, and consequences 
of pipeline damage. Use of the checklists follows the flowchart shown in 
Figure 2 below. 

Figure 2 

Rank pipeline according to potential safety consequences
based on Diameter, Pressure, and Class Location

Rank pipeline according to potential customer service
interruption

Obtain importance ranking as sum of safety ranking and
service interruption ranking

Rank pipeline location liquefaction
susceptibility

Rank pipeline location topography

Obtain earthquake-induced displacement ranking as
the product of liquefaction susceptibility ranking and

location topography ranking

Special seismic
design needed

Special seismic
design not needed

Importance
ranking >1.0

Earthquake
displacement
ranking >1.0

            YES

YESNO

NO
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The first step is to rank the potential consequences of pipeline damage. 
Consideration of potential consequences consists of two steps. The first 
step is to determine the ranking considering factors that relate to potential 
safety consequences. Large diameter, high pressure pipelines in 
populated areas are given a higher ranking than low pressure pipelines in 
sparsely populated areas. The ranking for safety consequences is the 
product of the ranking values for pipe diameter, pressure, and class 
location. The second step is to consider a ranking modifier related to the 
number of customers that could potentially suffer interruption of service 
in the event of pipeline damage. The total ranking value for potential 
consequences is the sum of the safety consequences value and the 
customer outage value. Special seismic design measures may be 
warranted if the ranking value for potential consequences is 1.0 or 
greater. 

The second step is to rank the potential for liquefaction-induced 
displacement. Again, this is a two-phase process. The first phase is to 
rank the liquefaction susceptibility. The second phase is to rank the site 
conditions that can lead to liquefaction-induced displacements. Clearly, if 
the ranking value for liquefaction susceptibility is 0, no ranking is 
necessary for site conditions and no special seismic considerations are 
necessary. The ranking for ground displacement is based on proximity to 
a river or stream or the ground slope in the area with a potential 
liquefaction hazard. The total ranking for liquefaction-induced 
displacement is the product of the liquefaction susceptibility ranking 
value and the site conditions ranking value. 

Special seismic design considerations should be considered when the 
product of the ranking values for potential consequences and 
liquefaction-induced displacements is greater than or equal to 1.0. 

Example: 
Consider the extension of an NPS 6 intermediate pressure pipeline in the 
vicinity of the Dinsmore Bridge in Richmond. Preliminary plans call for 
the pipeline to generally follow River Road in an area considered to be 
Class 2. The primary purpose of the pipeline extension is to supply two 
large industrial customers. The score for potential consequences of 
pipeline damage is as follows: 
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Class Location:  1.0 

Size:  1.0 

Pressure: 1.5 

Preliminary Score: 1.5 

Service Interruption Ranking: 0.2 

Total Score: 1.7 

 
A consequences score greater than 1 indicates the need to consider the 
potential for seismic hazards. From a review of surficial geology maps 
for the Vancouver region, the pipeline location will be in geologic unit 
Fc, indicating a high liquefaction potential. This is confirmed by 
reviewing the liquefaction susceptibility maps in the 1994 EQE/Golder 
report. The pipeline will be located within 100 m of the Middle Arm of 
the Fraser River. The score for ground displacement potential is 
computed as follows: 

Liquefaction Susceptibility: 2.0 

Proximity to River Bank: 1.0 

Displacement Score: 2.0 

 
The total score from the checklists is 3.4, indicating that consideration 
should be given to assessing the likelihood of earthquake-induced 
ground displacement and designing the pipeline to maintain pressure 
integrity for that displacement. The asset manager has the final decision 
on what design measures are required and may consider other factors 
such as the actual maximum operating pressure for the pipeline, the 
likely impact of pipeline damage at the specific location, and the 
importance of maintaining service. 
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Table 1: Screening Checklist to Gauge Potential Consequences of Pipeline Damage 
 

SAFETY RANKING 

Parameter Description Value 

CSA Z-662 Class Location 4 2 

CSA Z-662 Class Location 3 1.5 

CSA Z-662 Class Location 2 1 

CSA Z-662 Class Location 1 0.5 

Size greater than NPS 24 2 

Size NPS 14 to NPS 24 1.5 

Size NPS 6 to NPS 12 1 

Size less than NPS 6 0.5 

Pressure transmission (greater than 2070 kPa)  2 

Pressure intermediate (701 kPa to 2070 kPa) 1.5 

Pressure distribution (700 kPa or less) 0.75 

Safety Ranking (product of above values) 

 
 

SERVICE INTERRUPTION RANKING 

Parameter Description Value 

Likely Number of Customers Without Service 
from Pipeline Damage more than 5,000 2 

Likely Number of Customers Without Service 
from Pipeline Damage 2,000 to 5,000 1.5 

Likely Number of Customers Without Service 
from Pipeline Damage 500 to 2,000 1 

Likely Number of Customers Without Service 
from Pipeline Damage 50 to 500 0.5 

Likely Number of Customers Without Service 
from Pipeline Damage less than 50 0.2 

 
 

Total Importance Ranking 
(service interruption value + safety ranking)  
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Table 2: Screening Checklist to Gauge Potential for Permanent Ground Displacement 
 

LIQUEFACTION RANKING 

Liquefaction Susceptibility 
Category* Surficial Geologic Unit** Value 

high and very high Fa through Fh 2 

high and very high SAa, SAb, SAd, SAe 2 

moderate SAc 0.5 

moderate SAf through SAj 0.5 

moderate SAr, SAq 0.5 

moderate SA-C 0.5 

low to very low SA, SB, SC 0 

low to very low C, FL, PV, PT, S, T, UPV, V, VC (includes all 
sub-classes) 0 

Za in BCBC 2 or greater*** all soils 1 

Za in BCBC less than 2*** all soils 0 

Liquefaction Ranking (product of above values) 

 
LATERAL SPREAD RANKING 

Topographic Considerations Topographic 
Description Value 

Slope (if site is within 250 m from river bank or shoreline, 
skip this score) 5% or greater 2 

Slope (if site is within 250 m from river bank or shoreline, 
skip this score) 2% to 5% 1.5 

Slope (if site is within 250 m from river bank or shoreline, 
skip this score) 0.5% to 1% 1 

Slope (if site is within 250 m from river bank or shoreline, 
skip this score) less than 0.5% 0.25 

Proximity to river bank or shoreline (only applies if site is 
within 250 m of river bank or shoreline) less than 50 m 2 

Proximity to river bank or shoreline (only applies if site is 
within 250 m of river bank or shoreline) 50 m to 100 m 1.5 

Proximity to river bank or shoreline (only applies if site is 
within 250 m of river bank or shoreline) 100 m to 150 m 1 

Proximity to river bank or shoreline (only applies if site is 
within 250 m of river bank or shoreline) 200 m to 250 m 0.5 

Lateral Spread Ranking 
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Earthquake-Induced Displacement Ranking 
(product of liquefaction ranking and lateral spread ranking)  

 
Total Ranking 
(product of importance ranking and earthquake-induced displacement ranking)  

 
NOTES: 
* See Table 3 for soil deposits related to liquefaction susceptibility categories 
** Surficial geology units only applicable to Geologic Survey of Canada maps 
covering the Vancouver region. Surficial geology maps may also be available for 
specific locations in the province. 
*** See Figure 3. 
 

Table 3: Liquefaction Susceptibility Based on General Soil Deposit Classification  
 

Likelihood that Cohesionless Sediments (saturated) would be 
Susceptible to Liquefaction (by age of deposit) Type of 

Deposit 

General 
Distribution of 
Cohesionless 
Sediments in 

Deposits 
Less than 
500 years Holocene Pleistocene Pre-Pleistocene 

Continental Deposits 

River channel Locally variable Very high High Low Very low 

Flood plain Locally variable High Moderate Low Very low 

Alluvial fan 
and plain Widespread Moderate Low Low Very low 

Marine 
terraces and 
plains 

Widespread N/A Low Very low Very low 

Delta and 
fan-delta Widespread High Moderate Low Very low 

Lacustrine 
and playa Variable High Moderate Low Very low 

Colluvium Variable High Moderate Low Very low 

Talus Widespread Low Low Very low Very low 

Dunes Widespread High Moderate Low Very low 

Loess Variable High High High Unknown 

Glacial till Variable Low Low Very low Very low 

Tuff Rare Low Low Very low Very low 

Tephra Widespread High High Unknown Unknown 

Residual soils Rare Low Low Very low Very low 

Selka Locally variable High Moderate Low Very low 



 Seismic Design Requirements for Buried Pipelines 

 

DES-09-02.doc Page 22 of 23 
Caution: Printed documents may not be current. Verify online. 

Likelihood that Cohesionless Sediments (saturated) would be 
Susceptible to Liquefaction (by age of deposit) Type of 

Deposit 

General 
Distribution of 
Cohesionless 
Sediments in 

Deposits 
Less than 
500 years Holocene Pleistocene Pre-Pleistocene 

Coastal Zone 

Delta Widespread Very high High Low Very low 

Estuarine Locally variable High Moderate Low Very low 

Beach: high 
wave energy Widespread Moderate Low Very low Very low 

Beach: low 
wave energy Widespread High Moderate Low Very low 

Lagoonal Locally variable High Moderate Low Very Low 

Foreshore Locally variable High Moderate Low Very low 

Artificial 

Uncompacted 
fill Variable Very high N/A N/A N/A 

Compacted 
fill Variable Low N/A N/A N/A 
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Figure 3: Seismic Zone Map for BC 
(based on MCR 4171, 1994) 
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#500-1045 Howe Street 
Vancouver, B.C. 
Canada V6Z 2A9 
Tel: 604.684.5900 
Fax: 604.684.5909 

 
 

September 28, 2007 
 
 
Mr. Dan Ellis, P.Eng. 
Manager, System Integrity Programs 
Terasen Gas Inc. 
16705 Fraser Highway 
Surrey, BC 
V3S 2X7 
 
Dear Mr. Ellis, 
 
Re: Tilbury Crossing Seismic Review 
 

 
1.0 INTRODUCTION 
Further to your request, BGC Engineering Inc. (BGC) has reviewed Golder Associates’ 
(Golder’s) assessment of the seismic performance of the Tilbury pipeline crossing of the 
south arm of the Fraser River between the Cities of Delta and Richmond.  The intent of the 
review undertaken by BGC on behalf of Terasen Gas Inc. (Terasen) was to confirm the 
suitability of the approach adopted by Golder as measured against the current standard of 
practice for similar seismic assessments.  As discussed with Terasen, BGC’s scope of work 
was limited to reviewing the documents and figures provided along with responses to any 
posed questions.  Due to time limitations and proprietary concerns raised by Golder, a 
detailed review of the input parameters, constitutive model and output from the numerical 
models created as part of the assessment was not possible.  This review focussed principally 
on the following documents submitted to BGC in early August 2007: 
 

o Assessment of Seismic Performance - Terasen Gas Inc. NPS 20 and NPS 24 T.P 
Pipelines South Arm of Fraser River Tilbury Island (Delta) to Richmond BC, dated 
August 9, 2007 

o Site-Specific Seismic Vulnerability Assessment of BC Gas Transmission Pipelines at 
the South Bank of the North Arm of the Fraser River Richmond BC, dated March 5, 
1997. 

o Site-Specific Seismic Vulnerability Assessment of BC Gas Transmission Pipelines at 
the South Bank of the South Arm of the Fraser River Delta BC, dated March 5, 1997. 
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2.0 REVIEW OF GENERAL METHODOLOGY 
Golder’s initial assessment of the Tilbury crossing was in their 1997 report.  Subsequent 
revisions to the analysis occurred in 2003, 2004 and again in 2005.  The reasons behind 
these revisions can generally be split into two groups, as follows: 

1. Advancement of analytical techniques (including changing standards of practice, 
improved analytical software and increased computer power) 

2. Refinements to knowledge of the site (including improved definition of the pipeline 
location and the inclusion of additional boreholes) 

 
The results from BGC’s review of the 2007 Golder report indicate that while much of the 
September 2005 assessment relies upon previous assumptions and data, through each 
iteration, attempts have been made to consistently adopt the standard of practice at that time 
while incorporating either new knowledge of the site or improved analytical techniques. 
 
Reviewing the results from the development of the seismic record to be used as an input for 
the ground deformation assessment, no major issues or inconsistencies are evident with the 
implementation of these records.  Some points of discussion, however, were raised 
regarding the decision to select only one seismic record for implementation into the 
deformation model, and in the decision to not analyse for the subduction earthquake event.  
For the first point, Golder selected six earthquake records from 3 different historical 
earthquakes, scaled the records to match the target spectrum for the Lower Mainland, and 
through the use of the computer program SHAKE, estimated the site response and the cyclic 
stress ratio (CSR) with depth.  As described in the Task Force Report on Geotechnical 
Design Guidelines for Buildings on Liquefiable Sites in Accordance with NBC 2005 for 
Greater Vancouver Region (Anderson, Byrne et al. 2007), the Task Force has recommended 
that a minimum of 3 records should be used.  Due to time and budget constraints, Golder 
elected to use only the record producing the highest CSR.  Whilst the CSR is an important 
factor in determining the triggering of liquefaction, other features from the earthquake records 
including the number of cycles and duration of the earthquake will also influence the 
deformation results.  By not analyzing for the longer duration subduction earthquake event, 
an unconservative estimate on the total ground displacement may occur.  These two points 
will not have a significant effect on the outcome of the overall assessment as the current 
assessment already indicates the need for mitigation of the crossing. 
 
The methodology and procedure to calculate the ground deformations are in accord with the 
current standard of practice.  The analysis was conducted using the finite difference based 
software, FLAC-2D Version 4.0.  Liquefiable soil layers within the analysis were modelled 
with the UBCTOT soil model (Byrne et al. 2003), a synthesized approach for modelling both 
liquefaction triggering and liquefaction induced displacements within a single analytical 
model.  As with the development of the seismic record, the review by BGC was limited to the 
methodology and no independent data analysis or numerical modelling was conducted. 
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It should be noted that a significant input to the numerical analysis is the interpreted 
stratigraphic profile of the subsurface, which itself is based on the results of the site 
investigation.  Within the profile, the actual thickness and properties of the soil layers at 
positions along the pipeline crossing may be thicker or thinner than identified at the specific 
locations in the site investigation, and similarly, material properties, such as grain size or 
density which may affect the behaviour of identified soil types may vary away from the 
specific test locations.  Due to the large number of parameters that are utilized in these forms 
of analyses, full parametric studies beyond the variation of only one or two parameters are 
not typically practical, and hence representative values based either on the results from 
samples obtained during the site investigation or approximated values are typically adopted.   
The interpreted stratigraphic profile produced by Golder and soil parameters appear 
reasonably consistent with the original site investigation data.  Points of discussion were 
raised with Golder regarding the lateral extent of some layers and the change in ground 
conditions over time including filling, pre-loading and construction since the earliest 
boreholes were drilled, but overall these issues will not result in a significant change to the 
assessment. 
 
The results from the most recent soil deformation assessment conducted by Golder are 
illustrated in Figure 1.  These results indicate that liquefaction will extend over the full length 
of the crossing, and with ground displacements of up to almost 6 metres occurring.  These 
results appear reasonable and within the range of displacements predicted for other 
crossings within the Lower Mainland.  Points of discussion were raised over the potential for 
liquefaction of the silt, and it was determined that current methods for liquefaction 
assessment of the silts were implemented in this study. 
 
The pipeline deformation assessment was conducted by Mr. Douglas Honegger of D.G. 
Honegger Consulting (DGHC) in California, USA.  Discussion on the methodology and 
results used for this assessment was included as an appendix in the 2007 Golder report.  To 
assess the pipeline deformation, DGHC conducted numerical modelling by finite element 
analysis techniques to compute the response of the pipelines from the soil displacements 
estimated by Golder.  BGC has not reviewed the detailed methodology used for this study. 
However, BGC has performed an independent analysis of the soil-pipeline interaction using a 
simplified method recommended by O’Rourke et al. (1995).  Using O’Rourke’s simple 
inelastic model, wrinkling is predicted for the approximately 700 metres of pipeline exposed 
to large soil displacements during or immediately following the design earthquake.  This 
result is in agreement with those presented by DGHC.  
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3.0 REVIEW OF ASSESSMENT CONCLUSIONS AND RECOMMENDATIONS 
From the perspective of design solutions, Golder has provided a number of mitigative 
alternatives including: 

1. Replacement of the vulnerable on-shore segments using conventional trenching and 
pipeline replacement techniques to both straighten the alignment and strengthen the 
pipe; 

2. Implementation of a ground improvement program to reduce the extent and 
consequences of seismically-induced soil liquefaction near the river banks; 

3. Replacement of the vulnerable pipeline crossings with horizontal directional drilling 
(HDD) techniques; and 

4. Combinations of the above alternatives. 
 
Each of these alternatives provides a method for reducing the seismic vulnerability of the 
pipelines, ranging from altering the structural performance of the pipeline, to changing the 
ground conditions, to avoiding the vulnerability problem altogether by replacing the pipeline 
crossing by HDD.  While each of these alternatives provided by Golder has the potential to 
be successful in reducing the seismic vulnerability to acceptable levels, both the costs 
associated with implementing these solutions and the level of assurance that the seismic 
vulnerability will be adequately lowered, need to be assessed.  As mentioned previously, the 
ground displacement analysis is highly sensitive to variations in the input parameters.  
Consequently, those mitigation alternatives which rely most on the results of the ground 
displacement analysis will also be highly sensitive to such variations, and thus the hardest to 
assure that an adequate lowering of the seismic vulnerability has been achieved without an 
overly conservative approach being adopted.  This sensitivity and its impact on the 
assurance of achieving a suitable level of seismic vulnerability are most apparent for the 
ground improvement mitigation alternative.  The results from the Golder assessment have 
indicated that by undertaking a ground improvement program involving the creation of a 
series of seismic “dykes”, the extent of liquefaction and degree of lateral spreading or flow 
failure can be controlled.  The risk associated with implementing this mitigation strategy is 
that the number, size, and spacing of these dykes are dependent upon the extent of 
liquefaction predicted by the ground deformation assessment.  Since the extent of 
liquefaction is highly sensitive to the soil profile, input motion, and selected soil parameters, 
discrepancies between the model and ‘real world’ will lead to uncertainty in the ability of the 
ground improvement program to prevent excessive ground displacement. 
 
In the 2007 Golder report, the recommended mitigation options have been limited to 
replacing the vulnerable onshore pipeline segments and replacing the entire crossing with 
the HDD technique, dropping the option of ground improvement.  Given the magnitude of the 
predicted liquefaction zone spanning the entire crossing, as illustrated in Figure 1, 
consideration should be given to ground improvement at the entry and exit point locations of 
the HDD, where load from displacing soils could excessively strain the HDD pipeline. 
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4.0 CONCLUSIONS 
Based on the review of the provided documents, Golder has conducted a seismic 
assessment of the Tilbury crossing that generally follows the current standard of practice.  
The overall conclusion that both the NPS 20 and NPS 24 pipelines are vulnerable to 
deformations exceeding Terasen’s performance criteria is in agreement with BGC’s opinion.  
 
BGC fully supports Golder’s recommendation that the crossing be replaced by HDD.  
However, should Terasen wish to adopt the seismic dyke mitigation strategy, a sensitivity 
analysis of the capability of this mitigation method to successfully reduce the seismic 
vulnerability to acceptable levels given varying soil parameters should be conducted.  The 
option of re-aligning and strengthening the vulnerable onshore sections of the NPS 24 
pipeline will improve those areas, but will still leave the offshore components at some level of 
risk.  Should an HDD be undertaken to replace the NPS 20 pipeline, it is recommended that 
the NPS 24 pipeline be likewise replaced by HDD to ensure that risks to the survivability of 
this pipeline are minimised.  Should the HDD option be approved, as part of detailed design, 
further site investigation will likely be necessary within the centre of the Fraser River channel 
to characterise the subsoils where no information currently exists.  At that time, both the 
necessity for a ground improvement zone around the entry and exit points and the effect of 
the subduction event could be incorporated into a refined analysis as part of the detailed 
design phase with a minimal cost implication to the project. 
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5.0 CLOSURE 
 
BGC Engineering Inc. (BGC) prepared this report for the account of Terasen Gas Inc.  The 
material in it reflects the judgment of BGC staff in light of the information available to BGC at 
the time of report preparation.  Any use which a third party makes of this report, or any 
reliance on decisions to be based on it, are the responsibility of such third parties.  BGC 
accepts no responsibility for damages, if any, suffered by any third party as a result of 
decisions made or actions based on this report. 
 
As a mutual protection to our client, the public, and ourselves, all reports and drawings are 
submitted for the confidential information of our client for a specific project.  Authorization for 
any use and/or publication of this report or any data, statements, conclusions or abstracts 
from or regarding our reports and drawings, through any form of print or electronic media, 
including without limitation, posting or reproduction of same on any website, is reserved 
pending BGC’s written approval.  If this report is issued in an electronic format, an original 
paper copy is on file at BGC Engineering Inc. and that copy is the primary reference with 
precedence over any electronic copy of the document, or any extracts from our documents 
published by others. 
 
We trust this report meets your requirements at this time.  A signed and stamped hardcopy of 
this letter report will be mailed to you for Terasen’s files.  Please feel free to contact the 
undersigned should you have any questions regarding this report’s content or on any other 
related issues. 
 
 
BGC ENGINEERING INC. 
per: 
 
[Signed Originals to Follow] 
 
 
Dr. Hamid Karimian Dr. Alex Baumgard, P.Eng. 
Geotechnical Engineer Senior Geotechnical Engineer 
 
 
Reviewed by 
 
 
 
 
Adrian Wightman, P.Eng. 
Principal Consultant 
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ID Task Name Duration

1 PHASE 1 - JUSTIFICATION - CPCN APPROVAL 264 days?

2 Preliminary  Engineering - Environmental - Public
Consultation

8 mons

3 CPCN 144 days?

4 Prepare CPCN 3 mons

5 Application Review 4 mons

6 CPCN Approval 1 day?

7 PHASE 2 - DETAILED ENGINEERING,
PROCUREMENT & CONSTRUCTION

462 days?

8 ENGINEERING 10 mons

9 PROCUREMENT 194 days?

10 Owner-Supplied Materials 170 days

11 Linepipe Procurement & Other Materials 8.5 mons

12 HDD Contract 131 days?

13 Contract Preparation - Tender Process 6.5 mons

14 Issue Notice of Award 1 day?

15 PERMITS 6 mons

16 HDD CONSTRUCTION 102 days?

17 Mobilzation 1 day?

18 HDD Drilling 5 mons

19 Pipeline Construction 5 mons

20 HDD In-Service Milestone 1 day?

21 RESTORATION 9 mons

PHASE 1 - JUSTIFICATION - CPCN APPROVAL

CPCN

CPCN Approval Feb 23 '09

PHASE 2 - DETAILED ENGINEERING, PROCUREMENT & CONSTRUCTION

PROCUREMENT

Owner-Supplied Materials

HDD Contract

Issue Notice of Award Mar 31 '09

HDD CONSTRUCTION

Mobilzation Jun 15 '09

HDD In-Service Milestone Nov 3 '09
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2008 2009

Task

Split

Progress

Target Milestone

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

Windows

FRASER RIVER SOUTH ARM CROSSING UPGRADE PROJECT : Fall 2009 In-Service Target

Page 1

Project: FRSAUP Concept Schedule - 
Date: Wed 10/22/08
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September 16, 2008 
 
 
Terasen Gas Inc. 
16705 Fraser River Highway 
Surrey, BC 
V4N 0E8 
 
Attention: Mr. Art Kanzaki, P.Eng. 
 Project Director 
 
Dear Mr. Kanzaki: 
 
Re: Environmental Screening – Terasen Gas Fraser River South Arm Seismic 

Upgrade  
 
Introduction 

Dillon Consulting Limited (Dillon) has been retained by Terasen Gas to provide 
environmental consulting services in support of the proposed seismic upgrade of the 
existing Transmission Pressure (TP) pipeline crossing between Delta (Tilbury Island) and 
Richmond. This letter provides Terasen Gas with an overview of key environmental 
features and a screening-level assessment of predicted impacts to the environment based on 
the conceptual design dated May 26, 2008. 

Specifically, the intent of this  screening report is to identify the following:  

• Existing key environmental and archaeological features within the project area; 

• Potential impacts associated with the proposed project; and 

• Agency consultation and timing windows. 

 

Project Overview 

It is expected that either the existing 20” or 24” NPS gas pipelines will be replaced under 
the South Arm of the Fraser River using trenchless technology (Horizontal Directional Drill 
(HDD)). In the event that the 24” pipeline is replaced, Terasen Gas may also complete in-
water scour protection activities adjacent to the south bank to ensure long-term protection of 
the 20” pipeline.  

The proposed project is located within the Fraser River Estuary Management Program 
(FREMP) area and the operational jurisdiction of the Fraser River Port Authority (FRPA). 
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Preliminary Environmental Overview of the Project Area 

Dillon completed a limited walk-through assessment of accessible areas (i.e., that did not 
require trespassing on private property) on both the north and south sides of the Project 
Area in support of this screening. The site visit was intended to provide 
supplemental/confirmatory information related to existing conditions and environmental 
attributes, such as the aquatic and terrestrial habitat characteristics and fish and wildlife use 
of the local ditches, sloughs, riparian areas and upland habitat. Fish community composition 
was examined to obtain information on the present condition of the aquatic habitats and to 
identify potentially sensitive elements within the project area. Fish community composition 
information is also important for the future evaluation of overall sensitivities of fish species 
and communities to potential changes in channel characteristics that might result from the 
project design. Terrestrial habitat composition was coarsely examined to determine the 
potential for the right-of-way to provide habitat suitable for utilization of rare element 
species and bird nesting. This information is deemed important to avoid conflicts with 
provincial and federal legislation.  

This screening also includes the review of available literature and electronic databases (e.g., 
Freshwater Fisheries Society of BC. 2008 “Fish Wizard” website). Mapping and fish 
inventory data contained within the Fish Wizard website were reviewed to determine which 
fish species may be present. The provincial Conservation Data Centre (CDC), managed 
under the BC Ministry of Environment (MoE), and Environment Canada’s Species at Risk 
Act (SARA) websites, were also reviewed to determine if there was any potential for rare 
element species to occur at the crossing or in the surrounding area. 

Tilbury Island (South Side) 

Tilbury Slough 

Tilbury Slough is a large, cattail-dominated wetland surrounded by industrial development, 
fallow fields and native vegetation in retained woodlots and is considered an important 
habitat feature within the Project Area. This wetland extends east/west parallel to River 
Road and joins the Fraser River at the east side of Tilbury Island. The riparian area consists 
of mostly cattails, reed canary grass (Phalaris arundinacea), willow (Salix spp.) and tree 
stands.  

Tilbury Slough has not been identified under the Corporation of Delta’s (the Corporation) 
Watercourse Classification System; however, the FREMP Habitat Atlas identifies the 
slough as a red-coded habitat. Red coded habitats include productive and diverse habitat 
features that support critical fish and wildlife functions on-site or as part of a more regional 
context. Project construction in this red coded area is restrictive, but may occur, provided 
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that mitigation is applied through site re-location and/or re-design to avoid impacts on 
habitat features and functions of the area. “Fish Wizard” indicates that the slough is utilized 
by a large number of fish species, but this is likely reflective of its proximity to the Fraser 
River  and ease of fish access.  

Preliminary minnow trapping sessions confirmed the presence of threespine stickleback and 
minnows (brassy and northern pike), pumpkinseed, and bullfrog tadpoles. Salmonid 
access/presence in the slough requires further confirmation. Based on the condition of the 
habitat observed at the time of the site assessment, the aquatic and riparian habitat values for 
the slough are considered to be “moderate”.  

Wildlife utilization is expected to include any number of species that are adapted to urban 
areas. This may include passerines (perching birds), woodpeckers, rodents, raccoons or 
coyotes. In addition, raptor species such as Bald Eagles and Red-tailed Hawks can be 
expected to utilize the foreshore areas of the Fraser River, which include part of Tilbury 
Slough, for nesting and foraging.  

A review of the CDC’s online database indicated that there are known occurrences of four 
(4) provincially listed species on Tilbury Island: flowering quillwort, streambank lupine, 
small spike-rush and three-flowered waterwort. A fifth species has also been identified, the 
white sturgeon, which would most likely not occur within Tilbury Slough, but be restricted 
to the mainstem of the Fraser River. Other potential rare element species that may occur 
within the slough, include the Pacific water shrew, which is listed as endangered under 
Schedule 1 of the federal Species at Risk Act. Various amphibians such as the Red-legged 
frog, a provincially blue listed species and the Western toad, which is a species of special 
concern under SARA, may also occur (Government of Canada 2008).  

A review of the provincial BC Species and Ecosystem Explorer generated a list of 88 rare 
element species within the Coastal Douglas Fir biogeoclimatic zone found at the south side 
of the Project Area. A review of the online Committee on the Status of Endangered Wildlife 
in Canada (COSEWIC) online database generated a list in excess of 150 species. There is 
potential for some of these species to occur in the Tilbury Slough area.  In this regard, 
further investigation of rare element species would be warranted during future phases of the 
project. 

Berg Road Ditch (Tilbury Island) 

The Berg Road ditch has a trapezoidal cross section, with a very low channel gradient. From 
observation of air photo images, it is assumed that this ditch runs north/west parallel to Berg 
Road, through an agricultural field and connects further downstream to the Fraser River. It 
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is also assumed that the ditch continues north east of Berg Road around the perimeter of the 
agricultural field, and continues south towards Tilbury Slough, where it connects to the 
slough via a culvert leading under the CN tracks. The extent of the unnamed ditch will be 
confirmed further in the ECA phase.  

The Berg Road ditch is presently not considered a significant habitat for aquatic life, since 
preliminary water quality sampling indicated values outside of the acceptable Canadian 
Water Quality Guidelines (CCME)). As a result, it is unlikely there are any salmonids 
present, and in addition, very few non-salmonid species would be able to survive in such 
poor water quality conditions.  

Riparian vegetation around the Berg Road ditch consists of approximately a 2 m strip on 
either side of the ditch, composed of mostly reed canary grass, willow and alder trees (Alnus 
rubra), which are intermittently spaced along the edge of the watercourse. Wildlife usage of 
the habitat adjacent to the ditch is limited by the nearby road and agricultural field, and 
would most likely include small rodents and perching birds. 

Since the online database review for rare element species indicated a general list for the 
whole Tilbury Island area, it can be assumed at this time that the species-at-risk mentioned 
in the Tilbury Slough section above, also have the potential to exist within the Berg Road 
ditch and riparian corridor.  

Lulu Island, Richmond (North Side) 

Dyke Road Swale 

This dry swale is located along the north side of Dyke Road, and bordered by agricultural 
fields to the east and woodlots on west side. During dry weather conditions this swale is 
assumed to be mostly dry; however, during rainfall events, water flows through the surface 
grass which assists in promoting settlement of suspended sediments. The riparian area 
surrounding this swale, consists of mostly reed canary grass, willow and some alder trees.  

This channel has low value as fish habitat and is best described as Type I habitat under the 
City of Richmond’s Watercourse Classification System (i.e., “insignificant habitat value” 
and does not support salmonids). 

Wildlife habitat is severely impacted in this area by past and current industrial activities; 
however, wildlife utilization is expected to include any number of species that are adapted 
to such urban environments, which would include small mammals, raccoons or coyotes 
along with a selection of  passerine bird species.  
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No rare elemental occurrences have been recorded by the City of Richmond for this area.  

Unnamed Agricultural Ditch #1 

The ditch is located parallel to the Terasen Right of way within an agricultural field between 
6220-No. 8 Road (Sec: 7-4-4; Pl: 53425) and 6211-Nelson Road (Sec: 7-4-4; Pl: Sec7) 
properties.  

This ditch is not indicated on the “Fish Wizard” database or the City of Richmond’s 
Watercourse Classification System; however, it is assumed that this channel provides Type 
II habitat (potential salmonid presence). This classification requires confirmation given that 
the ditch could not be accessed at the time of the field walk-through. 

Since this ditch was inaccessible during the field investigation, riparian vegetation species 
composition has not been determined.  

Wildlife habitat for this area has been severely impacted by agricultural activity. Wildlife 
utilization within this area is therefore most likely restricted to species that are adapted to 
urban environments, such as coyotes, passerines, rodents and raccoons. In addition, hawks 
and eagles are expected to use these areas as foraging habitats.  

No rare element occurrences have been recorded for the City of Richmond side of the river.  

Unnamed Agricultural Ditch #2 

This unnamed ditch branches off northeast of the Unnamed Agricultural Ditch #1, within 
the agricultural field belonging to 6220-No.8 Road. Based on the fact that this ditch is 
within the same agricultural field as the Unnamed Agricultural Ditch #1, it is assumed that 
this ditch has comparable vegetation, wildlife and fisheries characteristics as the Unnamed 
Agricultural Ditch #1.  

Preliminary Agricultural Overview of the Project Area 
Madrone Environmental Consulting (Madrone) completed a preliminary agricultural 
assessment of the potentially affected ALR regulated property (i.e., the Gilmour Farm 
property) in Richmond.  Madrone expects that any temporal impacts associated with 
construction can be mitigated through standard BMP’s (e.g., topsoil stripping, ground 
pressure reduction measures, etc.). Compensation for any required temporary work space 
and access will need to be negotiated with the land owners and applications will be 
submitted for all required permits.   
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Archaeological Overview Assessment of the Project Area 

Altamira Consulting Ltd. (Altamira) conducted an Archaeological Overview Assessment 
(AOA) to identify any areas within or adjacent to the Project Area that have the potential to 
contain archaeological resources and to identify any potential interactions with known 
archaeological resource locations. 
 
Based on a database review and evaluation of the existing level of disturbance within the 
Project Area, it is Altamira’s professional opinion that there is no potential for 
archaeological resources to exist within the Project Area due to the substantial disturbance 
from previous industrial and agricultural activities both on the Richmond and Tilbury Island 
sides. Therefore, there is limited potential for the project to adversely affect any known or 
unknown archaeological sites. This is. 

Altamira has confirmed the existence of two previously recorded archaeological resource 
sites in relatively close proximity to the Project Area (e.g., in Richmond); however, the 
locations are well outside the predicted area of disturbance and further concern for is not 
warranted.  

Potential Impacts to Environmental, Agricultural, and Archaeological Sensitive Areas 

It is expected that the entry point and drill rig staging will be positioned on Tilbury Island 
(i.e., the south side) and the drill head exit point and drill string laydown area will be located 
south of Blundell Road in Richmond.  A north side drill string layout option was also 
reviewed and concluded to be a reasonable alternative to the south side laydown area.  All 
HDD-related work is expected to occur behind the existing Fraser River dykes and therefore 
no disturbance to the Fraser River foreshore is anticipated. 

A number of residual effects are anticipated to result from the proposed activities. These 
include disturbances to potential species-at-risk habitat, fish habitat, vegetation and wildlife 
habitat on Tilbury Island. These impacts are considered temporal in nature and it is expected 
that mitigation and restoration measures implemented during construction and post-
construction periods will be effective in minimizing impacts to both fish and wildlife 
habitat.  

The workspace required to support the entry and exits pads is expected to be 2000 m2 and 
1200 m2, respectively. The conceptual drill string layout alignment prepared by Entec 
Engineering (dated May 15, 2008) will require a 200 m radius layout and is expected to be 
aligned parallel to Berg Road and arc to the east and parallel the CN Railway right-of-way. 
At a minimum, the drill string layout has the potential to interact with known 
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environmentally sensitive areas (i.e., the Berg Road ditch and the Tilbury Slough) 
(Figure 1). Further assessment of predicted impacts will be necessary following completion 
of pre-design work. 

A north side drill string layout would result in disturbance of agricultural lands on the 
Gilmour property adjacent to No. 8 Rd.  The disturbance will consist of a narrow strip about 
20 m wide, extending south to north for a total length of approximately 800 m and a total 
disturbance area of roughly 1.6 ha.  Soil compaction and alteration to the agricultural 
productivity of the site should be carefully mitigated for to ensure the productivity of the 
property can be regained after works are completed.  Any agricultural impacts associated 
with construction may be mitigated by means of standard topsoil stripping and ground 
pressure reduction measures (see Madrone report). Compensation for any required 
temporary work space and access will be negotiated with the land owners and applications 
will be submitted for all required permits post CPCN approval. There are no anticipated 
interactions with known environmentally-sensitive areas on the North side based on Entec’s 
drawings.   

A notification of proposed works should be submitted to DFO in the event that the proposed 
works interact with any fish habitat. All instream activities should occur during the reduced 
risk timing windows. Instream works timing windows for the Tilbury Slough is between 
August 1 and September 15 of any given year for most salmonid species, and from 
August 16 to February 28 for amphibian species. In Richmond, both of the unnamed Type II 
ditches have windows extending from June 15 to February 28.  

The timing widow for clearing riparian vegetation which may have the potential to hold bird 
nests is before April 1 and after July 31. If works are to occur outside of this window, a 
technical rational completed by an appropriately qualified professional should be provided, 
and should demonstrate that there will be no increased risk to breeding birds as a result of 
the proposed works. 

Based on the Archaeological Assessment Overview completed by Altamira Consulting,  
there is no potential for archaeological resources to exist within the Project Area; therefore, 
there exists little to no possibility that the proposed project could adversely affect 
archaeological sites.  
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Mitigation strategies  

Based on the results of the environmental screening and agency liaison completed to date, 
Terasen expects that all potential environmental, agricultural, and archeological impacts 
associated with this project can be mitigated through implementation of standard mitigation 
protocols and Best Management Practices (BMP’s).  Mitigation measures for potential impact 
on soils and soil production are detailed within the Madrone Environmental Service report 
and include mitigation strategies for soil compaction, alteration, and erosion.   
 

Regulatory Permits, Notifications, and Approvals 

The proposed project will be subject to review or notification by several regulatory bodies 
including Fisheries Oceans Canada, FREMP, FRPA, Transport Canada and the Oil and Gas 
Commission.  The specific actions required for approval from each regulatory body are 
outlined in detail below.     

Fisheries and Oceans Canada 

From a planning perspective, the proposed design package will be subject to review by 
Fisheries and Oceans Canada (DFO). All waters classified as fish habitat are protected by 
the federal Fisheries Act, which is administered by DFO. DFO (Brian Naito, DFO Fish 
Habitat Biologist) has requested direct notification of the HDD activities and any other 
proposed works within the Project Area that may affect potential fish-bearing watercourses. 
DFO will review the notification and determine at that time whether the activities associated 
with the HDD should be referred to the Fraser River Estuary Management Program 
(FREMP) for project review or simply submitted under DFO’s “Operational Statement”. 
DFO’s Operational Statements are designed to streamline regulatory review of activities 
considered to be of low-risk to fish and fish habitat. Under this initiative, horizontal 
directional drilling is identified as one of twelve low-risk activities in BC. As such, Terasen 
Gas is only required to submit a 14-day notification to DFO subject to incorporation of a 
series of measures and conditions into their plans. The HDD Operational Statement outlines 
measures and conditions for avoiding the harmful alteration, disruption or destruction 
(HADD) to fish habitat in compliance with Section 35(1) of the Fisheries Act.  

The Operational Statements are adapted in each DFO Region to complement existing 
Provincial legislation, standards and specific environmental conditions. Under this 
Operational guideline, Terasen Gas can proceed with HDD activities at any time subject to 
adherence to the following conditions:  
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• There is a low risk of frac-out, supported by a geotechnical assessment; 

• An emergency frac-out response plan is in place that outlines the protocol to 
monitor, contain and clean-up a potential frac-out event; and  

• Terasen Gas incorporates the Measures to Protect Fish and Fish Habitat into the 
EPP plan (as outlined in the Operational Statement). 

 

DFO will also review any potential instream work requirements associated with the 
proposed ground improvements and either issue a Letter of Advice or a Section 35(2) 
Authorization (in the unlikely event that a HADD can not be avoided). Timing windows for 
these activities may also apply depending on the nature of the works and the watercourse 
classification, which are outlined in the previous section on Potential Impacts.  

The timeline for DFO review and potential referral of HDD activities to FREMP is expected 
to be relatively brief (i.e., 30 to 60 days). Review and approval timelines for the terrestrial-
based works (i.e., drill string laydown) will vary depending on the degree of impact (if any) 
to environmentally-sensitive areas within the Project Area.  

Fraser River Port Authority 

Notification to the FRPA will be required in support of the proposed HDD. The FRPA may 
decide to process the notification via their “Track 1” process (given that the HDD activities 
are of a predictable nature with little or no impact). Please note: the possibility exists that 
the FRPA would submit a referral to FREMP for their consideration and review.  

Fraser River Estuary Management Program 

FREMP uses a two-track process to review projects in the Fraser River Estuary. Track 1 
projects are dealt with by the FRPA (as above). Track 2 projects (projects of a more 
complex nature with potential impacts) are reviewed by the FREMP environmental review 
committee. Track 2 project reviews typically take 30-days to complete (may vary depending 
on project complexity). 

In the event that FREMP receives the notification (triggered by either FRPA or DFO), and 
provided there is no significant disturbance to near shore or foreshore areas of the Fraser 
River, it is likely that they will simply require a list of Best Management Practices 
(consistent with the DFO Operational Statement BMPs) be applied to the proposed HDD 
works. 



Terasen Gas Inc. 
Environmental Screening 
Fraser River South Arm Seismic Upgrade.  September 16, 2008 
 

 
Dillon Consulting Limited  Page 11 

Oil and Gas Commission 

It is anticipated that an application for approval under Section 9 of the provincial Water Act 
must be submitted to the OGC (Chris Wagner, Kamloops Office). Chris Wagner has 
confirmed that the project review would be brief (i.e., 30 days) given the low-risk nature of 
the proposed activities.  

Transport Canada 

It is anticipated that an approvals submission to Transport Canada (Navigable Waters 
Protection Division) will also required for this project. The timeline for project review is 
anticipated to be less than 45-days.  

Ministry of Environment 

The works will also be subject to consideration under the provincial Wildlife Act. Section 34 
of the act prohibits the disturbance of nests that are occupied by birds, eggs or fledglings 
during the bird nesting window (April 1 to July 31 in the Lower Mainland). If drill string or 
reservoir pit construction is proposed for this window and there is a potential to disturb bird 
nesting habitat as a result, assessment of impacted vegetation will be required immediately 
prior to initiation of works (B.C. Ministry of Environment 2008). 

Closure 

Although the environmental resources sustained within the Project Area have been impacted 
by past industrial and agricultural practices, the area still provides some intrinsic value as 
both terrestrial and aquatic habitat. The implementation of appropriate mitigation during the 
site preparation, such as adhering to the appropriate timing windows mentioned in this 
report, will minimize any potential impact and will ensure that these values are protected in 
the long term. From a planning perspective, the proposed project will be subject to review 
by Fisheries Oceans Canada, FREMP, FRPA, Transport Canada and the Oil and Gas 
Commission.  

This report was prepared exclusively for the purposes, project, and site location outlined in 
the report. The report is based on information provided to, or obtained by Dillon as 
indicated in the report, and applies solely to site conditions and the regulatory and planning 
frameworks existing at the time of the site investigation.  

This report was prepared by Dillon for the sole benefit of Terasen Gas. The material in this 
report reflects Dillon’s best judgment in light of the information available to it at the time of 
preparation. Any use which a third party makes of this report, or any reliance on or 
decisions made based on it, are the responsibilities of such third parties. Dillon accepts no 
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responsibility for damages, if any, suffered by any third party as a result of decisions made 
or actions based on this report. 

Should you have any questions about any part of this letter, please do not hesitate to contact 
the undersigned at 604-278-7847. 

Regards, 
 
DILLON CONSULTING LIMITED 
 
 
 
 
Chris Dane     Matt McKinnon 
Project Manager    Project Biologist 
 
cc.  Mujib Rahman, Terasen Gas 

Jennifer Robertson, Terasen Gas 
Dillon ISO File 
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MADRON E
environmenlol services ltd.

September 5, 2008

Dillon Consulting Ltd.
Suite 130 - 10691, Shellbridge \í'ay
Richmond BC V6X 2\ø8
Attention: Mr. Matt MacKinnon

Potential lmpacts on Soils:
Terasen Gas - South Fraser Arm Seismic Upgrade Project

Dear Mr. MacKinnon:

lntroduction

At the request of Dillon Consulting Ltd. (Richmond), I conducted a field review
of soils on the Gilmour Farm. The purpose of this letter is to assess and
summarize potential impacts on soils and soil producrion, as well as ro
recommend measures to mitigate those impacts. I visited the site on August 21,
2008 assisted by Mr. Matt MacKinnon of Dillon Consulting Ltd.

Location

Gilmore Farm is located in Eastern Richmond, South of \X/estminister Highway
and East (and adjacent too) Number 8 Road.

Nature of Disturbance

I understand that the disturbance will consist of traffic by heavy machinery
(tracked and wheeled) and above-ground laying of pipe. No excavation or pipe
burial is planned.

l08l Conodo Avenue
Duncon, BC V9L lV2

P: 250.746.5545
F: 250.7 46.5850
www. modrone. co
inf o@ modrone. co

Dossier 08.O239
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Potential lmpacts on Soils - Terasen Gas Fraser Arm Seismic Project

Page 2

September 5, 2008

Terasen Gas has indicated that pipe lengths will be supported by wooden cradles
with a plywood base designed to reduce compaction. The nature of the impact on
soil productivity is likely to be mainly compaction and to a lesser exrenr ruming
and soil structural alteration. Surface erosion is unlikely to be a significant issue

due to the very gentle slopes.'$Øind erosion and dust may consritute a localized
impact.

The disturbance footprint will consist of a narrow strip abour 20 m wide,
extending from south to north for a total length of approximately 8OO m. The
total area therefore is roughly 16,000 m2 or l.6ha.I assume that tl:af.fic by heavy
machinery will be extensive within this footprint. The tentative construction
schedule is for two weeks in June 2009.

Regulatory Context

This development will not result in the placement of fill from a different
property, nor will it require the removal of soil. It therefore does nor conrrâvene -J
Section 20(4) of the Agricultural Land Commission Act, or similar restrictions
contained in local government by-laws.

This work will be done along an existing pipeline corridor, which has been
covenanted to allow for utility use. I assume that the covenant has been properly
issued under the Land Title Act, and has been duly approved by the Agricultural
Land Commission.

Parent Materials and Texture

The soils in the disturbance footprint are derived from deltaic silts deposited by
the Fraser River in a prograding estuarine environment. Soil textures aÍe
consistent along the strength of the footprint, consisting of 80"/" to 90"/" silt with
smaller amounts of fine and very fine sand. The soils are essentially free of coarse
fragments.

Drainage

Drainage ranges from imperfect to (more commonly) poor. All soil profiles
exhibited distinct or prominent mottling, reflecting fluctuating water tables and
periods of saturation between late fall and early spring.

MADRONE
environmenlol servlc€s lld.
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Three ditches drain water, between fields, to the east, where they discharge inro â

larger north-south outlet ditch. The ditches are approximately 1.5 m deep. They
were mainly dty at the time of my field review in August but likely contain warer
between late fall and early spring.

Classification

The most common soil encountered was Orthic Gleysol. These soils have a

weakly to moderately well developed surface horizon enriched in organic marrer
(Ah or Ap), above a massive gleyed horizon (Bg). In places within the hay field,
the Ah horizon is sufficiently well developed, in which case the classification is

Orthic Humic Gleysol.

In all soil profiles, boundaries between horizons were gradual or diffuse.
Subsoils, deeper than 30 cm, were uniformly firm in consistence or in a few cases,

very firm. These deeper horizons contained very few, very fine or fine roors.

Mapped soils series

Soils in the footprint conform most closely to the Delta soil series as described
by Luttmerding (1980). He mapped this area as Delta soils, complexed in places

with Kitter soil series. Kitter soils are similar to Delta, but slightly less poorly
drained.

Topography

The fields are very gently undulating, with a total relief of 0.5 m to 1.0 m. Slopes
raîge from 07o to 2.5"/".

Land use

The footprint runs across four fenced fields. From south ro norrh I have labeled
them A, B, C, and D.

Field A supports a hay field with a well established sward of forage grass. This
field is in good condition with few weeds.

Field B is another hay field, also in good condition but with slightly higher weed
cover (1,% -2%).

MADRONE
envlronmentol servlces ltd,

Dossier 08.0239
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Field C was planted ro corn this year.

Field D is covered in hay but has been maintained. It has very high cover of
weeds, out compering forage grass. The predominant weed is goosefoot
(Chenopod,ium ølbwm). Potatoes have been planted in adjacent fields. Common
croPs in this part of east Richmond include blueberries and garden nurseries.

Potential lmpacts

These soils have a silty texture with poor bearing strength. Because they tend to
be wet or moist they are susceptible to compaction. If they are subject to
wheeled :'raffic between late fall and early spring, they are likely to experience
rutting and soil srrucrure alteration.

Flowever in late spring (M"y and June) watertables fall and the soils drain
substantially. The daæ at which they become suitable for mechanized cultivation
varies year to year, but in most years it is before mid-June (an interview with rhe
farm operator would be helpful here).

The Terasen operation will likely result in some soil compaction. Some localized
rutting should be expected in depressional areas in the footprint. The extent and
depth of compaction will be strongly dependenr on the degree of drainage at the
time of construction. I expect that for tracked vehicles (i..., excavations)
compaction would extend ar mosr 30 cm in depth. However compaction of
topsoils would detrimentally affect crop growrh.

If soils are dry tt any time during construction they will likely be subject to wind
erosion. The extent depends on wind behaviour; if winds remain light, dust will
remain in or near the footprint. Strong winds could generare substantial dusr
clouds which could settle on adjacent fields.

Mitigation

Compaction
To mitigate compacrion of top soils, I recommend the following:

1. Strip top soils to a depth of 30 cm, using non-roorhed buckets and stockpile
in a berm alongside footprint strip. Place layer of
other suitable separaror on ground surface prior
construction to stripped area.

Doss ie r 08 .O239

sawdust or georextile or
to stockpiling. Confine
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2. \Øhen constnrcrion is complete, de-compact work area, using tines, discs,
plows or rototillers. Ensure soil is decompacted to 30 cm depth. Soils should
be reasonably dry at this time. If soils remain wet; delay the compaction until
soils have suitably drained. Farm tractors or crawler-rracrors can be used as

prime movers.

3. Re-spread top soil. Use farm tractors to level and finely cultivate disturbed
area".

4. At this point it may be too late to plant corn. It is imperative to work with
the farm oPerator to re-establish the crop according to his objectives. Terasen
should be prepared to assist in seeding fertilizing an irrigating to restore the
area to original productivity.

Dust

Keeping the soil surface moist by spraying lighdy though hot days will largely
eliminate the dust problem.

Conclusion

Construction associated with the Terasen Gas South Fraser Arm Seismic
Upgrade Project will disturb approximaæly 1,.6 ha of productive soils in the
Gilmore Farm.

compaction of topsoils would likely result; this would probably have a
detrimental effect on soil productivity and crop fields in the disturbance
footprint.

This impact can be effectively mitigated by:

1. Stripping topsoils to a depth of 30 cm, and stockpiling in a berm parallel to
disturbanc e areà.

2. Decompacting the top 30 cm of stripped soils in disturbanc e aÍea.

3. Re-spreading then fine-cultivate topsoils.

4. 'SØork with farm operaror ro resrore crop production.

MADRONE
envlronmenlql servlcês lld.
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Following these steps will likely resulr in
thar at presenr, although yields of shallow
grasses may nor be affected.

a final soil productivity grearer rhan
rooted crops such as corn and forage

Construction may cause substantial dust clouds if weather conditions are dry and
windy. Spraying water though out the day will mitigate this problem. Terasen
should plan to have a warer su and spray equipment ar rhe ready.

Sincerely,

MADRONE
envlronmento¡ services lld

Dossier 08.0239
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A B C D E F
List of Agencies and Parties Contacted

Updated 6 November 2008
Agency/Party Terasen Representative Contact Information (i.e. phone, address, Most Recent Date of ContaSummary of Party's Response to Contact Email
Communities

City of Richmond AH, GAK, JL, MR, CC Rob Gonzales, Director of Engineering 604-2September 4 2008

Meeting held September 4 with Robert Gonzales, Jim Young and Tom 
Stewart. Robert will write a paper in support of the project for City 
Council.

rgonzales@richmond.ca

City of Richmond AH, AK Public Works Committee October 22 2008

Amy and Art presented to Public Works Committee. Response was 
positive, with the committee recommending a letter be written in 
support of the project. mayorandcouncillors@richmond.ca

Richmond Chamber of Commerce Amy Hennessy
Craig Jones, Executive Director, Richmond 
Chamber of Commerce September 10 2008 

Craig will include information we provided to him about the project in a 
mail out to his members. craigj@richmondchamber.ca

Corporation of Delta AH, JK George Harvie, City Manager 604-946-3212 August 11 2008

Meeting held August 11 with George Harvie and Hugh Fraser.Delta 
has no major concerns with the project and offered to write a letter in 
support. gharvie@corp.delta.bc.ca

Corporation of Delta Amy Hennessy Mayor and Council via George Harvie, City MSeptember 16 2008 

George recommends that we deal with staff on this project (Hugh 
Fraser). As the project gets closer, Hugh will give council a memo 
about the project. mayor@corp.delta.bc.ca

Corporation of Delta AH Municipal Clerk's office August 12 2008
Made request to make presentation to Mayor and Council. George 
Harvie, CAO of Delta, prefers to handle this as a staff matter. clerks@corp.delta.bc.ca

Delta Chamber of Commerce Amy Hennessy
Peter Roaf, Executive Director, Delta 
Chamber of Commerce September 5 2008 

Meeting held July 11. No issues identified. Peter sent out notification 
about the proposed project to his members the week of September 8. execdirector@deltachamber.com

Metro Vancouver AH, JK, AS, MR Thomas Wu 604-451-6507 July 30 1008 Meeting held July 30 with Art Swenson, Mujib and Joel Lavers thomas.wu@metrovancouver.org

First Nations

Musqueam Indian Band Bruce Falstead
6735 Salish Drive,  Vancouver BC V4N 
4C4. 27/03/2008

phone call with Norman Point  acting Band Band Manager, Fishers 
department would be interested as well npoint@musqueam.bc.ca

Musqueam Indian Band Bruce Falstead  23-Jun-08 Letter and map to Norman Point Band Manager

Musqueam Indian Band Bruce Falstead  July 29 2008
Phone conversation with Mr. Point followed by email.  He is referring 
this information to Fran Guerin Land Manager

  
Katzie First Nation Bruce Falstead 10946 Katzie Road, Pitt Meadows, B.C. V3Y26/03/2008 phone call with Bill Chunick referred to Debbie Miller katzie.treaty@shawcable.com
Katzie First Nation Bruce Falstead  23-Jun-08 Letter and map to Debbie Miller
Katzie First Nation Bruce Falstead  July 16 2008 phone call left message for Debbie Miller
Katzie First Nation Bruce Falstead  July 21 2008 phone call left message for Debbie Miller
Katzie First Nation Bruce Falstead  July 29 2008 phone call left message for Debbie Miller
Katzie First Nation Bruce Falstead  July 29 2008 emailed June 23 2008 letter to Debbie Miller 
   

Tsawwassen First Nation Bruce Falstead #131 N Tsawwassen Drive, Delta, B.C. V4M23-Jun-08 Letter and map to Andrew Bak Manager Lands & Natural Resources andrewbak@dccnet.com

Tsawwassen First Nation Bruce Falstead July 7 2008
Meeting scheduled with lawyer for Tsawwassen FN Arlene H. Henry, 
QC to review Tsawwassen First Nation and its Final Agreement
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31
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35
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39

40

41
42
43
44

Lehigh Cement (Dynacor 
Coatings-Lessee) Art Swenson

7753 Berg Road, RR #7, Delta BC       V4K 
1B9 July 12 2008

Art Swenson met with Dynacor Owner - Brady McCulley on site to 
discuss project. info@dynacorcoatings.com

Lantic (Belkorp Industries Inc.) Art Swenson
Suite 900, 1508 West Broadway, 
Vancouver, BC V6J 1W8 July 8 2008

Art Swenson and Joel Lavers met with Belkorp Corporate Counsel-
Randy Smith and their consultant Norman Laube of Omicron to 
discuss project. rsmith@belkorp.com

Stork Craft Manufacturing Inc. Art Swenson
7433 Nelson Road Richmond, BC       V6W 
1G3 July 11 2008

Art Swenson and Joel Lavers met with Stork Craft President-Jim 
Moore and property managers Ron Emerson and Herb Chan to 
discuss location of drill rig within Stork Craft parking lots jim@storkcraft.com

Kingswood Industrial Park 
Property Management by 
Emerson Real Estate Group Art Swenson

Suite 1180 - 625 Howe Street, Vancouver 
BC     V6C 2T6 July 11 2008

Art Swenson and Joel Lavers met with Ron Emerson to discuss 
project within the Kingwood Industrial Park rwemerson@telus.net

Kingswood Industrial Park 
Property Management by Canreal 
Management Corp. Art Swenson

Nelson Square, Suite 409-808 Nelson St., 
Vancouver BC V6Z 2H2 July 11 2008

Art Swenson and Joel Lavers met with Herbert Chan to discuss 
project within the Kingwood Industrial Park hchan@canreal.com

Gilmour Farms (Savage Farms - 
Lessee) Art Swenson 4491 No.7 Road, Richmond BC V6V 1R6 July 15 2008

Art Swenson met at the Gilmour Farm on July 15th with Ray 
Aitcheson of Savage Farms, to discuss the impact of the pipeline 
assembly area, on their hay and  corn crops . Phone call on Aug.15th 
to Jim Savage of Savage Farms for access to Gilmour farm for 
Terasen Consultants field inspection.

     
Regulatory Agencies   

Vancouver Fraser Port Authority Amy Hennessy
Nures Kara, Environmental Manager -- 
River 604-665-9511 June 24 2008 

Email/phone conversations. We will submit the application to Ports 
when we have the required information. nures.kara@vfpa.ca

Provincial Dyking Authority Amy Hennessy Scott Cosman 604-582-5220 August 11 2008
Email communication regarding application and information. We will 
provide both when the information has been sufficiently developed. scott.cosman@gov.bc.ca

Department of Fisheries and 
Oceans

Chris Dane (Dillon 
Consulting)

Brian Naito, 100 Annacis Parkway, Unit 3, 
Annacis Island 604-666-8190 May, 2008

Correspondence regarding proposed works, project timeline and 
regulatory approval requirements NaitoB@pac.dfo-mpo.gc.ca

Oil and Gas Commission

Chris Dane (Dillon 
Consulting), Jennifer 
Robertson

Chris Wagner, 210 - 301 Victoria Street
Kamloops 250-377-2157 August, 2008 Correspondence regarding proposed works, project timeline and regulaChris.Wagner@gov.bc.ca

2 of 2









 
 
 
 

Appendix 12 



Appendix 12 - Fraser River South Arm Upgrade Project Cost of Service Impact ($000 )

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Incremental Mid-Year Rate Base $26,831 $26,493 $25,955 $25,417 $24,879 $24,341 $23,803 $23,265 $22,727 $22,189

Incremental Cost of Service

Depreciation Expense New Facilit ies $538 $538 $538 $538 $538 $538 $538 $538 $538 $538
Avoided Depreciation Expense Retired Facilities ($42) ($42) ($42) ($42) ($42) ($42) ($42) ($42) ($42) ($42)
Income Tax Expense ($324) ($244) ($178) ($120) ($72) ($37) ($5) $24 $50 $73
Earned Return on Rate Base $2,007 $1,982 $1,941 $1,901 $1,861 $1,821 $1,780 $1,740 $1,700 $1,660
Total Cost of Service $2,179 $2,234 $2,259 $2,278 $2,285 $2,280 $2,271 $2,260 $2,246 $2,229

Unit Cost of Service Impact

Sales and Applicable Transportation Volumes (PJ/Yr) 155         156       157       157       158       159       160       161       162       163       
Unit Cost of Service ($/GJ) $0.014 $0.014 $0.014 $0.014 $0.014 $0.014 $0.014 $0.014 $0.014 $0.014

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Incremental Mid-Year Rate Base $21,651 $21,113 $20,575 $20,037 $19,499 $18,961 $18,423 $17,885 $17,347 $16,809

Incremental Cost of Service

Depreciation Expense New Facilit ies $538 $538 $538 $538 $538 $538 $538 $538 $538 $538
Avoided Depreciation Expense Retired Facilities ($42) ($42) ($42) ($42) ($42) ($42) ($42) ($42) ($42) ($42)
Income Tax Expense $94 $114 $131 $146 $159 $171 $182 $191 $199 $206
Earned Return on Rate Base $1,619 $1,579 $1,539 $1,499 $1,459 $1,418 $1,378 $1,338 $1,298 $1,257
Total Cost of Service $2,210 $2,189 $2,166 $2,141 $2,114 $2,086 $2,056 $2,025 $1,993 $1,960

Unit Cost of Service Impact

Sales and Applicable Transportation Volumes (PJ/Yr) 164         165       166       167       168       169       170       171       172       173       
Unit Cost of Service ($/GJ) $0.013 $0.013 $0.013 $0.013 $0.013 $0.012 $0.012 $0.012 $0.012 $0.011

Based on TGI current approved 64.99% - 35.01% debt equity structure, 8.62% ROE and 8% CCA rate.
Unit cost of service impact based on forcasted sales volumes and non-bypass transportation service volumes.
All costs presented in $2008  



 
 
 
 

Appendix 13 



 
Appendix 13             Fraser River South Arm Crossing Upgrade Project 

Capital Cost Estimates 
 

 Alternative 1 Alternative 2 Alternative 3 Alternative 4 

  
Description 

  
  

NPS 20 & 24 HDD NPS 24 HDD NPS 20 HDD NPS 30 HDD & 
Replacement 

 Estimate Estimate Estimate Estimate 

 
($2008 millions) ($2008 millions) ($2008 millions) ($2008 millions) 

1 Project Services $  4.9 $4.0 $4.0 $4.2 
2 Land, Temporary Workspace $ 1.8 $1.1 $1.1 $2.5 
3 Pipe & Coating Materials $ 3.6 $1.9 $1.4 $5.6 
4 River Crossing HDD Installation  $ 11.6 $7.0 $6.6 $8.3 
5 Pipeline Tie In Construction  $ 2.5  $1.2 $1.0 $3.4 
6 Pipeline Commissioning $ 0.6 $0.3 $0.4 $0.5 
7 North Bank Dike Improvements 

Allowance 
$ 1.0 $1.0 $1.0 $1.0 

8 Subtotal $26.0 $16.5 $15.5 $25.1 
9 Retirement Costs $ 0.4 $ 0.2 $ 0.3 $ 0.2 

10 AFUDC $ 0.9 $ 0.6 $ 0.6 $ 0.9 

11 Total Project $27.3 $17.3 $16.4 $26.6 
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EXECUTIVE SUMMARY 


Golder Associates Ltd. (Golder) was retained by Terasen Gas Inc. (Terasen) to provide 
continuing geotechnical engineering services for Terasen’s Fraser River South Arm 
Seismic Upgrade Project in Delta and Richmond, BC. 


The potential seismic vulnerability of Terasen’s South Arm pipeline crossings was first 
identified in the regional seismic risk assessment carried out for Terasen’s coastal 
pipeline system by EQE International Inc. (EQE) and Golder in 1994  (EQE’s report 
titled “Seismic Risk assessment of BC Gas Transmission and Intermediate Pressure 
Natural Gas Pipeline System in the Lower Mainland Region”). 


Between 1997 and 2005, site-specific seismic vulnerability assessments and rehabilitation 
evaluations of Terasen’s twin transmission pipeline crossings of the South Arm of the 
Fraser River were carried out by Golder and DG Honegger Consulting (DGHC) to 
evaluate the likely performance of the pipelines when subject to strong seismic 
(earthquake) shaking corresponding to the 1:2,000 year (2.5% in 50 years) return period 
ground motions consistent with the Geologic Survey of Canada (GSC) 3rd generation 
seismic hazard mapping.  The results of this work indicated that both the NPS 20 and 
NPS 24 T.P. pipelines were vulnerable to loss of pressure integrity when subject to these 
ground motions, and that pipeline rehabilitation or replacement was required to meet 
Terasen’s seismic performance requirements. 


In 2004, the GSC developed the 4th generation seismic hazard maps as input to the 
seismic design provisions in the 2005 National Building Code of Canada (NBCC 2005) 
based on new seismogenic zones and seismic hazard models.  The new hazard maps 
incorporate a significant increment of earthquake data, recent research on seismic source 
zones and earthquake occurrence, regional and historical seismicity, together with 
complementary research on strong motion attenuation relations.  As requested by 
Terasen, the current study involves updating the previous pipeline vulnerability 
assessment with the objective of evaluating the vulnerability of the same pipelines based 
on the 4th generation GSC seismic hazard model, and providing updated 
recommendations for the rehabilitation or replacement of the submarine pipeline 
crossings of the South Arm.   


The scope of work for this study is described in detail in our proposal to Terasen dated 
December 10, 2007 and includes the following tasks: 


(a) Carrying out a supplementary geotechnical field investigation to further define the 
subsurface conditions at the central portion of the river channel within the deeper, 
main navigation channel; 
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(b) Carrying out supplementary ground response analyses based on the 4th generation 
seismic hazard model recently developed by GSC for probabilistic ground 
motions specified in the National and B.C. Building Codes (NBCC 2005/BCBC 
2006) established for a return period of 1:2,475 years (2% in 50 years).  In 
addition, undertake ground response analyses considering the deterministic 
ground motions established for the anticipated subduction event, predicted to 
occur west of the Vancouver Island coastline; 


(c) Providing predicted ground deformations along the existing pipelines/proposed 
horizontal directional drilling (HDD) profile from the ground response analyses to 
DGHC for the structural evaluation of the pipelines/proposed HDD profile; and 


(d) Providing preliminary then detailed design and construction input to the proposed 
remedial/rehabilitation measures for the pipeline crossings. 


This report summarizes the results of our previous analyses (carried out between 2003 
and 2005) together with the results of the 2008 supplementary field investigation, a brief 
description of the engineering properties of the overburden soils inferred from all 
available subsurface data, the methodology followed in the ground response analyses, 
and the results of the ground response analyses.  Preliminary remedial/rehabilitation 
measures for the pipeline crossings are also discussed. 


The results of the supplementary geotechnical investigation and laboratory testing 
indicate a moderate change in soil conditions within the central portion of the river 
channel, and the stratigraphy established previously was revised to incorporate the data 
acquired at the new testhole locations. 


Detailed ground response analyses were carried out to evaluate the extent of soil 
liquefaction and resulting permanent ground deformations for the submarine pipeline 
crossings.  Analyses were carried out for the 2,475 year (2 % in 50 years) and subduction 
ground motions using a representative earthquake record for each seismic scenario.  
The results of the analyses were compared with other well-established empirical and 
simplified methods, and were found to be in general agreement.  In addition, the 
displacements predicted along the pipelines for the 2,475 year ground motions are higher 
than those predicted for the subduction ground motions.  Therefore, the seismic 
vulnerability of the pipelines was assessed based on the displacement profiles predicted 
for the 2,475 year ground motions. 
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Structural Assessment of Pipelines 


In the previous 1997 to 2005 studies, the potential vulnerabilities to both the NPS 20 and 
NPS 24 transmission pipelines were evaluated by DGHC for the predicted 
seismically-induced ground displacements based on the ground motion parameters 
corresponding to the 3rd generation seismic hazard maps.  The following 
recommendations were made to improve the seismic performance of the pipelines to 
satisfy Terasen’s seismic performance and risk management criteria: 


• Replacement of the NPS 20 T.P. pipeline using HDD techniques at the river crossing 
and extending approximately 200 m inland from the crest of the river banks at both 
sides of the river; and  


• Implementation of limited replacement of the NPS 24 T.P. pipeline at the east-west 
aligned offset at the southern bank of the river, including replacement of the existing 
7.1 mm wall thickness, grade X52 pipe with 13.7 mm X60 pipe at the on-shore 
segment located north of the river dyke, and replacement of the existing 3D elbows 
with 12D induction bends. 


However, based on the ground displacements predicted in the current study using the 
4th generation GSC seismic hazard mapping, which are significantly higher than those 
predicted in the previous study, it is inferred that both NPS 20 and NPS 24 pipelines do 
not meet Terasen’s seismic performance and risk management criteria under current 
conditions. 


DGHC has carried out a simplified analysis to estimate a very approximate mean 
earthquake return period associated with loss of pressure integrity of the NPS 20 and NPS 
24 pipelines in their existing condition, and the performance levels of 300 to 500 years 
and 650 to 950 years were predicted for the NPS 20 and NPS 24 pipelines, respectively, 
based on 4th generation GSC seismic hazard mapping. 


Conceptual Design of HDD Alignment/Profile 


Golder and DGHC established a conceptual pipeline alignment and profile for a 
conceptual HDD crossing to replace either the NPS 20 or NPS 24 pipelines.  
The conceptual HDD profile was located outside the zone of significant soil movements 
based on the 2-D ground response analyses, and conforms to the preliminary geometric 
criteria provided by Terasen’s HDD consultant, Entec Engineering Technology Inc. 
(Entec).  The HDD entry/exit point on the south side of the river is located about 240 m 
to the south of the southern river dyke and the entry/exit location on the north side is 
located about 280 m north of the northern dyke (at the 15 degree inflection point in the 
pipelines and right-of-way alignment), which is also considered to be the most feasible 
location due to site use constrains and access considerations. 
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Golder provided the predicted horizontal and vertical ground displacement profiles along 
the conceptual HDD pipeline alignment to DGHC for use in its soil-pipe interaction 
analyses.  In the pipeline analysis, it was assumed that the HDD pipe and tie-ins to the 
existing pipe are consistent with API 5L Grade X65 with a wall thickness of 12.7 mm, 
and that the NPS 24 has the same HDD bend radius and pipe elbows as the NPS 20 
model. 


The results from the pipeline analysis for the 2,475 year ground displacements indicate 
that the HDD replacement of the NPS 20 or NPS 24 pipelines will easily survive the 
ground displacements associated with ground motions having a mean return period of 
2,475 years (4th generation seismic hazard mapping).  Further, considering the lower 
strains associated with the primarily tension response on the south bank of the river, it 
may be possible to demonstrate that an HDD entry/exit point located somewhat closer to 
the southern bank of the river may also be acceptable pending further analyses.  
However, the currently proposed 240 m offset from the southern river dyke is considered 
to be a reasonable value for use in preliminary HDD replacement design. 


As described above, the results of the previous (2005) seismic assessment indicated that 
implementation of modest onshore improvements to the NPS 24 T.P. pipeline on the 
southern river bank would improve the performance of that pipeline such that it would 
likely meet Terasen’s seismic performance standard for the ground motions 
corresponding to 1:2,000 year return period based on 3rd generation seismic hazard 
mapping.  However, the ground motions predicted based on 4th generation seismic hazard 
mapping are larger for all return periods than those predicted based on 3rd generation 
mapping for Lower Mainland.  The Peak Firm Ground acceleration (PFGA) predicted for 
the 2,000 year return period based on 3rd generation hazard mapping is approximately 
equivalent to the PFGA predicted for the 1,000 year return period based on 4th generation 
hazard mapping.  If Terasen elects to rehabilitate the NPS 20 T.P. pipeline through HDD 
replacement, consideration could be given to implementing the previously-recommended 
onshore improvements to the NPS 24 T.P. pipeline.  However, we recommend that a 
cost-benefit analysis be considered to determine whether the implementation of such 
improvements would still be warranted given that it is unlikely that such improvements 
alone would be sufficient to meet the Terasen’s seismic performance standard for the 
ground motions corresponding to 1:2,000 year or 1:2,475 year return period based on 4th 
generation seismic hazard maps. 







June 2008 - v - 08-1411-0010 


 


 Golder Associates 


TABLE OF CONTENTS 


SECTION PAGE
1.0 INTRODUCTION......................................................................................... 1 
2.0 SITE CONDITIONS..................................................................................... 2 
3.0 SITE SEISMICITY....................................................................................... 3 


3.1 Regional Seismicity .................................................................................3 
3.2 Development of Seismic Hazard Maps ...................................................4 
3.3 Seismic Hazard Parameters for Previous Studies...................................4 
3.4 Seismic Hazard Parameters for Current Study .......................................5 
3.5 Design Site-Specific Ground Motions......................................................6 


4.0 PREVIOUS STUDIES: 1994 TO 2005........................................................ 7 
5.0 SUBSURFACE CONDITIONS.................................................................. 10 


5.1 Subsurface Investigations .....................................................................10 
5.2 Laboratory Testing.................................................................................11 
5.3 Soil Stratigraphy ....................................................................................11 
5.4 Soil Parameters .....................................................................................12 


5.4.1 Strength Parameters..................................................................12 
5.4.2 Maximum Shear Modulus ..........................................................13 
5.4.3 Post-Liquefaction Soil Strength .................................................14 


6.0 CURRENT GEOTECHNICAL ASSESSMENT......................................... 15 
6.1 Liquefaction Potential of Site Soils and Permanent  


Ground Deformations.................................................................................15 
6.1.1 Assessment Methodology – Phase 1 ........................................15 
6.1.2 Assessment Methodology – Phase 2 ........................................16 
6.1.3 Selection of Input Ground Motions for 2-D Analysis ..................20 


6.2 Analysis Results ....................................................................................20 
6.2.1 Liquefaction Susceptibility .........................................................20 
6.2.2 Predicted Ground Deformations at  


Submarine Pipeline Crossings...................................................21 
7.0 STRUCTURAL ASSESSMENT OF PIPELINES ...................................... 22 
8.0 CONCEPTUAL DESIGN OF HDD ALIGNMENT/PROFILE..................... 24 
9.0 CLOSURE................................................................................................. 25 
10.0 REFERENCES.......................................................................................... 26 
 
 







June 2008 - vi - 08-1411-0010 


 


 Golder Associates 


LIST OF TABLES 
Table 3-1 Peak Firm-Ground Accelerations at the Site – 3rd Generation Seismic 


Hazard Maps 
Table 3-2 Peak Firm-Ground Acceleration at the Site – 4th Generation Seismic 


Hazard Maps 
Table 3-3 Firm-Ground Acceleration Response Spectra (5% Damping) 
Table 3-4 Details of Input Earthquakes Used for Spectral Matching 
Table 5-1 Soil Stratigraphy Summary – North Side of River 
Table 5-2 Soil Stratigraphy Summary –Within River Channel 
Table 5-3 Soil Stratigraphy Summary – South Side of River 
Table 5-4 Soil Parameters (Pre-Liquefaction) 
Table 5-5 Residual Shear Strength of Soil (Post-Liquefaction) 
Table 6-1 Summary of Soil Input Parameters – Ground Response Analyses 
Table 6-2 Liquefaction Susceptibility Assessment of Fine-Grained Soils 
Table 6-3 Comparison of Computed Permanent Deformations – South River 


Bank 
Table 6-4 Comparison of Computed Permanent Deformations – North River 


Bank 
 
 
LIST OF FIGURES 
Figure 2-1 Configuration and Vertical Profile, NPS 20 Pipeline 
Figure 2-2 Configuration and Vertical Profile, NPS 24 Pipeline 
Figure 3-1a Historical Earthquakes, Western Canada 
Figure 3-1b Some Significant Earthquakes Occurred in Southwestern Canada 
Figure 3-2 Comparison between 3rd and 4th Generation Seismic Hazard Maps 
Figure 3-3 Response Spectrum, Site Class C (5% Damping) 
Figure 3-4 2475-Year Modified Firm Ground Acceleration Time Histories:  


Landers Eq (1992), Joshua Station 
Figure 3-5 2475-Year Modified Firm Ground Acceleration Time Histories:  Loma 


Prieta Eq (1989), Capitola Station 
Figure 3-6 2475-Year Modified Firm Ground Acceleration Time Histories:  Chi 


Chi Eq (1999), Taichung Station 
Figure 3-7 Subduction Event Modified Firm Ground Acceleration Time Histories:  


Mexico City Eq (1985), La Union Station 
Figure 5-1 Site Plan and Interpreted Stratigraphic Profile 
Figures 5-2a, b Measured and Computed Shear Wave Velocity Profiles, South Bank 
Figure 5-3 Measured and Computed Shear Wave Velocity Profiles, North Bank 
Figure 6-1 Soil Stratigraphy and Finite Difference Grid 
Figure 6-2 Modulus Reduction and Damping Curves 







June 2008 - vii - 08-1411-0010 


 


 Golder Associates 


Figure 6-3 Typical Benchmark Comparisons between 1-D FLAC and SHAKE 
Results, North Bank 


Figure 6-4 Typical Benchmark Comparisons between 1-D FLAC and SHAKE 
Results, South Bank 


Figure 6-5 Typical CSR Profiles, 2,475-Year Ground Motions 
Figure 6-6 Typical CSR Profiles, Subduction Event 
Figure 6-7a Cyclic Stress Ratio, 2,475-Year Ground Motions, Typical SHAKE 


Column at North Bank 
Figure 6-7b Cyclic Stress Ratio, 2,475-Year Ground Motions, Typical SHAKE 


Column at South Bank 
Figure 6-8a Cyclic Stress Ratio, Subduction Event, Typical SHAKE Column at 


North Bank 
Figure 6-8b Cyclic Stress Ratio, Subduction Event, Typical SHAKE Column at 


South Bank 
Figure 6-9 Extent of Liquefaction Predicted by Simplified Method (Phase 1) 
Figure 6-10 Extent of Liquefaction Predicted by FLAC 
Figure 6-11 Horizontal Displacement Profiles, NPS 20 Pipeline 
Figure 6-12 Horizontal Displacement Profiles, NPS 24 Pipeline 
Figure 7-1 Comparison of Horizontal Displacement Profiles between 2005 and 


2008 Studies, NPS 20 Pipeline 
Figure 7-2 Comparison of Horizontal Displacement Profiles between 2005 and 


2008 Studies, NPS 24 Pipeline 
Figure 8-1 Site Plan and Conceptual HDD Alignments/Profiles 
Figure 8-2 Horizontal Displacement along Conceptual HDD Profile, 2,475-Year 


Ground Motions 
Figure 8-3 Vertical Settlement along Conceptual HDD Profile, 2,475-Year Ground 


Motions 
 
 
LIST OF APPENDICES 
Appendix I Record of Borehole Logs, CPT Plots (2008) 
Appendix II Record of Borehole Logs, CPT Plots (Previous Investigations) 
Appendix III Laboratory Test Data (2008) 
Appendix IV Laboratory Test Data (Previous Investigations) 
Appendix V Letter Report from DGHC Dated June 9, 2008 
 







June 2008 - 1 - 08-1411-0010 


 


Golder Associates 


1.0 INTRODUCTION  


Golder Associates Ltd. (Golder) was retained by Terasen Gas Inc. (Terasen) to provide 
continuing geotechnical engineering services for Terasen’s Fraser River South Arm 
Seismic Upgrade Project in Delta and Richmond, BC. 


The potential seismic vulnerability of Terasen’s South Arm pipeline crossings was first 
identified in the regional seismic risk assessment carried out for Terasen’s coastal 
pipeline system by EQE International Inc. (EQE) and Golder in 1994 (EQE’s report titled 
“Seismic Risk assessment of BC Gas Transmission and Intermediate Pressure Natural 
Gas Pipeline System in the Lower Mainland Region”). 


Between 1997 and 2005, a site-specific seismic vulnerability assessment and 
rehabilitation evaluation of Terasen’s twin transmission pipeline crossings of the South 
Arm of the Fraser River was carried out by Golder and DG Honegger Consulting 
(DGHC) to evaluate the likely performance of the pipelines when subject to strong 
seismic (earthquake) shaking corresponding to the 1:2,000 year (2.5% in 50 years) return 
period ground motions consistent with the Geologic Survey of Canada (GSC) 3rd 
generation seismic hazard mapping.    The results of this work indicated that both the 
NPS 20 and NPS 24 T.P. pipelines were vulnerable to loss of pressure integrity when 
subject to these ground motions, and that pipeline rehabilitation or replacement was 
required to meet Terasen’s seismic performance requirements. 


As requested by Terasen, the current study involves updating the previous pipeline 
vulnerability assessment with the objective of evaluating the vulnerability of the same 
pipelines based on the 4th generation seismic hazard model recently developed by GSC, 
and providing updated recommendations for the rehabilitation or replacement of the 
submarine pipeline crossings of the South Arm. 


The scope of work for this study is described in detail in our proposal to Terasen dated 
December 10, 2007 and includes the following tasks: 


(a) Carrying out a supplementary geotechnical field investigation to further define the 
subsurface conditions within the central portion of the river channel;  


(b) Carrying out supplementary ground response analyses based on the 4th generation 
seismic hazard model recently developed by GSC for probabilistic ground 
motions specified in the National and B.C. Building Codes (NBCC 2005/BCBC 
2006) established for a return period of 1:2,475 years (2% in 50 years).  In 
addition, ground response analyses were undertaken considering the deterministic 
ground motions established for the anticipated subduction event, predicted to 
occur west of the Vancouver Island coastline;  
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(c) Providing of predicted ground deformations along the existing pipelines/proposed 
horizontal directional drilling (HDD) profile from the ground response analyses to 
DGHC for the structural evaluation of the pipelines/proposed HDD profile; and  


(d) Providing of preliminary then detailed design and construction input to the 
proposed remedial/rehabilitation measures for the pipeline crossings. 


This report summarizes the results of our previous analyses (carried out between 2003 
and 2005) together with the results of the 2008 supplementary field investigation, a brief 
description of the engineering properties of the overburden soils inferred from all 
available subsurface data, the methodology followed in the ground response analyses, and 
the results of the ground response analyses.  Preliminary analyses and recommendations 
for remediation/rehabilitation measures for the pipeline crossings are also discussed. 


This report should be read in conjunction with “Important Information and 
Limitations of This Report” which is appended following the text of the report.  The 
reader’s attention is specifically drawn to this information, as it is essential that it is 
followed for the proper use and interpretation of this report.  


2.0 SITE CONDITIONS 


Terasen operates dual 20 and 24 inch diameter transmission pressure (T.P.) pipelines to 
supply natural gas to the cities of Richmond and Vancouver.  The configuration of the 
pipeline crossings of the South Arm of the Fraser River is shown in Figures 2-1 and 2-2 
for the NPS 20 and NPS 24 pipelines, respectively.  The figures also show the vertical 
profiles of the river bed and the pipelines determined during previous studies using as-
built pipeline information, sonar and geophysical profiling techniques and the recent 
pipeline profiles determined by Terasen through pigging of the pipelines using the 
“geopig”. 


At the northern and southern banks of the Fraser River, the pipelines are located within a 
single, nominal 15.24 m wide right-of-way with approximately 7 m spacing between the 
pipelines.  However, at the Fraser River crossing, the pipelines separate into two parallel 
rights-of-way with an increased spacing of approximately 90 m.  The NPS 20 T.P 
pipeline, which occupies the eastern portion of the pipeline right-of-way, has a relatively 
straight alignment in plan throughout the study area.  However, the NPS 24 T.P. pipeline 
was constructed with nominal 90 m length, east-west aligned “offset” pipeline segments 
adjoining the northern and southern river banks to achieve the pipeline separation within 
the river crossing.  Both pipelines are understood to have been constructed utilizing open 
trenching methods. 
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The soil conditions at the river crossing comprise an extensive, layered sequence of 
Fraser River silt and sand deposits that overlie interlayered silt, sand and clay deposits of 
marine origin that extend to depths in excess of 140 m below ground surface.  The upper 
Fraser River silt and sand sequence is considered to be susceptible to soil liquefaction 
when subject to strong seismic shaking.  Soil liquefaction is expected to cause significant 
horizontal and vertical ground deformations at the site, particularly at the river banks, and 
would result in bank failures and possible flow slides into the river and damage to the 
transmission pipelines. 


3.0 SITE SEISMICITY 


3.1 Regional Seismicity 


The seismicity at the Fraser River South Arm Project site results from the thrusting 
(subducting) of the offshore Juan de Fuca Plate beneath the continental North American 
Plate.  There are three basic sources or types of earthquakes in the regional area, namely: 


• Relatively shallow crustal earthquakes (depths in the order of 20 kilometres); 
• Deeper earthquakes (depths in the order of 60 kilometres) within the subducting plate; 


and  
• Very large inter-plate earthquakes, often referred to as the “mega-thrust” or 


“subduction” earthquakes. 


Earthquakes within the first two categories (intra-plate) have occurred at regular intervals 
over the last several decades, and are shown on Figure 3-1a.  The largest of these 
occurred near Campbell River in 1946 (M7.3), near Olympia in 1949 (M7.1), near 
Seattle/Tacoma in 1965 (M6.5), and in Nisqually in 2001 (M6.8).  The duration of strong 
shaking of these two types of earthquakes is expected to be about 15 to 20 seconds.  A 
very large earthquake apparently occurred near the USA/Canada border in 1872. 


Large subduction earthquakes have not occurred in the region in historic time.  However, 
there is geologic evidence that they have occurred in the past (possibly at 400 to 600 year 
intervals).  The measured accumulation of strain between the tectonic plates suggests that 
these large earthquakes should be expected in the future.  The consensus of opinion is 
that the magnitude of a large subduction earthquake would be in the order of M8.2+ 
occurring with the center of energy release located some 140 kilometres from the project 
site.  Because of the greater epicentral distance to the site, the 84th percentile intensity of 
ground shaking of the M8.2 subduction event is not expected to be larger than 0.16 g.  
However, the duration of strong shaking during this earthquake is expected to vary from 
40 to about 60 seconds. 


Figure 3-1b shows some significant earthquakes that have occurred in southwestern 
Canada, including a subduction earthquake inferred to have occurred in about 1700. 
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3.2 Development of Seismic Hazard Maps 


Three generations of seismic hazard maps for Canada were produced by GSC at roughly 
15-year intervals (1953, 1970, 1985).  Preparation of the 4th generation maps was justified 
because there was sufficient new information available to improve the hazard estimates 
(Adams et. al.,1995). 


GSC developed the 4th generation seismic hazard maps as input to the seismic design 
provisions in the NBCC 2005 based on new seismogenic zones and seismic hazard 
models.  The 4th generation hazard maps were finalized in March 2004 (GSC Open File: 
4459) and subsequently adopted in the NBCC 2005 released in 2005.  The new hazard 
maps incorporate a significant increment of earthquake data, recent research on seismic 
source zones and earthquake occurrence, regional and historical seismicity, together with 
complementary research on strong motion attenuation relations. 


3.3 Seismic Hazard Parameters for Previous Studies 


Terasen’s seismic performance criteria make use of ground motions that correspond to a 
return period of 1:2,000 years (2.5% in 50 years) for the seismic vulnerability assessment 
and remediation of their main transmission pipelines (DES-09-02, Seismic Design 
Requirements for Buried Pipelines, 2004).  This ground motion criterion was established 
in 1993 based on a study undertaken to evaluate the seismic vulnerability of their coastal 
pipeline network.  Based on internal and external communications with personnel 
involved in the development of the seismic risk policy for Terasen, we understand that 
this return period of ground motions was established based on BC Hydro’s 
criteria/guidelines on Dam Safety developed in the early 1990s, and consideration of the 
criteria adopted by other pipeline owners/operators in British Columbia. 


Ground motion parameters for the subject crossings were established based on the 
seismic hazard risk assessments carried out by BC Hydro in 1993 for the BC Gas 
Liquefied Natural Gas (LNG) Plant site, which is located about 1.3 km south-west of the 
subject site.  It should be noted that the seismic hazard model used by BC Hydro for the 
seismic hazard risk assessment is considered to be very similar to the hazard model that 
GSC used to develop the 3rd generation seismic hazard maps in 1985. 


The BC Hydro model estimates the following peak ground acceleration for firm-ground 
conditions at the site for various return periods: 
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TABLE 3-1: Peak Firm-Ground Accelerations  
at the Site – 3rd Generation Seismic Hazard Maps 


Return Period (Years) 100 475 2,000 


Annual Probability of Occurrence (%) 1.00 0.21 0.05 


PFGA (g) 0.10 0.22 0.37 


 
3.4 Seismic Hazard Parameters for Current Study 


Ground motion parameters for the site in the current study were established based on the 
4th generation maps.  The seismic hazard in the 4th generation maps correspond to a 
“reference ground condition” referred to as Site Class C and denoted by an average shear 
wave velocity (Vs) varying between 360 m/s and 760 m/s in the upper 30 m.   In addition 
to the probabilistic ground motions established using the 4th generation seismic hazard 
maps, site-specific deterministic ground motions resulting from an offshore subduction 
event were also considered in the assessment of the subject pipelines.  These latter 
subduction motions are expected to include the effects of longer duration of ground 
shaking on soil liquefaction and ground displacements. 


GSC estimated the following probabilistic site-specific peak firm-ground accelerations 
for Class C (Vs: 360 m/s – 760 m/s) ground conditions for the return periods shown: 


TABLE 3-2: Peak Firm-Ground Acceleration  
at the Site – 4th Generation Seismic Hazard Maps 


Return Period (Years) 100 475 1,000 2,000 2,475 


Annual Probability of Occurrence (%) 1.00 0.21 0.10 0.05 0.04 


PFGA (g) 0.13 0.27 0.37 0.48 0.512 


 
A comparison of the peak firm-ground accelerations at various return periods for the 3rd 
and 4th generation seismic hazard maps is shown on Figure 3-2.   The results from the 4th 
generation seismic hazard maps are larger for all return periods.  Since the 4th generation 
seismic hazard maps and models represent the most up to date and available seismic data 
and models, the ground response analyses in the current study were carried out for the 
higher ground motions corresponding to the 4th generation seismic hazard model.  


Both NBCC 2005 and BCBC 2006 consider ground motions that correspond to a return 
period of 1 in 2,475 years as the design seismic ground motions for seismic design and 
analysis.  Although the seismic design provisions in the building code are not strictly 
applicable to pipelines, the seismic loading criteria from NBCC/BCBC are referenced in 
other codes and standards such as CSA-Z276 (2007) for the design of piping systems and 
components. 
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The peak firm-ground acceleration for return periods of 2,000 and 2,475 years, as shown 
in Table 3-2 above, differ by about 6% (i.e. 0.48 g versus 0.51 g).  Accordingly, Terasen 
selected the 2,475 year (2% in 50 years) ground motions for the seismic vulnerability 
assessment of the subject pipeline crossings.  In our opinion, the remedial measures or 
pipeline replacement options are unlikely to be significantly impacted by this slight 
change in peak firm-ground acceleration. 


The deterministic ground motions for the subduction earthquake were developed 
considering an M8.2 magnitude event occurring 140 km from the site. 


3.5 Design Site-Specific Ground Motions 


The overall performance of the Terasen Gas – South Arm Fraser River crossings was 
assessed for the 2,475 year and subduction ground motions. 


The site-specific uniform hazard response spectrum (UHRS) developed by GSC as part 
of the 4th generation seismic hazard maps (GSC Open File 4459, 2004) was adopted for 
the 2,475 year ground motions.  The site-specific response spectrum developed for the 
subduction ground motions was also obtained from the same Open File. 


The magnitude (Mw), peak horizontal ground acceleration on firm-ground (PGAfirm 


ground), and spectral accelerations at selected periods that correspond to the 2,475 year and 
subduction ground motions are listed in Table 3-3.  The input acceleration response 
spectra are shown on Figure 3-3. 


Table 3-3: Firm-Ground Acceleration Response Spectra  
(5% Damping) 


Earthquake Scenario 
Moment 


Magnitude 
(Mw) 


PGAfirm ground Sa (0.2 s) Sa (0.5 s) Sa (1.0 s) 


2,475-Year Ground Motions 7.3 0.51g 1.03g 0.69g 0.34g 


Subduction Ground Motions 8.2 0.16g 0.37g 0.31g 0.17g 


Applicable acceleration time-histories for the ground response analyses were established 
by modifying the acceleration time histories, which have been matched to the Response 
Spectra for the 2,475 year and subduction ground motions.   


The acceleration time-histories used in the ground response analyses are summarized in 
Table 3-4 and the acceleration time-histories of the modified records are shown on 
Figures 3-4 through 3-7. 
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Table 3-4: Details of Input Earthquakes Used for Spectral Matching 


Peak Horizontal 
Ground Motions Event Date Magnitude Epicentral 


Distance 
a(g) v(m/s) 


Station 


2,475 Year Ground Motions 
Landers (EW) Jun. 28, 1992 M7.3 13.7 km 0.28 0.43 Joshua Tree 
Landers (NS) Jun. 28, 1992 M7.3 13.7 km 0.27 0.28 Joshua Tree 
Loma Prieta (EW) Oct. 18, 1989 M7.0 9.7 km 0.40 0.30 Capitola 
Loma Prieta (NS)  Oct. 18, 1989 M7.0 9.7 km 0.47 0.36 Capitola 
Chi Chi (EW) Sept. 20, 1999 M7.6 7.1 km 0.43 


 
0.43 Taichung 


Chi Chi (NS)  Sept. 20, 1999 M7.6 7.1 km 0.31 0.33 Taichung 
Subduction Ground Motions 


Mexico City (EW)  Sept. 19, 1985 M8.1 107 km 0.15 0.13 La Union 
Mexico City  (NS)  Sept. 19, 1985 M8.1 107 km 0.17 0.22 La Union 


 
4.0 PREVIOUS STUDIES: 1994 TO 2005  


The potential seismic vulnerability of Terasen’s South Arm pipeline crossings was first 
identified in the regional seismic risk assessment carried out for Terasen’s coastal 
pipeline system by EQE International Inc. (EQE) and Golder in 1994 (EQE’s report titled 
“Seismic Risk assessment of BC Gas Transmission and Intermediate Pressure Natural 
Gas Pipeline System in the Lower Mainland Region”). 


Following the regional vulnerability assessment study, between 1995 and 1997, Golder 
carried out detailed, site-specific geotechnical investigations and ground response 
analyses and DGHC carried out soil-pipeline interaction assessments at both the north 
and south banks of the South Arm pipeline crossings.  The results of the this work are 
described in two reports titled “Site-Specific Seismic Vulnerability Assessment of BC 
Gas Transmission Pipelines at the North Bank of the South Arm of the Fraser River, 
Delta, BC” dated February 27, 1997 and “Site-Specific Seismic Vulnerability Assessment 
of BC Gas Transmission Pipelines at the South Bank of the South Arm of the Fraser 
River, Delta, BC” dated March 5, 1997. 


Subsequent to the 1995-1997 assessment, between 2003 and 2005, more detailed 
geotechnical investigations, ground response analyses and pipeline performance 
modeling were carried out by Golder and DGHC to more accurately define the ground 
response and pipeline performance at and adjoining the river crossing site, and to develop 
recommendations for pipeline rehabilitation/replacement measures.  A brief summary of 
work carried out by Golder and DGHC between 2003 and 2005 is provided in the report 
prepared by Golder titled “Assessment of Seismic Performance of Terasen Gas Inc. NPS 
20 and NPS 24 T.P. Pipelines, South Arm Fraser River, Tilbury Island (Delta) to 
Richmond, BC” dated August 9, 2007, and is summarized below. 







June 2008 - 8 - 08-1411-0010 
 


Golder Associates 


Golder provided input to these analyses by: 


(a) Carrying out subsurface investigations to define the soil stratigraphy based on the 
investigation carried out up to and including 2003; 


(b) Identifying stratigraphic zones where the subgrade soils are potentially susceptible 
to earthquake-induced soil liquefaction;  


(c) Overlaying pipeline geometry data (derived initially by geophysical exploration, 
then by applying fitted “geopig” profiles and pipeline survey data) on the 
interpreted soils stratigraphy; 


(d) Carrying out ground response analyses to provide estimates of soil displacements 
at the pipeline locations, with and without possible ground improvement measures 
to reduce the extent of seismically-induced soil liquefaction and the magnitude of 
resulting ground displacements based on the ground motion parameters 
corresponding to the 3rd generation seismic hazard maps; and 


(e) Providing input on the feasibility and order-of-magnitude costs of possible ground 
improvement and horizontal directionally drilled (HDD) pipeline replacement 
options. 


DGHC performed finite element analyses to compute the response of the pipelines from 
the soil displacements estimated by Golder with the following goals: 


(a) Compute the deformations induced in the pipelines by the estimated soil 
displacements in their current configuration, and the impact of the pipeline 
deformations on the ability of the pipeline to retain pressure integrity; 


(b) Assess and make recommendations for improvements in pipeline response from 
physical modifications to the pipelines, including replacement of the existing pipe 
with increased wall thickness, induction bends and/or alternate on-shore 
alignment; and 


(c) Assess the improvements in pipeline response by implementing ground 
improvement measures to reduce the magnitude of soil displacements. 


The seismic vulnerability assessment identified potential vulnerabilities to both the 
NPS 20 and NPS 24 transmission pipelines as they are currently configured, with the 
NPS 20 T.P. having the highest risk of damage.  Remedial treatment was determined to 
be required to improve the performance of both pipelines and provide reasonable 
confidence that the pipelines will maintain pressure integrity for earthquake ground 
motions having an annual probability of occurrence equal to or less than 0.05 percent 
(1 in 2,000 year ground motions, 3rd generation seismic hazard mapping).  
This performance requirement accepts a risk that local damage may occur (such as pipe 
wall wrinkling), and that some pipeline repair or replacement may be required following 
the earthquake. 
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Mitigative treatment alternatives to improve pipeline performance were explored in 
detail.  This included consideration of the following options: 


• Replacement of the vulnerable on-shore segments of the pipelines using conventional 
trenching and pipeline replacement techniques.  This included assessing the benefits 
of replacing the vulnerable east-west aligned pipeline offset adjoining the southern 
river bank, as well as consideration of replacing more extensive segments of the on-
shore portion of the NPS 24 T.P. pipeline to straighten and strengthen the pipe; 


• Implementation of ground improvement measures to reduce the extent and 
consequences of seismically-induced soil liquefaction, and thus the magnitude and 
consequences of predicted soil and pipeline movements.  This included evaluation of 
the potential for construction of multiple rows of ground densification barriers 
(“seismic dykes”) using vibro-replacement techniques within both the on-shore and 
off-shore areas; 


• Replacement of the existing pipeline river crossings by new pipelines installed using 
horizontal directional drilling (HDD) techniques; and 


• Combinations of the above alternatives. 


The combination of measures developed to improve the seismic performance of the 
pipelines to satisfy Terasen’s seismic performance and risk management criteria included 
the following: 


• Implementation of limited replacement of the NPS 24 T.P. pipeline at the east-west 
aligned offset at the southern bank of the river, including replacement of the 
existing 7.1 mm wall thickness, grade X52 pipe with 13.7 mm X60 pipe at the on-
shore segment located north of the river dyke, and replacement of the existing 3D 
elbows with 12D induction bends; and 


• Replacement of the NPS 20 T.P. pipeline using HDD techniques at the river crossing 
and extending approximately 200 m inland from the crest of the river banks at both 
sides of the river. 


Implementation of these measures was considered to provide a reasonable level of 
assurance that both the NPS 24 and replacement NPS 20 T.P. pipelines would maintain 
pressure integrity following the design (1:2,000-year 3rd generation seismic hazard 
mapping) earthquake ground motions.  Further, the HDD replacement option of the NPS 
20 T.P. pipeline was considered to provide a robust mitigation measure that could be 
designed to provide a relatively high level of confidence of continued safe operation (not 
just maintaining pressure integrity) following the design earthquake ground motions, 
which was considered to be a significant added advantage. 
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5.0 SUBSURFACE CONDITIONS 


Between 1995 and 2008, extensive subsurface investigations were carried out by Golder 
within and adjoining the South Arm Fraser River channel to define the subsurface 
conditions at the site and determine the engineering material properties of the constituent 
subgrade soils.  The following sections briefly describe the results of previous and current 
investigations of the subsurface conditions at the site, laboratory testing of soil samples 
obtained from these investigations, and our interpretation of the engineering material 
properties derived for use in the ground response modeling. 


5.1 Subsurface Investigations 


The subsurface conditions at the site were originally established based on the testhole 
data obtained from the field investigations carried out by Golder (1995, 1996, and 2003) 
as part of the seismic vulnerability assessment of Terasen’s pipeline crossings at the 
South Arm of Fraser River.  However, only limited subsurface information was available 
within the central portion of the Fraser River channel near the submarine pipeline 
crossings of the deeper, main navigation channel.   Previous ground response analyses 
were carried out based on the interpreted soil conditions within the river channel to 
estimate the permanent seismically-induced lateral soil displacements at the pipeline 
alignment. 


To further define the subsurface conditions within the deepest portion of the river 
channel, a supplementary geotechnical investigation was carried out between March 6 
and 8, 2008, as part of the current study.  The investigation program included two 
offshore mud rotary boreholes (designated as boreholes BH08-01 and BH08-02) put 
down to a maximum depth of 29.6 m, and two electronic cone penetration tests 
(designated as CPT08-01 and CPT08-02) advanced to a maximum depth of 30.55 m. 


The mud rotary boreholes were put down from a spudded barge using a truck-mounted 
drill rig owned and operated by Mud Bay Drilling Co. Ltd. of Surrey, BC.  The two cone 
penetration tests (CPT’s) were conducted by ConeTec Inc. of Richmond, BC.  ConeTec 
also obtained the FREMP permit to carry out the field investigation program.  The 
approximate locations of the offshore boreholes were established by ConeTec using a 
differential GPS system.  The approximate locations of the offshore testholes and 
testholes put down during the previous investigations are shown on Figure 5-1. 


Standard penetration tests (SPT’s) were carried out in the mud rotary boreholes to assess 
the relative density of the in-situ materials and to collect disturbed soil samples using the 
split-spoon sampler.  Standard penetration tests were carried out in borehole BH08-01 at 
approximately 1.5 m depth intervals to 13.7 m depth, and at approximately 3 m depth 
intervals thereafter.  In borehole BH08-02, SPT’s were carried out at approximately 1.5 
m depth intervals to 12.2 m depth, and at approximately 3 m depth intervals thereafter. 
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The field work was carried out under the full-time inspection of a member of our 
technical staff, who located the boreholes, logged the soil and groundwater conditions 
encountered, and collected soil samples for detailed examination and testing at our 
Burnaby soil mechanics laboratory. Following completion of the logging and sample 
collection, the boreholes were grouted as per the requirements of the British Columbia 
Groundwater Protection Regulations. No surveying was carried out to determine the 
mudline elevation of the boreholes. 


Records of borehole logs and CPT plots for the test holes put down as part of this field 
investigation completed in 2008 are provided in Appendix I.  Available testhole 
information from the previous investigations is included in Appendix II for reference. 


5.2 Laboratory Testing 


Water content determination, Atterberg limits and sieve analyses were carried out on 
selected soil samples obtained from the boreholes for soil classification purposes.  The 
results of the laboratory index tests are presented in Appendix III.  All available grain 
size and Atterberg Limits data from previous investigations are included in Appendix IV 
for reference. 


5.3 Soil Stratigraphy 


Following completion of the field investigation program within the river channel, the 
stratigraphy established in the previous studies was revised to incorporate the data 
acquired at the new testhole locations.  A brief summary of the soil conditions 
encountered at the site is given below, and a revised profile illustrating the inferred soil 
stratigraphy at the site along the Terasen pipeline alignments is shown on Figure 5-1. 


The major soil units identified on the north side of the river (north of the crest of bank), 
under the river channel, and on the south side of the river (south from the dyke) are 
summarized in Tables 5-1, 5-2, and 5-3, respectively. 


TABLE 5-1:  Soil Stratigraphy Summary – North Side of River 


Soil 
Unit 


Layer 
Thickness (m) Soil Description Inferred Geologic Origin 


A 4.0 to 6.0 Compact Sand, trace to some silt Fill 
C 1.0 to 3.0 Loose to Compact Sand Fraser River Channel 
E 2.5 to 5.0 Peat to Organic Silt Bog 
F 1.5 to 4.0 Soft to Firm Silt Fraser River Estuary 
G 14.0 to 18.0 Compact to Dense Sand Fraser River Channel 
H ~ 120.0 Firm to Stiff Silt  Fraser River Estuary & Marine 
I Unknown Very dense, Silty Sand to Silty Sand 


& Gravel 
Glaciofluvial Outwash/Glacial Till 
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TABLE 5-2:  Soil Stratigraphy Summary –River Channel 


Soil 
Unit 


Layer 
Thickness (m) Soil Description Inferred Geologic Origin 


 1.5 Rip-Rap/Filter  


C 3.0 to 12.0 Loose to Compact Sand Fraser River Channel 


G 2.0 to 15.0 Compact to Dense Sand Fraser River Channel 


H ~ 120.0 Firm to Stiff Silt  Fraser River Estuary & Marine 


I Unknown Very dense, Sand to Gravel, Silty 
Sand to Silty Gravel 


Glaciofluvial Outwash/Glacial Till 


 
TABLE 5-3:  Soil Stratigraphy Summary – South Side of River 


 
Soil 
Unit 


Layer 
Thickness (m) Soil Description Inferred Geologic Origin 


A 2.0 to 4.0 Dense Sand Fill 
B 1.5 to 9.0 Very Loose Silty Sand Fraser River Channel 
C 8.0 to 15.0 Loose to Compact Sand Fraser River Channel 
D 0.0 – 6.0 Compact Sand Fraser River Channel 
G 7.0 to 15.0 Compact to Dense Sand  Fraser River Channel 


H ~ 120.0 Firm to Stiff Silt Fraser River Estuary & Marine 


I Unknown Very dense, Sand to Gravel, Silty 
Sand to Silty Gravel 


Glaciofluvial Outwash/Glacial Till 


 


The depth to Pleistocene (firm-ground) deposits at the site is estimated to be about 
150 m based on available information from the Geological Survey of Canada 
(Hunter et al. 1999). 


5.4 Soil Parameters 


5.4.1 Strength Parameters 


The interpreted soil parameters that characterize the pre-liquefaction behaviour of the 
different soil units described in Tables 5-1 through 5-3 are listed in Table 5-4. 
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TABLE 5-4:  Soil Parameters (Pre-Liquefaction) 


Soil 
Unit 


Unit Description SPT (N1)60 
(blows/0.3 m) 


Unit Wt. 
(kN/m3) 


φ’ 
(deg) 


Su 
(kPa) 


 Rip Rap  21 40  


Fill (North Bank) 15 


(Assumed) 


19 32 - A 


Fill (South Bank) 24 


(from SPT and CPT) 
19 36 - 


B Silty Sand 6 
(from SPT and CPT) 


19 29 - 


C Loose to Compact 
Sand 


10.5 
(from SPT and CPT) 


19 31 - 


D Compact Sand 12 
(from SPT and CPT) 


19 33 - 


E Peat /Organic Silt - 17.5 - 0.3 σ’vo


F Soft to Firm Silt - 18 - 0.3 σ’vo


G Compact to Dense 
Sand 


18 
(from SPT and CPT) 


19 35 - 


H Firm to Stiff Silt - 18 - - 


I Glacial Till - 21 - -  
Notes: φ’ = internal friction angle 
 Su = undrained shear strength 
 σ’vo = in-situ vertical effective stress 


5.4.2 Maximum Shear Modulus 


The small-strain shear modulus (Gmax) is related to the shear wave velocity (Vs) through 
the following expression: 


Gmax = ρ (Vs)2 ,  


where ρ is the material density. 


Hence, values of Gmax within the upper 50 m were estimated using site-specific 
Vs measurements obtained from seismic cone penetration tests (SCPT95-6, SCPT96-1, 
and SCPT96-2).  Below 50 m depth, the values of Gmax were derived from Vs 
measurements taken at the nearby Terasen Gas LNG Plant on Tilbury Island. 
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Subsequently, the following relations were established by correlating Gmax to the inferred 
values of undrained strength (Su), equivalent SPT (N1)60, and effective overburden stress 
(σ’vo) in each of the soil units, as applicable: 


Gmax = 1000 * Su (Units E and F) 


Gmax = 21.7 * Pa * 15 * [(N1)60]1/3 * [σ’m / Pa]1/2  (Units A, B, C, D, and G) 


Gmax = 109 * [σ’vo]1.2 (Unit H) 


For analysis purposes, profiles of Vs = (Gmax /ρ)0.5 with depth were computed using the 
above relations.  The profiles of computed and measured shear wave velocities at the 
south and north banks are shown on Figures 5-2 and 5-3, respectively, where good 
agreement can be noted.   


The shear wave velocity at the top of the Pleistocene deposits (Unit I) was assumed to be 
760 m/s. 


5.4.3 Post-Liquefaction Soil Strength 


The interpreted post-liquefaction shear strength (Sur) of the potentially liquefiable soil 
strata are listed in Table 5-5.  The residual shear strengths were estimated from the data 
base developed by Olson and Stark (2002) and the stress path-dependent laboratory test 
results. 


TABLE 5-5:  Residual Shear Strength of Soil (Post-Liquefaction) 


Soil Unit Unit Description (N1)60 


(blows/0.3 m) 
Unit Wt. 
(kN/m3) 


Sur


 


A Fill (North Bank) 15 
(Assumed) 


19 0.1 – 0.4 σ’vo  


 Fill (South Bank) 24 
(from SPT & CPT) 


19 0.1 – 0.4 σ’vo


B Silty Sand 6 
(from SPT & CPT) 


19 0.08 σ’vo


C Loose to Compact Sand 10.5 
(from SPT & CPT) 


19 0.1 – 0.4 σ’vo


D Compact Sand 12 
(from SPT & CPT) 


19 0.1 – 0.4 σ’vo


E Peat to Organic Silt - 17.5 Not Liquefiable. 


F Soft to Firm Silt - 18 Not Liquefiable. 


G Compact to Dense Sand 18 
(from SPT & CPT) 


19 0.1 – 0.4 σ’vo


H Firm to Stiff Silt  - 18 Not Liquefiable. 


I Glaciofluvial and Glacial Till - 21 Not Liquefiable. 


Notes: Sur = residual undrained shear strength.   
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6.0 CURRENT GEOTECHNICAL ASSESSMENT  


The results of the geotechnical assessment of the Terasen Gas – South Arm of Fraser 
River crossings together with specific parameters derived as input for the pipe-soil 
interaction analyses are presented in this section.  The methodology followed in the 
derivation of the various parameters is also described briefly. 


6.1 Liquefaction Potential of Site Soils and Permanent Ground Deformations 


Ground response analyses were carried out to assess the liquefaction potential of 
overburden soils and the resulting permanent ground deformations along the submarine 
pipeline crossings. Ground motions that are representative of the 2,475 year and 
subduction scenarios were considered.  The analyses were carried out in two phases.  In 
the first phase, liquefaction potential and ground deformations were estimated using 
simplified methods that are considered to be the current industry standards.  In the second 
phase, more detailed ground response analyses involving 2-D time-history analyses were 
carried out to evaluate the lateral and vertical extent of soil liquefaction and the resulting 
permanent ground deformations.   


The details of the ground response analyses carried out for the submarine pipeline 
crossings are presented in the following sections.  For completeness, the methodology 
followed in the simplified as well as detailed ground response analyses is presented 
herein. 


6.1.1 Assessment Methodology – Phase 1 


The ratio of the horizontal cyclic shear stress, τcy, induced within the soil by the ground 
shaking, to the initial vertical effective stress, σ’vo, which acts normal to the horizontal 
plane of shearing, is called the Cyclic Stress Ratio (CSR = τcy/σ’vo).  The CSR profiles 
associated with each of the earthquake scenarios listed above were calculated by means 
of 1-D wave propagation analyses carried out using the computer code SHAKE. 


Liquefaction Triggering 


The liquefaction susceptibility of sand in a seismic event is commonly evaluated by 
comparing the liquefaction resistance of the soil to the CSR induced by the shaking. The 
liquefaction resistance of the soil is quantified using the Cyclic Resistance Ratio (CRR), 
which is the CSR that is required to cause liquefaction in a given seismic event.  If the 
CRR of the soil is higher than the CSR generated by the earthquake, liquefaction does not 
occur.  Alternatively, the minimum densities required to prevent liquefaction can be 
compared with the measured (in-situ) soil densities. 
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Seed’s empirical liquefaction resistance chart (modified recently by the NCEER 
committee) shows the CRR of soil as a function of (N1)60 and fines content of soil passing 
the U.S.S. No. 200.  This chart is applicable for level ground conditions, shaking 
corresponding to an earthquake of magnitude M7.5, and for an overburden stress level of 
100 kPa.  Using this chart, profiles of CRR values were derived from the (N1)60 profiles 
calculated from measured SPT N values and/or from the measured CPT qc values for soil 
Units B, C, D, and G.  These CRR profiles were compared with the CSR profiles 
obtained from SHAKE for the different seismic scenarios considered.  Liquefaction was 
assumed to be triggered in zones where the CRR of the soil is less than the CSR value.  
This method of estimating liquefaction triggering will be referred to herein as the “1D 
Method”. 


The liquefaction susceptibility of silt in Soil Units E and F was assessed using the 
criterion developed by Boulanger and Idriss (2004).  According to this criterion, fine-
grained soils are susceptible to liquefaction under cyclic loading if the Plasticity Index 
(PI) is less than 7%. 


Lateral Spreading Due to Liquefaction 


Ground displacements due to lateral spreading of liquefied soils were estimated using the 
most recent multi-linear regression (MLR) equations formulated by Youd et al. (2002).   


Post-Liquefaction Ground Settlements 


For the soil zones that were identified as being susceptible to liquefaction, the volumetric 
strains caused by the dissipation of excess pore pressures following the liquefaction event 
were estimated using the correlation between CSR and (N1)60 proposed by Tokimatsu and 
Seed (1987).  The liquefiable zones were divided into sub-layers and the average CSR 
and average (N1)60 within each sub-layer were used to estimate volumetric strain, from 
which settlement was calculated based on the sub-layer thickness, assuming that the 
ground deformations due to consolidation settlements are vertical. 


6.1.2 Assessment Methodology – Phase 2 


Two-dimensional ground response analyses were carried out on a soil profile established 
along the Terasen Gas – South Arm Fraser River crossings and extending about 300 m 
from each of the river banks using the computer code FLAC (Version 4.0, 2000). 


FLAC allows the domain of interest to be modeled by elements or zones.  Each element 
or zone behaves according to a prescribed stress-strain law in response to the applied 
forces or boundary conditions.  In addition, via subroutines, the program allows the 
implementation of specific constitutive relations to appropriately model phenomena such 
as liquefaction and the associated softening and strength reductions in soils. 
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The synthesized approach proposed by Beaty & Byrne (1999) for modeling soil 
liquefaction and predicting ground displacements was followed in the 2D ground 
response analyses.  The key input parameters for the ground response analyses consisted 
of shear moduli, bulk moduli, and Mohr-Coulomb shear strength parameters.  The 
appropriate shear moduli to be used as input in the FLAC analyses were estimated from 
those computed at the end of the final iteration of 1-D SHAKE columns.  During the 
wave propagation analyses, the shear and bulk moduli were not allowed to vary unless 
liquefaction was triggered in a given zone or failure of the material occurred.  The bulk 
moduli were computed using a Poisson’s ratio of 0.45.  Stress-level dependent Mohr-
Coulomb shear strength properties were assigned to all of the material zones in terms of 
“c” and “φ” values. 


Stiffness and mass proportional Rayleigh damping was used to model the hysteric 
damping in soil.  The appropriate values of the damping constants were established from 
the parallel SHAKE and FLAC analyses conducted for the 1-D soil columns.  Free-field 
boundary conditions were specified at the left and right hand model boundaries.  The 
finite difference FLAC grid used in the 2-D analysis is shown on Figure 6-1. 


The steps followed in the dynamic analysis were as follows: 


1. Earthquake Input Motions:  The study used input earthquake time histories that were 
spectrally-matched to the corresponding level of shaking, (2,475-year and subduction 
ground motions).  Accelerations were used as input in the analyses. 


2. Soil Profiles: To expedite the project schedule, the ground response analyses were 
initially carried out for the soil profile established prior to completing the 2008 
offshore investigation, assuming that the additional data may not have a significant 
impact on the results of the analyses.  However, as noted in Section 5.0, a moderate 
change in soil conditions was identified within the river channel based on the 2008 
subsurface investigation data, and the ground response analyses were repeated with 
the revised soil stratigraphy.  The analyses were repeated only for the 2,475 year 
ground motions since the results of the previous analyses showed that the ground 
displacement profile predicted for the 2,475 year ground motions is considered to be 
critical for the seismic vulnerability assessment of the pipeline crossings.  For 
completeness, the details of the 2-D ground response analyses carried out for the 
revised soil stratigraphy (Figure 5-1) are presented herein.  In addition, the results 
based on previous and revised stratigraphies are presented for comparison purposes.  
The soil parameters of the different units are discussed in Section 5.0.  A summary of 
the input soil parameters used in the ground response analysis is presented in 
Table 6-1. 
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Soil Unit H, comprising the marine clayey silt overlying glacial till, was excluded 
from the soil profile considered in the numerical analysis of ground displacements by 
comparing the cyclic shear stresses induced due to wave propagation effects with the 
available undrained shear strength of soils comprising these layers. 


TABLE 6-1: Summary of Soil Input Parameters – Ground Response Analyses 


Soil 
Unit 


Unit Description SPT (N1)60 
(blows/0.3 m) 


Unit Wt.
(kN/m3) 


φ’ 
(deg) 


Gmax 
(-) 


Su 
(kPa) 


 Rip Rap - 21 40 
152(σ’m/Pa)1/2


(MPa) 
- 


Fill (North Bank) 
15 


(Assumed) 
19 32 


80(σ’m/Pa)1/2


(MPa) 
- 


A 


Fill (South Bank) 
24 


(from SPT and CPT) 
19 36 


94(σ’m/Pa)1/2 


(MPa) 
- 


B Silty Sand 
6 


(from SPT and CPT) 
19 29 


59(σ’m/Pa)1/2 


(MPa) 
- 


C Loose to Compact 
Sand 


10.5 
(from SPT and CPT) 


19 31 
71(σ’m/Pa)1/2 


(MPa) 
- 


D Compact Sand 
12 


(from SPT and CPT) 
19 33 


75(σ’m/Pa)1/2 


(MPa) 
- 


E Peat /Organic Silt 
- 
 


17.5 
 


- 
 


1000 Su 
(kPa) 


0.3 σ’vo


F Silt - 18 - 
1000 Su 


(kPa) 
0.3 σ’vo


G 
Compact to Dense 


Sand 
18 


(from SPT and CPT) 
19 35 


85(σ’m/Pa)1/2 


(MPa) 
- 


H Firm to Stiff Silt - 18 - 
109 (σ’vo)1.2 


(MPa) 
- 


I Glacial Till - 21 - 
1236 


(MPa) 
- 


Notes: φ’ =  internal friction angle 
 Gmax = small strain shear modulus 
 Su = undrained shear strength 
 σ’m = mean effective stress 
 Pa = atmospheric pressure 
 σ’vo = in-situ vertical effective stress 
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3. Shear Moduli and Damping:  1-D SHAKE analyses were carried out to simulate the 
free-field response and to establish the shear moduli and damping mobilized in the 
soil layers by each of the design levels of shaking (2,475-year and subduction ground 
motions).  The 1-D SHAKE analyses provide a basis for selecting the variation in 
shear moduli and damping parameters used in the FLAC analyses in order to trigger 
liquefaction correctly.  Seven 1-D SHAKE models were developed at selected 
locations along the 1,500 m length cross-section to account for the variations in soil 
stratigraphy and depth from ground surface to firm-ground.  The locations of the 
seven soil columns analysed are indicated in Figure 6-1 and labeled as Columns 1 
through 7. The modulus reduction and damping vs. shear strain curves used in the 
SHAKE analyses were as follows: for Units A, B, C, D, and G, Idriss (1990); Units E, 
F, and H, Sy et al. (1991); and Unit I (Till), Vucetic and Dobry (1991) for Ip=30%.  
A graphical representation of these curves is presented in Figure 6-2. 


Thereafter, the same 1-D soil columns were analysed using FLAC without 
considering the effects of soil liquefaction.  The profiles of maximum cyclic shear 
stress vs. depth computed from the two programs were compared, and the damping 
parameters in FLAC were adjusted until the FLAC results matched with SHAKE 
results to within ±5%.  Typical benchmark comparisons between 1-D FLAC and 
SHAKE results that correspond to the 2,475-year ground motions at Columns 3 and 6 
are presented in Figures 6-3 and 6-4 for reference. 


4. Extension to Two-Dimensions: Following completion of the one-dimensional (1-D) 
free-field analyses, two-dimensional (2-D) analyses were undertaken.  The soil 
parameters determined from the 1-D analyses were assumed to be representative of 
the soils along the 2-D cross-section, and liquefaction was simulated in the different 
soil zones sequentially. 


5. Vertical Settlements: As in the Phase 1 analyses, the post-earthquake consolidation 
settlements resulting from soil liquefaction were computed using the empirical 
relations proposed by Tokimatsu and Seed (1987).  In order to be consistent with the 
manner in which the Tokimatsu-Seed empirical relations were developed, the 
thickness of liquefiable soil was estimated based on the results from the 1D Method.  
The free-field vertical settlements computed following this procedure were 
superimposed on the deformations computed from the FLAC models to estimate the 
total vertical movements.  Only the portion of settlement that correspond to the 
thickness of potentially liquefiable soils below the pipe spring line was used in the 
soil-pipe interaction analyses. 
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6.1.3 Selection of Input Ground Motions for 2-D Analysis 


The 2-D ground response analyses were carried out using the input earthquake ground 
motions that produced the “upper-bound” response. 


Figure 6-5 shows typical cyclic stress ratio (CSR) profiles with depth for the 2,475 year 
ground motions.  As can be seen on the figure, the CSR induced by the modified 
East-West (EW) component of the 1992 Landers EQ ground motions is approximately 
the “upper-bound’ of the expected response.  Hence, the modified Landers-EW ground 
motions were selected for the 2-D ground response analyses for the 2,475 year ground 
motions. 


Figures 6-6 shows typical cyclic stress ratio (CSR) profiles with depth for the subduction 
ground motions.  Similarly, the modified North-South (NS) component of the 1985 
Mexico City EQ ground motions forms approximately the “upper-bound’ of the response.  
Hence, the modified Mexico City-NS ground motions were selected for the subduction 
ground motions. 


6.2 Analysis Results 


6.2.1 Liquefaction Susceptibility 


Typical profiles of CRR and CSR computed with the simplified Phase 1 Method are 
presented on Figures 6-7a, b and 6-8a, b for the 2,475-year and subduction ground 
motions, respectively, and the lateral extent of liquefaction predicted for the 2,475-year 
and subduction ground motions is shown on Figure 6-9.  As can be seen on Figure 6-9, 
under both 2,475 year and subduction ground motions, the soil layers with a high 
potential for liquefaction are Units B, C, and D.  Soil Unit G encountered within the river 
channel has a moderate to high potential for liquefaction. 


The liquefaction susceptibility of the fine-grained layers is shown in Table 6-2 below. 


TABLE 6-2:  Liquefaction Susceptibility Assessment of Fine-Grained Soils 


Borehole Soil Unit Depth (m) Location PI (%) Boulanger & Idriss (2004) 
AH95-4 E 7.1 North Bank 7.0 NO 
AH95-6 E 7.4 North Bank 12.0 NO 
AH95-6 F 11.6 North Bank 10.0 NO 
BH03-02 H 24.7 South Bank 7.8 NO 
BH08-01 H 20.1 River Channel 3.0 YES 
BH08-02 H 12.5 River Channel 10.0 NO 
BH08-02 H 15.5 River Channel 14.0 NO 
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As can be noted in Table 6-2, the soil Units E, F and H have a low potential for 
liquefaction. In soil Unit H, the low PI value is inferred to be due to the presence of sand 
layers since the soil Unit H contains inter-layers of dense to very dense sand.   


6.2.2 Predicted Ground Deformations at Submarine Pipeline Crossings 


The soil profiles noted in Section 6.1.2 were analyzed for the 2,475-year and Subduction 
demands using select input ground motions from a representative earthquake record for 
each seismic demand, but considering the different overburden ground conditions at 
seven locations along the almost 1.5 km length cross-section.  This resulted in using 
seven different earthquake ground motions as input motions. 


The permanent ground deformations computed from the detailed 2-D FLAC analyses 
were compared with the results of Youd et al. (2002) empirical model, developed based 
on observations on ground deformations from past earthquakes.  The computed free-field 
permanent lateral ground deformations of the river banks are summarized in Tables 6-3 
and 6-4 for the south and north river banks, respectively.  The Youd et al. (2002) results 
shown in these tables correspond to the ground slope model rather than the free-face 
model because the free-face model does not permit computation of ground displacements 
in front of the free-face. 


TABLE 6-3:  Comparison of Computed Permanent Deformations  
– South River Bank 


South Bank of River 
1/2,475 yr Ground Motions Subduction Ground Motions 
Youd et al. 2002 2-D 


FLAC 
Youd et al. 2002 2-D 


FLAC 


Δmin 
[ mm ] 


Δmax 
 mm ] 


Δ 
[ mm ] 


Δmin 
[ mm ] 


Δmax 
[ mm ] 


Δ 
[ mm ] 


6,800 >17,240 8,300 4,300 21,700 3,800 
Notes: Slope of south river bank varies from 7 to 14 %. 
 Range in displacements from Youd et al. method considers 50% & 100% w.r.t. mean values. 


 
TABLE 6-4:  Comparison of Computed Permanent Deformations  


– North River Bank 


North Bank of River 
1/2,475 yr Ground Motions Subduction Ground Motions 
Youd et al. 2002 2-D 


FLAC 
Youd et al. 2002 2-D 


FLAC 


Δmin 
[ mm ] 


Δmax 
 mm ] 


Δ 
[ mm ] 


Δmin 
[ mm ] 


Δmax 
[ mm ] 


Δ 
[ mm ] 


4,400 17,700 7,400 5,200 20,700 2,800 
Notes: Slope of north river bank 19% (greater than the allowable 15%) 
 Range in displacements from Youd et al. method considers 50% & 100% w.r.t. mean values. 
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The FLAC results correspond to ground surface deformations resulting from the modified 
EW component of the 1992 Landers earthquake for the 2,475-year ground motions, and 
from the modified NS component of the 1985 Mexico City earthquake for the subduction 
ground motions.  The choice of input ground motions used in the FLAC analyses is 
discussed in Section 6.1.3. 


The displacements predicted at ground surface with FLAC are in general agreement with 
the range of displacements predicted with the Youd et al. (2002) model for the 2,475 year 
ground motions.  However, the predicted displacements for the subduction ground 
motions are less than the lower bound of those predicted with the Youd et al. model.   


The predicted zones of liquefaction computed in the FLAC model for the 2,475-year and 
subduction ground motions are shown in Figure 6-10.  For both 2,475-year and 
subduction scenarios, the FLAC model predicts extensive liquefaction throughout the 
Soil Units B (silty sand), C (loose to compact sand), and D (compact sand).  However, 
the FLAC model predicts liquefaction only to a limited extent within Soil Unit G under 
the north bank.  The extent of soil liquefaction estimated from the “1D Method” of 
analysis (Phase 1) for the different seismic scenarios is shown in Figure 6-9.  For both 
2,475-year and subduction ground motions, the predicted extent of liquefaction agrees 
well with both methods. 


The permanent horizontal displacements computed from FLAC for the 2,475 year and 
subduction ground motions are shown on Figures 6-11 and 6-12 for the NPS 20 and 
NPS 24 pipelines, respectively. 


As noted previously, the ground response analyses were carried out for the 2,475 year 
ground motions with both previous and revised soil stratigraphies.  The differences in 
predicted displacements along the pipelines are insignificant as shown on Figures 6-11 
and 6-12.   In addition, the displacements predicted along the pipelines for the 2,475 year 
ground motions are higher than those predicted for the subduction ground motions.  
Therefore, the seismic vulnerability of the pipelines was assessed based on the 
displacement profiles predicted for the 2,475 year ground motions. 


7.0 STRUCTURAL ASSESSMENT OF PIPELINES 


Figures 7-1 and 7-2 show the horizontal displacement profiles predicted along the NPS 
20 and NPS 24 pipelines from the current study (carried out for the 2,475 year ground 
motions based on 4th generation hazard maps) as well as the previous 2005 study.  As 
shown in these figures, the pattern of the displacement profiles along the pipelines is 
similar and, therefore, the capacity vs. demand ratio can be inferred for the displacements 
predicted in the current study. 
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In the 2005 study, the potential vulnerabilities to both the NPS 20 and NPS 24 
transmission pipelines were identified as they are currently configured, and the following 
recommendations were made to improve the seismic performance of the pipelines to 
satisfy Terasen’s seismic performance and risk management criteria: 


• Replacement of the NPS 20 T.P. pipeline using HDD techniques at the river crossing 
and extending approximately 200 m inland from the crest of the river banks at both 
sides of the river; and 


• Implementation of limited replacement of the NPS 24 T.P. pipeline at the east-west 
aligned offset at the southern bank of the river, including replacement of the existing 
7.1 mm wall thickness, grade X52 pipe with 13.7 mm X60 pipe at the on-shore 
segment located north of the river dyke, and replacement of the existing 3D elbows 
with 12D induction bends. 


The current study does not alter the previous recommendation of replacing the NPS 20 
pipeline using HDD since the predicted displacements are higher than the displacements 
predicted in the previous study.  However, in the previous study, the performance of the 
NPS 24 pipeline was expected to satisfy Terasen’s seismic performance standard for the 
seismic hazard level corresponding to 2,000 year return period based on the 3rd 
generation hazard maps following implementation of limited pipeline 
improvements/replacement outlined above.  These ground motions have an equivalent 
return period of about 1,000 years with respect to the 4th generation seismic hazard maps 
(Figure 3-2).  Therefore, this limited replacement likely would not provide the seismic 
performance required by Terasen in light of the higher ground motions predicted by the 
4th generation seismic hazard maps. 


DGHC carried out a simplified analysis to estimate a very approximate mean earthquake 
return period associated with loss of pressure integrity of the NPS 20 and NPS 24 
pipelines in their existing condition, and the following performance levels were predicted 
for the pipelines based on 4th generation seismic hazard maps: 


• NPS 20: 300 – 500 Year Return Period; and  
• NPS 24:    500 – 800 Year Return Period. 


As a result of the inferred vulnerability of both the NPS 20 and 24 T.P. pipelines due to 
the 4th generation seismic hazard mapping, HDD pipeline replacement is considered to be 
the only suitable rehabilitation technique for either or both pipelines.   
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8.0  CONCEPTUAL DESIGN OF HDD ALIGNMENT/PROFILE 


Golder and DGHC established a conceptual pipeline alignment and profile shown in 
Figure 8-1 for an HDD crossing to replace either the NPS 20 or NPS 24 pipelines.  The 
conceptual HDD profile was located outside the zone of significant soil movements based 
on the 2-D ground response analyses described above.  The HDD entry/exit point on the 
south side of the river is located about 240 m to the south of the southern river dyke and 
the entry/exit location on the north side is located about 280 m north of the northern dyke 
(at the 15 degree inflection point in the pipelines and right-of-way alignment), which is 
also considered to be the most feasible location due to site use constrains and access 
considerations.   


The representative conceptual HDD profile was developed to conform to the preliminary 
geometric criteria provided by Terasen’s HDD consultant, Entec Engineering Technology 
Inc. (Entec), which include the following geometric requirements: 


• The angle between the pipeline and the ground at the HDD entry and exit locations is 
approximately 12 degrees; 


• The radius of the curvature for the HDD profile is not less than 610 m for the NPS 20 
pipeline or 732 m for the NPS 24 pipeline; and 


• The depth of cover is about 20 m below the base of the river channel. 


Golder provided the predicted horizontal and vertical ground displacement profiles along 
the conceptual HDD pipeline alignment shown on Figures 8-2 and 8-3 to DGHC for use 
in its soil-pipe interaction analyses.  A brief summary of the soil-structure interaction 
analyses are described in DGHC’s letter report dated June 9, 2008, which is included for 
reference in Appendix V. 


In the pipeline analysis, it was assumed that the HDD pipe and tie-ins to the existing pipe 
are consistent with API 5L Grade X65 with a wall thickness of 12.7 mm, and that the 
NPS 24 has the same HDD bend radius and pipe elbows as the NPS 20 model. 


The results from the pipeline analysis for the 2,475-year ground displacements indicate 
that the HDD replacement of the NPS 20 or NPS 24 pipelines will easily survive the 
ground displacements associated with ground motions having a mean return period of 
2,475 years (4th generation seismic hazard mapping).  Further, considering the lower 
strains associated with the primarily tension response on the south bank of the river, it 
may be possible to demonstrate that an HDD entry/exit point located somewhat closer to 
the southern bank of the river may also be acceptable pending further analyses.  
However, the currently proposed 240 m offset from the southern river dyke is considered 
to be a reasonable value for use in preliminary HDD replacement design. 
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As described above, the results of the previous (2005) seismic assessment indicated that 
implementation of modest onshore improvements to the NPS 24 T.P. pipeline on the 
southern river bank would improve the performance of that pipeline such that it would 
likely meet Terasen’s seismic performance standard for the ground motions 
corresponding to 1:2,000 year return period based on 3rd generation seismic hazard 
mapping.  However, the ground motions predicted based on 4th generation seismic hazard 
mapping are larger for all return periods than those predicted based on 3rd generation 
mapping for Lower Mainland.  The Peak Firm Ground acceleration (PFGA) predicted for 
the 2,000 year return period based on 3rd generation hazard mapping is approximately 
equivalent to the PFGA predicted for the 1,000 year return period based on 4th generation 
hazard mapping.  If Terasen elects to rehabilitate the NPS 20 T.P. pipeline through HDD 
replacement, consideration could be given to implementing the previously-recommended 
onshore improvements to the NPS 24 T.P. pipeline.  However, we recommend that a 
cost-benefit analysis be considered to determine whether the implementation of such 
improvements would still be warranted given that it is unlikely that such improvements 
alone would be sufficient to meet the Terasen’s seismic performance standard for the 
ground motions corresponding to 1:2,000 year or 1:2,475 year return period based on 4th 
generation seismic hazard maps. 


9.0 CLOSURE 


We trust that the contents of this report meet your immediate requirements.  If you have 
any questions or need further information, please do not hesitate to contact the 
undersigned. 


Yours very truly, 
GOLDER ASSOCIATES LTD. 


Viji Fernando, M.E.Sc., P.Eng. 
Geotechnical Engineer 


Upul D.Atukorala, Ph.D, P.Eng. 
Principal, Geotechnical Group 


Mark T. Bradshaw, P.Eng. 
Principal, Geotechnical Group 


VF/UDA/MTB/nnv 
O:\Final\2008\1411\08-1411-0010\0627_08\Frpt-0627_08 Terasen Gas-Fraser River South Arm Seismic Proj.Doc 
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IMPORTANT INFORMATION AND LIMITATIONS 
OF THIS REPORT 


Standard of Care:  Golder Associates Ltd. (Golder) has prepared this report in a manner 
consistent with that level of care and skill ordinarily exercised by members of the 
engineering and science professions currently practising under similar conditions in the 
jurisdiction in which the services are provided, subject to the time limits and physical 
constraints applicable to this report.  No other warranty, expressed or implied is made.  


Basis and Use of the Report:  This report has been prepared for the specific site, design 
objective, development and purpose described to Golder by the Client.  The factual data, 
interpretations and recommendations pertain to a specific project as described in this 
report and are not applicable to any other project or site location.  Any change of site 
conditions, purpose, development plans or if the project is not initiated within eighteen 
months of the date of the report may alter the validity of the report.  Golder can not be 
responsible for use of this report, or portions thereof, unless Golder is requested to review 
and, if necessary, revise the report.  


The information, recommendations and opinions expressed in this report are for the sole 
benefit of the Client.  No other party may use or rely on this report or any portion thereof 
without Golder’s express written consent.  If the report was prepared to be included for a 
specific permit application process, then upon the reasonable request of the client, Golder 
may authorize in writing the use of this report by the regulatory agency as an Approved 
User for the specific and identified purpose of the applicable permit review process.  Any 
other use of this report by others is prohibited and is without responsibility to Golder.  
The report, all plans, data, drawings and other documents as well as all electronic media 
prepared by Golder are considered its professional work product and shall remain the 
copyright property of Golder, who authorizes only the Client and Approved Users to 
make copies of the report, but only in such quantities as are reasonably necessary for the 
use of the report by those parties.  The Client and Approved Users may not give, lend, 
sell, or otherwise make available the report or any portion thereof to any other party 
without the express written permission of Golder.  The Client acknowledges that 
electronic media is susceptible to unauthorized modification, deterioration and 
incompatibility and therefore the Client can not rely upon the electronic media versions 
of Golder’s report or other work products.  


The report is of a summary nature and is not intended to stand alone without reference to 
the instructions given to Golder by the Client, communications between Golder and the 
Client, and to any other reports prepared by Golder for the Client relative to the specific 
site described in the report.  In order to properly understand the suggestions, 
recommendations and opinions expressed in this report, reference must be made to the 
whole of the report.  Golder can not be responsible for use of portions of the report 
without reference to the entire report.    
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IMPORTANT INFORMATION AND LIMITATIONS 
OF THIS REPORT (cont’d) 


Unless otherwise stated, the suggestions, recommendations and opinions given in this 
report are intended only for the guidance of the Client in the design of the specific 
project.  The extent and detail of investigations, including the number of test holes, 
necessary to determine all of the relevant conditions which may affect construction costs 
would normally be greater than has been carried out for design purposes.  Contractors 
bidding on, or undertaking the work, should rely on their own investigations, as well as 
their own interpretations of the factual data presented in the report, as to how subsurface 
conditions may affect their work, including but not limited to proposed construction 
techniques, schedule, safety and equipment capabilities.  


Soil, Rock and Groundwater Conditions:  Classification and identification of soils, 
rocks, and geologic units have been based on commonly accepted methods employed in 
the practice of geotechnical engineering and related disciplines.  Classification and 
identification of the type and condition of these materials or units involves judgment, and 
boundaries between different soil, rock or geologic types or units may be transitional 
rather than abrupt.  Accordingly, Golder does not warrant or guarantee the exactness of 
the descriptions.  


Special risks occur whenever engineering or related disciplines are applied to identify 
subsurface conditions and even a comprehensive investigation, sampling and testing 
program may fail to detect all or certain subsurface conditions.  The environmental, 
geologic, geotechnical, geochemical and hydrogeologic conditions that Golder interprets 
to exist between and beyond sampling points may differ from those that actually exist.  In 
addition to soil variability, fill of variable physical and chemical composition can be 
present over portions of the site or on adjacent properties.  The professional services 
retained for this project include only the geotechnical aspects of the subsurface 
conditions at the site, unless otherwise specifically stated and identified in the 
report. The presence or implication(s) of possible surface and/or subsurface 
contamination resulting from previous activities or uses of the site and/or resulting from 
the introduction onto the site of materials from off-site sources are outside the terms of 
reference for this project and have not been investigated or addressed.  


Soil and groundwater conditions shown in the factual data and described in the report are 
the observed conditions at the time of their determination or measurement.  Unless 
otherwise noted, those conditions form the basis of the recommendations in the report.  
Groundwater conditions may vary between and beyond reported locations and can be 
affected by annual, seasonal and meteorological conditions.  The condition of the soil, 
rock and groundwater may be significantly altered by construction activities (traffic, 
excavation, groundwater level lowering, pile driving, blasting, etc.) on the site or on 
adjacent sites.  Excavation may expose the soils to changes due to wetting, drying or 
frost.  Unless otherwise indicated the soil must be protected from these changes during 
construction.   
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IMPORTANT INFORMATION AND LIMITATIONS 
OF THIS REPORT (cont’d) 


Sample Disposal:  Golder will dispose of all uncontaminated soil and/or rock samples 90 
days following issue of this report or, upon written request of the Client, will store 
uncontaminated samples and materials at the Client’s expense.   In the event that actual 
contaminated soils, fills or groundwater are encountered or are inferred to be present, all 
contaminated samples shall remain the property and responsibility of the Client for 
proper disposal.  


Follow-Up and Construction Services:  All details of the design were not known at the 
time of submission of Golder’s report.  Golder should be retained to review the final 
design, project plans and documents prior to construction, to confirm that they are 
consistent with the intent of Golder’s report.    


During construction, Golder should be retained to perform sufficient and timely 
observations of encountered conditions to confirm and document that the subsurface 
conditions do not materially differ from those interpreted conditions considered in the 
preparation of Golder’s report and to confirm and document that construction activities 
do not adversely affect the suggestions, recommendations and opinions contained in 
Golder’s report.  Adequate field review, observation and testing during construction are 
necessary for Golder to be able to provide letters of assurance, in accordance with the 
requirements of many regulatory authorities.  In cases where this recommendation is not 
followed, Golder’s responsibility is limited to interpreting accurately the information 
encountered at the borehole locations, at the time of their initial determination or 
measurement during the preparation of the Report.  


Changed Conditions and Drainage:  Where conditions encountered at the site differ 
significantly from those anticipated in this report, either due to natural variability of 
subsurface conditions or construction activities, it is a condition of this report that Golder 
be notified of any changes and be provided with an opportunity to review or revise the 
recommendations within this report.  Recognition of changed soil and rock conditions 
requires experience and it is recommended that Golder be employed to visit the site with 
sufficient frequency to detect if conditions have changed significantly.  


Drainage of subsurface water is commonly required either for temporary or permanent 
installations for the project.  Improper design or construction of drainage or dewatering 
can have serious consequences.  Golder takes no responsibility for the effects of drainage 
unless specifically involved in the detailed design and construction monitoring of the 
system.  


Golder Associates 
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Modified Landers EW Acceleration Time History at Firm-Ground (1:2475yr)
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Modified Landers NS Acceleration Time History at Firm-Ground (1:2475yr)
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Modified Loma Prieta NS Acceleration Time History at Firm-Ground (1:2475yr)
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LOMA PRIETA EQ (1989), CAPITOLA STATION
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Modified Chi Chi NS Acceleration Time History at Firm-Ground (1:2475yr)
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Modified Mexico City NS Acceleration Time History at Firm-Ground (Subduction)
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SITE PLAN AND INTERPRETED
STRATIGRAPHIC PROFILE


TERASEN GAS INC.
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FIGURE 5-1APPROXIMATE LOCATION OF TEST HOLES


PLAN


PROFILE: NPS 24 (610mm) PIPE


LEGEND


A - FILL


B - SILTY SAND


E - PEAT/ORGANIC SILT


F - SILT


C - LOOSE TO COMPACT SAND


D - COMPACT SAND


G - COMPACT TO DENSE SAND


H - FIRM TO STIFF SILT


NOTES
1.


2.


3.


Interpreted stratigraphic profiles were developed at section
line shown in above plan. The actual ground surface profiles
above the pipelines within the river (following rip rap
placement in 2002) are shown in the profiles.
The pipeline profiles shown were derived from GEOPIG
pipeline measurements. These profiles are superimposed on
the interpreted stratigraphic profiles and are therefore
approximate.
Data concerning the various strata have been obtained at test
hole locations only. The soil stratigraphy between test holes
has been inferred from geological evidence and so may vary
from that shown.
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PROFILE: NPS 20 (508mm) PIPE
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SITE PLAN AND CONCEPTUAL
HDD ALIGNMENTS / PROFILES


TERASEN GAS INC.
NPS 20 & 24 T.P. PIPELINES


SOUTH ARM-FRASER RIVER, DELTA/RICHMOND, B.C.


FIGURE 8-1APPROXIMATE LOCATION OF TEST HOLES


PLAN


CONCEPTUAL HDD PROFILE FOR NPS 24 (610mm) PIPE


LEGEND


A - FILL


B - SILTY SAND


E - PEAT/ORGANIC SILT


F - SILT


C - LOOSE TO COMPACT SAND


D - COMPACT SAND


G - COMPACT TO DENSE SAND


H - FIRM TO STIFF SILT


NOTES
1.


2.


3.


4.


Interpreted stratigraphic profiles were developed at section
line shown in above plan. The actual ground surface profiles
above the pipelines within the river (following rip rap
placement in 2002) are shown in the profiles.
The pipeline profiles shown were derived from GEOPIG
pipeline measurements. These profiles are superimposed on
the interpreted stratigraphic profiles and are therefore
approximate.
Data concerning the various strata have been obtained at test
hole locations only. The soil stratigraphy between test holes
has been inferred from geological evidence and so may vary
from that shown.
Conceptual HDD profiles conform to preliminary geometric
criteria provided by Jameson (April 2008).
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Job No: 08-043


Client: Golder Associates Ltd.
Project: Tilbury Terasen Pipeline Investigation, South Arm, Fraser River, BC


Date: March 6th - 8th 2008


North (m) East (m)


CPT 08-02 03/06/08 20 TON 217 30.13 17.94 17.89 2' 11'' 5 444 217 0 498 705


CPT 08-03 03/08/08 20 TON 217 30.56 17.33 17.09 5' 6" 5 444 269 0 498 696


BH 08-01 03/07/08 - 15.24 17.43 - 4' 9" 5 444 326 0 498 691


BH 08-02 03/06/08 - 28.96 18.49 - 6' 0" 5 444 212 0 498 709


*Tide board is located upstream on a nearby jetty. The top of the tide board was marked 8Ft and was 77 Inches below the jetty's top timber.


CPT SUMMARY


GPS Coordinates (NAD 83)
CPT Sounding Date Type Of Cone


Final Depth Below
Mudline (m)


Depth of Mudline


below Water at


start of hole (m)


Depth of Mudline


below Water at


end of CPT (m)


Tide Board


Reading at start of


hole *







Job No: 08-043


Client: Golder Associates Ltd.


Project: Tilbury Terasen Pipeline Investigation, South Arm, Fraser River, BC


Date: March 6th - 8th 2008


CPT Sounding Duration (s)
Test Depth Below


Mudline(m)


Equilibrium Pore
Pressure Ueq*


(m)


Calculated
Phreatic


Surface (m)


T50(s)


150 5.12 23.4 -18.3 -


700 19.00 Not Achieved -18.3** 79


150 30.12 48.6 -18.5 -


CPT08-03 150 3.63 20.8 -17.1 -


* Equilibrium pore pressure estimated from dissipation tests.


** Assumed water table from ppd test in same sounding.


CPT08-02


PPD SUMMARY
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LABORATORY TEST DATA (2008) 


 







Project No. : 08-1411-0010 Client : Terasen Gas BH : BH08-01


Sch# 97 Project : South Arm Fraser River Sample : 11


Lab Work: TM Location: Richmond / Delta, BC Depth : 19.81-20.42m


Method: A-Multi Point Preparation Method: Wet


w Natural


NUMBER OF BLOWS 36 27 24 17
MASS WET SOIL + TARE (g) 43.40 46.37 43.72 44.59 334.30


MASS DRY SOIL + TARE (g) 40.26 42.87 40.64 40.92 259.80


MASS OF WATER (g) 3.14 3.50 3.08 3.67 74.50


MASS OF CONTAINER (g) 28.15 29.86 29.49 28.07 17.20


MASS OF DRY SOIL (g) 12.11 13.01 11.15 12.85 242.6


WATER CONTENT W (%) 25.93 26.90 27.62 28.56 30.71


% passing # 40 Sieve


MASS WET SOIL + TARE (g) 37.89 38.48 LIQUID LIMIT 27
MASS DRY SOIL + TARE (g) 36.12 36.81 PLASTIC LIMIT 24
MASS OF WATER (g) 1.77 1.67 PLASTICITY INDEX 3
MASS OF CONTAINER (g) 28.56 29.85 w Natural (%) 30.7


MASS OF DRY SOIL (g) 7.56 6.96 LIQUIDITY INDEX 2.0
WATER CONTENT W (%) 23.4 24.0


Sample Description: ML


Comments:


Liquid Limit, Plastic Limit and Plasticity Index of Soils - ASTM D 4318-05
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Project No. : 08-1411-0010 Client : Terasen Gas BH : BH08-02


Sch# 97 Project : South Arm Fraser River Sample : 8


Lab Work: TM Location: Richmond / Delta, BC Depth : 12.19-12.80m


Method: A-Multi Point Preparation Method: Wet


w Natural


NUMBER OF BLOWS 50 34 27 21
MASS WET SOIL + TARE (g) 39.80 42.11 42.53 41.99 143.50


MASS DRY SOIL + TARE (g) 36.49 38.44 38.49 38.00 111.50


MASS OF WATER (g) 3.31 3.67 4.04 3.99 32.00


MASS OF CONTAINER (g) 26.97 28.29 27.37 27.39 17.66


MASS OF DRY SOIL (g) 9.52 10.15 11.12 10.61 93.8


WATER CONTENT W (%) 34.77 36.16 36.33 37.61 34.10


% passing # 40 Sieve


MASS WET SOIL + TARE (g) 37.90 39.86 LIQUID LIMIT 37
MASS DRY SOIL + TARE (g) 36.28 37.73 PLASTIC LIMIT 27
MASS OF WATER (g) 1.62 2.13 PLASTICITY INDEX 10
MASS OF CONTAINER (g) 30.30 29.88 w Natural (%) 34.1


MASS OF DRY SOIL (g) 5.98 7.85 LIQUIDITY INDEX 0.7
WATER CONTENT W (%) 27.1 27.1


Sample Description: ML


Comments:


Liquid Limit, Plastic Limit and Plasticity Index of Soils - ASTM D 4318-05
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Project No. : 08-1411-0010 Client : Terasen Gas BH : BH08-02


Sch# 97 Project : South Arm Fraser River Sample : 9


Lab Work: TM Location: Richmond / Delta, BC Depth : 15.24-15.85m


Method: A-Multi Point Preparation Method: Wet


w Natural


NUMBER OF BLOWS 40 34 28 22
MASS WET SOIL + TARE (g) 43.52 41.33 43.65 42.61 138.90


MASS DRY SOIL + TARE (g) 39.77 37.55 39.23 38.42 114.10


MASS OF WATER (g) 3.75 3.78 4.42 4.19 24.80


MASS OF CONTAINER (g) 29.81 27.70 27.96 27.93 15.88


MASS OF DRY SOIL (g) 9.96 9.85 11.27 10.49 98.2


WATER CONTENT W (%) 37.65 38.38 39.22 39.94 25.25


% passing # 40 Sieve


MASS WET SOIL + TARE (g) 36.80 33.71 LIQUID LIMIT 40
MASS DRY SOIL + TARE (g) 35.10 32.35 PLASTIC LIMIT 26
MASS OF WATER (g) 1.70 1.36 PLASTICITY INDEX 13
MASS OF CONTAINER (g) 28.57 27.23 w Natural (%) 25.2


MASS OF DRY SOIL (g) 6.53 5.12 LIQUIDITY INDEX -0.1
WATER CONTENT W (%) 26.0 26.6


Sample Description: ML


Comments:


Liquid Limit, Plastic Limit and Plasticity Index of Soils - ASTM D 4318-05
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APPENDIX  V 
 


LETTER REPORT FROM DGHC DATED JUNE 9, 2008 
 


 







2690 Shetland Place 
Arroyo Grande, CA  93420 
Phone/Fax:  805-473-0856 


 


 


June 9, 2008 


Mr. Mujb Rahman 
System Integrity Engineer - Geotechnical 
Terasen Gas Inc. 
16705 Fraser Highway 
Surrey, BC, V3S 2X7 


Subject: Assessment of the Expected Seismic Performance of an HDD Replacement of the 
Terasen Gas NPS 20 or NPS 24 Transmission Pipelines Crossing the South Arm of 
the Fraser River  


Mr. Rahman: 


This letter report summarizes the analytical assessment of representative HDD (horizontal 
directional drill) alignments for NPS 20 and NPS 24 pipeline crossings of the South Arm of the 
Fraser River.  From the results of the analyses, it is concluded indicate that an HDD replacement of 
the NPS 20 or NPS 24 pipelines is a sound option to assure delivery of natural gas in the event the 
pipeline crossing experiences lateral spread displacements associated with a level of ground 
shaking with a mean recurrence interval of 2,475 years.   


As you are aware, these findings were transmitted to Terasen Gas in early May to support 
discussions regarding which pipeline should be replaced with an HDD crossing.  In addition to the 
results from the HDD analyses, approximate estimates of the expected seismic performance of the 
NPS 20 and NPS 24 pipelines, as they currently exist and using the current seismic hazard 
information from the Geological Survey of Canada, were provided based upon previous analytical 
work performed for Terasen Gas:   


Currently, the decision of Terasen Gas is to replace the NPS 20 pipeline, partly because of a greater 
likelihood of seismic damage.  Modest improvements to the NPS 24 pipeline, identified in 2005, 
are noted as a means to improve the annual likelihood for loss of pressure integrity for the NPS 24 
pipeline to approximately 0.1% (1/1,000).   


Analytical Approach 


The analysis of pipeline response to lateral spread displacement used the analytical procedures 
described below and previously utilized to assess the expected seismic performance of the existing 
NPS 20 and NPS 24 pipelines.  This analytical approach is consistent with the approach 
recommended in guidelines available from the Pipeline Research Council International (PRCI) 
(Honegger and Nyman, 2004).   


The analysis of soil-pipeline interaction effects at zones of ground displacement requires the 
utilization of analytical procedures that can account for inelastic pipeline behavior, the nonlinear 
behavior of the surrounding soil mass, and large displacement effects.  Nonlinear finite element 
procedures are generally appropriate for this type of analysis.   


A typical section of the pipeline to be analyzed by the finite element procedure is divided into a 
number of straight or curved pipe elements, which may vary in length along the line.  The segment 
of the pipeline used in the model must be long enough to appropriately characterize the behavior at 
the location of ground movement, i.e., it should extend beyond points of virtual anchorage on each 
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side of the zone of ground displacement (the points where axial soil friction is sufficient to oppose 
axial forces generated by ground displacement).  Elements are generally made shorter in regions of 
critical interest near the boundary of the zone of ground movement, and longer in segments of the 
pipeline that are more remote from the area of ground movement.  For the Terasen pipeline 
analyses, pipeline element lengths were approximately equivalent to 0.51 m. 


As shown in Figure 1, the three-dimensional soil restraint can be represented by a series of discrete 
springs whose load-deformation characteristics.  These springs represent the nonlinear, stress-
dependent behavior of soils in the axial, transverse horizontal, and transverse vertical directions, 
respectively.  The formulation of nonlinear load-deformation relations provides the most accurate 
characterization of soil-pipeline interaction, but bilinear representations generally are sufficient for 
large displacement problems and were utilized in the analysis of the HDD pipeline alignments.  
The ground displacement pattern is input to the model as displacements of the base of the soil 
springs as shown in Figure 2.  


The finite element analysis of the pipelines was performed using the ANSYS computer program.  
ANSYS is a widely-accepted general purpose finite element stress analysis program that has the 
capability to account for geometric, material, and boundary condition nonlinearities.  Specifically, 
nonlinear spring elements were used to simulate soil restraints and plastic pipe elements were used 
to represent the pipeline.  The large displacement analysis option of ANSYS was invoked to 
account for the geometric changes in stiffness due to large transverse movements of the pipe. 


Pipeline Configurations Analyzed 
The representative HDD profile was developed based upon the following parameters: 


1. The angle between the pipeline and the ground at the HDD entry and exit locations is 12º 
to 15º (12º was used analysis). 


2. The radius of curvature for the HDD profile will not be less than 610 m for the NPS 20 
pipeline or 732 m for the NPS 24 pipeline. 


3. The lowest elevation of the HDD is at least -33 m. 


4. The HDD entry/exit point on the north bank is coincident with a slight bend in the pipeline 
alignment approximately 280 m north of the north dyke. 


5. The HDD entry/exit point on the south bank was assumed to be located 240 m from the 
south dyke. 


The resulting HDD plan and profile used in the analysis of the Terasen Gas pipelines is illustrated 
in Figure 3.  The following assumptions were made regarding the HDD pipelines:   


1. The HDD pipe and tie-ins to the existing pipe is consistent with API 5L Grade X65 with a 
wall thickness of 12.7 mm. 


2. The tie-in is assumed to be a 5D elbow (the actual installation could use an induction bend, 
or a series of field bends to provide a smooth transition) 


3. The analytical model did not capture and slight changes in pipe elevation or ground cover 
for the existing pipelines. 


4. The analysis of the NPS 24 pipeline assumed the same geometry for the HDD bend radius 
and pipe elbows as the NPS 20 model.  This assumption will generally lead to higher 
computed strains for the NPS 24 pipeline since the relatively smaller bend radii result in a 
greater concentration of strains at the bends.   
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The pipeline model coordinates were defined to be exactly the same as the FLAC model 
coordinates used by Golder Associates, Ltd. (Golder) to determine the lateral spread displacements 
and soil conditions along the pipeline.  The horizontal and vertical components of lateral spread 
displacement provided by Golder and used in the pipeline analyses are illustrated with the HDD 
profile geometry in Figure 4.  


Analysis Results 
Contours of maximum strain magnitude at the end of the analysis for the NPS 20 and NPS 24 
pipelines are provided in Figures 5 and 6 respectively.  The following observations can be made 
from these plots: 


1. The overall strains in the pipeline are well below the nominal yield strain of the pipe 
(0.5%) except near the HDD entry/exit location on the north bank where the maximum 
computed strains are 2.1% for the NPS 20 pipeline and 1.5% for the NPS 24 pipeline. 


2. The location of highest strain occurs on the north bank is near the HDD tie-in location.  
There are several factors leading to high strains at this location:   


a. The HDD tie-in represents a change from the X65 pipe material and 12.7 mm wall 
thickness to the X42 material and 7.1 mm wall thickness of the existing pipeline. 


b. The HDD tie-in is near a bend in plan.  Pipeline bending at this location is likely 
strongly influenced by the change in pipeline direction north of the HDD entry/exit 
location that results in a lateral component of soil load on the pipeline, as opposed 
to the axial load that exists for the pipeline south of the change in pipe direction.  


c. The HDD tie-in is near the location where vertical settlement begins to be 
significant (see Figure 4).  Downward displacement of the existing pipeline is 
resisted by the HDD pipe, which is not subject to vertical ground movement, and 
results in bending in the vertical plane.  The bending deformations near the HDD 
tie-in are amplified by the large axial compression loads generated by the 
horizontal ground displacement toward the river and produce a pipeline 
deformation that is consistent with the initiation of upheaval buckling (see 
Figure 7). 


3. The pipeline strains are lower on the south bank, with the highest strains on the south bank 
occur at the location where there is a bend in plan.  However, the ground displacements at 
the south bank are away from the river, producing axial tension in the pipeline that does 
not lead to the amplification of pipeline strains observed on the north bank where the 
ground displacement induces compression in the pipeline. 


4. The computed strains along the curved portion of the HDD are well below a level that 
would generate concern regarding performance.  Therefore the actual HDD bend radii used 
in a replacement of the NPS 20 or NPS 24 pipeline will not affect the conclusions reached 
from the analysis of the hypothetical HDD profile. 


Considering the benefit of increased pipeline strength evidenced by the lower maximum strains for 
the stronger NPS 24 pipeline, the NPS 20 and NPS 24 analyses were repeated with the entire 
pipeline model assumed to be X65 pipe material with a 12.7 mm wall thickness.  The results from 
these analyses are provided in Figures 8 and 9.  It is clear from Figures 8 and 9 that the increased 
pipe strength substantially reduces the maximum computed pipeline strains from 2.1% to 0.15% for 
the NPS 20 pipeline and from 1.5% to 0.15% for the NPS 24 pipeline.  With these reduced strains, 
there is a high likelihood of continuous operation given the estimated lateral spread ground 
displacements considered in the analyses. 
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Discussion 
The maximum compressive strains at the north bank from results for the analysis of the assumed 
HDD profile with tie-ins to the existing pipelines are within what could be accepted for 
maintaining pressure integrity but could result in local wrinkling of the pipe wall.  Considering that 
the remainder of the HDD pipeline would be essentially elastic, the level of strain near the HDD 
tie-in on the north bank is considered unacceptable, especially considering the potential importance 
of the HDD for post-earthquake recovery.  However, the additional analyses performed assuming 
X65 pipe with a 12.7 mm wall thickness demonstrate that the pipeline strains on the north bank can 
be substantially reduced by replacing additional pipe with that proposed for the HDD crossing for a 
limited distance past the HDD entry/exit location.  Extending the length of X65 pipe with 12.7 mm 
wall thickness at least 25 m past the bend in pipeline plan, approximately (35 m of pipe from the 
HDD entry/exit location) is judged to be sufficient.  The length of additional HDD pipe 
approximately corresponds to the length of existing pipe experiencing relative upward 
displacement in Figure 7.   


The analyses confirm that a properly constructed HDD replacement of the NPS 20 or NPS 24 
pipelines will easily survive the ground displacements associated with ground motions having a 
mean return period of 2,475 years.  The analyses have assumed the HDD pipe will be consistent 
with API 5L Grade X65 with a wall thickness of 12.7 mm.  The resulting strains computed for the 
recommended HDD crossing configurations are sufficiently low that special welding procedures 
typically associated with strain-based pipeline designs would not be necessary.  However, given the 
potential importance of this HDD crossing, Terasen Gas should consider adopting welding 
procedure and inspection specifications consistent with what would be required for pipelines 
expected to experience longitudinal strains well above the nominal yield strain of the pipe.  Such 
specifications typically require the yield strength, ultimate strength, and toughness of the weld 
material to exceed that of the actual pipe (not the specified minimum), and may include restrictions 
on acceptable weld flaws.   


Considering the lower strains associated with the primarily tension response on the south bank, it 
may be possible to demonstrate that an HDD entry/exit location closer to the river on the south 
bank is acceptable.  However, the primary justification for considering a location closer to the river 
on the south side should be restricted to the case in which there are issues related to the total length 
of the HDD analyzed, approximately 985 m for the crossing depicted in Figure 3.   


Currently, the decision of Terasen Gas is to replace the NPS 20 pipeline, partly because it is more 
vulnerable to seismic damage.  As noted in the summary report on investigations of the NPS 20 
and NPS 24 pipelines (Honegger, 2005), the ratio of the existing pipeline pressure integrity 
displacement capacity to the estimated lateral spread displacement provided by Golder in 2005 is 
approximately 70% for the NPS 20 pipeline and 50% to 90% for the NPS 24 pipeline, depending 
upon assumptions regarding the distribution of lateral spread displacements.  Translating the 2005 
lateral spread displacement capacities to the current seismic hazard for the lower mainland results 
in an annual probability of exceeding the NPS 20 lateral spread displacement capacity of 
approximately 0.333% to 0.200% (or 1/300 to 1/500) compared to a corresponding estimate of 
0.125% to 0.200% (or 1/800 to 1/500) for the NPS 24 pipeline.   


If improvements are made to the NPS 24 pipeline at the south bank, the variability in pipeline 
response related to uncertainty in the distribution of lateral spread displacement can be reduced and 
the approximate annual probability of exceeding lateral spread displacements sufficient to cause 
loss of pressure integrity can be reduced to 0.083 to 0.125 (or 1/1,200 to 1/800).  For reference, the 
peak firm ground acceleration associated with an exceedance probability of 0.1% is approximately 
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0.4 g, which is more than twice the acceleration expected at the site from a magnitude 8.2 
subduction earthquake.   


The modifications to the south bank of the NPS 24 pipeline that achieve the above improvement in 
seismic performance include replacing the 7.1 mm wall thickness X521 pipe with 13.7 mm wall 
thickness X60 pipe north of the dyke and replacing the two 3D elbows with induction bends of the 
same material (13.7 mm wall thickness X60) and a minimum bend radius of 12D.   


I hope that the information provided in this letter report satisfies Terasen’s needs at this stage of the 
HDD planning process.  If you have any questions, I would appreciate the opportunity to discuss 
them with you. 


Best regards, 


 
Douglas G. Honegger 


 


 


 


cc:  Viji Fernando, Golder Associates 
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FIGURE 1:  SCHEMATIC REPRESENTATION OF APPLICATION OF DISCRETE SOIL SPRINGS TO 
REPRESENT SOIL-PIPE INTERACTION 
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PRIOR TO GROUND DISPLACEMENT 


AFTER GROUND DISPLACEMENT 


SOIL SPRING FORCE-DISPLACMENT RELATIONSHP 


Ground Displacement Boundary 


Ground Displacement


Ground Displacement Boundary 


Ground Displacement 


FIGURE 2:  SCHEMATIC REPRESENTATION OF APPLICATION OF GROUND DISPLACEMENTS 
IN THE ANALYTICAL MODEL 
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FIGURE 3:  PROFILE AND PLAN OF PIPELINE ALIGNMENT USED FOR THE HDD ANALYSES 


FIGURE 4:  ESTIMATED GROUND DISPLACEMENTS ASSOCIATED WITH GROUND SHAKING 
WITH A MEAN RECURRENCE OF 2,475 YEARS 
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FIGURE 5:  STRAIN MAGNITUDE CONTOURS AT THE END OF THE ANALYSIS FOR THE NPS 20 HDD MODEL 
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FIGURE 6:  STRAIN MAGNITUDE CONTOURS AT THE END OF THE ANALYSIS FOR THE NPS 24 HDD MODEL 
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FIGURE 7:  DISPLACED SHAPE OF THE NPS 20 PIPELINE NEAR HDD ENTRY/EXIT LOCATION ON NORTH BANK 
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FIGURE 8:  STRAIN MAGNITUDE CONTOURS AT THE END OF THE ANALYSIS FOR THE NPS 20 HDD MODEL 
ASSUMING ALL PIPE IS X65 WITH 12.7 MM WALL 
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FIGURE 9:  STRAIN MAGNITUDE CONTOURS AT THE END OF THE ANALYSIS FOR THE NPS 24 HDD MODEL 
ASSUMING ALL PIPE IS X65 WITH 12.7 MM WALL 
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