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Regulatory Affairs Correspondence
Email: regulatory.affairs@terasengas.com

British Columbia Utilities Commission
6™ Floor, 900 Howe Street
Vancouver, B.C. V6Z 2N3

Attention: Ms. Erica Hamilton, Commission Secretary
Dear Ms. Hamilton:
RE: Terasen Gas Inc. ("TGI" or the “Company”)
Application (“Application”) for a Certificate of Public Convenience and

Necessity ("CPCN") for the Kootenay River Crossing (Shoreacres) Upgrade
Project

Pursuant to Section 45 of the Utilities Commission Act, TGl hereby requests approval from
the British Columbia Utilities Commission (the “Commission”) for a CPCN for the Kootenay
River Crossing (Shoreacres) Upgrade (the “Application”).

Currently, an aerial crossing of transmission pressure pipeline with an outside diameter of
168 mm (6 inch) crosses the Kootenay River near the community of Shoreacres. The
crossing was built in 1957 and is nearing its end of life. The Kootenay River Crossing
Upgrade Project is required at this time to address integrity concerns with respect to the
instability of the river bank slope where a main support cable anchor block and two wind
cable anchor blocks are buried and the deteriorating condition of the aerial crossing structure
and pipe. TGI has concluded that the risk associated with this crossing is unacceptable and
remedial action is required.

The Kootenay River Crossing Upgrade Project is estimated at $8.3 million (in as-spent
dollars). The Company’s current 2010-2011 Negotiated Settlement Agreement (“NSA”")
requires that the Company submit CPCN applications for capital investments in excess of $5
million.

The Company has met with stakeholder representatives and presented an overview of this
Application. In order to appropriately accommodate all stakeholders, Terasen Gas, believes
the proposed regulatory process and timetable noted below provides an efficient review
process for all parties concerned. As a result of discussions with the British Columbia Public
Interest Advocacy Centre on behalf of the British Columbia Old Age Pensioners Organization
et al (“BCOAPQO") on this Application and other matters, Terasen Gas recognizes that the
BCOAPO will be unable to participate in Information Request (“IR") No. 1. Terasen Gas
believes, however, that with the benefit of IR No. 1 responses on the record, BCOAPQO's
participation in IR No. 2 should adequately address any issues or concerns it may have.

The Comany believes that the following regulatory timetable provides for an efficient review
process.
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British Columbia Utilities Commission

TGI Kootenay River Crossing (Shoreacres) Upgrade Project CPCN Application Terasen
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ACTION DATES (2010)
Commission Information Request No. 1 Tuesday, August 17
Intervenor and Interested Party Registration Tuesday, August 24
Intervenor Information Request No. 1 Tuesday, August 24
TGI Response to Information Requests No. 1 Thursday, September 9
Commission and Intervenor Information Requests No. 2 Thursday, September 23
TGI Response to Information Requests No. 2 Thursday, October 7
TGI Written Final Submission Thursday, October 21
Intervenor Written Final Submission Thursday, November 4
TGI Written Reply Submission Thursday, November 18

Twelve hardcopies of this Application will be submitted to the Commission in accordance
with the Commission’s CPCN Guidelines. The Application and all subsequent exhibits will
be made available on the Terasen Gas website under the Regulatory Submissions section
for the Lower Main/Squamish/Interior at the following link:

http://www.terasengas.com/ AboutUs/RatesAndRegulatory/BCUCSubmissions/LowerMainlandSquami
shinterior/default.htm

If there are any questions regarding this Application, please contact the undersigned.
Yours very truly,

TERASEN GAS INC.

Original signed:

Tom Loski

Attachments

cc (e-mail only): Parties to the TGI 2010-2011 Negotiated Settlement Agreement
Stakeholder Contacts (as noted in Appendices O and P for whom e-mail information is listed)


http://www.terasengas.com/_AboutUs/RatesAndRegulatory/BCUCSubmissions/LowerMainlandSquamishInterior/default.htm�
http://www.terasengas.com/_AboutUs/RatesAndRegulatory/BCUCSubmissions/LowerMainlandSquamishInterior/default.htm�

D

Terasen
Gas

TERASEN GAS INC.

Application for a
Certificate of Public Convenience and Necessity

for the
Kootenay River Crossing (Shoreacres) Upgrade

Volume 1 - Application

July 15, 2010




Terasen
TERASEN GAS INC.
KOOTENAY RIVER CROSSING (SHOREACRES) CPCN APPLICATION

Table of Contents

1 2N o] 1 o3> 4 o 1 o PSS 1
O =T o 1 1)V SIS 0 4 = Y 2

1.2 Provincial Government Energy Objectives and TGl Resource Plan..............cc........ 4

1.3 Requested Regulatory Review of CPCN Application ...........ccccceieiiiieiiveeiiiiin e, 4

2 APPLHICANT . e aaa 6
2.1 Name, Address, and Nature Of BUSINESS .......viviiiiieeeeeeee ettt e e een 6

2.2 Financial Capability ...........oooiiiiiiiii e 6

2.3 Technical Capability ... 6

2.4 Name, Title, and Address of Company Contact...........cccccvvevviiiiiiiiiiiiiiieieeeeeeeeeeeee 7

2.5 Name, Title, and Address of Legal CoUNSEl............ccceveviiiiiii e, 7

3 Project JUSTITICAtION ....ooiiiiiiiiiiiiiiiiiieeeee ettt 8
3.1 Overview of EXiSting FaCIliieS..........cccovvviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee e 8

3.2 TGl INSPECtion PracCtiCe .........ccouiiiiiiiiieeeee 12

3.3 SIOPE INSADIIILY ...t 13

3.3.1 LoNg-Standing CONCEIMNS ........cccuiiiiieee e e cecireee e e e e s s re e e e e e s e s bree e e e e e e s e sanrennees 13

3.3.2 RECENE STUAY ...vviiee ittt et e e e bt e e e e snbee e e e nnnes 13

3.4 General Deterioration of the CroSSiNg...........coovvvviiiiiiiiiieeeeeeeeeeeeeeeeeee 17

3.5 Consequences of Pipeling Failure...........cccoooe i e e 18

3.6 JUSHIfICAtION SUMIMAIY ....oiiiiiiiiiiiiiiii et e e e e r e e e e e e ane 19

4 Upgrade AITEINAtIVES .......ueiiiieeicieee et 21
4.1 Alernatives CONSIAEIEA ........ooiiiiiiiiiiiiie et e e e e e e e aaees 21

41.1 Refurbishment and Slope Stabilization of Existing CrosSing ........ccccccovevuvveeeeeenn. 21

41.2 NEW AETTAI CTOSSING -..vvveeiieeiiiiitiiiee ettt e e et e e e e s et e e e e e e e e e e anbbeneeeaeas 22

4.1.3  Alternatives Using a New AlIGNMENT ..........ooiiiiiiiieiie et e e e enenes 22

4131 HDD AREBINALIVES ....eeeiiiiiiiee ettt 24

4.13.2 Re-Route AREIMALIVES ........cooiiiiiiicree e 26

41.4 Preliminary Screening CONCIUSION..........oouiuiiiiiiiee e 27

4.2 Further Evaluation of Technically Viable Alternatives ........ccccccccvvvvvevveeiiieiiieveeennnen, 27




Terasen

TERASEN GAS INC.
KOOTENAY RIVER CROSSING (SHOREACRES) CPCN APPLICATION

4.2.1  FINANCIAI CIItEIIA. ... eiiiereietieeeiri et e s nn e sne e e nnnee e 27
4211 Capital CoSt ESHIMALES .......eveviiiiiiieiiiiiee et 27

42.1.2 Preliminary Monte Carlo Analysis .........cccccoiiiiiiiiiiieeee e 28

4.2.2 Net Present Value, Cash Flow and Rate Payer Impact ............cccocceeeeeeeviiiivvnnnnn. 29

4.2.3  Non-Financial CoNSIAErations ..........ccccovreeriiiinieeineeenree e 31
423.1 Additional ASSESSMENTS ......ueviiiiiiiiiie e 31

42.3.2 Advantages and Disadvantages..........cccceevvueeeeiiiiieee i 32

4.2.3.3 WeIghted SCOMNQY .eevieeiieiiiieiee e e e e 34

4.3 Conclusion — Preferred OPtiON .........cevivieiiieiiieiiiieieeeeeeeeeeee e eaeeeaes 35
5 PrOJECT DESCIIPIION ..ciiiiiiiiitte ettt e e e 36
5.1 ProjeCt COMPONENTS......cuiiiiiiiiiiitiie e e e e et e e e e e e e e e e e e s e e e e e e e e aannes 36
511 Installation Of HDD CrOSSING ......eeeiitiiieeiiiiie ettt 36

5.1.2  Abandonment Of TP PIPE ...ueiii ittt 36

5.1.3 DECOMMISSIONING ...uteeieeiiieee ettt ettt et e e st e e s nnbe e e e aees 37

5.2 Design and Construction of the HDD CroSSINg .........cceviiieriiiieiiiiiiiieeee e e 37
52.1  HDD Method Of CONSIIUCHION. ......ciiiriiiirieriee et 37

5.2.2 Use of TGl RIght Of WA ......ccooiiiiiiiiiiii e 37

5.2.3  Acquisition of Crown Land............cooiiiiiiiiiiiiiiiiic e 38

524 Other ULIILIES ......eeeeiiieie ettt e e e 38

5.2.5 Roads, Highways and RaiWAYS ..........occuuiiiiiiiieee e 38

5.2.6 R (0] =i o] o RO U PP PP P PPPPPP P 38

5.2.7 NOISE CONIOL ....eeieiiiiitee sttt e et e e e e e anrn e e e e e 39

5.2.8  Safety and SECUILY........uuiiiieiiiicieii e r e e e e e e e e e e s e reeeeeas 39

5.3 Project Schedule ... 39
5.4 ReS0UIrce REQUINEIMENTS. ... .ccuuuiii i cieieeiis e e e e e e e e e et e e e e e e e e eera e e e eeeenees 40
541  ProjeCt ManagemENt .........cccieiieierreieiieesieeesree e e e e nne e e e sneas 40

5.4.2  Design and Quality CONLIOL...........coiiiiiiiiiiieiee e 40

54.3 CONSIIUCTION SEIVICES ....ceiiiitiiiie ittt ettt ettt e e e e e annreee s 41

54.4 Y= =T = 1 PO P PO PP PP PPPPR 41

5.5 Other Applications and ApProvalS..........ccoooiiiiiii 41
LTS A © [T A o] o 1= o1 o PSSP 41

5.5.2  Other Pending or Anticipated Applications / Conditions...........cccccceveeevviiciiieennnn. 42




Terasen

TERASEN GAS INC.
KOOTENAY RIVER CROSSING (SHOREACRES) CPCN APPLICATION

10

5.6 Risk Analysis and ManagemeENnt..........ccuuuiiiiiiriiiiiee e e e e e 43
Project CoSt ESTIMALE ......cooviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 45
0.1 COSt ESHMAE DELAIIS ......uiieeieiee ittt et et r e e et e e et e e e e eeaaas 45
6.2 FINANCIAl ANAIYSIS. . ...ttt e e e e e e e e e e e e enae 47
6.3  Deferral ACCOUNT TrEAIMENT ... .oee et e e e e e enns 48
Overview of Environmental and Socio-Economic AssessmentS................. 50
7.1 ENVIFONMENTAl ASSESSIMEBNT ... iiveiieeeeet et ettt e e e et e et e et e et e e s e e et e esseeeenans 50
7.1.1 Environmental Screening REPOI........oooi i 50
7.1.2 (011 (ST 2 P 0 F T 50
Y 101 a1 v=11 o110 T=1 (=10 IS Y0 ]| TR 51
7.3 AIChABOIOQY ...coeeiiieiieee e 51
T4 SOCIO-ECONOMIC ASSESSIMEBNL . . e ettt et et e e e e e e e e eeaeenns 52
PUDBIIC CONSUI A ON . e e 53
8.1 Overview of CONSURATION PIAN .....iiveiiiee ittt r e e e e eaans 53
8.2 Project Stakeholders Other than First Nations............coovvviiviiiiiiiiiiiiiiiiieieeeeeeee 54
8.3 Summary of Consultative Activities Occurred and Input Received ........................ 54
8.4 Future Consultation / CommuniCation Plan...........oveuviieiiieie e 55
8.5 Conclusion — Sufficiency of the Consultation Process ..........cccccvvvevvieeiieiiiieniennnen. 55
First Nations CoONSUIAtION .....iiuiiei ittt e et e e e e e e ennas 56
9.1 Identification of First Nations with Asserted ClaimsS in Ar€a.........ovvvveiveieeiiennanns, 56
9.2 OGC Process and Consultation with, and if Necessary Accommaodation of,
[ Y N F= U0 1R 56
9.3 TGI's Interaction With FirSt NALIONS .....cevniieiiiei et e e eans 57
9.3.1 Ktunaxa Nation COUNCIl ........couueiiiiiie et e et e e e e e st e e e raaees 57
9.3.2  Okanagan Nation AllIANCE ..........ueiiiiiiiie et 58
9.3.3  SiNIXt NALION SOCIELY .....eeeiiiieiiiiiiieiee ettt e e e e e e e saebeeeeeas 59
9.4  Further CoNSURALION PlaN.......oiieiie ettt e e e e 60
9.5 Conclusion on First Nations CoNSUITAtION .........coeuiiieniiiiiiiiieeee e 61
(@] To3 LU T 1o o 10T 62

Page iii



TERASEN GAS INC.

Terasen

KOOTENAY RIVER CROSSING (SHOREACRES) CPCN APPLICATION

Appendix A
Appendix B

Appendix C

Appendix D

Appendix E

Appendix F

Appendix G
Appendix H
Appendix |

Appendix J

Appendix K
Appendix L
Appendix M
Appendix N
Appendix O
Appendix P
Appendix Q
Appendix R

List of Appendices

TGI Standard OPM 08-02 Inspection of Bridge and Aerial Crossings

Assessment of East Bank Slope Stability at the Terasen Gas Shoreacres
Aerial Crossing, TGI, July 2009

Inspection and Assessment of Kootenay River Aerial Crossing,
Shoreacres, BC, CWMM Consulting Engineers Ltd., June 24, 2010

Kootenay Shoreacres River Aerial Replacement Project Comparative
Assessment, Complete Crossings Inc., June 30, 2009 (Revision 5 May
2010)

HDD Geotechnical Investigation for Kootenay River Crossing, BGC
Engineering, December 18, 2009

Inspection and Assessment of Kootenay River Bridge and Kootenay
Canal Bridge, near Nelson, BC, CWMM, March 10, 2010

Monte Carlo Analysis Results
Financial Schedules

Shoreacres Aerial Replacement Project Route Selection Environmental
Screening Report, Westland Resource Group, July 15, 2009

Shoreacres  Aerial Replacement  Project  Preliminary  Field
Reconnaissance & Final Report, Wayne Choquette & Eagle Vision
Geomatics & Archaeology Ltd., July 16, 2009

Non-Financial Considerations — Definitions and Rationale for Scores
Site Plan

Schedule

Project Communication Plan

Stakeholder Contact Summary

First Nations Information

OGC Pipeline Manual First Nations Consultation Section

Draft Procedural Order and Draft Final Order

Page iv



Terasen
TERASEN GAS INC.
KOOTENAY RIVER CROSSING (SHOREACRES) CPCN APPLICATION

Index of Tables and Figures

Figure 3-1: Map of the ITS Showing Location of Kootenay River Aerial Crossing...........c....c...... 9
Figure 3-2: Photograph Showing the West Bank of the Shoreacres Aerial Crossing ................. 10
Figure 3-3: Photograph Showing the East Bank of the Shoreacres Aerial Crossing .................. 11
Figure 3-4: Photograph showing the east bank of the Shoreacres Aerial Crossing.................... 12
Figure 3-5: Slope Profile of the East Bank of the Kootenay River at the Existing Crossing —
Factor Of Safety Of 1.3... .. e e e 15
Figure 3-6: Slope profile of the East Bank of the Kootenay River at the Existing Crossing —
Factor Of Safety OF 1.5.. ... e 16
Figure 4-1: Site Plan Showing Alternatives COoNSIAered .............cccccuiiiiiiiiiiiieee e 23
Figure 4-2: Site Plan Showing Approximate Locations of HDD Alternatives Considered........... 25
Table 4-1: Capital Cost Comparison Summary for Viable Alternatives $2009..............ccccovuveeee. 29
Table 4-2: Capital Cost Comparison Summary for Viable Alternatives $ As-Spent.................... 30
Table 4-3: Incremental Cost of Service and Rate Impact SUMMANY ..........ccoooiiiiiiiiiiiieee e 31
Table 4-4: Screening Matrix (Non-Financial Factors) ... 35
Table 5-1: Schedule MIlESIONES..........cuuiiiiiiiii e 39
Figure 5-1: Project Functional Organization Chart................ueiiiiiiiiiiiiiiecceeee e 40
Table 5-2: Project Execution - Risk Control SUMMArY............cccceiiiiieiiiiiiiiii e 43
Table 5-3: Risk Ranking of KeY RISKS...........uuiiiiiiiiiiiiiiiie e 44
Table 6-1: CAPITAl COSE ...eiiiiiiiiiiite ittt e e e et e e e e e e e e e e e e ennrenees 46
Table 6-2: Financial Analysis of HDD Final Project COSt...........uuuuuiiiiiiiiiiiiiiiiniinns 48
Table 8-1: Project Communication Plan SUMMAIY ..........ceeeiiiiiiiiiiiiiiiiieee e 55

Page v



Terasen
TERASEN GAS INC.
KOOTENAY RIVER CROSSING (SHOREACRES) CPCN APPLICATION

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

KOOTENAY RIVER CROSSING (SHOREACRES) UPGRADE

To:  The Commission 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 Sections 45 and 46 of the Ultilities
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 TGI Interior Transmission System (“ITS")
crossing of the Kootenay River near Shoreacres, B.C., a small community approximately half
way between Castlegar and Nelson (the “Project” or “Application”).

The Project is intended to ensure the integrity of an existing pipeline crossing. The crossing is
nearing its end of its useful structural life and is challenged by slope instability that endangers
the main support cable anchor block and the two wind cable anchor blocks of the pipeline
crossing.

The installation of a new pipeline crossing using the Horizontal Directional Drill (*HDD”)
construction method addresses the risks related to both the deteriorating condition of the
crossing structure and pipe and the slope instability concerns at the east terminus of the
crossing, thereby ensuring security of supply to customers in the region.

SECTION 1: Application Page 1
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1.1 Executive Summary

The Company seeks a CPCN to upgrade an aerial crossing that is located on the TGI Interior
Transmission System Savona-Nelson Main Line. The crossing, built in 1957, spans the
Kootenay River near the community of Shoreacres (a small community approximately mid way
between Castlegar and Nelson) and serves approximately 5200 customers downstream of the
crossing. Terasen Gas has identified two issues with the crossing that must be addressed.

The first issue is the instability of the slope at the east end of the crossing. The east end of the
aerial crossing terminates on a steep slope in which both the main support cable anchor block
and the two wind cable anchor blocks are buried. A failure of this unstable slope could
undermine some or all of these anchor blocks, which, in turn, could cause the aerial crossing to
lose support on the east end. A 2009 report concluded that the east bank slope is only
“marginally stable”. If any aggravating factors were introduced, such as increased pore water
pressure or seismic load, the east bank slope could fail. The study recommends that the slope
be avoided when TGI considers replacement or refurbishment options.

Second, the crossing is reaching the end of its useful structural life expectancy and is
experiencing corrosion in various components of the crossing, such as cables, piping, tower,
and anchors.

Terasen Gas has concluded that the slope instability must be addressed at this time; it is not a
viable option to maintain the status quo. To address both the slope instability concern and the
continuing deteriorating condition of the crossing, TGl evaluated numerous options, ranging
from refurbishment of the existing crossing including reinforcement of the unstable slope,
replacement with a new aerial crossing, a new Transmission Pressure or Intermediate Pressure
alignment, and a new Horizontal Directional Drill (*HDD”) alignment.

An initial, high level screening process determined that stabilizing the slope with the existing
crossing in place, and taking into account the environmental impact on the Kootenay River, was
not a viable option. A new aerial crossing which would have to be substantially longer to avoid
the unstable slope was also rejected on the basis of cost and visual and land impacts.
Furthermore, the slope instability issue precluded any alternative using the existing alignment.

In terms of replacing the crossing, TGI's screening process identified three alternatives for more
detailed evaluation:

a) HDD: constructing a new crossing approximately 880 m in length, by means of HDD,
entering near the existing western terminus of the existing aerial crossing and exiting
625 m north of the existing east terminus.

b) Transmission Pressure (“TP”) Re-route: installing approximately 9 km of NPS 6 pipeline,
using standard trench and cover and transportation corridor crossing methods.

SECTION 1: Application Page 2
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c) Intermediate Pressure (“IP”) Re-route: similar to the TP re-route, but including a TP/IP
station, 9 km of NPS 8 pipeline and with the transmission line downstream of the tie-in
point reduced to IP.

All of these alternatives avoid the unstable slope on the east side of the existing crossing. Of
the three, the HDD option (the Project) is superior to other options in terms of capital cost,
ratepayer impact, and non-financial considerations. The estimated capital cost for the Project is
40% less than the costs for TP or IP Re-route. In addition, TGl completed a screening analysis
of the three short-listed alternatives using the following non-financial factors: safety,
environmental, land, First Nations, operational impacts, system capacity and aesthetics. The
Project ranked equal or better than both the TP and IP Re-route options for almost all of these
factors.

The Project has an estimated capital cost of approximately $8.3 million as-spent and involves:

¢ |Installation of approximately 880 m of new NPS 6 transmission pressure pipe beneath
the Kootenay River to be installed using the HDD construction method.

o decommissioning and removal of the existing NPS 8 Kootenay River aerial crossing near
the community of Shoreacres, and

e abandonment of approximately 625 m of NPS 6 transmission pressure pipe between the
east end of the existing crossing and the tie-in point of the new crossing

The Project is scheduled to be in service by the end of 2011.

The Company has identified a number of Project stakeholders, including residents, businesses
and government entities, and has in place a communication plan for consultation with the public.
Initial communications with the public about the Project have already taken place, and all issues
identified have been resolved or a plan is in place to deal with them.

Three First Nations, the Ktunaxa Nation Council, the Okanagan Nation Alliance, and the Sinixt
Nation Society, have been informed and engaged with regard to the Project. To date, no First
Nations have expressed opposition to the Project. Plans are being developed to involve the
First Nations in future archaeological investigations. TGI will continue to engage with the three
First Nations with respect to any concerns that they may raise.

The Company believes that the Project is in the public interest and should be approved.

SECTION 1: Application Page 3
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1.2 Provincial Government Energy Objectives and TGI Resource Plan

The Provincial government energy objectives are defined in Section 1 of the Utilities
Commission Act. The Project, which is intended to address system integrity, does not have a
direct link to the energy objectives defined therein, and does not hamper other projects or
initiatives undertaken by TGI that advance these objectives.

The Project was identified as part of the major capital projects for the period of 2008 to 2012 in
Terasen Gas Inc’s 2008 Resource Plan, which was accepted by the Commission in Order G-
194-08. The Resource Plan identified a HDD crossing as the prime alternative to replace the
aerial crossing.

1.3 Requested Regulatory Review of CPCN Application

The Company’s 2010 and 2011 Revenue Requirements Negotiated Settlement Agreement
provides that TGI will apply for a CPCN for projects in excess of $5 million. Given that the
current estimated capital cost of the Project exceeds the threshold, TGI is applying to the
Commission for a CPCN for the Project.

The Information contained in this Application accords with the guidelines set out in the
Commission’s 2010 Certificates of Public Convenience and Necessity Application Guidelines
(the “Guidelines”). Draft Procedural and Final Orders are included as Appendix R.

TGI believes that a written review and approval process is appropriate for this Application, and
that the following regulatory timetable provides for an efficient review process.

ACTION DATES (2010)
Commission Information Request No. 1 Tuesday, August 17
Intervenor and Interested Party Registration Tuesday, August 24
Intervenor Information Request No. 1 Tuesday, August 24
TGI Response to Information Requests No. 1 Thursday, September 9
Commission and Intervenor Information Requests No. 2 Thursday, September 23
TGI Response to Information Requests No. 2 Thursday, October 7
TGI Written Final Submission Thursday, October 21
Intervenor Written Final Submission Thursday, November 4
TGI Written Reply Submission Thursday, November 18

SECTION 1: Application Page 4
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The Project involves upgrading an existing asset to maintain the integrity of a pipeline that is
near end of its useful life, has been previously identified in TGI's 2008 Resource Plan as a
major capital project for the period of 2008-2012, and has to date identified no significant
stakeholder or First Nations concerns. The Application provides information on all areas
required by the Guidelines.  Any additional areas of concern in this Application can be
adequately addressed through a written process.

As stated in section 5.5.1, the Project is conditional upon receiving approval from the Oil and
Gas Commission (“OGC") of a Pipeline Application that was filed with the OGC on February 19,
2010. TGI respectfully requests that the Commission complete its process to review this
Application and reach a decision by mid-November 2010 in order to meet the proposed
construction schedule outlined herein.

SECTION 1: Application Page 5



Terasen
TERASEN GAS INC.
KOOTENAY RIVER CROSSING (SHOREACRES) CPCN APPLICATION

2 APPLICANT

2.1 Name, Address, and Nature of Business

TGl 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 OES.

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 930,000 customers served on the
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.

2.2 Financial Capability

TGl is regulated by the BCUC. TGl 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.

2.3 Technical Capability

TGI has designed and constructed a system of integrated high, intermediate and low-pressure
pipelines and operates more than 39,800 kilometres of natural gas transmission and natural gas
distribution mains and service lines in British Columbia. This transmission and distribution
infrastructure serves approximately 930,000 customers on the mainland.

SECTION 2: Applicant Page 6
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2.4 Name, Title, and Address of Company Contact
Tom A. Loski.
Chief Regulatory Officer
Terasen Gas Inc.
16705 Fraser Highway
Surrey, B.C., V4N OE8

Phone;: (604) 592-7464
Facsimile: (604) 576-7074
E-mail; tom.loski@terasengas.com

Regulatory Matters: requlatory.affairs@terasengas.com

2.5 Name, Title, and Address of Legal Counsel
Song Jin Hill
Fasken Martineau DuMoulin LLP
2900-550 Burrard Street
Vancouver, B.C. V6C 0A3

Phone: (604) 631-4824
Facsimile: (604) 632-3232
E-mail: shill@fasken.com
or

Matthew Ghikas

Fasken Martineau DuMoulin LLP
2900-550 Burrard Street
Vancouver, B.C. V6C 0A3

Phone: (604) 631-3191
Facsimile: (604) 632-3191
E-mail: mghikas@fasken.com

SECTION 2: Applicant Page 7
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3 PROJECT JUSTIFICATION

TGI has identified two threats to the integrity of the existing aerial crossing over the Kootenay
River that has been in place since 1957:

e Slope Instability at the East Terminus — A major concern is the eastern end of the
crossing structure which terminates on a very steep slope. An analysis of the slope
concludes it is only marginally stable and is subject to short term and long term safety
concerns, which could undermine the anchor blocks. The main support cable anchor
block, the two wind cable anchor blocks and approximately 300m of pipeline are buried
in this section of unstable slope.

e Deterioration of the Crossing — The Kootenay River crossing is over 50 years old with
corrosion in various components and, unless a major refurbishment is undertaken, is
nearing the end of its useful structural life.

TGI has concluded that these issues must be addressed to ensure the integrity of the crossing.
This section provides a description of the existing aerial crossing structure, including the current
condition of various components of the crossing structure and the terminus sites, and discusses
the two major threats to the integrity of the crossing and consequences to TGI customers if the
threats are not alleviated.

3.1 Overview of Existing Facilities

The Kootenay River aerial crossing is part of the Savona-Nelson Main Line (“SNML"), which
was constructed in 1957. The NPS 6 SNML section between Castlegar and Nelson is a single
direction flow from Castlegar to Nelson and includes eight stations and Transmission Pressure
(“TP™) services with the largest being the Nelson Gate Station. When constructed, this section
also included two NPS 8 aerial crossings, a crossing of the Columbia River near Castlegar and
a crossing of the Kootenay River at the convergence of the Slocan and Kootenay Rivers near
the community of Shoreacres, a small community approximately mid way between Castlegar
and Nelson. The Columbia River crossing near Castlegar was successfully replaced with a new
HDD crossing in 2009.

The Kootenay River aerial crossing consists of a single pipe supported by a main support cable
suspended by a tower on the west side of the crossing and an anchor block buried in the hillside
on the east side of the crossing. Two other cables, referred to as “wind” cables, provide lateral
stability. The east wind cable anchor blocks are also buried in the hillside on the east terminus
of the crossing.
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The aerial crossing is 285 m long from kilometre post (“kmp”) 17.368 to kmp 17.653.

The western support tower for the crossing is located on a large piece of property owned by TGl
with a number of residential landowners adjacent. The east terminus and anchor blocks are
located on a steep slope, which has experienced, and is continuing to experience, surface
sloughing as described in Section 3.3. The support structures at each terminus are enclosed in
fenced compounds.

The system serves approximately 5200 customers located in the City of Nelson and its
surrounding area, downstream of the aerial crossing.

Figure 3-1 below is a map of the ITS and Figures 3-2, 3-3 and 3-4 show the existing Kootenay
River aerial crossing.

Figure 3-1: Map of the ITS Showing Location of Kootenay River Aerial Crossing
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Figure 3-2 below is a photograph taken from the east bank looking across the Kootenay River
toward the west bank of the Shoreacres Aerial Crossing. This east bank has experienced
surface sloughing towards the river.
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Figure 3-2: Photograph Showing the West Bank of the Shoreacres Aerial Crossing
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Figure 3-3 below is a photograph looking downstream along east bank of the Shoreacres Aerial
crossing. Note the steep slope on the east bank and the poor condition of the fencing caused
by the surface sloughing.

Figure 3-3: Photograph Showing the East Bank of the Shoreacres Aerial Crossing
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Figure 3-4 below is a photograph showing the view of the east bank of the Shoreacres Aerial
Crossing. The steep-sided east bank is the location of the surface sloughing. The Project will
bypass this slope.

Figure 3-4: Photograph showing the east bank of the Shoreacres Aerial Crossing

3.2 TGl Inspection Practice

The Canadian Standard CSA Z662, Oil and Gas Pipeline Systems, requires that facilities be
regularly inspected to ensure that they continue to be fit for service. Detailed crossing
inspection requirements are provided in the TGI standard OPM 08-02 Inspecting Bridge and
Aerial Crossings. A copy of the TGI crossing inspection standard is attached as Appendix A.
The Kootenay River crossing has been inspected in accordance with this standard, earlier
versions of this standard and/or the company’s general inspection practices since the crossing
was originally constructed in 1957.

The buried portions of the Savona Nelson Main Line between Savona and Castlegar have been
inspected using In-Line-Inspection tools since 1988. The buried section between Castlegar and
Nelson has been evaluated using over-the-line cathodic protection survey techniques with digs
performed at selected sites to assess TGl's corrosion mitigation activities and to confirm asset
fitness-for-service. To date, all buried portions of the TP pipeline between Savona and Nelson
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are deemed, from an operating perspective, to be in acceptable condition subject to on-going
inspection and maintenance.

The Kootenay River aerial crossing has been inspected in accordance with TGI's Bridge and
Aerial Crossing Inspection standard. In addition to the twice yearly visual inspections, more
detailed inspections of the crossing were carried out in 1994, 1998, 2003, and 2009.
Assessments of the slope condition at the east terminus were conducted in 1990, 1995 and
2009. The stability of the east slope is also included in TGI's Natural Hazards Risk
Management Program and is periodically re-assessed as required under this program.

TGI has continued to monitor the crossing as it approaches the end of its useful structural life.
Based on the most recent studies and assessments, TGI has concluded that the crossing must
be replaced, rather than refurbished, to address the operating risks associated with slope
instability and to attain acceptable standards at the site. The specific concerns related to the
slope instability and the crossing condition will be further described in Sections 3.3 and 3.4.

3.3 Slope Instability

Slope instability on the east bank of the river must be addressed in the near term, as the slope
is only marginally stable and poses a risk of failure of the crossing.

3.3.1 LONG-STANDING CONCERNS

The aerial crossing terminates on the east bank of the Kootenay River on a relatively steep
slope. The main support cable anchor block and two wind cable anchor blocks are buried in this
slope.

Crossing inspections have regularly identified surface sloughing as a concern at this location. In
the early '90's it was observed that soil was pushing against the above ground portion of the
pipeline at this location and a retaining wall was constructed to mitigate this problem.

3.3.2 RECENT STUDY

TGI undertook a detailed review of the slope stability at this location in 2009. Considering the
importance and complex nature of this issue, TGI structured this review as a collaborative effort
between TGI's Geotechnical Engineer responsible for the TGl Natural Hazards Monitoring
Program and an external subject matter expert from BGC Engineering (“‘BGC”)." The results of
this review are documented in a July 2009 report titled Assessment of East Bank Slope Stability

! BGC Engineering Inc. — an international consulting company specializing in geotechnical and water
resources engineering and applied earth sciences.
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at the Terasen Gas Shoreacres Aerial Crossing. A copy of the report is attached as Appendix
B. The conclusion of the authors was that the slope is only marginally stable.

The 2009 analysis used surveyed contours, current industry accepted modeling software, and
as-built drawings to determine the effects of the slope instability on the structural components of
the aerial crossing. The study also used additional soils information from the drilling
investigation done for the HDD feasibility study.

To aid in understanding the results of the slope stability analysis it is helpful to define the term
“angle of repose”. The angle of repose is the steepest slope at which a pile of granular material
will stand. If a slope exceeds the angle of repose of its composite material, the surface material
will begin to slide down the slope until the angle of repose is re-established. The field evidence
of this process is a shallow surface sloughing, as seen at the Kootenay River East Bank at
Terasen’s Shoreacres crossing.

A slope at its angle of repose is defined to have a factor of safety of 1. This is the case for the
portion of the east slope of the Kootenay River Crossing in which the anchor blocks are buried.
TGI's geotechnical consultant has recommended, however, that the short-term static and long-
term static factors of safety should be 1.3 and 1.5, respectively. This provides a reasonable
margin of stability beyond the angle of repose.

For the east terminus of the crossing, the engineers analysed the slope and determined where
the slope angles corresponding to factors of safety of 1.3 and 1.5 would be located within the
slope. The location of these slope positions relative to the anchor blocks will provide a measure
of risk to the overall crossing structure.

The slope positions representing factors of safety of 1.3 and 1.5 are illustrated in Figures 3-5
and 3-6.

Figure 3-5 below is a slope profile of the east bank of the Kootenay River at the location of the
terminus of the existing crossing showing the slope position for a factor of safety of 1.3. A
failure at this location could impact the wind cable anchor blocks.
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Figure 3-5: Slope Profile of the East Bank of the Kootenay River at the Existing Crossing — Factor
of Safety of 1.3

— 525
— 520
— 515
Main Support Cable —| 510
Anchor Block 505
500

Wwind Cable 4%

—{ 490
Anchor Block SAND -
— 485 E
. 480 §
Area subject to movement =)
at a factor of safety of 1.3 —45 S
(0]
— 470

SAND and GRAVEL —{ 465

—{ 460

_________________ = 455

—{ 450

— 445

440

435

0 10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180

Distance (m)

Figure 3-6 which follows is a slope profile of the east bank of the Kootenay River at the location
of the terminus of the existing crossing showing the slope position for a factor of safety of 1.5. A
failure at this location could impact both the wind cable anchor blocks and the main support
cable anchor block.
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Figure 3-6: Slope profile of the East Bank of the Kootenay River at the Existing Crossing — Factor
of Safety of 1.5
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The engineers responsible for performing the slope stability study concluded that:

e The slope angle representing a factor of safety of 1.3 intersects the wind cable anchor
blocks. This means that, in the short term, there is an insufficient margin of safety where
the wind cable anchor blocks are installed, and there is a reasonable risk that the slope
could fail in these locations. A slope failure at this depth could impact the wind cable
anchor blocks, possibly causing the anchor blocks to move and the cables to lose
tension which would require taking the crossing out of service for major repairs. This is
unacceptable as the crossing is part of a single feed to Nelson. For these reasons the
slope does not meet the short term stability criteria.

e The slope angle with a factor of safety of 1.5 lies below both the wind cable and main
support cable anchor blocks. This means that, in the long-term, there is an insufficient
margin of safety where the wind cable and main support cable anchor blocks are
installed, and there is a reasonable risk that the slope could fail in these locations. A
slope failure at this depth could cause the aerial crossing to lose all support on the east
bank which could result in the crossing collapsing into the river. At a minimum, the
crossing would have to be taken out of service and replaced. This is unacceptable as
the crossing is part of a single feed to Nelson. For these reasons the slope does not
meet the long term stability criteria.
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Overall, the 2009 report concluded that the east bank slope is only “marginally stable”. If any
aggravating factors were introduced, such as increased pore water pressure caused by heavy
seasonal run-off or by a very heavy rainfall or by seismic load, the east bank slope could fail.

Increasing the slope stability can be achieved by decreasing the slope angle. This can be
accomplished in one of two ways:

e Decreasing the slope angle by removing material from the existing slope. This would
require extensive earthworks and is not possible while the existing aerial crossing is in
operation. As such, this is not a feasible alternative.

e Construction of a toe buttress which would allow the slope angle in the vicinity of the
anchor blocks to be reduced by the addition of more material. A toe buttress would be
very difficult to construct as the slope extends into the river and significant in-stream
works would be required. In-stream buttress construction would require extensive
environmental impact assessment work and additional environmental permit/approval
acquisition as this work would result in a harmful alteration, disruption and destruction of
fish habitat (“HADD”) and potentially impact on federally listed species at risk within the
Kootenay River. Additional federal and provincial environmental permits/approvals
would be required to meet requirements under the Fisheries Act, Navigable Waters
Protection Act, Species at Risk Act, Canadian Environmental Assessment Act and
provincial Water Act. Significant habitat compensation work would also be required to
offset the impacts associated with the buttress. It is TGI’s opinion that the permit process
would be lengthy, likely well in excess of a year, and, given the availability of a
technically viable alternative, the chances of being granted the necessary permits are
very low. For these reasons, TGI concludes that construction of a toe buttress is not a
feasible alternative.

Overall, TGI concludes that it is not feasible to improve the slope stability to an acceptable level.

3.4 General Deterioration of the Crossing

The Kootenay River aerial crossing has been in service for over 50 years, and is reaching the
end of its useful structural life. Significant refurbishment would be required to extend the life of
the pipeline crossing, and this would not address the immediate concern of the instability of the
east slope.
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TGl commissioned CWMM Consulting Engineers Ltd. (“CWMM”)? to inspect and assess the
general condition of the crossing. A copy of the CWMM report is attached as Appendix C. The
CWMM report did not address the slope instability issue, which was addressed in a separate
report discussed above. The CWMM report recommends that if the structure is to remain in
service beyond five years, then certain remedial measures should be considered in the near
future, including:

e Repainting of the pipe and steelwork components (TGI has tested the paint which is
known to contain lead. Therefore containment will be needed to avoid deleterious
material from entering the Kootenay River or the surrounding area. As a result the cost
of repainting will be significant.)

e Replacement of seized roller supports (The CWMM report notes that this item poses
challenges as the pair of rollers at each vertical suspension point are welded to the
inside of the supporting pipe sleeve and will need to be torch cut loose to allow new
rollers to be welded into the narrow space between the pipe and sleeve support.)

o Refurbishment of the east end anchorages (The CWMM report notes that this will
present challenges as the anchorages are contained within metal culverts that are buried
in the embankment and exposing them will require excavating the overburden, possibly
with some additional slope retention to support the excavation. Access difficulties will
add to the complexity and cost of this operation.)

The CWMM report further notes that the assessment was based on a visual assessment only.
TGI concludes that, if the structure were to remain in service (and to do so, the slope instability
would have to be addressed), structural testing of all components should be carried out,
including the testing of the tension of all cables, with refurbishment undertaken as required.

3.5 Consequences of Pipeline Failure

The City of Nelson and its surrounding area are downstream customers of the Kootenay River
crossing. A significant failure of the aerial crossing would leave approximately 5200 TGI
customers without gas supply for a potentially prolonged period. = The customer base is
primarily core market residential and commercial customers with only one interruptible
customer.

> CWMM Consulting Engineers Ltd. — a professional service company specializing in the structural
design of all types of buildings, marine structures, industrial facilities, and reservoirs.
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Among the mix of customers are the following ten critical customers that depend on natural gas
for heat:

o Kootenay Lake Hospital

e McKim House Care Home

e Mountain Lake Seniors Centre

e Central School

e Gordon Sargeant Primary School
e Brent Kennedy School

e Brent Kennedy Day Care

e Canadian International College

e Harrop Community Hall

e Harrop Greenhouse

The linepack in the NPS 6 transmission line is limited. It is estimated that, following a failure of
the crossing, loss of gas supply to customers would start in as little as one hour on a design
peak day, and in approximately three hours on a normal winter day. The outage would last in
the order of several weeks to several months to restore service to downstream customers. The
east bank of the crossing is relatively remote and access would be difficult. Removing a failed
structure in the presence of the unstable slope would have a significant impact on the east
shore of the Kootenay River.

In addition to prolonged outage concerns, if a significant slope failure occurred on the east bank,
the crossing structure could collapse into the river with potentially serious environmental
consequences.

TGI considers the risk identified above to be unacceptable, and the concerns discussed in
Sections 3.3 and 3.4 must be addressed in the near-term.

3.6 Justification Summary

The east end of the Kootenay River crossing is on a relatively steep slope, which has shown
signs of sloughing for many years. The most recent assessment of the slope condition
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concluded the slope is marginally stable and is below the minimum recommended factors of
safety for both short and long term static conditions. Additional stressors could cause failure.
The aerial crossing has also been in service for over 50 years with corrosion to various
components. It would require a major refurbishment if it was to remain in service. Given the
potential for a slope failure at the east terminus, the requirement for a major refurbishment of
the crossing itself, and the social, environmental and cost consequences of a failure, TGl is of
the belief that it is in the public interest to upgrade the Kootenay River crossing at this time.
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4 UPGRADE ALTERNATIVES

TGI considered a number of upgrade alternatives and applied financial and non-financial criteria
to identify the preferred alternative. This section includes:

e A discussion of all alternatives considered and the results of a preliminary screening
leading to the identification of three technically viable alternatives

e An evaluation of the three technically viable alternatives using the following criteria:

o Capital cost estimates including the use of a preliminary Monte Carlo analysis
o Non-financial considerations
o Net Present Value and ratepayer impact

e An evaluation summary and conclusion

This evaluation demonstrated that the best solution for customers is to replace the existing
crossing with approximately 800 m of new NPS 6 transmission pressure pipe beneath the
Kootenay River installed using the HDD construction method. This alternative was superior in
terms of being the lowest cost alternative and also in relation to non-cost factors.

4.1 Alternatives Considered

TGI identified several alternatives. In the initial phase of the evaluation, TGl considered the
ability of each alternative to address both the slope instability and the deteriorating condition of
the crossing. This analysis is described below.

4.1.1 REFURBISHMENT AND SLOPE STABILIZATION OF EXISTING CROSSING

One alternative that TGI considered to address the instability of the eastern terminus of the
aerial crossing and address the end of life issue was to refurbish the crossing structure and
stabilize the east terminus slope. However, as noted in Section 3.3, increasing the stability of
this slope would require decreasing the slope angle or constructing a toe buttress. Decreasing
the slope would require extensive earthworks and is not feasible while the aerial crossing is in
place. A toe buttress would be very difficult to construct as the slope extends into the Kootenay
River and in-stream work would be required. Also, this option would have a significant
environmental impact on the Kootenay River. TGI has made a preliminary evaluation of the
permit process that would be required for this option and is of the opinion that this process
would take in excess of one year to complete. Given the availability of a technically viable
alternative (described later in this section), there would be a low likelihood that the necessary
permits would be granted. Based on these technical obstacles, TGI rejected a refurbishment of
the existing aerial crossing and any alternative using the same alignment.
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4.1.2 NEW AERIAL CROSSING

TGI considered a new aerial crossing in a different location; however, TGl concluded that this
was not a viable alternative on the basis of cost and local visual and land impacts. A new
crossing starting in the vicinity of the west end of the existing crossing would have to be oriented
to the north-east in order to avoid the unstable area on the east side of the existing crossing,
resulting in a very long and costly structure with a large visual impact. A location to the north of
the existing crossing would require new transmission pressure Right of Way (“ROW”) through a
built up area and would have a significant visual impact. A location to the south of the existing
crossing would require considerable new ROW and avoiding the area of slope instability at the
east end of the existing crossing would add to the Project complexity and cost. Moreover, aerial
crossings have high capital and maintenance costs and are becoming much less common in
situations where HDD provides a viable alternative. For these reasons, a new aerial crossing
was concluded not to be a viable alternative.

4.1.3 ALTERNATIVES USING A NEW ALIGNMENT

TGI considered replacing the crossing with a new alignment that avoided the unstable slope
area. Within this alternative, seven different alignments were considered including five different
HDD alignments, and Transmission Pressure (“TP”) and Intermediate Pressure (“IP") re-routes
utilizing new ROW and two highway bridge crossings. Three of these options were identified as
technically viable alternatives that would address the slope instability and structure and piping
deterioration concerns and merited further analysis.

Figure 4-1 is a site plan showing the location of the various alternatives. (The TP and IP options
follow essentially the same route and they are shown as a single line in this figure.)
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Terasen

Figure 4-1: Site Plan Showing Alternatives Considered
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4131 HDD Alternatives

TGl retained Complete Crossings Inc (“CCI”)® to assist in identifying a range of HDD alignments
and to evaluate the technical viability of these alternatives. In total, five potential HDD
alignments were analyzed and the results of this analysis are documented in CCI’s report titled
Kootenay Shoreacres River Aerial Replacement Project Comparative Assessment which is
attached as Appendix D. The alternative alignments were Lazaroff, Shoreacres South, Shallow
Angle, Large Angle®, and Shoreacres North. Only the Large Angle option, described below,
was determined to be feasible. The other four options were found to be technically infeasible
due to an unacceptably high risk of drilling fluid fracture to the surface with minimal options for
mitigation using standard techniques. TGI thus eliminated all but the Large Angle option from
further consideration at the initial screening stage. The four options eliminated from
consideration were not economically evaluated.

® Complete Crossings Inc. — an engineering consulting company specializing in the feasibility
assessment, design, and construction supervision of Horizontal Directional Drills.

* The terms Large Angle and Shallow Angle are used to describe two of the HDD alternatives. The word
“angle” refers to the angle between the proposed drill path and the orientation of the existing crossing.
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Figure 4-2: Site Plan Showing Approximate Locations of HDD Alternatives Considered
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The Large Angle HDD option (the “HDD Option” or the “HDD Alternative”), which emerged as
the only viable HDD option, utilizes an HDD entering in the vicinity of the existing western
terminus of the Kootenay River aerial crossing and exiting close to or within the existing ROW
on the east side of the river approximately 650 m north of the existing eastern terminus of the
aerial crossing. The downstream tie-in at the exit point is approximately kmp 18.2. The total
bore length is approximately 880 m. The existing pipeline ROW north of the tie-in point would
be used for stringing the pipe for the new crossing. A geotechnical investigation by BGC
Engineering along the proposed HDD alignment supports the conclusion that the technical
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feasibility of the route is within acceptable parameters. A copy of BGC's report is attached as
Appendix E.

41.3.2 Re-Route Alternatives

TP and IP re-routes utilizing existing bridges to cross the Kootenay River and Kootenay Canal
were identified as technically viable alternatives. Preliminary routes for these alternatives were
determined by TGI using internal engineering resources. A consultant was commissioned to
review the feasibility of utilizing the bridges for river crossings. The review determined that
these options were technically viable, hence the TP and IP Re-route alternatives were subjected
to the second phase of the assessment.

The features of the TP re-route are:

e The TP re-route would require approximately 9 km of NPS 6 pipeline to be installed.
The start point would be the end of the Shoreacres Lateral, making use of the existing
NPS 4 (114 mm) crossing of the Slocan River. This option envisages utilizing two
existing road bridges to cross the Kootenay River and the Kootenay Canal, both of which
are shown on Figure 4-1. The downstream tie-in to the existing transmission line would
be at approximately kmp 23.7 near the Kootenay Canal Bridge.

e The re-route would potentially utilize an existing utility corridor owned by Teck Cominco
with a ROW registered to FortisBC Inc. for high voltage power line transmission.
Between the FortisBC owned dam and the downstream tie-in the TP option would
parallel Blewett road and utilize the Kootenay River and Kootenay Canal bridges.
Blewett Road and both bridges are owned by the City of Nelson.

The suitability of the bridges for carrying natural gas transmission lines is the subject of a
CWMM report titled Inspection and Assessment of Kootenay River Bridge and Kootenay Canal
Bridge, Near Nelson, BC. The assessment concluded that the bridges were suitable for carrying
the pipelines, however, some seismic upgrades to the bridges would be required. A copy of the
report is attached as Appendix F.

The IP re-route option is similar to the Transmission Pressure Re-route, but includes a TP / IP
station with some or all of the re-route reduced to IP in order to reduce ROW acquisition costs
through the use of construction within road allowances. With this option, the operating pressure
of the portion of the existing transmission system downstream of the IP Re-route tie-in point
would be lowered to intermediate pressure.
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414 PRELIMINARY SCREENING CONCLUSION

At the initial screening stage, refurbishment and all other alternatives utilizing the existing
alignment were eliminated from contention due to the inability to effectively mitigate the slope
instability concerns on the east terminus of the existing crossing. A number of HDD alternatives
were assessed but only one, the Large Angle HDD, was concluded to be technically viable. The
viable options (Large Angle HDD, TP and IP Re-Route alternatives) were subjected to a further
assessment described in Section 4.2 below.

4.2 Further Evaluation of Technically Viable Alternatives

TGI undertook a second level of assessment in respect of the three viable alternatives that
involved comparisons based on financial and non-financial criteria. The HDD emerged as the
superior option both in terms of cost and non-financial criteria.

4.2.1 FINANCIAL CRITERIA

The financial evaluation of each option consisted of the following components:
e capital costs, determined based on AACE Class 5 estimates;
e a Monte Carlo analysis used to help assess the cost range of each alternative; and

¢ Net Present Value, Cash Flow and Rate Payer Impact calculations.

4211 Capital Cost Estimates

The capital cost estimates used for evaluating the three technically viable alternatives were
completed in accordance with the AACE International Recommended Practice No. 10S-90 Cost
Engineering Terminology and the more detailed Recommended Practice No. 17R-97 Cost
Estimate Classification System. The estimates were completed with a Class 5 level of project
definition, which is the recommended practice suitable for project screening. The AACE
Recommended Practices recognizes that estimating is a process whereby successive estimates
are prepared to be followed by a ‘go/no-go’ decision upon continuation into the succeeding
phase — in this case continued engineering efforts to support a Class 4 estimate.

The screening analysis was completed in 2009 utilizing Class 5 estimates which did not include
escalation or Allowance for Funds Used During Construction (“AFUDC”). Escalation and
AFUDC are proportional to the total capital cost and therefore do not impact the alternatives
analysis. The capital cost estimates in 2009 dollars for these alternatives are:
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HDD $7.4 million
TP Re-Route $10.3 million
IP Re-Route $10.7 million

The CPCN Guidelines specify Class 4 estimates as a default standard for alternatives analysis,
but do provide for some judgement to be applied by the Applicant in cases where the Applicant
believes that a different class of estimate is more appropriate. TGI made the decision that the
40% gap between the Large Angle HDD and the TP Re-Route options based on the Class 5
estimates, coupled with the results of the non-financial analysis indicating that the best option
was the HDD option, was sufficient to eliminate the TP and IP Re-Route options without
performing a Class 4 estimate for all three alternatives. The expense of preparing Class 4
estimates for all alternatives was significant (TGI expects it would cost over $100,000 and take
4 months to complete) and added minimal additional value in the circumstances.

4.2.1.2 Preliminary Monte Carlo Analysis

As an additional review of the estimated capital costs, TGI carried out a preliminary Monte Carlo
cost analysis on the three technically viable alternatives and the results are shown in Appendix
G. This analysis further illustrates that HDD is the most cost effective of the three alternatives.

To assess the sensitivity of the HDD cost estimate, TGl re-ran the analysis for the HDD
alternative assuming the scenario that the first drill attempt was unsuccessful whereby
additional costs to TGl would be incurred:

e due to encountering unforeseen or changed sub-surface conditions from those disclosed
by TGI to form the basis of the contract with the contractor;

e high demand for contractors in the market place; and

e through no fault of the contractor, it could not successfully drill a stable bore hole to allow
the start of the pullback of the line pipe and therefore TGl would need to compensate the
contractor for its costs on the unsuccessful attempt before considering the likelihood of
success by proceeding with the second attempt at TGI's cost.

Based on this low probability of occurrence event, the results of this more conservative model
indicate that the cost estimates only overlap if a comparison is made between the P90 (worst
case outcome) for the HDD option versus the P10 (best case outcome) for the next lowest non-
HDD cost option.
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Furthermore, as has been done on previous projects, TGI will re-run the Monte Carlo analysis to
verify the trend in project costs once the following updated information is available for the
Project:

e Owner supplied material costs after tendering for the key components;

o HDD - pipeline construction costs after tendering for a prime contractor.

4.2.2 NET PRESENT VALUE, CASH FLOW AND RATE PAYER IMPACT

The Company prepared financial analyses based on as-spent costs for each viable alternative.
The initial direct capital costs were prepared in 2009 dollars and escalated to as-spent costs
when the project capital is spent in 2010 and 2011. Tables 4-1 and 4-2 present the project cost
elements in the original 2009 dollars and as-spent dollars for each of the viable alternatives and
show that the HDD alternative is significantly lower than either the TP Reroute or the IP Reroute
alternatives.

Table 4-1: Capital Cost Comparison Summary for Viable Alternatives $2009

Class 5 Estimate in $2009 Large Angle HDD TP-ReRoute Alternative | IP-ReRoute Alternative

($000's) ($000's) ($000's)

1 Pipe

2 Project Management, Engineering, Consultation, Inspection 995 685 761

3 Project Development Costs 571 571 571

4 Pipe & Coating Materials 241 959 1,527

5 River Crossing HDD Installation & Pipeline Construction 3,958 4,165 5,753

6 Permits 109 134 134

7 CPCN Development Costs ! 200 200 200

8 Sub-Total - Pipe 6,072 6,714 8,945

9

10 Land/Land Rights

11 Land/Land Rights 102 2,293 487

12

13 Abandonment & Removal

14 Abandonment & Removal Costs 1,250 1,270 1,270

15

16 Total Direct Capital Costs 2 7,424 10,277 10,703

Notes
1 The CPCN Development Costs (line 7) include Legal, BCUC and Monte Carlo costs.
2 The Total Direct Capital Costs (line 16) include Project Development costs of $571K (line 3) and CPCN Development costs of $200K (line 7).
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Terasen

Table 4-2: Capital Cost Comparison Summary for Viable Alternatives $ As-Spent

Class 5 Estimate in $ As-Spent Large Angle HDD TP-ReRoute Alternative | IP-ReRoute Alternative

($000's) ($000's) ($000's)

1 Pipe

2 Project Management, Engineering, Consultation, Inspection 1,028 711 789

3 Project Development Costs 571 571 571

4 Pipe & Coating Materials 247 985 1,569

5 River Crossing HDD Installation & Pipeline Construction 4,155 4,373 6,041

6 Permits 112 139 139

7 CPCN Development Costs ! 206 206 206

8 Sub-Total - Pipe 6,319 6,985 9,314

9

10 Land/Land Rights

11 Land/Land Rights 106 2,391 508

12

13 Abandonment & Removal

14 Abandonment & Removal Costs 1,311 1,332 1,332

15

16 Total Direct Capital Costs 2 7,736 10,708 11,154

17

18 AFUDC 234 345 354

19

20 Total Project Costs 7,970 11,053 11,507

Notes

1 The CPCN Development Costs (line 7) include Legal, BCUC and Monte Carlo costs.
2 The Total Direct Capital Costs (line 16) include Project Development costs of $571K (line 3) and CPCN Development costs of $206K (line 7).

TGI evaluated the incremental cost of service, cash flow and rate impacts associated with the
three technically viable alternatives over 25 and 60 year periods. The 60 year time horizon was
chosen to be consistent with the assumed useful life of the assets. The incremental cost of
service estimates are based on TGI's currently approved capital structure, cost of capital and

tax treatment.

The results of the financial analysis for each of the viable alternatives are summarised in Table
4-3 below and show that the HDD alternative is the lowest cost alternative on all the financial
measures listed. The results also show that the TP and IP re-route alternatives result in a
higher rate impact than the recommended HDD alternative.
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Table 4-3: Incremental Cost of Service and Rate Impact Summary

HDD TP Re-route | IP Re-route
Total Direct Capital Costs (SM) - As Spent 7.7 10.7 11.2
AFUDC (S$M) 0.3 0.3 0.4
2012 Rate Impact ($/GJ) 0.0093 0.0112 0.0120
Levelized Rate Impact 25 years ($/GJ) 0.0046 0.0062 0.0071
Levelized Rate Impact 60 years ($/GJ) 0.0042 0.0059 0.0066
Levelized Incremental Revenue Requirement (SM) 0.7 0.9 1.1
Incremental Revenue Requirement NPV 25 years (SM) 8.7 11.9 12.5
Incremental Revenue Requirement NPV 60 years (SM) 9.7 13.4 16.2
Net Cash Flow NPV 25 years (SM) 5.9 8.3 8.4
Net Cash Flow NPV 60 years (SM) 5.9 8.2 9.9
2012 Incremental Rate Base ($M) 8.0 11.1 11.6

Complete financial schedules showing the annual incremental revenue requirement, rate base
and cash flow for each viable alternative are included in Appendix H.

4.2.3 NON-FINANCIAL CONSIDERATIONS
TGI considered non-financial factors in selecting the preferred option. The non-financial factors
also favoured the Large Angle HDD option.

In this section TGI describes
e Additional assessments undertaken to complete the non-financial analysis;
e The qualitative advantages and disadvantages of each option; and

e The weighting methodology employed to assist in the non-financial analysis.

42.3.1 Additional Assessments

Environmental and archaeological considerations were important components of the non-
financial analysis. TGl retained Westland Resource Group (“Westland”)® to evaluate the
environmental aspects of the HDD and TP and IP Re-route alternatives. The results of this
study are summarized in their report Shoreacres Aerial Replacement Project — Route Selection
— Environmental Screening Report, a copy of which is attached as Appendix I. This phase of

®> Westland Resource Group Inc. — a multidisciplinary consulting company whose services include
environmental, land use and social-economic impact assessments.
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the work also included a preliminary archaeological assessment conducted by Eagle Vision
Geomatics and Archaeology (“Eagle Vision”)®. A copy of their report is attached as Appendix J.

4.2.3.2 Advantages and Disadvantages

The non-financial advantages and disadvantages of each option are summarized below.
HDD
Advantages

e This option has relatively low environmental impact with no in-stream works required.

e New ROW through Crown land would be required, but as the ROW would be minimally
disturbed by construction and operation, the approvals are expected to be relatively
straight forward.

o There will be relatively low landowner impact as construction on the west side will be on
TGI owned land and construction on the east site is in a remote location.

e This option has very little exposure to natural hazards.

o The option is operationally simple with low operation and maintenance costs.

e This option exceeds the twenty year forecast capacity requirements.
Disadvantages

o The access and workspace for pipe fabrication on the east side of the river will require
some road construction and clearing.

e There is a construction risk of failure with any HDD. However, the CCI report concludes
that the risk parameters are acceptable when compared with current industry practice,
and can be addressed with standard mitigation techniques.

® Eagle Vision Geomatics & Archaeology Ltd. — a company primarily owned and operated by members of
the Ktunaxa Nation providing a variety of archaeological and GIS mapping services to clients in the
Columbia and Kootenay regions of British Columbia.
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TP Re-Route
Advantages

e The proposed route impacts relatively few property owners, most of whom are industrial,
resulting in low land use impact. The risk of ROW acquisition difficulties is also low
since much of the proposed route is in a utility corridor.

e The pipeline would be installed with standard trench and cover and transportation
corridor crossing methods.

e This option exceeds the twenty year forecast capacity requirements.
Disadvantages

e The re-route is relatively long with a considerable expense for land owner consultation
and statutory ROW acquisition.

e The option requires a number of highway, road, and railway crossings.

e It may not be possible to acquire statutory ROW for the entire length between the two
bridges where there is little or no land available between the road allowance and the
Kootenay River on one side and the Kootenay Canal on the other, requiring construction
within a road ROW or other non standard route alternatives.

e In order to carry the proposed TP pipeline, the bridges would require seismic retrofits,
which must be approved and coordinated by the owner.

o The proposed pipeline corridor must cross or come close to a number of sites that have
been identified in the Environmental Screening Report as contaminated.

e Some of the route will require blasting, the extent of which is only estimated at this time.

e Some portion of the route will likely have to be constructed in close proximity to the
Kootenay River, thus adding additional permit requirements and involving construction
windows.

e The route may have to cross some Crown land which would impact the OGC approval
schedule.

e The route is in proximity to a number of domestic water wells which will require
monitoring before, during and after the Project.
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e The pipeline will have to cross some BC Hydro property and will have to penetrate the
concrete liner of the Kootenay Canal.

IP Re-Route
Advantages

o The IP Re-route option requires less statutory ROW acquisition than the TP option. Use
of road allowance along Blewett Road is acceptable within TGl standards for IP
pipelines.

e This option meets the twenty year forecast capacity requirements, although it would
likely require reinforcement shortly after this period.

Disadvantages

The disadvantages for the IP Option are essentially the same as the TP Option with the
following additional disadvantages:

o The TP / IP station would very likely be located on fee owned land which would require
some property to be purchased.

e The TP /IP station adds complexity to the Project, as well as post-Project operations.

o The IP option requires the use of a larger pipe size to offset the reduced capacity of the
lower operating pressure.

o All of the stations and farm taps between Shoreacres and Nelson would have to be
upgraded for IP inlet pressures.

e Lowering the system operating pressure to IP would have a significant negative impact
on future expansion in the service area.

4.2.3.3 Weighted Scoring

TGI evaluated and compared the non-financial attributes of the three options summarized in the
preceding section.  All of the criteria were given a weighted score in order to quantify the
relative merits of each option. The non-financial criteria used in the evaluation were: natural
hazard vulnerability, safety, environmental, land issues, First Nations, operational impacts,
system capacity and aesthetics. Definitions for these criteria are attached as Appendix K. The
screening analysis demonstrates that the HDD option has the best score for almost all of the
screening factors considered.
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The results of the screening analysis are summarized in Table 4-4.

Table 4-4: Screening Matrix (Non-Financial Factors)

Criterion Weight HDD TP Re-Route IP Re-Route
Weighted Weighted Weighted

Score Score Score Score Score Score
Natural Hazard Vulnerability 20 5 100 4 80 4 80
Safety 5 5 25 4 20 4 20
Environmental 10 5 50 2 20 2 20
Land issues 10 5 50 3 30 3 30
First Nations 15 4 60 5 75 5 75
Operational Impacts 5 5 25 4 20 3 15
System Capacity 5 25 5 25 2 10
Aesthetics 5 5 25 4 20 2 10
TOTALS 100 360 290 260

The rationale for the scores for each of the criteria is also included in Appendix K.

The non-financial screening matrix shows the HDD Alternative as having the highest overall
score.

4.3 Conclusion — Preferred Option

TGI believes that it is in the public interest to upgrade the Kootenay River crossing using the
HDD method. The HDD option will address both the slope instability and the continuing
deterioration condition issues, has the lowest capital cost estimate, has the lowest customer
rate impact, and has the best score for non-financial screening criteria. TGI believes that the
evidence supporting the selection of the HDD alternative is sufficiently robust, that the AACE
Class 5 cost estimates used in the analysis are adequate to support this conclusion and that
preparation of Class 4 estimates for the alternatives is not necessary.
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5 PROJECT DESCRIPTION

The Project involves replacing the existing NPS 8 aerial crossing of the Kootenay River near the
community of Shoreacres with an NPS 6 crossing using the HDD method. The Project is
comprised of the following major components:

a) Installation and construction of a new NPS 6 crossing using the HDD construction
method.

b) Decommissioning of the existing NPS 8 aerial crossing and removal of the crossing pipe
and structure.

c) Abandonment of approximately 650 m of NPS 6 transmission pressure pipe between the
east terminus of the existing crossing and the new HDD tie-in point.

Each of these components is discussed below.

5.1 Project Components

511 INSTALLATION OF HDD CROSSING

The Project will use the HDD construction method to replace the existing Kootenay River aerial
crossing.

The Kootenay River directional drill length will be approximately 880 m. The drill will start close
to the west tower of the existing crossing structure and will be on property owned by TGIl. The
crossing will be angled to the north east which will allow the new line to avoid the area of
unstable slope on the east bank. The drill path will cross both the Slocan and Kootenay rivers
and will exit on a flat plateau on or close to the existing ROW on the east side of the Kootenay
River approximately 650 m north of the east terminus of the existing crossing. The pipe will be
prefabricated into one string along the existing TGl ROW north of the exit point.

The technical requirements and other design and construction components and requirements of
installing a HDD crossing are described in section 5.2.

5.1.2 ABANDONMENT OF TP PIPE

Approximately 650 m of existing NPS 6 pipe between the new exit point tie in and the east
terminus of the existing aerial crossing will be abandoned in place. The ROW between the new
tie-in point and the small piece of property owned by TGI at the eastern terminus of the crossing
will be returned to the Crown.
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5.1.3 DECOMMISSIONING

After the new crossing is operational, all of the above ground components of the aerial crossing
will be removed. At the east terminus of the existing crossing some site restoration including
removal of the fencing and re-vegetation will be completed.

5.2 Design and Construction of the HDD Crossing

This section describes the design and construction of the HDD crossing. An aerial photograph
of the proposed crossing site is attached as Appendix L. The photograph shows the existing
line and crossing, the proposed HDD path and the temporary work space required at both ends
of the drill path. The cross hatched portion of the ROW to the right of the temporary work space
on the east side of the river will be used for stringing the pipe for the crossing.

521 HDD METHOD OF CONSTRUCTION

HDD is a common industry accepted method for replacing river crossings and for installations
where other methods would be impossible or disruptive, for example, crossings of existing
highways and railroads. TGl 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 a variety of guidance
technologies, 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 actual crossing. The drilling machine is then used to pull the pipe
through the previously enlarged hole. There is sufficient lay-up area to let the contractor to
fabricate the entire length of pipe reducing complexity and risk during the pull back stage.

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

5.2.2 USE OF TGI RIGHT OF WAY

The drill entry point will be located close to the west tower of the existing aerial structure on land
owned by TGI.

The exit point will be on or close to the existing ROW on the east side of the Kootenay River.
However, temporary working space will be required at certain locations during HDD pipe string
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pull back and other installation staging. These working spaces will be included while securing
ROW from Crown Land.

5.2.3 ACQUISITION OF CROWN LAND

A narrow strip of Crown Land will be needed for ROW for the new HDD alignment. The Project
will thus require acquisition of approximately 475 m of new ROW across the river and on the
east shore until the drill path rejoins the existing ROW.

During the OGC Pipeline Application for this Project, filing a License of Occupation will be
required to secure the approximately 475 m of 18.0 m wide new ROW. After construction is
completed a survey of the new alignment will be conducted and the License of Occupation will
be converted into a new ROW. However, the pipeline from this location to the tie-in point of the
new HDD crossing will be abandoned in place and the ROW for this section of pipeline will be
returned to the Crown.

5.2.4 OTHER UTILITIES

There are no electrical, water or other third party utility services that will be impacted by the
Project.

5.2.5 ROADS, HIGHWAYS AND RAILWAYS
The Project does not cross any roads or railways.

Consultation with local residents has been started as required to ensure the increased traffic
and activity associated with construction at the drill entry site does not adversely impact the
residents of Shoreacres. No significant impacts or disruptions to local businesses are expected.

Some road construction will be required to access the east side of the river but the area is
relatively remote and this activity is not expected to adversely impact the public.

5.2.6 RESTORATION

The property owned by TGI and used as the drill entry site is visible to the local residents and
will be restored. Restoration of the ROW and temporary work space on the east side of the
river will meet both Provincial and TGI standards.

The fenced compound on the east side of the river that is currently the terminus of the aerial
crossing and the ROW between that compound and the new tie-in point will be restored to
remove any disturbance created by construction activities associated with this Project. This will
include site cleanup and re-vegetation.
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5.2.7 NoOISE CONTROL

The drill entry site is located close to residents in the community of Shoreacres. Noise
monitoring and control will comply with local guidelines. Noise concerns at the drill exit location
are not anticipated as there are no immediate neighbours.

5.2.8 SAFETY AND SECURITY

HDD site safety and security will be maintained during the course of the installation including all
working and non-working hours inclusive of weekends. 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.

5.3 Project Schedule

Detailed engineering and construction will be undertaken starting in 2010 to be completed by
the end of 2011 with specific activities and durations as follows:

Table 5-1: Schedule Milestones

Duration
March — December 2009

Activity

Concept Development

OGC Pipeline Application

October 2009 — September 2010

CPCN Preparation

November 2009 — July 2010

CPCN Filing

July 2010

CPCN Review and Approval

July 2010 — November 2010

Detailed Engineering

November 2010 — March 2011

Tendering (Materials)

December 2010 — March 2011

Tendering (HDD)

March 2011- April 2011

Construction

April 2011 — July 2011

In Service

July 2011

Aerial Crossing Removal and Site Clean up

August 2011 — October 2011

A more detailed schedule is attached as Appendix M. The schedule contemplates construction
starting in the Spring when demand for contractors is lower and when site conditions are

favorable.
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5.4 Resource Requirements

541

A TGI project manager will manage the Project and implement the execution plan for each
phase of the Project. Figure 5 -1 outlines the functional organization chart for management of

PROJECT MANAGEMENT

this Project.

Figure 5-1: Project Functional Organization Chart

VP Energy Supply

and Gas VP Business
Transmission Planning
Cynthia Des Brisay Bob Samels

Executive Sponsor

General Manager,
Transmission
Joe Mazza

Ops Eng & PMO
Ferenc Pataki
Scott Barbour

Project Manager

Neil Bolger
Engineering ) . : Environmental Archeological
Lead Property Services Community Relations Affairs Legal Consultant
Operations Aboriginal Relations Regulatory Er&v(;r;;r;r;;zz;(al Procurement
Pipeline Geotechnical . HDD Engineering )
Engineering Engineering Drafting Consultant GIS Drafting

The Executive Sponsor for the execution of the Project is Bob Samels, Vice-President, Business
Planning. The Project Manager is Neil Bolger, P.Eng.

54.2

DESIGN AND QUALITY CONTROL

TGI engineering resources will be utilized for the design of the land-based portions of the
Project including the tie-ins.

However, the specialized services required for environmental
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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 worker safety, quality workmanship and environmental
compliance are maintained throughout the 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.

5.4.3 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 Kootenay River. The lowest cost qualified contractor will
be selected by TGI at the close of the procurement process.

544 MATERIALS

All owner-supplied materials will be purchased by TGI through the Company's standard
procurement process. Owner supplied materials will be purchase from the lowest-cost qualified
bidder.

5.5 Other Applications and Approvals

55.1 OGC APPLICATION

The design, construction and operation of the Kootenay River Crossing transmission pipeline
are subject to the British Columbia Pipeline Act and Regulations, which fall under the jurisdiction
of the BC Oil and Gas Commission. Applications to the OGC for projects done within an
existing ROW normally require a relatively simple “Notice of Intent” process. However, because
the Project involves the acquisition of new ROW on Crown Land, a more complex Pipeline
Application is required. TGI filed the Pipeline Application on February 19, 2010. A Pipeline
Application is a significant process with considerable technical scrutiny on the Project by the
Provincial regulator. Public and First Nations Consultation, Right of Way acquisition,
archaeological requirements, land status and land use planning, design reviews, timber clearing
permits, environmental permits / approvals for work in and around the Kootenay River are all
components of the Pipeline Application. Each component must receive OGC approval prior to
the start of construction and constitute a significant regulatory process in addition to the CPCN.
A Pipeline Application can take up to one year for approval. The current schedule assumes
nine months but an extension to twelve months will not affect the in-service date of the Project.
TGI will update the Commission when the OGC approves the Pipeline Application.
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55.2 OTHER PENDING OR ANTICIPATED APPLICATIONS / CONDITIONS

A qualified environmental professional working in conjunction with the TGI Environmental Affairs
Department will assist the Project in identifying permits / approvals required and in the
development of an Environmental Protection Plan including an Environmental Emergency
Preparedness and Response Plan.

The Project is not likely to require an Environmental Assessment Certificate pursuant to the
British Columbia Environmental Assessment Act. However, the Project may require a screening
under the Canadian Environmental Assessment Act as a result of the Federal
notifications/approvals that will be required to comply with provisions of the Fisheries Act and
Navigable Waters Protection Act.

Agency notifications, permits and approvals are anticipated under, but not limited to, the
Fisheries Act, Species at Risk Act, Navigable Waters Protection Act, Water Act, Forest and
Range Practices Act, Heritage Conservation Act and Land Act. The terms and conditions
outlined in these permits and approvals are legally binding and will be adhered to during the
HDD crossing, aerial crossing removal, and pipeline abandonment portions of the Project.

As indicated above, the Project will involve the acquisition of new ROW but will not require any
re-zoning.

The decommissioning and demolition of the existing aerial crossing may trigger regulatory
agency interest. The approvals for the decommission plan will be coordinated by the OGC with
additional Department of Fisheries and Oceans and Transport Canada notices required.
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5.6 Risk Analysis and Management

The primary risks to cost and schedule, and the control / mitigation strategies for this Project are
identified in Table 5-2.

Table 5-2: Project Execution - Risk Control Summary

KEY RISK CONTROL / MITIGATION

1 | 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.

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

3 | Construction Schedule Ensure construction starts in the Spring when demand for
contractors is lower and when site conditions are favorable.

4 | Engineering / Construction Use Terasen internal resources combined with consultants who

Resources have proven skills, HDD experience and availability.

5 | Material Cost / Delivery Tender to known vendors and award to the lowest qualified

bidder.

6 | 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 TGl (e.g. mud fractures or
extreme weather).

7 | HDD / Pipeline Contractor Tender to known contractors with proven experience; award to
Capability the lowest qualified bidder.
8 | Geotechnical Conditions Complete geotechnical and geophysical studies for internal

feasibility analysis and for bidders information to reduce risk
premiums in HDD contract.

For 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 to an acceptable level. In designing procurement
documents, it is possible to trade off risk for cost. While certainty is desirable, bidders can be
expected to charge a significant risk premium to assume all risks that can have a material effect
on the project 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 risk. TGI expects that the
additional geotechnical work will reduce, but not eliminate, the risk premium charged by bidders
for assuming some geotechnical risk.
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The project cost estimate outlined in section 6 already accounts for a risk premium charged by
the HDD contractor commensurate with risk being shared efficiently between TGI and the HDD
contractor. The preliminary Monte Carlo analysis described in section 4 suggests that the HDD
option remains the most cost effective of the three viable alternatives even based on an adverse
scenario where the first drill attempt is unsuccessful and TGI must bear part of the additional
costs.

The risks listed in Table 5-2: Project Execution - Risk Control Summary are ranked in Table 5-3
below using a 5x5 risk matrix of likelihood and cost impact. TGI will continue to focus
engineering and management resources on the issues that rank higher on the likelihood and
cost impact scales in order to ensure that mitigation efforts continue to provide a reasonable
balance between cost and risk. TGI proposes to complete a Monte Carlo analysis (see section
6) for the Project after the bids are received for the HDD contract. This will further refine the risk
rankings and provide recommendations for any additional mitigation efforts.

The numbers in Table 5-3 below correspond to the key risks described in Table 5-1.

Table 5-3: Risk Ranking of Key Risks

High
IS 3
o
% Moderate 5 6 7,8
= 4

Low 1,2

Low Moderate High
Cost Impact
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6 PROJECT COST ESTIMATE

The Company prepared the Project cost estimate based on AACE Class 3 specifications, in
accordance with the new CPCN Guidelines.

This section discusses:
o the Project cost estimate;
e the financial impacts; and

o the deferral account treatment of the costs prior to entering rates in 2012.

6.1 Cost Estimate Details

The total capital cost of the Project presented in Table 6-1 below is estimated to be
approximately $8.3 million in as spent 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 +20 to -15%.
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Table 6-1: Capital Cost

Large Angle HDD Option Estimate in $2009 |Estimate in $As-Spent
($000's) ($000's)

1 Pipe
2 Project Management, Engineering, Consultation, Inspection 1,697 1,745
3 Temporary Workspace 463 483
4 Pipe & Coating Materials 266 276
5 River Crossing HDD Installation & Pipeline Construction 3,345 3,512
6 Tie in Construction 220 231
7 Permits 2 169 173
8 CPCN Development Costs * 200 206
9 Sub-Total - Pipe 6,361 6,627
10
11 Land/Land Rights
12 Land/Land Rights 190 200
13
14 Abandonment & Removal
15 Aerial Crossing Removals 1,000 1,050
16 Retirement Costs 165 173
17 Sub-Total - Abandonment & Removal 1,165 1,223
18
19 Total Direct Capital Costs 7,717 8,049
20
21 AFUDC 254
22
23 Total Project Costs 7,717 8,304

Notes

iy

The CPCN Development Costs (line 8) include Legal, BCUC and Monte Carlo costs.

2 Line 2 (Project Management, Engineering, Consultation, Inspection) and Line 7 (Permits) of the table include the Project Development
costs of $528K and $43K respectively. This amounts to a total of $571K of the Project Development Costs.

All capital cost estimates are based on an in-service date of July 2011 and aerial crossing removal completed by October 2011.

e Cost estimates include all engineering, procurement and construction costs, regulatory and environmental costs, and workspace acquisition costs.

specialist HDD contractors.
¢ Meets AACE Class 3 level.

Steel pipe costs based on March 2008 vendor pricing and subject to market variation.
Includes First Nations OGC Pipeline Application review funding and archaeological monitoring and review. Does not include accommodations.
Escalation rates are based on forecasted general construction price index. Excludes significant changes to rates for market conditions for

Cost estimates are based on the most recent studies and information currently available to TGI
and an in-service date of July 2011. The estimate excludes GST and HST. Current market
prices have been used for the expected contracted construction. In particular, the HDD contract
estimate, which is part of the river crossing HDD installation and pipeline construction, is based
on construction during the spring, summer or fall seasons. Construction during the winter is
typically 5 to 15% more costly. Allowances have also been included for temporary workspace
and procedures to minimize impacts to local residents.
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The cost estimate for the Project has risen from $8.0 million at the Class 5 screening stage to
$8.3 million at the Class 3 stage (in as-spent dollars). This is due mainly to an increase in the
estimated cost to obtain a guaranteed completion contract for the HDD.

In order to provide more certainty regarding the cost of the Project, the Company, in light of the
direction issued in Commission Order C-2-09’, proposes to file with the Commission a
compliance report (the “Report”) at the time of award providing a description of the HDD
contract; identification of the components of the Project where cost risk is with the utility and its
ratepayers; a description and analysis of risk allocation; a detailed control budget for the Project;
an updated Project schedule; and cost estimates that have a 50 percent probability (“P50”) and
a 90 percent probability (“P90”) that the actual cost of the Project will not exceed the cost
estimates. The control budget will be consistent with the P50 cost estimate and will conform at a
minimum to the level of detail as set out in Table 6-1.

6.2 Financial Analysis

The Company also prepared the financial analysis for the final project cost estimate which
includes the incremental cost of service, cash flow and rate impacts over 25 and 60 year
periods. Table 6-2 presents a summary of the financial schedules included in Appendix H. The
results show that for the HDD alternative, the impact to customer rates in 2012 is approximately
$0.009 per GJ and levelized over the analysis period is approximately $0.004 per GJ before
taking into account the benefits of avoided costs associated with future upgrades. For a typical
TGI Interior residential customer consuming an average 80 GJ per year in 2012 this would
eguate to approximately 75 cents per annum.

" Commission Order No. C-2-09 granted TGI's Application for a Certificate of Public Convenience ad
Necessity to construct and operate the Fraser River Crossing Upgrade Project.
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Table 6-2: Financial Analysis of HDD Final Project Cost

HDD
Class 3
Total Direct Capital Costs (SM) - As Spent 8.0
AFUDC (SM) 0.3
2012 Rate Impact ($/GJ) 0.0093
Levelized Rate Impact 25 years ($/Gl) 0.0048
Levelized Rate Impact 60 years ($/Gl) 0.0044
Levelized Incremental Revenue Requirement (SM) 0.7
Incremental Revenue Requirement NPV 25 years (SM) 9.0
Incremental Revenue Requirement NPV 60 years (SM) 10.0
Net Cash Flow NPV 25 years (SM) 6.2
Net Cash Flow NPV 60 years (SM) 6.1
2012 Incremental Rate Base (SM) 8.3

6.3 Deferral Account Treatment

The pipe and land capital costs of $6.8 million, as set out in lines 9 and 11 of Table 6-1 of this
Application, will be held in work-in-progress until the asset is available for use, estimated at July
1, 2011, at which time depreciation will commence and the assets will be included in plant in
service as transmission mains and land rights.

As agreed to in TGI's 2010 to 2011 Revenue Requirements Application Negotiated Settlement
Agreement (the “NSA”") the Company seeks deferral treatment for 2011 of the 2011 cost of
service associated with this Project.® Since customer rates have been set for 2011 through the
NSA, TGI proposes to capture the cost of service related to the Project that will be incurred prior
to January 1, 2012 in three non-rate base deferral accounts and to enter these costs into rate
base on January 1, 2012. The costs consist of the following:

e Retirement costs of $1.223 million plus AFUDC, consisting of the costs of abandoning or
removing the existing plant (the aerial crossing and 650 meters of NPS 6 TP pipe) as set
out in Table 6.1 of this Application, Line 16;

e The loss on removal of the remaining net book value of that plant, estimated at $0.166
million at July 2011; and

® NSA Appendix A to Commission Order G-141-09, page 11 of 110, clause 18
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e The 2011 cost of service related to the plant in service, consisting of depreciation
expense, income taxes and earned return, estimated at $0.284 million.

At January 1, 2012, TGI proposes that the retirement costs and loss on disposal be transferred
to the existing Removal Cost Deferral Account and Gains and Losses on Asset Disposition
deferral account. Since neither of these two accounts currently has an approved recovery
period, for purposes of determining the cost of service and cash flow impacts in this CPCN
Application TGl has assumed a three year amortization period, although the actual amortization
period will be determined as part of the Company’s next Revenue Requirements application.
The 2011 cost of service will be transferred to a rate base deferral account at the same time,
also with a three year amortization period.
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7 OVERVIEW OF ENVIRONMENTAL AND SOCIO-ECONOMIC ASSESSMENTS

The Company considered environmental and socio economic factors as non-financial factors in
its assessment, and further detail is provided in this section.

7.1 Environmental Assessment

The HDD alignment runs beneath the Kootenay River and its riparian margins that are
considered to be an extremely environmentally sensitive site with significant fisheries values
and species at risk present. A preliminary environmental screening for the Project was
undertaken by Westland Resource Group. Based on the preliminary environmental assessment
work completed by Westland, the Project is the preferred option among three feasible Kootenay
River crossing alternatives from an environmental and land use perspective because anticipated
environmental risk is relatively low.

7.1.1 ENVIRONMENTAL SCREENING REPORT

The results of the work undertaken by Westland are outlined the Shoreacres Aerial
Replacement Project Route Selection Environmental Screening Report, a copy of which is
attached as Appendix I. The report summarizes that:

e |and disturbances will be minimal;

o there are fewer potential environmental risks such as contaminated sites and domestic
water resources;

e minimal new ROW will be required; and

e the proposed HDD crossing will not impact the fish or fish habitat resources of the
Kootenay and Slocan Rivers.

Based on preliminary environmental assessment work completed by Westland, the Project will
not require an Environmental Assessment Certificate pursuant to the British Columbia
Environmental Assessment Act. However, the Project may require a screening under the
Canadian Environmental Assessment Act as a result of the Federal notifications/approvals that
will be required to comply with provisions of the Fisheries Act and Navigable Waters Protection
Act.

7.1.2 FURTHER PLANS

Environmental sensitivities and proposed Project impacts will be documented during a baseline
environmental site condition assessment which will include forestry/vegetation, species at risk,
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fish and wildlife and their habitat, surface water/ground water resources, soils and archaeology.
Limited soil sampling will be undertaken to determine the potential for contamination.

Appropriate mitigation strategies will be developed to offset any potential negative
environmental impacts associated with the proposed HDD, aerial crossing removal and pipeline
abandonment portions of the Project. All required environmental permits and approvals for the
Project will be identified and applied for during the detailed engineering phase of the Project.

Detailed environmental specifications will be prepared as part of the Project tendering process
to ensure the contractor(s) are aware of the Project’s environmental requirements in addition to
TGI's internal environmental standards. A Project specific Environmental Management Plan will
be developed by the successful contractor(s) prior to Project commencement. Environmental
monitoring will be undertaken during all sensitive aspects of the work program that have the
potential to impact on the Kootenay River and its riparian margins. An environmental monitor
will be assigned to the project and will have “stop work authority” in the event that works
underway have the potential to impact the natural environment.

7.2 Contaminated Soils

The potential for soil contamination exists within the Project area. As such, a soils management
plan for contaminated soils will be required as part of the Project.

Before site disturbance associated with the HDD and removal of the aerial crossing and
abandoning the section of pipe on the east side of the crossing, limited soil sampling will be
completed to identify any potential areas of contamination within the Project area. Dependent on
the results of the environmental site assessment, some baseline soil sampling may be required
to identify areas of contamination before the HDD and removal of the aerial crossing. Any
contaminated soil that is disturbed during the course of the HDD, removal of the aerial crossing,
and abandonment of the pipeline will be disposed of in accordance with applicable
environmental regulations.

7.3 Archaeology

A preliminary archaeological field reconnaissance was undertaken by Eagle Vision Geomatics &
Archaeology Ltd. and is documented in their Preliminary Field Reconnaissance & Final Report,
a copy of which is attached as Appendix J. No significant archaeological issues were identified.

The field work completed to date is a screening level report for purposes of evaluating the three
technically viable alternatives. A final field reconnaissance will be required for the HDD
alternative.
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7.4 Socio-Economic Assessment

The economic impact of the Project to the regional area is expected to be limited. The HDD
contract and the major materials will likely be procured from out-of-province sources since these
resources are not readily available in B.C. Most of the professional services, such as
geotechnical engineering and environmental assessments have been or will be provided by
personnel based in B.C., with some provided by personnel in the local area. Expenditures by
the small work force will be of some benefit to local businesses.

A positive impact for the Project will be the decreased visual impact of the crossing when the
aerial structure is removed. This will be a benefit to both the nearby residents and the Ward'’s
Ferry Trail.

As discussed in section 3.5, the Project’'s greatest impact, however, is the prevention of major
social and economic consequences to the region that could result from a failure of the crossing.

The local Regional District and the City of Nelson have been informed of the Project and will be
consulted on issues of concern including traffic patterns, removal and replacement of
vegetation, and the supply and disposal of water for drilling and testing purposes.
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8 PUBLIC CONSULTATION

Public consultation and communication are key elements of the TGI project development
program. TGI identifies key community stakeholders in order to communicate project intent,
respond to public interest and potential issues, and gather information that will assist in
developing plans to construct, schedule and operate new facilities.

In this section, TGI provides:
e An overview of TGI's consultation plan;
o Alist of Project stakeholders;
e A summary of consultation activities and input received; and
e Future consultation plans.

TGl has also engaged First Nations in the area, which is discussed in Section 9.

8.1 Overview of Consultation Plan

The Project Communication Plan is included in Appendix N. The plans, responsibilities and
coordination are shared between TGIl's Community Relations and Property Services team
members.

The focus of the plan is to ensure that area residents and stakeholders are informed about the
Project and have access to information in a timely and efficient manner. The plan identifies all
of the stakeholders in the area, including residents, businesses, industry and municipal,
regional, provincial and federal authorities.

Contact has been made with all stakeholders and will continue on an on-going basis, to
maintain dialogue as required. The plan assists in identifying concerns and possible disputes. If
there are concerns or issues raised, TGI will actively work with the affected stakeholder to clarify
and resolve the issues.

As an example, one of the residents contacted through this process has expressed concern
about TGI using their land to access the work site. TGl has obtained an entrance agreement
with another land owner adjacent to the property, so access through the first landowner's
property will not be required.
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Other potential issues that could arise include traffic in the area and construction noise. TGI will
maintain contact with landowners throughout the construction process and work to mitigate
these and any other issues that may arise.

8.2 Project Stakeholders Other than First Nations

TGI has identified the following stakeholders, in addition to the First Nations identified in
Chapter 9.

¢ Residents within one kilometre of the drill entry site

o Resident whose driveway is being used for site access
e Teck Cominco

e BC Hydro

e Recreational users of the Ward's Ferry Trall

e Central Kootenay Regional District

o City of Castlegar

e City of Nelson

e Agricultural Land Reserve and Ministry of Environment
e Oil and Gas Commission

o Department of Fisheries and Oceans and Transport Canada

8.3 Summary of Consultative Activities Occurred and Input Received
Appendix O includes a summary of stakeholder contacts made prior to CPCN filing.

TGl believes the public consultation and communication to the time of filing has been
appropriate and has satisfied the expectations of landowners and other stakeholders. In
particular, phone conversations with landowners have been both useful and instructive.
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8.4 Future Consultation / Communication Plan

To date, TGI has provided information to the stakeholders of the Project and has responded to
issues through different means, including letters, telephone calls, emails, and a newspaper
advertisement. If the Project is approved, TGI will continue its communication and consultation
program until the Project is completed. TGI's approach with stakeholders will remain inclusive
and proactive.

A summary of TGI's communication plan is presented in Table 8-1 below.

Table 8-1: Project Communication Plan Summary

Phase Activity Completed By
1 Initial pre-construction communication with stakeholders January 2010
2 Advertisement in local newspaper February 2010
3 Continued stakeholder communication to provide Project updates | One month prior to
and confirm awareness of details such as potential traffic and noise | Project start date
disruptions.
4 Advertisement in local newspaper. Project updates on TGI website. Two weeks prior to
Project start date
5 Project completion and thank you newspaper advertisement and | Following completion
communication. of the Project.

Additional detail can be found in the Project Communication Plan in Appendix N. It is TGI's
intent that good relationships with property owners 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 mitigate potential impacts, ensure the Project remains on
schedule, and eliminate increased and unexpected project costs.

8.5 Conclusion — Sufficiency of the Consultation Process

Given the relatively small size of the Project and the fact that the impacts will be very localized,
TGI believes the consultation activities already carried out and the process as outlined in this
Application is sufficient to meet the needs of all stakeholders.
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9 FIRST NATIONS CONSULTATION

TG, as the project proponent, has engaged potentially affected First Nations in respect of this
Project from an early stage in the Project development process. The process before the Oil
and Gas Commission that is occurring contemporaneously with this process ensures that the
Crown is engaged in consultation, and if necessary accommodation, of First Nations. The
Project “footprint” is limited, and does not affect the Kootenay and Slocan Rivers. TGI believes
that the level of consultation that has occurred is appropriate in light of the modest potential of
the Project to impact any asserted rights and title. Consultation will be ongoing as part of the
OGC process, and TGI will remain engaged with identified First Nations.

This section describes:
e The First Nations with asserted claims in the area of the Project;
e OGC Process; and

e Engagement with each of the First Nations with asserted claims in the area of the
Project.

9.1 Identification of First Nations with Asserted Claims in Area

TGI has identified three First Nations with asserted claims in the area of the Project:

a) Ktunaxa Nation Council (“KNC”),
b) Okanagan Nation Alliance (“ONA"), and
¢) Sinixt Nation Society (“Sinixt Nation”).

To identify the First Nations that may be potentially affected by the proposed HDD crossing, TGl
has researched the BC Treaty Commission’s Web site for Statement of Intent Maps and the
maps of asserted traditional territory published by the KNC, the ONA, and the Sinixt Nations on
their respective websites.

Background information for these three groups is included in Appendix P.

9.2 OGC Process and Consultation with, and if Necessary Accommodation of, First
Nations

The OGC is a Crown agent. First Nations consultation is required as part of the OGC'’s Pipeline
Application process. The OGC is responsible for conducting consultation with First Nations.
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The OGC follows a prescribed process that includes identification of the affected groups,
providing Project documentation, and allowing for a period of response. Any issues or concerns
raised by First Nations during that consultation process are dealt with following the OGC's
public engagement guidelines. The OGC makes a determination as to when the consultation is
complete. A copy of the OGC'’s First Nations Consultation process as documented in their
Pipelines and Facilities Manual is attached as Appendix Q.

Under the OGC process, TGl is responsible for conducting preliminary discussions with the
identified First Nations groups, and for providing documentation, such as Project descriptions,
maps and drawings, to facilitate the OGC process. TGI's consultation activities described below
and in Appendix P will be provided to the OGC for its consideration. TGI also plans to meet with
the OGC to ensure an effective continuation of consultation activities as they transition from TGl
to the OGC.

9.3 TGI's Interaction with First Nations

TGI has engaged the three First Nations with asserted rights in the area of the Project to explain
the Project and to identify the nature of their interests, and to address strategies for the
involvement of First Nations in the Project.

The interaction with each of the ONA, KNC and Sinixt Nation is described below. A summary of
TGI's communications is included in Appendix P.

9.3.1 KTUNAXA NATION COUNCIL

In connection with another HDD project to replace an aerial crossing of the Columbia River near
Castlegar (the “Brilliant Project”), TGI has been working with the Ktunaxa Nation Council since
early 2008. On March 17, 2008, by a telephone call and also an email message, TGI requested
a meeting with the Ktunaxa Nation Council to review protocols regarding TGI's planned projects
in their territory, including the proposed HDD crossing of the Kootenay River.

The Nupgqu Development Corporation, previously operated as the Ktunaxa Kinbasket
Development Corporation for 12 years, is a nhatural resource management consulting and
contracting company owned by the communities of the Ktunaxa Nation Council. It was formed
as a business arm of the Ktunaxa Nation Council to capture wealth, economic, employment,
career development and other benefits from natural resource industrial activity within the
Ktunaxa Traditional Territory. TGI has worked with the Nupqu Development Corporation
previously on the Brilliant project and intends to continue the relationship.

From August 2009 to November 2009, TGl had both face-to-face meetings and email
communications with the business manager of Nupqu Development Corporation about potential
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business opportunities relating to the projects and about the Nupgu Development Corporation’s
interest in contracting for the Brilliant project and this Project.

In January 2010, the KNC was advised, via an email, of an application for the Project that would
be filed with the Commission, and of the expected construction commencement date. The
email also reported that Nupqu Development Corporation was registered in the Company’s
procurement process.

On January 25, 2010, at the Ktunaxa Nation Council’'s request, a preliminary environmental
screening report was provided to the KNC. On February 10, 2010, the KNC was advised that a
more detailed field reconnaissance on the Project was being conducted. A report would be
available later.

TGI sent a more detailed letter via registered mail to the Ktunaxa Nation Council regarding the
Project on February 19, 2010. The letter describes the nature of the Project, the need for the
Project, the proposed alignment, and additional land potentially needed. The letter also
provides information on the permit process and anticipated construction starting date. TGl
expressed its interest to continue relationships that have developed with the Ktunaxa Nation
Council during the Brilliant project.

The Ktunaxa Nation Council has expressed an interest in business and contracting
opportunities arising from the Project. Ktunaxa Nation’s Nupqu Development Corporation
(“Nupqu”) is already registered in the TGI procurement process. The Company intends to
continue the relationship it developed with Nupqu in the Brilliant project and intends to engage
Nupqu where possible in this Project.

The KNC has requested a copy of the Project’s field reconnaissance report. TGI will provide the
KNC with a copy once the report is available.

9.3.2 OKANAGAN NATION ALLIANCE

TGI informed the Okanagan Nation Alliance of the Project first through a phone call and email
message and then by a formal introductory letter via registered mail on February 19, 2010. The
letter describes the nature of the Project, the need for the Project, the proposed alignment, and
the additional land potentially required. The letter also provides information on the permit
process and anticipated construction starting date.

In March and April of 2010, TGI had both telephone discussions and face-to-face meetings with
the representative of the Okanagan Nation Alliance regarding the Project. For example, on
April 12, 2010, the Aboriginal Relations Manager of TGI met with Mr. Jay Johnson, who was the
Senior Technical Advisor of the ONA. At the meeting, TGl committed to re-sending information
that was provided on February 19, 2010, and to providing a status report on studies to be done.
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Mr. Johnson informed that the ONA has developed a new decision making process, and would
not recognize external archaeological studies in its territory unless the ONA is involved in the
field work. The ONA has advised that it had shared archaeologists in the past with the Ktunaxa
Nation. The ONA would provide an initial funding proposal in order to proceed with
consultation.

On April 19, 2010, TGI telephoned and emailed Mr. Johnson of the ONA, informing him about
the upcoming project meeting and following up on the proposed initial funding agreement. On
the same day, TGl provided the ONA via email a copy of the February 19, 2010 letter
(Okanagan Nation Alliance letter 2010-02-19) and a preliminary archaeological field assessment
(Shoreacres Archaeological Report July 2009).

On May 12, 2010, TGl and Mr. Johnson of the Okanagan Nation Alliance had a telephone
conversation about the ONA'’s proposed budget for engagement on the Project. Mr. Johnson
also stated that the proposed Project was not close to any ONA members’ reserve. Following
the telephone conversation, the ONA provided, via an email, a document outlining its position
with regard to the archaeological work conducted within the Okanagan Nation Territory. The
document states that the ONA would not recognize archaeological work conducted within its
territory without the participation of the Okanagan Nation and may need to conduct its own
preliminary field reconnaissance. The Okanagan Nation Alliance has a policy of not recognizing
archaeological work within its territory absent the Okanagan Nation’s participation in the work.

When the archaeological fieldwork is in progress within the Okanagan Nation territory, TGI will
ensure that the personnel from the Okanagan Nation Alliance are involved. In addition, TGI
has used an archaeological firm owned by Ktunaxa individuals and approved by the Ktunaxa
Nation Council for both the Brilliant project and this Project. The Okanagan Nation Alliance is
familiar with this archaeological firm, and has shared archaeologist in the past with the Ktunaxa
Nation.

9.3.3 SINIXT NATION SOCIETY

Following a telephone conversion, TGI sent a formal introductory letter via registered mail to the
Sinixt Nation Society on April 26, 2010, providing information about the proposed Kootenay
River Crossing Upgrade Project. The letter describes the nature of the Project, the rationale for
the Project, the proposed alignment, additional land potentially required, and other permits and
approvals required. The letter also provides TGI's contact information during the planning and
permitting stages of the Project. Subsequently, TGI followed up on the April 26, 2010 letter with
another telephone call, confirming contact information.

On June 1, 2010, the Sinixt Nation, through an email, asked several questions about the
Project. In particular, the Sinixt Nation asked about the proposed pipeline alignment, the
temporary work sites, and opportunities for workers from the Sinixt Nation to participate in the
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construction of the pipeline. The Sinixt Nation also asked about TGI's plans for an
archaeological overview assessment and expressed an interest to include its personnel in the
assessment.

On June 8, 2010, through an email, TGI responded to the Sinixt Nation’s inquiries. In particular,
TGI advised that based on a study comparing different potential HDD pipeline alignments, the
present alignment was chosen in order to provide the maximum protection against drilling fluid
fracture to the surface from the HDD drilling process. TGI also informed the Sinixt Nation that
the finalized study would be an appendix in the Certificate of Public Convenience and Necessity
application before the Commission, and would be available when the application is filed. In
addition, TGl welcomed potential workers from the Sinixt Nation to participate in the
construction work when such opportunities arise, and provided the personnel from the Sinixt
Nation with contact information. With regard to the Sinixt Nation’s interest in participating in the
archaeological overview assessment, TGl informed that Eagle Vision would be the
archaeological contractor and that it would advise Eagle Vision and the other identified First
Nations who have expressed an interest in participating in the archaeological overview
assessment fieldwork of the Sinixt’s interest.

TGI does not anticipate any problems with regard to the Sinixt Nation’s interest in participating
in the archaeological overview assessment fieldwork. If this becomes an issue, TGI will work
with Eagle Vision and the other First Nations participating in the process to seek a resolution.

9.4 Further Consultation Plan

It is TGI's regular practice that communications with the First Nations continues as a project
progresses. TGl answers any questions that may be raised by the First Nations on an on-going
basis, and all concerns and issues identified will be dealt with in a timely manner. TGI will
continue this practice in this Project. TGI plans to have on-going discussions with the three
identified First Nations, to inform them of key project dates, and to address any concerns or
guestions they may raise during the duration of the construction of the Project. TGI has
developed positive working relationships with the Ktunaxa Nation Council and the Okanagan
Nation Alliance through past projects, and intends to continue these relationships.

TGI will be working with the ONA and the Sinixt Nation regarding the archaeological work being
planned and their participation in the archaeological overview assessment fieldwork. In
addition, on-going archaeological monitoring will be required as identified in Section 7.3.

A copy of this Application, together with information on how the First Nations can participate in
the CPCN process for this Project, is being provided to the identified First Nations at the same
time as the Application is being filed.
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9.5 Conclusion on First Nations Consultation

The physical impacts of the Project are limited. The HDD crossing does not affect the Kootenay
and Slocan rivers. The entry point of the HDD alignment will be on private land. A narrow strip
of Crown land, about 475 m long and 18 m wide, for the new ROW will be acquired, but the
pipeline will be below ground and the surface will be restored. TGI believes that there is very
limited potential to affect aboriginal rights and title in the area of the Project. The level of
consultation undertaken by the OGC with the assistance of TGI at this stage of the Project has
been appropriate. It is TGI's intention and regular practice to continue liaising with First Nations
as the Project progresses, and TGl expects the relationships with the First Nations to continue
to be positive as the Project moves forward.

SECTION 9: First Nations Consultation Page 61



Terasen

TERASEN GAS INC.
KOOTENAY RIVER CROSSING (SHOREACRES) CPCN APPLICATION

10 CONCLUSION

The Project is the best solution to the concerns identified by TGI regarding the fitness for
service of the existing Shoreacres aerial crossing. Among the options considered, the Project is
the lowest cost option, and best achieves the non-financial factors considered. The Project is in
the public interest and necessity and should proceed at this time.
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OPM 08-02
23 October 2008

Overview

Audience

References

General

SPECIFICATION
OPERATIONS AND MAINTENANCE '6

Crossing Inspection
Terasen

Inspecting Bridge and Aerial Gas

Crossings

Replaces: OPM 08-02 dated 10 August 2004

This standard specifies the requirements and responsibilities for the
inspection of gas lines located on bridges and aerial crossing structures.

This document is intended for Distribution and Transmission
Operations personnel involved with operations.

e DES 08-01 Corrosion Control

e OPM 04-01 Inspecting and Maintaining BGSSs and System Valves
e Form 1572 Bridge/Underwater/Aerial Crossing Inspection Report
e Form 2300 Survey Leak and Hazardous Condition Report

e Transport Canada Manual Standard Obstruction Markings

e CSA Z662-07 including Sections 12.10.2.1, 10.6.4.3

e ASME B31.8 Gas Transmission and Distribution Piping Systems
(latest version)

Individuals who perform inspections shall be qualified by training
and/or experience to implement the applicable requirements and
recommendations of all bridge and aerial crossings according to this
standard.

Pipeline and Distribution Operations and Project Managers must report
all new or abandoned bridge/aerial crossings under their respective
responsibility to the Operations Process Support (OPS) Closing and
Admin at the Surrey Operations Centre. This information will be
obtained by the integrity department for updating the master crossing
list.

As required, aerial pipeline crossing identification, in the form of a
distinctive painting scheme, must be maintained so that the crossing is

OPM-08-02.doc
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Definitions

Category 1

Category 2

Category 3

Category 4

Category D

Gas

clearly visible and the painting scheme complies with the Transport
Canada Manual Standard Obstruction Markings.

All IP and TP bridge and aerial crossings are category 1.

All DP bridge and aerial crossings with an outside diameter (OD)
greater than or equal to 273 mm are category 2.

All DP bridge and aerial crossings with an OD of 60 mm up to and
including 219 mm are category 3.

All DP bridge and aerial crossings with an OD less than 60 mm are
category 4.

Category D crossings are selected crossings requiring periodic detailed
inspections.

Responsibilities

The responsibilities pertaining to inspection of transmission and
distribution bridge and aerial crossings include:

Transmission and Distribution Operations must ensure that the
following processes are in place for the crossings that they are
responsible for:

e categorizing crossings and maintaining and updating the master
crossing list

¢ budgeting for routine inspections and for required corrective work

e ensuring the timely completion of routine inspections and required
corrective work in accordance with this standard

OPM-08-02.doc
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e setting priorities and establishing schedules for the inspections and
recommended remedial work

e Scheduling of remedial actions should be based on the results of
a risk assessment. Risk assessments should consider the
probability of a harmful effect to: public safety, the environment,
financial consequences to the company, and security of gas
supply to customers. Previous reports should be reviewed for
comparison prior to determination of the aerial crossing repair,
upgrades, or abandonment.

e maintaining records of inspection, maintenance performed, and
inspection frequency risk assessments

The General Manager, Transmission Operations is responsible for
all:

e TP main line bridge and aerial crossings

e TP lateral bridge and aerial crossings off the mainline, the
Vancouver Island transmission systems, and the Princeton lateral

The Distribution Operations and Maintenance Manager is
responsible for all:

e TP lateral bridge and aerial crossings off the Spectra and Trans
Canada Pipelines, except the Princeton lateral

e TP bridge and aerial crossings downstream of a high pressure
transmission system regulating station, except on the mainline

e [P and DP bridge and aerial crossings

When requested, Engineering Services will provide or coordinate the
following:

e assistance in conducting inspections or surveys

e terms of reference for any consultants retained to do inspections or
surveys

e specifications and services for any remedial action
e copies of all inspection reports in which they participate

OPM-08-02.doc Page 3 0of 9
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Engineering must maintain all inspection reports in which they

participate.

Inspection Frequencies

Bridge and Aerial crossings will be inspected in accordance with the
frequencies outlined in Tables 1 and 2. With the exception of Category
1 crossings, a different inspection frequency is acceptable if justified by

a risk assessment.

Table 1: Visual Bridge and Aerial Inspections

. . Frequency of
Category Crossing Criteria quency
Inspection
Once every 6 months for
12 All TP and IP crossings Class 1, 2, 0r 3 Iocatlo_ns.
Once every 3 months in
Class 4 locations.
2 All DP crossings with an OD greater than or equal to 273
once a year
mm
All DP crossings with an OD of 60 mm up to and including
3 once every 2 years
219 mm
4 All DP crossing with an OD less than 60 mm periodic b
All TP, IP, and DP crossings that have experienced
1,2,3 unusual physical traumas such as floods, earthquakes, Special (non-scheduled) ©
fires, or collisions

Definition

A visual inspection involves checking the crossing from the shoreline
with binoculars and does not imply a detailed, close-up examination.

CSA Z662-07, Section 12.10.2.1:

Distribution lines that are installed in locations or on structures where
abnormal physical movements or abnormal external loadings can cause
failure or leakage must be patrolled periodically, with the patrol
frequencies determined by the severity of the conditions and the

associated safety risks.

NOTE: Abnormal physical movements and abnormal external loadings
include long lengths of pipe installed above ground on bridges with
expansion joints, land movements, river crossings, and shallow pipe in

major collector roads.

OPM-08-02.doc
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& As per CSA Z662-07 Section 10.6.4.3 and ASME B31.8 Section
851.2.

® The asset manager will establish an inspection frequency that is
appropriate for the risk associated with the specific crossing.

¢ Special inspections may range from a very brief visual examination to
a detailed in-depth evaluation depending upon the nature of the trauma.
Consult with respective Distribution and Transmission Operations
departments.

Table 2: Detailed Visual Bridge and Aerial Inspections

Category

Crossing Criteria Frequency of Inspection

D

All selected crossings every 5 years

The crossings requiring detailed inspections will be determined by the
Transmission/Distribution Asset Management in consultation with
Engineering.

Inspection Requirements

Inspections

Prior to inspecting the crossing, previous reports should be reviewed to
ensure familiarity with the design features and operating history of the
crossing.

Carry out the inspection as per Form 1572 Bridge/Underwater/Aerial
Crossing Inspection Report.

NOTE: Corrosion Control is responsible for checking that bridge and
aerial piping is electrically insulated from underground piping and from
the bridge in accordance with DES 08-01 Corrosion Control. Not all
aerial pipes are electrically insulated. Some are only a few metres long.

NOTE: Transmission or Distribution Operations are responsible for
valve inspection and maintenance in accordance with OPM 04-01
Inspecting and Maintaining BGSSs and System Valves.

OPM-08-02.doc
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Scheduling Considerations

Inspections should be carried out preferably during weather extremes to
view pipe and structure response during most stressful conditions
(summer and winter) if weather and safety permit.

Inspection Reporting

Use Form 1572 Bridge/Underwater/Aerial Crossing Inspection Report
to record all routine visual bridge or aerial crossing inspections except
category D inspections.

e For each unsatisfactory condition reported on Form 1572, complete
Form 2300 Survey Leak and Hazardous Condition Report.

For the crossings within the responsibility of the General Manger,
Transmission Operations, the inspection reports are filed and closed in
the Transmission Computerized Maintenance Management System
(CMMS).

For the crossings within the responsibility of the Distribution
Operations and Maintenance Manger, forward completed Forms 1572
and 2300 with the original job package to OPS Closing and Admin at
the Surrey Operations Center.

Requests for emergent or urgent repair work should be made verbally
to:

e for DP and IP bridge or aerial crossings call Dispatch

o for TP bridge or aerial crossings notify the area manager of
transmission or the Distribution Operations & Maintenance Manager
depending on asset ownership

e document all emergent or urgent repair requests on Form 2300

When a problem is found on a crossing that is not of immediate concern
but may compromise the long term integrity of the crossing, regardless
of the category or location, complete Form 2300 with details and
digital pictures, if practical, of the problem. Examples of such problems
are:

e pipe lifting off supports

OPM-08-02.doc Page 6 of 9
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any support or roller missing or loose

misaligned elbow

extraordinary erosion exposing pipe riser through the bank
pipe improperly supported

cables stretched significantly beyond set marks

excessive vibration in the pipe caused by bridge traffic or wind
spring hanger setting outside of hanger limits or against stops

excessive corrosion or pitting

Baseline Comparison

The asset manager or representative should compare new inspections to
previous inspections to determine any significant changes by the asset
manager or asset manager’s representative.

Category D Inspections

For Category D inspections, in addition to the requirements outlined
above, a written report, specific to a particular crossing, must be
prepared and stamped by a qualified professional engineer. This report
is recommended to contain the following information; however, the
final content is to be determined by a qualified engineer:

Site Inspection and Survey

Layout drawing indicating the pipe supports and other important
features.

Visual inspection of the coating condition on all components, noting
deficiencies including rusting, blistering, chalking, corrosion, dents,
gouges, or coating delamination. Dry film thickness measurements
of the coating at specific locations, as required.

Visual inspection of the pipe, including rollers, support brackets, U-
bolts, expansion connections, and attachments to the concrete piers,
checking alignment, and searching for evidence of distress caused by
malfunctioning joints, missing or failed fasteners, ceased rollers,
vibration, or vandalism.

Visual inspection of all steelwork, with particular reference to
corrosion and possible loss of wall. Measurements of thickness can
be made with calipers when appropriate. Visual examination of
weldments for evidence of cracking caused by vibration and fatigue.

OPM-08-02.doc
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e Examination of main cables, backstays, wind cables, horizontal,
vertical, and diagonal suspenders, and safety cables, with particular
attention to any slack cables, or areas of corrosion, birdcaging, kinks,
or wire damage.

e Visual examination of saddles, clamps, sockets, pins, clevises,
turnbuckles, clips, tension springs, and connections for possible
missing fasteners, or signs of distressed or damaged members,
buckled turnbuckles, or excessive wear. Spot checking of bolt
torques in clamps, where appropriate.

e Examination for any evidence of gas leaks at pipe connections.

e Inspection of foundations and anchorages, paying particular attention
to any evidence of movement of foundations caused by settlement,
or slumping of the river banks. Also to be noted is the condition of
the anchorage as it enters the concrete foundation, ensuring that there
is not a corrosion pocket at the interface.

e Examination of the compound noting damage and/or hazards.

Structural Modeling and Analysis

e Structural modeling and analysis, as deemed necessary by a
professional engineer.

Assessment and Report

e The condition of the pipe, structural members, cables, connections
and foundations, noting deficiencies with any items mentioned under
the inspection.

e Recommended maintenance to ensure contiued safe operation.
Analysis and indication of adequacy of the various structural
components.

e Recommended remedial action, as required.

e Photographs, analysis results, data, and drawings noting deficiency
locations.

e Evaluation of the seismic design of the aerial or bridge structure.

Where Terasen gas lines are attached to structures owned by another
party (e.g., MOTH), the owner of the structure must be advised prior to

OPM-08-02.doc Page 8 of 9
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the inspection. The inspector is responsible for arranging all required
permits before carrying out the work.

The inspector must complete the minor cleaning of the pipe to permit a
detailed visual inspection (e.g., removing bird droppings). This activity
must be completed in accordance with environmental and other
regulatory requirements.

Dents, gouges, and corrosion must be evaluated and reported including
the depth and size of the damage, if practical.

Coating damage including cracking and disbondment must be evaluated
and the degree to which the pipe is exposed and damaged must be
reported, if practical.

Transmission or Distribution Operations may need to commission a
more detailed evaluation of crossing deficiencies identified in a
Category D inspection in order to complete a risk analysis and establish
a scope of work for repairs.

Maintain records of:

e crossing inspection reports (Form 1572 Bridge/Underwater/Aerial
Crossing Inspection Report) for at least 6 years

e maintenance and repair work for as long as the facility remains in
existence except for minor wrapping repair or touch up

e inspection frequency risk assessments for as long as the facility
remains in existence

Engineering must maintain the following reports for as long as the
facility remains in existence:

¢ all Category D inspection reports where they have participated

o follow up remedial action reports sent in from Transmission or
Distribution Operations

OPM-08-02.doc
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1. Introduction

Terasen Gas’ aerial crossing at Shoreacres has been in place since 1957. It forms part of the
Castlegar-Nelson 6” transmission line. The crossing is located at the convergence of the
Slocan and Kootenay Rivers North of Castlegar. The aerial span crosses the Kootenay River
between Shoreacres and Glade. On the Shoreacres (West bank) side the crossing has one
tower that is built on a flat area near the river (Photo 1). On the Glade (East bank) side the
pipeline comes ashore on a steeply graded slope (Photo 2). There is no tower on this side, but
a support anchor is positioned in line with and upslope of the crossing, and two wind anchors
are positioned at the same elevation and to either side of the crossing (Photo 3). As the
pipeline comes ashore on the East bank it has a number of sharp bends before proceeding
underground along Terasen'’s right of way. The City of Nelson and its surrounding area are
downstream customers of this crossing. Terasen Gas is currently looking at options of
replacement or refurbishment of the existing crossing.

The East slope of the aerial crossing and portions of the adjacent right of way have shown signs
of instability over the life of the pipeline. Field observations indicate that this slope instability
extends approximately 300 m north of the aerial crossing along the right of way. This risk is
currently managed through Terasen’s Natural Hazard Risk Management Program whereby
inspections are conducted by qualified personnel at a frequency consistent with the risk. In
addition, in 1990 a small retaining structure was installed inside the fenced compound to lessen
the direct impacts of the shallow soil sloughing on the exposed pipe.

The purpose of this report is to evaluate the feasibility of replacing or refurbishing the aerial
crossing at its current location as it pertains to the stability of the slope and the risk that it poses
to the integrity and reliability of Terasen’s system serving Nelson.

The sections of this report include a review of historic reports that address the slope stability of
the East bank, and a more current slope stability assessment that uses industry standard
methods to determine the factor of safety against failure of the slope.

2. Review of Past Slope Stability Assessments

Two previous slope stability assessments were conducted of the East bank slope of the
Kootenay River at Terasen Gas’ Shoreacres aerial crossing. The first study (Thurber) was
initiated after Terasen field personnel noted signs of shallow slope instability affecting the above
ground portion of the pipeline. The second study (Golder) was initiated by CWMM Consulting
Engineers to address the effects of the slope instability on the overall structural integrity of the
aerial crossing.
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2.1

Thurber Consultants Ltd., January 1990
2.1.1 Scope of Work

Thurber conducted two site inspections. The first was a preliminary inspection on July
20, 1989. The second was a more detailed inspection on October 11, 1989 that included
a rough survey using a hip chain and clinometer and the excavation of several test pits.
Laboratory identification tests were completed on representative samples taken from the
test pits. The information collected in the field was used in conjunction with historical
records provided by Terasen and other published geological information and
photographs to evaluate the shallow soil creeping and the general slope stability.

2.1.2 Findings

The Kootenay River valley is composed of glaciofluvial silts, sands and gravels overlying
rock and basal till. Prior to hydroelectric developments, the Kootenay River eroded a
valley through these deposits, leaving the slopes at their natural angle of repose. As a
result, it is considered that the east slope of the crossing had only marginal stability at
the time of pipeline construction. The upper slopes, extending to 30 m above the river
level have a slope of approximately 18°. The lower slopes vary from 38° inside the
fenced compound to a maximum of 60° on the silt bluff overlooking the river.

The contours shown on Dwg. 60091-ML51-RX4 dated February 13, 1957 show that
there was a natural alcove at this location prior to pipeline construction. The alcove
could have been the result of groundwater seepage or slope erosion. The alcove
appears to have been filled in to bury the anchors for the pipeline crossing, giving the
slope a more uniform profile.

The steep fill slope within the fenced compound had suffered surface soil creep with the
result that three zones aligned across the fill face were visible. Each creep zone
consisted of an upper scarp and lower bulge or toe roll. One such toe roll had moved up
against the exposed length of pipe approximately 8 m long that is found within the fenced
compound.

2.1.3 Recommendations

There is ongoing creep movement of the surficial soils within the fenced compound.
There is no indication that the creep movements will stop, and they might accelerate.
Provided the internal drainage of the slope is maintained, the movement should be
confined to shallow depth.

Thurber recommended removing the soil that was pressing against the above ground
pipe and installing a slope retention structure. This was carried out, and the retention
structure is still in place at this time (Photo 4).

The general slope stability analysis for deep seated sliding showed that under fully
drained conditions the long term slope stability had a marginally acceptable factor of
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2.2

safety (1.49). Under seismic loading or with an increase in groundwater the factor of
safety dropped below acceptable levels (1.08-1.38). Thurber recommended a review of
Terasen’s slope stability requirements at this location.

Golder Associates Ltd., May 1995
2.21 Scope of Work

Golder Associates conducted preliminary geotechnical assessments of Terasen’s
Shoreacres crossing of the Kootenay River, and the Castlegar crossing of the Columbia
River. This summary will only address the findings of the Kootenay River crossing.

Golder conducted a ground reconnaissance of the slope to observe site conditions and
to collect slope profiles using a hip chain and clinometer. Previous drawings, reports,
and aerial photographs were also reviewed. The information collected was used to
complete a slope stability analysis.

2.2.2 Findings

The east bank slope varies between 30°and 40°. Observations indicated no apparent
evidence of major slope instability and/or groundwater seepage. However, the steep
sections of the slopes were noted to be experiencing minor surface creep movements.

The inferred slope soil conditions indicate that the lower portion of the slope is underlain
by compact deposits of sand and gravel. The upper slope area is comprised of loose to
compact sand. It is anticipated that these granular deposits overlie bedrock. The
groundwater table is expected to be controlled by the water level in the Kootenay River.
Any ground water flows within the slope would likely follow the bedrock surface.

Three failure surfaces were analyzed for stability. In general, for a slope to be
considered stable under static and earthquake conditions, the factors of safety should be
a minimum of 1.5 and 1.1 respectively. The calculated factor of safety for the deep
seated failure surface under static and earthquake loads were close to or exceeded the
minimum requirements (1.5 static, 1.1 seismic). However for shallow failures, the factors
of safety were generally less than the desired values (1.1-1.2 static, 1.0-1.1 seismic).

2.2.3 Recommendations

Based on the preliminary assessment and barring adverse groundwater conditions
and/or possible scouring at the toe of the slope during high river levels, it was Golder’s
opinion that the general slope area was marginally safe from shallow failures.

In order to increase the factors of safety to the suggested minimum values, it would be
required that the slopes be flattened and/or construction of a toe berm. When
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considering the location and steep slopes, these works would be very difficult and
expensive.

It was suggested that consideration be given to establishing a monitoring program for
this site that consists of permanent survey monuments on the tower and wind cable
anchors, as well as several located on the slope.

3. 2009 Slope Stability Assessment
3.1 Methodology

The information collected in the Thurber and Golder reports was supplemented with as-built
drawings, site observations, and surveyed topography. This information was used to develop a
slope stability model using Slope/W 2007 software to conduct a slope stability analysis.

The soil properties used by Golder Associates in their analysis were used again in this most
recent analysis. The only change to the soil properties was that the friction angle of the upper
sand layer was changed from 35° to 32° to reflect the findings of additional laboratory testing
that was conducted on samples from a nearby borehole. The small changes in the soil
properties did not have a significant impact on the resuits.

A topographical survey was carried out by HinterLand Surveying & Geomatics Inc. of Trail, BC
in November 2008. This topography and profile is a more accurate representation of the East
bank slope than what was used in the Thurber or Golder reports.

The as-built drawings for the crossing were used to locate the anchors on the model and to
apply their tensile load to the forces acting on the slope. The location of the anchors was also
used to determine what impact any slope movement would likely have on the structure and
pipeline.

The slope stability model was created by Janet Green, P.Eng. of Terasen Gas and was
reviewed by Dr. Alex Baumgard, P.Eng., P.Geo. and (Kumar) Somosanduram Sriskandakumar,
P.Eng. of BGC Engineering Inc.

3.2 Results

The static short term and static long term stability models and results can be seen in Figures 1
and 2, respectively. Since the slope rests at the natural angle of repose of the soil, the surface
of the slope is considered to have a factor of safety of 1.0, which is supported by the
observations of shallow soil sloughing that have been noted within the fenced compound. In
this scenario, the lowest factor of safety is always at the slope surface and increases as the
sliding plane gets deeper.

The static short term stability applies to temporary slope conditions. For a slope to be
considered stable under short term conditions, the factor of safety should be a minimum of 1.3.
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Figure 1 shows that a slip surface with a factor of safety of 1.3 will impact the wind anchors,
possibly causing the anchor blocks to move and the cable to lose tension. The main anchor
would have reduced burial depth, but would likely not be undermined. More shallow sliding
planes will have a lower factor of safety, and although they may not impact the anchor directly,
they would reduce the soil cover over the anchors.

The static long term stability is relevant to the life of any asset placed in or on the slope in
question. For a slope to be considered stable under long term conditions, the factor of safety
should be a minimum of 1.5. Figure 2 shows that a slip surface with a factor of safety of 1.5 will
undermine both the wind anchors and the main stay anchor which are found inside the sliding
block. This could cause the aerial span to lose all support on the East bank.

4. Recommendations

In its current state the East bank slope at Terasen’s Shoreacres crossing can only be
considered marginally stable. It is expected that this slope will continue to experience surface
sloughing. If any aggravating factors were introduced, such as increased pore water pressure
or seismic load, these conditions would worsen.

Increasing the stability of this slope would require decreasing the slope angle, or constructing a
toe buttress. Decreasing the slope would require extensive earthworks, and is not feasible
while the aerial crossing is in place. A toe buttress would be both difficult and costly to construct
as the slope extends into the Kootenay River. Both of these options would also have
detrimental environmental impacts to the Kootenay River.

In consideration of these factors, it is recommended that Terasen make every attempt to avoid
this area of slope instability when considering their replacement or refurbishment options at this
location. For the short term, it is recommended that Terasen continue to monitor this site for
signs of increased slope instability through repeat ground inspections. It is also recommended
that Terasen assess the possible effects of reduced soil cover or undermining of the anchors to
the overall integrity of the aerial span.
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5. Closing

This report was intended for the use of Terasen Gas Inc. in the feasibility study for the
replacement or refurbishment of the existing Shoreacres aerial crossing.

I hope that this meets with your needs at this time, please don't hesitate to contact the
undersigned if you have any questions or concerns.

ECECCe, ZEE

Written By: /o\—,ass,g;v; Reviewed By: y‘f:i“?o C;}NCP“““
§ . JLGREEN 3§ § EPERPSGARD Eor.A ] ealieeann
% # 32210 3 - : ¥ # 20438 Yoy
v s . K gy i 8 s
3 e J/w . q@ L e —) ;
/ 'VG et ,, %b@ COLGS uw’/’\ P
’NE?’ "-'_-_’7:‘1;9 '{,L/( ”_ ‘;
Janet Daly, P.Eng. Dr. Alex Baumgard, P.Eng, P.Geo.
Integrity Engineer — Geotechnical Senior Geotechnical / Environmental Engineer
Terasen Gas Inc. BGC Engineering Inc.
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Photo 1: On East bank looking across the Kootenay River at the West bank of
the Shoreacres Aerial Crossing
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Photo 2: Looking d aalong East bank slope of Shoreacres Aerial crossing
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Terasen
Gas

Photo 3: On West bank looking at East bank of Shoreacreas Aerial Crossing
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Photo 4: Slope retention structure recommended by Thurber Consultants Inc. in 1990.
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1.0

2.0

3.0

Introduction & Scope

CWMM Consulting Engineers Ltd. has been retained by Terasen Gas Inc. to carry out
an inspection and condition assessment of the existing Kootenay River Aerial
Crossing at Shoreacres. The crossing is located approximately 20km north east of
Castlegar along Highway 3A. The purpose of the assessment is to determine the
general condition of the structure and to provide an opinion as to the life expectancy of
the crossing in its current state with no remedial work, and following a refurbishment
which would remediate the most significant deterioration. This report follows two
previous condition assessment reports prepared by CWMM in 1993 and 2003.

Site Description and Inspection

The Kootenay River Crossing at Shoreacres was originally built in 1957 and consists
of a single pipe carried by a large cable suspended structure.

The main cable spans approximately 236 metres, supported by a tower on the west
end, and an anchorage at the embankment on the east end. Vertical suspender
cables hang from the main cable and carry the pipe on steel saddles with roller
supports. There is also a pair of horizontal wind cables, connected to the pipe saddles
by secondary wind guy cables.

An inspection of the crossing was carried out on June 11 and June 22, 2009 by
Jonathon Smith, a Senior Technologist of our Creston branch office. The inspection
involved climbing the fixed ladder on main tower and walking along the pipe itself from
the main tower at the west bank to the anchorage at the east embankment.

A safety harness and lanyard were used as fall protection and an assistant remained
on-site during the inspection as a safety precaution.

Condition Assessment

31 Pipe

At the west end, the pipe riser projects up out of the ground, and turns 90° before
passing through the tower and crossing the river. At the east end, the pipe turns up
the slope, then makes a transverse bend, extending further up the slope. The pipe
enters the ground at a slight uphill angle.

The pipe is painted in alternating segments of orange and white. The white paint is
generally in poor condition throughout the length of the pipe. Extensive flaking and
peeling of the coating was observed with considerable surface rust throughout. The
orange paint is generally in better condition with minor cracking and peeling in some
areas. At the time of inspection, there is an osprey nest located on the pipe near the
mid-span at H5 north.

CWMM CONSULTING ENGINEERS LTD.
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Fig. 1 - View looking east from tower. Fig. 2 - Poor condition of white paint.

The ground entry points at both ends are in good condition. At both ends the pipe is
wrapped with white tape at the ground entry point. Some cracking and blistering of
the tape was noted, however there was no evidence of corrosion. At the east end the
pipe is also wrapped with black tape to the transverse bend. Some bulges and
peeling of the tape was noted in this area with subsequent corrosion noted.

As sighted from each end, the profile of the pipe is relatively smooth, and the
alignment is essentially straight in plan, as viewed from the tower.

Fig. 3 - East ground entry point. Fig. 4 - West ground entry point.

CWMM CONSULTING ENGINEERS LTD.
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The following photos show the deterioration of the white paint on the pipe and the
subsequent rust compared to the 2003 inspection photos.

Fig. 5 - H8 east, 2003 inspection. Note dirty Fig. 6 - H8 east, 2009 inspection. Large rust
condition of pipe but no rust showing. spots showing.

Fig. 7 - H6-H7 west, 2003 inspection. Fig. 8 - H6-H7 west, 2009 inspection.

CWMM CONSULTING ENGINEERS LTD.
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3.2 Tower

The tower is made up of steel angles with
welded and bolted connections. Similar to
the pipe the tower is painted in alternating
segments of orange and white. The paint on
the steelwork is peeling and blistering in
various locations throughout the tower, with
subsequent rust showing. The white paint is
generally in poor condition with fine cracks
and peeling throughout the tower. In most
areas the top coat is peeling away from the
primer. In other areas the coating had been
removed with large rust spots showing. At
this time the rust is generally surface rust
with no major pitting or loss of sectional area
noted.

The steelwork is also covered with mildew
and lichen. The osprey nest noted in earlier
reports has been relocated from the top of

the tower. Fig. 9 - Peeling of paint and subsequent
rust.

Fig. 10 - General cracking and peeling of Fig. 11- Lichen and mildew on tower.
white paint on tower.

wa &

CWMM CONSULTING ENGINEERS LTD.
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3.3 Wind Masts

The wind cables pass over steel saddies
atop concrete masts at the west end,
before  continuing down to their
anchorages. The masts and saddles are in

good condition, with no apparent
deficiencies.
3.4 Cables

Fig. 12 - South-west wind mast.

The primary cables including the main suspension cable, backstay, tower guys, and
wind cables are bridge strand, whereas the remainder are wire rope. The cables,
sockets, and their attachments are coated with a zinc rich paint (Zicote). The cables
for the most part are in good condition with only minor amounts of surface rust
showing in a few isolated locations. This is in contrast with the nearby Castlegar
crossing were many of the cables had considerable amounts of surface rust.

Fig. 13 - Typical vertical suspender connection.

-wn w

In the 1990’s the various cables
were tested for tension relative to
their original design tension and
were adjusted as required.
Various vertical hangers
supporting the pipe were adjusted
as well as the tower guy cables.
The main suspension cable and
wind cables were deemed
satisfactory and were not adjusted.

CWMM CONSULTING ENGINEERS LTD.
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3.5 Foundations and Anchorages

At the west end, foundations for the tower, wind masts, backstays, and tower guys,
are all located on clear, level ground, with no nearby embankments and no threat to
stability. All anchorage steelwork at this end is in good condition.

At the east end, anchorages for the wind cables and main cable are located on a
relatively steep embankment. The bank is well vegetated, and although there is
some surface sloughing (see Fig. 18 and 19), there is no indication that it has
undermined the anchorages to date.

The east end anchorages are all located within buried corrugated steel culverts.
Originally, wood panels were used to backfill against on the uphill end. The wood
has rotted away, and the ground has spilled inside onto the anchorage components.
As a result of this condition the bolts at the south wind cable anchorage and the main
cable anchorage are becoming quite corroded.

Fig. 14 - West backstay anchorage. Fig. 15 - North-west tower guy anchorage.

Fig. 16 - Main cable anchorage at east bank. Fig. 17 - South-east wind cable anchorage.

CWMM CONSULTING ENGINEERS LTD.
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3.6 Compound

There is a fenced compound at each end of the pipe that contains the tower, wind
mast and all anchorages. As indicated, the west compound is located on flat ground
with mainly grass vegetation, while the east compound is located on a relatively
steep embankment with brush and small trees. The west compound fence is in good
condition. The east compound fence is badly damaged at the northeast corner,
having been affected by surficial ground sloughing.

Fig. 19 — Damaged fence at east compound. Fig. 19 - West compound.

CWMM CONSULTING ENGINEERS LTD.
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4.0 Summary and Recommendations

The aerial crossing at Shoreacres appears to be in relatively good condition, generally.
The cables are in good condition with minimal signs of damage or rust. The profile
and alignment of the pipe do not appear to have changed significantly since our last
inspection, which is an indication that the structure, thus far, remains in a stable
condition. As indicated, the coating on the tower and pipe is showing signs of
deterioration. This is particularly true of the white coating which has been completely
removed in some areas. However, there wasn’'t any major pitting or loss of sectional
area noted at this time, either on the pipe, or structural steel tower components.
Concrete elements appear sound.

Although surficial sloughing is evident at the east embankment, there doesn’t appear
to be any obvious signs of deep seated settlement or major sloughing to the extent
that the structure geometry has been affected to date. Nonetheless, past geotechnical
reports as well as the more recent 2009 report by Terasen Gas have indicated the
potentially unstable nature of the east bank, which could potentially result in slope
failure at some point, and loss of support for the anchorages.

The structure has been in service for over 50 years and it is our opinion that in its
current state, with no additional remedial work, we would anticipate that the structure
itself could have a life expectancy of 5 years or more, without considering the
geotechnical issue of the embankment stability. Despite this, it is our recommendation
that if the structure is to remain in service beyond 5 years, then certain remedial
measures should be considered at this time, including the following:

1) A recoating of the pipe and steelwork components. There is a caution here that
existing coatings may well contain lead based paint, and therefore containment
will be needed to avoid having the deleterious materials from entering the
waterway or surrounding areas.

2) Replacement of the seized roller supports. Note that this item poses
challenges, as the pair of rollers at each vertical suspended are actually welded
to the inside of the supporting pipe sleeve, and will need to be torch cut loose
to allow new rollers to be welded back into the narrow space between the pipe
and sleeve support.

3) The east end anchorages should be refurbished. Again, this operation presents
some challenges as the anchorages are contained within metal culverts that are
buried within the embankment, and to expose them would mean excavating the
overburden, possibly with some additional slope retention above to support the
excavation. The anchorages should then be cleaned and recoated, and the
interior sloughing cleared to ensure that the anchors are completely uncovered,
followed by reinstating the culvert protection.

Following the above measures for refurbishment, we would anticipate that the
structure could remain operational for another 10 to 20 years without major

CWMM CONSULTING ENGINEERS LTD.
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rehabilitation. It should be noted, that our assessment is based on our visual
observations only, and that we have not carried out any structural testing of
components. We also caution that the issue of embankment stability is deemed
outside of the scope of this report, and is considered a geotechnical matter. The
embankment issue could be the most significant issue affecting the longevity of the
structure.

Report Prepared by:

Don D. Bergman, M.Eng., P.Eng., Principal

CWMM CONSULTING ENGINEERS LTD.
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Summary

The proposed Kootenay Shoreacres Aerial Replacement Project herein is located
northeast of Castlegar within the province of British Columbia. Terasen Gas Inc.
proposes a single 168.3mm O.D. pipeline to cross the Kootenay River in order to
replace the existing 219.1mm O.D. Kootenay River aerial pipeline crossing near
the hamilet of Shoreacres, BC.

Overview

Pursuant to a request from Mr. Neil Bolger, Project Manager (Terasen Gas Inc.);
Ed Douziech for Complete Crossings Inc. (CCl) attended a site reconnaissance
to view a number of additional proposed pipeline water crossing alignments and
subsequently analyzed all of the proposed crossing routes. A comparative
feasibility assessment with all proposed trenchless crossing alignments is
provided in this report in order to provide the stakeholders with the benefits of
each alignment an provide them an opportunity to select a single crossing
position to pursue for construction.

Previous Engineering Analysis

In the fall of 2008, the existing pipeline Aerial Crossing route and three additional
alignments (Shoreacres South, Shallow Angle, and Large Angle) were analyzed
as possible horizontal directional drill (HDD) alignments and comparatively
analyzed by information gathered by site reconnaissance and desk top study.
Feasibility of these four options were detailed within the previously submitted CCl
Reconnaissance and Preliminary Crossing Feasibility report’ with the Existing
Parallel Route and Shoreacres South eliminated by insurmountable technical
issues and cost. Preliminary feasibility on the remaining route, Large Angle
(Preferred), was detailed on the available data and considered feasible.

in the winter of 2008, the Large Angle was further evaluated and quantified within
CCr's Risk Assessment and Comparison Report?. This general route was broken
into numerous iterations and three dimensionally quantified into two primary
selected options; Option A and Option B. Option A was selected as having less
technical risks than Option B and recommended as the best HDD alignment of
the two if the logistics of the east plateau layout and exit location could be
determined. Subsequent available data ruled out Option A’s feasibility on the east
plateau, resulting in Option B as the prime HDD alignment.

! Kootenay River Reconnaissance and Preliminary Crossing Feasibility, CCl, September 10, 2008.
& Kootenay River Risk Assessment and Comparison, CCl, December 4, 2008.

30of 27 Prepared by: Ed Douziech
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in the spring of 2009, two additional HDD alignments (Lazaroff and Shoreacres
North) were added and feasibility was also scrutinized by site reconnaissance
and data analysis. In summary review, there were six (6) alignments ultimately
selected for the Kootenay River pipeline water crossing location. Of the six
locations, one location (TP Option) was chosen for a possible non-trenchless
construction (new bridge attachment or aerial) and was not part of this study. The
remaining five (5) alignments are detailed to provide a final comparative
assessment.

Comparative Assessment Scope

This report provides a final comparative feasibility of the Five alignments;
Shoreacres South, Lazaroff, Shallow Angle, Large Angle, and Shoreacres North.

Existing Transmission RIS
Shoreacres South &
Lazaroff

Shallow Angle
Large Angle
Shoreacres Noh

Yl
"
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HDD Design and Feasibility Criteria

All evaluated HDD alignments were designed maintaining understood industry
standards and engineered tolerances within the available data. All evaluations
were completed within 3 dimensional drafted designs accurate in all
perspectives. Three general standards specifically used to assess HDD feasibility
are technical, contractual, and economic. The scope of this report covers only
HDD technical feasibility, contractual and economic were excluded.

Technical feasibility is defined by the HDD’s ability to be successfully installed
using existing technical standards, engineering tolerances, regulatory guidelines
and codes of practice, regardiess of uncertainties surrounding the cost or
contractual issues.

Technical Feasibility assessment includes (but not limited to):

Pipeline Preferred Routing Site Assessment
Stability of Slope Crossing Access
Landowners Concerns Water Supply

HDD Methodology Entry/Exit Points
Available Work Space Changes in azimuth
Geotechnical Site Investigation Navigation
Hydrological Evaluation Puil Back

Drill Path Design

Disposal of drilling fluid and cuttings

Casing Requirements

Environmental

Fluid Containment

Regulatory Approval

Bank Setbacks

Design of Pipe and Pipe Coating

Cover under the water body

Required Drill Rig Equipment

Reaming size and number of passes

Drilling Fluid Requirements

Annular Pressure (AP)

Construction Execution

Pipe Stress Analysis

Specifically Annular Pressure and Pipe Stress analysis are discussed below:

Annular Pressure is the fluid pressure between the drill string and open hole
(annulus) is the focus of this tolerance study. The occurrence of hydraulic
fracturing, resulting in the migration of drilling fluid to the surface, when fluidic
pressure within the borehole exceeds the shear strength or cohesion of the
strata. Predicting borehole fluid pressures over a wide range of project
parameters that can be used as a guide to minimize the occurrence of hydraulic
fracturing.

5 of 27 Prepared by: Ed Douziech
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Pipe Stress Analysis is a model of the load and stress for an HDD application is
different from similar analysis of conventionally buried or laid pipelines because
of the relatively high tension loads, bending, and external fluid pressures. Pilot
hole profiles and alignments must be designed such that construction loads, that
may exceed design loads, are mitigated to eliminate damage. Installation loads
and stresses are the primary focus of this tolerance including the interaction of
tension, frictional drag, fluidic drag, unbalanced gravity, bending, and external
hoop.

Geological Review

As described in CCI's, September 2008 report’, two BGC Engineering Inc.
studies were reviewed during the writing of this report. All relevant geophysical
and geotechnical data was extrapolated from the investigated areas throughout
the alignment options to provide a basis of a technical feasibility. The
geotechnical and geophysical (seismic) investigation provided the majority of the
relevant data necessary to conclude the technical feasibility of this all alignments
on a geotechnical basis. Specifically, the three geotechnical boreholes (BGC06-
01, 02, and 03) provided the necessary information to confirm HDD methodology
with respect to the primary entry locations along the west bank (Shoreacres) and
exit locations along the east bank (Glade Road area and north). Although actual
conditions may vary significantly outside the geotechnical study area, it is
assumed that the study would provide an adequate indication of subsurface
conditions in order to conclude the technical feasibility of each option.

Two troublesome gravel areas defined for the west entry location (boreholes
BGC06-03 and 02) with manageable silt and sand zones extending between
them. The two zones as identified BGC06-02 were between 5 to 10 meters and
the second extends to a depth of 18 to 23 meters. Casing installation was
determined required to mitigate possible borehole collapse through both
unconsolidated gravel zones. Most of the remaining drill alignments enter into
bedrock (as inferred by geophysical) and remains in the bedrock until it nears the
end of its transition to the final exit angle close to the eastern river bank.

A final troublesome zone is identified on the east bank location (north of Glade
Road). This unconsolidated (gravel) zone identified by borehole BGC06-02 was
found at a 25.5 meter to 27.5 meter depth. This zone is relatively thin and should
be easily mitigated by typical or a-typical drilling fluid properties. At the projected
HDD exit angles, the drilling assembly will pass through this zone within 5 meters

2 Kootenay River Reconnaissance and Preliminary Crossing Feasibility, CCI, September 10, 2008.
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of the assembly length which it is highly unlikely that the available surface area of
borehole would cause significant resistive force when combined with the
properties of the drilling mud. Historical evidence strongly suggest that previous
HDD activities* through very similar subsurface conditions posed little technical
issues and progressed normally even with a-typical design characteristics.

Based on the inferred position of the bedrock, a mud motor assembly could be
utilized for the entire drill path. However, given that the east bank subsurface
conditions are mainly silt and sand, it is prudent to suggest that the contractor
may elect to start with a jetting assembly and then change to a motor assembly
when entering the bedrock.

Evaluation of the Various Alignments Proposed

Shoreacres South Alignment

The Shoreacres South HDD alignment has a 188° azimuth with an entry point on
the east river bank where they the area has a lower slope (6% gradient, or 3.5%)
and has good access on current roads. CCl Shoreacres South (Figure 1) shows
the HDD drill plan for this proposal. Shoreacres South alignment was chosen
after numerous iterations were tested.

The proposed Shoreacres South HDD specifications are summarized as follows:

Shoreacres South

Arc Radii 300m
Entry Angle 18°

Exit Angle 18°
Relative Exit Angle (to surface|17°
topography)

Invert Elevation 61m
Depth (thalweg) / Depth (maximum) 23m/41m
Entry Tangent Length 142.6m
Entry Arc Length 94.2m
Baseline Tangent Length 154.3m
1 Exit Arc 125.6m
1! Exit Tangent 35.2m
2™ Exit Arc Length 31.4m
2™ Exit Tangent Length | 29.7m

B Columbia River HDD, Castlegar, B.C., The Crossing Company Inc., September 2008.
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Break-over Arc Radii 300m
Break-over Arc Maximum Height 10m _
Total Horizontal Length 595.5m

Total Bore Length 613m

Pipeline Specifications

(common to all alignments):

Outside Diameter 168.3mm

Wall Thickness Undefined
Operating Pressure 6619Kpa
Recommended Minimum Pipeline Wall | 6.4mm
Thickness

Recommended Pipeline Grade 359
Recommended Pipeline Coating Fusion Bonded Epoxy (FBE)
Advantages Disadvantages

¢ Alignment is straight providing for a
simpler navigational setup.

e The straight alignment allows for an
increase in navigational positional
accuracy given its simpler design.

e Overall crossing length is the lowest
possible increasing overall feasibility.

e The south exit location has a less
complicated logistical set-up.

e The exit location requires significant
additional ROW and pipeline
construction (approximately 700m)
in extremely difficult and unstable
terrain.

The Annular Pressure study shows
a higher risk of drilling fluid fracture
to the surface within the
watercourse on the north and south
banks.

The exit position located on the
south provides little mitigation to
loss of navigation or steering
position due to its proximity to the
watercourse.

e The drill path transverses through a
majority of silt/sand and is projected
to cross through a thin gravel
projected from BGC06-01 borehole.
 There is no available ROW for drag-
section.

8 of 27
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| Approximate
Alignment

Shoreacres South looking along alignment near south exit (past power lines) towafds en-fry pini
(across river)

Shoreacres South Primary Risk Summary

A number of significant issues become apparent with the Shoreacres South
alignment:

a) The annular pressure study shows increased risk to Induced Hydraulic
Fracture directly to the water body at two critical locations. These points of
fracture are extremely difficult to correct by any mitigation method.

b) The south alignment would require additional open cut construction
(approximately 700m) from the eastern aerial tie-in to the proposed HDD
south alignment exit location. The additional open cut construction would
require a new southern ROW running parallel to the south power line
boundary and would greatly increase the cost of this replacement proposal
given the extremely difficult terrain.

c) The additional ROW and open cut construction along the aggressive east
side-slope from the existing pipeline ROW tie-in to the south exit location
would be difficult to construct due to the undulating, 60% side-siope

@m 90f27 Prepared by: Ed Douziech
NGS Revised: 5/18/2010
L-‘




Terasen
Terasen Gas Inc.
Kootenay River Comparative Feasibility Assessment

topography. Any conventional open-cut construction may not avoid further
slope instability given its close proximity to the current bank movement.

d) The pipeline lay-down would require additional workspace required to
facilitate the HDD installation which would need to be assembled on the
east bank where there is no Terasen owned ROW. Furthermore,
temporary workspace (TWS) would need to be constructed beyond the
necessary ROW at an angle relative to the proposed HDD alignment.

e) This alignment may exit (or transverse through, depending on length)
through a known archaeological site.

f) The available geological data on the south alignment does not provide
quantitative proof of the absence of the gravel zones located on the
northeast alignment. Due to the fact that the gravel zones on the northeast
alignment should be mitigated by conventional means, the south
alignment appears to provide no significant geological advantage.

PRESSURE CURVES FOR CASTLEGAR (Shoreacres South)
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Feasibility Conclusions

The Shoreacres South poses significant risk to the environment and technical
failure. The Shoreacres South Alignment should be considered technically
infeasible given known existing logistical, geotechnical, and physical constraints
prohibit mitigation of elements, spaces, features, environment, or specifications
which are necessary for new pipeline construction.

Lazaroff Alignment

The Lazaroff alignment (approximately 287° azimuth) originating near Glade road
targets the existing Terasen ROW near the end of Lazaroff road. The
topographical elevation gains 35m on the west side and therefore entry will be on
the east and exit to the west.

The proposed Lazaroff HDD specifications are summarized as follows:

Lazaroff Alignment

Arc Radii 300m

Entry Angle 18°

Exit Angle 18°

Relative Exit Angle (to surface | 13°

topography)

Invert Elevation 103.8m

Depth (thalweg) / Depth (maximum) 35m/49.5m

Entry Tangent Length 180.9m

Entry Arc Length 94.3m

Baseline Tangent Length 38.4m

1% Exit Arc 125.6m

1%t Exit Tangent 129.6m

2" Exit Arc Length 31.4

2" Exit Tangent Length 15.3

Break-over Arc Radii 300m

Break-over Arc Maximum Height 6m

Total Horizontal Length 615.9m

Total Bore Length 645.5m

Advantages Disadvantages
kb Alignment is straight providing for a | e The exit location would be adjacent

simpler navigational setup. to the current Terasen ROW and

b The straight alignment allows for an | has_significant Iog_;istical obstacles
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increase in navigational positional
accuracy given its simpler design.
The east entry location has a simpler
logistical set-up.

to overcome.

e The exit HDD drag section would
require assemble along existing
ROW and would need numerous

road restrictions or closures.

e The Annular Pressure study shows
a higher risk of drilling fluid fracture
to the surface within the
watercourse and east banks.

e The entry position provides little
mitigation to navigational proximity
issues.

Approximate
Alignment

Looking along alignment near south entry (adjacent to Glade Road) towards entry (past tree line)

r
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Lazaroff Significant Risk Summary

A number of significant issues become apparent with the Lazaroff alignment:

a)

b)

d)

The annular pressure study shows increased risk to Induced Hydraulic
Fracture within the extents of the water course. The restricted logistics of
this alignment provides for little mitigation for surface drilling fluid fracture
and/or loss of drilling fluid management. These locations would be
extremely difficult to correct by any means and may not be possible to
mitigate environmental effects.

The Lazaroff alignment would also require additional pipelining
(approximately 1000m) from the eastern aerial tie-in to the proposed HDD
south alignment exit location. The additional pipelining would require a
new southern ROW running parallel to the south hydro power line
boundary and would greatly increase technical difficulties given the
extreme terrain.

The additional ROW and pipelining along the aggressive east side-slope
from the existing tie-in to the south exit location would be difficult to
construct due to the undulating, 60% side-slope topography. Any
conventional open-cut construction may not avoid further slope instability
given its close proximity to current bank movement near the east aerial
bank structure.

The necessary pipeline lay-down workspace required to facilitate the HDD
installation would need to be assembled along the Terasen ROW, south of
Lazaroff Road. Pipe handling during pullback would require significant
TWS in order to facilitate installation into the borehole within pipe stress
specifications.

The available geological data on the south alignment does not provide
quantitative proof of the absence of the gravel zones apparent on the
northeast alignment. Due to the fact that the gravel zones on the northeast
alignment should be mitigated by conventional means, the south
alignment appears to provide no significant geological advantage.

13 of 27 Prepared by: Ed Douziech
Revised: 5/18/2010



.

Terasen

Terasen Gas Inc.

Kootenay River Comparative Feasibility Assessment

Pressure (kPa)
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Annular Pressure Graph (Figure 3)

Conclusions

The Lazaroff alignment poses significant risk to the environment and technical
failure. The Lazaroff Alignment should be considered technically infeasible given
known existing logistical, geotechnical, and physical constraints which prohibit
mitigation of the technical risks previously identified which are necessary for new
pipeline construction. This alignment poses significant risk to the environment
and technical failure and should not be considered feasible given the available
data.

Shallow Angle Alignment

The Shallow Angle Alignment (approximately 71° azimuth) from the aerial tie-in
targets the east river bank with large to extreme slopes (up to 83% gradient, or
40°) and only has a light trail access. Numerous iterations were tested within this
general alignment with a final alignment chosen given its practical specifications.
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The proposed Shallow Angle” HDD specifications are summarized as follows:

fe Alignment is straight providing for a
simpler navigational setup.

e The straight alignment allows for an
increase in navigational positional
accuracy given its simpler design.

fo The drill path transverses through a
majority of silt/sand and is projected to
cross through a thin gravel projected
from BGC06-01 borehole.

fe Overall crossing length is the least
possible, increasing overall feasibility.

Shallow Angle

Arc Radii 300m

Entry Angle 18°

Exit Angle 33°

Relative Exit Angle (to surface | 23°

topography) _
Invert Elevation 123m

Depth (thalweg) / Depth (maximum) 43m/62m

Entry Tangent Length 127m

Entry Arc Length 94m

Baseline Tangent Length 190.2m

15" Exit Arc 174.3m

1% Exit Tangent 151.8m

2" Exit Arc Length 23m

2" Exit Tangent Length 26m

Break-over Arc Maximum Height 12m

Total Horizontal Length 695m

Total Bore Length 736m

Advantages Disadvantages
e Llow to moderate overall risk » The exit position located on the

assessment. northeast plateau requires a larger

amount of excavation for HDD
construction and pipeline tie-in.

The Annular Pressure study shows a
higher risk of drilling fluid fracture to
the surface near the north-east river
bank and hill.

The exit position located on the
northeast plateau provides little
mitigation to loss of navigation or
steering position.

The exit position located on the
northeast plateau requires the
greatest amount of pipe-handling
planning and equipment and
therefore an increase risk of handling
damage and costs.

The HDD exit angle is higher than
typical design adding to pilot-hole
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positional difficulties.
¢ The HDD alignment crosses partially
across the Slocan River into the north
section of
Shoreacres. This may  require
additional ROW.

Approximate
Alignment

Looking near alignment on west bank (near entry) towards exit (just below hydro-line)
Shallow Angle Significant Risk Summary

A number of significant issues became apparent with the Shallow Angle
alignment assessment:

a) The Annular Pressure (AP) calculations have shown that the maximum
achievable HDD profile has a risk to drilling fluid hydraulic fracture directly
to the water body and surface within the toe and hill of the north-east
slope. The technical and environmental effects would be extremely difficult
(if not impossible) to mitigate if such an event was to occur.
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b) Within the exit location on the east slope, a large complex break-over arc

radius will have to be maintained up to 12 meters in the air during the pipe
pullback within a difficult topography. This pipe handling will require a
higher level of planning, support, and oversight to ensure that damage
does not occur to the line and that it is handled safely in the difficult terrain
adjacent to the high voltage power lines. An estimated break-over height
of 12 meters will require a minimum of a large track-hoe with a boom
capable of such heights or a crane that can be mobilized to the exit
location.

c) An a-typical exit angle of 33 degrees poses some risk to the pilot hole

d)

e)

navigation and positional control. If navigation and/or positional control is
compromised, a risk of missing the exit location may occur. This is
significant in that this position will require prior excavation and preparation
and cannot allow for large changes in HDD exit location. Furthermore, a
major change in exit position toward the hydro-power line R/W would
mean a more difficult or infeasible pullback.

The necessary pipeline lay-down workspace required to facilitate the HDD
installation would need to be assembled along the Terasen ROW within
aggressive undulating slopes.

The available geological data on the south alignment does not provide
quantitative proof of the absence of the gravel zones apparent on the
northeast alignment. Due to the fact that the gravel zones on the northeast
alignment should be mitigated by conventional means, the south
alignment appears to provide no significant geological advantage.

N

17 of 27 Prepared by: Ed Douziech
Revised: 5/18/2010



Terasen
Terasen Gas Inc.
Kootenay River Comparative Feasibility Assessment

PRESSURE CURVES FOR CASTLEGAR CROSSING (Shallow Angle)
9 7/8" Pilot hole w/ Jetting Assembly
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Conclusions

The Shallow Angle alignment poses significant risk to the environment and
technical failure. The Lazaroff Alignment should be considered technically
infeasible given known existing logistical, geotechnical, and physical constraints
prohibit mitigation of elements, spaces, features, environment, or specifications
which are necessary for new pipeline construction. The total length of the
crossing

Large Angle

The Large Angle alignment (approximately 55° azimuth) from the aerial tie-in
targets the east river bank with moderate to large slopes (up to 53% gradient, or
28°) and has good ftrail access. Numerous iterations were tested within this
general alignment with a final alignment chosen given its practical specifications.
The proposed Large Angle HDD specifications are summarized as follows:
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Large Angle

Arc Radii 300m

Entry Angle 18°

Exit Angle 17°

Relative Exit Angle (fo surface|17°
topography)

Invert Elevation 131m

Depth (thalweg) 41m

Entry Tangent Length 129m

Entry Arc Length 94m

Baseline Tangent Length 174m

Exit Complex Arc 287m

Exit Complex Arc Azimuth Turn 128°

Exit Complex Arc Vertical Turn 17°

Exit Tangent 194m
Break-over Arc Radii 90m
Break-over Arc Maximum Height 6m

Total Horizontal Length Undefined in 2D
Total Bore Length 878m
Advantages Disadvantages

The exit position located on the
northeast plateau provides for the
maximum mitigation to
navigation and control.
The exit position located on the
northeast plateau requires the least
amount of excavation for HDD
construction and pipeline tie-in.

The exit position requires the least
amount of pipe-handling and
equipment and therefore decreases
the risk of handling damage.

The exit angle is typical and is
considered low risk in navigational
control.

The Annular Pressure study shows a
lower risk of drilling fluid fracture to
the surface anywhere along the drill
path profile.

e The alignment is complex increasing
the navigational setup and difficulty.

loss ofle The complex alignment decreases

positional accuracy.

o This overall crossing length is the 2™
largest and therefore inherently poses
an increased risk.

e The drill path transverses through a
majority of silt/sands and is projected
to cross though a thin gravel
projected from BGCO06-01 borehole
with a complex design.

Some loss of differential pressure at
the bit face may occur reducing
forward momentum as drill pipe key-
seating increases friction.

I
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Approximate
Alignment

Looking near curved genoet bank (er entry) towards exit (just below hydro-line)
Large Angle Significant Risk Summary

A number of significant issues become apparent with the Large Angle alighment:

a) Some risks are associated with the complex design. The HDD bore path
will need to turn vertically and horizontally at the same time. This process
of steering is not indifferent from any other type of directional drilling and
therefore is no more difficult; however the navigational setup requires a
higher level of complexity and skill to operate and may introduce positional
errors if done incorrectly.

b) The overall drill distance is the 2" longest of all alignments. This increase
in length inherently poses an additional risk as longer HDD’s typically are
more problematic. The overall length however is still considered moderate
in current standards.

c) An additional risk is the drill path will transverse through the identified
gravel zone (BGCO06-01) within its complex arc. This may pose some
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difficulty to the Bottom Hole Assembly (BHA) in that the distance to travel
through this zone will be slightly longer than what is needed in any other
option. As this distance is increased by only 2 meters (relative to straight
alignment), this risk is expected to be small. Furthermore, the large
complex arc may introduce bending forces vectored away from the pilot
hole direction increasing the friction of the drill pipe on the annulus (key-
seating) causing loss of bit pressure on the formation (differential
pressure). This may reduce the footage rate production of the rig and
some navigational control.

d) The necessary pipeline lay-down workspace required to facilitate the HDD
installation would need to be assembled along the Terasen ROW within
moderate undulating slopes.

PRESSURE CURVES FOR CASTLEGAR CROSSING (Large Angle) et
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Conclusions

The Large Angle alignment poses the least technical and environmental risk than
all studied alignments. Given the available data, all known significant technical
issues can be mitigated by currently understood HDD mitigation techniques and
therefore should be considered technically feasible.
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Shoreacres North Alignment

The Shoreacres North alignment (approximately 72° azimuth) targets the east
upper plateau with a general flat slope (2% gradient, or 3.5°) and has easier
access given the current roads. With a 153m elevation gain on the east side, the
alignment must occur from entry on the west and exit on the east. The proposed
Shoreacres North HDD specifications are summarized as follows:

Shoreacres North Alignment

Arc Radii 300m
Entry Angle 18°

Exit Angle 18°
Relative Exit Angle (to surface|5°
topography)

Invert Elevation 97m
Depth (thalweg) / Depth (maximum) 35m/35m
Entry Tangent Length 267.7m
Entry Arc Length 94.3m
Baseline Tangent Length 66.1m
1% Exit Arc 157.1m
1% Exit Tangent 355.8m
2" Exit Arc Length 62.8m
2" Exit Tangent Length 22.7m
Break-over Arc Radii 300m
Break-over Arc Maximum Height 4m

Total Horizontal Length 950.4m
Total Bore Length 1026.5m

Disadvantages

Advantages
I: Moderate overall risk assessment.
Alignment is straight providing for a
simpler navigational setup.
o The straight alignment allows for an
increase in navigational positional
accuracy given its simpler design.
e The drill path transverses through a
majority of silt/sand and is projected to
cross through a thin gravel projected
from BGCO06-01 borehole with a
straight alignment design.

L]

The exit position located on the east
upper plateau requires working
around the Hydro power line ROW for
HDD construction and pipeline tie-in.
Break-over operations require
mitigation.

@ The Annular Pressure study shows a
higher risk of drilling fluid fracture to
the water body surface near the east
river bank and hill.

e The exit position located on the east

plateau requires the largest pipe-
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handling setup and therefore an
increase risk of handling damage and
costs.

e The overall length is the greatest of all
the alignments increasing the
potential of technical failure.

Shoreacres North Significant Risk Summary

A number of significant issues become apparent with the Shoreacres North
alignment:

a)

b)

c)

The overall length of the crossing is the greatest of all alignments. This is
due to the set-back requirements of AP model and the logistics of the exit
location in close proximity to the multiple high voltage power lines and
ROW’s. The minimum length at 1026m, although moderate in typical
bedrock designs, becomes increasingly technically difficult in silt/sand.

The Annular Pressure (AP) calculations have shown that the maximum
achievable HDD profile has some risk of hydraulic fracture to the water
body within the east bank area and toe of slope. Although this area of
concern is small in comparison to other alignments, its potential is high
and its specific location would be difficult to mitigate.

The necessary pipeline lay-down workspace required to facilitate the HDD
installation would need to be assembled beyond the power line ROW's
(east of intersection of power ROW and Terasen ROW) along the Terasen
ROW within moderate undulating slopes.

d) The entry location would require an approximate 2kms of additional

pipeline and ROW throughout the Shoreacres residential community to the
north. This proposal would be extremely technically challenging given the
land-owner proximity and current infrastructure.
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PRESSURE CURVES FOR CASTLEGAR (North Shoreacres)
9 7/8" Pilot hole w/ Mud Motor Assembly
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Conclusions

The Shoreacres North alignment poses a significant risk to the environment and
technical failure. The Shoreacres North alignment should be considered
technically infeasible given known existing logistical, geotechnical, and physical

constraints.

Technical Feasibility Summary

Shoreacres South

Technically Infeasible

Lazaroff Technically Infeasible
Shallow Angle Technically Infeasible
Large Angle Technically Feasible

Shoreacres North

Technically Infeasible

Cost Estimate for Large Angle

The estimated cost for the HDD construction, based on the available data is
B for the 878 meter for the Large Angle Alignment. The estimate
includes | for off-site, facility disposal of all drilling fluid and cuttings
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(based on latest approvals/estimates). Remote facility disposal was selected
based on the current understanding of available agricuitural land and possible
land-spray/mix-bury sites. Future assessments will attempt to garner approvals
for alternative disposal methodologies that may provide significant cost savings.

Estimated pricing only defines the HDD contractor’s scope of work and does not

include:

a) Site preparations
b) Access / towing

¢) Pipeline procurement, assembly, coating, testing, and handling
d) Additional pipeline equipment / support (side booms, rollers, lighting, etc)

e) Pipeline tie-in

f) Third party costs (Engineering, Inspection, Environmental

Assessments/Approvals and monitoring, etc.)

Respectfully submitted,

=)y

Ed Douziech
Project Manager
Complete Crossings Inc. (CCl)

Reviewed by:

Brent Goerz
V.P. of Engineering
Complete Crossings inc. (CCl)
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Definitions

Annuiar Pressure The fluid pressure acting on the formation measured in the space

(AP) between the drill stem and the wall of the borehole.
Arc Curved section at a predetermined radius of curvature.
Atterberg Limits The liquid and plastic limits of a fine-grained soil that provide

details of its non-plastic, plastic and fluid states. This provides
information on the volume change of a material as the moisture
content is increased.

Azimuth Direction change in the horizontal plane.
Bottom Hole Tools used in directional drilling that includes bit, bent sub, mud
Assembly (BHA) motor, steering tool, annular pressure tool, and all other

connections to provide directional control, information gathering,
and drilling power that lets the drill progress through the

formation.

Borehole The area of earth removed from the surface entry point to the
end of the drilled portion.

Build rate The increase/decrease of degrees per specific length.

Casing Surface pipe that is installed through unstable geotechnical
areas to provide a conduit for the down-hole tools and drilling
fluid.

Drill stem Steel drill pipe that is approximately 10 meters long /4 to 6

inches in diameter used to control and transfer fluid in a
directional drill.

Drill bit A device that cuts into the formation and progresses the
borehole.

Dogleg Severity The difference of inclination/azimuth for any three joint section.

Down-hole tool Any tools that are used at the end of the drill string to physically
complete the bore and to provide directional and other
information.

Hydraulic fracture The process of annular pressure opening a fracture or inducing
an existing fracture in the formation during the drilling process.

Inclination Direction change in the vertical plane.

Measured Length of the borehole measured along the bore path depth from
the surface to the bottom of the borehole:

Monel Non-magnetic drill stem used in the bore hole in order to isolate
the steering/guidance tool from magnetic interference.

Mud motor A mechanical device that transforms hydraulic power to
mechanical power in order to turn the drill bit and progress the
borehole.

“No Drill Zone” An area below and to each side of the banks as outlined by the
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investigating engineer to allow for an adequate barrier under the
water body and into the banks.

Pipe Break Over A length of product pipe required to deflect in order for the pipe
section to align with the borehole exit angle.
Pipe Pullback The procedure of installation of the product pipe into a properly

sized borehole.

Penetration rate-

The distance of advance of a drill bit / reamer in a specific period
of time.

Pilot hole The initial borehole drilled through the formation. Usually
between 6 %’ and 12" in diameter.

Product pipe Pipe to be installed through the borehole at the completion of the
HDD drill to carry product through the crossing location.

Pull-head A device welded onto the product pipe section that is used to

connect the drill pipe, swivel and rig to the product pipe section
for pulling the drill pipe through the completed bore.

Radius of curvature

The arc length multiplied by the degrees of arc in radians.

Reaming pass

The subsequent pass(es) through the pilot hole to widen the
diameter to the required size for pulling the product pipe.

Steering/guidance

Specific tools that provides steering direction information to the
tool operator or directional driller.

Swivel

A device positioned in between the product pipe and the drill
string that allows rotation of the drill stem but not the product
pipe as tension is applied from the drill rig during the installation
of the pipeline into the borehole.

Tangent

Straight section on each end of the arcs along the bore path
trajectory.

Total Vertical Depth
(TVD)-

Depth measured from the entry point vertically.

Codes, Practices, and Guidelines

B.C. Oil and Gas Commission
CSA 7662 Oil and Gas Pipeline Guidelines (2007)

American Gas Association Guidelines

Fisheries Act Water Course Crossings (Second edition Canadian Pipeline Water
Crossing Committee, Nov. 1999)

Navigable Waters Protection Act
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BGC ENGINEERING INC.
AN APPLIED EARTH SCIENCES COMPANY
#500-1045 Howe Street

Vancouver, B.C.

Canada V6Z 2A9

Tel: 604.684.5900

Fax: 604.684.5909

December 18, 2009

Project No. 0093-076
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LIMITATIONS

BGC Engineering Inc. (BGC) prepared this document 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 document preparation. Any use which a third party makes of this
document or any reliance on decisions to be based on it is 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 document.

As a mutual protection to our client, the public, and ourselves, all documents and drawings
are submitted for the confidential information of our client for a specific project. Authorization
for any use and/or publication of this document or any data, statements, conclusions or
abstracts from or regarding our documents 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 document is issued in an
electronic format, an original paper copy is on file at BGC 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.
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1.0 INTRODUCTION

1.1. Background

BGC Engineering Inc. (BGC) understands that Terasen Gas Inc. (Terasen) intends to
replace their Kootenay River (Shoreacres) aerial pipeline crossing, located approximately 20
km north of Castlegar BC. The eastern approach of the aerial crossing is subject to local
instabilities which result in an increased risk of pipeline failure. To reduce this risk, Terasen
is considering relocating the crossing by horizontal directional drilling (HDD) beneath the
Kootenay River.

An initial geotechnical feasibility study was carried out at the Kootenay River crossing as part
of a preliminary HDD route being decided upon by Terasen (BGC 2008). The 2009 revised
route alignment proposed by Terasen places the HDD beginning near to the current tower
location on the western approach of the aerial crossing that then passes under both the
Slocan River and Kootenay River exiting approximately 700 m to the north of the current
pipeline location on the eastern approach. In order to further assess the viability of this
proposed HDD route and to advance into detailed engineering design, additional subsurface
information was requested by Terasen.

1.2. Scope of Work

BGC’s scope of work was to carry out deeper and more extensive investigations of the
subsurface conditions along the eastern approach of the proposed Kootenay River HDD path
at sites agreed upon with Terasen. The purpose of this investigation was to determine if the
subsurface lithology is favorable for constructing the proposed HDD crossing along the east
shore and beneath the Kootenay River. The results of the investigation will assist in
providing geotechnical information to Terasen’s pipeline designers as well as form part of a
bidding information package for HDD contractors.

Authorization to proceed with the work was received from Terasen on August 31, 2009 under
the purchase order 4500031612.

In order to carry out this project and as part of the agreed upon scope of work, the following
methodology was adopted:

1. Obtain soil and rock geotechnical properties with depth from boreholes and
geophysical information.

2. Create a refined interpreted stratigraphic section along the proposed HDD right-of-
way (RoW) incorporating changes to the route from the 2009 route revision.
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2.0 SITE INVESTIGATION

A detailed field investigation consisting of mud-rotary drilling, diamond drilling, and
geophysics was conducted along the proposed HDD route and the existing Terasen pipeline
Right-of-Way (RoW). Contractors from Geotech Drilling Services Ltd. based in Prince
George, BC, and Frontier Geosciences Inc. based in North Vancouver, BC, were contracted
to complete the drilling and geophysical surveys respectively. Acme Excavating Ltd. was
contracted to build drill pads and assist moving the drill up the steep access road and
Sorensen Excavating transported drilling water to the site.

During the field investigation, Michael Beaupre, E.L.T., provided full-time basis site
supervision and Dr. Alex Baumgard, P.Eng, P.Geo, visited the site on September 23, 2009
along with Mr. Neil Bolger, P.Eng and Mr. David Kan, P.Eng of Terasen.

Prior to drilling, Hinterland Surveying & Geomatics Inc. and a Terasen inspector located the
Terasen RoW and all utilities. BC One Call provided verbal conformation that no additional
registered utilities were present at the borehole sites.

2.1. Geotechnical Drilling Investigation

Three boreholes were drilled on the existing Terasen RoW located to the north of the current
Kootenay River crossing between September 17", 2009 and October 2", 2009. Locations of
the boreholes are shown in Drawing 1 and the detailed borehole logs are provided in
Appendix II.

Soil and rock samples obtained from standard penetration testing (SPT) and diamond drilling
were photographed and logged using the visual soil and rock classification in accordance
with Canadian industry standards (CFEM 2006). All soil samples were retained, and select
samples were sent to a laboratory for soil index testing. The rock core that was not sampled
was transported to the Terasen fenced yard enclosure located on the west side of the
Kootenay River for storage. Photographs of the collected soil samples and cored rock are
provided on a CD included with a hard copy of this report. The location of each borehole
was recorded with a handheld GPS with accuracy at or better than £ 10 m.

2.1.1. BGC09-01

BGC09-01 is located approximately 300 meters to the north of the current aerial crossing
(Drawing 1). It was drilled from September 19" to 23", 2009 and proceeded to a depth of
76.3 m without incident. BGCO09-01 was drilled in a similar location to BGC06-01. The
purpose of BGC09-01 was to determine the soil stratigraphy at the revised depth of the HDD
crossing (as BGCO06-01 had been previously terminated at 28.7 m). Shallow SPT samples
were not taken in borehole BGC09-01 due to its similar location and soil stratigraphy to
BGCO06-01.
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The first 3 m of BGC09-01 consisted of an interbedded sand and silt. Immediately below this
was a poorly graded fluvial sand unit to 8.1 m, followed by uniform low plastic silt unit to 26.1
m. A well graded layer of dense gravels occurs from 26.1 m until 27.8 m. This gravel layer
is underlain by well graded sand that sits overtop of bedrock that occurs at 29.6 m. The
bedrock encountered in BGC09-01 consists of two units which includes a metamorphosed
volcanic Rhyolite and volcanic Dacite. The foliated metamorphosed Rhyolite makes up the
majority of the underlying bedrock; however, the volcanic Dacite occurs as what are
interpreted to be several dikes, with a maximum thickness of 4 m, between depths of 32.6 m
and 58.5 m. Below 58.5 m until the end of the hole at 76.3 m, the metamorphosed Rhyolite
is again present. The rock quality designation (RQD) varies from 75 to 100 % for the section
of the proposed HDD crossing and recovery was good throughout the hole. Some 0.1 to 0.2
m fault zones were noticed in the underlying bedrock with the highest concentration between
depths of 61.5 m and 65.1 m. The faults appear to be related to local failures along joint
planes as no major sections of highly fractured rock were encountered.

After the target depth of the borehole was achieved, the drill casing became locked within the
underlying gravel unit. The approximate depth to groundwater on September 23", 2009 was
5.2 m; however, artesian conditions developed with the casing two days after the target
depth of the borehole was achieved. After the casing was pulled, the borehole was filled with
a bentonite cement.

2.1.2. BGC09-02

Drilling of BGC09-02 commenced on September 25", proceeded through to September 30"
2009, and reached the target depth of 75.7 m without incident. Due to a broken SPT
hammer, SPT’s were not taken on the initial borehole. Once the target depth was achieved
and the SPT hammer was fixed, a second parallel borehole was drilled with a 1 m offset to
the first hole and SPT’s were completed in the upper soil section. SPT samples were taken
at 1.5 m intervals with the exception of samples taken at 3 m intervals in the thicker gravel
layer that occurs between the approximate depths of 4.5 m and 8.95 m.

The first 3.9 m consists of a sandy silt which is underlain by a dense sand and gravel to a
depth of 4.5 m. Immediately below this was a gravel layer that increases in cobble and
boulder content with depth until 8.95 m, followed by a gravel and sand layer to 13.1 m. A
very dense gravel layer occurs from 13.1 m until the bedrock contact at 14.49 m. Similar to
BGCO09-01, the underlying bedrock consists of a metamorphosed volcanic Rhyolite and a
volcanic Dacite. Several Dacite dikes are interpreted to occur that are approximately 2 m
thick, at depths of 15.75 m and 34.1 m whereas a 7.75 m thick dike occurs at 41.75 m. The
remaining section from 49.5 m until the end of the hole at 75.7 m consists of the foliated
metamorphosed volcanic Rhyolite. The RQD varies from 70 to 100 % for the section of the
proposed HDD crossing. Recovery was good throughout the borehole and varied from 80 to
100 %. Several 0.1 to 0.2 m fault zones were noticed starting at a depth of 18 m and with a
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spacing of approximately 10 m. The faults had minor clay gouge and appear to be due to
local failures along joint planes.

The borehole was terminated upon reaching the target depth of 75.7 m. The approximate
depth to the water table on September 30", 2009 was 4.6 m below the ground surface. After
the completion of the hole, it was filled and sealed with a bentonite cement.

2.1.3. BGC09-03

BGC09-03 was drilled from October 2™, to 3, 2009 to a final depth of 19.3 m. Based on the
trend of the depth to bedrock along with consistency and type of rock encounter in the two
previous drill holes, BGC09-01 and BGC09-02, a decision was made with Terasen to
terminate BGC09-03 once 10 m of bedrock was drilled. SPT samples were taken at 1.5 m
intervals until bedrock was encountered.

The first 0.5 m of BGC09-03 consisted of colluvialffill material containing well graded sands
and gravels. Below this layer, low plastic silt occurs to 6.4 m, which is then underlain by a
0.3 m thick layer of well graded sands and gravels. Bedrock, consisting of the previously
mentioned volcanic Dacite, was encountered at a depth of 6.7 m below the ground. A large
Quartz dike, up to 2.7 m in length, started at 14.2 m and the remaining section of the
borehole consists of the overlying volcanic Dacite.

Upon completion of the hole at 19.3 m, it was filled and sealed with a bentonite cement.
Groundwater was not encountered during the drilling of BGC09-03.

2.2. Laboratory Testing

Laboratory testing was performed on select SPT and rock core samples by Golder
Associates of Burnaby, BC. Grain size analyses and Atterberg Limits tests were completed
to determine representative engineering properties of the soil. Uniaxial Compression Tests
were completed to determine the strength of the underlying rock. Sample depths are shown
on the borehole logs found in Appendix Il and the lab results are provided in Appendix Ill.

2.2.1. Grain Size Analysis

Grain size distributions for representative sediment units were determined in accordance with
ASTM standard D422.

Table 1 presents a summary of the grain size analyses and Figure 1 shows the grain size
distributions.
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Table 1Results of Grain Size Analysis
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Figure 1 Grain Size Curves from the 7 Tested Samples

The grain size curves of the well graded gravel and sand (GW/SW) samples are relatively
shallow lying, which indicates a wide range of sediment sizes often found in fluvial deposits.
The steeper curve of the well graded gravels (GW) is due to the lack of sand found in the
above samples.

The three finer grained silt (ML) and sandy silt (ML-CL) samples are found to the right in the
graph. The sandy silt (CL-ML) sample contains a higher percentage of sand when compared
to the cleaner silt (ML) samples which results in a shallower gradation curve and ultimately a
wider range of sediment sizes.
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2.2.2. Atterberg Limits Test

Atterberg limits test according to ASTM standard D4318 was completed for the fine grained
samples. Table 2 below summarizes the Atterberg limits test.

Table 2Results of the Atterberg Limits Test

Depth Water | Liquid | Plastic .
Depth A S Plasticity .-
Borehole | Sample | from to (m) Content | Limit Limit Index (%) Plasticity
(m) (%) (%) (%)
BGC09-02 | SPT2 3.05 35 21 24 20 CL - ML
SPT 2 3.05 3.5 21 31 26 ML
BGCO09-03
SPT 3 4.57 5.02 36 37 30 ML
50
@ BGC09-02 SPT 2
404 @ BGC09-03 SPT 2 [-----f----mmmmm oo e
@ BGC09-03 SPT 3
‘ ‘ MH or OH
a\°,30 ———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
é
z
EZO ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Q‘ I
| o
10 b
oLl o Moo
ML R4
0 t t t t t t t t t
0 10 20 30 40 50 60 70 80 90 100

Liquid Limit (%)

Figure 2 Plasticity of Selected Samples

The results of the Atterberg limits test for the three fine-grained samples are shown
graphically above in Figure 2. The fine-grained soils are classified as silts with low plasticity
as they plot on or below the A-Line on the above graph. From an engineering perspective,
these low plastic silts will not pose significant problems such as volume expansion,
excessive caving provided that adequate wall support is maintained, or be overtly hard
during drilling.

N:\BGC\Projects\0093 Terasen\076 - Castlegar Shoreacres HDD 2009\05 - Reporting\Shoreacres_HDD _final.doc

BGC ENGINEERING INC.

Page 9



Terasen Gas Inc. December 18, 2009
HDD Geotechnical Investigation for Kootenay River Crossing Project no: 0093-076

2.2.3. Uniaxial Compression Test

A total of 12 Uniaxial Compression Test's (UCT) were completed according to ASTM
standard D7012. Table 3 found below provides the results from the UCT on the selected
rock samples from various borehole locations.

Results from the UCT’s on the selected samples shows the average compressive strength of
Rhyolite is 81 MPa, with a maximum of 101 MPa and a minimum of 36 MPa. The tested
samples from the Dacite unit have an average compressive strength of 113 MPa, with a
maximum of 202 MPa and a minimum value of 30 MPa. Based on a single sample, the
strongest rock encountered with a compressive strength of 230 MPa was the Quartz dike
found in the third borehole.

Table 3Results of the Uniaxial Compression Test

Sample | Rock Depth Depth Water Dry_ Compressive
Borehole 4 Tvno from to (m) Content | Density Strength (MPa)
YPE | (m) %) | (Kgm) o

1 Rhyolite 31.86 32.16 0.11 2718 74.02

2 Dacite Sample broken during shipment to lab. Too short to test.
BGCO09-01 .

3 Rhyolite 50.25 55.55 0.09 2738 100.79

4 Rhyolite 71.90 72.20 0.20 2772 80.02

1 Rhyolite 24.01 24.30 0.19 2721 35.93

2 Dacite 34.39 34.65 0.16 2992 29.66
BGC09-02 3 Rhyolite 58.67 58.97 0.07 2753 97.03

4 Rhyolite 73.65 73.97 0.12 2748 82.64

5 Rhyolite 38.60 38.90 0.05 2759 95.99

1 Dacite 8.22 8.50 0.08 2956 201.63
BGCO09-03 2 Dacite 18.25 18.50 0.06 3932 107.22

3 Quartz 15.72 15.95 0.13 2646 229.56

2.3. Geophysical Survey

The objective of the geophysical survey was to map the underlying soil stratigraphy and
depth to bedrock between boreholes and under the Kootenay River along the proposed HDD
path.

Seismic refraction surveying was used to map the depth to the river bottom and the
geological conditions below both rivers and between boreholes along the east shore as
recommended by the Geophysical contractor, Frontier Geophysics. Seismic refraction
delineates the underlying geology by creating a sound burst near the surface, then recording
the echo of the burst after it has bounced off a geological boundary and returned to surface.
The echoes occur at either rock or sediment boundaries if there is a significant difference
between seismic impedance, which is the product of the density of the unit and the speed of
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sound in the material, across the boundary. The depth to geological contacts and thickness
of the underlying units can then be determined by multiplying half the elapsed travel-time
between the burst and return of the echo with the travel speed of the wave in the subsurface.

The seismic refraction survey along the east shore of the Kootenay River is fairly good at
differentiating the underlying coarser grained sands, gravels, and cobbles from the overlying
finer grained silts and sandy silts. Also, the depth to the bedrock contact is consistent with
the depths acquired from the boreholes.

Under the Kootenay River, the seismic refraction survey did not differentiate materials with
significantly different seismic impedance. Correlations can be made based on the seismic
velocities encountered under the river and comparing them to the velocities of materials
found in the boreholes on the east shore and west shore. Based on correlations between
seismic velocities, the material under the river likely consists of saturated coarser grained
sands, gravels, and cobbles. Addition borehole drilling in the river could confirm the
underlying material and provide a more accurate depth to bedrock.

The seismic refraction survey along the west shore of the Kootenay River did not distinguish
any significant changes in the underlying soil stratigraphy at depth. The seismic survey does
show the stratigraphy consists of finer grained materials underlain by denser coarser grained
materials. The coarser grained material probably consists of the interbedded sands and
gravels found in boreholes BGC06-02 and BGC06-03.

The geophysics report is provided in Appendix IV. Seismic interpretations over both the land
and water portion of the Kootenay River crossing are shown in Drawing 2 found in
Appendix .

2.4. Stratigraphy

The eastern side of the Kootenay River, based on data from the boreholes and the
geophysics, consists generally of a surficial layer of silts and sandy silts. The silts range in
density from soft to firm and appear to be greater in thickness towards the southern extent of
the proposed HDD crossing along the east shore. These silts overlie denser, coarser
grained fluvial sediments consisting of interbedded gravels and well graded sands and
gravels ranging in thickness of up to 4 m. These gravels units are dense to very dense and
there was evidence of cobbles and small boulders up to 300 mm in diameter. Compact to
dense sand and gravels were often found below the gravel layer and on top of the underlying
bedrock. The bedrock along the eastern side of the Kootenay River mainly consists of a
metamorphosed Rhyolite with several volcanic Dacite dikes occurring in the upper portion of
drill holes BGC09-01 and BGC09-02. No significant faults or fault zones were encountered
during drilling, however, several small localized faults were observed. On the east slope, the
phreatic surface (groundwater) was encountered in boreholes BGC09-01 and BGC09-02 and
follows the topography, becoming increasingly shallow in the direction towards the river,
ranging from a depth of 4.6 m at the second borehole to artesian conditions at the lowest.
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Stratigraphy below the Kootenay River was determined through geophysical data. The
subsurface most likely consists of two underlying units: a surficial layer of interbedded
gravels, cobbles, and well graded sands similar to that found along the western shore, and a
layer of denser well graded sand and gravel comparable to the material found at the bottom
of boreholes BGC09-01. The contact between these two units was inferred and cannot be
accurately delineated with the seismic data. The bedrock under the river dips to the west
with the depth to bedrock on the east shore at approximately 45 m and along the west shore
at 75 m. The maximum depth to bedrock below the river appears to be approximately 85 m.

The western side of the Kootenay River, based on the drilling from the 2006 program,
consists of a surficial layer of sand and cobbles that is underlain by alternating layers of
sandy gravel of varying cobble and boulder contents, and sands of varying gravel contents.
Bedrock was not encountered in the 2006 drilling program, but the recent seismic refraction
data indicates that bedrock is approximately 75 m below ground surface.

Drawing 2 represents the interpreted lithological cross section along section line A shown in
Drawing 1 and is based on borehole logs, geophysical information and surface outcrops.
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3.0 DISCUSSION & RECOMMENDATIONS

Based on the geotechnical information collected, the area of the proposed HDD crossing
contains loose silts underlain by dense, well graded sands, gravels, and cobbles. These
soils are likely channel and overbank deposits from the Kootenay River and extend down to
the bedrock at approximately 45 m along the east shore and 75 m along the west shore of
the Kootenay River with some overlying colluvium deposits on the east hillside. Should the
decision be made to conduct an entry or exit of the HDD through the underlying dense
gravels and sands, conditions could be encountered resulting in difficult drilling including
inadequate wall support and excessive scour could occur. Difficult drilling conditions could
be alleviated by placing a large diameter casing through these units to the underlying
bedrock or dense strata.

The underlying bedrock found along the eastern shore of the proposed HDD route consists
of predominately metamorphosed volcanic Rhyolite and volcanic Dacite dikes. The rock is
strong with an average compressive strength ranging from approximately 80 to 230 MPa and
competent with RQD values ranging from 65 to 100 % with good recovery. Several small 0.1
to 0.3 m fault zones were observed, however, no major fault zones were present at the
drilled locations.

The results from the geophysics indicate that the underlying bedrock is relatively deep (60 -
75 m) along the west shore and under the Kootenay River. As such, the proposed HDD
route, as provided by Terasen, would pass through the underlying soil and would likely
encounter bedrock at approximately the eastern shore of the Kootenay River. Although
shallow drilling has been conducted on the western side of the Kootenay River, no drilling
has occurred along the center of the channel, and therefore the stratigraphy in this region is
based on geophysical information where no confirmatory samples have been collected and
from boreholes near to both shorelines. Further subsurface investigations could be
considered beneficial to characterizing the materials at the depth of the proposed HDD
crossing under the river, should Terasen so wish to delineate more accurately the materials
along the borepath at this point.

The presence of a relatively shallow water table in the boreholes at the entry and exit
together with some seams of sand has the potential for borehole instability, however, this can
be overcome by advancing casing until competent ground conditions are encountered or with
other borehole stabilizing measures.
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4.0 CLOSURE

We trust the above satisfies your requirements at this time and provides adequate details in
support of conducting an HDD at this site. Should you have any questions or comments
regarding this report, please do not hesitate to contact us.

Yours sincerely,

BGC ENGINEERING INC.

per:
Michael Beaupre, E.I.T. Dr. Alex Baumgard, P.Eng, P.Geo
Geological Engineer Senior Geotechnical/Environmental Engineer
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Photograph 1 Looking north at the existing Terasen RoW, proposed HDD alignment, and
along drilling locations of holes BGC09-01, BGC09-02, and BGC09-03.

BGC09-03

"%

Photograph 2 Looking upstream and to the north east from the western shore of the
Kootenay River at the proposed HDD alignment.
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APPENDIX I
BOREHOLE LOGS
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Project: Shoreacres HDD
Geotechnical Investigation

Location : Shoreacres East Approach

DRILL HOLE # DH-BGC09-01

Page 1 of 9

Project No. : 0093-076

Survey Method : Handheld GPS
Co-ordinates (m) : 462,233.E, 5,474,261.N
Ground Elevation (m) : 468.0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Start Date : 19 Sep 09
Finish Date: 23 Sep 09
Final Depth of Hole (m): : 76.3

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 29.60
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ Cased To (m) : 29.87 Reviewed by : AJB
Su - kPa
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2 o | 8| €8 ot T
§ A P
o [ Lithologic Description g Q| 6| &[rEMoD o O 2 L PocketPen /2
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_ |2' Z c c 2| = = Hydraulic e | — J
é [ [ 5 — g o|w|o Conqycﬂvi% (m/sic) 'fz': [ SPT (blows/300mm)
< ala % _8 = E |_. E 19 19 19 19 Moisture Content & SPT N
% g g 3 ; > o E (&) Core Recovery V>V<P/°_ _ Yg"_ _ _W>L<A’
'3‘0‘0;‘0 E|@|o || 2 4 e B0 20 40 60 80
L SAND (SP) and SILT (ML) - fine to medium, trace fine to medium
B sub-angular gravels, poorly graded, loose to compact, 10 mm
B maximum particle size, sub-rounded, brown, odourless, moist, no
B structure, no cementation
— 1
: SILT (ML) and SAND (SP) - fine sand, some fine to medium
B gravels, low plasticity, firm, light brown, odourless, moist, no
B structure, no cementation, slow dilatency
2
— 3 -
B 22Je01] SAND (SM) - fine, silty, poorly graded, loose to compact, brown,
| oot odourless, moist, no structure, no cementation
— 4 o
L5 ol
i R hvi
— 6 R
—7 R
8 :o o o )
L «2b{4 8.1 m - Orange mottling in cuttings.
B SILT (ML) - trace fine sand, trace clay, low plasticity, firm to stiff,
- grey, odourless, moist, no structure, no cementation, trace orange
- mottling in cuttings
—9 8.8 m - Silt becomes stiff and fine sand disappears.
—10

(Continued on next page)
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B SILT (ML) - trace fine sand, trace clay, low plasticity, firm to stiff,
- grey, odourless, moist, no structure, no cementation, trace orange
- mottling in cuttings
—11
—12
—13
B 13.5 m - Becomes trace to some clay.
—14
—15
_—16 15.8 m - 10 cm wide lens of medium to coarse sand.
—17
—18
—19
—20
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DRILL HOLE # DH-BGC09-01

Location : Shoreacres East Approach

Page 3 of 9

Project No. : 0093-076

Survey Method : Handheld GPS
Co-ordinates (m) : 462,233.E, 5,474,261.N

Ground Elevation (m) : 468.0 Drill Method : Mud rotary

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling

Start Date : 19 Sep 09
Finish Date: 23 Sep 09
Final Depth of Hole (m): : 76.3

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 29.60
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ Cased To (m) : 29.87 Reviewed by : AJB
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B SILT (ML) - trace fine sand, trace clay, low plasticity, firm to stiff,
- grey, odourless, moist, no structure, no cementation, trace orange
- mottling in cuttings
—21
—22
—23
—24
—25
—26
: -y o1 GRAVEL (GW) - fine to coarse, some medium to large cobbles,
s . :
| Y trace boulders, dense, greater than 150 mm maximum particle
B ® B | size, angular, wet, dark grey, odourless, no structure, no
L o7 e ® cementation (particle size interpreted through drilling)
B %
L '0 )
i . @
- L] *
| °%.1 SAND (SW) - fine to coarse, trace silt, trace fine gravels, well
28 0%% > ¢ >
B 20204 graded, very dense, 12 mm maximum particle size, sub-angular to
B 2020267 angular, light brown, odourless, moist, no structure, no
B 20224 cementation
—29 e
: Rock encountered at 29.60 m depth.
L 30 See DH-BGC09-01 rock log.
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DRILL HOLE # DH-BGC09-01

Location : Shoreacres East Approach

Page 4 of 9
Project No. : 0093-076

Survey Method :Handheld GPS
Co-ordinates (m) : 462,233.E, 5,474,261.N

Ground Elevation (m) : 468.0
Datum : UTM NAD 83, Zone 11

Dip (degrees from horizontal) : 90
Direction : 0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Core : HQ

Fluid : Polymer/Mud

Casing : PQ  Cased To (m) : 29.87

Start Date : 19 Sep 09

Finish Date: 23 Sep 09

Final Depth of Hole : 76.3

Depth to Top of Rock (m) : 29.60
Logged by : MMB

Reviewed by : AJB

Weathering Grade
Symbol

Sample Type
Sample No.

Lithologic Description

Instrument Details

Hydraulic  ---.
Conductivity : UCS - MPa
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1 1 1 1 1 1 1 1
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0 to 29.60 m - See DH-BGC09-01 soil log.

T
< <<
< <<

METAMORPHOSED VOLCANICS (Rhyolite) - Dark pinkish grey, fine
grained, equigranular, strong (R4), slightly weathered, potassic alteration

(Continued on next page)
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L VOLCANICS (Dacite) - Greenish grey, fine to medium grained, bimodal; :
| 33 medium grained mafics minerals in a fine grained matrix, strong (R4), M
B fresh, with slight chlorite alteration, RQD = 70 - 90% |
B 33.05 m - 0.15 m thick metamorphosed volcanic dike. |
L |
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L MM |
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B Two major joint sets with beta angles of 30 and 65 degrees :
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(Continued on next page)
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Drill Method : Mud rotary

Start Date : 19 Sep 09
Finish Date: 23 Sep 09
Final Depth of Hole : 76.3

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 29.60
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ  Cased To (m) : 29.87 Reviewed by : AJB
Hydraulic  ----
Conductivity UCS - MPa
m/sec
% % 10® 10° 10 10? 50 100 150 200
— -— 1 1 1 1 1 1 1 1
O Lithologic Description L i
R § S o g p e Core ] | ] Pcl)lntl Load
c| Z = 5 Recovery % <& Triaxial
zie|e 2 Ie) £
£l a|la|l = e 5 -
@ = RQD % RMR
S HERR : - -
_4'30 n |0 n = 20 40 60 80 20 40 60 80
L 7 ] fine grained, banded, equigranular, strong to very strong (R4 - R5), fresh, !
B v v Y potassic alteration with visible flow banding in quartz stockworks veins, |
i Y ¥ )] RQD =60 - 80% r
i v |
—41 v v |
i 0 l
L v v 41.42 m - Fault with clay fault gouge. Fault has an alpha angle of 55 :
L 7 v ) degrees. |
—42 Y _I
i 0 l
i vy I
- 0 l
L VY |
43 vy I
B v v 43.1 m - Moved casing down 0.3 m causing approximately 0.3 m of lost
- % recovery.
__44 v U Y 43.98 m - Primary joint set with an alpha angle of 55 degrees and spacing ]
B v v V of approximately 0.65 m. Secondary joint set with an alpha angle of 25 |
B v v Y] degrees and spacing of 0.45 m :
L v |
—45 M |
- v L|
i VN '
—46 v v |
i 0 l
- vov |
- oY l
L VY |
—47 v ;
L M |
: v v v 47.55 m - Decrease in the quartz stockworks veinlets. :
—48 M :
L M |
L vy |
L VM |
49 - :
Z v |
L v v I
- - '
—50 ‘v '

(Continued on next page)
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GENERAL BGC (ROCK) 0093-076.GPJ BGC.GDT 11/16/09

Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-01

Location : Shoreacres East Approach

Page 7 of 9

Project No. : 0093-076

Survey Method :Handheld GPS
Co-ordinates (m) : 462,233.E, 5,474,261.N

Ground Elevation (m) : 468.0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Start Date : 19 Sep 09
Finish Date: 23 Sep 09
Final Depth of Hole : 76.3

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 29.60
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ  Cased To (m) : 29.87 Reviewed by : AJB
Hydraulic  ----
Conductivity UCS - MPa
m/sec
o) %)
2 = 10® 10° 10 10? 50 100 150 200
— -— 1 1 1 1 1 1 1 1
§ s (.; Lithologic Description é’ Core W  Point Load
ElF |2 £ 5 Recovery % <O Triaxial
Slele| 2| 3 E
£l a|la|l = e 5 -
@ = RQD % RMR
SB[ 8| & 5 4 5
?C n |0 n = 20 40 60 80 20 40 60 80
L 7 U ] 49.89 m - Fault with chlorite and clay fault gouge. Weathering (rusting) of !
B |3 v v Y iron bearing minerals. 1
B v v | 50.25 m - Decrease in the number of joints. :
i v '
—51 vy |
- - l
i v I
- 0 l
—52 v
—53 v
- vy ']
| vV I
- VN I
— 54 v :
: v v 1 54.20 m - Fault with chlorite and clay fault gouge. Fault has an alpha |
L v v | angle of approximately 55 degrees. |
| v Vv I-
—55 VN
—56 VN
—57 v
I VOLCANICS - Greenish grey, fine grained, equigranular, strong (R4),
: @ 5 fresh, with chlorite alteration, RQD = 90 -100%
—58
B 7 v METAMORPHOSED VOLCANICS - Dark pinkish grey, fine grained,
B v v v foliated, equigranular, strong (R4), fresh, potassic alteration, with quartz
—59 7 v ) stockworks veins and veinlets to a maximum size of 2 mm, RQD = 75 -
- vy 100%
—60

(Continued on next page)
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GENERAL BGC (ROCK) 0093-076.GPJ BGC.GDT 11/16/09

Geotechnical Investigation

Project: Shoreacres HDD DRILL HOLE # DH-BGC09-01

Location : Shoreacres East Approach

Page 8 of 9
Project No. : 0093-076

Survey Method :Handheld GPS

Drill Designation : Fraste MD-XL

Start Date : 19 Sep 09

(Continued on next page)

Co-ordinates (m) : 462,233.E, 5,474,261.N Drilling Contractor : Geotech Dirilling Finish Date: 23 Sep 09
Ground Elevation (m) : 468.0 Drill Method : Mud rotary Final Depth of Hole : 76.3
Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 29.60
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ  Cased To (m) : 29.87 Reviewed by : AJB
Hydraulic  ---.
Conductivity : UCS - MPa
m/sec
3 2 10® 10° 10 10? 50 100 150 200
9 . . L. % 1 1 1 1 1 1 1 1
§ s (.; Lithologic Description e Core W  Point Load
TElF|Z2 £ c Recovery % 5 <O Triaxial
oLl 2 ° £
£l a|la|l = e 5 -
@ = RQD % RMR
S HERR : - -
G?C n |0 n = 20 40 60 80 20 40 60 80
B v v METAMORPHOSED VOLCANICS - Dark pinkish grey, fine grained,
u v v ¢ foliated, equigranular, strong (R4), fresh, potassic alteration, with quartz
- 7 U ) stockworks veins and veinlets to a maximum size of 2 mm, RQD =75 -
- v v o 100%
—61 VA [
L vy |
L M |
- VoV I
B v v Y 61.70 m - 15 cm wide highly fracture zone. :
—62 Y i
i v v |
—63 v
i vov Y 63.35 m - 10 cm wide highly fracture zone.
—64 oY 1
- M '
i v I
- - l
- vy |
—65 v l
B v v Y 65.1 m-10 cm wide highly fracture zone. :
L v v ]
L VM |
—66 VN :
Z v |
L v v I
I - !
—67 VM —
—68 VN
- 0 l
- v v Y 68.67 m - Trace quartz veins up to 10 mm. |
—69 M |
L vy |
- VN I
L vy |
L N |
_70 V.V
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Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-01

Location : Shoreacres East Approach

Page 9 of 9

Project No. : 0093-076

GENERAL BGC (ROCK) 0093-076.GPJ BGC.GDT 11/16/09

Survey Method :Handheld GPS
Co-ordinates (m) : 462,233.E, 5,474,261.N

Ground Elevation (m) : 468.0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Start Date : 19 Sep 09
Finish Date: 23 Sep 09
Final Depth of Hole : 76.3

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 29.60
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ  Cased To (m) : 29.87 Reviewed by : AJB
Hydraulic  ----
Conductivity UCS - MPa
m/sec
© %)
2 = 10® 10° 10 10? 50 100 150 200
o Lithologic Description o) — I I I I
i -
§ 5 > g p! 9 Core 1_| [ | Pcl)lntl Load
’E‘ = |z E 5 Recovery % <& Triaxial
zie|e 2 Ie) £
£l a|la|l = e 5 -
@ £ RQD % RMR
S HERR : - -
%"3 n n = 20 40 60 80 20 40 60 80
B METAMORPHOSED VOLCANICS - Dark pinkish grey, fine grained,
u foliated, equigranular, strong (R4), fresh, potassic alteration, with quartz
o stockworks veins and veinlets to a maximum size of 2 mm, RQD =75 -
- 100%
—71
L 71.00 m - Some quartz stockworks veins up to 8 mm.
—72| (™ | 4

LSRG L O O O U N VSR U U U S O U O O N N N N N SR G U O U N N VA UL U U S O U SR N N N U O N G S S NN

CCECCCCELLLCCCCELLLLCLCLCLCCLLLCLCLCLCLCCLLCLCLCLCLCLCLCLCLCLCLCLCLCLCLCLC<CKLKL

—73

- I
- |
= |
- |
—74 |
L |
L |
L |
i .’
i 75 I

B |

B |

B |

o |

B ]

u End of Borehole @ 76.29 m

- Notes:

- 1. Discontinued drilling as reached target depth.

- 77 2. Hole grouted and filled with bentonite following completion.

- 3. Approximate depth of water as interpreted through drilling: Sept. 24,

L 2009 - 5.2 m. On Sept. 25, 2009 well became artesianed.

L 4. Drill bit hardness: 9 - 11.

- 78

- 79

—80
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GENERAL BGC (SOIL) 0093-076.GPJ BGC.GDT 11/16/09

Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-02

Location : Shoreacres East Approach

Page 1 of 9

Project No. : 0093-076

Survey Method : Handheld GPS
Co-ordinates (m) : 462,296.E, 5,474,411.N
Ground Elevation (m) : 481.0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Start Date : 25 Sep 09
Finish Date: 30 Sep 09
Final Depth of Hole (m): : 75.7

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 14.49
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ Cased To (m) : 15.20 Reviewed by : AJB
Su - kPa
IS 1S
E| ~| E 40 80 120 160
o TS 1 1 1 1
3 2 |2 % | Q [VANE FED LAB [a  uce
@ S | o | | < |PEAK ¢ n
o () Lithologic Description 218 S| & |REMOLD © O 2 L Pocket Pen /2
% ol| @ - w| Bl w ¥* % Fines o DCT (blows/300mm)
E|-|2]5 § | 8| & |5 | consemymed 1k g
-l o|lo| O 5 IS & & 0% 1 Y 10% 10 ® SPT (blows/300mm)
< Q Q % e = — |_. — 9 P 9 P Moisture Content & SPT N
% g g 3 ; ‘g o E (&) Core Recovery V>V<P/°_ _ Yg’_ _ _W>L<A’
'3‘0‘03‘0 E|@|o || 2 4 e B0 20 40 60 80
L SILT (CL-ML) - sandy fine to coarse, trace gravels, trace clay, low
B plasticity, firm, medium sensitivity, grey, odourless, moist, no
B structure, no cementation, low dry strength, slow dilatency
— 1
- 2
L 1 3 [
3 4
2 3 [
B 4
— 4 2020221 SAND (SW) and GRAVEL (GW) - fine to coarse, trace silt, well
- 202024 graded, dense, 20 mm maximum particle size, sub-rounded to
- °+%°] sub-angular, light brown, odourless, moist, no structure, no
- X4 cementation Q 5 om
B x 3 g,}»@ GRAVEL (GW) - fine to coarse, fine to coarse sandy, trace /50
— S Djojooo cobbles and boulders, trace silt, well graded, very dense to hard,
o wes.0.4 greater than 200 mm maximum particle size, sub-angular, dark
o jo‘?@’o grey/brown, odourless, moist, no structure, no cementation
- ©2.7e24 (maximum particle size interpreted through drilling)
- &:o
6 ‘
N 22+24 6.1 m - Poor water recovery during drilling.
- ot
- w0
—7 Deoeaoe
L %800
i 2
IS 13
B : 4 LR 40 .
— 8 o%0%0 30
L 2831 8.22 m - Becomes some cobbles and boulders up to 300 mm
L «;ec+21 maximum particle size and very dense. (maximum particle size
N ?:Z@ interpreted through tricone drilling)
—9 ooj\.fo GRAVEL (GW) and SAND (SW) - fine to coarse, some silt, trace
B °.7o 4 cobbles and boulders, well graded, dense to very dense,
R
B 50:0 =] sub-angular, grey, odourless, moist, no structure, no cementation
I 00
—10 .

(Continued on next page)
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GENERAL BGC (SOIL) 0093-076.GPJ BGC.GDT 11/16/09

Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-02

Location : Shoreacres East Approach

Page 2 of 9

Project No. : 0093-076

Survey Method : Handheld GPS
Co-ordinates (m) : 462,296.E, 5,474,411.N

Ground Elevation (m) : 481.0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Start Date : 25 Sep 09
Finish Date: 30 Sep 09
Final Depth of Hole (m): : 75.7

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 14.49
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ Cased To (m) : 15.20 Reviewed by : AJB
Su - kPa
IS 1S
E| ~| E 40 80 120 160
5 o | 8| € |8 fue e T
§ SIS R WP e
@ [ Lithologic Description g Q| 6| &[rEMoD o O £ PocketPenl2
1 5 | o ol Ol w * % Fines L DCT (blows/300mm
= |2' 2 = c S g = Hydraulic - ¢ )
é o o 5 — g o|wio Con?;lcﬂvit}g (m/sic) 'fz': ® SPT (blows/300mm)
£ |l a % _8 =] E I E 197 10" 197 10 Moisture Content & SPT N
% g g 3 ; > o E (&) Core Recovery V>V<P/°_ _ Yg’_ _ _W>L<A’
;30(0(0303 £ PP 0] 2 4 60 B0 20 40 60 80
i RN
- RRY
. x P 2
5 Booe 24 g
1 2 1
- RS
- 005
L e
12 PO
B éﬁ}@ 12.10 m - Becomes very dense with some cobbles and boulders
- D‘:ojooo up to 300 mm maximum particle size. (maximum particle size
u :‘E’::::( interpreted through drilling)
13 o "
- oj\.fo GRAVEL (GW) - fine to coarse, some fine to coarse sand, trace 46
B 6 N silt, well graded, very dense to hard, sub-angular, brown, 8 cm
- 3‘:{” odourless, moist, no structure, no cementation /50
E 14 :&{Z:”#
i 2
u Rock encountered at 14.49 m depth.
- See DH-BGC09-02 rock log.
—15
—16
—17
—18
—19
—20
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GENERAL BGC (ROCK) 0093-076.GPJ BGC.GDT 11/16/09

Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-02

Location : Shoreacres East Approach

Page 3 of 9

Project No. : 0093-076

Survey Method :Handheld GPS
Co-ordinates (m) : 462,296.E, 5,474,411.N

Ground Elevation (m) : 481.0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Start Date : 25 Sep 09

Finish Date: 30 Sep 09

Final Depth of Hole : 75.7

(Continued on next page)

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 14.49
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ Cased To (m) : 15.20 Reviewed by : AJB
Hydraulic  ----
Conductivity UCS - MPa
m/sec
% % 10® 10° 10 10? 50 100 150 200
— -— 1 1 1 1 1 1 1 1
§ s (.D')’ Lithologic Description é’ Core W  Point Load
ElF |2 £ 5 Recovery % <O Triaxial
zie|e 2 Ie) £
£l a|la|l = e 5 -
@ £ RQD % RMR
S HERR : - -
;30 n |0 n = 20 40 60 80 20 40 60 80
—11
L 0 to 14.49 m - See DH-BGC09-02 soil log.
—13
—14
B v v | METAMORPHOSED VOLCANICS (Rhyolite) - Dark pinkish grey, fine to
- v v v medium grained, slightly foliated, equigranular, strong (R4), slightly 1= T—rC1—
—15 M weathered, with potassic alteration and some quartz veins, RQD = 60 - |
L vov o 70% |
L 7 v ) Two joint sets with alpha angles of 65 and 30 degrees |
B M |
B VOLCANICS (Dacite) - Light greenish grey, fine to medium grained, :
—16 bimodal; medium grained chloritized mafics in a fine grained matrix, |
B strong (R4), fresh, slight chlorite alteration, RQD = 60 - 85% L
L |
L |
17 !
i I
17.34 m - 0.25 m wide altered volcanic dike. |
i |
—18 |1
- |
[ |
: 7 v | METAMORPHOSED VOLCANICS (Rhyolite) - Dark pink grey, fine |
L 19 v v Y grained, foliated, equigranular, strong (R4), fresh, with predominantly |
| 7 v ) potassic and minor chlorite alteration, RQD = 50 - 80% |
B v v Y One joint set of approximately 45 degrees |
M 18.63 m - Fault with clay and calcite fault gouge. Fault has an alpha angle —
i v v Y| of 65 degrees. I_
_20 v Vv

BGC ENGINEERING INC.

B

AN APPLIED EARTH SCIENCES COMPANY

Client: Terasen Gas




GENERAL BGC (ROCK) 0093-076.GPJ BGC.GDT 11/16/09

Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-02

Location : Shoreacres East Approach

Page 4 of 9
Project No. : 0093-076

Survey Method :Handheld GPS
Co-ordinates (m) : 462,296.E, 5,474,411.N

Ground Elevation (m) : 481.0
Datum : UTM NAD 83, Zone 11 Core : HQ
Dip (degrees from horizontal) : 90
Direction : 0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Fluid : Polymer/Mud
Casing : PQ Cased To (m) : 15.20

Start Date : 25 Sep 09

Finish Date: 30 Sep 09

Final Depth of Hole : 75.7

Depth to Top of Rock (m) : 14.49
Logged by : MMB

Reviewed by : AJB

(Continued on next page)

Hydraulic  ---.
Conductivity : UCS - MPa
m/sec
3 K2 -8 -6 -4 -2
§ . . N -% 10° 10° 10 10 50 100 150 200
§ S 2 Lithologic Description e Core W  Point Load
ElF |2 £ 5 Recovery % <O Triaxial
“le|le| 2 5 £
%. E|E| § £ % RD% L, RMR
@© @© > -
?C nln| S n £ 20 40 60 80 20 40 60 80
N v v ] METAMORPHOSED VOLCANICS (Rhyolite) - Dark pink grey, fine
u v v ¢ grained, foliated, equigranular, strong to very strong (R4-R5), fresh with
- 7 V) predominantly potassic and minor chlorite alteration, RQD = 50 - 80%
—21 v r
i 0 |
i vy I
- i i l
L VY |
—22 vV :
[ 1
- 7 v ) 22.6 m-Increase in potassic alteration and quartz stockworks veins and
e vov veinlets to a maximum thickness of 5 mm.
: v v Y 23.19 m - 2 mm wide calcite infilled joint with an alpha angle of 65
L v ] degrees.
—24 M
AN M
—25 VN
- 0 =
- vov |
—26 M |
L vy |
- VN :
: v v 26.55 m - Decrease in quartz veinlets. |
—27 - .
B 7 v ) 27.10 m - Jammed core tube during drilling causing crushed rock and |
u v v V poor recovery. Poor water water recovery during drilling. |
B v I
B o8 v v ) 27.72 m - Fault with clay fault gouge and an alpha angle of 55 degrees. |
— vov |
i M |
i VN H_1
_ v |
i VN '
—29 v v |
o v v Y 29.06 m - Fault with clay and calcite fault gouge. Fault has an alpha angle |
- 7o of 55 degrees. |
- - l
- Vv |
_30 VvV |

B
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GENERAL BGC (ROCK) 0093-076.GPJ BGC.GDT 11/16/09

Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-02

Location : Shoreacres East Approach

Page 5 of 9
Project No. : 0093-076

Survey Method :Handheld GPS
Co-ordinates (m) : 462,296.E, 5,474,411.N

Ground Elevation (m) : 481.0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling
Drill Method : Mud rotary

Start Date : 25 Sep 09
Finish Date: 30 Sep 09
Final Depth of Hole : 75.7

(Continued on next page)

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 14.49
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ Cased To (m) : 15.20 Reviewed by : AJB
Hydraulic  ----
Conductivity UCS - MPa
m/sec
5 = 10° 10° 10* 10? 50 100 150 200
E ..g 1 1 1 1 1 1 1 1
§ S (.D')’ Lithologic Description é’ Core B Point Load
ElF |2 £ 5 Recovery % <O Triaxial
oLl 2 5 £
£l a|la|l = e 5 -
@ = RQD % RMR
S HERR : - -
alon|n n = 20 40 60 80 20 40 60 80
—30: T q
N v v ] METAMORPHOSED VOLCANICS (Rhyolite) - Dark pink grey, fine |
u v v ¢ grained, foliated, equigranular, strong to very strong (R4-R5), fresh with
- 7 V) predominantly potassic and minor chlorite alteration, RQD = 50 - 80% :
31 - :
Z v |
§ 0 l
L 7 v ) 31.61 m - Two predominant joint sets; one with an alpha angle of 40 |
|39 v v \ degrees and spacing of approximately 0.80 m, and a second with an |
B 7 v Y alpha angle of 55 degrees and spacing of approximately 2 m. :
. - '
B v Vv I
- vov |
—33 v |
L Vv 1
- VN I
- - '
- vy |
L34 v v l
- VOLCANICS (Dacite) - Greenish grey, fine to coarse grained, bimodal; |
- @ 2 medium to coarse grained chloritized mafics in a fine grained matrix, very |
- strong, fresh, with chlorite alteration, RQD = 80 - 90% I_'
55 |
i I
B |
L 35.60 m - 0.42 m wide altered volcanic dike with sharp contacts. Both |
S contacts have alpha angles of approximately 50 degrees. :
! |
- 7 v | METAMORPHOSED VOLCANICS (Rhyolite) - Dark pinkish grey, fine |
L v vV grained, foliated, equigranular, very strong (R5), fresh, with potassic |
37 VI alteration and trace quartz veinlets to a maximum size of 2 mm, RQD = |
B v v v 55-80% |
L v v | 36.8 m - Fault with minor clay gouge and weathering of mafic minerals. |
B VoV Fault has an alpha angle of 65 degrees. |
B v+ | 37.50 m - Predominantly one joint set with an alpha angle of 55 degrees [
v v Y and spacing of 0.5 to 0.6 m. |
—38 MM |
- o |
L MM |
- {'} 5 v :
39 Y [
: VN =T
| A2 I
B v v | 39.58 m - Fault with clay and calcite fault gouge and an alpha angle of 55 |
40 v v M degrees. |
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GENERAL BGC (ROCK) 0093-076.GPJ BGC.GDT 11/16/09

Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-02

Location : Shoreacres East Approach

Page 6 of 9
Project No. : 0093-076

Survey Method :Handheld GPS
Co-ordinates (m) : 462,296.E, 5,474,411.N

Ground Elevation (m) : 481.0
Datum : UTM NAD 83, Zone 11

Dip (degrees from horizontal) : 90
Direction : 0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling

Drill Method : Mud rotary
Core : HQ
Fluid : Polymer/Mud

Casing : PQ Cased To (m) : 15.20

Start Date : 25 Sep 09

Finish Date: 30 Sep 09

Final Depth of Hole : 75.7

Depth to Top of Rock (m) : 14.49
Logged by : MMB

Reviewed by : AJB

(Continued on next page)

Hydraulic  ---.
Conductivity : UCS - MPa
m/sec
g Q -8 -6 -4 -2
= 10 10° 10* 10 50 100 150 200
E ..g 1 1 1 1 1 1 1 1
§ s (.D')’ Lithologic Description é’ Core W  Point Load

TElF|Z2 £ c Recovery % 5 <O Triaxial

“|le|lo|l @ ko) g

%. E|E| § £ % RD% L, RMR

@© @© > -

Qlo|o| = n £ 20 40 60 80 20 40 60 80
—40 v T
B v Vv :
- 7 VY 40.48 m- 0.5 m wide fault zone with clay and calcite fault gouge and |
- v v ¢ fractured rock. Fault has an alpha angle of approximately 55 degrees. _|
—41 M |
i oY l
o v |
L vV |
u VOLCANICS (Dacite)- Greenish grey, fine to coarse grained, bimodal, |
—42 very strong (R5), fresh, with chlorite alteration and some quartz veins u |

ry g q p
- to 3 mm thick, 65 - 100% L
- 42.0 m - One joint set with an alpha angle of 35 degrees and spacing of 1
B 03-06m. :
i |
_—43 |
|

B |
L ]
—44
—45
= [
L |
- |
—46
L |
L |
R |
i ||
—47 |
: |
- 47.45 m - 0.18 m wide altered volcanic dike with gradational contacts. |
B |
—48 |
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GENERAL BGC (ROCK) 0093-076.GPJ BGC.GDT 11/16/09

Project: Shoreacres HDD
Geotechnical Investigation

DRILL HOLE # DH-BGC09-02

Location : Shoreacres East Approach

Page 7 of 9
Project No. : 0093-076

Survey Method :Handheld GPS
Co-ordinates (m) : 462,296.E, 5,474,411.N

Ground Elevation (m) : 481.0

Drill Designation : Fraste MD-XL
Drilling Contractor : Geotech Dirilling

Drill Method : Mud rotary

Start Date : 25 Sep 09
Finish Date: 30 Sep 09
Final Depth of Hole : 75.7

Datum : UTM NAD 83, Zone 11 Core : HQ Depth to Top of Rock (m) : 14.49
Dip (degrees from horizontal) : 90 Fluid : Polymer/Mud Logged by : MMB
Direction : 0 Casing : PQ Cased To (m) : 15.20 Reviewed by : AJB
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