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Mr. Robert J. Pellatt

Commission Secretary
British Columbia Utilities Commission
Sixth Floor - 900 Howe Street
Vancouver, BC V6Z 2N3
Dear Mr. Pellatt:

RE:

British Columbia Utilities Commission (BCUC)
Project No. 3698447
British Columbia Hydro and Power Authority (BC Hydro)

Aberfeldie Redevelopment Project (Abeneldie Project)
Application for a Certificate of Public Convenience and Necessity (CPCN)
BC Hydro writes in response to BCUC Order G-149-06. That order requires BC Hydro to
continue with the regulatory review of the Aberfeldie Project by way of a CPCN application.
Therefore, BC Hydro hereby applies for a CPCN in respect of the Aberfeldie Project.
BC Hydro is a Crown corporation continued under the Hydro and Power Authority Act,
R.S.B.C. 1996, chapter 212, as amended. Its head office is at 333 Dunsmuir Street,
Vancouver, British Columbia, V6B 5R2. BC Hydro is charged with the responsibility of,
among other things, owning and operating the Heritage Resources, which are prescribed
under the BC Hydro Public Power Legacy and Heritage Contract Act, S.B.C. 2003, chapter
86, and which include the Aberfeldie facility. Communications with respect to this application
ought to be made to Joanna Sofield, Chief Regulatory Officer, BC Hydro, at the address
noted above. BC Hydro's legal counsel in respect of this application is Jeff Christian (at
Lawson Lundell LLP, #1600 - 925 West Georgia Street, Vancouver BC; phone: 604-631-9115;
e-mail: jchristian(§lawsonlundell.com).

In support of its application BC Hydro files a Summary of BC Hydro Evidence Regarding the
Aberfeldie Project (Summary), with supporting attachments. The Summary is organized in
accordance with, and provides all the information required by, the BCUC's CPCN Application
Guidelines (issued pursuant to Order G-28-04). The Summary and supporting attachments
are, with the following exceptions, identical to the materials filed by BC Hydro under cover of
letter dated November 15,2006 in BC Hydro's F07/F08 Revenue Requirements Application
(RRA). The exceptions are as follows:

1. a new Attachment 0 is attached, which contains the Aberfeldie Project material filed by
BC Hydro on May 25,2006 in the F07/F08 RRA (Le. Attachment L to that application);

and
2. a new Attachment P is attached, which contains evidence previously filed by BC Hydro
putting the Aberfeldie Project in the context of the 2006 IEP & L TAP.
British Columbia Hydro and Power Authority, 333 Dunsmuir Street, Vancouver, BC V6B 5R3
www.bchydro.com
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-2Attachments 0 and P are required because the information contained therein would not
otherwise be on the record of this proceeding.
Later this week, BC Hydro will file information in response to issues raised by Mr. Alan Wait
and West Fraser Mils regarding the proposed capacity of the Aberfeldie Project (see Exhibits
C3-1 and C7-1, respectively) and raised by the Independent Power Producers Association of
British Columbia regarding the change in cost of the Aberfeldie Project (see Exhibit C4-1).
In BC Hydro's view the only other outstanding piece of information required to complete the
record (from its perspective, as applicant) is an updated cost estimate. Such an update is
required because of the order requiring this matter to proceed by way of CPCN application.
The authority the BCUC has to make such an order is pursuant to section 45(5) of the
Utilities Commission Act, R.S.B.C. 1996, chapter 473, as amended (the UCA). Once such an
order is issued, a project proponent may not begin construction of the planned facility
(section 45(1) of the UCA). Thus, as a result of Order G-149-06, construction of the
Aberfeldie Project may not continue. BC Hydro has been working with its civil contractor to
re-negotiate its contract to allow incidental site work that would have to be done regardless of
whether the Aberfeldie Project is certificated, to proceed. The purpose of such negotiations is
to preserve the current construction season, maintain the planned in-service date, and keep
overall construction costs as low as possible. There wil be incremental costs arising from
this re-negotiation however. BC Hydro will file updated cost information with the BCUC in
this proceeding as soon as it knows what those incremental costs wil be. At this time, and
subject to receiving a CPCN by late January or early February (necessary to preserve the
balance of the current construction season), BC Hydro believes it is still worthwhile to
proceed with the Aberfeldie Project.
In this regard, BC Hydro notes with appreciation the efforts made by the BCUC and
intervenors to finalize the review of the Aberfeldie Project as expeditiously as possible,
particularly in light of the challenging regulatory timetable facing the BCUC and intervenors
(and BC Hydro). However, it also takes the opportunity to note its concerns regarding the
decision to require BC Hydro to proceed by way of CPCN application.

In its F07/F08 RRA BC Hydro proposed a capital plan review process that would require
regulatory reviews of all threshold capital projects to proceed under section 45(6.2)(b) of the
UCA. Review of projects by way of CPCN application was to be on an exceptional basis (see
chapter 4 of the F07/F08 RRA). This proposal was, in all material respects, accepted by
intervenors and the BCUC: Order G-143-06, and paragraphs 19-22 of the Negotiated
Settlement Agreement. In these circumstances BC Hydro believes that if the BCUC is
inclined to require a project review to continue by way of CPCN application, it ought to be
guided by the views of affected parties, and seek submissions from BC Hydro. In this case,
no intervenor sought a BCUC order requiring the section 45(6.2)(b) application in regard to
the Aberfeldie Project to continue as a CPCN application, and BC Hydro was not given an
opportunity to make submissions on the issue.
BC Hydro notes that any process the BCUC might require in respect of a CPCN application,
it can require in respect of an application under section 45(6.2)(b) of the UCA. Thus, for
example, the requirement in Order G-149-06 that BC Hydro publish notice of the Aberfeldie
Project in local newspapers could readily have been done under the section 45(6.2)(b)

application.

-3BC Hydro also notes that it was prepared to take some risk under the previous section
45(6.2)(b) application that it would not receive a favourable determination. It was in a position
to take that risk because it was not prohibited from beginning construction in a timely
manner. Now it is so prohibited, and there will be some incremental costs which may yet turn
out to be material, depending on its negotiations with its civil contractor and the timing of a
final order in the current procéss.
In light of the foregoing BC Hydro has considered whether it ought to seek re-consideration
of those elements of Order G-149-06 that require it continue with the regulatory review of the
Aberfeldie project by way of CPCN application. That is, BC Hydro appreciates, and has no
interest in seeking re-consideration of, the process of information requests and written
submissions in Order G-149-06. However, it may need to seek reconsideration of the CPCNrelated elements of Order G-149-06. It does not do so at this time for reasons of expediency
and because it may not be necessary, but reserves its right to bring such an application
depending on how events unfold in the next eight weeks.
All of which is respectfully submitted.

Yours sincerely,

Ju¡J
Joanna Sofield
Chief Regulatory Officer
Enclosure (25)
c. Project No. 3698447 Intervenors

Summary of BC Hydro Evidence Regarding the Abeneldie Project
Project Description

Attachment A is a copy of the material provided to BC Hydro's Board of Directors for its
November 2,2006 meeting at which it approved the Aberfeldie Project (Board Material).
Minor redactions have been made to preserve BC Hydro's commercial position for
reasons of privilege, and to maintain in confidence non-public 2006 Call bidder
information. For the benefit of the Commission and intervenors, new information
developed since the November 2, 2006 Board presentation has been added in square

brackets.

Attachments B and Attachment C are, respectively, the Business Case developed by
the Aberfeldie Project team to support an Expenditure Authorization Request (EAR),
including the delegation of authority to execute contracts, and the Business Case
Supplement that provides more detailed information regarding the project and
information in support of contract awards. Approval of an EAR is the last step in
BC Hydro's internal approval process, and allows the release of funds and the entry of
final contractual commitments. The Aberfeldie EAR Business Case and Business Case
Supplement were finalized subsequent to the November 2, 2006 Board approval of the
project to reflect the decision to award the civil contract. The Business Case Supplement
includes the following information:

.
.

description of the project organization;
summary of the Generating Equipment Contract;

.

summary of the Civil Contract;

.

current Project Cost Estimate (both P50 and P90);

.

detailed Project Schedule; and

.

economic analysis (comparing the cost of Aberfeldie to the projects tendered as
part of the 2006 Call for Energy).

Attachment D is a Technical Project Description prepared by BC Hydro based on
design work performed on the project. Knight-Piesold was retained in March 2005 to
complete the detailed engineering design work.
In addition to these attachments, BC Hydro refers to Appendix L of the F07/F08 RRA
(Exhibit B5-3). Collectively, these documents describe the project, including:

.

project purpose (to redevelop the existing 5 MW Aberfeldie Generating Station, a
Heritage Resource that is no longer in service, into a 24 MW facility see in
particular Attachments B and C);

.

project cost ($83 million (P50), inclusive of all costs incurred to date: see in
particular Attachment D to the Business Case Supplement, provided at
Attachment C);

. engineering design (see in particular Attachment D); and
. projecttimetable, including critical dates (see in particular Attachment E to the

Business Case Supplement, provided at Attachment C).
Project Justification

The Board Material, Business Case and Business Case Supplement (Attachments A-C)
provide overall project justification. In summary, the Aberfeldie Project will provide
needed incremental capacity and energy at a unit cost equivalent to the unit cost of the
first 1800 GWh of IPP energy in the recent F2006 Call for Energy.
In addition, BC Hydro refers to the following:

. Attachment B Section 9.0 is a discussion of significant project risks;

. Attachment F is a discussion of the decommissioning costs that would be
incurred by BC Hydro if it did not proceed with the Aberfeldie Project;

. Attachment G is a statement of the revenue requirement impact of the
Aberfeldie Project;

. Attachment N is the financial model used to develop the Business Case and is
available upon request on a CD-ROM;

.

information relating the Aberfeldie project to BC Hydro's 2006 IEP and L TAP is
found in Section 8.4.5 of the Amended L TAP, pages 8-32 to 8-35 (IEP Exh.B1 E); the Project Evaluation Evidence, pages 16 to 18 (IEP Exh. B-11); and
several BC Hydro responses to Information Requests, including BCUC IR 3.1.4
(IEP Exh. B-16). A complete list of the 2006 IEP IR Responses is set out at
Attachment L.

Permits. First Nations, Public Consultation

Environmental permit, public consultation, and First Nations consultations processes are
all complete, and all permits or authorizations required by BC Hydro are included in this

submission.

Attachment E is the required approval from Transport Canada.
Attachment H is the License and covering letter from the Deputy Comptroller of

Water

Rights. On November 6, 2006 Conditional Water License 119823 was also issued to
BC Hydro allowing it to construct works and divert water in accordance with the

Aberfeldie Project.

Attachment I is the Aberfeldie Redevelopment Project Water Use Plan as accepted by
the Comptroller of Water Rights and in accord with the Aberfeldie Project, dated
November 6, 2006. The water use planning process for BC Hydro's Aberfeldie Project
was initiated in May 2002 and concluded in April 2003. The recommendations were
specific to the existing project completed in 1922 and rebuilt in 1953. The
recommendations from this planning process, however, were held in abeyance until the
Aberfeldie Redevelopment Project plan could be reviewed.
2

The Consultative Committee and the Fisheries Technical Committee from the original
WUP process were reconvened to review the Aberfeldie Redevelopment Project as part
of the project approval process. Operational requirements, works, and monitoring
requirements in the updated Water Use Plan reflect the consensus recommendations of

the aforementioned groups.

Attachment J is the authorization of the federal Department of Fisheries and Oceans.
Attachment K is a letter dated October 24,2006, from the Ktunaxa Nation Council,
confirming support of the Aberfeldie Project, and confirming adequate consultation and

accommodation.
BC Hydro believes that no further permits or authorizations are required to begin the
construction of the Aberfeldie Project, and the operation of it upon completion; that all
material conditions in the permits and authorizations referred to above are or will readily
be complied with; and that the cost of such compliance is included in the $83 million

(P50) project cost.
Previously Filed Evidence

Attachment L provides a list of all other evidence BC Hydro has put on the record in this
and previous Commission proceedings regarding the project.

Attachment M contains a revised version of its response to BCUC IR No. 3.11.1. That
information request sought disclosure of progress reports regarding the Aberfeldie
Project. Redacted progress reports were filed, with some redactions relating to the
names of contractor bidders. The revised response has the redactions relating to
contractor bidders removed, and includes two further progress reports.
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Executive Summary to Board

Attachment A

EXECUTIVE SUMMARY
ABERFELDIE REDEVELOPMENT PROJECT
PURPOSE
To update the Board on the status of the project, options to proceed or defer, and based on
proceeding with the project, seek approval for the additional funds required to complete the project.

OVERVIEW
In October 2004, the Board of Directors approved a plan to redevelop the Aberfeldie Generating
Station, a small plant 35 km east of Cranbook, from 5 MW to 24 MW, at a capital cost of $46 million
(P50 level). In February 2006, an update was presented to the Board and approval was received to
proceed with the project at a forecasted capital cost of $65 million (P50) and an upper bound of $70
million.
To date, BC Hydro has spent $5 M on the project and has focused its efforts on defining the costs and
requirements to redevelop the project.
In particular, BC Hydro has staged the activities associated with redeveloping Aberfeldie to ensure that
the commitment to the project is informed by the status of underlying elements which in turn can
support credible cost and schedule estimates and a critical assessment of deliverability. At this point in
time, approvals and contract pricing have been secured, positioning BC Hydro to set a firm schedule
and fix over 75% of the direct project cost. These confirmed elements, along with a critical assessment
and re-evaluation of the balance of costs based on current market conditions, scheduling and
resourcing to ensure successful project delivery, have increased the expected project cost up to $90
million or $95 million including a risk reserve of $5 million. [the estimate is now $83 to $94 million after
selection of the civil contractor, a P90 statistical analysis, and a contingency for schedule delay] At
either cost, the project remains competitive to IPP supplies, as evidenced by recent awards.
Relative too many of the projects awarded in the recent Call for Energy, Aberfeldie is an advanced
project. BC Hydro has reached an agreement with the First Nations and the issuance of permits is
anticipated within weeks. Executable contracts are in place for the design work, major equipment, and
construction of the plant. While a few projects that were awarded contracts in the Call are also
advanced, most are at earlier stages of development. BC Hydro should be aware of the implications of
the early stage status and cost pressures that may be placed on the viability of contracts awarded in
the Call.
Notwithstanding the continued cost effectiveness of the project and its advanced stage of development,
the significant cost escalation raises a need to assess the status of the project and make a decision to
proceed or defer. This summary provides a description of the current state of the project, an
explanation of the capital cost increases, and a discussion of the project risks.
Ultimately, it is
Submitted by: Engineering Aboriginal Relations and Generation
November 2, 2006 Meeting of the BOARD OF DIRECTORS
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EXECUTIVE SUMMARY
recommended that the project be continued, with increased oversight from BC Hydro, despite the
increase in cost. Following approval, BC Hydro would proceed to execute the major contracts and
commence full implementation of the project.

PROJECT UPDATE
•

•

Consents: Staged activities to make agreements with the local Ktunaxa First Nation and secure
regulatory approvals, in parallel with contracting for equipment and construction services to
redevelop the project, have proceeded at a cost of $5 M to date. The current state of the project is
as follows:
•

First Nations: An agreement has been reached with the Ktunaxa Nation, resolving an issue
which delayed the project. The execution and signing of the Impact Management Benefits
Agreement (IMBA) is expected to occur over the next few weeks, as the agreement is
circulated for signatures.

•

Environmental: The Environmental Impact Assessment submitted in March 2005 has been
finalized and the issuance of the final environmental permits is currently pending. [now
issued]

•

Water License: A new water license for Aberfeldie has been submitted and is anticipated to
be issued in October 2006, following a letter from the Ktunaxa Nation to the Water Controller
in support of the project. [now issued]

Cost and Schedule: Major costs and schedule milestones have been established by contract (see
Appendix A for a contract summary). Should BC Hydro decide to proceed on the basis of the
current project structure, the expected capital cost ranges from $85 - $90 million (depending on
which tender is selected for the civil work), including bolstered contingencies to address residual
risk. Further, BC Hydro has set aside a risk reserve of $5 million, to address significant project
delays, which when added to the $90 million expected costs increases the total project cost to $95
million. [the estimate is now $83 to $94 million after selection of the civil contractor, a P90 statistical
analysis, and a contingency for schedule delay] Pending approval from the Board and the award of
the outstanding contracts in November 2006, site preparation would begin in late Fall 2006, major
civil construction would begin in early 2007, and the new facility would be in-service by late Fall
2008.
•

Design Work: The detailed engineering design work has been contracted to Knight-Piesold Ltd
of Vancouver.

•

Equipment: BC Hydro issued a tender call for the generating equipment and received two
substantially compliant tenders. The equipment supply contract, totaling approximately $15.5
million in direct costs and approximately $17.3 million in fully loaded, escalated dollars, is
pending award in November 2006.

Submitted by: Engineering Aboriginal Relations and Generation
November 2, 2006 Meeting of the BOARD OF DIRECTORS
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•

Site: BC Hydro issued a tender call for the civil construction work and received four tenders:
Western Versatile Construction, TNL Construction, North American Construction, and Jim Dent
Construction. Based on the tenders received, the civil contract is expected to be between $30 $35 million in direct costs (the February 2006 estimate was $23.5 million). An evaluation of all
four tenders is currently underway, based on a number of weighted criteria, including tendered
price, past experience on similar projects, and financial capacity

•

Social and Environmental Considerations: Social and environmental considerations were
evaluated as part of the redevelopment plan. To understand the expectations of stakeholders
and address any potential impacts on First Nations, stakeholders and the environment, BC
Hydro’s cross functional project team carried out an extensive consultation and assessment
process from which corresponding mitigation plans were developed. From an overall
perspective, given that this project entails the redevelopment of an existing site, the change in
footprint is less than it would be a Greenfield project. Further this project extends and optimizes
the life and value of an existing asset.

PROJECT COSTS
Project costs have increased since the original estimate developed in 2004 (see table below), reflecting
cost pressures that may also be affecting IPPs and other large construction projects in BC. The current
expected project cost estimate is $85 - 90 million, depending on the civil tender selected or up to $95
million including a risk reserve of $5 million.
Revised Project Cost Estimate
(nominal as spent $millions)
P50 Cost Estimate

Oct 2004 Estimate
In-Service
Apr 2007
$46

Feb 2006 Estimate
In-Service
Oct 2007
$65

Nov 2006 Estimate
In-Service
Aug-Dec 2008
$85 – 90 [now $83]
(based on $30 - $35
civil contract)

P90 Cost Estimate
Estimate with Risk Reserve

$51

$68

Not Calculated

$70*

-[now $94]
$95 million
[now see P90]

*characterized as an “upper bound” estimate
The current cost estimate reflects an updated schedule, executed or executable contracts for the
engineering, generating equipment, and civil scopes, updated market based escalation, and increased
BC Hydro resources. The drivers of the cost increases are grouped in the table below, based on how
they contribute to the new estimate. A chart of the cost breakdown is provided in Appendix B.
The higher estimate adds $5 million as a risk reserve, intended to cover interest during construction in
the event of a significant delay, higher than expected escalation, unexpected field conditions that would
give rise to price adjustments exceeding normal contingencies, or other unexpected but possible costs.
Submitted by: Engineering Aboriginal Relations and Generation
November 2, 2006 Meeting of the BOARD OF DIRECTORS
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[no longer include a risk reserve, but do include a P90 contingency and a 5 month schedule
contingency]

$ Millions

Reconciliation of Current Estimate to February 2006 Estimate
•

February 2006 Estimate

•

Direct Cost

$65.0

Civil Contract Market Price

+$7 - $12
[+$5.9[

New Requirement (substation)

+$1 [+0.8]

New Requirement (communication equipment)
Increased Testing / Quality Assurance
Additional Site Work (dredging/stop logs)

+$0.5
+$1 [+$0.8]
+$0.5

Subtotal
•

+$10 - $15 [+8.5]

Additional Oversight and Contingency For Residual
Uncertainties
Incentive Payment for Contractor Performance
BC Hydro Oversight

+$1
+$2 [+1.6]

Subtotal
•

Other (due to better cost definition and cost increases)
IDC

+$3 [+$2.5]

Corporate Overhead

+$1[+$0.8]

Subtotal
•

+3 [+$1.6]

Additional Contingency

Total Additional Cost
TOTAL REVISED ESTIMATE
Risk Reserve [additional contingency for P90, additional
schedule delay]
ESTIMATE INCLUDING RISK RESERVE

+$4 [+3.3]
+$3.0 [+$4.1]
+$20 - $25 [+$17.5]
$85 - $90 [$82.5]
+$5.0 [+$11.2]
$95 [$93.7]

numbers were rounded for board material, also now know civil contractor, revised to include P90

RISK REVIEW
The key risks associated with the redevelopment of Aberfeldie are described below and summarized
in Appendix C, along with the proposed mitigation measures.

Submitted by: Engineering Aboriginal Relations and Generation
November 2, 2006 Meeting of the BOARD OF DIRECTORS
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Cost
With the receipt of the civil tenders and the pending award of the generating equipment contract, BC
Hydro is in a position to execute contracts which represent over 75% of the direct project costs.
The residual risks are as follows:
•

The generating equipment contract includes an escalation provision, however given the near term
nature of the contract, the escalation is expected to be limited.

•

The civil contract is unit based, with a tender price for the associated quantity of a particular scope
item. The resultant cost risk arises from the quality of the estimate of the units required 1. Unit
estimates were prepared by Knight-Piesold and reviewed by BC Hydro and formed the basis of
the tender documents.

•

Coordination amongst contractors poses some additional risk. As such, BC Hydro is structuring
its project team, based on the lessons learned on other capital projects (e.g. to help identify and
actively manage critical interfaces, resource levels are being increased, particularly in the early
stages of the project, and key resources are being dedicated to the project; see Appendix D for
project organization chart).

Schedule
The project is at an advanced stage, with regulatory approvals pending and an agreement with the
First Nations to be signed in the next few weeks. As such, the residual schedule risk is associated
with the execution of the project. The generating equipment and civil contracts have provisions for
modest liquidated damages for late completion. BC Hydro’s experience with the generating
equipment contractor in providing services in another capacity for another project has motivated BC
Hydro to also seek additional delivery commitments. As well, given the interfaces between the
contractors, there is the risk that late performance by one contactor could impact another contractor.
The understanding of obligations and the oversight and coordination of contractors will be key to
managing schedule risk. BC Hydro is structuring its project team and oversight to mitigate this risk
(see Cost Risk discussion). In addition, $1 million has been included in the project cost estimate for
additional incentives for individual contractor performance and overall schedule performance.
Permits
BC Hydro has fulfilled all statutory requirements with respect to the permitting process and is awaiting
the issuance of the environmental permits. While the issuance of the permits is anticipated in the next
few weeks, there remains the risk of a delay, which could impact the start of construction. To avoid
the corresponding schedule and cost impacts, BC Hydro has detailed the outstanding actions required
to obtain the necessary authorizations and is maintaining close contact with the permitting agencies
and the Ktunaxa First Nation to ensure commitments are met.

1
The tender documents do not provide for the escalation of unit costs and any Equitable Adjustments for delays result in
schedule relief only. Bidders may however take exception to these terms.
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Regulatory
In negotiated settlement discussions on the Revenue Requirements Application BC Hydro confirmed
that its intention to seek a “determination” on Aberfeldie in its Long Term Acquisition Plan (LTAP)
proceeding. Subject to Board approval, evidence would be filed as part to direct testimony to update
the cost of the project from $65 million per the current LTAP. There is risk associated with proceeding
in advance of a determination by the BCUC and subsequent decision which would not likely be
provided before early 2007. The BCUC could also take the position of requiring that BC Hydro obtain
a Certificate of Public Convenience and Necessity (CPCN) prior to the commencing construction.
Until a determination is made with respect to the project, there is a risk that project cost may not be
fully recoverable should the BCUC determine that other, more cost effective options could have been
pursued or if costs were incurred imprudently. Ideally, such a determination would be obtained in
advance of entering into contractual commitments or incurring significant cost. Given the current
status of the process, seeking approval in advance of commencing work on the project would likely
result in a delay of several months, thus invalidating major contracts in hand, compressing the
schedule for work to be completed prior to the winter of 2007/2008, and delaying the in-service date
for the project.
The primary expectation of the Regulator in providing approval is that BC Hydro demonstrates need,
cost effectiveness, and the ability to deliver. On the basis of the original business case and the
evaluation that BC Hydro has undertaken for the current update, Aberfeldie remains cost effective and
executable relative to other supply options.
Reputation
Aberfeldie is a high profile project that has drawn significant attention from the IPP community.
Perceived failures may have broader impact as BC Hydro pursues other projects. Successfully
completing this project would serve as a model for structuring and managing other upcoming capital
projects, many of which are several times the size of Aberfeldie in terms of anticipated cost.

FINANCIAL ANALYSIS
Based on the higher capital cost estimates for the project, the levelized cost of energy from the project
has increased approximately $10/MWh from that presented in February 2006 as shown below:

Submitted by: Engineering Aboriginal Relations and Generation
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Aberfeldie Unit Cost of Energy Summary (at Plant Gate)
Levelized Cost ($/MWh)

Capital Cost

40-year life

50-year life

February 2006 Update

$65 M

$46

$43

October 2006 Update

$83 M

$54 [$56]

$52 [$54]

(approx. capital cost)

$89 M [$94 M]

$57 [$62]

$55 [$60]

Adjusting the levelized cost to reflect the energy output profile, transmission losses to the Lower
Mainland, and additional factors to allow comparison to the 2006 Call for Energy results in a levelized
cost of energy of $81/MWh. [$78 – 84/MWh] This compares favorably to the weighted average of
accepted energy prices under the Call, which was $88/MWh for all energy types and $83/MWh for
hydroelectric projects. The project cost would need to increase by an additional $23 M (to $112 M) for
the adjusted cost of energy from the project to approximate the highest price for a hydroelectric project
accepted in the Call ($95/MWh) [now – would need to increase by $18 million above the P90 cost (to
$112 M) for the adjusted cost of energy from the project to approximate the highest price for a project
accepted in the Call ($99/MWh)]. It should be noted that the levelized cost of energy for Aberfeldie is
towards the low end of the range of accepted hydroelectric tenders and is equivalent to that of Brilliant
Expansion (see chart below for Aberfeldie’s position relative to the contracts awarded in the Call).
[referred to as at median of first 2500 GWh accepted] Ultimately, at either estimated project cost (the
$85 or 90 million expected costs or the $95 million including a risk reserve), [$83 M or $94 M] the
Aberfeldie redevelopment remains competitive to IPP supply.

2006 Call - Large Project Resource Stack
(Accepted Projects Only)

Adjusted Bid Price

$100

$90

$80

$70

$60
0.0

0.4

0.9

1.3

1.8

2.2

2.6

3.1

3.5

3.9

4.4

4.8

5.3

5.7

Cumulative Annual Energy (GWh)

[Chart amended to maintain bid confidentiality]
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RECOMMENDATION
Despite the increase in cost, the Aberfeldie Redevelopment Project remains competitive with BC
Hydro’s other sources of new energy supply. This coupled with the condition of the wood stave
penstock which has forced the plant to be shut down suggests that proceeding with the redevelopment
project at this time remains the prudent course of action. As such, EAR&G recommends that the Board
approve the additional funds required for the redevelopment to proceed.
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DRAFT BOARD RESOLUTION

ABERFELDIE REDEVELOPMENT PROJECT (EAR 1104173)

RESOLVED that:
1. approval be and is hereby given to revise Expenditure Authorization Request No. 1104173 to
provide additional funding of $30 M., bringing the total to $95 M., for the purposes of the
Aberfeldie Redevelopment Project, being more fully described in materials filed for reference
with the records of this meeting.
2. the CEO, or delegate, be and is hereby authorized to conclude, approve and execute all
agreements, documents, purchase orders and payments for the purposes of EAR 1104173 or
in performance thereof.

Submitted by: Engineering Aboriginal Relations and Generation
November 2, 2006 Meeting of the BOARD OF DIRECTORS
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Appendix A – Contract Summary
BC Hydro is acting as the general contractor on the Aberfeldie redevelopment. There are
three major contracts for the project: engineering design, generating equipment supply and
installation, and civil construction. An aspect of the contracting strategy is that BC Hydro will
assume the risk beyond modest liquidated damages of schedule coordination.
Engi neering Design Contract
Scope:
• a tender for the design, supply, and installation of the electrical generating equipment
• a tender for the supply and installation of a switchyard, including the mechanical equipment
• a tender for the civil work required for modifications to the dam’s intake, supply and installation of the
penstock, and construction of the powerhouse
Structure:
• hourly rate for services provided, broken out by specialty and task
Key Terms:
• price certainty in the form of a contract ceiling of $3.56 million, provided there are no scope changes
issued by BC Hydro
• a schedule to be met by the engineering design contractor
• terms and conditions for Equitable Adjustments and dispute resolution
Status:
• contract was awarded to Knight-Piesold in March 2005
Generating Equi pm ent Contract
Scope:
• design, supply and installation of three 8 MW horizontal axis Francis turbines, three 9.22 MVA AC
synchronous generators, turbine inlet valves, control systems, and ancillary operating equipment
Structure:
• a lump sum contract with escalation factors
Key Terms:
• provides performance guarantees and warranty provisions necessary to ensure the quality of the end
product
• sets the supply and installation schedule and associated milestone dates
• sets terms and conditions for the application of Liquidated Damages
Status:
• contract award to VA Tech is currently pending
C i v i l C ont r a c t
Scope:
• mobilization & demobilization of equipment and provisions for all Contractor’s construction facilities
• demolition and removal of all existing facilities, with the exception of the existing intakes and dam
• construction of modifications to the existing Aberfeldie Dam intakes
• construction of the headworks, low pressure conduit, surge facility, and high pressure penstock
• construction of a new powerhouse, environmental bypass facility, and switchyard
Structure:
• unit based contract with a unit price for the associated quantity of each scope item
• unit quantities are estimates and ultimately determined upon completion
Key Terms:
• provides warranty provisions necessary to ensure the quality of the end product
Submitted by: Engineering Aboriginal Relations and Generation
November 2, 2006 Meeting of the BOARD OF DIRECTORS
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•

sets terms and conditions for the application of Liquidated Damages for not meeting critical schedule
milestones and completion
Status:
• four tenders received and currently being evaluated; low tender is from Western Versatile Construction
The relative size of the major contracts and the major risks assumed by each contractor, along with the residual
risk assumed by BC Hydro, are summarized below:
Contract

Est.
Direct
Costs

% of
Direct
Costs

$3.3M

~5%

Costs:
• Hourly rate contract to a
maximum value of $3.6M

Costs:
• Design changes required
beyond tendered scope

~20%

Costs:
• Lump sum price contract with
provision for escalation
Schedule:
• Liquidated Damages for
falling behind schedule
Performance:
• Liquidated Damages for
failure to meet performance
criteria
• 5 year warranty on design,
material & workmanship

Costs:
• Escalation costs (labor,
materials) beyond estimate
Schedule:
• Costs from schedule slippage
beyond Liquidated Damages
Performance:
• Opportunity costs from lost
performance beyond
Liquidated Damages

~50%

Costs:
• Unit price contract with no
escalation
Schedule:
• Liquidated Damages for not
meeting critical milestones &
completion date
Performance:
• 8 year warranty on design
and 12 months on materials &
workmanship

Costs:
• Unit quantities are higher than
estimated in tender
Schedule:
• Costs from schedule slippage
beyond Liquidated Damages

Design
(Knight
Piesold)

Generating
Equipment

$15.4M

(VA Tech)

Civil
Construction
(TBA)

$30.1M
$35.8M
[$30.1,
includeing
disman
tling]

Contractor Risk

Submitted by: Engineering Aboriginal Relations and Generation
November 2, 2006 Meeting of the BOARD OF DIRECTORS
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Appendix B - Capital Cost Breakdown [Has not been revised to reflect current P90
estimate]
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Appendix C – Key Risk Summary
This project is at an advanced stage, with over 75% of costs backed by contracts and a healthy
reserve / contingency to accommodate residual cost and schedule uncertainties.
Major Risks

% of
Direct
Cost

Status

Residual Risk

Mitigation

Design

6%

Design well advanced with
detailed internal and external
review

Minor: Variation in
final details

Cost and Schedule
contingency allowance

Site Work

53%

Plan shut down for dismantling

Moderate: site
conditions different
than anticipated;
weather risk;
schedule risk

Cost and Schedule
contingency allowance

Minor: On site
assembly;
escalation; late
delivery risk

Peer escalation used in
cost estimate

Moderate: Late
connection; cost
escalation

Cost and Schedule
contingency allowance

Minor: BC Hydro
does not effectively
manage project,
resulting in delays or
additional cost

BC Hydro active role in
project

Credible contractor selected
Lump sum contract for
equipment, Fixed Unit Prices for
civil contract Modest Liquidated
Damages for both contracts

Peer escalation used in
cost estimate

Work Scope well defined
Equipment

24%

Contract award pending to
reputable equipment supplier
Lump sum, with defined
escalation and modest
Liquidated Damages

Interconnection

4%

Project
Management

13%

Confirmed requirements
Work underway
Augmented project management
oversight and dedicated team

Cost and Schedule
contingency allowance

Cost and Schedule
Contingency allowance

Regulatory

-

Revenue Requirement and
LTAP determination in process

Moderate: Partial
or full denial of costs

Business case supports
cost effectiveness of
supply

Consents /
Approvals

-

Environmental Review complete,
Water License pending

Minor: Water
license issuance
delay

Cost and schedule
contingencies

First Nations signing of
agreement underway
Total

100%

Submitted by: Engineering Aboriginal Relations and Generation
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Appendix D – Project Organization Chart [has been revised]
ABERFELDIE REDEVELOPMENT PROJECT
- Construction Phase

Project Organization Structure

Time commitment of key project team
members is shown as % of full - time .
A /R = As Required

Director , Project Delivery
M . Hemmingsen
A/R

Project Initiator
S . Eckert
A/R

Office of Chief
Engineer
R . Grout

Project Engineer
J . Croockewit
25 %
Design
Reviewers

Project Manager
D . Baker
100 %
Project Tech
J . Palmer
A/R

Quality
Assurance
T . Martin

20%

Commissioning
& Testing
B . Hikichi
20 %

10 %

100 %
Site Resident
Engineer ( K - P )
TBA
100 %

Sr . Construction
Officer
TBA
100 %

Sr . Construction
Officer
TBA
100 %

Procurement
T . Cohen

Estimating
B . Earis

Construction
Manager
Horkoff / Hansen

Designers
A /R

75%

Construction
Contracts
(BCH Rep )
B . Loewen
10%

Project Design
( Knight -Piesold )
M . Robertson
10 %

Plant Manager
D . Percell
A /R

Assistant
Constr . Mgr .
Horkoff / Hansen
50%

Jr . Construction
Officer /EIT
TBA
100 %

Admin Assistant
/
Clerk
TBA
100 %

Environmental
S . Wilson
Community
Relations
D . Tammen
First Nations
J . Tyson

Legal
E . Weclaw

Properties
A . Forbes

Submitted by: Engineering Aboriginal Relations and Generation
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Executive Summary
The Aberfeldie Generating Station is over 80 years old and the wood stave penstock and powerhouse
equipment have reached their end of life. The long-term options for the Aberfeldie have been
reviewed, including status-quo operation, redevelopment, and decommissioning. Each alternative
has distinct risk and financial implications, which are discussed in the October 2004 business case.
Based on the analysis conducted, the redevelopment of the Aberfeldie to a capacity of 21 - 24 MW is
considered the most cost effective option. Redevelopment of the facility will address the deficiencies
at the existing facility and provide incremental energy that is cost effective relative to other options.
The Project
The existing Aberfeldie Generating Station was constructed in 1922 by the East Kootenay Power
Company on the Bull River, in the East Kootenay region of B.C., approximately 35 km southeast of
the Town of Cranbrook. BC Hydro acquired Aberfeldie in 1967 and since that time has operated it as
a Heritage Asset. Over the many years of operation, key components, such as the generating
equipment and the wood stave penstock, have deteriorated to the point that they have reached the
end of their serviceable life.
BC Hydro began looking at options to optimize the output of its Heritage Assets in the early 2000’s.
The Aberfeldie Redevelopment Project was identified in the 2004 Integrated Electricity Plan as a
Resource Smart project that could create additional generating capacity and energy supply from an
existing facility at an economic cost.
Optimization studies indicated that the aging power plant, which had a generating capacity of 5 MW,
could most effectively be replaced with a plant sized at approximately 24 MW. The annual energy
production would increase from 34 GWh to 104 GWh with the new configuration.
The Aberfeldie Redevelopment Project entails the replacement of the existing intake structure, wood
stave penstock, surge tower, powerhouse, generating equipment, and switchyard. The only portion
of the existing facility that will be retained is the dam structure. The project will also include new
modern control systems and a new microwave telecontrol system.
Project Costs
On September 26, 2004, the Board of Directors approved a plan to redevelop Aberfeldie Generating
Station from 5 MW to 24 MW for a capital cost of $46 million (P50 level). The scheduled in-service
date was April 2007.
On February 13, 2006, an update was presented to the Board and approval was received to proceed
with the project at a forecasted capital cost of $65 million (P50 level) and an upper bound of $70
million. The February 2006 update more accurately reflected the expected construction costs and
provided additional contingency for future increases to construction and material supply costs. At that
time, the expected in-service date was October 2007.
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Since then, BC Hydro has continued to stage the activities associated with redeveloping Aberfeldie to
ensure that the commitment to the project is informed by the status of approvals, consultation,
contract pricing, and market conditions, which in turn support credible cost and schedule estimates
and a critical assessment of deliverability. The current capital cost estimate for the project is $83
million (P50 with a provision for a modest schedule delay), with an upper bound estimate of $94
million (P90 with provision for a longer schedule delay). At either cost, the project remains
competitive to the Independent Power Producers (IPPs), as evidenced by the 2006 Call for Energy.
The current in-service date for the Aberfeldie redevelopment is late Fall 2008.
Broader Implications
The recent Aberfeldie cost increases also reflect cost pressures that may be being experienced by
the BC IPPs. Relative to many of the projects awarded in the recent Call, Aberfeldie is an advanced
project. BC Hydro has reached an agreement with the First Nations and the issuance of permits is
anticipated within weeks. Executable contracts are in place for the design work, major equipment,
and construction of the plant. While some projects that were awarded contracts in the Call are also
well advanced, most are at earlier stages of development.
Contracting Strategy
The contracting strategy for Aberfeldie entails the award of three main contracts:
•

a contract for engineering design work;

•

a contract for the design, supply, and installation of generating equipment; and

•

a contract for the civil construction work, which includes the demolition of the existing
facilities, modifications to the dam intake structure, and construction of the new water
conveyance system, powerhouse, and switchyard.

The contracts for the generating equipment and the civil works have synchronized schedules, so that
generating equipment design work will support the civil design work and the civil works will be ready
for the installation and commissioning of the generating equipment.
BC Hydro serves as the general contractor for the project and is responsible for planning and
coordinating the activities of the contractors.
Project Status
The current status of the project is as follows:
•

To date approximately $5 million has been spent on staged activities aimed at establishing
agreements with the local Ktunaxa First Nation and securing regulatory approvals, in parallel
with contracting for equipment and construction services to redevelop the project.

•

An agreement has been reached with the Ktunaxa Nation as evidenced by a letter of support
provided to the Water Controller’s office. The execution and signing of the Impact
Management Benefits Agreement (IMBA) is expected to occur in late November 2006 when
the various First Nation signatories can be assembled.
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•

The Environmental Impact Assessment submitted in March 2005 has reached the final
completion stage, with the issuance of the final environmental permits currently pending. A
new water license for Aberfeldie is anticipated to be issued in mid November 2006. A letter of
support from the Ktunaxa Nation has been sent to the Water Controller in support of the
project.

•

The detailed engineering design work was contracted to Knight-Piesold Ltd. of Vancouver in
April 2005.

•

BC Hydro issued a tender call for the generating equipment and received two substantially
compliant tenders. The equipment supply contract is pending award in mid-November 2006.

•

BC Hydro issued a tender call for the civil construction work and received four tenders on
October 11, 2006. An award is expected to be made in November 2006, following a
comprehensive evaluation of the tenders.

•

Based on the current status of the project, site preparation would begin in late Fall 2006, with
major civil construction beginning in early 2007, and an expected in-service date of late Fall
2008.

Recommendation
Despite the increase in the project cost, the Aberfeldie Redevelopment Project remains competitive
with BC Hydro’s other sources of new energy supply and executable contracts and submitted tenders
represent over 75% of the direct project cost. This coupled with the condition of the wood stave
penstock, which has forced the plant to be shut down for this winter, suggests that proceeding with
the redevelopment project at this time remains the prudent course of action. As such, EAR&G
recommends that the additional funds required for the redevelopment project to proceed be
approved. Following approval, BC Hydro would execute the major contracts and commence project
implementation
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1.0 Background
Aberfeldie Generating Station is located 35 km southeast of Cranbrook, in southeastern British
Columbia. It is situated on the Bull River, about 10 km upstream from its confluence with the
Kootenay River. The existing 5 MW facility consists of a dam, penstock, and powerhouse, as well as
a small headpond that extends 1.5 km up the narrow valley. The mean annual flow of the river is
about 33 m3/s and the current utilisation for power generation is 7.5m3/s. Due to continued siltation of
the headpond, the storage capacity of the reservoir is significantly reduced and the plant operates
essentially as a run-of-river facility with water flowing over the spillway about 80% of the year.
Expansion of Aberfeldie was previously studied in 1969, and again in 1991. In both cases additional
capacity was recommended.
The history of the Aberfeldie Hydroelectric Development is as follows:
1922

The original Aberfeldie Dam, located about 1.5 km upstream of the existing dam, was
built along with the powerplant.

1953

The old dam suffered severe damage from avalanches and was replaced by the
present concrete gravity dam. In addition, the penstock and surge tank were rebuilt,
the generating units and turbine inlet valves (TIVs) were overhauled, the protection
and control (P&C) panels were replaced, and new 2.4 kV switchgear was installed.

1968

The East Kootenay Power Company, the owner of the development, was acquired by
BC Hydro. Aberfeldie has been operated by BC Hydro since that time.

1970

The wood-stave penstock was replaced.

1999

The dam was anchored to the underlying bedrock, due to concerns that the dam
might be breached due to excessive silt build-up.

2003

A wood-stave penstock replacement project was initiated and then modified to
include redevelopment of the generating station.

2006

Plant removed from service due to condition of wood-stave penstock.

2.0 Project Description
The Aberfeldie Redevelopment Project entails the modification of the existing intake structure in the
dam and the replacement of the wood stave penstock, surge tower, powerhouse, generating
equipment, and switchyard. The only portion of the project that will be retained will be the existing
dam structure. The project will also include new modern control systems and a new microwave
telecontrol system. The existing 5 MW turbine-generator will be replaced with three 8 MW horizontal
axis Francis turbines, three 9.22 MVA AC synchronous generators, turbine inlet valves, control
systems, and ancillary operating equipment.
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3.0 Project Justification
BC Hydro began looking at options to optimize the output of its Heritage Assets in the early 2000’s.
The Aberfeldie Redevelopment Project was identified in the 2004 Integrated Electricity Plan as a
Resource Smart project that would create additional generating capacity and energy supply from an
existing facility at an economic cost. Further the project would likely provide energy benefits well
beyond the term of alternative supply options from long-term IPP contracts.
Optimization studies indicated that the aging power plant, which had a generating capacity of 5 MW,
would most effectively be replaced with a plant sized at approximately 24 MW. The annual energy
production would increase from 34 GWh to 104 GWh in the new configuration.

4.0 Contracting Strategy
The contracting strategy that has been implemented to date for Aberfeldie entails the award of three
main contracts:
•

engineering design work (contract awarded April 2005);

•

design, supply and installation of the generating equipment (contract fully negotiated, but still
to be awarded); and

•

civil construction work, which includes the demolition of the existing facilities, modifications to
the dam intake structure, and construction of the new water conveyance system,
powerhouse, and switchyard (tenders currently being evaluated).

The contracts for the generating equipment and the civil works have synchronized schedules, so that
the generating equipment design work will support the civil design work and the civil works will be
ready for the installation and commissioning of the generation equipment.
BC Hydro serves as the general contractor for the project and is responsible for planning and
coordinating the activities of the contractors.
Given the status of the project and BC Hydro’s recent experience on other large projects, BC Hydro
could: i) proceed on the current course, or ii) defer and restructure the project at a later date.
Changing the project structure at this late date is not without attendant risks. BC Hydro has exercised
the market to secure the generating equipment contract and the civil tenders. Should BC Hydro
decide to proceed with a materially different structure the market may not be as responsive given the
current market conditions and the uncertainty that may be introduced regarding BC Hydro’s
commitment to ultimately proceed. In addition, with significant infrastructure activity underway since
the original tenders the market has likely tightened.
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4.1 Engineering Design Contract
The engineering design contractor is to provide the detailed technical requirements and drawings for
the following:
•
•
•

a tender for the design, supply, and installation of the electrical generating equipment
a tender for the supply and installation of a switchyard, including the mechanical equipment
a tender for the civil work required for modifications to the dam’s intake, supply and
installation of the penstock, and construction of the powerhouse

In addition, the contract requires that the engineering design contractor undertake site investigations
and construction supervision as necessary to achieve quality assurance.
The contract is for an hourly rate for services provided, broken out by specialty and task. The
contract also provides for the following:
•
•
•
•

price certainty in the form of a contract ceiling, provided there are no scope changes issued
by BC Hydro
a schedule to be met by the engineering design contractor
terms and conditions for Equitable Adjustments and dispute resolution
definition of the limitations of liabilities and indemnities

The contract was awarded to Knight-Piesold Ltd. in April 2005.

4.2 Generating Equipment Contract
The generating equipment contract includes the design, supply and installation of three 8 MW
horizontal axis Francis turbines, three 9.22 MVA AC synchronous generators, turbine inlet valves,
control systems, and ancillary operating equipment. The contract provides performance guarantees
and warranty provisions necessary to ensure the quality of the end product. The contract also
provides the following:
•
•
•
•
•
•

sets the base cost and escalation factors which will result in the determination of the final cost
sets the supply and installation schedule and associated milestone dates
sets terms and conditions for the application of Liquidated Damages
provides delay and termination provisions
provides the contract security
defines the limitation of liabilities and indemnities

The generating equipment contract divides the required work into two phases:
•

Phase 1 is the initial design phase, which starts when the contract is awarded and is
scheduled to run approximately 4 months to the directed start of Phase 2. Phase 1 involves
the detailed design of the equipment to the point of being ready for manufacture. Phase 1
also requires that the contractor provide confirmation of the generating equipment layout and
dimensions to our engineering consultant, Knight-Piesold Ltd, within 6 weeks, so that the
powerhouse design can be finalized.
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Phase 2 of the contract will provide the supply and installation of the designed generating
equipment. The initiation of Phase 2 requires a separate notification from BC Hydro to the
contractor.

4.3 Civil Contract
The call for civil tenders issued in August 2006 requested tenders for the following:
•
•
•
•
•

mobilization & demobilization of equipment and provisions for all Contractor’s construction
facilities
demolition and removal of all existing facilities, with the exception of the existing intakes and
dam
construction of modifications to the existing intakes of Aberfeldie Dam
construction of the headworks, low pressure conduit, surge facility, and high pressure
penstock
construction of a new powerhouse, environmental bypass facility, and switchyard

The civil tender is unit based with a tender price for the associated quantity of a particular scope item.
The call for tenders divided the scope into 11 functional areas (e.g. powerhouse, penstocks, etc.) and
several broad categories (e.g. earthworks, concrete work, pipe work, etc.). The engineering design
contractor prepared the quantity estimates, which were subsequently reviewed and approved by BC
Hydro prior to issuance of the call for tenders.
As of the date of this Business Case, BC Hydro has received four tenders in response to its Call. An
evaluation of all four tenders is ongoing, based on a number of weighted criteria, including tendered
price, past experience on similar projects, and financial capacity.

4.4 BC Hydro’s Role
BC Hydro will serve in the role of general contractor for the project and all project work will be carried
out under the direct control and acceptance of BC Hydro staff. Human resources for the inspection of
the work, construction documentation, and contract management will be available, as required, to
maintain quality and ensure that the best interests of BC Hydro are served.
It is recognized that establishing appropriate control of the site and the contractor during the initial
stages of the site civil works is critical to project success and ensuring site safety. BC Hydro will
provide additional inspection staff during the initial stages of the work to ensure that appropriate
processes and controls are established. Refer to Attachment A for the planned organizational
structure for the construction phase of the project.
A key part of BC Hydro’s role is to provide planning and coordination for the work. This is a
continuation of the work that has been on-going as part of the project since the middle of 2005.
Project schedules and milestone dates have been established within the two major contracts
(Generating Equipment Supply and Civil Construction), so that the work will be coordinated and to
meet the established in-service date.
The two major contracts are synchronized to the overall project schedule so that the Civil Contractor
will have the powerhouse ready for the Generating Equipment Contractor to arrive at site and carry
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out the installation and commissioning of the Generating Equipment. Coordination of the schedule
will be overseen by BC Hydro and any problems or risks in meeting the scheduled dates will be
proactively pursued with the Contractors. It is noted that both contracts have Liquidated Damage
provisions for failing to meet critical milestones and the in-service date.
The table below summarizes the critical contractor interfaces and how BC Hydro envisions managing
these interfaces to ensure the milestones and the target in-service date are met.
Critical
Delivery
Interface
Powerhouse &
Generation
Design
Civil Design &
Construction

Date

Originating Contractor
• Deliverable

Receiving Contractor
• Deliverable

Dec
2006

GEC
• Turbine & Generator
Design & Dimensions
Knight Piesold
• Civil Construction
Drawings
GEC
• Embedded parts of
Turbines & Generators

Knight Piesold
• Powerhouse Design

Mar
2007

Turbine &
Generator
Embedded Parts

Dec
2007

Powerhouse
Available for
Turbines &
Generators
Water
Conveyance
Commissioning

Mar
2008

Switchyard
Commissioning

May
2008

May
2008

CC
• Powerhouse ready to
receive Generators &
Turbines
CC
• Water conveyance
system complete
CC
• Switchyard complete

CC
• Begin Civil
Construction
CC
• Powerhouse
Foundation
Construction
GEC
• Install Generators &
Turbines

BCH Action to
Mitigate Risk &
Manage Schedule
• Weekly progress
reports & meetings
• Weekly progress
reports & meetings
• Update reports
• GEC Site inspection
• Site Inspections
• Weekly Constr.
meetings

GEC
• Turbine & Generator
Commissioning

• Site Inspections
• Weekly Constr.
meetings

GEC
• Turbine & Generator
Commissioning

• Site Inspections
• Weekly Constr.
meetings

(CC – Civil Contractor; GEC – Generating Equipment Contractor)
In addition, particular focus will be made to coordinate contractor activities through proper premobilization planning and regular meetings with the contractors. Focus on quality assurance will also
be enhanced.

5.0 Project Cost
The project has been exposed to cost escalation, due to the tight construction market since the
original project estimate was developed in 2004 and delays in the project schedule. These cost
pressures are also likely affecting the IPPs and many other large construction projects in BC The
current expected capital cost for the project is $83 million (P50 including a modest schedule
contingency). The P90 estimate (including a longer schedule contingency) for the project is $94
million. At these costs, the project remains competitive to IPP supply.
A substantially firm capital cost estimate reflecting executed or executable contracts for the
generating equipment and civil scopes is provided in the table below.
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Revised Project Cost Estimate
Cost Estimate
(nominal as spent
$millions)
P50 Cost Estimate
P90 Cost Estimate
Upper Bound Cost Estimate

Oct 2004 Estimate
In-Service
Apr 2007

Feb 2006 Estimate
In-Service
Oct 2007

Nov 2006 Estimate
In-Service
Aug-Dec 2008

$46.0
$51.0
Not Calculated

$65.0
$68.0
$70.0

$83 million
$94 million

The current estimate reflects an updated schedule, contract costs, and market based escalation and
increased BC Hydro resources.

6.0 Project Schedule
Key project dates and decision points are summarized below.

Decision Points / Milestones

Earliest
In-Service
(Aug 2008)

First Nations Agreement

October 2006

Regulatory Permits

October 2006

Review Updated Cost with BOD

November 2006

Execute Generation Equipment Contract (Phase 1)

November 2006

Award Civil Contract

November 2006

Civil Contractor given access to site, except the intake area

November 2006

Civil Contractor given access to the intake area
Concrete embedment of anchoring for Generation Equipment
Powerhouse ready for Generation Equipment Installation

April 2007
February 2008
March 2008

Switchyard commissioned

May 2008

Water conveyance system commissioned

May 2008

Commercial Operation

Contingency
In-Service

August 2008

P50 - November 2008
P90 - January 2009

The greatest uncertainties in the overall coordination of the work schedule relate to the following:
•

The construction of the civil works, such as the powerhouse foundation and penstock installation,
have geotechnical and foundation risks that could result in problems or changed condition claims.
Once the foundation work is complete, uncertainty is significantly reduced. To address this, we
considered the contractor’s capabilities in evaluating tenders and have included cost and
schedule contingencies to address potential problems.

•

The site assembly of the generating equipment poses some risk based on recent experience on
other projects. To address this we will provide enhanced project oversight and focus on planning.
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Severe winter conditions could adversely affect the ability of the work to proceed during the winter
of 2006/07 and 2007/08. This could result in slow progress and delays. To address this we have
included cost and schedule contingencies to address potential delays.
•

One contractor’s performance could impact the performance of another contractor. To address
this risk, BC Hydro will focus on coordinated planning, provide enhanced project oversight, and
reserve funds to provide incentives for on-time performance and on-time project completion.

7.0 Economic Analysis
The financial analysis of the project has been updated for the increase in capital costs, as well as
current energy generation assumptions, based on equipment supplier negotiations and operating
assumptions.
As with the February 2006 update, the analysis assumed a cost of capital of 8.0%, which is consistent
with the project evaluation methodology presented to the Commission. The levelized cost of energy
from the project was calculated over a 40 year term, matching the maximum term available in the
2006 Call for Energy, and a 50 year term, the typical BC Hydro evaluation period (see table below) 1 .
The analysis was based on a capital cost estimate of $83 million and $94 million, reflecting the P50
and P90 estimates.

Aberfeldie Unit Cost of Energy Summary (at Plant Gate)
Capital Cost

Levelized Cost ($/MWh)
40-year life
50-year life

February 2006 Update

$65 M

$46

$43

October 2006 Update

$83 M

$56

$54

$94 M

$62

$60

Another comparative source of pricing is the series of price forecasts that have been adopted by BC
Hydro. The current 20-year forecasts, issued in March 2006, are a reasonable proxy for a range of
expected future outcomes. The price forecast reflects expected energy prices through the WECC
which are driven by USD-based transactions; the forecast includes an exchange rate assumption of
1.00 CAD = 0.87 USD. One of the effects of domestic supply, such as Aberfeldie, is to remove
volatility from the fundamental volatility in market prices due to changes in, among other things,
supply and demand curves, fuel prices and exchange rates.
The table below presents the high, average, and low price forecast on a levelized basis, extrapolating
the market forecast beyond year 20 at a constant growth rate. These market prices represent the
cost of a flat block of energy delivered to the Lower Mainland – by contrast, levelized costs do not
adjust for either the time of day or seasonal profile of the energy delivered from the facility. To

1

Although this facilitates comparison to the 2006 Call for Energy, BC Hydro typically evaluates its projects over their economic
life – in this case, 50 years or longer.
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provide a more direct comparison, the Aberfeldie levelized price has been adjusted for daily and
seasonal shape and for transmission losses to the Lower Mainland.
($/MWh)

Levelized Market Price of Energy Comparison

44

Low Market Forecast

67

Average Market Forecast

101

High Market Forecast
Aberfeldie Levelized Price
(based on $83 M and $94 M capital cost
respectively)

56

62

shape factor 2 (7%)

+4

transmission losses (12%)

+7

Equivalent Aberfeldie Unit Cost

67

74

Adjusting the levelized cost to reflect the shape of the energy output and transmission losses results
in a levelized cost of energy of $67/MWh and $74/MWH for a capital cost of $83 million and $94
million respectively, which can be directly compared to the cost of market purchases at the Lower
Mainland BC Hydro – BPA Intertie.
The 2006 Call for Energy used additional adjustment factors to reflect system upgrade costs, as well
as energy losses, and the adjusted cost of energy from Aberfeldie under that methodology is
$79/MWh at a capital cost of $83 million or $87/MWh at a capital cost of $94 million. This compares
favourably to the weighted average of accepted energy price under the Call, which was $88/MWh.

8.0 Triple Bottom Line: Social / Environmental
Considerations
In examining the benefits and impacts of the Aberfeldie redevelopment, social and environmental
considerations were evaluated, in addition to financial considerations. To understand the expectations
of stakeholders and address any potential impacts on stakeholders and the environment, BC Hydro’s
cross-functional project team carried out an extensive consultation and assessment process and
developed corresponding mitigation plans.
From an overall perspective, given that this project entails the redevelopment of an existing site, the
change in footprint is less than it would be for a Greenfield project. Further, this project extends and
optimizes the life and value of an existing asset. Other environmental and social considerations are
elaborated upon below.
2

The shape factor for Aberfeldie was computed by applying the premium or discount from the base price to Aberfeldie’s
monthly output to determine the value of ABF output relative to a flat block of energy. The relative values for each delivery
period (HLH and LLH by month) were those stipulated in the 2006 Call.
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8.1 Social
The Aberfeldie Generating Station lies within the territory claimed by the Ktunaxa Nation and the land
surrounding the facility has been used by the First Nations for fishing, hunting, gathering, and spiritual
rejuvenation. As a result, archaeological sites may be in the area. BC Hydro performed an
archaeological assessment and traditional use study in August 2005 and has committed to take steps
to mitigate any impacts of the redevelopment on cultural sites. However, based on current
knowledge, no impacts on cultural sites are anticipated as a result of the construction activities or
future facility operation.
BC Hydro engaged in an extensive consultation process with the Ktunaxa Nation regarding the
Aberfeldie redevelopment and an agreement has now been reached, resolving an issue that has
delayed the project. The execution and signing of the Impact Management Benefits Agreement
(IMBA) is expected to occur over the next few weeks, when the various First Nations signatories can
be assembled.
Additional social benefits for the region arising from the redevelopment include the following:

•
•
•

an increase of $350k per year in taxes and grants-in-lieu to the Province and Regional District;
a $420k per year increase in the water rentals (capacity and energy) payable to the Province; and
employment opportunities during the project and corresponding indirect and induced local
benefits.

There are no formal recreational activities in the upper Bull River watershed (above the dam) or on
the lower Bull River (between the dam and the confluence with the Kootenay River), however the
area is used for activities such as wildlife viewing, hunting, fishing, rafting, and hiking. Given the
access restrictions to the headpond and the area between the dam and powerhouse, no significant
recreational impacts are expected during redevelopment.

8.2 Environmental
A comprehensive Environmental Impact Assessment (EIA), submitted to the Province in March 2005,
described in detail the potential environmental impacts and benefits of the Aberfeldie Redevelopment
Project. While redevelopment may have some negative environmental effects, mitigation plans have
been proposed and it is anticipated that the net residual effect will be positive. Some specific
examples include:
•

To mitigate potential effects on surface water (e.g. decreased quality), fisheries (e.g. loss of
aquatic and riparian habitat, loss of fish), and wildlife (e.g. disturbance, habitat loss) during
construction, numerous strategies will be adopted, including: environmental monitoring,
appropriate scheduling of construction activities, installation of sediment controls, and minimizing
the removal of ground cover, shrubs, and trees.

•

The removal of the penstock, in addition to re-vegetation with native species, will remove a
wildlife migration barrier and provide additional productive habitat.
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High quality fish and aquatic habitat will be constructed to compensate for productivity losses in
the channel immediately downstream of the dam.

The demolition and removal of the existing wood stave penstock was noted as a specific
environmental consideration. Given the poor condition of the wood and its treatment with creosote, it
is not suitable for re-use or recycling and will be disposed of at an approved landfill.
The Aberfeldie EIA has been finalized, the Canadian Environment Assessment Act (CEAA) screening
report is currently being executed by the federal authorities (Department of Fisheries and Oceans and
Transport Canada), and the issuance of the final environmental permits is pending. A new water
license for Aberfeldie is expected to be issued in November 2006.

9.0 Project Uncertainty
9.1 Cost
With the receipt of the civil tenders and the pending award for the generating equipment contract, BC
Hydro is in a position to fix over 75% of the direct project costs.
The residual risks are as follows:
•

The generating equipment contract includes an escalation provision, however given the near term
nature of the contract, the potential escalation associated with this contract is limited.

•

The civil contract will be unit based with a tender price (not subject to escalation) for the
associated quantity of a particular scope item. The resultant cost risk arises from the quality of the
estimate of the units required. Unit estimates were prepared by Knight-Piesold and reviewed by
BC Hydro and formed the basis of the tender documents.

•

Coordination amongst contractors poses some additional risk. BC Hydro is structuring its project
team to mitigate this risk based on the lessons learned on other capital projects.

9.2 Schedule
The project is at an advanced stage with the engineering design contract awarded, the generating
equipment and civil tender calls closed, the regulatory approvals pending, and a fully executed
agreement with First Nations in the next few weeks. As such, the residual schedule risk is associated
with the execution of the project. The generating equipment and civil contracts have provisions for
modest liquidated damages for late completion. As well, given the interfaces between the contractors,
there is the risk that late performance by one contactor will impact another contractor. The
understanding of obligations and the oversight and coordination of contractors will be key to
managing schedule risk. BC Hydro is structuring its project team and oversight to mitigate this risk.
BC Hydro has fulfilled all statutory requirements with respect to the permitting process and is awaiting
the issuance of the environmental permits. While the issuance of the permits is anticipated in the
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next few weeks, there remains the risk of a delay, which could impact the start of construction. To
avoid the corresponding schedule and cost impacts, BC Hydro has detailed the outstanding actions
required to obtain the necessary authorizations and is maintaining close contact with the permitting
agencies.

9.3 Regulatory
There project faces regulatory risk in terms of aligning the internal status of the project with external
regulatory approval.
Attachment B
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not be fully recoverable should the BCUC determine that other, more cost effective options could
have been pursued or if costs were incurred imprudently. Ideally, such a determination would be
obtained in advance of entering into contractual commitments or incurring significant cost. However,
given the life cycle of the project and the advanced status of the development and contracting
process (approvals in hand, supply contract terms expiring by late November) a delay would
invalidate major contracts in hand and increase the costs of the project. In short, BC Hydro has a
project now that it can proceed with on the basis of firm costs and schedules. If the next phase of
project is suspended pending regulatory determination, the project costs and schedule necessarily
increase, negatively impacting the cost effectiveness.
By not proceeding now, in the best circumstance, BC Hydro would be exposed to significant
additional cost escalation and delay costs in event that BC Hydro could negotiate with suppliers to
extend their terms to cover the regulatory determination period. Alternatively, in the event that terms
were not extended, re-tendering would likely expose the project to higher prices, and impose further
delays to the schedule, all compromising the cost effectiveness of the project.
Ideally the timing of having major approvals and contracts ready to execute would align with the
regulatory schedule. In the case of Aberfeldie, achieving this alignment creates unacceptable
commercial risks to the project’s cost and schedule. On the basis that the primary expectation of the
Regulator in making a determination on Aberfeldie is that BC Hydro demonstrates need, cost
effectiveness, and the ability to deliver, proceeding in parallel and seeking to accelerate the
regulatory determination is the best way to advance and maintain Aberfeldie as a cost effective and
executable relative to other supply options.

9.4 Reputation
Aberfeldie is a high profile project that has drawn significant attention. As such, BC Hydro has
ensured that it has evaluated the cost effectiveness of the Aberfeldie redevelopment relative to the
awards under the 2006 Call for Energy.
Successfully completing this project would serve as a model for structuring and managing other
upcoming capital projects, many of which are several times the size of Aberfeldie in terms of
anticipated cost.

Attachment B
Business Case Aberfeldie Redevelopment (Update)
November 2006

Page 15

10.0 Recommendation
Despite the increase in cost, the Aberfeldie Redevelopment Project will still be competitive with BC
Hydro’s other sources of new energy supply. This coupled with the condition of the wood stave
penstock which could force the plant to be shut down in the near term, suggests that proceeding with
the redevelopment project at this time remains the prudent course of action. As such, EAR&G
recommends that the additional funds required for the redevelopment to proceed be approved.
Specifically $95 M (rounded up from $94 million cost estimate) is requested of which $5 million will be
held by the CEO and accessed as contingency funding only.
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Introduction
This Business Case Supplement has been developed to support the November 2006 update to the
Aberfeldie Redevelopment Project Business Case. The following attachments are included in this
Supplement:
Attachment A – Project Organization Chart
Attachment B – Generating Equipment Contract
Attachment C – Civil Contract
Attachment D – Project Cost Estimate
Attachment E – Project schedule
Attachment F – Economic Analysis
Project Organization
The project organization is shown as Attachment A.
Generating Equipment Contract
The project team recommends award of the generating contract to VA Tech Canada. A
summary of the contract terms and process for award is provided as Attachment B.
Civil Contract
As of the date of this Business Case, BC Hydro has received four tenders in response to its
Call: Western Versatile Construction, TNL Construction, North American Construction, and
Jim Dent Construction. Based on the tenders received, the civil contract is expected to be
between $30.1 and $37.2 million in direct costs (the February 2006 estimate was $23.5
million). An evaluation of all four tenders was conducted, based on a number of weighted
criteria, including tendered price, past experience on similar projects, and financial strength.
The project team recommends an award to Western Versatile Construction, of Langley, B.C.
A summary of the contract terms and process for award is provided as Attachment C.
Project Cost Estimate
The P50 and P90 both include cost associated with delay intended to cover interest during
construction and associated management oversight.
Reconciliation of Current Estimate to February 2006 Estimate
•

February 2006 Estimate

•

Direct Cost

$ Millions
$65.0

Civil Contract Market Price

+$5.9

New Requirement (substation)

+$0.8

New Requirement (communication equipment)

+$0.5

Attachment C
Aberfeldie Redevelopment (Business Case Supplement)
November 2006

Page 2

Increased Testing / Quality Assurance

+$0.8

Additional Site Work (dredging/stop logs)

+$0.5

Subtotal
•

+$8.5

Additional Oversight and Contingency For Residual
Uncertainties
BC Hydro Oversight

+$1.6

Subtotal
•

+1.6

Other (due to better cost definition and cost increases)
IDC

+$2.5

Corporate Overhead

+$0.8

Subtotal
•

+$3.3
+$4.1

Additional Contingency (including schedule contingency)

Total Additional Cost

+$17.5

TOTAL REVISED ESTIMATE (P50)

$82.5

Additional Contingency

+$11.2

P90 Estimate
*
A detailed estimate is provided as Attachment D.

$93.7

Project Schedule
The current project schedule is shown as Attachment E. Note that VA Tech was engaged on
a limited basis starting in mid-October to maintain the schedule as shown.
Economic Analysis
The adjusted prices of projects accepted in the 2006 Call are compared to the Aberfeldie
adjusted price in the table below.
Comparison of Aberfeldie to 2006 Call for Energy

Aberfeldie (ABF)

All Accepted Projects
Adjusted Price
Equivalent ABF Capital
($/MWh)
Cost ($ M)
7–8 - 84
83 - 94

2006 Call Results
Minimum Accepted Price
Weighted Ave Accepted Price
Maximum Accepted Price

69
88
99

67
95
112
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The levelized cost at the P50 capital cost estimate is approximately that of the median
resource within the first 2,500 GWh awarded. Additional information regarding the economic
evaluation of the project and comparison to the results of the 2006 Call for Energy is provided
as Attachment F.
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Attachment B – Generating Equipment Contract
Basis for contract document
The basis of the generating equipment tender was BC Hydro’s standard form supply and install contract
with amended terms and conditions, building on learning’s and experience from similar, recent large
contracts (e.g. Mica and GMS stators).
In late 2004, BC Hydro conducted a supplier review process. Input was obtained from our top twelve
suppliers, which included General Electric, Voith/Siemens, Mitsubishi, ABB, and Siemens Canada.
Based on this review, a number of changes were incorporated into our standard tender documents.
In November 2005, BC Hydro retained Derek Brindle, a recognized expert in Contracts law, and
completed a detailed review of the commercial aspects of BC Hydro’s standard tender documents.
Background and Process
BC Hydro issued the Advertisement for Tender to pre-qualified suppliers for the Aberfeldie generating
equipment contract in September 2005. Two submissions were received on November 2, 2005.
Summary of Evaluation
An evaluation criteria matrix was established prior to the tender closing. Significant emphasis was
placed on quality and reliability. VA Tech did not submit the low tender. Before deciding to proceed
with VA Tech, significant effort was expended investigating the low tender which was from China
Huadian Engineering Co (CHEC).

Negotiations with VA Tech
Following the rejection of the CHEC tender in Feb 2006, negotiations commenced with VA Tech. VA
Tech’s exceptions and qualifications were resolved to mutual satisfaction, and matters were in hand for
an award of a contract to VA Tech by May 2006.
Subsequent project delays placed the process on hold. In July 2006 VA Tech confirmed its interest in
proceeding with the contract with revised pricing.
Recent Work by VA Tech
Owner
Peace Canyon / BC Hydro

Scope of Work
Overhauls of a 179 MW
Francis Turbine

Value

Notes

$3,400,000

Wicket gate machining
added.

Option for 3 more
Furry Creek BC

10.5 MW Pelton Wheel
turbine

$2,450,000

Complete Electrical
Generation package

Rose Blanche Brook NFL

6 MW Francis Turbine

$6,000,000

Complete Generation
package with a 6 MW
double dual Francis turbine

High Fall Ont.

2 x 22.5 MW vertical Kaplan
turbines

$22,000,000

Complete redevelopment
including Generation
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package
Jordanelle
Central Utah Water
Conservancy District

2 x 6.5 MW Francis turbine

$5,673,000

Awarded to VA Tech Hydro
over Voith Siemens.

Umbata /
Innergex

2 x S type 12.5 MW
T/G Set; Supply and Install

$7,535,000

Order awarded to VA Tech,
in consortium with Indar
Spain for the generators.
Contract signed end of May
06

Corporation Dominicana
de Empressa Electriciao
Estalates de Santo
Domingo

1 x S type turbine
Supply and Install

$7,400,000

Supply installation and
commissioning of
Generation system
EDC financed project. Three
projects considered as a
package

Hatillo
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Summary of Contract Requirements
The following is a summary of whether the original tender requirements were achieved.
Contract
Requirement

Result
•

The final price of the VA Tech contract is expected to be within the budgeted
cost for this component of the project.

•

Corporate Finance’s assessment of VA Tech is that they have the financial
capacity and stability to meet all of their contractual obligations.

•

The contract is denominated in Canadian dollars once executed.

Technical

•

The technical and performance criteria in the contract have been reviewed by
the project’s technical review team, lead by Knight Piesold, and deemed
acceptable.

Warranty

•

The equipment warranties have been reviewed by the project’s technical review
team and deemed acceptable.

•

All of the specific guarantees included in the original tender documents are
included in the contract.

•

Overall, the contract warranties exceed current industry standards.

Security

•

All of the specific guarantees included in the original tender documents are
included in the contract.

Liquidated
Damages

•

LDs for delay (for failure to meet delivery date of equipment; $ per day for
commissioning), performance and cavitation

•

All of the specific guarantees included in the original tender documents are
included in the contract.

Termination

•

BC Hydro may terminate the contract if VA Tech breaches a fundamental term,
abandons the contract or goes bankrupt. VA Tech may terminate the contract if
BC Hydro breaches a fundamental term. Note contract is divided in two phases
as noted below, BC Hydro may choose not to proceed to Phase 2.

Schedule

•

Based on award by 30 November 2006, work is to be completed in 662 days
(23 July 2008).

Safety

•

Amended agreement to reflect current safety requirements.

Financial
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Key Contract Risks

Risk
Outage
Financial
capacity of
VA Tech

Acute Labour
shortage

Capacity and
Efficiency
Completion
Guarantee
Equipment
Warranties
Specific
Guarantees
Design
Warranties
Limits of
Liability

Risk and Mitigation
Risk: Non-performance by VA Tech causes extended outage
Mitigation: LDs for delay in place. BC Hydro may order acceleration
Risk: Company not able to meet its financial and performance obligations under the
contract.
Mitigation: VA Tech has a strong capacity to meet its financial obligations during
the contract term. The Letter of Credit together with the creditworthiness of the
contractor provides adequate security to mitigate risk associated with the
company’s willingness to meet its contractual obligations during the life of the
contract. VA Tech has approximately 3000 employees worldwide and sales of EU
878 million in FY2005. BC Hydro has recently completed a review of VA Tech’s
financial position.
Risk: VA Tech cannot supply labour to install equipment
Mitigation: Installation is subcontracted. VA Tech has committed to secure
preferred subcontractor at commencement of Phase 2. Alternative contractors are
available.
Risk: Equipment does not perform as specified
Mitigation: LDs apply to a limit of 15% of contract ($2 million)
Risk: VA Tech fails to complete the work or abandon the project
Mitigation: BC Hydro may terminate the contract and have the work completed by
others at VA Tech cost.
Risk: Durations of Warranties are insufficient to cover defects.
Mitigation: Warranty is for 5 years with a roll over for defects for a further 5 years.
Risk: Specific Guarantees could be insufficient to offset financial impact to BC
Hydro.
Mitigation: LDs apply and offset financial impact to BC Hydro.
Risk: Inadequate design of turbine or generator components lead to equipment
failures and forced outages
Mitigation: Warranty is for 5 years
Risk: Financial impacts to BC Hydro not recoverable from Contractor
Mitigation: Limitations of liability are high by industry standards. Turbine and
Generator manufacturers are unwilling to accept consequential damages and loss
of revenue risk. The limit of liability in the contract is as per the original tender
documents.

VA Tech Tender Price
VA Tech’s original tender price of $14.6 million was based on the supply of generators made by Ideal
Electric of Ohio USA. VA Tech also offered, as an alternative generators manufactured by VA Tech
Hydro India Pvt Ltd., at a $1.4 million cost reduction. Parsons Brinckerhoff UK, a leading power
consulting and design firm, undertook a thorough, independent inspection of the Indian manufacturing
facility on behalf of BC Hydro. They found that the Indian plant has an ISO 9001 certified quality
assurance program and modern equipment that is in good condition. Following the inspection and
further discussions with VA Tech, it was concluded that the Indian generators would be acceptable. On
July 19, 2006, VA Tech confirmed its revised price of $14.1 million, which included cost escalation and
changes in the foreign exchange components.
The generating equipment contract is divided into two phases: Phase 1 is for the design of the turbines
and generators and Phase 2 is for the supply and installation of the generating equipment. BC Hydro’s
ultimate commitment under the contract, if it gives notice to proceed beyond Phase 1 ($0.7million), is to
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make staged payments over the duration of the work, totalling approximately $13.4 million (real direct
dollars).
The contract covers the entire supply and installation of the equipment and accounts for approximately
25% of the expected total project cost.
The total contract price will be approximately $14.1 million ($0.7 + $13.4) real direct dollars (i.e.
unloaded, unescalated, and uninflated). The as-spent price (loaded and escalated) will range from
approximately $16.2 million, with inflation and escalation indices at 10-year average rates, to $17.3
million with inflation and escalation indices at peer review escalation rates. The loadings applied to the
direct cost include IDC, corporate overhead (6.5%), and inflation (2%). The 2% used for inflation is the
mid-point of the Bank of Canada inflation target band and is very close to the current CPI rate. The
peer review escalation rate is the highest level of labour and material escalation recommended by the
external reviewers (for the Revelstoke 5 project). The table below presents the total project cost under
various assumed escalation rates:
Escalation Exposure
Index

Weight

CPI All-Items
20%
Shop Labour
30%
Materials ex Copper
40%
Copper
10%
Weighted Average
Escalated Contract Price ($000s)
Add O/Head / IDC
Total Cost - as spent

Increase
None
CPI Target
10 Yr Ave
10 Yr + 1sd
0.00%
2.00%
2.03%
2.56%
0.00%
2.00%
3.69%
6.89%
0.00%
2.00%
1.95%
11.79%
0.00%
2.00%
5.51%
29.96%
0.00%
2.00%
2.84%
10.29%
14,106
14,568
14,765
16,558
1,409
1,449
1,466
1,623
15,516
16,017
16,231
18,181

Peer
Review
2.00%
8.00%
8.00%
8.00%
6.80%
15,705
1,548
17,253

The contract is divided into two phases as noted above. The cost of Phase 1 will be approximately $0.7
million direct. The cost of Phase 2 will be approximately $13.4 million direct. If BC Hydro was to
terminate the contract during or at the end of Phase 1, our financial exposure would be limited to the
cost of work completed to date of termination of Phase 1.
The Phase 1 and Phase 2 costs are subject to escalation over the duration of the contract based on
Canadian indices that are contained in BC Hydro’s standard tender documents and include professional
labour, labour on site, shop labour, ferrous metals and copper.
The contract is priced in Canadian dollars, but is subject to adjustment for currency fluctuations from
the tender date to the award date. BC Hydro has confirmed that the revised price from VA Tech in July
2006 means that this adjustment is applied only to the period from July to the award date; this would
result in a minor reduction to the contract price (approx. $50 k).
The following is a breakdown of the total project costs impacted by each of the indices:
Indices

Professional Labour
Shop Labour
Ferrous Metals
Copper
Total

Cost impacted by
indices
($ millions)
$2.79
$5.58
$4.19
$1.40
$13.96

Percentage of
Total Project Cost
20
40
30
10
100
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Attachment C – Civil Contract
Tender Process
BC Hydro issued a call for tenders for the civil work related to the Aberfeldie Redevelopment Project in
August 2006. The basis for this tender was BC Hydro’s standard form civil construction contract. The
deadline for receipt of tenders was October 11, 2006. The tenders are valid for 45 days after
submission (Nov 24, 2006).
The scope of the contract is:
• mobilization & demobilization of equipment and provisions for all Contractor’s construction
facilities
• demolition and removal of all existing facilities, with the exception of the existing intakes and
dam
• construction of modifications to the existing intakes of Aberfeldie Dam
• construction of the headworks, low pressure conduit, surge facility, and high pressure penstock
• construction of a new powerhouse, environmental bypass facility, and switchyard
The civil tender is a combination of lump sum prices and unit prices for the associated quantity of a
particular scope item. The call for tenders divided the scope into 11 functional areas (e.g. powerhouse,
penstocks, etc.) and several broad categories (e.g. earthworks, concrete work, pipe work, etc.). The
engineering design consultant prepared the quantity estimates, which were subsequently reviewed and
approved by BC Hydro prior to issuance of the tenders.
Summary of Contract Requirements
The following is a summary of the tender requirements and the process to ensure that the contract will
meet the requirements:
Contract
Requirement
Financial

Process
•
•
•

Technical

•
•

Warranty

•
•
•
•

Security

•
•
•
•

The contract has no allowance for cost escalation.
The quantity of work has been reviewed by Knight-Piesold and BC Hydro.
Variances to the estimate are possible but will only be known once work is
undertaken on the contract.
Corporate Finance assessed all tendering companies to ensure that they
had the financial capacity and stability to meet all of their contractual
obligations.
The contract is denominated in Canadian dollars.
The technical and performance criteria in the tender have been reviewed
by the project’s technical review team and deemed acceptable.
The warranties required in the tender documents have been reviewed by
the project’s technical review team and deemed acceptable.
8 years on design
12 months on materials and workmanship
All of the specific guarantees included in the original tender documents are
included in the contract.
A holdback of 15% on each progress payment.
An executed performance bond of 50% of the total tendered price
A labour and material payment bond of 50% of the total tendered prices
All of the specific guarantees included in the original tender documents will
be included in the contract.
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Process
•
•

Termination

•

Schedule

•
•
•
•

Safety

Liquidated Damages for not meeting certain key milestone’s on the project
schedule and for not meeting the projects specified day of completion, to a
maximum of 10% of the tendered price
All of the specific guarantees included in the original tender documents will
be included in the contract.
BC Hydro may terminate the contract if the contractor breaches a
fundamental term, abandons the contract or goes bankrupt. The
contractor may terminate the contract if BC Hydro breaches a fundamental
term.
BC Hydro may terminate the contract for convenience on 30 days notice.
Based on contract award by November 2006, completion is required by
August 2008 (schedule reserve to November 2008 (P50) and January
2009 (P90)).
BC Hydro may provide extra-contractual incentives for on-time completion
of both the civil and generating equipment scope of the project.
Amended agreement to reflect current safety requirements.

BC Hydro may provide extra-contractual incentives for on-time completion of both the civil and
generating equipment scope of the project.
Key Contract Risks
The major cost escalation risk is that the scope of the work will exceed the estimate. This risk is the
highest with respect to the geotechnical work, specifically the earth and concrete work, and will not be
realized until the work is underway. The geotechnical work is considered to be at moderate risk of
scope changes, while all other areas are considered to be at low risk of scope changes. The following
table shows the relative cost of these types of work as a percentage of the total cost of the civil
contract, in the major areas of the project.

Type Of Work
Area Of Work
Powerhouse
Low Pressure Conduit
High Pressure Penstock
All Other Areas
Total

Moderate Risk
Earth
Concrete
Work
Work
3.8%
17.1%
3.7%
1.3%
0.3%
2.6%
0.7%
8.7%
8.5%
29.6%

Low Risk
All Other
Work
10.3%
20.2%
5.4%
25.9%
61.8%

Note that percentages and figures for this chart are based on the estimates prepared by Knight
Piesold and not tenders received.

The risks associated with earthwork are a relatively small part of the project, comprising approximately
$3 million of the total costs. Concrete work is estimated to be approximately $10 million of the final civil
construction costs.
Other possibilities for cost escalation relate to tax changes and are considered low risk.
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Tenders Received
Tender documents were issued to eleven contractors Four tenders were received by the tender
closing date of October 11, 2006.
Western Versatile Construction

$30,081,890

Western Versatile Construction Corporation (WVCC) of Langley, B.C. submitted the low tender. As
WVCC submitted the low tender and received the highest weighted score on the evaluation, a more in
depth analysis of its tender is in a subsequent section of this report.
TNL Construction

$35,085,511

TNL Construction of Richmond, B.C. submitted the second lowest tender, $5.0 Million over the WVCC
tender.
NAC Constructors

$35,618,124

NAC Constructors of Morrsiton, Ontario submitted the third lowest tender, $5.5 Million over the WVCC
bid.
Jim Dent Construction

$37,224,935

Jim Dent Construction of Hope, B.C. submitted the highest tender, $7.1 Million over the WVCC tender.
Summary of Evaluation
Tender Compliance
All the tenders were substantially compliant. All of the companies agreed to provide a performance
bond, if they were awarded the contract. TNL Construction refused to provide financial information,
stating that they were a private company, and asking that their Bid Bond and Consent of Surety serve
as proof of their financial strength. Jim Dent Construction did not provide any record of discussions
with Ktunaxa Economic Development and Investment (KEDI) regarding subcontracting and
employment opportunities but noted that they had a number of First Nations employees.
Evaluation Criteria
A number of different criteria were used to evaluate each of the bids. The most important criteria were
the tendered prices with a weighting of 70%. Each tender price was normalized to the lowest tendered
price and a score assigned. The criteria that formed the remaining 30% weighting that were used to
evaluate the bid were as follows:
• amount of work the bidder currently has in process
• availability of resources
• past experience with similar work
• commercial credibility and financial resources
• safety compliance record and policies
• Opportunities for First Nation’s involvement.
These criteria were evaluated on a subjective basis, by consensus of the tender evaluation team. The
tender evaluation team included the project manager and the group that prepared the tender
documents. Based on the criteria established by the tender evaluation team, the tender submitted by
Western Versatile Construction achieved the highest ranking. In order to validate this evaluation, a
more in depth analysis of WVCC’s tender was undertaken.

Attachment C
Aberfeldie Redevelopment (Business Case Supplement)
November 2006

Page 13

Western Versatile Tender
Past Experience
WVCC submitted as part of their tender a listing of recently completed work. They have performed a
wide variety of general civil construction and have experience on several hydroelectric projects. The
table below summarizes WVCC experience:
Project

Date

Value

Description

Coquitlam Dam
Seismic Upgrade

May 05 to
Mar 06

$8.9M

Mt. Lehman
Overpass

Jan 05 to
Oct 05

$3.5M

Upper Mamquam
Hydroelectric Project

Nov 04 to
Aug 05

$2.7M

Hyland River Bridge

Apr 04 to
Nov 04

$4.3M

Miller Creek
Hydroelectric Project

Mar 01 to
Nov 03

$33.0M

Hluey Lakes hydro
Project

Aug 99 to
Oct 99

$3.1M

Kemess South
Project

Aug 96 to
Nov 97

$22.0M

Soo River
Hydroelectric Project

Sept 92 to
May 94

$9.8M

Increased seismic safety of the dam by
relocating the GVWD supply tunnel, pipeline
and valve chamber.
Construction of earthworks and two concrete
overpasses over the Trans Canada Highway in
Abbotsford
Complete civil construction of powerhouse,
substation and diversion weir on a 25MW “run
of river” hydroelectric project
Phased removal and replacement of bridge
steel stringers and concrete deck in the Yukon
territory.
Construction of roads, diversions, intakes, low
pressure pipeline, penstocks and powerhouse
of a 29.5MW “run of river” hydroelectric facility
Removal and replacement of low pressure
pipeline and a tail race rehabilitation at a 4MW
hydroelectric facility
Supply and installation of all reinforced concrete
foundations for the Royal Oak Mines
Copper/Gold Mine in northern B.C.
Construction of intake, diversion weir, 1000m of
tunnel, penstock and powerhouse of a 14MW
“run of river” hydroelectric facility.

On the projects listed above, WVCC has demonstrated skills and experience that will be required in
undertaking the civil work for the Aberfeldie redevelopment. These include experience with “run of
river” small hydroelectric projects, working in remote and rugged sites, managing to a weather restricted
schedule, site batching and mixing of concrete and demolition and removal of existing facilities.
WVCC Resources
To assess whether WVCC has the financial strength necessary to complete the contract, the critical
issue comes down to cash flow and the size of credit line the company can take on. The structure of
the contract allows the contractor to be paid as they complete portions of the work. The key variables
when trying to assess the cash flow are as follows:
• the profit margin built into the tender
• how quickly must payables be made as the work completes (wages, materials, subcontractors)
• how quickly will receivables come from BC Hydro
• how the contractor has scheduled the work
• The holdback provision of 15%
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Recommendation
As a result of the analysis, the project team recommends the award of contract Q5-5930, the Aberfeldie
redevelopment civil construction, to Western Versatile Construction Corporation (WVCC). WVCC’s bid
was $5 million lower than the next lowest bid from the three other companies that tendered. The
approval of this award is based on a rigorous analysis of WVCC’s tender. It was found to be
acceptable in key criteria used to evaluate the tenders. The criteria include past experience, resource
availability, financial strength, social and environmental responsibility and engagement with Kutnaxa
First Nations. The structure of the contract will provide acceptable guarantees of performance and the
risks to BC Hydro are limited and well understood.
To secure the tender pricing, the contract must be awarded by the end of the tender validity period
which is Nov 24, 2006.
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$'000
Direct Cost $
Inflation and Escalation $
$
Contingency $
Total Direct Inflated $
$
Interest During Construction (IDC) $
Corporate Overhead (COH) $
$
Net Book Value $
Schedule Contingency $
Total Cost $

P50
62,412
1,656
64,067
6,406
70,473
5,156
4,625
80,255
400
1,918
82,573

$
$
$
$
$
$
$
$
$
$
$
$

P90
62,412
1,656
64,067
15,118
79,185
5,785
5,189
90,160
400
3,197
93,756
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ABF - Real Dollars

$

Project Funding

ABF04R
ED

C

C

Type

D

D

ABF06R
ED

R

(blank)

D

D

Task_Desc
0000 - ABF Redevelopment Definition Phase
A100 - Project Management
B100 - Eng Design & Financial Modeling
B130 - Hydrotechnical Support
B200 - Implementation Engineering
B510 - Estimating / Scheduling
DESIGN - Preliminary Engineering Design
F100 - GLoB OMA transfer
S100 - Regulatory & Environmental
S400 - Public Affairs
D Total
0000 - ABF Redevelopment Implementation Phase
A100 - Project Management
A400 - Client Rep (D.Percell)
B100 - Project Optimization
B201 - BCH Project Engineer
B202 - BCH Structural Engineering
B203 - BCH Eng Review (Civ,Geo,Elec,P&C)
B205 - NOT USED (prev. Elec. Eng)
B206 - NOT USED (prev. P&C Eng)
B207 - BCH Estimating
B208 - BCH Mechanical Engineering
B209 - BCH Hydrotech Engineering
B210 - Drafting
B211 - Independent Engineer
B217 - Water Passage Design
B225 - S/Y Design
B231 - Water to Wire Design
B238 - P/House Design
H101 - BCH Constr Services
H102 - BCH Constr Mngmnt
H211 - W/P Intake Modifications
H211A - Intake Misc. (stop logs, sl extns, ADAS)
H211B - Dredging
H221A - T1 Transformer Supply
H222 - Interconnection & T/L Relocation
H224 - Wardner Sub Relocation
H225 - D,S&I Microwave/Radio Telecomm Link
H226 - ABF Communication Relocation
H231 - Unit 1 Water to Wire
H232 - Unit 2 Water to Wire
H233 - Unit 3 Water to Wire
H301 - Site Assistance (East Koot Gen)
H419 - W/P Equip Test & Commission
H429 - S/Y Testing & Commissioning
H439 - P/H Testing & Commissioning
H440 - Reliability Centered Mtce (RCM)
H449 - Unit Efficiency Testing
P100 - Contracts
P400 - Quality Assurance
S200-900
Y-CONT - KP (Eng) Contingency
Y-INFL - KP Contract Inflation
Z-CONT - Project Contingency
D Total
R100 - Dismantling by BCH
R300 - Dismantling by Civil Contractor
D Total
Z999 - Unassigned Actuals
D Total
D Total All Subprojects

PCF_Yr

Years

Prior
Years

Prior 12 Mo

142,545
292,435
16,093
112,050
36,408
43,666
35,590
208,241
24,737
911,764

Mos
Current Year
Apr

May

Jun

Jul

2006
Aug

Future Year
2007

Sep

Oct

30,054
11,200
(105,709)

61,577
12,871
9,992
345,232
3,384
284,567
260,589
4,601
2,055
31,572
16,375
15,811
15,662
4,477
214
583,005
45,502
166,602
359,958

24,148

13,910
48,462
(31,572)
(16,375)

31,253
202
153
9,796

24,629

20,506
(12,220)

18,226
12,220

31,106

29,897

10,379

1,823

1,366

13,542

8,516

1,332

2,159

18,395
321
869

20,868
1,019
611

1,155

1,767

3,653

(19,460)
2,940
16,297
(4,561)

(10,000)

(5,147)
884
5,794
8,853

8,870

544
2,643
9,533
4,962
9,722
8,640

2,669

(10,000)

(2,669)

47,000

3,423
56
6,897
3,423

1,472

577
1,454

47,907

1,540
46,047
1,539
12,587
26,735

(6,285)
2,180

727
8,813

17,402

208
-

327,822
58,561
381,664

27,960
1,118
45,912

18,157
(9,259)
15,785

9,365
219
65,797

27,066
1,079
28,706

15,735
615
25,764

29,459
1,341
312,224

2,957,530

91,358

113,949

42,823

114,759

113,969

145,885

595,447

4,827

682

496

287

261

340

261

575

4,827

911,764

10,373
(57)
9,069

2,972,349

682

92,040

496

114,446

287

43,111

261

115,020

340

114,308

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Feb

Mar

May

Jun

Jul

Aug

13,214
615
15,989
1,880
6,146

15,923
762
15,191
2,331
7,621

15,981
987
11,834
2,449
5,419

14,595
904
7,631
2,144
4,673

15,288
1,001
3,961
2,374
5,173

24,324
969
2,189
2,175
4,562

25,413
1,042
4,656
1,815
3,449

24,858
977
6,534
1,757
3,338

25,669
1,010
8,624
1,815
3,449

25,413
987
10,592
1,536
3,560

25,114
741
12,808
1,351
3,338

24,474
765
12,482
1,396
3,449

25,007
741
10,321
1,302
3,449

25,519
718
8,531
977
3,449

25,562
594
6,647
977
3,449

24,175
556
4,414
914
3,226

24,474
594
2,203
646
3,540

12,400
483
1,290
402
3,308

12,800
412
2,980
415
3,418

12,108
399
4,047
402
3,308

13,092
412
5,656
-

12,677
228
6,568
-

(103)
2,186
1,173

(127)
2,711
1,455

(90)
2,848
1,034

(78)
2,493
892

(86)
2,761
988

(86)
2,530
871
1,386
6,750
15,235
6,711
8,514
32,838
1,460,834
39,777
124,000
486
488
811
1,216
2,027

(86)
(83)
(89)
(86)
(83)
2,111
2,043
2,111
1,786
1,571
658
637
658
680
637
2,949
4,138
5,462
6,708
8,112
14,355
20,145
26,591
32,659
39,491
15,235
15,235
15,235
15,727
14,744
14,272
20,029
26,438
32,470
39,264
18,105
25,409
33,539
41,191
49,809
69,833
98,005
129,364
158,879
192,121
2,311,419 5,526,383 4,639,409 1,611,753 2,845,141
41,103
39,777
128,000
121,077
130,923
126,769
121,231
1,035
1,452
1,917
2,354
2,846
1,026,666
1,026,666
1,026,666
564
570
747
747
747
847
829
1,027
1,365
1,687
1,271
1,243
1,540
2,048
2,531
2,118
2,071
2,567
3,413
4,219

(89)
1,624
658
7,905
38,485
15,727
38,263
48,539
187,224
502,197
128,000
2,774
747
2,039
3,059
5,099

(83)
(86)
1,514
1,137
1,137
658
658
658
6,537
5,403
4,210
31,824
26,305
20,495
14,744
15,727
15,235
31,640
26,154
20,377
40,138
33,178
25,849
154,818
127,972
99,704
1,615,731 1,743,201 1,768,136
205,960
336,040
120,000
2,294
1,896
1,477
1,026,666
1,026,666
1,026,666
676
564
574
2,422
2,815
3,266
3,633
4,223
4,899
6,054
7,038
8,165

1,063
616
2,795
13,609
14,744
13,530
17,164
66,204
757,331
80,000
981
411
3,609
5,414
9,022

751
676
1,395
6,791
15,235
6,752
8,566
33,039
527,133
489
440
4,283
6,424
10,707
12,364

3,116
11,399
26,805
22,118
2,456
335,883
5,806,053

1,296
18,661
24,654
21,039
11,927
299,635
1,097,354

1,430
24,038
13,535
21,047
13,065
330,632
739,617

467
631
965
3,711
54,025
502,197
8,502
1,026,666
1,026,666
1,026,666
350
10,568
15,852
26,420
24,909
5,952
1,340
23,441
23,762
9,435
309,968
3,810,409

483
652
2,258
8,684
126,442
1,149
18,520
308
10,909
16,364
27,273
39,545
6,144
1,385
24,222
52,311
9,992
330,632
366,667

467
631
3,167
12,180
177,345
424,053
27,550
245
10,568
15,852
26,420
47,909
7,566
1,371
29,069
70,264
7,258
309,968
882,179

3,477
13,372
194,702
1,149
35,855
1,540,000
1,540,000
1,540,000
130
10,909
16,364
27,273
38,909
12,018
1,370
29,589
97,540
7,669
330,632
5,129,486

2,217
8,526
124,143
1,149
28,209
256,666
256,666
256,676
130
10,909
16,364
27,273
25,273
15,951
1,370
29,589
112,550
5,250
320,300
1,198,383

261

575

146,146

596,022

4,222
53,598
12,047
1,465
39,540
8,653
39,559
34,156
17,685
223,243
575,639
223,785
7,388
102,458
102,666
102,666
124

11,353
9,563
87,086

1,697,996

1,697,996

6,335
57,354
15,707
1,859
51,506
14,900
59,360
948,930
42,456
7,074
79,012
118,000
11,086
308

5,551
6,847
88,564

5,019
44,680
15,493
1,858
51,236
20,448
47,030
610,948
43,783
9,302
20,000
8,783
154,000
154,000
154,000
308

4,451
8,454
70,935

2,923
28,812
14,352
1,684
45,144
22,863
27,388
770,421
38,476
8,344
40,000
5,115
382

4,021
7,636
48,012

1,502
14,956
15,235
1,800
49,814
31,597
14,076
795,356
41,129
14,585
8,807
2,629
440

4,078
9,866
29,070

1,560,711

1,465,191

1,098,827

1,066,401

3,016
11,031
14,221
20,919
2,213
315,049
1,790,006

300,000
300,000

300,000
300,000

-

-

41,000
41,000

1,860,711

1,765,191

1,098,827

1,066,401

1,831,006

5,806,053

2,614
12,777
36,285
21,855
5,081
309,968
5,995,033

5,995,033

2,078
14,248
47,046
22,777
5,492
330,632
5,149,645

2,078
14,248
56,908
22,778
7,500
320,300
2,184,062

1,644
15,878
67,848
22,770
7,573
320,300
3,483,133

1,370
16,908
66,267
22,189
9,750
320,300
1,141,302

1,325
16,362
55,203
22,403
9,847
320,300
5,464,517

1,425
19,610
45,932
22,639
12,750
320,300
2,473,774

1,385
19,947
36,180
22,466
13,161
330,632
2,104,551

Apr

Grand Total

Dec

63
85,247

2008

Nov

Sep

Oct

Nov

12,123
171

12,800
177

12,000
171

5,541

4,166

2,862

598
917

18,540

17,942

Dec

1,290

3,526
51,343
1,149

17,861

8,502

10,568
15,852
26,420
11,091
18,705

10,568
15,852
26,420
24,384

29,280

95,072

71,882

49,799

21,799

5,153
320,300
1,276,092

2,250
320,300
195,541

2,177
309,968
114,231

23,089

172,599
303,635
16,093
6,341
36,408
43,666
35,590
269,818
37,608
921,756
1,000,000
20,000
284,720
535,000
35,000
140,000
30,000
50,000
20,000
40,000
90,000
1,123,500
310,000
215,518
925,500
500,000
2,278,000
29,441,284
200,000
160,000
542,000
1,450,000
758,000
250,000
200,000
5,133,330
5,133,330
5,133,340
10,000
100,000
150,000
250,000
200,000
120,000
525,000
427,000
2,294,448
265,000
150,000
6,406,000
60,489,970

351,271

359,000

351,271

641,000
1,000,000

5,500,916

2,184,062

3,483,133

1,141,302

5,464,517

2,473,774

2,104,551

1,097,354

739,617

3,810,409

366,667

882,179

5,129,486

1,198,383

1,276,092

195,541

114,231

23,089

61,411,726
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Attachment F – Economic Analysis
Cost and Market
In the February 2006 update, the project analysis was presented with a cost of capital of 6.70%,
representing a 100% debt long term borrowing rate. This assumption reflects the view that this project
will be financed with 100% debt and no equity return will be generated from the project or recovered from
ratepayers. The unit cost of energy from the project has variously been calculated over 25, 50, or 40 year
terms, matching the term of IPP contracts prior to the 2006 Call, the expected economic life of the project,
and the maximum term of IPP contracts in the 2006 Call, respectively. For continuity purposes Table 1
shows the updated economic summary with both a 6.7% and 8% nominal cost of capital and over all
three terms.
For the 25 and 40 year calculation of levelized cost we assume that the plant will not require significant
reinvestment over the period of analysis: over 25 years it should simply not be required, and over a 40
year term it is probably not economically justified, particularly for an independent producer who will be
maximizing positive cash flow over the last years of a PPA. Over the 50 year term we make a different
assumption; that a prudent owner would reinvest to secure the long-run value of the asset. We assume
that a major refurbishment of one-third of the capital cost of the initial project (in real terms) will be
required after roughly 25 years in order to ensure that the plant can remain in service for (and likely past)
the 50 year term of the evaluation. Since the asset retains value at the end of term, the estimate of that
residual value affects the calculation of levelized cost: we believe that a realistic assumption is that the
plant retains a quarter of its real value.
Table 1 – Aberfeldie Redevelopment Economic Analysis Summary
Aberfeldie Unit Cost of Energy
Capital
Cost

Levelized Cost $/MWh
WACC = 6.7%
WACC = 8.0%
25 Yr
40 Yr
50 Yr
25 Yr
40 Yr
50 Yr

October 2004 Approval

$46 M

40

34

March 2006 Update

$65 M

47

41

39

52

47

45

Nov 2006 Update

$83 M
$94 M

57
63

49
54

46
51

64
71

56
62

54
60

The alternative to self-generation or long-term EPAs is to rely on market purchases for energy supply,
although that strategy imposes a different risk profile than reliance on asset-backed generation. Table 2
compares the high, average and low price forecast from the March 2006 BC Hydro Price Forecast to the
cost of energy from Aberfeldie, without making any adjustment for the relative risk of non-delivery since
this is primarily a question of risk tolerance (or the cost of mitigation if that is preferred to risk retention),
not of financial or cost impact. The price forecast reflects expected energy prices through the WECC
which are driven by USD-based transactions; the forecast includes an exchange rate assumption of 1.00
CAD = 0.87 USD. One of the effects of domestic supply, such as Aberfeldie, is to remove exchange rate
volatility from the fundamental volatility in market prices due to changes in supply and demand curves
and fuel prices. These prices represent the cost of a flat block of energy delivered to the Lower Mainland.
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In contrast, levelized costs do not adjust for the profile of energy delivered from the facility, either time of
day or seasonal. To provide a better comparison, the Aberfeldie levelized price has been adjusted for
daily and seasonal shape and for transmission losses to the Lower Mainland. On this basis, the unit cost
of energy from Aberfeldie remains comparable to the average price forecast, assuming a $83 M and $94
million capital cost for the project.
Table 2 – Aberfeldie Redevelopment Levelized Cost to Market Comparison
Market Price Comparison

Low Market Forecast
Average Market Forecast
High Market Forecast
Aberfeldie Levelized Price, as shown
shape factor (7%)
transmission losses (12%)
Equivalent Aberfeldie Unit Cost

Levelized Prices - $ / MWh
25 Yr
40 Yr
50 Yr
42
44
45
61
67
71
90
101
107
64 - 71
4
8
76 - 83

56 - 62
4
7
67 - 73

54 - 60
4
7
65 - 71

Market forecasts are from March 2006 BC Hydro Price Forecast, which
extends to 2025. Prices beyond 2025 are extended at a constant rate.
2006 Call for Energy
Aberfeldie continues to compare favourably to the results of the recently completed 2006 Call for Energy
and remain competitive with recent market price offers, and its levelized cost is approximately that of the
median resource within the first 2,500 GWh awarded. Our methodology for this comparison was to
determine the optimal pattern of firm energy that an IPP developer would have bid into the call if they
were developing Aberfeldie; calculate the various discounts and premiums to the Bid Price (shaping, NonFirm Energy pricing, and Liquidated Damages for non-delivery) that would apply to energy delivered from
Aberfeldie; use the those calculated discounts and premiums to determine a shadow Bid Price and Firm
Monthly Energy for Aberfeldie; and evaluate Aberfeldie in the same way as the “Large Project” bidders
into the Call.
Compared to a levelized price for energy, the biggest distinction in the Call is that the project owner faces
price discounts on energy delivered in excess of the Monthly Firm Energy nominated, as well as
Liquidated Damages for failure to deliver the Monthly Firm Energy amount. In modeling the optimal
Monthly Firm Energy pattern for Aberfledie, we determined that roughly 76 GWh of annual energy would
be delivered as Firm Energy, 29 GWh would be delivered as Non-Firm Tier1 Energy (subject to a
discount of $8/MWh), and a negligible amount of energy would be delivered as Non-Firm Tier 2 Energy.
The discount on Tier 1 NFE is applied across all energy in determining a Bid Price for the project. In
addition, we calculated that Aberfeldie would face Liquidated Damages of roughly $200K annually
(increasing with energy price inflation) for non-delivery of nominated Monthly Firm Energy.
We assumed that a prudent bidder would attempt to recover these costs in their Bid Price, which in
Aberfeldie’s case would require an increase in the bid price of approximately $3 – the increase is more
than the annual dollar amount divided by the annual output since the cost is expected to increase over

Attachment C
Aberfeldie Redevelopment (Business Case Supplement)
November 2006

Page 23

time. At this, it is not clear that a bidder actually would seek to recover these costs in their Bid Price –
that would depend on their assessment of the competitive environment, their level of confidence in output
projections, their view of future energy price increases, and their risk tolerance. Including a recovery of
the Liquidated Damages in the Bid Price thus represents a conservative estimate of the Bid Price.
Finally, a bidder might seek to adjust their Bid Price to reflect the shaping premiums and discounts
stipulated in the Call for Energy – In Aberfeldie’s case the concentration of output in low-value months
means that a bidder would have to increase their Bid Price to retain the desired average unit revenue. As
for the recovery of Liquidated Damages, it is not certain that a bidder would actually try to recover these
costs, or that he would limit his bid to only recover them and no more.
Adjustments to the Aberfeldie shadow Bid Price were in accordance with the Call for Energy evaluation
methodology, and included the Green Credit, and adjustments for transmission losses and the capital
requirements of the bulk transmission system.
The ‘adjusted Bid Price’ for Aberfeldie was calculated as shown in Table 3 below:
Table 3 – Aberfeldie Comparison to 2006 Call pricing
Aberfeldie Adjusted Bid Price
Aberfeldie Levelized Price, as shown
Cost of Tier 1 NFE discount
Cost of Liquidated Damages
Shape Factor (7%)

$ / MWh
56 - 62
+3
+3
+5

Bid Price for ABF
Green Credit
Regional CIFT Cost
Transmission losses (12%)

67 - 73
(3)
5
9

Aberfeldie adjusted Bid Price (2006 Call comparator)

78 - 84
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BC HYDRO
ABERFELDIE REDEVELOPMENT PROJECT
PROJECT DESCRIPTION
1.0

INTRODUCTION

BC Hydro is advancing the redevelopment of the Aberfeldie Generating Station on the
Bull River in the East Kootenays near Cranbrook, BC. Knight Piésold Ltd. (KPL) has
been retained by BC Hydro to undertake the detailed engineering design of the
redevelopment. The engineering has been split between two supply/construction
contracts for the procurement of the whole works - Generating Equipment and Civil
Works.
The basis for procurement of the Generating Equipment or “Water-to-Wire” (W2W)
Contract is a Performance Specification for the design, manufacture, installation and
commissioning of the equipment and systems required.
The Civil Contract is
conventional EPCM, with drawings, specifications, and a schedule of unit prices. All
commercial and other issues relating to the contracts are being addressed directly by BC
Hydro.
Preliminary capacities and sizes for the various parts of the works were established
during the KPL Optimisation Study. That study indicated that the new Aberfeldie
development should have a nominal capacity anywhere between 20 and 25 MW, from
the point of view of cost effectiveness. BC Hydro subsequently decided on a capacity of
24 MW. Table 1.1 is a summary of salient project data based on the Optimisation Study
and a capacity of 24 MW.
One of the first tasks of the detail design was to refine the optimization exercise started
in the Optimisation Study – to determine the most cost-effective size and capacity of the
various components of the waterway (between the intake and the powerhouse). Apart
from the detailed design of the components this exercise was needed for input to the
Generating Equipment tender.
Also needed for the Generating Equipment tender was the setting of the powerhouse,
above appropriate Bull River flood levels (to establish gross head on the turbines), and
an understanding of how pressure transients in the waterway are to be controlled (surge
facility and/or synchronous bypass valves).
Because most of the components of the redevelopment will be located in the same
places as existing facilities, the Civil Contact includes for the demolition and removal of
the existing facilities, except the dam and intake structures. The intake structures will,
however, require modification.
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2.0

INTAKE MODIFICATIONS AND WATERWAY HEADWORKS

Water will enter the waterway through existing intakes in the existing Aberfeldie Dam.
The present scheme is fed through one intake, with a design flow of approximately 8
m3/s. Provision was also made during construction of the dam for a second intake,
which was effectively left blanked off. These two intakes will be modified so that each
can take approximately 20 m3/s. The modifications will include:
• a new trashrack on the face of the dam, together with an automatic raking
machine (supplied by Civil Contractor)
• retention of the existing single set of stoplogs, supply of a second set and
refurbishment as necessary of the slots into which they can be installed
(undertaken separately by BC Hydro)
• new head gates on both intakes, capable of remote and automatic hydraulic
operation
• removal of the existing steel pipe and replacement with a larger new one in the
existing intake, and installation of an identical new pipe in the presently blankedoff intake
• a vortex suppression device upstream of the intakes and/or in the stoplog and
gate slots, if required
• additional air venting arrangements downstream of the pipeline head gates, if
required
• a flow release structure at the intake to provide the minimum instream flow
requirements. Details of the flow requirements are provided in Table 1.1.
3.0

WATERWAY GENERAL INCLUDING SURGE FACILITY

The waterway was further optimized (from that done as part of the Optimisation Study),
on the basis of determining the most cost-effective combination of pipe sizes and
materials for both the Low Pressure Conduit (LPC) and the High Pressure Penstock
(HPP) – to produce the greatest benefit/cost ratio (energy production / capital cost) – for
a nominal 24 MW capacity project. Project design flow of 38.5 m3/s was determined as
part of this exercise.
Preliminary transient analyses have been conducted to determine fastest permissible
closing times for generating equipment (primarily turbine wicket gates and inlet valves),
and for the sizing and other details of a surge facility and/or synchronous bypass valves.
The analyses indicated the need for a surge facility which has been placed in the same
position as the present one, at the junction of the LPC and HPP. The transient analyses
will be refined once details have been provided by the Generating Equipment
Contractor. This contractor is also required to provide his own analysis.
Where steel pipes form the waterway they will not be buried and they will also not be
insulated. If the facility is not operating in winter and there is any concern about the
water in the pipe freezing it should be drained.
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4.0

LOW PRESSURE CONDUIT (LPC)

The optimisation studies showed that a large diameter “Weholite” structured wall HDPE
pipe as manufactured by KWH Pipe provides the most cost-effective option for the LPC.
The pipe will run along the existing pipeline bench (after removal of the existing wood
stave pipeline) and will be buried with the centre or “spring” line initially at approximate
existing bench ground level but becoming lower towards the end of the LPC. This is in
order to keep the pipe safely below the hydraulic grade line – a minimum of 1.5 m above
the top of the pipe, with conservative assumed pipe friction loss factors. Minimum cover
to the top of the pipe will be of the order of 1.2 to 1.5 m. The LPC will convert to steel for
the final 150 m in order to cross two gullies over which the present pipe is bridged on
trestles. This section will not be buried.
Site investigations have revealed an area where the existing wood stave pipeline has
settled, probably due to topsoil and organic materials not being completely removed
from the foundation during original construction, and to subsequent saturation from
extensive leakage from the existing pipeline. These areas will be excavated to waste
and replaced with properly placed suitable foundation material where necessary.
5.0

HIGH PRESSURE PENSTOCK (HPP)

The HPP will be mounted on the surface of the steep rock face above the powerhouse.
It will be a continuously welded steel pipe supported on concrete pedestals. The
alignment is as far as possible straight in plan, to facilitate construction and to avoid
horizontal thrusts. Deviations from a straight line have also been minimized in the
vertical plane, consistent with the size and cost of supports. Thermal expansion and
contraction of the pipeline will be accommodated within acceptable stress limits and/or
movement joints. Stresses induced by pressure transients associated with normal and
emergency operation of the generating equipment will also be investigated and
accommodated.
6.0

POWERHOUSE

The powerhouse will be designed to house the three identical Francis horizontal axis
turbine/generators procured through the Generating Equipment Contract, along with the
associated Turbine Inlet Valves (TIVs) and other mechanical, electrical and hydraulic
equipment. It will also house all the Balance of Plant equipment.
There is little option in the positioning of the new powerhouse in plan, it will be at the
upstream end of the river bench between the Bull River and the cliff behind. In the
vertical plane, the building will be set primarily by the level of the tailrace weir (to exclude
the annual flood in the Bull River) and the amount of submergence required by the
turbines. KPL checked earlier flood analyses done by others and used appropriate flood
return period levels to set or check all other floor levels in the powerhouse.
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The substructure of the building will be reinforced concrete, sized to suit the dimensions
and forces supplied by the Generating Equipment Contractor and to protect against
flotation. It will be founded on the insitu alluvial deposits that the site investigation
showed to be more than adequate for the purpose. A check will be made to ensure that
any differential settlement that might occur between the powerhouse and the HPP
(founded on solid rock) is properly accommodated. The superstructure will be a “preengineered” insulated steel frame building complete with crane rails and supporting
columns.
7.0

ENVIRONMENTAL BYPASS

In the event of an electrical load rejection or any other event leading to a rapid closure of
the turbines, there will be a lag time between the subsequent spill of water at the
intake/dam and its arrival through the natural watercourse at the powerhouse tailrace.
This could result in fish being stranded until the rejected flow arrives. A bypass facility is
required to mitigate this possibility. The facility will open immediately the turbines start to
close and will then itself close (ramp down) slowly over a sufficient time period to allow
the fish to escape into the main river channel.
During the preparation of the Generating Equipment contract it was decided that the
facility should comprise one large bypass valve and associated energy dissipation
structures, rather than synchronous bypasses on the turbines, and should therefore be
made part of the Civil as opposed to the Generating Equipment Contract. The structure
was later designed to be a separate facility adjacent to the powerhouse as opposed to
being incorporated inside the powerhouse. The design capacity was established by BC
Hydro, in consultation with Federal, Provincial and Local Agencies and other interested
parties, as 50% of the maximum design flow, or approximately 20 m3/s. After much
investigation of appropriate valves a wafer multiport valve was selected, with
backup/isolating butterfly valve and final diffuser.
8.0

MECHANICAL AND ELECTRICAL EQUIPMENT

8.1

WTW Contract

The KPL Optimization Report recommended that the turbine generator configuration be
three identical horizontal-axis Francis turbines direct-coupled to three identical
horizontal-axis salient-pole synchronous generators. This choice was confirmed by BC
Hydro. Final optimization of the waterway produced a maximum design flow of
38.5 m3/s (12.83 m3/s for each of the three units). Gross head on the installation is
approximately 84 m. Since there is very little storage available in the reservoir due to
sedimentation, there will also be very little variation in intake water levels and the
subsequent net heads across the turbines.
Typically, IPP generators of this size and type are not provided with special fire
protection facilities such as inert gas flooding/suppression of the generator enclosure.
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This is based on the assumption that there is not any significant amount of flammable
material in the generator construction.
The WTW scope of supply is summarized as follows:
a)

b)

c)

d)

e)

f)
g)

h)

i)
j)

Upstream pipe extension: a two meter long piece of steel pipe of the same outer
diameter and wall thickness as the high pressure penstock manifold branch legs,
fitted with flanged TIV bypass line and drain pipe take-offs, pressure taps, and a
flange for connection to the TIV flange. This will be field welded to the penstock
manifold branch pipes once all final fit-up has been completed.
Turbine Inlet Valve (TIV): a flanged, open-lattice type, high performance butterfly
valve, diameter selected by turbine supplier to match turbine inlet piping with
optimization for cost against head losses. Opening actuation by single-acting
hydraulic cylinder, fail-safe gravity closure by counterweight. Close-coupled to
either rigid or flexible flanged dismantling coupling to permit removal of TIV.
Includes small diameter bypass line and bypass valves around TIV to flood
downstream turbine spiral casing to permit normal TIV opening under balanced
pressure. TIV to be capable of emergency shutoff against rated turbine flow. Also
capable of being hydraulically and physically locked out for protection of those
working downstream when there is full water pressure behind the closed valve.
Francis turbine: horizontal-axis, overshot, overhung on generator shaft, to include
inlet and spiral piping, wicket gate and control assemblies (including yielding
mechanisms), control servomotors, head cover and balance piping, shaft seal,
stainless steel runner (casting), seal rings, draft tube elbow and cone, air injection
port, instrumentation.
Generator: horizontal-axis, salient pole, synchronous, closed circuit water cooled,
including extended shaft, non-drive-end sleeve/journal guide bearing, drive-end
combination guide/thrust journal bearing, oil or air friction brake, brushless
excitation, neutral and terminal cubicles, instrumentation (including vibration
monitoring and stator RTDs).
Hydraulic Power Unit (HPU): one per generating unit, complete with two oil pumps,
reservoir, nitrogen accumulator, control valves and solenoids, instrumentation, etc.
to supply hydraulic pressure for wicket gate control, TIV opening and hydraulic
brakes.
Generator switchgear/breaker: 13.8 kV, likely vacuum type, and power cable from
generator terminal cubicle.
Station services power supplies, including station services transformer and autotransfer switch, batteries and chargers, MCCs for equipment in supplier’s scope,
etc., but not including power distribution cables or emergency diesel generator.
Control and protection panel, including PLC, I/O and I/O cabinets for unit control
logic and synchronization, instrumentation monitoring and data logging, electronic
multifunction generator protection relay unit, automatic voltage regulator, exciter,
synchronism displays, primary output and alarm annunciation. To include provision
for communication with works at intake (water level sensor, isolating gate control).
Human-Machine Interface (HMI), consisting of PC-based annunciation and display
screens for alarms, set points and control variables, data logging and trending.
Installation, erection and commissioning of all equipment.
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8.2

Civil Contract

The Civil Contract includes the supply and installation of all necessary mechanical and
electrical equipment that is not included in the Generating Equipment Contract. The socalled “Balance of Plant” includes:
• Site services (service and potable water, septic and sewer system, compressed
air, cooling water, dewatering systems, etc., as required);
• Building grounding system (up to individual equipment pigtails);
• Powerhouse ac power distribution to auxiliaries;
• Power and control cable tray layouts (including tray installation details);
• Interconnection wiring diagrams for items outside of the Generating Equipment
Contract;
• Building lighting layouts and details;
• Powerhouse crane;
• Heating, Ventilation, and Air Conditioning as required;
• Powerhouse internal and external communications;
• Wiring/cabling to switchyard;
• Electrical and control services at the intake.
Procurement of this equipment will be managed by the Civil Contractor, in accordance
with the performance specifications and other requirements provided by KPL and BC
Hydro, and BC Hydro standard procurement procedures. Where items were not at time
of tender sufficiently detailed to allow firm prices to be bid, place-holder descriptions and
estimated costs were included in the Schedule of Prices for these items (“Provisional
Sums”).
9.0

SWITCHYARD

Technical requirements for the design of the switchyard were established with BC Hydro
and BCTC. The scope for the switchyard design includes all systems and equipment
from the limit of the Generating Equipment Contract (the generator unit switchgear)
through to the interconnection with the existing BC Hydro transmission line at the site.
Design will include a Relay Coordination Study and a Short Circuit Study. KP will design
the equipment bases but the tower structures will be procured “pre-engineered” by the
Civil Contractor.
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TABLE 1.1
SUMMARY OF PROJECT DETAILS
The Aberfeldie Hydroelectric Scheme near Cranbrook in southeastern BC is being redeveloped
by BC Hydro, replacing the existing 5 MW facility with one of approximately 24 MW capacity. The
existing scheme will be completely dismantled and replaced, with the exception of the existing
dam and intakes. The intakes will, however, require modification.
The project has the following major features and design parameters:
Project Title:
Aberfeldie Redevelopment Project
Project Location:
35 km east of Cranbrook, BC
Connection Point to Grid:
BC Hydro 66 kV Transmission Line 60L289 (at site)
Water Source:
Bull River
Project Operation:
Effectively run-of-river: Aberfeldie Dam headpond now full of
sediment
Rated Capacity of Plant:
24 MW
Average Annual Energy:
104 GWh
Project Design Flow:
38.5 m3/s
Aberfeldie Dam FSL:
876.67 m
Tailrace Weir El.:
792.75 m
Gross Head:
83.92 m
Instream Flow Requirements:
0.25 m3/s December to March
0.5 m3/s April and May, October and November
2.0 m3/s June to September
Environmental Bypass:
Capacity 50% of Project Design Flow, ramped over 2 hours
Intakes:
Existing intakes in Aberfeldie Dam, one presently in service, one
blanked off, modified to produce two identical intakes of
19.25 m3/s capacity.
Low Pressure Conduit (LPC): 132” (3.35 m) diameter Weholite HDPE pipeline, continuously
welded, buried, length 850 m, connected to 114” (2.90 m)
diameter surface-mounted steel pipeline, length 150 m, including
two gully crossings. Laid in existing bench, safely under
hydraulic grade line.
Surge Facility:
Steel tank at junction of LPC and HPP.
High Pressure Penstock (HPP): 108” (2.74 m) diameter continuously welded surface mounted steel
pipeline, length 150 m, laid as straight as possible on support
pedestals with appropriate thrust blocks and movement couplings.
Terminates behind powerhouse in generating unit distribution
manifold.
Powerhouse:
Concrete substructure, structural steel and steel clad
superstructure, equipped with generating equipment, switchgear,
protection and control equipment, and all Balance of Plant.
Turbines:
Three horizontal axis Francis machines rated at maximum ~8 MW
each protected by Turbine Inlet Valves (TIVs).
Generators:
Direct Coupled Synchronous at 13.8 kV.
Switchyard:
Step up 13.8 – 66 kV in switchyard beside powerhouse.
Access:
Existing access provided by surfaced and good gravel roads from
Cranbrook. No new roads needed. Upgrading of existing roads
as required.
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Aberfeldie Decommissioning Cost
In the 2004 Business Case for the Aberfeldie Redevelopment Project (included in
Appendix L to the BCH F07/F08 RRA, Exhibit B5-3) , one option considered, as an
alternative to redevelopment, was decommissioning. At that time, as the decommission
alternative provided no energy, but incurred both capital and operating cost, it was
determined that decommissioning would only be pursued further if no other option
provided economic generation. As other options did provide economic generation,
decommissioning was not pursued. This remains the case even with the current cost
estimate. To provide some further information on the magnitude of cost that could be
anticipated should redevelopment of the Aberfeldie not be pursued, the following
information is provided:
1. The October 2004 Business Case assumed that although certain structures would
be removed (the wood stave pipeline and the powerhouse), the concrete gravity
dam would be left in place and maintained in perpetuity. The associated capital
cost was estimated at $1.57 million (quoted in 2004 dollars without corporate
overhead or IDSC), ongoing property taxes were estimated at $80,000 per year
and ongoing operating cost for surveillance at of the dam were estimated at
$30,000 per year. While this estimate has not been updated, based on the increase
in capital cost for the selected option and to reduce the ongoing costs to an
equivalent capital cost, the decommissioning option is expected to cost
approximately $5 million on a lump sum basis.
2. Removal of the 32m high Aberfeldie Dam mass concrete structure would be
difficult if required as the headpond is currently filled with sediment and removal
of this sediment would be costly and environmental considerations would be
significant. While it has been assumed that the existing dam will remain in place,
there would be an ongoing liability associated with the facility.
3. By way of contrast, BC Hydro removed the Coursier Dam in 2003 at a cost of
$5.26 million. Coursier Dam was a 16 m high earthfill dam which was removed
by notching the dam whereas the Aberfeldie Dam is a 32 m high mass concrete
structure which would be much more difficult to remove. The Coursier reservoir
did not have excessive amounts of sediment which needed to be removed whereas
the headpond for Aberfeldie is virtually entirely filled with sediment. As such, the
cost to remove the Aberfeldie Dam would be significantly higher.
4. Other examples exist for which comparisons to decommissioning and removal of
Aberfeldie Dam can be drawn.
a. PG&E has estimated the cost to decommission its Coal Canyon
hydroelectric facility at between US$8 million and US$15 million. Coal
Canyon is a 0.9 MW facility that has been out of service since a penstock
failure in 2002. 1
1

Report on the Results of Operations, Electric and Gas Distribution, Electric Generation for Pacific Gas
and Electric Company, General Rate Case, Test Year 2007, Electric Generation Costs; Application A.0512-002, San Francisco, California; April 14, 2006. page 7-7
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b. PG&E has estimated to cost to decommission its Kilarc-Cow hydroelectric
plant at approximately US$10.4 million. 2 Kilarc-Cow is a 5 MW facility.
c. Arizona Public Service has estimated the cost to remove and restore the
Childs Irving Hydroelectric Facility at US$12 million in October 2002 3 .
The Fossil Spring Diversion Structure at Childs Irving is a 25 feet (8 m)
high concrete structure.
d. Portland General Electric Company has estimated the cost of removing the
Bull Run Hydroelectric Project at US$17 million. 4 The project includes
the 47 feet (14 m) high concrete gravity Marmot Dam, and the15 feet (5
m) high Little Sandy Dam.
5. Although the examples cited above provide an indication of the order of the cost
associated with removing the Aberfeldie facility, removal costs are site specific.

2

Ibid, page 7-8.
Childs-Irving Document Number – CIENG-1 dated November 11, 2004.
4
Decommissioning Plan for the Bull Run Hydroelectric Project FERC Project No. 477, Filed by Portland
General Electric Company with the Federal Energy Regulatory Commission Office of Hydroelectric
Licensing, Washington, D.C.; November 2002
3
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Rate Impact
As for all capital assets, the Revenue Requirement stemming from Aberfeldie will be largely
related to depreciation of the capital assets as well as finance charges. Aberfeldie will incur
depreciation costs of approximately $1.7M annually based on the application of corporate
depreciation rates. In addition, if the annual finance charge is 6.7%, representing the cost of
financing the project on a 100% debt basis, then in the first full year of service in FY 2010
Aberfeldie will incur an additional $5.6M for finance charges, which will decline over time as the
facility is depreciated. Together with water rentals of $0.7M and operating costs of $0.5M the
total revenue requirement for the FY 2010 operations will be $8.7M in nominal terms, or $8.1M in
terms of 2006 $. With an energy output of 104GWh this equates to a real unit cost of $78/MWh.
The Revenue Requirement impact described is on an incremental basis. It does not include, for
example, existing depreciation or finance charges related to the dam structure. These costs will
be incurred regardless of the reinvestment decision and are therefore treated as sunk costs.
The annual capital charge will decline with asset depreciation, leading to a reduction in both the
total Revenue Requirement for the facility and the unit cost of energy un til an expected
reinvestment in the facility after 25 years in service (FY2035), estimated at one-third of the real
costs of the current project. This reinvestment is consistent with the economic analysis of the
project over its expected 50 year life. Prior to this reinvestment the real annual facility Revenue
Requirement is expected to decline by half, to $4.0M (or $39/MWh), but it will increase to $5.5M
thereafter ($53/MWh), as the asset base increases leading to higher depreciation and asset
charges. The annual costs will continue to decline from this point until FY2060 when the current
project investment is entirely depreciated, and the annual Revenue Requirement drops to $2.1M
real ($20/MWh). It will continue to decline until a further life-extending investment is made.
The expected real unit costs of service and real market costs of energy are shown graphically in
the chart below, along with the total real costs of service for particular years. The BC Hydro price
team forecast ends in 2032, and for periods after this it is extended on the assumption that prices
follow the trend established in the final ten years of the forecast. This forecast is consistent with
that used in the economic analysis and is described as the BCH Average price scenario. For
comparison, the graph includes levelized equivalents as well.
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Aberfeldie Redevelopment Project Water Use Plan

Preface
The water use planning process for BC Hydro’s Aberfeldie Project was initiated
in May 2002 and concluded in April 2003. The recommendations were specific
to the existing project completed in 1922 and rebuilt in 1953. The
recommendations from this planning process, however, were held in abeyance
until the Aberfeldie Redevelopment Project plan could be reviewed.
The Consultative Committee and the Fisheries Technical Committee from the
original WUP process were reconvened to review the Aberfeldie Redevelopment
Project as part of the project approval process. Operational requirements, works,
and monitoring requirements in the updated Water Use Plan reflect the consensus
recommendations of the aforementioned groups.
BC Hydro thanks all those who participated in the process that led to the
production of this Water Use Plan. The proposed conditions for the operation of
BC Hydro’s facilities will not come into effect until implemented under the
Water Act

.
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INTRODUCTION
The operating conditions proposed in this plan reflect the recommendations of
the Aberfeldie Redevelopment Project Consultative Committee and Fisheries
Technical Committee, and are intended to satisfy federal and provincial
regulatory requirements for the Aberfeldie Redevelopment Project. The basis for
the proposed terms and conditions to be authorized under the Water Act for the
beneficial use of water at the Aberfeldie hydroelectric project are set out in this
document. Future reference to the Aberfeldie Redevelopment Project
encompasses all works including, the existing Aberfeldie Dam and headpond, the
redeveloped Aberfeldie powerhouse (generating station), and associated works
for flow management.
The proposed conditions establish a minimum flow regime for the section of the
Bull River between the dam and powerhouse, establishes limits on ramping rates
downstream from the generation station, and provides measures to mitigate
against sudden flow changes downstream from the generation station associated
with forced outages. The proposed conditions also provide for fish and benthic
habitat compensation projects.
A monitoring program and review period are proposed to study key uncertainties,
validate operational recommendations, and enhance future operating decisions.
Refer to the Environmental Impact Assessment of the Aberfeldie Redevelopment
Project, Revision 4, dated April 2006 for details.

2.0

DESCRIPTION OF WORKS

2.1

Location
The Aberfeldie Redevelopment Project will be located in the Regional District of
East Kootenay on the Bull River in southeastern British Columbia, approximately
30 km east of Cranbrook on the same footprint as the current project. The
facilities associated with the Aberfeldie Redevelopment Project are easily
accessible via a secondary road off Highway 3. A map showing the location and
general layout of the project is provided in Figure 2.1.
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Figure 2-1: Location of the Aberfeldie Project
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Existing Works
The existing Aberfeldie Project is an in-basin diversion consisting of the
Aberfeldie Dam and headpond, a wood stave pipeline, surge tank and steel
penstock leading to a concrete powerhouse (generating station). The Aberfeldie
Dam is located approximately 10 kilometres (km) upstream of the confluence of
the Bull and Kootenay Rivers.
The existing generating station is located approximately 1.2 km downstream of
the dam and consists of two generating units with a total output capacity of 5
MW and a maximum discharge of 9.9 m3/s. Water from the generating station is
discharged back into the Bull River, which flows into the Kootenay River system
and then into Lake Koocanusa.
Under the Aberfeldie Redevelopment Project, the existing dam will remain in
place, with some minor improvements to the existing water intake.

2.3

Redevelopment Works
The physical structures comprising the Aberfeldie Redevelopment Project will
include the following:
Aberfeldie Dam: The Aberfeldie Dam is a concrete dam with crest length of
136 metres (m) and a maximum height of 32 m. The elevation at the top of the
dam is El. 880.9 m above sea level1.
The dam has a free overflow spillway, which has a length of 59.7 m and a
maximum discharge capacity of 923 m³/s. The elevation of the spillway is
El. 876.67 m.
The log sluice is no longer used to move woody debris past the dam. It is now
used every two to three years to lower the headpond level (by removing
‘stoplogs’) for headpond inspection and maintenance. The length of the log sluice
is 4.3 m with an elevation of El. 874.8 m.
Aberfeldie Headpond: The Aberfeldie headpond has an area of 20 hectares (ha)
and a storage capacity of 510 000 m³. The average drawdown of the headpond is
approximately 0.5 m under normal operating conditions.
Pipeline Surge Tower and Penstock: A power intake located near the right side
of the dam feeds into a 1 km long buried plastic pipeline located on a bench
above the Bull River. This new pipeline is on the same alignment as the existing
woodstave pipeline. The pipeline transitions to a 125 m-long steel penstock
leading from the bench down to the generating station. A steel surge tower is
situated at the transition between the pipeline and penstock.

1

Datum relative to Geological Survey of Canada (GSC)
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Generating Station: The generating station contains three horizontal
8.3 MW Francis turbines (~25 MW). The combined discharge capacity of
the units is 40 m³/s. The Redevelopment generating station is situated
immediately downstream from the existing generating station location.
Flow Bypass Valve: A flow bypass valve, capable of passing up to 20 m³/s
situated at the generating station;
Fish Water Release Valve: A release structure capable of passing up to
2.0 m³/s installed off the pipeline immediately downstream from the dam.

3.0

HYDROLOGY OF THE BULL RIVER BASIN
The Bull River Basin is located on the western slopes of the Rocky Mountains in
the Southeast Interior region of British Columbia. Rising in the southern part of
the Park Ranges and descending a total of approximately 750 m, the Bull River
flows approximately 80 km to meet the Kootenay River near the upper end of
Lake Koocanusa. The drainage area above the Aberfeldie Dam covers
approximately 1530 km² with elevations varying from roughly 1200 m to
2500 m. The basin is generally wooded, vegetative cover thinning above 1500 m,
with several areas of permanent snowpack. Steep side slopes characterize the
river valley with short tributary streams entering nearly at right angles to the
river.
The Bull River area experiences moderate snowpacks in the winter, with heavy,
short-duration rainfall May through June. Accordingly, the Bull River discharge
begins to rise each year in April and usually peaks in late May or early June.
Periods of high flow are typically attributed to a combination of snowmelt and
short duration, high intensity rainfall. The mean annual Bull River inflow is
33 m³/s, with a maximum recorded instantaneous flow of 428 m³/s and a
maximum recorded mean daily flow of 388 m³/s.

4.0

OPERATING CONDITIONS FOR FACILITY

4.1

Role of Facility in Provincial System
The existing Aberfeldie generating facility is part of BC Hydro’s integrated
generation system which is described in “Making the Connection” published by
BC Hydro in April 2000.
The average annual generation of the existing Aberfeldie Project is 32 GWh/yr.
The average annual generation of the Aberfeldie Redevelopment Project will be
approximately 105 GWh/year, enough energy to service about 10,500 homes.
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Water Use at Aberfeldie Facility
The Aberfeldie Redevelopment Project is a run-of-river facility so energy
production varies as a function of river flows throughout the year. The headpond
is small and has little storage capability due in part to a significant build-up of
silt. As a result, water will typically spill for 2 – 4 months of the year between
April and July.
During low inflow periods (August to March), inflows are typically less than the
turbine design capacity and nearly all of the inflow will be diverted to the
generating station. During this time the headpond level is kept relatively constant.
Low inflow operation of the generating units is controlled using an automatic
control system that reads the level of the headpond. When the headpond drops to
El. 876.4 m, the generating units tied to the auto-control system will gradually
lower its output until the headpond level stabilizes. Output is increased if the
headpond level reaches the spillway level. Any changes in headpond level are
primarily caused by fluctuations in inflow (rainfall and snowmelt runoff) and
generation.
The normal non-freshet headpond operating level is close to El. 876.67 m, which
is the level of the crest of the overflow spillway. During spring freshet, the
headpond generally rises to a maximum level between El. 878.0 m and 879.0 m.

4.3

Emergencies and Dam Safety
Emergencies and dam safety requirements shall take precedence over the
constraints outlined in this Water Use Plan. Emergencies include actual and
potential loss of power to customers. Dam safety requirements for operations are
outlined in “Aberfeldie Dam: Operation, Maintenance and Surveillance Manual
for Dam Safety (OMSABF)” issued by BC Hydro’s Director of Dam Safety.

4.4

Conditions for the Operation of Works for Diversion and Use of Water
The conditions outlined in this section are proposed for the operations of the
Aberfeldie Redevelopment hydroelectric project. It is recognized that BC Hydro
may not be able to operate within these constraints in the event of an emergency,
dam safety requirement, or an extreme hydrological event.

4.4.1

Aberfeldie Dam and Headpond
When not spilling, normal headpond levels will be maintained between 876.15 m
and 876.67 m, the free crest spillway elevation. This operation range is intended
to limit the time required to surcharge, initiate spill, and restore flows
downstream of the generation station in the event of a plant outage. This
measure is in addition to the operation of the fish water release valve and bypass
valve.

Generation

06 November 2006

Attachment I
Page 6

4.4.2

Aberfeldie Project Water Use Plan

Aberfeldie Dam: Minimum Flows Between the Dam and Powerhouse
Minimum instream flows shall be provided to the natural channel immediately
downstream of the Aberfeldie dam to maintain fish habitat and pool connectivity.
The minimum flows must be delivered to the following schedule:
a)
b)
c)
d)

0.5 cubic metres per second (1 April to 31 May);
2.0 cubic metres per second (1 June to 30 September)
0.5 cubic metres per second (1 October to 30 November); and
0.25 cubic metres per second (1 December to 31 March).

The 2.0 m3/s flow between June 1 and September 30, in combination with the
fish and benthic habitat works (Section 4.4.5), is hypothesized to provide benthic
productive capacity in excess of that required to compensate for annual losses not
mitigated by minimum flows. It is further hypothesized that a lesser flow, such as
0.5 m3/s, in combination with fish and benthic habitat works, may still provide
the required compensatory productive capacity benefits. Effectiveness
monitoring studies summarized in the Environmental Impact Assessment of the
Aberfeldie Redevelopment Project, Revision 4 (Cope 2006), have been proposed
to test this hypothesis.
4.4.3

Aberfeldie Generating Station Ramping Rates
Ramp rates are implemented to reduce the impact of fish stranding associated
with sudden flow decreases downstream of the generation station. Total
downstream discharge is the sum of any spill discharge, discharge from the fish
water release valve, discharge from the bypass valve, and generation station
discharge. The ability to control downstream flow changes, however, is
associated with the bypass valve and discharge from the generation station.
For planned discharge changes, the combined discharge from the bypass valve
and the generating station must be:
i. ramped down at a maximum rate of 10 m3/s/hr when combined discharge
is greater than 20 m3/s; or
ii. ramped down to 0 m3/s or some greater amount, over a minimum of 2
hours when combined discharge is equal to or less than 20 m3/s.
To ensure that these rates are achieved smoothly over each hour, generation and
bypass valve reduction must be done in step intervals of 30 minutes or less.
The aforementioned ramp rates do not apply to normal changes in generation
discharge associated with simply passing variation in natural inflows. It is also
recommended that the ramp rates do not apply when the combined discharge of
the bypass valve and generation station is less than 20% of the total downstream
flow. At these levels, changes to the combined bypass valve and generation flow
are not expected to significantly affect downstream stage.
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BC Hydro may periodically backflush the intake trashracks during spill events by
rapidly, and briefly, shutting down the generating units and causing a pulse to
flow back up the penstock. BC Hydro may also periodically test flow release
devices such the bypass valve, the fish water release valve, and the log sluice .
The short duration of these events and negligible downstream impacts, precludes
the implementation of ramping rates.
4.4.4

Aberfeldie Redevelopment Project: Forced Outage Management
A bypass valve will be incorporated in the Aberfeldie Redevelopment Project to
manage downstream flows in the event of a forced outage. The bypass valve,
located immediately adjacent to the generation station, will be used to divert
water in a timely manner to the channel following a forced outage. During the
outage and until such time generation is restored, the bypass valve will be
operated in such a manner to minimize downstream flow reductions measured
immediately downstream of the generation station.
It is recommended that the bypass valve, upon a forced outage, release flows
sufficient to provide 80% or more of the generation discharge observed
immediately prior to the outage event up to a maximum of 20 m3/s. The
remaining portion of the disrupted generation flow will be routed by surcharging
the reservoir and subsequently spilling down the natural channel until such time
that generation is restored or the downstream flow is managed in whole or in part
by free spill at the dam. Note that reductions of the bypass valve during such
operations remain subject to the ramp rate constraints in 4.4.3.

4.4.5

Fish and Benthic Habitat Works
In compensation for lost habitat associated with the Aberfeldie Redevelopment
Project, 3000 m2 of fish habitat works and 3000 m2 of benthic habitat works is
recommended to be provided. As benthic habitat and fisheries habitat may not be
mutually exclusive, it is also recommended that the works may be achieved in
whole or in part with each other.
In lieu of 3000 m2 of works for fish and benthic habitat, it is also recommended
that a lesser amount could be provided in so far that it provides the same or more
productive capacity associated with the 3000 m2 of instream habitat lost due to
the Aberfeldie Redevelopment Project.

5.0

PROGRAMS FOR ADDITIONAL INFORMATION
The operating recommendations of the project application process are contingent
on the implementation of effectiveness monitoring programs to substantiate the
recommendations and hypothesized benefits. Upon direction from the
Comptroller of Water Rights, BC Hydro will undertake a monitoring program
that will:
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a) provide two years of primary and secondary productivity monitoring to
establish baseline conditions prior to project completion of the Aberfeldie
Redevelopment Project;
b) provide two years of primary and secondary productivity monitoring
commencing upon completion of the Aberfeldie Redevelopment Project;
c) an effectiveness monitoring program to assess the fish and benthic habitat
works;
d) an effectiveness monitoring program to determine changes in habitat
associated with the instream flow provisions between the dam and the
generating station; and
e) an effectiveness monitoring program to assess the winter flow provisions
between the dam and the generating station.
The main elements of the monitoring program1 are described in detail in section 5.0 of
the Environmental Impact Assessment and summarized below. Estimated annual costs
for these studies and associated tasks are summarized in the Aberfeldie Re-Development
Project – Revising the Water Use Plan (WUP) Consultative Committee Meeting #1,
Final Meeting Notes, dated January 26, 2005.
a) Primary productivity (periphyton) and secondary productivity (benthic
invertebrates) would be monitored within the diversion reach between the
dam and the powerhouse for two years prior to facility redevelopment being
brought on-line (i.e. summer 2005 and 2006). Monitoring objectives are to
establish an aquatic productivity baseline within the diversion reach for
comparison with post-construction impact monitoring at the prescribed
instream flows and effectiveness monitoring of aquatic habitat and primary
productivity compensation works.
b) Primary productivity (periphyton) and secondary productivity (benthic
invertebrates) would be monitored at the aquatic habitat and primary
productivity compensation sites for two years post-construction (2008/09).
Monitoring objectives are to collect aquatic productivity effectiveness data
for comparison with baseline aquatic productivity data to verify that
compensation objectives are achieved. Periphyton and benthic invertebrate
monitoring may allow for a decrease in the 2.0 m3/s summer productivity
flows to some lower level, if it can be demonstrated not to be detrimental to
aquatic productivity.
c) Structural integrity and stability and fish use of the aquatic habitat
compensation works would be conducted for three years post construction
(2009-2011). The fish use monitoring would be completed in 3 consecutive

1

Time line examples assume an in-service date of 2008.
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years post construction. The monitoring program would contain the following
components:
i. Watershed Restoration Program (WRP) restoration works summary and
routine monitoring (level 1) forms, or equivalent, for compensation
works and riparian planting would be completed for three years
following construction.
ii. Enumerate juvenile fish within shallow, complex margin habitat in the
aquatic habitat compensation works using single-pass open-system
backpack electrofishing, or equivalent methodology.
iii. Enumerate adult and juvenile fish within the deeper water habitat of the
aquatic habitat compensation works using visual snorkel or equivalent
methodology.
iv. For the remaining life of the project, compensation works would be
monitored for structural integrity and maintenance requirements using
visual inspection and photo documentation or equivalent methodology.
d) Post-construction habitat impact monitoring would also be completed for the
canyon reach between the dam and the powerhouse. Monitoring objectives are to
quantify the habitat area and habitat productivity at the prescribed instream flows
(0.25 m3/s, 0.50 m3/s, and 2.0 m3/s). Observations and measurements would be
used to calibrate the flow model at the prescribed flows and refine wetted area
estimates between flow increments to verify the residual impacts. BC Hydro may
demonstrate that the prescribed instream summer productivity flow release,
combined with aquatic habitat and primary productivity compensation works are
exceeding compensation objectives. If this scenario is true, then under consultation
with stakeholders and regulatory agencies, a decrease in the 2.0 m3/s summer
productivity flow to some lower level may be permitted, provided it can be
demonstrated not to be detrimental to aquatic productivity.
e) Winter flow effectiveness monitoring consists of winter observations (2008-2010)
to assess flow and pool connectivity, particularly during extended period of cold
weather. Monitoring objectives are to ensure the adequacy of the winter flow
provision to maintain flow and pool connectivity during periods of extended severe
freezing.

6.0

IMPLEMENTATION OF RECOMMENDATIONS
The proposed conditions and the monitoring program in this Water Use Plan will
be implemented after BC Hydro receives direction from the Comptroller of
Water Rights according to the scope and schedule of the terms of reference
approved by the Comptroller.
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EXPECTED WATER MANAGEMENT IMPLICATIONS
The implications for the provincial interests considered during preparation of this
Water Use Plan are expected outcomes based on the best available information.
After BC Hydro has been directed to implement the operational changes,
BC Hydro will be responsible for meeting the operational parameters but not for
achieving the expected outcomes.

7.1

Other Licensed Uses of Water
The proposed conditions are not expected to impact other water licence holders
on the Bull River.

7.2

Riparian Rights
The proposed conditions are not expected to affect riparian rights associated with
the headpond or along the river below the facilities.

7.3

Fisheries
The proposed conditions are expected to benefit fish and fish habitat as follows:

7.4

•

Provision of a seasonally staged minimum flow through the canyon reach
below the dam.

•

Compensation for residual habitat and benthic productivity losses.

•

Implementation of ramping rates to reduce the impact of fish stranding
associated with sudden flow decreases downstream from the generating
station.

•

Installation of a bypass valve at the generating station to manage downstream
flows in the event of a forced plant outage.

Wildlife and Wildlife Habitat
The proposed conditions are not expected to significantly affect wildlife or
wildlife habitat; however, some indirect effects are expected as a result of fish
benefits.
A net positive gain in terrestrial productive capacity is expected due to
replacement of the existing woodstave pipeline with a buried pipeline and
implementation of a native species re-vegetation plan.

7.5

Flood Control
The proposed conditions are not expected to affect flood control on the Bull
River.
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Recreation
There are no formal agreements, restrictions or obligations for recreational
purposes associated with operation of the Aberfeldie Project. The proposed
conditions are not expected to affect the recreational activities on the Bull River.

7.7

Water Quality
The proposed conditions are not expected to change the quality of water released
from the Aberfeldie Project.

7.8

Industrial Use of Water
There are no formal agreements, restrictions or obligations for residential,
commercial and industrial purposes associated with operation of the Aberfeldie
facility.

8.0

RECORDS AND REPORTS

8.1

Compliance Reporting
BC Hydro will submit data to the Comptroller of Water Rights as required to
demonstrate compliance with conditions conveyed in the Water Licences.

8.2

Non-compliance Reporting
Non-compliance with any operation ordered by the Comptroller of Water Rights
will be reported to the Comptroller in a timely manner.

8.3

Monitoring Program Reporting
Reporting procedures will be determined as part of the terms of reference for
each study or undertaking. Details on the monitoring program are included in the
Environmental Impact Assessment of the Aberfeldie Redevelopment Project,
Revision 4 (Cope 2006).

9.0

PLAN REVIEW
A formal review of this Water Use Plan is recommended within 15 years of its
implementation. A review may be triggered earlier by BC Hydro if significant
new risks or opportunities are identified.
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10.0 NOTIFICATION PROCEDURES
Notification procedures for floods and other emergency events are outlined in the
“Aberfeldie, Elko and Spillimacheen Dams Emergency Planning Guide” and the
“Power Supply Emergency Plan East Kootenay Generation (PSEP)”. Both these
documents are filed with the Office of the Comptroller of Water Rights.

11.0 REFERENCES
Cope, S. 2006. Environmental Impact Assessment of the Aberfeldie Redevelopment
Project, Bull River, British Columbia, Revision 4. Prepared for BC Hydro.
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ABERFELDIE EVIDENCE FILED BY BC HYDRO
F07/F08 RRA
Appendix L to BCH F07/F08 RRA (Exhibit B5-3)
BCUC IR

1.93.0 (Exhibit B11-4)
1.306.0 (Exhibit B11-6)
3.7.0 (Exhibit B18-2)
3.11.1 (Exhibit B18-2)
3.11.2 (Exhibit B18-2)
3.11.3 (Exhibit B18-2)

BCOAPO IR

1.27.2 (Exhibit B11-2)
2.1.0 (Exhibit B16-2)

IPPBC IR

1.27.1 (Exhibit B11-16)
1.30.1 (Exhibit B11-10)
1.32.1 (Exhibit B11-10)
1.33.1 (Exhibit B11-10)
1.34.1 (superseded) (Exhibit B-11-10)
3.5.1 (Exhibit B18-5)

2006 IEP and LTAP Application
BCUC IR

1.174.1 (Exhibit B6-3)
1.174.2 (Exhibit B6-3)
1.174.3 (Exhibit B6-3)
1.174.4 (Exhibit B6-3)
1.284.1 (Exhibit B6-4)
2.371.1 (Exhibit B10-1)
3.1.4 (Exhibit B16)
3.4.1 (Exhibit B16)
4.447.1 (Exhibit B17)
4.447.2 (Exhibit B17)

CPC IR

1.2.6 (Supplemental) (Exhibit B10-2)
1.3.2 (Exhibit B10)
2.7.1 (Exhibit B16)
2.7.2 (Exhibit B16)
2.7.3 (Exhibit B-16)
2.7.4 (Exhibit B-16)
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IPPBC IR

2.6.1 (Exhibit B-16)
2.6.2 (Exhibit B-16)
2.6.7 (Exhibit B-16)

JIESC IR

2.1.1 (Exhibit B-16)

Section 8.4.5 of BC Hydro 2006 IEP (Exhibit B1-E)
Project Evaluation Evidence (Exhibit B-11)

2005 REAP
Sections 2.5.1.1 and 3.10.1 of 2005 REAP Application (Exhibit B-1)
IPPBC IR

1.1.0 (Exhibit B-4)
1.2.0 (Exhibit B-4)
1.3.0 (superseded) (Exhibit B-4)
1.4.0 (Exhibit B-4)
1.5.0 (Exhibit B-4)
1.6.0 (Exhibit B-4)
1.7.0 (superseded) (Exhibit B-4)
2.3.1 (Exhibit B-12)
2.3.2 (Exhibit B-12)
2.4.2 (Exhibit B-12)

F05/F06 RRA
T18: 3220/10-3222/17
T19: 3415/15-3421/22
2004 IEP, PART 3, APPENDIX F (Exhibit B1-24)
BCUC IR

1.5.40 (Exhibit B1-7)

IPPBC IR

1.57.2 (Exhibit B1-7)
1.61.4 (Exhibit B1-11)
1.61.5 (Exhibit B1-11)
1.62.2 (Exhibit B1-11)
2.14.1 (Exhibit B1-11)
3.2.0 (Exhibit B1-25)
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L
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PRIVILEGED AND CONFIDENTIAL
Attachment O
This document contains confidential information and was prepared
in consultation with legal counsel for the Revenue Requirement proceedings.
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1

1

Aberfeldie Redevelopment

2
Total Project
Cost

Development
Phase

Estimated InService

$64 million

Implementation

F2008

Previously Reviewed

2005 REAP
• Application p.3-24, p.3-54
to 3-55
• BCUC IR #1.51.0, 2.96.1,
2.96.2
• IPPBC IR #1.1.0, 1.2.0,
1.3.0, 1.4.0, 1.5.0, 1.6.0

45(6.2)(b)
Determinations
Sought
$64 million
(Total Costs, per
BCH proposal)

05-06 RRA
• Application p.11-12, 11-18
• BCUC IR #1.5.40
• CECBC IR #1.23.1
• WAIT IR #3.2.0
• IPPBC IR #1.61.4, 1.61.5

3

1.1

Background

4

The Aberfeldie Generating station was built in 1922 and is currently the oldest Heritage

5

Resource. It is located 30 km east of Cranbrook in southeastern BC and consists of 2

6

generating units totalling 5 MW that generates approximately 34 GWh/year. The

7

powerhouse and core generating equipment are original and condition assessments have

8

determined that the facility will require extensive capital investment to continue operating.

9

The condition of the woodstave pipeline, in particular, will force the existing plant to be shut

10

down this year.

11

The Aberfeldie dam which stands 1.5 km upstream was rebuilt in 1955 and requires no

12

major expenditures. In 1999, the dam was anchored to the underlying bedrock and, other

13

than some spillway surface repairs, is considered to be in satisfactory condition.

14

1.2

15

The scope of the Aberfeldie Redevelopment project is to:

Project Description
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•

equipment associated with the existing facility;

2

3

•

•

•

Construct a new switchyard on the existing site and relocate Wardner substation
downstream of its existing location.

8

9

Replace the existing woodstave pipeline with a lager plastic pipeline, and construct a
new steel penstock and surge tower; and

6

7

Construct a new powerhouse with three, 8 MW units for a combined capacity of
24 MW;

4

5

Dismantle the existing powerhouse, switchyard, penstock, pipeline and other

The average energy capability of the project will increase from 34 GWh/yr to 104

10

GWh/yr. The project is forecast to cost $64 million, with an additional $1million for

11

dismantling.

12

1.3

Schedule

13

The project is currently in Implementation phase. The tender for the major equipment

14

supply was issued in October 2005 and bids have been received and are being evaluated.

15

The technical specifications for the civil construction tender are currently being prepared

16

with bids expected to be received in early F2007. Commercial operation is planned for

17

December 2007. A high level schedule that shows key dates throughout the project

18

development is shown below:
BOD Decision approving the Aberfeldie Redevelopment project

October 20, 2004

Engineering Contract Awarded

April, 2005

BOD approval of increased capital cost

February, 2006

Target for Permitting & First Nations Agreement Completion

April, 2006

Procurement of Major Equipment and Civil Contractor Complete June, 2006
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Site Construction Starts

July, 2006

Target Commercial Operation

January, 2008

1

1.4

New and Expanded Public Works

2

The project increases the capacity of the facility from 5 MW to 24 MW and includes a new

3

powerhouse, replacement of the penstock, new surge tower and switchyard.

4

1.5

5

There is no requirement for a Provincial environmental authorization for projects under 50

6

MW in size. However, there is a requirement for a federal environmental authorization,

7

commonly referred to as a CEAA screening. A consultative process was undertaken to work

8

through the CEAA screening process that was led by Fisheries and Oceans Canada

9

(formerly DFO). The results of this process have been captured in an Environmental Impact

10

Assessment (EIA) document that will be filed with Fisheries and Oceans Canada to seek the

11

federal approvals and authorizations necessary for the project to proceed. The EIA is

12

attached as Schedule 3 for reference.

13

First Nations and public consultations were undertaken as part of this redevelopment effort.

14

First Nations consultation commenced with the Ktunaxa-Kinbasket Tribal Council (now the

15

Ktunaxa Nation) in 2004. Public consultation was facilitated through a revised Water Use

16

Planning Consultative Committee. BC Hydro has agreed through the consultative process

17

to actions that would mitigate any potential impacts (i.e. minimum flow arrangements, fish

18

habitat restoration, re-vegetation, etc.).

19

1.6

20

A driver of the project is the condition of the existing facilities, however the increase in

21

capability can be used to serve system load growth as identified in BC Hydro’s 2006

22

Integrated Electricity Plan.

Environmental and Social Impacts

Identification of New Customers
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1.7

2

Options of decommissioning, redevelopment and status quo operation were evaluated. Due

3

to the age of the facility and the condition of most of the equipment, most components will

4

require replacement in the near future (the woodstave pipeline is unsafe to operate beyond

5

this winter). As such, the status quo alternative would involve replacement or maintenance

6

of most of the existing facility; essentially redevelopment at 5 MW. Decommissioning would

7

not avoid all ongoing costs, as it would not be economic to remove the existing dam from

8

service, and would therefore require ongoing maintenance and surveillance costs with no

9

corresponding electricity generation. Different sized redevelopment projects were analysed

10

and based on the financial and sensitivity analysis performed and cost estimates the 24 MW

11

option was preferred. The selected 24 MW size is the largest project with an incremental unit

12

cost of energy below current market, and it therefore represents the most cost-effective

13

redevelopment of the site. This was the basis of the original business case and the

14

decision to proceed with redeveloping Aberfeldie.

15

Since the original business case was completed in 2004, extensive public consultation and

16

negotiation has occurred with First Nations. All parties have agreed that potential impacted

17

have been mitigated by BC Hydro’s design and planned operations.

18

The project capital cost estimate has increased from $46 million (October 2004) to

19

$65 million (February 2006). Despite the increase in cost, the Aberfeldie Redevelopment

20

Project remains competitive with BC Hydro’s other sources of new energy supply. The

21

levelized unit energy cost based on the higher capital cost estimate is $47/MWh and

22

$40/MWh, based on a 25 and 50 year economic life, respectively.

23

The supporting Implementation Phase business cases are attached:

24

•

Project Justification

Schedule 1: Supplemental Business Case, Aberfeldie Redevelopment, Feb 2006.

25

This supplemental business case is directed at the increase of the Aberfeldie

26

Redevelopment Project from $46 million to $65 million (including dismantling). The

27

major reasons for the cost increase are as follows:
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1) Increase in the cost of major equipment supply contract as a result of bids

1

received (+$8 million);

2

2) Increase in the anticipated cost of the civil construction contract due to the

3

current construction boom (+$8.5 million).

4

5

•

Schedule 2: Implementation Phase Business Case, Aberfeldie Redevelopment,
October 2004.

6

7

1.8

Cost Impact

8

The Aberfeldie redevelopment will significantly impact the overall financial position of facility.

9

The analysis that follows is consistent with our analysis of all operational facilities in the

10

fleet, including allocation of significant Generation-wide and Corporate costs. The analysis

11

is presented over a 10 year period with related levelized cost of production calculations.

12

Given the Aberfeldie redevelopment however, the time frame of evaluation does not fully

13

reflect the economic justification of the project which has been presented and approved by

14

the BC Hydro Board of Directors. The economic analysis, for example, evaluates the project

15

over its expected useful life of 50 years and examines only incremental costs related to the

16

investment and not allocated costs that in reality would not be impacted by the project

17

proceeding. On the basis of the economic analysis, the 25 year and 50 year real levelized

18

cost of production would equate to approximately $47/MWh and $40/MWh respectively.

19

The following evaluates Aberfeldie over a time period of 10 years to be consistent with

20

information presented in the individual Facility Asset Plans and at a level of detail that would

21

be difficult to meaningfully evaluate if we presented information over the expected life of the

22

asset of approximately 50 years.

23

The financial structure of Aberfeldie, consistent with other assets in the generating fleet, is

24

heavily influenced by significant fixed and allocated costs. Plant management has the

25

largest influence on direct costs, which include maintenance, operations, general and

26

administrative costs. Over the short-term, plant management has little control over
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depreciation and capital charges on existing assets, but largely determine their future levels

2

through capital expenditure decisions.

3

The following graph, illustrates the annual unit cost of production from Aberfeldie generating

4

station separated into four components: direct costs, allocated costs, finance and equity,

5

and other costs (Water Fees, Taxes and Grants). This is compared to weighted-average

6

unit cost for all the hydroelectric Heritage Resources.

Figure 1 Annual Unit Cost of Production, F2005 to
F2016

7
8

200

$/MWh Nominal

150

100

50

0
F2005

9

F2006

F2007

F2008

F2009

F2010

F2011

F2012

F2013

F2014

F2015

F2016

Financing, Equity
Water Fees, Taxes & Grants
Allocated Costs (Generation and BC Hydro)
Direct cost (controlled by Facility or Region)
Weighted Average Unit Cost - All Hydro Heritage Resources
10-Year Levelized Unit Production Cost

10
11

The long-term cost of operating Aberfeldie is increasing from $28 (estimate at F2006) to

12

$63/Mwh in 2016. The increase in cost per unit results from the implementation of the

13

Aberfeldie Redevelopment Project ($64 million). The high unit cost of production in F2007

14

and F2008 is a result of the combination of capital charges and constrained generation

15

during the construction phase of the redevelopment. The 10-year levelized unit production

16

cost is approximately $61 per MWh (in real $).

17
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To place the calculated cost of production in context, we can look to two public sources of

2

data: the Call For Tender (CFT), and the Mid Columbia (Mid C) Price Index. A component

3

of BC Hydro’s actual cost of acquiring energy for the longer term is the weighted average

4

price of energy from the last province-wide CFT. The 25 year levelized price of the last CFT

5

(2002/03 Green Call) for energy is approximately $51 per MWh in nominal $ for fiscal year

6

2007, which would compare to an equivalent Aberfeldie 25 year levelized cost of $47/Mwh.

7

The average Mid C price based on 12 month historical and 12 month forwards of circa is

8

approximately $70/Mwh. Of these two estimates, the call for tender is more indicative of

9

long term pricing in the BC market. The MidC prices will be highly volatile from year to year

10

based on water conditions, supply/demand balance and natural gas pricing.

11
12

The following tables summarize the 10-year financial forecast for ABF, incorporating two

13

years of historical data and ten years of forecast data.
Table 1 10-Year Financial Forecast, F2005 to F2016

14
15
Aberfeldie

16

F2005

F2006

F2007

F2008

F2009

F2010

F2011

F2012

F2013

F2014

F2015

F2016

Cost of Energy

$k

195

201

196

309

826

889

793

768

777

798

808

824

Transmission (GRTA)

$k

-

-

-

-

-

-

-

-

-

-

-

-

Operating
Maintenance
General & Administration
Total OM&GA

$k
$k
$k
$k

6
265
39
310

6
146
39
191

7
191
34
231

33
194
150
377

33
431
153
617

32
439
147
619

33
448
149
630

33
457
151
642

34
466
155
655

35
475
158
668

35
485
161
681

36
495
164
695

Depreciation
Taxes & Grants
Other Revenue

$k
$k
$k

84
141
(9)

103
143
(8)

190
148
(8)

709
150
(42)

1,323
513
(43)

1,330
523
(42)

1,328
534
(41)

1,329
545
(41)

1,331
556
(41)

1,332
567
(41)

1,335
578
(41)

1,327
590
(41)

Assumed Capital charge

$k

329

328

314

1,988

4,095

4,267

4,178

4,092

4,010

3,928

3,847

3,767

Total cost of production

$k

1,050
-

957
-

1,072
110

3,491
75

7,330
119

7,587
172

7,422
62

7,334
22

7,288
17

7,251
22

7,208
17

7,160
17

Energy Production
Unit cost of production

GWh
$/Mwh

34
30.87

34
28.14

11
97.45

17
205.35

104
70.49

104
72.96

104
71.36

104
70.52

104
70.07

104
69.72

104
69.30

104
68.85

17
18

The cost of operating Aberfeldie is broken down into the following components: Cost of

19

Energy, Generation Related Transmission Asset (GRTA), Operate Maintenance

20

Administration (OMA), Depreciation, Taxes and Grants, Other Revenue, and Capital

21

charges, and will be discussed in more detail in the following sections.

22
23

Average annual energy production is based on model studies conducted for the Aberfeldie

24

project before and after the redevelopment option. These studies assumed the operating

25

constraints identified in the revised Aberfeldie Water Use Plan that is still in draft form. The

26

installed capacity at ABF is expected to increase from 5MW to approximately 24MW, and
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energy production from 34GWh to approximately 104GWh with implementation of the ABF

2

Redevelopment Project. The decreased energy production in F2007 and F2008 reflect

3

constraints on generation during the construction period.

4
5

The most significant cost item in the current ABF financial structure is assumed Capital

6

Charges, which account for roughly 33% of the total. By F2016, capital charges and

7

depreciation become the most significant cost items, accounting for approximately 55% and

8

25% of the total production cost.

9
10

In aggregate, cost of production is forecast to increase from $1 million to $7 million over the

11

period. Capital charges are largest contributor to the increase, from $0.3 million in F06 to $4

12

million in F2016. This increase is the result of increased capital expenditure over the

13

forecast period. Capital charges include debt interest payments and a rate of return on

14

equity based on NBV of existing assets and interest charges only on new capital projects.

15
16
17
18

1.8.1 Cost of Energy
The following table summarizes the 10-year cost of energy forecast for ABF.
Table 2 10-Year Cost of Energy Forecast, F2005 to F2016
Cost of Energy
Water Rentals
Allocated Compensation and Mitigation
Allocated Skagit Valley Treaty
Water License Requirements (ordered costs)

19

F2005
184
4
7

F2006
190
4
7

195

201

F2007
75
4
7
110
196

F2008
180
20
34
75
309

F2009
652
21
34
119
826

F2010
665
19
33
172
889

F2011
678
20
34
62
793

F2012
692
20
34
22
768

F2013
705
20
35
17
777

F2014
719
21
36
22
798

F2015
734
21
36
17
808

F2016
749
21
37
17
824

20
21

The Cost of Energy is comprised of Water Rental fees, non-recoverable water license

22

requirement costs ordered by the Comptroller of Water Rights, and allocated costs related to

23

Compensation, Mitigation, and the Skagit Valley Treaty.

24
25

Water rentals are charged by the Province of British Columbia (Province), pursuant to the

26

Water Act, on hydroelectric generating capacity and the use of water in the generation of

27

electricity. There are fixed and variable components. The fixed component is based the

28

plant’s generating capacity and the variable portion is based on generation volumes. Water

29

rental charges are forecasted to increase as a result of inflation and the implementation of

30

the redevelopment project.

31
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Compensation and Mitigation, and the Skagit Valley Treaty are costs allocated based on the

2

nameplate capacity at ABF. These allocated costs are not expected to increase beyond

3

inflation over the next 10 years.

4
5

1.8.2 Generation Related Transmission Assets
This expense is comprised of the cost of assets maintained and operated by BCTC that

6

have been functionalized as generation assets. Since the transmission lines serving ABF is

7

not used for the sole purpose of generation, there are no GRTA charges for ABF.

8
9

1.8.3 Operations, Maintenance, and General Administration
The following table summarizes forecast operating, maintenance and administrative costs.

10
11

Table 3 Summary of Forecast Operating, Maintenance
and Administrative Cost, F2005 to 2016

12

Operating
Facility direct operating
Regional allocated operating
Generation allocated operating

F2005
0
6
6

F2006
0
6
6

F2007
7
7

F2008
33
33

F2009
33
33

F2010
32
32

F2011
33
33

F2012
33
33

F2013
34
34

F2014
35
35

F2015
35
35

F2016
36
36

Maintenance
Facility direct maintenance
Regional allocated maintenance
Dam Safety

F2005
218
1
47
265

F2006
97
1
48
146

F2007
111
0
80
191

F2008
111
1
82
194

F2009
346
1
83
431

F2010
353
1
85
439

F2011
360
1
87
448

F2012
367
1
88
457

F2013
375
1
90
466

F2014
382
1
92
475

F2015
390
1
94
485

F2016
397
1
96
495

Administrative
Facility direct administrative
Regional allocated administration
Business Development allocated
SESI and AR&N
Generation allocated administrative
Corporate Allocated Costs

F2005
4
1
3
11
19
39

F2006
4
2
3
10
20
39

F2007
5
1
4
5
19
34

F2008
25
6
22
22
75
150

F2009
25
6
22
23
76
153

F2010
24
6
21
22
74
147

F2011
24
6
22
23
75
149

F2012
24
6
22
23
76
151

F2013
25
6
23
23
78
155

F2014
25
7
23
24
79
158

F2015
26
7
23
24
81
161

F2016
26
7
24
25
82
164

13

Operating costs include Facility operating costs, and allocated costs associated with

14

Regional and Generation system operations.

15
16

Facility Maintenance includes all labour and materials costs incurred in the performance of

17

preventative, condition-based, corrective and facility maintenance at ABF as well as

18

allocated costs associated with Dam Safety. Dam Safety costs include the labour and

19

materials required for ongoing monitoring and surveillance programs. This represents the

20

most significant directly-controlled cost borne by the facility. The increase in Dam Safety

21

maintenance costs between F2006 and F2007 is the result of categorizing dam safety

22

deficiency investigation as maintenance. In previous years, these costs were capitalized.

23
24

Maintenance costs in F2006-F2008 are lower than historical values as a result of decrease

25

maintenance requirements for the existing assets as they reach end of life and as the

26

redevelopment proceeds. Overall, maintenance costs are expected to decrease as a result
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of the ABF redevelopment project. A reduction of 15% of maintenance costs effective in

2

F2009 and onwards, used in the ABF redevelopment feasibility study was assumed in this

3

analysis. Other OMA costs are expected to increase by inflation of 2%.

4
5

All administrative costs for ABF are allocated from the greater Coastal region, Generation

6

LOB and Corporate. These costs are allocated on the basis of MW production, resulting in a

7

Regional and KBU ABF allocation of 0.4%, and 0.2% respectively.

8

10

1.8.4 Depreciation, Capital charges
The following table summarizes forecast Depreciation expense and allocated capital

11

charges.

9

12
13

Table 4 Summary of Forecast Depreciation Expense and
allocated Capital, F2005 to F2016

14
Depreciation
Depreciation - Assets in Service prior F06
Depreciation - Capital Spend from F07
Other Regional Allocated Depreciation
Other Non-Regional Allocated Depreciation

F2005
78
1
0
5
84

F2006
94
5
1
3
103

F2007
180
7
1
3
190

F2008
83
610
3
13
709

F2009
83
1,223
2
14
1,323

F2010
80
1,235
2
13
1,330

F2011
80
1,235
2
11
1,328

F2012
80
1,236
2
11
1,329

F2013
80
1,239
2
11
1,331

F2014
79
1,241
2
10
1,332

F2015
79
1,244
2
9
1,335

F2016
68
1,247
1
10
1,327

Capital charge debt & equity
Capital Charge - Assets in Service prior F06
Capital Charge - Capital Spend from F06
Regional Allocated Capital Charge
Non-Regional Allocated Capital Charge

F2005
325
2
0
2
329

F2006
315
11
0
2
328

F2007
296
16
0
2
314

F2008
289
1,687
(0)
12
1,988

F2009
299
3,780
(0)
16
4,095

F2010
300
3,951
(0)
17
4,267

F2011
293
3,868
(1)
18
4,178

F2012
286
3,789
(1)
18
4,092

F2013
279
3,713
(1)
19
4,010

F2014
272
3,638
(1)
20
3,928

F2015
265
3,563
(1)
20
3,847

F2016
258
3,488
(1)
21
3,767

15
16

The depreciation schedule for the existing Aberfeldie assets (i.e. assets in-service as of

17

March 31, 2005) shows that depreciation expenses on existing assets will decrease from

18

F2007 to F2016 as aging assets reach their accounting end-of-life. For the Redevelopment

19

Project accelerated depreciation is not required since the existing dam will remain in service

20

and the other assets are already at the end of their accounting life.

21
22

Based on the 10-year capital expenditures from the F2007 Specific Capital Plan, new

23

depreciation expense is forecasted to be $1.5 million by F2016. Depreciation for the

24

Redevelopment project has been calculated using a rate of 2% per year, or a life of

25

approximately 50 years.

26
27

The net result is depreciation increasing over the period, due to the large capital expenditure

28

associated with the ABF redevelopment project.

29
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Capital charges are applied to each facility to reflect both the cost of funding historical

2

expenditures and forecast expenditures. This charge in reality is raised at the corporate

3

level when setting rates, but assumptions have been made in an attempt to capture this cost

4

at the plant level. The debt/equity ratio applied to existing assets is the actual ratio of

5

68%/32% as of March 31, 2005 (source: BCH 2005 Annual Report). The definition of

6

equity utilized is consistent with the regulatory definition, most relevant to cost of production

7

analysis and resultant rate impacts. For forecast expenditures, a funding level of 100% debt

8

is assumed, based on expected actual funding arrangements. The representative capital

9

charges for ABF are forecasted to increase to $4 million by F2016. This is a function of an

10

increase in interest rates and of the new capital expenditures.

11

1.8.5 Taxes, Grants, and other Revenues
The following table outlines miscellaneous items, namely taxes, grants and other revenues:

12

Table 5 Taxes, Grants and other Revenues, F2005 to
2016

13
14

Taxes & Grants
Facility taxes & grants
Regional and Generation allocated taxes & grants

F2005
141
0
141

F2006
143
0
143

F2007
148
0
148

F2008
150
0
150

F2009
513
0
513

F2010
523
0
523

F2011
534
0
534

F2012
544
0
545

F2013
555
0
556

F2014
566
0
567

F2015
578
0
578

F2016
589
0
590

Other Revenue
Water Sales
Allocated Skagit Treaty

F2005
(9)
(9)

F2006
(8)
(8)

F2007
(8)
(8)

F2008
(42)
(42)

F2009
(43)
(43)

F2010
(42)
(42)

F2011
(41)
(41)

F2012
(41)
(41)

F2013
(41)
(41)

F2014
(41)
(41)

F2015
(41)
(41)

F2016
(41)
(41)

15
16
17

Taxes and grants in lieu of taxes are paid to the local municipalities in which the generating

18

facilities operate.

19
20

Other revenue includes Water Sales and allocated revenues from the Skagit Treaty. Skagit

21

treaty costs are allocated to all Generation facilities in relation to their generation as a

22

percentage of total generation.

23
24

1.8.6 Water License Requirements
The Aberfeldie water use planning process was initiated in May 2002 and completed in April

25

2003. The Aberfeldie WUP for the existing facility requires BC Hydro to undertake several

26

monitoring studies and physical works projects. The cost of meeting these WUP obligations

27

are referred to as “ordered” costs which are remissable (i.e. recoverable) from the Province.

28

The table below summarizes the December 2005 forecast of the WUP “ordered” costs which

29

are associated with Aberfeldie. Since these costs are remissible they are not included in the

30

financial statements for Aberfeldie.
1-13
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1
2

The revised Aberfeldie WUP for the proposed new facility is still in draft form. The

3

incremental monitoring studies and physical works projects required over and above the

4

existing WUP requirements are not expected to be remissible and are therefore included in

5

the financial statements for Aberfeldie.

6

7

Table 6 Forecast WUP Ordered Costs, F2007 to F2016
Aberfeldie WUP Implementation Costs $k(Nominal)
Year
2007
2008
2009
2010
Costs
110
75
119
172

2011

2012
62

9

1-14

2013
22

2014
17

2015
22

2016
17

17
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SUPPLEMENTAL BUSINESS CASE
ABERFELDIE REDEVELOPMENT PROJECT
PURPOSE
To review the increase in the capital cost for the Aberfeldie Redevelopment project and its
implications on the project economics, and to seek approval of the additional funds required for
completing the project.

OVERVIEW
In October of 2004, the Board of Directors approved a plan to redevelop the Aberfeldie generating
station, a small plant located 30 km east of Cranbook, from 5 MW to 24 MW for a capital cost of $46
million (P50 level). The cost of power from the new facility was estimated to be between $36 and
$40/MWh.
Since that time the capital cost of the project has been re-evaluated to reflect recently returned
equipment supply tenders and current market conditions that will impact the civil construction costs.
The new forecast for the capital cost is $65 million (P50 level). The resultant cost of power from the
new facility is now estimated to be between $47 and $52/MWh utilizing a cost of capital consistent with
the analysis presented in October 2004 of 8%, or between $40 and $47/MWh using a current expected
cost of capital of 6.7%.
This summary provides a description of the current state of the project, an explanation of the capital
cost increases, a discussion of project risks, and recommendation for continuing with the project as
planned despite the increase in cost.

PROJECT UPDATE
The current state of the project development can be summarized as follows:
•

All necessary studies and applications for permits have been completed and submitted to the
appropriate government authorities. Issuance of the permits has not yet occurred and is
pending the finalization of First Nation’s consultation with the Ktunaxa Nation. This is expected
to occur by the end of May 2006.

•

The tender for the major equipment supply (generator, turbine, exciter, governor, protection and
controls) was issued in October and two bids have been received and are being evaluated.

•

The technical specifications for the civil construction tender are currently being prepared. The
tender will be issued in late February 2006 following approval for the project to proceed, with
bids expected by the end of April 2006.

•

The April 2007 schedule for commercial operation has been pushed back to November 2007 to
allow greater flexibility for construction contractors – hopefully increasing the number and quality
of bids.

Submitted by: Generation
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•

Approximately $3.5 Million will have been spent on this project as of February 1, 2006.

PROJECT COSTS AND RISKS
The forecast cost increase over the October 2004 P50 budget estimate of $46 million is $19 million.
The increase can be attributed to the items shown in the Table 1. Each of these items, and the
remaining risks associated with each, is then discussed in greater detail below.
Table 1 – Cost Increase Categories
Basis for Change in Estimate

Increase

Major Equipment Supply

Revised Pricing – Bids received

+$8M

Civil Construction Contract

Revised Pricing – Estimate based on recent
construction bids for other projects

+$8.5M

Sediment Control Structure

Revised Scope – Based on finalizing engineering
design

+$0.5M

BCTC Interconnection

Revised Scope – Based on BCTC Interconnection
Study

+$1M

Other

Miscellaneous Items

+$1M

Total

+$19M

1. Major Equipment Supply Contract
The lowest bidder for the Aberfeldie equipment supply contract was the China Huadian
Engineering Company (CHEC). Their tendered base price to supply 3 - 8MW turbine and
generator sets, and all associated equipment was approximately $10 million. Only one other bid,
from VA Tech, was received and it was $5 million higher. The CHEC bid is about $3 million higher
than the original project estimate. This is due to escalating market conditions (suppliers are busy,
and major component parts – such as metals – have increased in price considerably).
CHEC is an unknown company to BC Hydro with limited experience in the supply of this
equipment in the North American marketplace. Before accepting the CHEC bid, a thorough
investigation of their technical capability, commercial viability, and social responsibility standards
will be performed. At this stage there is a significant risk that CHEC will not be found to be a
suitable supplier. As such, an additional $5 million for proceeding with the second place bidder
(VA Tech) has been incorporated into the project cost forecast.
2. Civil Construction Contract
Current construction market conditions have been found to be very unfavorable, due to the current
construction boom. It is expected that the Aberfeldie civil construction contract will be much
higher than the original estimate, which was based on the historic construction cost database. As
a result, a market allowance of $8.5 million (35% of the anticipated cost) was added to the
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estimated civil construction costs to reflect the anticipated prices in the bids that will be submitted.
The risk remains, however, that this market allowance will not be sufficient. This will not be known
for sure until bids are received in April 2006.
3. Sediment Control Structure
There is a trade-off between the cost of sediment removal from the water utilized and the cost of
long-term turbine wear. In July 2005 a large-scale hydraulic model study was completed to
optimize this relationship. The result is that a larger than anticipated sediment control structure is
required, resulting in a cost increase of $0.5 million. A certain amount of runner wear and damage
will likely still occur over the long term due to the nature of the source flow – however if the level of
wear and damage is found to be unacceptably high then the plant will need to be retrofitted with a
much more elaborate sediment control structure at a later date. The cost of such a structure could
be $2-3 million, but has not been estimated in detail.
4. BCTC Interconnection
With the existing Aberfeldie facility already in place it was initially believed that the interconnection
cost of a new, larger facility would be minor. Subsequent to this a detailed interconnection study
was completed by BCTC that indicated a much more complex connection and protection scheme
was required. This new scheme added approximately $1 million to the cost forecast, however the
actual cost to complete this work will not be certain until bids are received April 2006.
Table 2 shows the revised project costs (P50 and P90) as well as the Upper Bound cost, which
represents the cost forecast if all of the major risks described above occur.
Table 2 – Revised Project Cost Estimate

Nominal Dollar Cost Estimate
P50 Cost Estimate
P90 Cost Estimate
Upper Bound Cost Estimate

October 2004 Estimate
($M)
$46.0
$51.0
Not Calculated

December 2005 Estimate
($M)
$65.0
$68.0
$70.0

FINANCIAL ANALYSIS
The financial analysis of the project has been updated in the context of increased capital costs as well
current assumptions on energy generation based on equipment supplier negotiations and operating
assumptions. A significant change from the previous analysis is the utilization of a cost of capital of
6.70% which represents a 100% debt long term borrowing rate. This change is a result of the view that
in reality this project will be financed with 100% debt and no equity return will be generated from the
project.
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For continuity purposes Table 3 shows the updated economic analysis both with a 6.7% and 8%
nominal cost of capital.
Table 3 – Aberfeldie Redevelopment Economic Analysis Summary
Forecast Capital
Cost

Levelized Cost 6.7% WACC
25 years

October 2004 Approved Capital Cost

$46 M

March 2006 Updated Capital Cost (1)

$65 M

50 years

-

-

$47 / Mwh

$40 / Mwh

Levelized Cost 8.0% WACC
25 years

50 years

$40 / Mwh

$36 / Mwh

$52 / Mwh

$47 / Mwh

BC Hydro’s alternative cost of energy procurement was used in the original business case as the target
price, below which, it made sense to redevelop Aberfeldie. The outcome of the 2002/03 Green call for
tender is the most recent comparative source of long term pricing, albeit limited in terms of the quantity
of generation procured. The 25 year levelized price, adjusted to $2006 and to a flat block of energy
(consistent with the levelized cost measure) is approximately $51/MWh.
Another comparative source of pricing is the series of price forecasts that have been adopted by BCH.
The current 20-year forecasts, issued in March 2005, are in the process of being updated, however
they continue to be a reasonable proxy for a range of expected future outcomes. Table 4 presents the
high, average and low price forecast on a levelized basis, extrapolating the market forecast beyond
year 20 at a constant growth rate. These prices represent the cost of a flat block of energy and do not
adjust for the profile of energy delivered from the facility (time of day or seasonal). This important factor
is captured in NPV and IRR analysis presented in Table 5.
Table 4 – Aberfeldie Redevelopment Levelized Cost to Market Comparison
Evaluation Analysis

Units

25 years

50 years

Low market forecast levelized price
Average market forecast levelized price
High market forecast levelized price

$/Mwh
$/Mwh
$/Mwh

43
55
73

43
60
81

Aberfeldie Levelised price

$/Mwh

47

40

There is a significant degree of variability in the range of expected prices, made more difficult by
attempting to forecast over long time periods. Table 4 however does indicate that over a 25 year
period (only half of its expected useful life) that the project would recover its cost of capital in each
except the low forecast.
Over the 50 year life of the asset, the project would deliver energy
economically compared to each price forecast.
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Table 5 below captures the value of energy generated from the facility under each of the three
comparative price forecasts. This analysis incorporates the timing of expected generation based on
HLH and LLH and by month, capturing the fact that a significant portion of the facility’s generation is
produced in lower value periods. Similar to the analysis in Table 4 on a levelized basis, the project
appears economic in the full range of price forecasts except the low price forecast over 25 years, and
marginal over 50 years.
Table 5 – Aberfeldie Redevelopment NPV / IRR Analysis
Evaluation Analysis

Units

25 years

50 years

Low market forecast NPV (1)
Average market forecast NPV
High market forecast NPV

$m
$m
$m

-12
8
35

0
30
68

Low market forecast IRR (2)
Average market forecast IRR
High market forecast IRR

%
%
%

3.6%
7.5%
11.6%

6.6%
9.9%
13.2%

Note 1 - each NPV based on actual delivery profile of generation (time of day & month)
Note 2 - IRRs calculated as real, project (unlevered)

Based on the preceding analysis, under most reasonable and/or expected scenarios, the project
delivers energy at costs comparable to or lower than other sources of supply.

ADDITIONAL CONSIDERATIONS
The redevelopment of the Aberfeldie site provides additional benefits to BC Hydro that are not strictly
financial. These include:
1) Plant Unsafe to Operate:
The woodstave pipeline has now reached a condition where it may be unsafe to continue
operation of the plant past this winter. This necessitates a decision on the Aberfeldie
Redevelopment Project. If it were decided to not pursue this project the likely course of action
would be to decommission the facility (the dam would likely not be able to be decommissioned).
This would cost approximately $5 million, with BC Hydro retaining any long-term environmental
or social liabilities associated with the site.
2) Need for Energy:
The 2005 IEP has included a Long Term Acquisition Plan (LTAP) to direct the company’s
decisions in a way that fulfills a preferred strategy to addressing the future energy needs of the
province of BC. One of the goals of the plan over the next 20 years is for the company to
acquire or develop resources that generate 10,000 GWh of additional energy annually.
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Redevelopments such as Aberfeldie, which will provide an incremental 75 GWh annually (105
GWh total), are important elements to achieving that goal.

RECOMMENDATION
Despite the increase in cost, the Aberfeldie Redevelopment Project will still be competitive with BC
Hydro’s other sources of new energy supply. This, coupled with the fact that the condition of the
woodstave pipeline could force the plant to be shut down within the next 12 months, suggests that
proceeding with the redevelopment project at this time remains the prudent course of action. As such,
Generation recommends that the board approve the additional funds required for the redevelopment to
proceed.
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decommissioning
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EXECUTIVE SUMMARY
The Aberfeldie facility is over 80 years old and the wood-stave pipeline and powerhouse equipment at
the plant have reached their end of life. The long-term options for the Aberfeldie station have been
reviewed including status-quo operation, redevelopment, and decommissioning. Each alternative has
distinct risk and financial implications that are discussed in this business case discussion.
Based on economic analysis, redevelopment of the Aberfeldie facility in the 21–24 MW range is
considered the most cost effective option at approximately $42/MWh. A plant could be built at a capital
cost of a $45-50 million and would provide an average increase of 63–70 GWh per year over the
existing facility. The commercial operation date could be as early as April 2007.
1

BACKGROUND

The Aberfeldie Hydroelectric Development is located 30 km east of Cranbrook in southeastern British
Columbia. It is situated on the Bull River about 10 km upstream from its confluence with the Kootenay
River. The existing 5 MW development consists of a dam, pipeline, penstock, and powerhouse, as well
as a small headpond that extends 1.5 km up the narrow valley. The mean annual flow of the river is
about 33 m3/s while the current utilisation for power generation is only 7.5m3/s. Due to continued
siltation of the headpond, the storage capacity of the reservoir is significantly reduced and the plant
operates essentially as a run-of-river facility with water flowing over the spillway about 80% of the year.
Expansion of the Aberfeldie Hydroelectric Development was previously studied in 1969, and again in
1991. In both cases additional capacity was recommended.
The history of the Aberfeldie Hydroelectric Development is as follows:
1922 – The original Aberfeldie Dam, located about 1.5 km upstream of the existing dam, was
built along with the powerplant.
1953 – The old dam suffered severe damage from avalanches and was replaced by the present
concrete gravity dam. In addition, the penstock and surge tank were rebuilt, the
generating units and TIVs were overhauled, the P&C panels were replaced, and a new
2.4 kV switchgear was installed.
1968 – The East Kootenay Power Company, the then-owner of the development, was acquired
by BC Hydro and Aberfeldie Dam has been operated by BC Hydro since that time.
1970 – The wood-stave penstock was replaced.
1999 – Due to fear of breaching the dam due to excessive silt build-up, the dam was anchored
to the underlying bedrock.
2003 – A wood-stave pipeline replacement project was initiated and was then modified to
include redevelopment.

Business Case
October 2004

2

2

Attachment O

BUSINESS CASE

2.1 Business Case Options
Status Quo Operation
The status quo analysis considered the costs (capital and ongoing OM&A) associated with continued
operation of the facility as a 5 MW (nominal) capacity plant. Given the age of the facility, however,
most components will require replacement in the near future. As such, the status-quo alternative is
more aptly referred to as a partial redevelopment (like for like) that will maintain (at a cost) the
equipment which currently is in poor condition.
Redevelopment
Five different sized redevelopment projects were analyzed: 17 MW, 21 MW, 24 MW, 28 MW, and 30
MW. The upper bound of 30 MW represents the largest possible facility at the site without making
modifications to the transmission network. The other facility sizes represent specific plant configurations
(3 x 7 MW, or 3 x 8 MW, etc.) that attempt to optimize the capital cost vs. energy output tradeoff.
Decommissioning
The decommissioning option would involve capital costs for decommissioning the plant, as well as
ongoing operating costs for surveillance of the dam (which would likely remain in place) and for grants
in lieu of property taxes. The final capital cost would depend on the level of site remediation required
(e.g., due to hazardous materials or other environmental concerns). Since the decommissioning
alternative provides zero energy delivery but incurs both capital and ongoing costs, it would only be
attractive if none of the alternative options could provide economic generation.
2.2 Business Case Assumptions
The cost and operating assumptions for each option are summarized in Table 1. The capital costs are
the P50 costs, and are shown in 2004$, without corporate overhead or IDC.1

1

The Cash (NPV, Levelized Cost) analysis portrayed herein does not include IDC or corporate overhead, while
the Accounting analysis and Expenditure Authorization Request (EAR) do. This is explained further in Section
4.
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Table 1
Aberfeldie Redevelopment - Project Modeling Assumptions
Status
Quo
Redevelopment
5 MW
17 MW
21 MW
24 MW
28 MW
Project Capacity
Generation (MWh / Yr)
34,230
87,388
97,781
103,730
112,528
Construction
Capital Cost ($M)
12.02
31.87
35.75
38.65
44.07
Construction Start
Apr-05
Apr-05
Apr-05
Apr-05
Apr-05
Outage Starts
May-05 May-05 May-05
May-05
May-05
Return to Service (5MW)
Oct-06
Oct-06
Oct-06
Oct-06
Oct-06
Return to Full Service
Apr-07
Apr-07
Apr-07
Apr-07
Apr-07
Operations ($000s / year)
Water Rentals
Property Taxes / Grants
Operations

DeComm.
30 MW
117,826
50.84
Apr-05
May-05
Oct-06
Apr-07

At Statutory rate, assuming current BCH increase is approved
115
333
360
377
423
546
370
278
324
324
370
370

1.57
Oct-05
Oct-05

80
30

2.3 FINANCIAL ANALYSIS
The value of each option was calculated in two ways: (i) by determining the levelized cost of the energy
to be delivered, and (ii) by calculating the net present value of the project assuming that the energy
generated is valued at BC Hydro’s forecast market value2. The results for each alternative are provided
in Table 2 below.
Table 2
Aberfeldie Redevelopment - Evaluation Results
0.5 cms
Project Results (25 Year)
5 MW
17 MW
21 MW
24 MW
Generation
34,230
87,388
97,781
103,730
NPV $M
3.43
11.01
11.68
11.63
Levelized $/MWh, 2005$
44.51
39.80
39.98
40.32

28 MW
112,528
9.85
42.14

30 MW
117,826
4.84
45.91

28 MW
40.98
50.67
57.10
64.42
X

30 MW
46.56
64.28
76.08
88.65
128.89
X

Incremental Costs ($/MWh)
Expand From
5 MW
17 MW
21 MW
24 MW
28 MW
30 MW

2

5 MW
X

17 MW
36.41
X

Expand To
21 MW
24 MW
37.24
38.02
41.53
43.26
X
46.28
X

Based on BC Hydro June 2004 Average Price Forecast. The results over the full range of gas and electricity
price forecasts are tested in the Scenarios section of this business case.
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NPV Analysis
The positive NPV values for each of the above alternatives indicates that redevelopment would be
economic and therefore preferable over decommissioning (which would incur costs for zero energy
delivery). The decommissioning option was dropped from further analysis.
Of the redevelopment options examined, the 17 MW, 21 MW, and 24 MW options look to be most
acceptable from an NPV standpoint.
Levelized Cost Analysis
In selecting a plant size, the most important consideration is incremental cost as opposed to average
cost. Incremental cost represents the cost associated with the additional energy available from
increasing a project size to a greater capacity level (see Table 2). For example, the incremental cost of
energy for a 17 MW facility over a 5 MW project is $36.41/MWh, while the incremental cost of a 28 MW
facility over the existing 5 MW facility size is $40.98/MWh.
Table 3 further summarizes the annual energy generated by different plant sizes and the incremental
costs associated with each expansion. These data are also shown graphically in Figure 1. The
incremental cost of energy curve indicates that an expansion up to 24 MW is economic considering BC
Hydro’s alternative cost of energy procurement3. That is, the incremental costs associated with these
alternatives would be less than $50/MWh. The incremental expansion from 24 to 28 MW is unlikely to
be economic, while the expansion from 28 to 30 MW is clearly not economic.
Table 3
Decision

3

Incremental Annual
Energy (GWh)

Cost
($/MWh)

Refurbish 5 MW, rather than decommission

34.23

44.51

Build 17 MW, rather than 5 MW

53.16

36.41

Build 21 MW, rather than 17

10.39

41.53

Build 24 MW, rather than 21

5.93

46.28

Build 28 MW, rather than 24

8.80

64.42

Build 30 MW, rather than 28

5.30

128.89

Target price of approximately $50/MWh determined by (i) levelized BC Hydro average price forecast, and (ii)
the average first year price of awarded contracts from the latest green call for tender
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70

30 MW

Aberfeldie Redevelopment - Levelized Cost of Energy

$/MWh

Incremental Cost

Average Cost

28 MW

60

0
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60

80

100

117.8 GWh - (45% CF)

112.5 GWh - (46% CF)

0

103.7 GWh - (49% CF)

Annual
Energy - GWh

10

87.4 GWh - (59% CF)

20

34.2 GWh - (78% CF)

40
30

24 MW
21 MW

17 MW
Redevelopment

97.8 GWh - (53% CF)

Refurbish Existing
5 MW Plant

50

120

Figure 1
3

SENSITIVITY ANALYSIS

Like any capital project, variations in capital costs will affect the value of the Aberfeldie redevelopment.
In addition, the project will require a renewed or amended water license and the minimum flow release
of the new water license is uncertain. The analysis is based on an assumed minimum flow release of
0.5 m3/s, which is anticipated to be the most likely outcome. Finally, the forecast value of energy and
the evaluation term will also affect the NPV and levelized cost of the redevelopment.
3.1 Capital Cost
For evaluation purposes, “P50” capital costs were assumed which represent the value for which there is
an equal probability of over- or under-spending. Higher capital costs will increase the levelized cost of
energy and lower the NPV, while lower capital costs will have the opposite effect. As a sensitivity test,
BC Hydro Engineering also provided “P90” cost estimates – an estimate for which there is a 10%
probability of overspending and a 90% probability of underspending the estimated cost. The results if
costs should come in at the P90 level are presented in table 4 below:
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Table 4
Aberfeldie Redevelopment - Evaluation Results
Capital Costs at P90 Estimate
Project Results (25 Year)
5 MW
17 MW
21 MW
24 MW
Generation
34,230
87,388
97,781
103,730
NPV $M
2.45
8.39
8.74
8.46
Levelized $/MWh, 2005$
46.76
42.28
42.47
42.87

28 MW
112,528
6.23
44.82

30 MW
117,826
0.66
48.87

28 MW
43.87
54.08
61.07
68.77
X

30 MW
49.83
68.67
81.38
94.76
137.91
X

Incremental Costs ($/MWh)
Expand From

5 MW
17 MW
21 MW
24 MW
28 MW
30 MW

5 MW
X

17 MW
39.05
X

Expand To
21 MW
24 MW
39.88
40.72
44.16
46.17
X
49.70
X

The sensitivity analysis indicates that even though the average cost of energy remains acceptable up to
the 30 MW project size, the incremental costs are slightly higher than the $50/MWh target at the 24 to
28 MW increment.
As a further comparison, the NPV of the project was also calculated for a range of capital costs, from a
10% under-run to a 20% over-run. As shown in Figure 2, the NPV remains positive for all capital
spending patterns for expansions up to and including 28 MW, and remains positive for all but the 120%
capital spending case for the 30 MW project. The other point to note is that although the 5 MW
refurbishment always carries a positive value, it is consistently lower than the value of the 17 MW to
28 MW options for any given spending pattern. Although the 5 MW project requires a small outlay of
capital, it represents a wasted opportunity.
Figure 2

Aberfeldie Redevelopment Capital Spending Sensitivity
5 MW

17 MW

21 MW

24 MW

28 MW

Project NPV ($M)

20
15
10
5

(5)

120%

110%

100%

90%

30 MW
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3.2 Minimum Flow Release
As noted above, we will not know the minimum required release for Aberfeldie until we secure a new
water license4. The highest minimum discharge considered in the recent WUP for Aberfeldie was 0.5
m3/s, although the consultative committee has not recommended a minimum flow requirement pending
further monitoring and consideration of lower-cost alternatives. Our Base Case assumption is a 0.5
m3/s minimum discharge, to match the WUP value, although this is less than would normally be
required for a greenfield development. A typical new development would require a minimum release of
between 5% and 10% of MAD (or 1.55 m3/s to 3.10 m3/s) or greater. As a sensitivity test, we have also
calculated the cost of energy and the Net Present Value of the various project alternatives for these
required flow levels, and the results are presented in figures 6 and 6a. Minimum flow requirements
have a disproportionate impact on higher capacity projects, since they reduce the high generation
opportunities that give value to increased capacity.
Table 5a
Aberfeldie Redevelopment - Evaluation Results
1.55 cms
Project Results (25 Year)
5 MW
17 MW
21 MW
24 MW
Generation
34,230
82,362
92,743
98,336
NPV $M
3.43
8.15
8.83
8.58
Levelized $/MWh, 2005$
44.51
41.83
41.80
42.19

28 MW
107,143
6.81
43.94

30 MW
112,349
1.75
47.84

28 MW
43.64
51.32
58.34
64.35
X

30 MW
49.47
65.15
77.63
89.11
131.01
X

Incremental Costs ($/MWh)
Expand From
5 MW
17 MW
21 MW
24 MW
28 MW
30 MW

4

5 MW
X

17 MW
39.69
X

Expand To
21 MW
24 MW
40.03
40.80
41.58
44.14
X
48.87
X

A new license is required for the incremental water usage, over and above the current license restriction of
usage. We will maintain the existing license.
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Table 5b
Aberfeldie Redevelopment - Evaluation Results
3.10 cms
5 MW
17 MW
21 MW
24 MW
Project Results (25 Year)
Generation
34,230
74,635
84,947
90,165
NPV $M
3.43
3.75
4.41
3.95
Levelized $/MWh, 2005$
44.51
45.44
45.02
45.41

28 MW
98,856
2.14
47.07

30 MW
103,920
(3.00)
51.17

28 MW
48.59
52.37
60.19
65.12
X

30 MW
54.82
66.56
80.00
90.63
134.42
X

Incremental Costs ($/MWh)
Expand From
5 MW
17 MW
21 MW
24 MW
28 MW
30 MW

5 MW
X

17 MW
46.32
X

Expand To
21 MW
24 MW
45.41
46.02
41.84
45.24
X
51.97
X

3.3 Price Forecast
The current BC Hydro price forecast provides forecast electricity prices by month for the next 20 years,
segregated between High Load Hours and Low Load Hours. The forecast includes a forecast for two
views of the future electricity market: one forecast is based on the assumption that natural gas prices
will continue to set the marginal price of electricity; the other is based on the assumption that the
natural gas and electricity markets will decouple, so that the spark spread will narrow over time.
Possible events giving rise to such decoupling include: a shift to other generation technologies (or a
dramatic improvement in gas-fired generation technology); or regulatory action such as price caps,
monetized reserve margins, and capacity trading markets to allow energy to be priced at marginal cost
rather than a full recovery cost. Each market forecast is developed for one of four different gas-price
paths, resulting in a BC Hydro price forecast that includes an average price (the simple average of all
forecasts and all market conditions) as well as eight supplementary forecasts. The ‘average’ forecast
has been used for project evaluation material discussed thus far. The supplementary forecasts for
examination of price sensitivity are shown in Figure 3.
The project value changes markedly depending on the price forecast used. The greatest variation in
value is found in the 30 MW option with a range of over $35 million separating the high value of
$25.8 million and the low value of a -$9.8 million value. These extremes are found for the “High Gas,
Full Recovery” forecast (high gas prices in a full capital cost recovery electricity market) and the
“Confer, Partial Recovery” forecast (low gas prices coupled with a market that trades electricity at
marginal cost only). These two forecasts present levelized electricity prices ranging from $47.82 to
$64.28 / MWh (starting from Fiscal 2006, in real FY06$). The impact of price forecasts is consistent for
all of the project size alternatives; the range of outcomes diminishes with decreased project size, since
the impact of electricity selling prices is proportional to output. The three mid-range projects have very
similar (and the highest) expected values, although the 21 and 24 MW options are preferred over the
28 MW option since the latter provides a slightly lower best outcome and a significantly lower worst
outcome.
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Figure 3
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3.4 Evaluation Term
Although not a sensitivity in the normal sense, the term of the financial evaluation is of interest.
Forecasts of the electricity market are required to estimate the value of the plant’s output. These
forecasts, however, extends for only 20 years and are increasingly unreliable as they extend further in
time. For the purposes of this analysis, the forecast was extended by five years assuming a linear
trend and a NPV evaluation was conducted for a 25-year term. This is considerably shorter than the
economic life of the assets. The price of energy calculation is not subject to these same
considerations, assuming that no significant capital spending is required after the initial installation, and
the levelized cost can be calculated over a term approximating the asset life. The 50-year term
average and incremental cost of energy for the various project options are summarized in Table 6.
These costs would not change the relative preference for projects, but they do provide another
comparison against the alternative cost of supply.
Table 6
Aberfeldie Redevelopment - Levelized Cost over 50-Year Term
Project Size
Average Cost
$/MWh
Incremental Cost $/MWh

5 MW 17 MW 21 MW 24 MW 28 MW 30 MW
43.79
38.08
38.25
38.52
40.22
43.78
34.06
39.67
43.09
60.86 121.14
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ACCOUNTING IMPLICATIONS

The levelized costs of energy from the facility include the capital costs as spent as well as the cash
operating costs over the term of the evaluation. In addition to the capital actually spent, the book value
of the Aberfeldie facility for financial accounting purposes will include allocations for corporate overhead
and interest accrued during construction (IDC). The corporate overhead charge is simply an allocation
of existing costs, and has no real impact on the cost of energy from Aberfeldie. We do not need to
consider this amount in the levelization calculation, although it is relevant in calculating Aberfeldie’s
cost of energy on an accounting basis. There is an accounting adjustment for a write off of assets
which will be redundant after the facility is redeveloped – it is included in the amounts requested under
the EAR, but it is a non-cash cost, and does not affect the levelization calculation. The capital cost
estimates also includes the costs of dismantling and removing existing assets –these are a real cost of
the project, but for accounting purposes they will be treated as a one-time Operations and Maintenance
cost. After reflecting these adjustments, the cost as spent compares to the requested approval as
shown in Table 7.
Table 7

Aberfeldie Redevelopment
Financial Analysis compared to Accounting Impact
5 MW
17 MW 21 MW
Capital Costs (2004$ 000's)
12,016
31,873
35,747
Inflation during Construction
495
1,313
1,472
IDC
685
1,907
2,146
Capital as Spent (Cash Analysis)
13,196
35,093
39,365
Capital Overhead
(included in EAR)
Asset Write Off
EAR Funding Request
One-Time OMA Cost

(a/c adjustment)

Net Assets (Accounting Analysis)

24 MW
38,645
1,592
2,856
43,093

28 MW
44,074
1,815
2,658
48,547

30 MW
50,836
2,094
3,074
56,004

754
512
14,462

2,098
512
37,703

2,360
512
42,237

2,543
512
46,148

2,923
512
51,983

3,381
512
59,898

(380)

(917)

(917)

(917)

(917)

(917)

14,082

36,786

41,321

45,232

51,066

58,981

The cost of energy for financial statement (accounting) purposes includes the operating costs of the
facility, plus depreciation and the asset-related charges of interest and return on equity. The assetrelated charges are based on net book value, which declines over time, and since they are the largest
component of the cost stream the overall cost declines over time as well. Figure 4 shows the cost of
energy from the facility, calculated on an accounting basis for each full fiscal year after the in-service
date, for all size options5:

5

Note that the accounting cost of energy for the 17, 21, and 24 MW plants are virtually identical, and the 17 MW
results are hidden beneath the other two.
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Figure 4
Aberfeldie Redevelopment Options
Accounting Cost of Energy by Fiscal Year (Nominal $)

$ / MWh (nominal)
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Although the accounting cost shown above is higher than our heritage contract target of $25/MWh (in
real 2004$) production from Aberfeldie will displace anticipated energy purchases. Since on average
these purchases will be at market, as soon as the accounting cost of energy from Aberfeldie is below
market (Fiscal 2013) the lower-cost energy from Aberfeldie will average down our overall cost of
energy. A summary of the Income Statement impact of the 24 MW option is shown in table 8 below:
Table 8
Abe rfe ldie Re de ve lopm e nt Fina ncia l S ta te m e nt S um m a ry - 24 M W
F2009
F2010
F2011
F2012
F2013
F2014
F2015
Cos t of E nergy
636
636
636
636
636
636
636
Fac ility Cos ts
352
360
367
374
382
389
397
Tax es & Grants In Lieu
410
418
426
435
443
452
461
Deprec iation
1,241
1,241
1,241
1,241
1,241
1,240
1,240
Capital Charge
3,993
3,892
3,791
3,690
3,589
3,488
3,387
Total Cos ts
6,633
6,548
6,462
6,376
6,291
6,206
6,122
$ / MWh

A voided P urc has es
$ / MWh

Cos t Inc reas e (S avings )

5

63.95

(4,631)

63.12

(4,919)

62.30

(5,276)

61.47

(5,580)

60.65

(5,897)

59.83

(6,389)

59.02

(6,562)

F2016
636
405
471
1,240
3,286
6,038
58.21

(6,768)

F2017
636
413
480
1,240
3,185
5,954
57.40

(6,925)

46.67

49.85

53.28

56.24

59.74

64.08

65.88

67.85

69.41

2,002

1,628

1,186

797

394

(183)

(440)

(730)

(970)

PROJECT RISKS

The project risks associated with redevelopment of the facility are outlined in Table 9 below.
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TABLE 9: Risk Identification and Mitigation Strategy

Project
Implementation

Description of Risk

Mitigation Strategy

Capital – Cost exceeds current estimate either
when tendered or upon COD

-

Firm Price Contract
Liquidated Damages

Residual Risk
(after mitigation)
-

-

Project
Development

Perfomance – The units do not meet the current
expected ouput either upon design tender or
COD
Schedule – The Commercial Operation Date
(COD) is not achieved
Contracting Strategy (EPCM) – No single
contractor to wrap warranty / construction risk

-

Performance Guarantee
Liquidated Damages

-

-

Schedule Guarantees
Schedule review prior to award
Consider single contractor or wrap strategy

-

Contractor Credit – Default of Counterparty

-

Credit review prior to award
Adequate surety
Early consultation

-

-

Deliberate Strategy, due to uncertainty in CPCN
requirements under UCA
Early involvement, characterize as extension of
recent WUP

-

Early consultation

-

First Nations – Agreement on impact / mitigation
/ compensation cannot be reached
CPCN – Strategy to proceed without CPCN may
result in adverse regulatory intervention
Water License

-

Environmental Assessment

-

-

-

-

Project cancellation if
material increase at
Tender
Contract Extras after
Tender
Medium Probability
Medium Impact
Low Probability
Medium Impact
Low Probability
Medium Impact
Low Probability
Medium Impact
Medium Risk
High Impact – may result
in project cancellation
Medium Probability
High Impact
Medium Probability
Medium Impact
Medium Probability
Low Impact
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REGULATORY AND LICENSING STRATEGY

The following is a summary of the regulatory and licensing requirements for redevelopment of the
Aberfeldie facility:
1. Water license - Land & Water BC Inc.
2. Environment Authorization - Canadian Environmental Assessment Act (CEAA) Screening led
by Department of Fisheries and Oceans (DFO)
3. Certificate of Public Convenience and Necessity (CPCN) - BCUC Requirements
4. First Nations / Public Consultation
6.1 Water License
An application for a new water license was submitted to the Water Comptroller in July 2004. This
ensures that Land and Water BC is aware of the possible redevelopment, and that any competing
water license on the Bull River is not be granted without consultation with BC Hydro.
The new water license will not be granted until the Environmental Authorization is obtained, operations
related issues are resolved (likely through a Water Use Planning methodology), fish and animal habitat
impact studies are completed, and First Nations Discussions / Public Consultations occur.
6.2 Environmental Authorization
There is no requirement for a provincial environmental authorization for projects less than 50 MW in
size. There is, however, a requirement for a federal environmental authorization led by DFO,
commonly referred to as a CEAA screening. The primary mandate for this process is to ensure that
there is no net impact to fish or fish habitat. A consultative process6 will be undertaken to work through
the CEAA screening process. As well, both contaminated sites studies and two environmental studies
(animal and fish habitat impacts studies) will be required.
6.3 Certificate of Public Convenience and Necessity (CPCN)
It is currently unknown whether a CPCN will be required for this project as the rules related to filing are
unclear. The redevelopment of Aberfeldie was included in the 2004 REAP and the BC Hydro Capital
Plan. The BCUC are therefore well informed of the project and it could be interpreted that approval of
the REAP and Capital Plan precludes the requirement for a CPCN. The current strategy, to be
finalized, is not to file for a CPCN.
7

FIRST NATIONS / PUBLIC CONSULTATION

First Nations and public consultations will be required as part of the any redevelopment effort.
The Ktunaxa-Kinbasket Tribal Council (KKTC) participated in the WUP Consultative Committee and the
consensus decision on how to operate the current facility. Expectations from First Nations, where
6

The consultation processes for the CEAA screening and Water License requirements involve the same primary
participants. As such, it is likely that only one consultative process will need to occur.
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modifications to the facility are being considered, would likely result in a variety of requests to
accommodate their interests. For example, First Nations would typically seek revenue sharing,
economic development opportunities during and after construction, and may request that the facility be
removed if an increase in environmental impacts is being proposed. While it is doubtful that KKTC,
would attempt to stop a redevelopment they would certainly seek accommodations to their interests as
outlined above.
Communication and consultations with the public on the possibility of redevelopment has been initiated.
In Summer 2004 a presentation was given to the Regional District of East Kootenay and a letter was
sent to the WUP Consultative Committee members about the project and time frame.
8

RECOMENDATIONS

Generation recommends proceeding with the redevelopment of the Aberfeldie facility, with an in-service
target of April 2007. Based on the analysis and sensitivities presented herein, the preferred sizing
would be a facility in the 21-24 MW range. Based on current cost estimates, the 24 MW option is
preferred, as the incremental cost of energy up to that size remains below the cost of our alternative
supply.
The final configuration, size, and cost will not be known until firm proposals are received. If at that time
the costs exceed the P50 estimate of $46 M, or the estimated benefits are not available, the options at
Aberfeldie would need to be reassessed.
9

NEXT STEPS

The following is a high level schedule of events, if BC Hydro’s Board of Directors approve a
redevelopment of the Aberfeldie facility.
BOD Meeting
Permitting Completion
Licensing Completion
Begin Procurement
Commercial Operation

October 20, 2004
March, 2005
May, 2005
August, 2005
April, 2007
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EXECUTIVE SUMMARY
The Aberfeldie Generating Station is located on the Bull River, about 35 kilometres east of Cranbrook,
B.C. BC Hydro is planning the redevelopment of this facility in order to replace all the facility equipment
that have reached their end of life. This project would create additional power through installation of
newer technology turbines and by reducing spilling, primarily during the freshet period. The old 5 MW
power plant will be replaced with a new powerhouse with a capacity of approximately 25 MW and the
aging woodstave pipeline will be replaced with a new pipeline. The proposed project also includes a new
surge tower, switchyard and improvements to the existing water intake, dam and access road. All new
facilities will be located on BC Hydro property, adjacent to their respective former locations. BC Hydro
has made a business decision to put the final design and supply to construction out to tender and the
tender process is pending regulatory approval of the Aberfeldie Redevelopment Project.
Engineering details may change during the design phase, however, BC Hydro Engineering has
determined that the new power plant will have a design capacity of approximately 25 MW . The current
water license for the diversion of 9.9 m3/s would be augmented by an additional water license for 30.1
m3/s, for a total license of 40 m3/s. Maximum powerhouse flows would increase from 8.5 m3/s to 40 m3/s
for the redeveloped 25 MW power plant. The Aberfeldie Generating Station is a run-of-river plant with
water flowing over the spillway about 80 per cent of the year and minimal storage capacity. Under normal
operations, the redevelopment work will not alter the river flows, or levels downstream of the facility,
however the increased generating capacity will require the routing of more water through the penstock
and the powerhouse. This will result in reduced spill over the dam and annual flows in the canyon
between the powerhouse and the dam will be reduced. These flow changes will require Department of
Fisheries and Oceans (DFO) Authorization which has triggered a Canadian Environmental Assessment
Act (CEAA) screening review.
The purpose of this Environmental Assessment (EA) is to identify and describe existing environmental,
social, heritage and cultural values and to identify any elements of the project work that could present a
risk to these values. This EA forms the foundation for the project environmental assessment, compliance,
and compensation activities occurring during project planning and construction phases. The EA is a guide
and resource for environmental regulators, BC Hydro staff, contractors and construction workers.
Environmental risks associated with this project can be managed during project planning and construction
as discussed in this document.
The EA also forms the basis for the detailed EMP that will be developed and submitted to environmental
regulatory agencies for this project. The EMP will describe specifically how environmental risks can be
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prevented and managed during construction and, in the event of an incident, procedures that will
eliminate or mitigate impacts to the environment. The EMP will also describe environmental monitoring
that will take place during and after the construction has been completed, to evaluate the effectiveness of
work practices, procedures and environmental remediation measures. This EA includes a high level
outline of what would be included in the EMP. It is understood that regulatory approval and First Nations
interests would be conditional upon the completion and acceptance of the detailed EMP.
The primary fisheries concern associated with the redevelopment project is the potential for residual
effects resulting from the increased diversion required to make the project economically feasible. On
average, this results in an increase in the number of days within a year that there is no spill (and only
leakage flow in the canyon), from an average of 103 days to approximately 278 days per year (range =
238 to 325 days; n=66). A seasonally staged instream flow provision ranging from a 2.0 m3/s summer
productivity flow to a minimum of 0.25 m3/s winter habitat connectivity flow was recommended to
ensure ecological connectivity, mitigate for the majority of the summer aquatic productivity, and ensure
connectivity flows during possible spring and fall fish migration windows. The efficacy of this flow
provision will be monitored to test objectives and may be altered at a future date. To meet the requirement
of “no-net-loss”, aquatic compensation works for the residual loss in productive capacity (i.e. primary and
secondary productivity) of 2,991 m2 of impacted aquatic habitat would be constructed to compensate for
residual loss of productive capacity at the recommended instream flow provision.
Redevelopment of the Aberfeldie facility will have no to low impact on fish passage and/or entrainment.
While there is a low risk of increased entrainment at the individual level, redevelopment will not result in
any cumulative fish passage effect on fish populations above the dam, within the canyon, or below the
powerhouse. The Aberfeldie redevelopment proposal exemplifies the low sensitivity (non-migratory), low
magnitude of impact (existing barrier, low impact to passage) within the Canadian Electrical Association
risk management framework of hydroelectric developments. It was estimated that the redeveloped facility
has the potential to result in the annual entrainment of between 2.5 and 312 Westslope cutthroat trout and
Rocky Mountain whitefish fry. This would result in the estimated annual entrainment mortality of
between 0.1 and 9.4 reproductively mature fish.
Based on the wildlife assessment, it was felt that the Aberfeldie Redevelopment Project would have no
negative residual effects on vegetation or wildlife resources of the area. Although analyses identified a
number of low to moderate magnitude negative impacts and several moderate to high benefits, the
primary change appears to be the removal of a barrier (the surface pipeline) affecting the ungulate winter
range. On balance this seems to be a positive development, abated by the disturbance of installing the new
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pipe and removing the old one. The native species re-vegetation plan will result in a net gain of highly
valuable winter range supporting ungulates (including Bighorn Sheep). Selection for species palatable to
ungulates and the ongoing noxious weed control program will have further highly positive effects.
The project area lies in the traditional territory claimed by the Ktunaxa Nation. Information-sharing
meetings have been held with the Ktunaxa Nation Council representatives. BC Hydro and Ktunaxa
Nation representatives have agreed to work closely together throughout the Project. BC Hydro has
recently received results of the Archaeological and Ktunaxa Traditional Use Report. Based on these
results, BC Hydro will proceed with an Archaeological Impact Assessment and will implement measures
developed in consultation with the Ktunaxa Nation Council and the Archaeological Services and Records
Branch (ARSB) to avoid or mitigate impacts to archaeological resources. The EMP will further address
construction-related potential impacts to Ktunaxa uses and interests.
The Consultative Committee that worked to develop the original Water Use Plan (WUP)
recommendations on the operation of the facility was reconvened, and the recommendations of the WUP
Consultative Committee form the basis of the fish habitat compensation plan presented in the EA for
review in the CEAA screening process. There are currently several monitoring and assessment projects
either ongoing or pending regulatory approval to address data gaps and/or possible concerns identified
within the EA resource assessment.
BC Hydro has consulted and will continue to consult with stakeholders, First Nations, local residents and
the appropriate government agencies for the duration of the project. BC Hydro is anticipating obtaining
regulatory approvals in May 2006.
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INTRODUCTION

The Aberfeldie Generating Station is located on the Bull River, about 35 kilometres east of Cranbrook
(Figure 1.1). BC Hydro is planning the redevelopment of this facility in order to replace all the facility
equipment that has reached their end of life. The Aberfeldie Redevelopment Project has been included in
the Integrated Electricity Plan as a Resource Smart capital project, designed to create additional energy
and capacity at an existing facility. The cornerstones of the Energy Plan are to provide low-cost, reliable
power for BC Hydro customers. This project would create additional power through installation of
newer, more efficient turbines and by reducing spilling, primarily during the freshet period (May through
July).
The old 5 MW power plant will be replaced with a new powerhouse with a capacity of approximately 25
MW and the aging woodstave pipeline will be replaced with a new pipeline (see Section 2 Project
Description). The proposed project also includes a new surge tower and switchyard and improvements to
the existing water intake, dam and access road. All new facilities will be located on BC Hydro property,
adjacent to their respective former locations.
The Aberfeldie Generating Station is a run-of-river plant with water flowing over the spillway about 80
per cent of the year and minimal storage capacity. Under normal operations, the redevelopment work will
not alter the river flows, or levels downstream of the facility, however the increased generating capacity
will require the routing of more water through the penstock and the powerhouse. This will result in
reduced spill over the dam and annual flows in the canyon between the powerhouse and the dam will be
reduced. These flow changes will require Fisheries and Oceans Canada (DFO) authorization which has
triggered a Canadian Environmental Assessment Act (CEAA) screening review.
1.1.
Project Background
The Aberfeldie Dam is located 12 km upstream of the confluence of the Bull and Kootenay rivers, and the
generating station is about 1.2 km downstream of the dam. The Aberfeldie Dam is a concrete diversion
structure 32 m high that diverts water into a power intake. Water levels exceeding the free crest weir are
discharged over the spillway and through a steep-walled canyon with several falls (Bisset and Cope
2003). A 1,017 m long, 2.13 m diameter, woodstave penstock transports up to 8.5 m3/s of water from the
power intake to a surge tower located above the powerhouse. A single 125 m long steel penstock carries
water from the surge tank into a powerhouse with two Francis turbines with a combined output of 5 MW.
Water is then released via a tailrace into the Bull River about 1.2 km downstream of the dam; which is
located approximately 300 m downstream of the first upstream fish migration barrier on the lower Bull
River (Duval 1999). Figure 1.2 illustrates the general layout of the existing facility.
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The original Aberfeldie project was completed in 1922 and was owned by the East Kootenay Power
Company. The present dam was rebuilt in 1954 and BC Hydro acquired the dam, generating station and
all related assets in 1967. The woodstave pipeline was last replaced in 1971. The dam has undergone
safety improvements within the past five years, with the installation of 29 post-tensioned anchors in 1999,
and meets all current dam safety standards.
The existing powerhouse and woodstave penstock have reached the end of their service lives. BC Hydro
has considered a full range of options for this facility, and the redevelopment project is the preferred
option over maintaining or decommissioning the existing facility. As a result of these analyses, BC Hydro
is planning to upgrade the aging power plant with a new powerhouse with a capacity of approximately 25
MW and the aging woodstave pipeline would be replaced with a new pipeline. The cost of the
redevelopment is estimated to be approximately $60 million, with average annual energy production
increasing from 35 gigawatt hours up to approximately 105 gigawatt hours.
The Aberfeldie Generating facility is a “run-of-the-river” project and the headpond elevation will not be
increased during this project. Under normal operations, redevelopment work will not alter river flows
downstream from the powerhouse. Increased generating capacity will route more water through the
penstock and the powerhouse. This will result in reduced spill over the dam and the duration of spillway
flows in the canyon between the powerhouse and the dam itself will be reduced.
1.2.
Purpose
The purpose of this Environmental Assessment (EA) is to identify and describe existing environmental,
social, heritage and cultural values and to identify any elements of the project work that could present a
risk to these values. This EA forms the foundation for the project environmental assessment, compliance,
and compensation activities occurring during project planning and construction phases. The EA is a guide
and resource for environmental regulators, BC Hydro staff, contractors and construction workers.
Environmental risks associated with this project can be managed during project planning and construction
as discussed in this document.
The EA also forms the basis for the Environmental Management Plan (EMP) that will be developed and
submitted to environmental regulatory agencies. The EMP will describe specifically how environmental
risks can be managed during construction and, in the event of an incident, procedures that will eliminate
or mitigate impacts to the environment. The EMP will also describe environmental monitoring that will
take place during and after the construction has been completed, to evaluate the effectiveness of work
practices, procedures and environmental remediation measures. It is the contractors and BC Hydro site
personnel responsibility to be familiar with the contents of the EMP and to comply with the practices and
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procedures.
1.3.
Environmental Objectives and General Site Considerations
This project will be guided by BC Hydro’s goal ”To become a leading sustainable energy company by
producing and delivering electricity in environmentally and socially responsible ways". BC Hydro will
plan work to avoid impacts on the environment. Where impacts are created, work will be done to reduce
them and implement mitigation techniques.
BC Hydro and its contractors will minimize environmental disturbances while accomplishing the work.
They will also take specific precautions necessary to avoid detrimental impacts on vegetation, wildlife
and fish resources and their habitats. Potential contaminants of water bodies and ground water will be
contained. All excavations will be filled in and disturbed soils will be graded and protected from erosion.
BC Hydro and its contractors will leave the completed work areas in a safe, clean and environmentally
stable condition.
1.4.
Regulatory Submissions and Approvals Requirements
A number of regulatory approvals and permits are required for this project, and a list of potential permits
and approvals is provided in Table 1.1. The potential environmental impacts are primarily aquatic;
therefore DFO has indicated they will be the lead regulatory agency for the CEAA Screening Review.
An application for a new water license for an additional 30.1 m3/s has been submitted to the Comptroller
of Water Rights to augment the existing water license of 9.9 m3/s. The Consultative Committee that
worked to develop the original Water Use Plan (WUP) recommendations on the operation of the facility
was reconvened and BC Hydro developed recommendations for the revised operations of the facility. On
26 January, 2005 the WUP Consultative Committee agreed upon revised operations criteria that included
seasonally staged minimum flow provisions, off-site aquatic habitat and primary productivity
compensation, turbine bypass valves, as well as impact and effectiveness monitoring programs. The
revised operations criteria addresses the cumulative impacts of the redeveloped facility and the
recommendations of the revised operations criteria will eventually be used to develop a new WUP. The
revised operations criteria and the recommendations of the WUP Consultative Committee form the basis
of the fish habitat compensation plan presented for review in the CEAA screening process.
BC Hydro and Ktunaxa Nation representatives have agreed to work closely together throughout the
Project. BC Hydro has consulted and will continue to consult with stakeholders, First Nations, local
residents and the appropriate government agencies and is anticipating obtaining regulatory approvals in
January 2006.
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Table 1.1. Permits and approvals required for the Aberfeldie Redevelopment Project.
Permit Name

Level of
Government
Pre-Construction Approvals:

Agency

Applicable Act

Water Licence and
Amendment to WUP

Provincial

LWBC

Water Act

Water Act Authorization

Provincial

LWBC

Water Act.

CEAA Screening

Federal

CEAA/
DFO/TC

Canadian Environmental
Assessment Act.

Fisheries Act
Authorization

Federal

DFO

Fisheries Act

Navigable Waters
Protection Act Approval

Federal

Transport
Canada/Navi
gable Waters
Protection
Division

Navigable Waters Protection Act

Construction Related Approvals
Oversize/weight Permit

Provincial

MOTH

Commercial Transport Act

Storage and Dispensing
of Fuels Permit

Provincial

CAWS

Fire Services Act
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PROJECT DESCRIPTION

2.1.
General Description
The following activities will be undertaken during the Aberfeldie Redevelopment Project:
x

The aging woodstave penstock (2.13 m dia.) will be replaced with a buried plastic and/or steel
penstock (3.35 to 2.74 m dia.) along an adjacent alignment (Plate 2.1);

x

A new powerhouse with an estimated capacity of 25 MW will be constructed next to the existing
powerhouse (Plate 2.2);

x

The existing powerhouse will be decommissioned;

x

Removal and replacement of the surge tower with a steel one;

x

Removal and replacement of the switchyard;

x

Incorporation of a flow bypass valve at the generating station;

x

Installation and removal of a temporary cofferdam to complete the infilling of the existing tailrace
and construction of the new powerhouse and tailrace in the dry;

x

Installation of an instream flow release (IFR) structure off the pipeline immediately downstream from
the dam;

x

Dredging of the Aberfeldie headpond in front of the intake;

x

Relocation of the existing transmission line around the new powerhouse; and

x

Improvements to the existing water intake and access road.

The existing dam will remain in place. Existing facilities and the proposed facility improvements are
illustrated in Figures 2.1 and 2.2.
BC Hydro has made a business decision to put the final design and supply to construction out to tender
and the tender process is pending regulatory approval of the Aberfeldie Dam Redevelopment Project.
Although the final design and purchase of the turbines has not been completed, BC Hydro Engineering
Department has determined the most likely output of the new powerhouse capacity to be 25MW.
Engineering details may change during the design phase, however, any potential increase in generating
capacity above what has been referred to as “the 24 MW proposal” in previous communication and
consultation would solely be the result of increased design efficiencies and would have no incremental
impact on the environmental resources of the project area, or the analyses presented within this report.
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Plate 2.1. Aberfeldie dam illustrating headpond, spillway and the existing woodstave penstock.

Plate 2.2. Aberfeldie powerhouse illustrating the existing surge tank, penstock, powerhouse, switchyard
and tailrace.
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Figure 2.1. Aberfeldie Generating Station redevelopment – powerhouse area plan.
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Figure 2.2. Aberfeldie Generating Station redevelopment – general arrangement.
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2.2.
Construction Activities
Preparatory activities will include the upgrading and maintenance of existing access roads, installation of
sediment control measures, preparing site offices and maintenance areas, preparing spoil areas and
borrow pits, and developing the quarry and stockpiling rock at the powerhouse.
Facility redevelopment will include the following general sequence of activities:
x

Upgrade existing access roads;

x

Re-route existing 60L289 transmission line around the Project area;

x

The old powerhouse, surge tower and penstock will be decommissioned, removed and the
materials will be disposed of in an appropriate manner as outlined in the EMP;

x

Install a temporary cofferdam to complete the infilling of the existing tailrace and construction of
the new powerhouse and tailrace in the dry;

x

Prepare powerhouse work area;

x

Complete water intake improvements;

x

Replace existing woodstave penstock;

x

Construct new surge tower and penstock;

x

Construct new powerhouse and tailrace;

x

Construct new switchyard;

x

Dredging of the Aberfeldie headpond in front of the intake;

x

Remove the temporary cofferdam; and

x

Clean up and rehabilitate the site, including any habitat mitigation or compensation works
required.

The final design and supply to construction is pending regulatory approval and the tender process. As a
result, the final location of the borrow site, and volume estimates will be included in future versions of the
EMP. Although estimated quantities of excavated materials have not been calculated at this time it is
anticipated that all spoil material will be taken to the borrow pit area and stockpiled for re-use. Clean
material excavated at the new powerhouse location will be used to fill the existing tailrace channel, for fill
in the area of the new switchyard, or to bury the new pipeline. Any remaining clean material will be
spread over the bench downstream of the powerhouse, or trucked to the borrow pit area. Any material that
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exceeds Contaminated Sites Regulation criteria will be disposed of appropriately as indicated in section
4.2.2.5. Further specific details will be provided in the EMP.
Currently, the proposed borrow area is located at the borrow site for the existing concrete dam at
Aberfeldie. No rock will be quarried, however, local rock excavation will occur along the pipeline
alignment. The pipeline layout is not finalised; however, plans are to excavate half the new pipe depth
into the existing pipeline bench, place the pipe and then bury the remaining exposed portion of the pipe.
This will require some excavation and then additional fill to cover the pipe. The excavated material will
be reused to bury the pipe. Additional material will be taken from the borrow pit to complete pipe burial.
Existing habitat features and plant communities of borrow and spoil areas will be described in detail in
the EMP. The borrow pit and any other disturbed areas will be re-graded and re-vegetated at the end of
construction work. Wildlife assessments and rare plant surveys have been completed in the project area,
and information on archaeological resources and traditionally used resources (including plants) is
currently being collected. This information will be used in construction planning and in the development
of the re-vegetation plan. The re-vegetation plan will incorporate information collected in the traditional
use study, and will focus on using native plant species. A noxious weed control program will also be
included for the re-vegetated areas.
There are currently two intake structures at the Aberfeldie Dam, one is used for the existing pipeline and
the second is unused and blocked with a concrete plug. It is proposed that both these existing intakes be
used for the power intake with a transition structure downstream of the dam to feed the two intakes into
one penstock. The instream flow release outlet would be taken off the penstock just downstream of the
dam. It is currently proposed to add intake screens to the upstream face of the intakes and have them
bolted onto the upstream face of the dam by divers. Initially, intake screens will be hand-raked; however,
the intake screens will be constructed so that an automated trashrake for cleaning the screens can be
added at a later date.
All other work on intake structures will occur behind existing stoplogs on the downstream side of the dam
and, therefore can be isolated and conducted “in the dry”.
A cofferdam will be constructed to allow for the excavation for the new Aberfeldie powerhouse and
tailrace to be completed in the dry. The cofferdam will also allow for the removal of the existing
powerhouse and tailrace channel to occur in isolation from the Bull River.
It is proposed that the cofferdam will protrude approximately 18 m into the Bull River at its furthest point
from the bank, and extend approximately 100 m along the bank of the Bull River. The cofferdam will
taper into the banks at both ends. The total area of impact within the Bull River related to cofferdam
construction and dewatering is not expected to exceed 1700 m2. Construction timing will depend on the
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project commencement date but would most likely occur just before the spring freshet or during the
summer fisheries window. The cofferdam is required for a period of one year from commencement of
construction to its removal from the Bull River.
The cofferdam will be constructed by placing fill, preferably till or impermeable gravel material, in the
Bull River. Filter fabric will be used to minimize release of fines to the Bull River and riprap will be
placed to prevent scouring of the material.
The construction sequence for the cofferdam has yet to be determined; however, it will generally consist
of initially placing a line of clean riprap or lock blocks to define the toe of the cofferdam. This toe
placement would reduce river velocities and define the limits of the work. Behind this initial toe
placement, filter fabric would be placed to maintain separation between the subsequent placing of the fill
material and the river. The filter fabric and riprap would be raised as the fill is placed to maintain fill
separation from the Bull River.
The final configuration of the new tailrace will be included in the final engineering plans, once regulatory
approval and tendering are finalized. The new tailrace will be constructed in an area of overburden
material, thus no blasting will be required. Construction work will occur behind the cofferdam. This will
be addressed in detail in future versions of the EMP.
A section of the existing 60L289 transmission line will be re-routed around the existing and new
Aberfeldie plant locations to facilitate construction. Approximately 200 m of the existing line will be
permanently relocated. The work would involve extending the existing river span to connect to new poles
located on the north side of the new penstock alignment approximately 50 m north of the existing poles.
The line will then run adjacent to the existing and new Aberfeldie powerplant locations, and reconnect
with the existing 60L289 line approximately 50 m west of the Wardner substation. Once the new ABF
substation is constructed, the 69kV span over the substation will be dropped down to connect the new
ABF substation. The relocated section of line will be very close to the original alignment. Much of the
work will occur by helicopter, and the need for blasting is not anticipated. No clearing of riparian
vegetation on the south side of the Bull River is expected.
2.3.
Site Access
The site is accessed from Highway 3, turning north onto the Wardner – Fort Steele Road immediately east
of the Wardner Bridge (Kootenay River). Access to the dam is via the existing Bull River Road that exits
right (east) at the top of the hill after the community of Bull River and the Kootenay Trout Hatchery. The
BC Hydro access road to the powerhouse is a dirt road to the right (south), approximately 8 km from the
Wardner – Fort Steele Road intersection and 1 km before the Bull River bridge crossing. The BC Hydro
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access road to the dam is a dirt road to the left, across from the surge tower, approximately 400 m before
the penstock crossing (Figure 1.1).
The existing Bull River Road and new and upgraded short haul roads in the vicinity of the facility will be
used to access spoil areas, riprap and gravel pits. The location of these roads has not yet been decided.
The general contractor who is awarded the contract will be required to submit a plan which details how
they intend to access the various areas on site. This plan will include a drawing showing the proposed
location of any additional haul roads required and will be included in the contractor’s site-specific
Environmental Protection Plan (EPP).
2.4.
Proposed Work Schedule
The current schedule has the redeveloped plant operational in the fall of 2007. On-site works are
scheduled to begin in April 2006 with transmission line relocation around the powerhouse. It is expected
that the cofferdam construction would start in the beginning of July 2006, and take approximately 2
weeks to install. It is currently proposed that the cofferdam will be removed one year later in July 2007.
Contractor mobilization, access road improvements, installing sediment control measures, site facility
development (clearing, grubbing and blasting), developing spoil areas and the supply of rock materials
will commence in May 2006. The majority of the work which includes; removal of existing structures,
construction of the powerhouse and tailrace, replacement of the pipeline, penstock, and surge tower and
alterations to the water intake are expected to take 16 months (May 2006 to September 2007). This will
be followed by clean up and site rehabilitation, including any habitat mitigation or compensation works
required with all site work scheduled to be complete by November 2007. The schedule is subject to
change as the Project progresses.

2.5.
Equipment and Workforce Requirements
BC Hydro personnel will manage and direct the excavation and construction work. Equipment will
include standard earth moving equipment, excavators, haul trucks, loaders and bulldozers.
Approximately four BC Hydro employees and approximately 20 equipment operators and construction
workers per shift will be on site for the 18-month period. At least two long shifts will be worked,
possibly 7 days a week, through the critical part of the redevelopment. The site is located within a
45-minute drive from Cranbrook; therefore, a construction camp is not required.
A qualified Environmental Monitor will be part of the project workforce. Additional environmental
contractors and personnel will be required for implementation of the aquatic compensation and terrestrial
re-vegetation plans.
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Operations
General Operation

The existing 5 MW generating station is operated as a run-of-river plant and flows downstream of the
generating station are generally unaffected by plant operations. With redevelopment of the site, the
generating station capacity would be increased to approximately 25 MW and the station would continue
to operate as a run-of-river plant. The plant will be operated at full capacity, limited by water levels as
they vary throughout the year. Maximum powerhouse flows would increase from 8.5 m3/s to 40 m3/s.
This reduces the amount of water that would be spilled over Aberfeldie Dam, reducing spill from the
current 8 to 9 months of the year to between 2 to 4 months of the year. Under normal operations, this
increase in plant capacity will not affect Bull River flows downstream from the generating station.
2.6.2.

Headpond

The Aberfeldie Generating Station is operated as a run-of-river project and water is not stored in the
headpond. The dam is effectively full of sediment as there is no storage volume to allow for any real flow
regulation. The Aberfeldie dam is 32 meters high with sediment build-up such that the deepest point in
the reservoir is only 4 meters deep (not including the area directly in front of the intakes that is scoured by
the intake flow). At some points the sediment has built up to the crest of the spillway.
The normal headpond operating level is El. 876.67 m, which is the level of the crest of the overflow
spillway. During the spring freshet the headpond rises to a maximum level between El. 878 m and El. 879
m as excess inflow passes over the free crest spillway. With the existing 5 MW generating station,
summer operations of the generating units are regulated by headpond levels with an automated control
system. When the headpond drops to El. 876.15 m the generator on will automatically lower output until
the turbine is operating at 30% gate opening.
With redevelopment, the headpond will be operated in a similar manner with headpond levels generally
between El. 876.67 m and El. 876.15 m. Headpond levels may occasionally drop below El. 876.15 m in
order to maintain rampdown rates as specified for turbines. Headpond levels will rise above 876.67 m
during the spring freshet and during flood events. Spill duration will be reduced from the current 8 to 9
months of the year down to 2 to 4 months of the year. There will be a slight reduction in headpond levels
during high flow periods due to more water being drawn through the intake and less water going over the
ungated spillway. This change will be very small. This reduced flow over the spillway will result in a
slight reduction in headpond elevation during the 8 or 9 months of the year that the dam currently spills.
2.6.3.

Instream Flow Release (Minimum Flow Provision)

Aberfeldie redevelopment would reduce spill over the Aberfeldie dam from the current 8 to 9 months of
the year to between 2 to 4 months of the year. There is currently no feasible outlet to release water into
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the Bull River downstream of the dam. During periods of no spill, water supplied to the reach of river
between the dam and powerhouse is limited to gate leakage and dam seepage. Gate leakage and dam
seepage can vary between 0.05 m3/s (Cope 2003a) and approximately 1.0 m3/s (Rodman and Cope 2005.).
With redevelopment, the WUP has been revisited and the Consultative Committee has agreed upon a
seasonal schedule of minimum instream flow release for the Bull River canyon between the Aberfeldie
dam and generating station. As discussed in the next section, an instream flow release could be
accommodated by using a fish water release structure at the dam, planned as part of this project.
2.6.4.

Instream Flow Release Outlet

One of the operational issues facing the Aberfeldie generating station is the ongoing sediment
accumulation in the headpond, with current sediment levels close to the crest of the dam (C. Lamont, BC
Hydro, Burnaby B.C., pers. comm.). Accumulated sediment passes through the penstock and turbines
causing excessive wear on the turbines. To address this problem, an instream flow release outlet is
proposed to; i) assist in passing sediment, during high flow periods, and ii) pass the instream flow
requirements.
There are currently two intake structures at the Aberfeldie Dam, one is used for the existing pipeline and
the second is unused and blocked with a concrete plug. It is proposed that both these existing intakes be
used for the power intake with a transition structure downstream of the dam to feed the two intakes into
one penstock. The instream flow release outlet would be taken off the penstock just downstream of the
dam thus, the instream flow release and sediment will come through the intake before being discharged
back to the river, near the base of the dam. This new configuration would allow both intakes to be utilized
to further reduce intake velocities. The instream flow release outlet could be operated as follows:
x

During periods of low flow (less than the design capacity of the powerhouse) a fish water release
valve would be used to pass the instream flow requirements; and

x

During periods of high inflows a gate could be opened to pass sediment approaching the intake
through the dam and into the river downstream. The gate would be increased with increasing spill
levels.

With these above operating criteria, the instream flow release outlet and dam overflow would generally
pass sediment at a rate that is similar to the rate the Bull River is naturally transporting sediment. At low
flows, the Bull River carries little sediment and the instream flow release outlet would pass only
suspended material. As flows increase and spills occur, the instream flow release outlet would be opened
to allow sediment approaching the intake to be passed by the dam. At high spill levels the instream flow
release outlet would be fully opened, allowing mobilized sediment to flow through the outlet. As flows in
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the Bull River decrease, the instream flow release outlet would gradually be closed until the outlet was
only discharging the proposed minimum flow provision.
The release structure will not reduce sediment accumulation in the headpond, except for directly in front
of the intake. The deeper area in front of the intake may increase slightly in size due to the higher flow
through the units.
2.6.5.

Turbine and Bypass Valve Operation (at Powerhouse)

At the current 5 MW powerhouse, there is no provision for bypassing flow at the powerhouse should the
generators be forced off-line (i.e. lightning strike to transmission facilities). These “forced shutdowns”
lead to a load rejection and a sudden, short-term reduction in flow downstream of the powerhouse. The
water not passing through the powerhouse is forced to backup at the dam, spill over the spillway and flow
through the canyon section, ultimately reaching the powerhouse location. The new powerhouse will
provide a bypass system (i.e. bypass valves). In the event of a unit trip the bypass valve(s) will open to
allow continuous flow release from the powerhouse.
A river stage and flow study was undertaken and a dynamic river model developed to estimate the
attenuation and time lag to determine the downstream effects of an instantaneous or stepped change in
flow for the Bull River downstream of the Aberfeldie Generating Station (Cope and Rodman 2005). The
objective of the study was to provide additional data to the Aberfeldie Fisheries Technical Committee
(FTC) for the WUP in regards to river stage and potential downstream habitat impacts to allow an
informed decision with regards to turbine bypass valve capacity. Five total river inflows, ranging from 8.5
m3/s to 100 m3/s, combined with bypass capacities ranging from 0 to 75% of the redeveloped 40 m3/s
project design flow were tested.
Table 2.1 summarizes the modelling results for the existing facility and the redeveloped facility with a
range of bypass valve sizes from zero to 75% capacity. Model results illustrate the maximum stage drop
expected from the existing facility was 0.69 m at T3, located immediately downstream of the powerhouse.
This would result in a corresponding decrease to wetted topwidth of 30 m. Modelling results for the
redeveloped facility, with the new 25 MW plant and no bypass valves, was a “worst case scenario”, the
maximum stage drop of 1.29 m and the corresponding decrease in wetted topwidth of 47.8 m, modelled at
T3 under the 40 m3/s model simulation. At 50% bypass capacity, 40 m3/s inflow, the model predicted a
maximum stage decrease of 0.34 m and a corresponding decrease to wetted topwidth of 12.9 m at T3
(Table 2.1). Duration of the stage change would be 75 minutes, or less. These effects attenuate with
distance downstream and at T1 and T2 would represent a maximum stage drop of 0.18 m and a reduction
in topwidth of 3.9 m. These effects also attenuate with either an increase or decrease in river flow. A
bypass capacity of 20 m3/s would accommodate 100% of the river flow, ensuring no effects, on average,
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from August through April. Furthermore the study concluded that with this change in river stage (0.34 m),
the exposure of spawning gravel and/or low gradient gravel bars would be infrequent within the upper
reaches of the study area, and would likely result in a low incidence of stranding.
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Table 2.1. Summary of modelling results for the Bull River below the Aberfeldie Generating Station (Cope and Rodman 2005). Note that T1 was located at river
kilometre 2.56 km, T2 at 6.15 km, T3 at 9.67 km. The Aberfeldie Generating Station is located at approximately kilometre 10.5.
Bypass Valve
3
Size (m /s)
no
no
no
no
no
no

valve
valve
valve
valve
valve
valve
10
15
no valve
10
15
20
25
30
no valve
10
15
20
25
30
no valve
10
15
20
25
30

Turbine Flow
3
(m /s)

Total River
3
Flow (m /s)

8.5
8.5
8.5
8.5
8.5
20
20
20
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

8.5
20
40
60
100
20
20
20
40
40
40
40
40
40
60
60
60
60
60
60
100
100
100
100
100
100

Drop in W ater Level (m)
T1
T2
T3
0.18
0.18
0.69
0.11
0.10
0.20
0.07
0.07
0.12
0.06
0.06
0.09
0.05
0.05
0.07
0.27
0.26
0.99
0.12
0.12
0.25
0.06
0.05
0.11
0.39
0.41
1.29
0.28
0.28
0.58
0.23
0.23
0.45
0.18
0.18
0.34
0.13
0.13
0.24
0.09
0.09
0.15
0.29
0.31
0.55
0.21
0.22
0.37
0.17
0.18
0.29
0.14
0.14
0.23
0.10
0.10
0.16
0.07
0.07
0.10
0.24
0.23
0.35
0.18
0.17
0.25
0.15
0.14
0.21
0.12
0.11
0.16
0.09
0.08
0.12
0.06
0.06
0.08

Reduction in Top W idth (m)
T1
T2
T3
6.9
5.3
30.1
3.8
0.7
3.8
1.7
0.5
5.8
1.4
1.4
0.5
2.0
0.3
0.4
10.0
4.3
36.7
4.5
0.8
5.2
2.3
0.3
2.1
8.8
2.6
47.8
6.0
1.8
17.6
5.0
1.5
15.0
3.9
1.2
12.9
3.0
0.8
10.9
2.0
0.6
8.0
6.2
4.5
14.4
4.6
4.0
10.0
3.8
3.7
5.3
3.1
3.4
1.4
2.4
2.5
1.0
1.6
1.6
0.6
7.0
7.7
2.1
5.7
6.4
1.5
4.9
0.7
1.3
4.1
0.6
1.0
3.2
0.4
0.7
2.3
0.3
0.5

Reduction in Top W idth (%)
T1
T2
T3
6.5
2.6
2.1
2.6
17.0
7.6
3.9
13.4
9.1
7.5
6.0
4.5
3.0
9.1
6.8
5.6
4.5
3.5
2.4
9.3
7.6
6.5
5.5
4.3

1.6
1.1
2.9
0.4
9.9
1.9
0.8
5.8
3.9
3.3
2.6
1.9
1.2
9.3
8.2
7.7
6.9
5.1
3.4
13.3
10.9
1.3
1.0
0.8

9.8
11.1
1.0
0.7
94.1
13.3
5.4
91.9
33.9
28.8
24.8
21.0
15.3
27.1
18.8
10.0
2.6
1.8
1.2
3.8
2.7
2.3
1.8
1.3

3.0

0.5

0.9

Recovery Time (min)
T1
T2
T3
310
120
75
135
105
75
140
105
75
120
100
75
120
90
75
170
140
75
170
140
75
170
135
75
165
130
75
165
130
75
165
130
75
145
120
75
145
115
75
145
115
75
145
115
75
140
110
75
135
110
75
135
100
75
125
100
75
120
100
75
150
110
75
145
110
75
135
100
75
135
100
75
130
95
75
120
95
75
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The primary concern with regards to establishing a minimum bypass valve capacity centred on the
approximately 30 days from mid-July to Mid-August when inflows are declining rapidly through the 60
to 20 m3/s range. Based on the past 15 years operating data, and the remote capability to “quick start” the
redeveloped powerhouse within 1 minute of a forced outage, the frequency of occurrence for an outage
that would result in the predicted river stage decrease was 1.1 event per year. The probability of this event
occurring at the exact time that the river is in the 40 m3/s flow range was low; however, the resulting
impact of a single event at an inopportune time could be significant, as these flow conditions coincide
with the period of Westslope cutthroat trout emergence. Both emerging Westslope cutthroat trout and
rearing young of the year bull trout are particularly vulnerable at this time. These fry typically inhabit
shallow, cobble dominated substrate that is particularly susceptible to dewatering and stranding.
The Aberfeldie Redevelopment Project FTC met on 27 June 2005 to review the results of the river stage
and flow study and to decide on a recommended capacity for the bypass valves to be installed at the
redeveloped Aberfeldie powerhouse. Given the low risk of stranding, and the low probability that an
outage would coincide with the inflow conditions of 40 m3/s, it was recognized by many members of the
FTC that the 50% bypass capacity was conservative. However, because there is a lack of actual stranding
data, the FTC agreed with the Cope and Rodman (2005) recommendation that a bypass valve capacity of
50% of plant design flow would be an appropriate mitigation for downstream impacts following a plant
forced outage.
x
In summary, BC Hydro will design and operate a bypass valve facility to achieve downstream flows of 20
m3/s; or b) project inflows, when inflows are less than 20 m3/s.

2.6.6.

Tailrace Discharge

Impacts to channel stability due to tailrace and bypass valve discharge are expected to be negligible as the
average velocity of the new tailrace flow as it enters the river will be of the order of 2.3 m/s, which can be
resisted by rocks of average 120 mm diameter. HEC-RAS modelling of flows in the Bull River indicate
an average velocity of 1.8 m/s with a flow of 42 m3/s. The existing river bed is able to handle flows well
in excess of this (mean annual flood is of the order of 126 m3/s). Riprap will however be placed on the
sides of the new tailrace channel from the point it leaves the concrete apron downstream of the tailrace
weir to the existing river bank to protect this area from erosion (M. Robertson, Klohn Crippen, pers.
comm.).

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 30
April 2006

Attachment O

The bypass valve will discharge into a large concrete stilling basin that will dissipate energy in the water
prior to the water being released into the Aberfeldie tailrace.

2.6.7.

Ramping Rates

There are three separate categories of operations that may occur at the redeveloped Aberfeldie facility
including normal unit start-up, planned shutdown, and forced outage. The following ramping regimes
have been proposed for each category of operation:
A. Normal Unit Start-up
Minimum time from 0 m3/s per hour to full flow = 2 hrs
Maximum rate 10 m3/s per hour
i.e. 0 to 10 m3/s over 2 hours
0 to 20 m3/s over 2 hours
0 to 40 m3/s over 4 hours
B. Planned Shutdown
Minimum time from full flow to 0 m3/s = 2 hours
Maximum rate 10 m3/s per hour
C. Forced Outage
1. Open bypass valve to 80% of turbine flow, to a maximum of 50% of plant design flow (note: this
allows the headpond to fill and water to begin flowing over the spillway).
2. Maintain bypass valve opening for 1 hour (note: if maintained for 75 min, the downstream flow
levels would reach full flow and then have to be reduced again once bypass ramping is initiated)
3. Ramp down bypass flow over two hours.
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RESOURCE ASSESSMENT

In planning for the redevelopment of the Aberfeldie facility the following studies have been completed
and summarized within this EA:
x

Cope, R.S. and R. Rodman. 2005. Aberfeldie Redevelopment Project – River stage and flow
study;

x

EBA Engineering Consultants Ltd. 2005. Stage 2 preliminary site investigation Aberfeldie
Hydroelectric Generating Station, Bull River, B.C.;

x

McIntosh, K.A. 2005. Memorandum to S. Wilson, dated December 15, 2005 re: Relocation of the
69kV Powerline in the Aberfeldie Redevelopment Area;

x

McIntosh, K.A., C. Bianchini and I. Robertson. 2005. Aberfeldie Redevelopment Project wildlife
impact assessment. (Including July 07, 2005 memo addendum. re: potential insect species at risk
in the Aberfeldie study area);

x

Perrin, C.J. July 9, 2005 Memo report on review of sampling options to examine benthic
invertebrate composition and abundance due to redevelopment of the Aberfeldie Generating
Station; and

x

Rodman, R. and R.S. Cope. 2005. Habitat flow relationships within the Bull River canyon
between the Aberfeldie Dam and the powerhouse. Implications for minimum flow provisions.

x

Taylor, T. and K.A. McIntosh. 2005. Aberfeldie Redevelopment Project rare plant surveys: May
9-11, 2005.

There are currently several monitoring and assessment projects either ongoing or pending regulatory
approval to address data gaps and/or possible concerns identified within the EA resource assessment.
Projects include:
x

Archaeology and Ktunaxa use impact assessment (completed September 2, 2005);

x

Baseline primary and secondary productivity monitoring in the Bull River between the
powerhouse and the first upstream barrier;

x

Baseline tailrace pool river stage and habitat profile project;

x

Upper Bull River overview habitat assessment; and

x

Lower Bull River side-channel feasibility.
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Previously, a fish and fish habitat assessment between the Aberfeldie dam and the powerhouse was
completed (Bisset and Cope 2003), and Duval (1999) provides a more comprehensive overview of facility
operations and environmental issues in, “Aberfeldie Generating Station – Fisheries Assessment and
Planning Study”.

The Bull River has a long and vibrant industrial history and “Ties to Water”

(Casselman 1988) provides an excellent account on the history of the Bull River, beginning with the
appearance of placer miners in the early 1860’s, the “birth” of the lumbering boomtown of Bull River in
1911, and the harnessing of the power of the Bull River falls and canyon into electricity in 1922.
The Bull River drainage basin is located on the west slope of the Rocky Mountains in British Columbia
and encompasses an area of approximately 1,530 km2. The river flows 110 km in a southerly direction
from its headwaters, at an elevation of approximately 1,981 m, in the Quinn Range to its confluence
(approximate elevation 747 m) with the Kootenay River near Wardner, B.C (Table 3.1).
Table 3.1. Summary of geographic information for the Bull River study area.
Watershed Information
Watershed Group

Upper Kootenay River

Waterbody Identifier

00000BULL

Gazetted Name

Bull River

Watershed Code

349-341900

UTM Co-ordinates at Confluence

11.612161E.5479809N

Estimated Total Stream length

110 km

Drainage Area

1,530 km2

Approximate Distance to Nearest City

35 km east of Cranbrook

MOE Region

Kootenay (04)

MOE District

Cranbrook

FW Management Unit

4-22

DFO District

Sub-district #30, Lower Kootenay

Forest Region

Southern Interior

Forest District

Rocky Mountain

Forest Licensee

Galloway Lumber Co. Ltd.

First Nations Claim Area

Ktunaxa Nation

NTS Map

082G.006

TRIM Map

082G.044/082G.054

Biogeoclimatic Zone

Interior Douglas Fir

Air photos

6268-211
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The Bull River between the dam and powerhouse is a canyon (i.e. incised bedrock formation)
characterized by a series of waterfalls that represented historic barriers to upstream fish passage. The
powerhouse is located approximately 10.8 km upstream of the confluence; the dam is approximately 12
km upstream from the confluence. The first barrier to upstream fish passage is a 3 m high falls at 11.1 km.
The Bull River study area can be divided into four distinct potential impact areas:
x

The Aberfeldie headpond and the river upstream of the dam;

x

The river in the canyon between the dam and the first upstream barrier;

x

The river between the first upstream barrier and the powerhouse; and

x

The river downstream of the powerhouse.

Redevelopment will have very little effect on the Bull River upstream of the headpond. There will be a
sight reduction in headpond levels during high flow periods due to more water being drawn through the
intake and less water going over the ungated spillway. This change is expected to be very small. Under
normal operations, there will be no effect on the Bull River downstream of the powerhouse. The
exception is the temporary reduction in river stage associated with a forced outage. The inclusion of
bypass valves and the ability to quick-start the facility remotely minimizes the potential frequency and
magnitude of these events. Therefore, the remaining EA will restrict itself to the area from the headpond
to the powerhouse (which has been divided into two potential impact areas).
The EA examines the cumulative impact of the redeveloped facility from a historic or natural perspective
assuming no current development rather than just the incremental impact of redevelopment from the
existing facility. This approach was adopted to facilitate the development of a revised Aberfeldie WUP
that addresses the cumulative impacts of the redeveloped facility. There has been a lot of confusion about
the current WUP process. A Water Act Order was issued in May 2005 dealing with the WUP process for
the existing Aberfeldie Facility. In relation to the Aberfeldie Redevelopment Project, Land and Water BC
(LWBC) will follow one process: either the water license process or the WUP Process, not both. As the
Aberfeldie Redevelopment Project requires a new water licence for additional water, LWBC will be
following the water licence process. The revised WUP is expected to fulfil the CEAA requirements
related to addressing the operations-related issues of the new facility, and fulfils the public engagement
aspects of the new water license application. The revised WUP approach is not a requirement of the water
license application process, however BC Hydro felt strongly that it wanted to draw upon the experience
and knowledge of the past WUP participants and work toward finding the best operating alternative that
balanced varied interests in an open and inclusive process. For the purposes of this project, the WUP and
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CEAA processes were linked to avoid duplication of efforts, increase transparency with stakeholders, and
out of respect for the participants and process of the recently completed WUP.
3.1.
Historic Land Use
Ktunaxa Nation traditional knowledge recalls past use of the Bull River and Bull River valley for
generations. Historically and today the area is used for fishing, hunting, gathering and spiritual
rejuvenation. In years past the Bull River valley served as a corridor for travel to the prairies and provided
locations for seasonal villages.
The Bull River has a long history of forest harvesting. Casselman’s (1988) “Ties to Water” refers to the
drama of the annual log and tie drive down the turbulent water of the Bull River. This historical account
also provides insights into the everyday lives and recreational activities of residents and visitors of the
Bull River.
On September 15, 1899 Joseph C. Hooker was granted the 400 acres of land encompassing the Bull River
falls and canyon, having recognized the hydroelectric power potential of this part of the river (Casselman
1988). In 1903, the Bull River Electric Light and Power Company was incorporated. Being short of
funds, the plan was to build a flume large enough to hold all the water of the river and bypass the canyon
with it. With the riverbed in the canyon dry they felt certain of finding enough Gold to finance the power
plant and transmission lines. In 1904, forty or fifty men were employed and a sawmill was installed to
begin construction on the flume, dam and buildings. By 1908, only the graded base had been completed
but enthusiasm was once more at a high as a town site was surveyed out at Bull River Falls (Plate 3.1).

Plate 3.1. Part of
Henderson’s Bull River
Falls camp at far left,
newly built flume above
and old bridge across
canyon by the falls c.
1911 (Photo courtesy of
Agnes
Jaster
in
Casselman 1988).
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After many dreams and disappointments, the East Kootenay Power Company finally completed the
hydroelectric development, in 1922 (Plates 3.2 and 3.3). Resident operators and their families lived at the
Aberfeldie power plant until 1980. All the homes have been moved or demolished since then.

Plate 3.2. Turbines being delivered by team and wagons. These original Francis turbines continue to
operate today, 83 years later c. 1922 (Photo Courtesy of Agnes Jaster in Casselman 1988).

Plate 3.3. The power plant near completion. This original power plant continues to operate today, 83 years
later c. 1922 (Photo Courtesy of Larry Miller in Casselman 1988).
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3.2.
Hydrological and Hydraulic Analyses
The current water license for the diversion of 9.9 m3/s would be augmented by an additional water license
for 30.1 m3/s, for a total license of 40 m3/s. Maximum powerhouse flows would increase from 8.5 m3/s to
40 m3/s. This reduces the amount of water that would be spilled at Aberfeldie dam, reducing spill from
the current 8 to 9 months of the year to 2 to 4 months of the year (Figure 3.1). On average, for a 25 MW
plant, this results in an increase in the number of days within a year that there is no spill (and only leakage
flow in the canyon), from 103 days to 278 days per year (range = 238 to 325 days; n=66). On average, the
existing facility begins spilling 19 March and stops spilling 23 December. On average, the redeveloped
facility would begin spilling 23 April and stop spilling 22 July. During non-spill periods, leakage flows
within the canyon have been estimated between approximately 0.05 m3/s and 1.0 m3/s (Rodman and Cope
2005, Cope 2003a).

120.00

Bull River

100.00
Mean Monthly Flow (m3/s)

5 MW
24 MW

80.00

60.00

40.00

20.00

0.00
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Month

Figure 3.1. Mean monthly flows for the Bull River from the Water Survey Canada (WSC) Station
(08NG002) for the years 1938 to 2003 (located immediately downstream of the powerhouse).
Canyon flows between the dam and the powerhouse are illustrated for the current 5 MW
diversion and the proposed 25 MW upgrade.

Downstream of the generating station this increase in plant capacity will not affect Bull River flows,
under normal operations. With redevelopment, the headpond will be operated in a similar manner with
headpond levels generally between El. 876.67 m and El. 876.15 m.
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3.3.
Fisheries Resources
The primary fisheries concern associated with the redevelopment project is the potential for residual
effects resulting from the increased diversion required to make the project economically feasible.
3.3.1.

Overview Assessment

Several fish and fish habitat assessments have been completed for the Bull River study area and these
studies are summarized in detail in Duval (1999). Sportfish species identified in this system are brook
trout (Salvelinus fontinalis), bull trout (S. Confluentus), kokanee (Oncorhynchus nerka), rainbow trout (O.
mykiss), Rocky Mountain whitefish (Prosopium williamsoni), and Westslope cutthroat trout (O. clarki
clarki).

Non-sportfish species include longnose dace (Rhinichthys cataractae), largescale sucker

(Catostomus macrocheilus), torrent sculpin (Cottus rhotheus), mottled sculpin (C. bairdi) and prickly
sculpin (C. asper). Table 3.2 summarizes the distribution of fish species within the potential impact areas.
Table 3.2. Fish species distribution (X) within the potential impact areas.
Species

Powerhouse to
1st Upstream
barrier

Canyon from
1st Upstream
Barrier to Dam

Above Dam

Brook Trout

X

Bull Trout

X

Kokanee

X

Rainbow Trout

X

Rocky Mountain Whitefish

X

X

X

Westslope Cutthroat Trout

X

X

X

Longnose Dace

X

Largescale Sucker

X

Sculpin spp.

X

X

X

Provincial management objectives for the Bull River are for protection of bull trout and Westslope
cutthroat trout spawning areas and angler use of wild fish (FISS 2004). Bull trout and Westslope cutthroat
trout are the primary management species and the Bull River is considered an important stream fishery in the
East Kootenays. The popularity of the Bull River has increased dramatically in the last decade among local,
regional and international anglers. A local commercial guiding industry caters to recreational fishermen
targeting these fish.
Bull trout and Westslope cutthroat trout are both provincially blue-listed species in B.C. (CDC 2004) and
although there are many healthy populations of bull trout and Westslope cutthroat trout in the East Kootenay,
they remain a species of special concern. One reason for the recent increase in angler pressure in the Bull River
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has been the drastic decline of Westslope cutthroat trout and bull trout populations elsewhere in their
distribution. For example, in Montana, Westslope cutthroat trout are now thought to occupy less than 5% of
their historic range (Shepard et al. 1997). Native species of cutthroat trout have experienced severe
restrictions in their distribution and abundance due to over-harvest, habitat degradation, and the
introduction of non-native salmonids (Shepard et al. 1997, Thurow et al. 1997, Woodward et al. 1997).
Of the 14 subspecies of interior cutthroat trout, two are extinct, 3 are listed as threatened or endangered,
and the remainder have been petitioned for federal listing under the United States Endangered Species
Act. Similarly, bull trout in the United States portion of the Columbia River were listed as threatened in
1998 under the Endangered Species Act by the U.S. Fish and Wildlife Service.
Non-native species have two major impacts on Westslope cutthroat trout populations; competition for
food and genetic introgression. Brook trout and rainbow trout are introduced species affecting the Bull
River drainage. First, cutthroat trout are, in general, less likely to coexist with brook trout than any other
non-native salmonids (Griffith 1988). Cutthroat trout are out competed for food by introduced brook
trout (Novinger and Rahel 1999). Experience has shown that once brook trout dominate a stream,
cutthroat trout populations diminish or are eliminated (Gardner 2004).

Second, and perhaps more

importantly, Westslope cutthroat trout readily hybridize with non-native rainbow trout. In fact, it has
been suggested that hybridization with non-native rainbow trout is the most important factor responsible
for the loss of native cutthroat (Allendorf and Leary 1988). Genetically pure Westslope cutthroat trout
are estimated to exist in only 2-4% of their historic stream distribution (McIntyre and Reiman, 1995).
Recently, the Bull River Westslope cutthroat trout above Aberfeldie Dam have been identified as a
genetically pure population in the East Kootenay region (Rubidge et al. 2001). Correspondingly, recent
genetic analyses have identified trout fry (age 0+) collected downstream of the generating facility to be
dominated by rainbow trout and hybrids (Baxter et al. 2002) and the number of hybridized populations in
the entire upper Kootenay drainage has dramatically increased from 1986 to 1999 (Rubidge 2003).
Similarly, bull trout populations have declined in many areas of their range in the Pacific Northwest
including British Columbia. Bull trout are adapted to cold water temperatures and thrive in waters that are
too cold, unproductive or are too steep gradient for other fish. Bull trout are generally not found in
streams where maximum monthly water temperatures exceed 18 oC and are most abundant where water
temperatures are 12 oC or less (Goetz 1989, Ford et al. 1995, McPhail and Baxter 1996, Buchanan and
Gregory 1997). This preference for cooler water manifests in the frequent association of bull trout with
perennial springs (Oliver 1979, Goetz 1989, McPhail and Baxter 1996, Buchanan and Gregory 1997). In
general, the species does not occur in high densities, a tendency that is partly due to the life-history
strategy and the environment in which they live.

Low population densities, slow growth, delayed

maturation and high quality habitat requirements make bull trout sensitive to habitat degradation and

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 39
April 2006

Attachment O

over-harvesting. Interspecific competition with non-native species and genetic hybridization can also limit
bull trout distribution and abundance (Buktenica 1997). Both Floy tag and radio-telemetry data have
demonstrated that the lower Bull River provide overwintering and feeding habitat for the upper Kootenay
River population of bull trout. These fish undergo extensive migrations and data illustrate there is
considerable overlap and mixing among local populations (i.e. Skookumchuck Creek, Wigwam, White
and Bull rivers; Westover and Heidt 2004). Although bull trout in the upper Kootenay River watershed
show some genetic uniqueness between individual watersheds (Taylor et al. 1999), management of these
populations based on the upper Kootenay River as a core area is the correct stance (Baxter and Baxter
2002).
As previously noted, the Bull River study area can be divided into four distinct potential impact areas.
Existing fish habitat and possible impacts to existing fish habitat quality or quantity are summarized
below for each potential impact area.
3.3.1.1.

The headpond and the river upstream of the dam

The headpond will be operated in a similar manner and there are no anticipated impacts to fish
populations, or fish habitat quality and quantity upstream of the dam. As indicated previously, headpond
operation and headpond level fluctuations will not change. In general there is no change, however, there
will be a slight reduction in headpond levels during high flow periods due to more water being drawn
through the intake and less water going over the ungated spillway. This change is expected to be very
small.
3.3.1.2.

The canyon between the dam and the first upstream barrier

Current operation of the 5 MW facility results in no spill and therefore only dam leakage and seepage
flows within the canyon reach for 103 days per year, on average. Two studies were undertaken as a part
of the WUP to better address the uncertainty surrounding the adequacy of winter flows on fish survival in
the canyon below the dam (Cope 2003a, Bisset and Cope 2003).
Habitat is best described as a cascade-pool stream channel characterized by frequent deep pools,
separated by bedrock falls and boulder cascades within a box canyon 8 to 35 m wide. Very large boulder
rubble and scoured bedrock is the dominant substrate (Plates 3.4. and 3.5). Previous studies showed that
the canyon area functions primarily as overwintering/rearing habitat for fish entrained over the dam
(mountain whitefish, Westslope cutthroat trout). At high flows, the high gradient and confined channel
results in extreme velocities within a streambed dominated by scoured bedrock and/or very large boulder
rubble. As a result, fish production capabilities were rated as very low. While the presence of deep pools
within the canyon provides some refuge habitat during winter, there is little safety margin given the
extremely low leakage flows from the dam. It was felt that this might lead to a connectivity
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Plate 3.4. Typical cascade habitat between falls and deep pools within the canyon reach (4.4 m3/s).

Plate 3.5. Step-pool section within the Bull River canyon representing the primary rearing and
connectivity area of concern (4.4 m3/s).
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issue affecting fish survival (especially during long periods of cold weather).
During non-spill periods, leakage flows within the canyon were measured at approximately 0.05 m3/s.
Under the proposed redevelopment flows, the spill periods would occur only during the time of freshet,
May to July. The increased non-spill period in spring (Mar-April) and summer/fall (July-November), may
result in a loss of ecological connectivity over a longer time frame, reduce the available aquatic habitat
and aquatic productivity within the canyon, and limit fish mobility possibly leading to an increased risk of
fish stranding and mortality.
Notwithstanding the high quality pool habitat, there is extremely limited rearing or connectivity habitat
present within the canyon and there is very low spawning potential in this reach for salmonid species.
Boulders, large cobble and bedrock dominated substrate. While this reach may support spawning by
mountain whitefish, this habitat does not appear limiting within the lower Bull River. The pool depths are
primarily determined by bedrock “controls” in the form of cascades, chutes or falls. As a result, there will
be very little fish production benefits realized from flow provision or habitat enhancement initiatives
within the canyon.
The provision of a minimum flow designed to ensure ecological connectivity while mitigating for the
majority of the aquatic habitat productivity would be a risk averse strategy that would also ensure
ecological integrity to other resources (i.e. vegetation, wildlife). Provision of a minimum flow would be a
highly positive environmental improvement to current operations.
3.3.1.3.

The river between the first upstream barrier and the powerhouse

There is some limited rearing/connectivity habitat present between the powerhouse and the first upstream
barrier (Plate 3.6.). The habitat of concern is a pool-riffle sequence with a mid-channel bar that connects
the tailrace pool with the deep bedrock pool at the base of the first upstream barrier. Streambed materials
are dominated by large cobbles, boulder rubble and bedrock. There is very low spawning potential in this
reach for salmonid species. While this reach may support spawning by mountain whitefish, longnose
dace, largescale sucker and sculpin species, this habitat does not appear limiting within the lower Bull
River. The riffle dewaters during non-spill events and may result in some stranding of rearing juveniles.
This habitat is not critical or considered high quality, high productivity habitat. In 2002, the secondary
channel at this location was electrofished and one juvenile Westslope cutthroat trout, 3 torrent sculpin and
six kokanee were captured. The low catch-per-unit-effort reflected the poor habitat quality (Bisset and
Cope 2003). Nevertheless, the habitat provides low-density summer rearing habitat for longnose dace,
largescale sucker, sculpin species, Westslope cutthroat trout, mountain whitefish, kokanee and possibly
bull trout.
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Plate 3.6. Downstream view of the pool-riffle habitat that connects the tailrace pool in the far background
to the deep pool at the base of the first upstream barrier (5.3 m3/s flow). The bedrock control
located in the pool tailout is clearly visible in the foreground.

Increasing the period when this habitat unit is dewatered would have little cumulative impact on fish
production capabilities for the lower Bull River. The provision of a minimum flow designed to ensure
ecological connectivity while mitigating for the majority of the aquatic habitat productivity (i.e.
periphyton and benthic invertebrates) would be a risk averse strategy that would also ensure ecological
integrity to other resources (i.e. vegetation, wildlife). Provision of a minimum flow would also be a
highly positive environmental improvement to current operations.
3.3.1.4.

The river downstream of the powerhouse.

In general, the increase in plant capacity will not affect Bull River flows downstream of the powerhouse.
At the current 5 MW powerhouse, there is no provision for bypassing flow at the powerhouse should the
generators trip off-line. The new powerhouse will provide a bypass system (i.e. bypass valve) and will
incorporate ramping rates. Based on the results of the river stage and flow study, the FTC recommended a
minimum bypass capacity of 50% of the maximum project design flow (i.e. 20 m3/s). In the event of a
unit trip the bypass valve will open to allow continuous flow release from the powerhouse. It was
estimated that this could result in a maximum stage drop of 0.34 m at a frequency of 1.1 events per year.
Provision of a bypass valve and the capability to remotely “quick start” the facility following a forced
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outage (i.e. unit trip following a lightning strike) would be a highly positive environmental improvement
to current operations.
3.3.2.

Potential Impacts on Fish Populations

Likely impacts to fisheries resources are primarily centred on the increased diversion necessary for
facility operations. Increased diversion will result in a longer period of no spilling, and this will increase
the time the canyon flows are restricted to leakage from 103 days, on average, to 278 days per year (range
= 238 to 325 days; n=66). There are two primary concerns regarding the diversion of inflows around the
canyon between the dam and the powerhouse.
The first concern is habitat related during the increased period of no spill:
x

The loss of connectivity and the potential risk of fish stranding and freezing between pools; and

x

The loss of habitat area and productive capacity, particularly within the area between the
powerhouse and the first upstream barrier.

The second concern is population related:
x

Increased diversion will result in increased water volumes through the powerhouse and turbines
and this could potentially increase incidental entrainment and mortality of upstream resident fish
species but will also decrease the rate of incidental displacement and risk of mortality over the
spillway into the canyon section.

3.3.2.1.

Habitat Impacts Due to Diversion

To put a scale on the possible habitat impacts within the Bull River canyon between the dam and the
powerhouse, an order-of-magnitude estimate for available aquatic habitat and the resident fish population
was generated for this river section. Excluding all tributaries and considering just the mainstem Bull River
length of 110 km and the chained canyon length of 1.56 km, the canyon represents 1.4% of the Bull River
stream length. Recently, using mark-recapture and snorkel survey methodology, population estimates
have been derived for the upstream Bull River section targeted by the angling community (Baxter 2004).
Mean densities for the upstream sections targeted by anglers were 69.6 Westslope cutthroat trout per
kilometre and 71.4 mountain whitefish per kilometre (Baxter 2004). These densities were inclusive of all
age-classes (e.g. fork length 0 to 500+ mm) however; it was recognized that the objective and methods of
this study would under-represent fry and juveniles (e.g. fork length < 200 mm). The canyon reach was
1.56 km long. The worst-case scenario, the total loss of aquatic function within the canyon, would impact
in the range of 220 sub-adult and adult fish. This impact estimate is certainly high given the marked
contrast in habitat quality between the population enumeration reach and the canyon (i.e. much reduced
capacity value).

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 44
April 2006

Attachment O

Originally, two studies were undertaken as part of the WUP to better address the uncertainty surrounding
the adequacy of winter flows on fish survival in the canyon between the dam and the powerhouse (Cope
2003a, Bisset and Cope 2003). These studies showed that the canyon area functions primarily as
overwintering/rearing habitat for fish displaced over the dam. Leakage flows combined with deep pool
refuge habitat were felt to be sufficient to support the mountain whitefish and Westslope cutthroat trout
overwintering between the dam and the first upstream barrier. However, there was very little margin for
safety, given the extremely limited flows and restricted habitat connectivity. Accordingly, a
recommendation for provision of a minimum flow was provided. A minimum flow of approximately 0.5
m3/s was recommended based on the similarities in channel geomorphology to the Elk River canyon and
the assessment of the Elk River connectivity at this discharge (0.434 m3/s). Subsequently, the results of
consultation under the original WUP recommended an operating alternative focusing on habitat
enhancement of the Westslope cutthroat trout population above the facility was the best alternative to
meet objectives, rather than provide the 0.5 m3/s recommended minimum flow.
Given the proposed increase of non-spill periods from approximately 103 days to 278 days (range = 238
to 325 days; n=66), more detailed fisheries assessment was requested by the WUP FTC that reconvened
to review the preliminary proposal for the BC Hydro Aberfeldie Redevelopment Project. A need to
evaluate the efficacy of leakage flows to maintain connectivity and fish habitat capabilities over the
extended non-spill period, and a more quantitative determination of what minimum flow provision would
provide the desired connectivity benefits was required. A fish habitat-flow study was commissioned by
BC Hydro to assess fish habitat and pool connectivity at flows between 0.25 m3/s and 5.0 m3/s (Rodman
and Cope 2005.). These flows were selected as the possible range of potential instream flow
recommendations.
The bankfull stage elevation was used as the baseline for the evaluation of potential habitat impacts due to
increased diversion. “The bankfull stage corresponds to the discharge at which channel maintenance is
most effective, that is, the discharge at which moving sediment, forming or removing bars, forming or
changing bends and meanders, and generally doing work that results in the average morphologic
characteristics of channels.” (Dunne and Leopold 1978 in Rosgen 1996). The water surface width
measurement at the bankfull stage typically corresponds with the normal high water discharge as
determined using a log-Pearson flood frequency analysis and on average, has a recurrence interval of 1.1
to 1.6 years (Rosgen 1996). Using these methods and the WSC data (Stn 08NG002), the bankfull
discharge was estimated to be 120 m3/s (Figure 3.2).
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Figure 3.2. Log-Pearson flood frequency analysis for the Bull River immediately below the powerhouse
(WSC Station 08NG002).
This estimate was calibrated by inputting the 120 m3/s to the river flow model and ensuring the water
surface elevation was consistent with elevations of field indicators recorded in the cross-sectional surveys
(i.e. slope breaks and riparian vegetation). The flow model was not sensitive to changes in flow greater
than approximately 40 m3/s. This was due to the “box canyon nature” of the habitat that limits further
lateral expansion, resulting in primarily an increase to depth, with a corresponding minor increase to the
area estimate (based on wetted topwidth x length).
The canyon reach was traversed by foot and meso-habitat units were delineated and bankfull area was
estimated for each meso-habitat unit (Table 3.3).
Table 3.3. Estimated bankfull habitat for the diversion reach, by habitat type. Note that area was based on
the estimated 120 m3/s bankfull elevation.
Habitat
1

N

%Area

Bankfull
Area (m2)

13
56.6
20,775
R-Pool
Pool
1
5.0
1,827
Cascade
7
21.6
7,910
Riffle
2
9.2
3,384
Step-Pool
1
7.6
2,800
Falls
5
n/a
Total
29
100.0
36,696
1
Note that R-Pool refers to deep (> 3 m) bedrock confined and controlled pools.
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In addition, meso-habitat units were qualitatively assessed for habitat quality and their risk to aquatic
productive capacity impacts. In total, 56.6% of the canyon habitat was classified as deep, confined,
bedrock pools. The depths of these pools were determined by bedrock controls and the pools are confined
within vertical walls that are wetted from canyon wall to canyon wall, even at the lowest flows.
Therefore, these pools were not considered at risk apart from ecological connectivity (Plate 3.7). In
addition, cascade habitat (21.6%) and falls provide connectivity, but do not contribute significantly to fish
rearing or productivity capacity (see Plate 3.4). As a result, there was 21.8% or 8,011 m2 of habitat
capacity considered “at risk” to increased flow diversion. At risk habitat included 2,800 m2 of step-pool
habitat (4.6% gradient) within the canyon (see Plate 3.5), 1,827 m2 and 3,384 m2 of pool and riffle habitat,
respectively, located between the tailrace pool and the bedrock plunge pool below the first upstream
barrier (see Plate 3.6).

Plate 3.7. Upstream view of a representative bedrock pool illustrating the extreme confinement and
bedrock control at the tail of the pool.
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Results of the qualitative assessment of habitat quality for the habitat area considered at risk are
summarized below:
x

Habitat was not considered critical or high quality, high productivity habitat;

x

Habitat contained low spawning potential for sportfish. While this reach may support spawning
by mountain whitefish, longnose dace, largescale sucker and sculpin species, this habitat does not
appear to be limiting within the lower Bull River;

x

Habitat provides connectivity to over-wintering pools for isolated Westslope cutthroat trout and
Rocky Mountain whitefish displaced over the dam; and

x

The lower site (between tailrace pool and first upstream barrier) provides low abundance kokanee
holding habitat, low abundance summer rearing habitat for Westslope cutthroat trout, mountain
whitefish, longnose dace, largescale sucker, sculpin species and possibly bull trout, While this
reach may support spawning by mountain whitefish, longnose dace, largescale sucker and sculpin
species, this habitat does not appear to be limiting within the lower Bull River.

Notwithstanding the limitations to the available habitat between the dam and the powerhouse, it was
recognized that provision of a minimum flow would be a risk averse strategy that should ensure
ecological connectivity while mitigating for the majority of the aquatic habitat productivity, including
primary (e.g. periphyton) and secondary (e.g. benthic invertebrates) productivity. Provision of a minimum
flow was also assumed in the determination of the net benefit of the redevelopment proposal on wildlife
resources.
It was necessary to derive a flow-habitat model to provide appropriate minimum flow recommendations
and to derive estimates of residual habitat loss for off-site habitat compensation to ensure “no-net-loss”
under the DFO Habitat Management Policy. Two cross-sectional transects were surveyed in the poolriffle habitat unit with the mid-channel bar located between the tailrace pool and the bedrock plunge pool
at the base of the first upstream barrier (see Plate 3.6). The habitat of concern was the plunge pool and
riffle sequence with a mid-channel bar that connects the tailrace pool to the bedrock pool below the first
upstream barrier. The deep bedrock pool approximately 80 m in length (i.e. nearly vertical streambank)
and the bedrock control located in the pool tailout approximately 40 m in length were excluded from the
calculation of habitat areas impacted at different flow stages. The vertical profile of the stream banks in
the bedrock pool result in very little change in wetted width, and the bedrock substrate of the tailout is
unsuitable for spawning, rearing or holding by resident fish species. In addition, the primary productivity
potential of this habitat would be very low. Plate 3.7 illustrates the physical features of these habitat units.
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The remaining habitat units included in the calculation of impacted habitat area were the 30 m plunge
pool at the chute outlet and the 60 m riffle habitat (including the braid/secondary channel; Plate 3.6). The
riffle habitat unit then flows into the deep tailwater pool that extends approximately 90 m upstream of the
powerhouse. This pool is backwatered by the powerhouse tailrace and is illustrated in Plate 2.2. The
assumption was that the redeveloped powerhouse and tailrace would maintain the water surface elevation
of this habitat unit. If this assumption were violated, then the Authorization would need to be amended,
and additional habitat compensation or grade control works would be required to ensure no-net-loss. The
tailwater pool provides documented stream margin spawning habitat for kokanee.
Transects were supplemented by numerous other measurements, such as bankfull and water elevations,
wetted widths, flow depths, and roughness calibrations. Using both hydrotechnical engineering and
fisheries assessment methodologies a river flow-habitat model was used to estimate flow depths, channel
widths, pool connectivity and usable habitat area. The flow model was calibrated using surveyed water
surface elevations at the 11.0 m3/s, 6.4 m3/s and 4.4 m3/s flows. The calibrated flow-habitat model was
then extrapolated to the 0.25 m3/s, 0.5 m3/s, 1.0 m3/s, 2.0 m3/s, and 3.0 m3/s flows to estimate habitat area,
water depths, and water velocities. The output of the flow-habitat model for the pool cross-section and the
riffle cross-section are illustrated below (Tables 3.4 and 3.5).

Table 3.4. Estimated available habitat at observed and modeled flows for the pool habitat unit located
between the tailrace pool and the bedrock plunge pool at the base of the first upstream barrier.
Note that bankfull area was estimated to be 1,827 m2.
Calculated values
Water
Flow (m3/s) Measured Water
Surface
Surface Elevation Elevation* (m) Top Width
(point F) (m)
(m)
Depth (m)
0.25
0.50
1.00
2.00
3.00
4.4
8.07
6.4
8.29
11.0
7.99
* based on assumed survey datum

7.02
7.23
7.44
7.74
7.89
8.07
8.25
8.54

4.5
7.9
11.7
19.4
23.1
28.1
33.2
40.8

0.63
0.85
1.06
1.35
1.50
1.68
1.86
2.15

Velocity
(m/s)
Area (m2)
0.18
0.19
0.21
0.23
0.25
0.27
0.29
0.33

134.85
236.89
351.87
582.74
696.21
844.31
998.72
1226.88

Comments

Main channel flow only
Main channel flow only
Main channel flow only
Flow in both channels
Flow in both channels
Nov 30, 2004 @ 13:45
Nov 4, 2004 @ 15:30
Nov 4, 2004 @ 11:00
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Table 3.5. Estimated available habitat at observed and modeled flows for the riffle habitat unit located
between the tailrace pool and the bedrock plunge pool at the base of the first upstream barrier.
Note that bankfull area was estimated to be 3,384 m2.

Flow (m3/s)

Measured
Calculated values
Water
Surface
Water Surface
Comments
Elevation Elevation* (m) Top Width
Velocity
2
(point G) (m)
(m)
Depth (m)
(m/s)
Area (m )

0.25
0.50
1.00
2.00
3.00
4.4
7.62
6.4
7.83
11.0
7.85
* based on assumed survey datum

7.06
7.16
7.29
7.42
7.54
7.63
7.74
7.92

6.0
9.7
15.2
18.7
26.5
29.8
33.0
39.1

0.20
0.31
0.43
0.56
0.68
0.78
0.88
1.07

0.25
0.27
0.30
0.36
0.37
0.41
0.46
0.53

360.00
583.20
910.80
1124.40
1592.40
1786.20
1978.80
2343.60

Main channel flow only
Flow in both channels
"
"
"
Nov 30, 2004 @ 13:45
Nov 4, 2004 @ 15:30
Nov 4, 2004 @ 11:00

It was planned to replicate these methods for the step-pool habitat within the canyon however, flow levels
and safety considerations precluded the ability to traverse the stream channel. As a result, six water
elevation reference points were established along the streambank over a lineal distance of 112 m. Using
an auto level, water surface elevations were measured and using a laser rangefinder bankfull width and
wetted widths over a range of flows from 11.0 m3 to 4.4 m3 were estimated. The mean bankfull (120 m3/s)
width was estimated to be 25 m and corresponds very closely to the canyon width (vertical walls range
from 8 m to 40 m). The decrease from 11.0 m3/s to 4.4 m3/s resulted in a rate of decrease in mean wetted
width of 0.47 m/m3/s. Based on the observed rate of decrease in wetted width, the wetted widths and
habitat area for the 0.25 m3/s, 0.5 m3/s, 1.0 m3/s, 2.0 m3/s, and 3.0 m3/s flows were estimated (Table 3.6).

Table 3.6. Estimated flow – habitat relationship for the step-pool habitat within the canyon section of the
diversion reach.
Flow
(m3/s)

Width

Length

Area (m2)

11

19.1

112

2139

4.4

16.0

112

1792

3

15.3

112

1714

2

14.9

112

1669

0.5

14.2

112

1590

0.25

14.0

112

1568
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The following table summarizes the estimated bankfull habitat, available habitat for the range of proposed
minimum flows, and the resulting estimate of residual habitat lost for the identified habitat at risk between
the dam and the powerhouse, due to the redevelopment proposal (Table 3.7).
Table 3.7. Summary of available habitat estimates and residual losses for the range of proposed minimum
flows.

Flow (m3/s)

Estimated Available Habitat (m2)
Below 1st Barrier
Canyon
Pool
Riffle
Step-Pool
Total

Bankfull (120)

1827

3384

2800

8011

-

3.0

696

1592

1714

4002

4009

2.0

582

1124

1669

3375

4636

0.5

237

583

1590

2410

5601

0.25

135

360

1568

2063

5948

Estimated
Habitat
Loss (m2)

A seasonally staged minimum flow provision was recommended to ensure ecological connectivity,
mitigate for the majority of the summer aquatic productivity, including fish rearing and primary and
secondary productivity (i.e. periphyton and benthic invertebrates), and ensure connectivity flows during
possible spring and fall fish migration windows. The seasonally staged minimum flow provision is to be
delivered via a fish-water release valve designed into the construction of the instream flow release outlet.
The instream flow schedule recommended by the reconvened WUP Consultative Committee consists of
the following:
x

0.5 m3/s during the spring fish migration period (1 April – 31 May);

x

2.0 m3/s summer productivity (fish plus primary and secondary productivity) flows (1 June – 30
September);

x

0.5 m3/s during the fall fish migration period (1 October – 30 November); and

x

0.25 m3/s winter flows (1 December – 31 March).

As outlined in Table 3.7 there still remains residual habitat loss at the recommended instream flow
provision that must be offset to meet the requirement of “no-net-loss”. The residual habitat loss is best
illustrated by the water elevations of the estimated bankfull flow and the recommended instream flows
presented in Figures 3.3 and 3.4 (plunge pool and riffle habitat unit located between the tailrace pool and
the bedrock pool at the base of the first upstream barrier).
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Figure 3.3. Cross-section illustrating the model output for the bankfull stage elevation and the
recommended instream flows for the pool habitat unit located between the tailrace pool and
the bedrock pool at the base of the first upstream barrier.
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Figure 3.4. Cross-section illustrating the model output for the bankfull stage elevation and the
recommended instream flows for the riffle and mid-channel bar habitat unit located between
the tailrace pool and the bedrock pool at the base of the first upstream barrier.
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A time-step formula for determination of habitat compensation was used due to the following factors:
x

Estimates of residual habitat loss vary due to the seasonally staged flow provisions; and

x

Bankfull elevation represents seasonally inundated habitat (i.e. average freshet flows) and a more
accurate baseline would be the estimated available aquatic habitat at the mean monthly discharge
(i.e. natural inflows).

The time-step formula for determination of habitat compensation was based on the average monthly
natural inflows (WSC Stn 08NG002; 1938-2003) to address the total cumulative impact of the
redeveloped facility and does not consider incremental change from existing operations. The net habitat
change between existing operations and the redeveloped facility would be substantially less (1,182.5 m2).
Table 3.8 provides a summary of the time-step approach used to estimate the mean annual residual habitat
loss for aquatic habitat compensation. The residual habitat loss of 2,991 m2, based on the seasonal timestep approach, would be compensated for with the construction of the equivalent “productive capacity” of
aquatic habitat and primary productivity compensation works. Although the equivalent area of 2,991 m2
of aquatic habitat compensation works has been identified, the primary objective of the compensation
works is to ensure “no-net-loss” of aquatic primary and secondary productivity (i.e. periphyton and
benthic invertebrates). It is possible that compensation habitat may be considerably more productive than
impacted habitat; thus requiring the construction of less than the residual habitat loss of 2,991 m2 to meet
the objective of “no-net-loss” of aquatic primary and secondary productivity.

Baseline primary

productivity monitoring in the Bull River between the powerhouse and the first upstream barrier has been
initiated to quantify primary productivity and the equivalent loss in “productive capacity” for
compensation works. It was further recommended that this compensation project proceed from a
watershed-based perspective to provide the maximum benefits.
It was noted earlier that the estimated residual habitat loss assumed the redeveloped powerhouse and
tailrace would maintain the water surface elevation of the deep tailrace pool that extends approximately
90 m upstream of the powerhouse. This pool is backwatered by the powerhouse tailrace and is illustrated
in Plate 2.2. A baseline river stage and habitat profile study will be completed in 2006 to document
existing habitat conditions for the tailwater pool. The river stage and habitat profile transects would be
replicated following redevelopment in 2007. The intent of this study is to determine if there is additional
habitat impacted by the redevelopment of the powerhouse and the tailrace or the increased minimum flow
period between the powerhouse and the upstream riffle unit. The habitat compensation target will be
revised accordingly if the assessment determines additional habitat impact. The terms of reference for the
Tailrace Pool River Stage and Habitat Profile Project will be developed and forwarded to the FTC for
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Table 3.8. Habitat availability based on mean monthly inflows and observational and modeled wetted widths. A time-step evaluation of mean annual habitat loss.
Jan
1

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Mean monthly Natural InFlows (cms)
Pool wetted width (m)2
Riffle wetted width (m)2
Canyon wetted width (m)
Pool area (m2)
Riffle area (m2)
Canyon area (m2)
Natural Monthly Mean Area Estimate (m2)

7.5
40.8a
39.1a
19.1d
1228
2346
2139
5713

7.1
40.8
39.1
19.1
1228
2346
2139
5713

8.7
40.8
39.1
19.1
1228
2346
2139
5713

30.6
60.1b
53.6b
25e
1809
3216
2800
7825

98.5 110.4 53.1
60.7c 60.7 60.1
56.4c 56.4 53.6
25
25
25
1827 1827 1809
3384 3384 3216
2800 2800 2800
8011 8011 7825

21.9
60.1
53.6
25
1809
3216
2800
7825

15.3
40.8
39.1
19.1
1228
2346
2139
5713

12
40.8
39.1
19.1
1228
2346
2139
5713

9.2
40.8
39.1
19.1
1228
2346
2139
5713

Proposed Diversion Mean Monthly Flows (cms)4
Proposed Minimum Flow Provision (cms)3
Proposed Monthly Mean Area Estimate (m2)5

0
0.25
2063

0
0.25
2063

0
0.25
2063

4 51.12 61.71 12.96
0.5
2
2
0.5
2410 7825 7825 5713

0.12
2
3375

0.04 0.11 0.27
2
0.5
0.5
3375 2410 2410

0.05
0.25
2063

Residual Habitat loss (Natural - proposed) (m2)

3650

3650

3650

5415

4450

2338 3303 3303

3650

Mean Annual Estimated Residual Loss for Compensation =

1
2
3

4
5
a
b
c
d
e

186

186 2112

2991.3m2

Flows are natural inflows from the WSC gauging station (08NG002, 1938-2003) below the powerhouse
Habitat unit is between the powerhouse and the first barrier
Staged minimum flow provision based on the following recommendation:
0.25 m3/s Dec 1 to March 31
0.5 m3/s April 1 to May 31 and Oct 1 to Nov 30
2.0 m3/s June 1 (or start no-spill) to Sept 30
Proposed flows are monthly mean of (daily inflows - max daily diversion of 40 m3/s)
Based on mean monthly flow for May, June, July otherwise based on minimum flow provision.
used 11.0 m3/s flow calibration of model
used T1 37 m3/s and T2 49 m3/s model output from field indicators
used 120 m3/s bankfull output from model.
used 10.7 m3/s measured wetted width
used estimated bankfull width

13.8
40.8
39.1
19.1
1228
2346
2139
5713
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review prior to conducting the assessment. In brief, this study is expected to include a longitudinal profile
as well as four or five cross-sectional profiles for the tailout pool starting upstream at the base of the riffle
downstream through the existing tailrace and hydraulic control downstream; ensuring the redeveloped
tailrace location is also captured. In conjunction with the channel profile data, river stage and discharge
data would be collected to facilitate the calculation of habitat area at various discharges.
3.3.2.2.

Cumulative Entrainment Impacts

Redevelopment of the Aberfeldie facility will have no to low impact on fish passage and/or entrainment.
While there is a low risk of increased displacement at the individual level, redevelopment will not result
in any cumulative fish passage effect on fish populations above the dam, within the canyon, or below the
powerhouse. The Aberfeldie redevelopment proposal exemplifies the low sensitivity (non-migratory), low
magnitude of impact (existing barrier, low impact to passage) within the risk management framework of
hydroelectric developments (Figure 3.5).

Figure 3.5. Canadian Electrical Association risk management framework related to fish passage
potentially affected by new hydroelectric developments (draft 2, 2004).
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The dam is built at the top end of a series of natural barriers; therefore the fish populations of concern are
non-migratory. Bull trout are limited to the lower Bull River, below the facility, and Westslope cutthroat
trout resident to the upper Bull River, above the facility, are genetically distinct from the lower Bull River
cutthroat trout (Taylor et al. 2003, Rubidge 2003, Baxter et al. 2002, Rubidge et al. 2001).
Several studies on above barrier or non-migratory (resident) populations of salmonids have been
undertaken, and have focused on the study of life-history traits and population dynamics of these
populations (see Elliott 1987, Northcote and Hartman 1988, Northcote 1992 for reviews). Baxter (2004)
has summarized these studies and provides commonalities observed within above barrier populations that
are of note for the upper Bull River populations of Westslope cutthroat trout and Rocky Mountain
whitefish. Many above barrier populations have developed unique and distinct characteristics from below
barrier populations in the same stream. These characteristics are thought to have enabled stream residency
to occur, and can be morphological, behavioural, and physiological and appear highly adaptive for the
particular life-history strategy. Examples include limited downstream migration of above barrier
populations and a later spawning period in the spring (presumably to avoid displacement during spring
freshet). In combination these traits would function to ensure that these above barrier populations remain
in the habitat where they reside and to ensure persistence. It is recognized however, that occasional
individuals are displaced over the Aberfeldie spillway as evidenced by observations of fish within the
canyon.
Increased diversion rates, could lead to increased displacement of individuals through the power intake
and powerhouse (turbines), thereby increasing mortality of displaced fish. Intake velocities were
minimized through intake design allowing salmonids to escape (Table 3.9). Power intake design also
includes trash racks that keep out larger fish and further minimize approach velocities. The final design
and supply to construction is pending regulatory approval and the tender process. As a result, the
locations of the intake and trash rack will be included in the final engineering plans. At present, the
current design calls for two intake pipes with a proposed total gross trash rack area of 45.8 m2.

Table 3.9. Power intake approach velocities calculated at a maximum discharge rate of 8.5 m3/s for the
existing facility and 40 m3/s for the redeveloped facility (pers. comm. Derek Sakamoto, BC
Hydro Engineering, Burnaby B.C.).
Existing

Proposed

Gross Trash Rack Area

18.1 m2

45.8 m2

Maximum Entrance Velocities

0.47 m/s

0.85 m/s
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Maximum entrance velocities are within resident species critical velocities (i.e. burst swimming speed),
with the exception of fry (Table 3.10). Sustained swimming speeds are the swimming velocity that can be
maintained for extended periods of time. Prolonged speeds are swimming velocities that can be
maintained for passage through difficult areas. Burst speeds are for escape and feeding. To the best of the
authors knowledge there is no supporting literature on juvenile mountain whitefish maximum swimming
speeds. Whitefish adults were included in the table however; the default used in the absence of supporting
documentation was the lowest salmonid value available (Rainbow/cutthroat juveniles 50 mm).
Table 3.10. Burst, prolonged and sustained swimming speeds for cutthroat/rainbow trout and whitefish
(adapted from Dane 1978 in Slaney and Zaldokas 1997). Rainbow trout juveniles were used
for cutthroat trout juvenile data (Chilibeck 1992).
Species

Life stage

Maximum Swimming Speed (m/s)
Sustained
Prolonged
Burst

Cutthroat/Rainbow

Adults
Juveniles (125 mm)
Juveniles (50 mm)

0.9
0.4
0.15

1.8
0.75
0.3

4.3
1.13
0.45

Whitefish

Adults

0.4

1.3

2.7

The estimated maximum approach velocities were based on the assumption that a maximum discharge
rate of 40 m3/s was being diverted. On average (1938-2003), there are 87 days per year when the mean
daily inflows were equal to or greater than maximum capacity. Based on the mean natural inflows, there
would be an estimated 124 days per year when approach velocities would be greater than the critical
juvenile burst swimming speed of 0.45 m/s and 164 days per year when approach velocities would be
greater than the maximum prolonged juvenile swimming speed of 0.3 m/s (pers. comm. Derek Sakamoto,
BC Hydro Engineering, Burnaby B.C.).
Cutthroat fry do not emerge from redds in East Kootenay streams until late July to mid-August (Cope and
Morris 2005). Emerging Westslope cutthroat trout fry that are displaced downstream into the headpond
could be susceptible to entrainment through the intakes from the period of emergence (late July to MidAugust) until August 19, on average, when the intake approach velocities were estimated to decrease
below the critical limit of 0.45 m/s. A population level impact was not anticipated given the life-history
characteristics of above barrier populations of Westslope cutthroat trout such as; lower incidence of
downstream displacement, late fry emergence and resident life history behaviour. The results of several
papers on above barrier populations (see Table 2; Baxter 2004), have demonstrated that when reared
under identical conditions, fry produced from above barrier populations have a lower incidence of
downstream displacement. Late fry emergence, resident life history behaviour, and the short duration of
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exposure to maximum diversion rates, all mitigate the possible risk of entrainment to salmonid fry in the
upper Bull River. Based on this assessment, it was felt that the cumulative entrainment impacts would
have no negative residual effects to fish populations within the Bull River. This assessment was supported
by recent genetic evidence (as shown by enzyme electrophoresis) that identified genetic differences
between above and below falls stocks as evidence that there is little if any gene flow under normal
situations (Taylor et al. 2003, Rubidge 2003, Baxter et al. 2002, Rubidge et al. 2001).
Several studies have shown that maximum survival of salmonids passing through Francis turbines occurs
when the unit is operating near peak efficiency, and that smaller fish tend to suffer lower mortality (Stone
& Webster Environmental Services 1992). Based on their relationship of hydraulic head to mortality for
Francis turbines, the expected mean mortality of salmonids passing through the Francis turbines at the
Aberfeldie facility is approximately 30%.
The risk of increased power intake entrainment therefore, was rated as nil to low due to the following
factors:
x

Approach velocities are within the burst swimming speeds of resident species, with the exception
of fry;

x

Salmonid fry typically inhabit shallow, cobble dominated, river margin habitat and utilize
interstices too shallow for larger fish (predators). This habitat is not present in the headpond;

x

Non-migrating, above barrier populations of Westslope cutthroat trout demonstrate limited
downstream displacement and a later spawning period in the spring (presumably to avoid
displacement during spring freshet). In combination these traits would function to ensure that
these above barrier populations remain in the habitat where they reside and to ensure persistence;

x

The upper Bull River Westslope cutthroat trout are genetically distinct from the lower Bull River
Westslope cutthroat trout further supporting evidence for the low incidence of entrainment and
evidence of a barrier to gene flow; and

x

Salmonid fry and juvenile densities within the headpond above the Aberfeldie Dam are expected
to be very low.

While it is assumed that the mitigating factors summarized above result in no to low risk of entrainment,
and operates at the individual incident scale of impact, not the population level, estimates of possible
entrainment mortality can be derived using fish densities in the headpond, approach velocities, critical
burst speeds of target species, a weighting factor based on the percentage of time critical swimming speed
is exceeded, and entrainment mortality rates of Francis turbines. By assuming the maximum diversion
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through the power intake (i.e. approach velocities for the redeveloped facility) the total cumulative impact
of the redeveloped facility is considered and not the incremental change from existing operations.
Given that fry and to some extent juveniles are the only life-stages at risk of entrainment, entrainment
estimates for salmonids >125 mm were not required. Estimating the density of salmonid fry and juveniles
in the headpond was not possible due to a lack of data. Skookumchuck Creek (Cope and Morris 2005)
and Wigwam River (Cope 2003b) Westslope cutthroat trout populations were utilized as surrogate
populations due to the absence of density estimates within the upper Bull River watershed (Table 3.11).
Although it is true bull trout (BT) co-exist with these populations of Westslope cutthroat trout (WCT), the
densities reported are highly conservative for the following reasons:
x

The Wigwam River and Skookumchuck Creek densities were derived from reaches of these
watersheds that have been identified using radio-telemetry as regionally significant spawning and
juvenile rearing habitat for both BT and WCT. These reaches are protected through special
restrictions and are recognized as containing some of the highest densities of both WCT and BT
within the species ranges;

x

Juvenile WCT densities in both the Wigwam River and Skookumchuck Creek include index sites
within recognized high density WCT spawning and rearing tributaries. In particular, densities
include index sites within Lodgepole Creek, Sandown Creek and Bighorn Creek. These tributary
streams have some of the highest recorded densities of WCT fry and juveniles within the BC
Ministry of Environment, Kootenay Region, bull trout and Westslope cutthroat trout fish and fish
habitat monitoring program (1996, 1998-2005);

x

The headpond does not contain habitat features consistent with known Westslope cutthroat trout
fry and juvenile rearing preferences. Whereas, density estimates from the surrogate populations
are derived from reaches identified through detailed multi-year assessments as containing some of
the regions highest valued fish habitat containing preferred features such as high habitat diversity
(i.e. cover components, side-channels, braiding, substrate composition, pool frequency), high
large woody debris content and groundwater sources;

x

Density estimates were derived for fry and juveniles combined, further over-representing the
possible impact, based on these densities; and

x

Densities are considered robust given that they were derived from annual sample areas in excess
of 2,500 m2 (Wigwam) and 1,500 m2 (Skookumchuck) using 3-pass removal depletion methods.
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Table 3.11. Westslope cutthroat trout density estimates (no. fish/m2) for the Wigwam River and
Skookumchuck Creek (fry and juveniles combined; F.L. <200 mm).

Location

Year

Mean

95% Confidence Interval
Lower
Upper

Wigwam R.

2000

0.022

0.012

0.179

2001

0.008

0.005

0.016

2002

0.004

0.003

0.011

2003

0.037

0.034

0.042

2004

0.092

0.081

0.100

N=5

0.033

0.027

0.052

Skookumchuck C.

Mean

The area that exceeds burst swimming speeds was calculated as a flow net simplified as a rectangular area
of influence (width of trashrack/intake x distance upstream) that expanded with distance from the intake
trashrack (Figure 3.6). An average velocity was assumed over this entire area. The distance away from the
trashrack that resulted in the approach velocity less than the critical swimming speed was the assumed
area of influence. The following explanation was provided for this simplification; “Velocity approaching
the intake should be defined over a 3-dimensional flownet, which would consist of concentric spherical
domes radiating out from the intake inlet. In a simplified 2-dimensional approach the flow net consists of
rectangular sections expanding with distance from the intake gate. The rectangular sections provide
reasonable but more conservatively high estimates of distance from the trash racks at which target
velocities would be attained” (Derek Sakamoto, BC Hydro Engineering pers. comm.).
Assuming maximum diversion through the power intake (i.e. 40 m3/s; headpond El. 876.67), it was
estimated that at 1.79 m away from the trash rack the approach velocity would be reduced to 0.45 m/s
(Derek Sakamoto, BC Hydro Engineering pers. comm.). This distance was the assumed area of influence
where the approach velocity would exceed the critical salmonid fry swimming speed of 0.45 m/s.
Given the trash rack area of 45.8 m2, this results in an estimated area of influence where the approach
velocity would exceed the critical salmonid fry swimming speed of 82 m2; multiplied by the mean
juvenile Westslope cutthroat trout density of 0.033 fish/m2 for an annual standing stock estimate of 2.7
juvenile fish. At the reported 30% mortality rate, this results in an estimated annual entrainment mortality
of 0.81 juveniles. Finally, given that only fry were at risk of entrainment, the proportion of fry within the
source data was calculated to be 67%.
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Plan View of ABF Intake
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Figure 3.6. Schematic design of the proposed Aberfeldie Redevelopment Project intake illustrating the
calculation of the area of influence.
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This proportion was applied to the annual entrainment mortality estimate for an estimated lower limit of
annual entrainment mortality of 0.5 Westslope cutthroat trout fry. A fry to adult survival rate of 10% can
be assumed in a stable population and this would translate into an estimated maximum annual
entrainment of 0.05 reproductive adults. The assumption of annual replacement would represent the lower
bounds of potential impact.
An upper estimate can be provided, assuming that entrained fish are immediately replaced (i.e. daily
replacement). This assumption would mean that the 2.7 juvenile fish are a daily production estimate and
would represent the absolute upper bounds of uncertainty. Approach velocities greater than 0.45 m/s were
estimated for 124 days per year, on average, resulting in an annual entrainment estimate of 335 potentially
entrained juvenile fish. At the reported 30% mortality rate, this results in an upper limit of estimated
annual entrainment mortality of 100 juveniles. Finally, given that only fry were at risk of entrainment, the
proportion of fry within the source data was calculated to be 67%. This proportion was applied to the
annual entrainment mortality estimate for an estimated upper limit of annual entrainment mortality of 67
Westslope cutthroat trout fry. A fry to adult survival rate of 10% can be assumed in a stable population
and this would translate into an estimated maximum annual entrainment of 6.7 reproductive adults.
These entrainment estimates do not account for Rocky Mountain whitefish. During the 2003 diver
observations conducted within the section of the upper Bull River targeted by anglers, Rocky Mountain
whitefish (primarily sub-adult and adults) accounted for 39% of the observations and Westslope cutthroat
trout accounted for the other 61% (Baxter 2004). Based on this observed proportion, this results in an
estimated annual entrainment of between 3.8 and 466 fry and juvenile salmonids, depending on
replacement. Finally, given that only fry were at risk of entrainment, the proportion of fry within the
Westslope cutthroat trout source data was applied (67%). This results in an annual salmonid fry
entrainment estimate of between 2.5 and 312 fry. At the assumed 10% survival from fry to adult this
results in an estimated annual entrainment of between 0.25 and 31.2 reproductively mature Rocky
Mountain whitefish or Westslope cutthroat trout. Finally, by applying the estimated mortality rate for
Francis Turbines (30%), the estimated bounds for the annual entrainment mortality of the Aberfeldie
Redevelopment Project was between 0.1 and 9.4 reproductively mature Rocky Mountain whitefish or
Westslope cutthroat trout. These estimates represent the upper and lower bounds of expected entrainment
and are certainly conservative given the clearly superior habitat characteristics of the surrogate
populations used to derive density estimates.
3.4.
Vegetation Resources
The following summary of vegetation resources and impact assessment are summarized from McIntosh et
al. (2005) and the reader is referred to this document for further details.
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The study area lies principally in the IDFdm2a that is the moist phase of the Kootenay variant of the
Interior Douglass Fir biogeoclimatic zone. Habitats within the project area comprise steep cool and warm
aspect slopes that support open forests with a grassy understory between approximately 853 m and 940 m
within the East Kootenay Trench Ecosection in the Southern Rocky Mountain Trench Ecoregion. The
vegetation has been modified through a combination of development and cattle grazing. Noxious weeds,
particularly knapweed, toadflax and hounds tongue occur throughout the site.
Four different habitats were identified and mapped by McIntosh et al. (2005) and are described in detail;
x

Douglas-fir/Lodgepole pine-Pinegrass-Twinflower (01-DT);

x

Antelope-brush-Bluebunch wheatgrass (02-AW);

x

Douglas-fir-Snowberry-Balsamroot (03-DS); and

x

Hybrid white spruce/Trembling aspen-Sarsparilla (05-SS).

All habitats, with the exception of the DT are considered at risk by the Conservation Data Centre (CDC).
Both the AW and SS are red-listed while the DS is blue listed. Disturbance that results in further losses to
any of these habitats could have negative impacts. Rehabilitation of these areas will be key to mitigating
project impacts. Any spoil area and or borrow pit required as part of the redevelopment project should be
located in the DT habitat.
No rare plants were observed during wildlife field assessments but, due to the late fall timing of these
surveys, a rare plant survey was recommended in the spring (2005) to adequately determine the presence
of rare plants.
A study of past and current Ktunaxa use of the area has been completed. The study describes, among
other things, vegetation that is culturally significant. This information will be taken into account when the
environmental and vegetation-specific management and mitigation plans are being developed.
All habitats within the study area are sensitive to colonization by noxious weeds both during and after
construction. The presence of cattle provides a further vector for transmission of noxious weeds.
The greatest effect on vegetation is direct loss of habitat and the plants they contain. This will occur,
albeit temporarily, due to clearing, grubbing, blasting and digging of the new pipeline trench, clearing for
new access roads, re-routing of the existing 60L289 transmission line, and clearing for ancillary sites.
Red- or blue-listed plant communities dominate the project area, and any further losses to any of these
habitats could have negative impacts. Due to the fact that the majority of proposed works will occur
within the boundaries of existing anthropogenic sites, construction activities have been assessed as having
low magnitude impacts. Temporary impacts will be reversed through a comprehensive native species re-
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vegetation plan and a herbicide program for noxious weed control. The project footprint will be
minimized by decommissioning facilities and access roads as soon as they are no longer required.
The right of way area to be cleared on the north side of the Bull River for the re-routing of the 60L289
transmission line is comprised of Douglas-fir/Snowberry-Balsamroot habitat, which is blue-listed
provincially. This area provides habitat for breeding birds and wintering ungulates. The right of way area
to be cleared on the south bank of the Bull River is comprised of Hybrid white spruce/Trembling aspenSasparilla vegetation, which is red-listed provincially. This area is not winter range, but is used by
ungulates in non-winter months. Impacts to the vegetation communities in these areas will be mitigated
by limiting the amount of clearing required and ensuring that project personnel and equipment stay within
the cleared right of way. Disturbed soil surfaces will be vegetated immediately to control colonization of
invasive weeds. (McIntosh 2005).

Ancillary sites will be required but their locations are not yet known. Their location will be placed in
previously disturbed areas, whenever possible, and post construction would be returned to preconstruction condition or better.
3.5.
Wildlife Resources
In planning for the redevelopment of the Aberfeldie facility, a wildlife impact assessment has been
completed (McIntosh et al. 2005). The following discussion of wildlife resources, possible impacts, and
recommended mitigation measures are summarized from this report.
The objectives, as they relate to the EA, were to:
x

Document wildlife resources using the area;

x

Determine short term potential impacts to wildlife during the construction period;

x

Determine the long term impacts to wildlife due to the powerhouse replacement and new flow
alternatives; and

x

Determine how impacts to wildlife can be avoided and/or mitigated.

Based on this assessment, it was felt that the Aberfeldie redevelopment project would have no negative
residual effects on vegetation or wildlife resources of the area. Although their analyses identified a
number of low to moderate magnitude negative impacts and several moderate to high benefits, the
primary change appears to be the removal of a barrier (the surface pipeline) affecting the ungulate winter
range. On balance this seems to be a positive development, abated by the disturbance of installing the new
pipe and removing the old one.
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Impacts to bird and mammal species at risk have been assessed as having low magnitude impacts. Both
white throated swift and peregrine falcon could inhabit cliffs along the canyon. These are not within the
footprint of the redevelopment project and it is unlikely that noise associated with the project would
disturb and/or displace individuals provided the following recommendations to address potential impacts
to these species are implemented; i) avoid clearing during the bird breeding season (April 1 to August
15th), and ii) conduct pre-construction breeding bird surveys should clearing, grubbing and/or blasting
activities need to occur during the April 1 to August 15th breeding season (McIntosh et al. 2005). These
measures are designed to ensure that nesting individuals are not negatively impacted by project works
such as noise from construction. Should pre-work surveys determine these species are present then
appropriate consultation with regulatory agencies would be required to ensure appropriate measures
and/or monitoring are enacted to protect the nesting individuals (e.g. buffers, construction exclusion
windows). These mitigation measures will be included in the EMP.
Disturbance outside this window will likely constitute sensory disturbance and result from construction
noise associated with both large and small machines and will be muffled somewhat by flows from the
river. Should noises associated with the project result in displacement it would be temporary and cease
when the noise stops and/or when the individual(s) become accustomed to the noise. However at this
stage (post breeding) these species are likely to range much more widely than during the nesting season.
Lewis’s woodpecker and Williamson’s sapsucker nataliae subspecies use forested habitats with snags and
decaying trees. These habitats are largely outside the project footprint and are not anticipated to impact
these species. The currently proposed borrow and spoil areas are located in an existing gravel pit. The
majority of this area supports shrub and herbaceous vegetation intermixed with areas of bare ground.
Both the Lewis’ woodpecker and Williamson’s sapsucker are cavity nesters. Lewis’ woodpecker nest in
ponderosa pine and black cottonwood while Williamson’s sapsucker nest in coniferous trees including
ponderosa pine. Several ponderosa pine occur in the area surveyed, but they are down slope of the gravel
pit and are unlikely to be impacted by project works. No cavities were observed in these trees during the
rare plant surveys. Thus at this time we believe that project works will avoid potential nesting habitat for
these species.
Grizzly bears are a wide ranging species whose use of the study area is infrequent. It is unlikely (but
possible) that an individual would be present during project activities. Should an individual be sighted,
the bear awareness training all personnel have had in combination with the correct storage of chemical
and garbage attractants should ensure minimal interaction between the individual and project personnel.
There were no amphibian or reptile species at risk identified as occurring in the study area (McIntosh et
al. 2005).

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 65
April 2006

Attachment O

There is the potential that four invertebrate species at risk could occur within the Aberfeldie
redevelopment area; all are butterflies. One species, the monarch butterfly, is on the federal Schedule 1
(species of special concern) list and is therefore under the aegis of the federal Species at Risk Act.
Monarchs use habitats in which milkweed, goldenrod, asters and loosestrife (forage species) are present.
Showy milkweed (Asclepias speciosa) is the only known larval food plant in BC (Guppy and Shepard
2001) although other milkweeds are used as larval food plants outside BC. No milkweed species were
found during the rare plant surveys. This suggests that the Aberfeldie redevelopment area would not be
used for egg laying. During the rare plant survey two food plants, goldenrod and asters, were documented
in the study area. Goldenrod was documented along the penstock and at the powerhouse while asters were
documented in all three areas surveyed (along the penstock, at the powerhouse, and at the proposed gravel
pit). Impacts to this species, should they occur in the study area, will be low and likely limited to
temporary habitat loss, displacement and mortality. Habitat loss is expected to be temporary and last until
disturbed areas are re-colonized with the above forage species. Mortality may occur due to collisions with
construction vehicles and machines. The likelihood of mortality to this species is expected to be low
(McIntosh 2005).
Food plants used by the other three potential invertebrate species at risk (arrowhead blue, checkered
skipper, and dione copper butterfly species) were not found in the Project area during the rare plant
surveys conducted in 2005, thus it is unlikely that they would inhabit the Project area (McIntosh 2005).
Impacts to large mammals associated with construction activities have been assessed as low with the
exception of sensory disturbance which was assessed as having a potential impact of low to moderate
magnitude due to construction activities occurring during the winter of 2005/06. This will involve project
personnel being on the winter range and bighorn sheep and/or deer and elk may be displaced as a result.
Habitat loss (estimated at approximately 2 ha) has been assessed as having a low to moderate negative
effect. This is due to the fact that a portion of highly valuable winter range will be impacted temporarily.
Replacing the surface pipeline with a sub-surface pipe will reconnect the upslope habitat with the habitats
downslope of the existing pipeline, a benefit of the project that should increase the size of the ungulate
winter range in the study area. Restoration of habitat through planting post construction and the ongoing
noxious weed control program will have further highly positive effects.
Impacts to avian fauna have been assessed as having a low magnitude. This is based on the fact that the
majority of works will occur in already disturbed habitats adjacent to the current switchyard and
powerhouse; and the assumptions that clearing and grubbing will avoid the breeding season and there will
be a year round minimum discharge from the dam. If clearing during the breeding season cannot be
avoided a pre-clearing nest survey would be conducted to identify avian features to be avoided.
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3.6.
Social Resources, Land and Water Use
The City of Cranbrook is the nearest large community, located approximately 35 km west of the project
site. Commercial activity in the immediate project area has been limited to livestock grazing. The Bull
River watershed supports logging, trapping, commercial guiding and mining activities. The Ktunaxa have
two reserves close to the Bull River. They are the Isadore Ranch and Mayook (Ktunaxa name for weasel)
reserves.
There are four private landholders in the vicinity of the dam and powerhouse. Information-sharing
meetings have been held with the landowners to provide information on the project, to obtain input, and
to address any concerns they might have pertaining to the proposed project.
Recreational use of the Bull River watershed occurs year round. Recreational activities include camping,
hunting, fishing, kayaking, canoeing, rafting, backcountry skiing, snowmobiling, snowshoeing, hiking,
ATVing, and berry picking. The Bull River is a regionally significant sportfish stream and wildlife area.
A number of small Forest Service campgrounds are located in the upper watershed. With the exception of
rock and ice climbing, the deeply incised bedrock canyon restricts recreational use within the immediate
vicinity of the project area.
The section of the Bull River between the dam and the powerhouse flows through a narrow box canyon
over a series of falls and has been assessed as class 5 to 6 for the purposes of white water kayaking or
rafting. There is limited access and recreational use by kayakers is rare. This canyon stretch is not
mentioned in the local whitewater field guide "Whitewater Trips and Hot Springs in the Kootenays of B.
C." (Johnson, 1989). Three other sections of the river are mentioned in this book. There is no official
public access to the section of the canyon located between the dam and powerhouse. BC Hydro owns the
property on both sides of the canyon, and anyone who enters this area is trespassing on BC Hydro
property. Of the two known access points, one is very steep and requires assistance from ropes. The
second possible access point is located immediately below the dam and requires access across the dam
structure itself. Public meetings with regard to the Aberfeldie Redevelopment Project were held in Bull
River in August and November 2004. The list of those specifically invited included recreational users.
All were sent meeting notices in addition to the published advertisements. No comments or concerns
regarding recreational use in the canyon were brought forward at the meetings.
BC Hydro has implemented a communication and consultation plan to develop a transparent stakeholder
engagement process regarding the future of the Aberfeldie Generating Facility. BC Hydro has held
meetings with elected officials with the Regional District of East Kootenay, the City of Cranbrook and the
MLA, East Kootenay. Public consultation has been conducted through two public meetings, newspaper
advertisements, letters to stakeholders, media interviews and news releases. The purpose of the public
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meetings was to provide a project overview, seek input from the elected officials and public, answer
questions and address concerns. No opposition or significant issues related to the project have been
brought to the attention of BC Hydro representatives. There has been local interest in economic
opportunities associated with the project, inquiries from the neighbouring ranching community and
interest from recreational paddlers.
Further consultation through the WUP Consultative Committee members and the FTC will be ongoing
through the development of the revised WUP and EMP. During the redevelopment project, community
consultation will continue through public meetings, letters, news releases and media updates. Project
milestones and environmental monitoring updates will be provided to agency and Ktunaxa Nation
representatives. Ongoing access to project information will be available through BC Hydro
representatives.
3.7.
First Nations and Heritage Resources
The project area lies in the traditional territory claimed by the Ktunaxa Nation. The Ktunaxa Nation is
comprised of four Canadian bands located along the Kootenay and Columbia rivers; the Akisq'nuk First
Nation (near Windermere), the Lower Kootenay Indian Band (near Creston), the St. Mary's Indian Band
(near Cranbrook) and the Tobacco Plains Indian Band (near Grasmere), plus two American bands located
in Bonners Ferry Idaho and Elmo Montana. The Ktunaxa Nation Council (KNC) represents Canadian
Ktunaxa Nation members' interests on territory-related matters while the individual Bands represent their
interests on reserve lands. The Canadian Columbia River Intertribal Fisheries Commission (CCRIFC)
provides aquatic technical expertise to the KNC. The KNC are participating in the environmental
assessment process, with aquatic technical support from CCRIFC and the various KNC agencies such as
lands and resources, employment and investment, and research and planning.
Ktunaxa Nation traditional knowledge recalls past use of the Bull River and Bull River valley for
generations. Historically and today the area is used for fishing, hunting, gathering and spiritual
rejuvenation. In years past the Bull River valley served as a corridor for travel to the prairies and provided
locations for seasonal villages. Information-sharing meetings have been held with the KNC and CCRIFC
to provide information on the project and to provide opportunities for the KNC to communicate their
interests for consideration in the environmental assessment process and the Aberfeldie Redevelopment
Project. BC Hydro will continue to meet with the Ktunaxa Nation to share information on the project and
to continue to build an understanding of Ktunaxa interests in the project area. BC Hydro and Ktunaxa
representatives have agreed to continue to work closely together throughout the project.
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BC Hydro has recently received results of the Archaeological Overview and Ktunaxa Traditional Use
Report (Choquette and Williams, 2005). Based on these results, BC Hydro will proceed with an
Archaeological Impact Assessment and will implement measures with guidance from the Ktunaxa Nation
Council and the responsible provincial regulatory agency to avoid or mitigate impacts to archaeological
resources. The EMP will further address construction-related potential impacts to Ktunaxa uses and
interests.

4.

POTENTIAL ENVIRONMENTAL AND SOCIAL IMPACTS, PROPOSED
MITIGATION AND ENVIRONMENTAL PROTECTION PLAN

Potential effects on the environment can occur at several stages of the proposed hydroelectric
redevelopment project, including:

x

Site preparation and construction - including access development, clearing, grubbing, temporary
surface water management, infrastructure construction and decommissioning; and

x

Site operation – including day-to-day activities and unanticipated/accidental events.

Below, valued environmental and social components and issues are discussed in the context of each of the
applicable project development stages.
4.1.

Anticipated Environmental and Social Impacts

4.1.1.

Site Preparation and Construction

It is expected that site preparation activities will have the potential to generate a number of impacts to the
receiving environment. Activities include clearing, grubbing, infilling for access road development,
vegetation clearing, culvert extension works, and temporary surface water management. Site construction
will include activities associated with replacing and burying the pipeline, replacing the powerhouse,
switchyard, penstock and surge tower, re-routing of the existing 60L289 transmission line, upgrading the
dam intakes, installation and removal of the cofferdam, and construction of the tailrace. It is expected that
site preparation and construction will have the potential to generate the following impacts summarized in
Table 4.1. Good site management is a primary goal for the duration of the project to ensure that site
activities impact the environment and social resources as little as possible.
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Table 4.1. Summary of potential impacts associated with site preparation and construction activities.
Environmental Component/Issue

Potential Impact

Surface Water Management

Adverse affects on water quality
Sediment transport

Vegetation Resources

Noxious weed colonization
Direct loss of vegetation

Wildlife Resources

Direct impact on wildlife species (sensory disturbance)
Indirect loss of wildlife species (temporary loss of ungulate
over-wintering habitat)

Aquatic Resources

Adverse affects on water quality
Direct impact on fish/aquatic habitat
Potential indirect impacts on fish/aquatic habitat

Social Resources

Temporary road closures during removal of the existing
penstock, blasting for installation of the new pipeline, and
construction of pipeline crossing
Increased traffic on the Bull River Road

First Nations and Heritage
Resources

Temporary restriction of access to the immediate Project area for
hunting, fishing, gathering, and spiritual activities
Temporary impacts to hunting due to impacts to wildlife
resources
Temporary impacts to gathering due to removal of vegetation
Temporary impacts to heritage resources during ground altering
activities

4.1.2.

Site Operations

Site operations include the monitoring and maintenance of the facility. Once the construction phase is
completed, it is not expected that operations will modify site conditions beyond the existing usage.
Residual operational impacts to the aquatic environment are primarily centred about the increased
diversion necessary for facility operations. Increased diversion will result in a longer period of no spilling,
and this will increase the time the canyon flows are restricted to leakage (approximately 0.05 m3/s) from
103 days, on average, to 278 days (range = 238 to 325 days; n=66). The primary impact of this change in
operations would be the direct loss of 8,011 m2 (21% of canyon habitat) of functioning aquatic habitat and
an increased risk of fish stranding and mortality within the remaining canyon habitat between the dam and
the powerhouse. While the potential losses to fish habitat and aquatic productivity within the canyon were
assessed as having a low negative effect on all fish species populations within the Bull River as a whole,
the value of providing connectivity makes ecological sense in that it likely provides some value in the
form of productivity to other resources as well (i.e. periphyton, insects, vegetation, avian, wildlife,
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aesthetics), even if this is marginal.
Therefore, given the shift from a pre-dominance of spill to a pre-dominance of no spill, a risk averse
approach has been implemented. This shifts the best management alternative from upstream habitat
enhancement as provided for in the existing WUP to the provision of a minimum flow. Based on the
flow-habitat study, a seasonally staged minimum flow will be implemented; ranging from a minimum
winter habitat connectivity flow of 0.25 m3/s to a 2.0 m3/s summer productivity flow (fisheries plus
primary and secondary productivity). In addition, compensation works for the residual loss in productive
capacity (i.e. primary and secondary productivity) of 2,991 m2 of impacted aquatic habitat would be
completed to offset residual losses ensuring “no-net-loss”.
Increased diversion will result in increased water volumes through the powerhouse and turbines and this
could potentially increase incidental entrainment and mortality of upstream resident fish species. The risk
of increased entrainment was assessed as having nil to low effect on upstream or downstream populations.
Redevelopment exemplifies the low sensitivity (non-migratory), low magnitude of impact (permanent
barrier, low impact to passage) within the risk management framework of hydroelectric developments.
Entrainment risk is further mitigated through intake design and life history characteristics of resident fish
species.
Additional environmental benefits are realized from the operation of the redeveloped facility. These are:
x

Elimination of the migration barrier represented by the surface pipeline will have a highly
positive benefit on wildlife resources;

x

Native species re-vegetation of the pipeline corridor will result in an increase to ungulate winter
range;

x

Provision of a flow bypass valve (50% bypass capacity or 20 m3/s) in the redeveloped
powerhouse and ramping rates will mitigate the existing downstream impact to river stage
resulting from unplanned or forced shutdowns of the turbines;

x

Replacement of facilities at the end of their service life will significantly reduce the risk of
unplanned or forced events;

x

Provision of the instream flow release outlet would mitigate existing sediment transport
constraints within the reach between the dam and the powerhouse; and

x

Reduced production of gas saturated water in the lower Bull River as a result of the reduced spill
period.
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Some TGP data has been collected from the Bull River in an attempt to determine whether gas production
was a result of water spilled over the dam (i.e. caused by the dam structure) or whether it was caused from
air entrainment from the canyon/falls. It is very difficult to obtain data from immediately below the dam
during freshet due to safety concerns and also monitoring equipment limitations (i.e. difficulty in keeping
the probe in the water during spill conditions). The data that has been collected, however, suggests that
when water is spilled over the dam, TGP levels are elevated and increase exponentially with total inflow
(Dean den Biesen, BC Hydro, Castlegar, B.C., pers. com.).
4.2.
Environmental Management Plan (EMP)
A detailed EMP will be developed for the project. This section of the EA is intended to provide a high
level outline of what would be included in the EMP. It is understood that regulatory approval and First
Nations interests would be conditional upon the completion of the detailed EMP. The contractor will be
required to submit an Environmental Protection Plan (EPP) for review and acceptance by BC Hydro and
the environmental monitor.
The guidelines and procedures in this section apply to all onsite activities. A pre-construction meeting
will be held with appropriate representation from BC Hydro, government agencies, Ktunaxa Nation, the
contractor, and the environmental monitor to review project concerns and environmental requirements.
Attention to erosion and sediment control objectives will be a major focus during all phases of
construction and post-construction.
BC Hydro personnel and contractors will, at all times, be conscious of the importance of the protection of
the natural environment at the work site and in the vicinity. All activities will be conducted in such a
manner so as to have the least possible adverse affect on the physical and biological environment, and to
ensure compliance with all Federal and Provincial environmental laws, rules and regulations.
General environmental protection measures that pertain to all project activities are outlined below.
4.2.1.

Environmental Management of Resources During Construction

Good site management is a primary goal for the duration of the project to ensure that site activities impact
the environment as little as possible. Environmental impact mitigation measures discussed below will be
expanded on in the detailed EMP and mitigation measures will be included as commitments in the EMP.
One of the greatest impacts resulting from poor site management is the introduction of a deleterious
substance into the environment. A deleterious substance is any substance that would degrade or alter the
quality of the environment so that it becomes harmful to fish or wildlife or their habitat. Examples of
deleterious substances are: lubricating oils, gasoline and diesel fuel, antifreeze, noxious weeds, soil and
sediment, etc.
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Fisheries Resources

Short-term impacts can be avoided and/or reduced through mitigation. Special wastes and hazardous
materials are anticipated for this project. These include the treated (creosote) woodstave penstock and the
contaminated soil (hydrocarbons) that has been identified on-site in association with the existing
powerhouse (EBA Engineering 2005). In addition, redevelopment requires the use of heavy machinery,
including excavators, haul trucks, bulldozers and front-end loaders that use fuels, lubricating oils and
hydraulic fluids.
Due to the proximity of the project area to the Bull River, the greatest risk to aquatic resources is the
accidental or unplanned introduction of a deleterious substance (including sediment or sediment laden
surface run-off). It is expected that a high standard of environmental protection and compliance would be
implemented, as outlined in the EMP; to ensure that site activities do not impact the aquatic environment.
In particular, all personnel, should be advised of the following environmental protection measures:
x

Erosion and sediment control objectives;

x

Special restrictions to the storage and handling of fuels and lubricants;

x

Refuelling and spill response procedures;

x

Waste management plan; and

x

Emergency response plan.

Good site management and a high standard of environmental monitoring would minimize the risk of a
hazardous material spill or fire. Implementation of the temporary erosion control measures such as
perimeter ditching, silt fencing, straw bales and settling ponds will be implemented to ensure the water
quality criteria for environmental protection are maintained throughout construction. Assuming a strong
commitment to these mitigation and prevention measures, it was felt that the construction of the
Aberfeldie Redevelopment Project would have no negative residual effects on fisheries resources of the
area.
4.2.1.2.

Vegetation Resources

The magnitude of potential impacts to wildlife and vegetation of the study area can be avoided and/or
reduced through mitigation. Disturbance to existing vegetation will be minimized during all aspects of the
project. Project work areas such as the access and haul roads, the contractors area, spoil areas, quarry and
stockpile area are predominantly pre-existing and clear of vegetation. Some removal of groundcover and
shrubs and some minor tree clearing will be required. Some clearing of riparian vegetation on the north
bank will be required for the re-routing of the existing 60L289 transmission line and new tailrace
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construction. Clearing will be done to minimize impacts on bird nesting (as discussed in 4.2.1.3 Wildlife
Resources). The following additional mitigation measures are summarized from McIntosh et al. (2005):
x

Minimize the areas to be cleared of vegetation;

x

Re-vegetation plans should strive for erosion and noxious weed control in the short term and
ecosystem rehabilitation in the long term, with subsequent plantings utilizing locally produced
seed/or plants appropriate for the site;

x

Implement a noxious weed control program (and monitor for three years post construction); and

x

The borrow pit and spoil are best located in areas not supporting plant communities at risk. These
facilities should be located in previously disturbed areas/DT habitat.

4.2.1.3.

Wildlife Resources

The facility redevelopment work will result in a temporary increase in noise, traffic and activity in the
vicinity of the generating facility. This activity is tentatively scheduled to occur from May 2005 to
December 2007. The magnitude of potential impacts to wildlife of the study area can be avoided and/or
reduced through mitigation. Disturbance to vegetation will be minimized and restricted to previously
disturbed sites, where possible. Where possible, trees, snags, and shrubs will be avoided. The following
additional mitigation measures are summarized from McIntosh et al. (2005):
x

Wildlife protection measures of the EMP will provide contractors and project personnel detailed
instructions on how to address wildlife related issues such as, control of invasive species, revegetation plans, and wildlife interactions;

x

Manage interactions between project personnel and wildlife. All personnel, as part of their EMP
training, should be educated on how to appropriately deal with wildlife encounters (i.e. Bear
safety training and awareness, elimination of attractants on-site);

x

Minimizing construction duration will minimize sensory disturbance to wildlife due to
construction activities;

x

Avoid removing vegetation during the critical avian breeding season (April 1 to August 15).
Should clearing, grubbing, or blasting be required during the avian breeding season, breeding bird
surveys should be conducted to assist in ensuring impacts to avian fauna is avoided;

x

Avoid conducting blasting during winter months (October 15 to April 30) to minimize
disturbance to wintering ungulates, particularly bighorn sheep. Ensure blast area is contained;
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Re-vegetation activities should ensure that species palatable to wintering ungulates are
established to improve the value of the winter range; and

x

Maintaining a minimum flow through the canyon will ensure that habitats for aquatic associated
wildlife are maintained on a year round basis between the dam and powerhouse.

4.2.1.4.

Social Resources

Aside from the public road crossing of the penstock, public access to the Aberfeldie Dam, penstock and
powerhouse work areas is currently prohibited. Thus, the only direct disruption to the public during the
construction period will be modification to the Bull River Road bridge over the penstock.

Other

disruptions to local residents will be the increased traffic on the Bull River Road and any potential road
closures required for blasting and/or the penstock crossing. BC Hydro has agreed to minimize disruptions
and will maintain direct contact with local landowners and work with the community and other interest
groups to minimize any disruptions or impacts.
Construction of the Aberfeldie Redevelopment Project is expected to have no negative residual effects on
social resources in the area.
4.2.1.5.

First Nations and Heritage Resources

Current use of lands and resources in the project area for traditional purposes, including fishing, hunting,
gathering and spiritual rejuvenation, will be temporarily impacted during construction of the Aberfeldie
Project. Access to construction areas will be restricted due to safety concerns. Hunting may be impacted
due to temporary disturbance to wildlife habitat and noise impacts related to construction. Gathering
activities may be impacted temporarily due to clearing of vegetation during construction. All the
disturbances are expected to be short-term and will be restricted to the immediate Project area. Impacts to
wildlife will be minimized by implementing the mitigation measures outlined in Section 4.2.1.3. Impacts
to vegetation will be minimized by implementing the mitigation measures outlined in Section 4.2.1.2, and
through revegetation of disturbed sites and outlined in Section 5.3.
BC Hydro and KNC representatives have agreed to work closely together throughout the redevelopment
project. The results of the traditional use and archaeological studies will inform the project of any cultural
resources in the area that need to be considered and will offer recommendations for mitigating potential
impacts.
Staff and contractors will be informed that the Heritage Conservation Act legally protects archaeological
remains in the Province of B.C. from disturbance. If any remains or item of historic interest or value are
discovered during the project, all ground disturbance in the immediate vicinity will be suspended at once.
Representatives from BC Hydro, Provincial Archaeological Planning and Assessment and KNC will be
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informed and the work activity will not resume until an appropriate archaeological assessment can be
completed. Archaeological protocols and contact numbers will be included in the EMP.
Implementation of mitigation measures to reduce impacts to wildlife and vegetation resources; and
implementation of recommended mitigation measures from the archaeological impact assessment (to be
completed in spring 2006) will ensure that the Project has no negative residual effects on First Nations or
heritage resources in the Project area.
4.2.2.

Environmental Protection During Construction

4.2.2.1.

Site Preparation Plan

Access Roads

Access will be obtained on existing roadways, with some minor upgrading on the BC Hydro access road
to the powerhouse expected. There are ongoing erosion and instability concerns with the access road
where it is located immediately adjacent to the Bull River (Plate 4.1). To address on-going road safety
and sediment concerns, stabilizing the hillside and upgrading the roadbed at this location has been
proposed. Improvement plans are to stay outside of the river margin and the road footprint in relation to
aquatic habitat will not change.

Plate 4.1. Powerhouse access road illustrating area of concern.
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Haul roads at the project site will be upgraded and recommissioned as necessary. The roadbeds, ditches,
and culverts will be upgraded and maintained. Maintenance and upgrade activities will be done in such a
way as to minimize disturbance to soils and vegetation and avoid silt and sediment from entering the
watercourses. Vehicle traffic will be restricted to designated roadways.
Temporary Use Areas

Work areas are flat, well compacted areas that has been previously used for this purpose. No silt or
sediment runoff concerns were identified during previous use. The contractors will construct and use
sediment containment structures where necessary and containment facilities for onsite storage and
handling of fuel, oil and waste products.
The stockpile and borrow pit areas are existing cleared areas used for these purposes in the past. Some
minor clearing of re-vegetated areas may be required. Where possible, smaller trees will be moved and
stored for reuse during reclamation. Stockpiles and spoil will be placed in such a way as not to impede
natural drainage. Surface water control measures will direct water away from stockpile, spoil and traffic
areas and will be constructed as part of site preparation.
Spoil Areas

Spoil areas will be prepared by improving access roads and removing established vegetation. Spoil areas
will be located in areas previously disturbed. Perimeter dykes and ditches will be installed as required
and maintained to ensure their integrity. Surface waters will be routed around the perimeter of the berm.
If rainwater causes water pooling or ponding within the berm, silty water can be evacuated by pumping
into an adjacent sediment percolation pond. A vegetated barrier between the spoil area and the adjacent
watercourses will be retained. If required, additional temporary erosion control measures such as
perimeter ditching, silt fencing, straw bales and settling ponds will be utilized to prevent sedimentation
from leaving the spoil areas and entering adjacent waterways.
4.2.2.2.

Water Management Plan

There are currently two intake structures at the Aberfeldie dam, one is used for the existing pipeline and
the second is unused and blocked with a concrete plug. It is proposed that both these existing intakes be
used for the new power intakes with a transition structure downstream of the dam to feed the two intakes
into one penstock. The instream flow release outlet would be taken off the penstock just downstream of
the dam. It is currently proposed to add intake screens to the upstream face of the intakes and have them
bolted onto the upstream face of the dam by divers. All other work would occur behind existing gates on
the downstream side of the dam and, therefore can be isolated and conducted “in the dry”. This concept
will be reviewed during final design.
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Erosion and Sediment Control and Water Quality Plan

The contractors shall perform construction activities in a manner that prevents degradation of water
quality and prevents contaminants, debris, and other objectionable pollutants and wastes from entering
water bodies or channels (wet or dry) and underground water sources. Specific pollutants and wastes
include, but are not limited to refuse, garbage, concrete, cement, sewage effluent, industrial waste, oil,
and other petroleum products and mineral salts. In performing the work the contractors shall perform in a
manner that ensures water exiting the work site(s) meets the following parameters (Table 4.2.).
Table 4.2. Water quality criteria for environmental protection and monitoring during construction.
Parameter
Total Suspended solids
(TSS)(a)

Criterion
25 mg/L in 24 hours when background is equal to or below 25 mg/L.
Mean of 5 mg/L in 30 days when background is less than or equal to 25.
25 mg/L above background when background is between 25 mg/L and 250 mg/L.
10% above background when background is equal to 250 mg/L or greater.

Turbidity (NTU)

(a)

8 NTU in 24 hours when background is less than or equal to 8.
Mean of 2 NTU in 30 days when background is less than or equal to 8.
8 NTU when background is between 8 and 80.
10% when background is greater than or equal to 80.

pH

(b)

Oil and grease(c)

6.5 – 9.0
Not detectable by sight or smell.

(a)

BC approved Water Quality Guidelines for Turbidity, Suspended and Benthic sediments – Protection of Aquatic
Life.
(b)
BC approved Water Quality Criteria for pH.
(c)
BC approved Water Quality Guidelines for Drinking and Recreational Water Uses.

The contractors must have emergency spill kits on site at all times and refuelling of machinery must be
conducted within a designated location at least 15 m away from local drainages and watercourses.
A qualified environmental monitor would act as “a representative of the regulatory agencies.” As a
representative of the regulatory agency, the environmental monitor has the authority to stop work if water
quality parameters are not in compliance, if mitigation measures are ineffective, or if approvals are not
being followed.
Quarry rock will be assessed for acid generating potential prior to using it for channel construction. Any
rock found to be acid generating would not be used in any instream or riparian area.
4.2.2.4.

Storage and Handling of Fuels and Lubricants

The decommissioning work will require use of machinery, including excavators, haul trucks, bulldozers
and front-end loaders that use fuels, lubricating oils and hydraulic fluids. These fluids can negatively
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impact terrestrial and aquatic environments and must be managed properly. To reduce the risk of these
fluids reaching terrestrial and aquatic environments the following procedures will be followed:
x

Machinery servicing shall take place only within designated areas;

x

Plastic containers used to carry petroleum products must be designed for that purpose and cannot
be more than 5 years old;

x

Containers must not leak and must be sealed with a proper fitting cap or lid;

x

Containers of 23 litres (5 gallons) or less will be stored in an equipment box of a vehicle, able to
contain any fuel leaks from the equipment in the event of a spill during transit;

x

Equipment refuelling and refilling small field containers is to be carried out >15 m from water
bodies or wetlands;

x

Small trucks, equipment, or chain saws must not be serviced or refuelled in riparian areas;

x

Large equipment, including their hydraulic fittings, must be inspected daily and free of leaks;

x

In the event of a spill, the spill response contingency plan of will be implemented;

x

Any minor spills shall be clearly marked with flagging tape and reported to the Environmental
Monitor or Construction Officer for clean-up and removal – implement spill response plan if
required;

x

An on-site supply of spill kits and absorbent pads will be maintained;

x

All spills greater than 500 ml (0.5 litre) must be reported to the Construction Officer and
immediately cleaned up;

x

The contractors will report all spills to authorities as set out in the appropriate legislation and
regulations; and

x

The emergency response plan (ERP) will be developed and incorporated into the EMP to ensure,
in the unlikely event, a safe and timely response to a hazardous materials spill or fire. This will
minimize habitat loss and other impacts on vegetation and wildlife resources.

4.2.2.5.

Waste Disposal Plan

BC Hydro will monitor all work areas and require a final cleanup upon completion of each segment of
work. Special wastes and hazardous materials are anticipated for this project. These include the treated
(creosote) woodstave penstock and the contaminated soil that was identified beneath the existing
powerhouse (EBA Engineering 2005). Results of the Stage 2 Preliminary Site Investigation completed by
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EBA Engineering identified petroleum hydrocarbons, chromium, copper, and zinc in near surface soils
beneath the powerhouse exceeding the CSR IL standards. There was no field evidence of petroleum
hydrocarbons exceeding standards associated with groundwater samples collected or with the woodstave
pipeline, surge tower, switchyard or boneyard. Contaminated materials and soils will be excavated,
treated on-site, or hauled off-site to an accepted treatment/disposal area. Disposal off-site will need
approval from the local landfill operator prior to disposal. Local landfills may have specific restrictions
on what waste items will be accepted. BC Hydro employees and its contractors will adhere to provincial
special waste regulations, with respect to storage, land filling, and disposal of materials.
It should be noted that absorbent materials or soils saturated with oil or gasoline are classified as special
waste. Soils and/or other materials contaminated by petroleum products, chemicals, or other undesirable
materials will be cleaned up according to manufacturer’s instructions and to regulatory standards.
Portable toilets for the use of workers will be required.
Garbage and chemicals will be stored in a secure area, not vulnerable to break-ins by wildlife.
Powerhouse instrumentation and equipment will be recovered by BC Hydro.
BC Hydro employees and their contractors are required to comply with these procedures (BC Hydro’s
Waste Management Specialists can be consulted for further assistance, Louise Ouellet at (604) 528-2712).
4.2.2.6.

Environmental Monitoring Plan

Environmental monitoring is required to ensure a high standard of environmental protection and
compliance with all regulatory requirements. A qualified environmental monitor will monitor all works
for the duration of the project to ensure compliance with the EMP and to assess the effectiveness of
mitigation measures.
Environmental Monitor –General Responsibilities

Onsite environmental monitoring will be undertaken by a qualified professional. The environmental
monitor and construction officer maintain the responsibility and authority to shut down job activities if
environmental damage appears to be occurring. As a representative of the regulatory agency, the
environmental monitor has the authority to stop work if the work is causing environmental damage, if
mitigation measures are ineffective, or if approvals are not being followed. The environmental monitor
will have written authority from BC Hydro and the contractor to alter or halt all construction works if the
works are deemed to be detrimental to the environment. The monitor shall be viewed as an assistant to the
team in protecting environmental quality, implementing effective mitigation, and minimizing liability.
The monitor will attend any pre-job meetings to ensure the contractors understand the requirements of the
EMP and the sensitivities of the work site. The environmental monitor will work closely with the
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environmental co-ordinator and onsite construction supervisor and officers. The environmental monitor
will liaise with field staff as well as visit the site regularly to perform the following tasks:
x

Review the contractor’s EPPs;

x

Ensure compliance with the Environmental Management Plan;

x

Assist with the Oil and Spill Emergency Response Plan, if necessary;

x

Address any environmental problems;

x

Identify and report any emerging environmental issues;

x

Keep complete records of inspections and make regular reports to the project manager, agency
representatives and;

x

If necessary, meet with environmental agency personnel and other stakeholders.

The environmental monitor will be on site for any environmentally sensitive work. They will remain on
call during working periods to respond to any environmental emergencies that may arise. They will note
any deviations from the specified environmental plan in a written report to the construction officer and
project team.
The environmental monitor will liaise with the BC Hydro construction officer and report details of site
visits or any environmental concerns. The monitor will not notify contractors in advance of site visits.
The monitor will report to the construction supervisor any potential environmental consequences that
could result from any anticipated or actual delay in the construction schedule. Daily inspections would be
recorded on daily inspection sheets and signed off by BC Hydro’s representative (environmental monitor
or site constriction officer). A weekly summary would be provided upon request to DFO, BCMOE,
CCRIFC, KNC, BC Hydro, and contractor supervisors. Significant incidents or concerns would be
reported immediately.
The environmental monitor will monitor site restoration and clean-up to ensure that site(s) are left in an
acceptable manner.

In the event of an emergency that could impact water quality in the aquatic

environment, the monitor shall take water samples for analysis by a reputable laboratory.
Any environmental emergencies shall be reported immediately, according to the guidelines outlined in
Table 4.3.
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Water Quality Monitoring

All work must be undertaken and completed in such a manner as to prevent the release of silt, sediment,
or any other deleterious substance into the Bull River. At the discretion of the environmental monitor,
turbidity levels will be monitored periodically at designated sampling stations. Proposed sample sites are:
x

Bull River above the headpond;

x

Immediately upstream the construction area (headpond outflow); and

x

Immediately downstream of the construction area (below tailrace at the Environment Canada
Water Survey Station).

If suspended sediments leaving the construction area are elevated above regulatory guideline levels,
additional water quality monitoring will be done in the Bull River at the bridge crossing on the Wardner –
Fort Steel Road.
Table 4.3. Emergency response guidelines.
Type of Emergency

Reporting Order

Required Action

Hazardous Material Spill

1. Provincial Emergency
Program (1-800-663-3456).
2. Emergency Contacts
(EMP).

*See Spill Response
*Shut down job activities if
necessary
* If affecting water quality,
sample water for analysis

Emergency Affecting
Water Quality

1. Construction Officer or
Environmental Monitor.
2. Emergency Contacts
(including Community
Relations Officer if a water
license is involved)

*Shut down job activities if
necessary
*Sample water for analysis
*Notify water license holder
if applicable

Other Environmental
Emergency

1. Construction Officer or
Environmental Monitor.
2. Emergency Contacts
(EMP).

*Shut down job activities if
necessary

Turbidity will be measured in the field using a portable turbidity meter. A regression curve using water
samples collected from previous water quality monitoring programs will be developed to determine a
relationship between turbidity (NTU) and estimated total suspended solids.
Erosion and Sediment Control

The contractor will be responsible for the installation and maintenance of erosion control structures,
including inspection of the integrity of structures on a daily basis and during deteriorating weather
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conditions. The environmental monitor will inspect all work areas including all sediment management
systems, roads, culverts and drainage ditches within the project area. The environmental monitor will
direct maintenance or repair of existing sediment control systems and the installation of new systems as
required. The contractor, to the satisfaction of the environmental monitor, will immediately correct
deficiencies in erosion control structures.
All spoil piles will be placed on stable ground to minimize erosion potential. All stockpile sites will be
located away from designated areas of environmental or archaeological sensitivity.
Oil and Fuel Monitoring

All hydraulic, fuel and lubricating systems will be kept in good repair to avoid leakage of deleterious
substances. The environmental monitor will regularly check all equipment, vehicles and machinery for
oil and fuel leaks. Leaking equipment will be immediately removed to the designated repair area,
repaired, and inspected before being returned to the work site. Machine maintenance areas will be located
a suitable distance from any watercourse and their location accepted by the environmental monitor.
Fuelling will not be permitted within 15 m of the Bull River. The contractor will submit an EPP to BC
Hydro for acceptance that shows the location of temporary fuel storage sites. Fuel storage areas should be
protected by an impermeable berm to contain any spills or leaks of substances potentially deleterious to
fish or fish habitat. Prior to the commencement of onsite activities, all contractors will submit a signed
copy of the Refuelling and Spill Response Procedures and develop a spill response plan for review and
acceptance by BC Hydro and the environmental monitor. BC Hydro’s Environmental Incident Reporting
Policy will be adhered to.
Although it is not anticipated that potentially toxic construction materials are required, materials used in
or adjacent to designated areas of environmental sensitivity will be inspected and accepted by BC Hydro
and the environmental monitor to ensure that they do not contain chemicals potentially toxic to fish or
fish habitat. All garbage and debris associated with construction will be removed from the site and
disposed of at an approved landfill site.
4.2.2.7.

Blasting

The environmental monitor will be advised of any onsite blasting. The environmental monitor will
inspect areas for indications of disturbances to nesting birds or other wildlife. The environmental monitor
will be advised of blast charge sizes and locations so the distance to waterways can be calculated to
ensure a safe distance from fish bearing waters is observed. The new tailrace will be located in an area of
overburden material and blasting is not anticipated for the construction of the new tailrace.
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Reporting

The environmental monitor will complete inspection sheets for each monitoring date. A weekly summary
would be provided electronically to the BC Hydro construction supervisor and environmental coordinator.
These will be distributed to DFO, BCMOE, CCRIFC, KLRA, and contractor supervisors upon request.
Significant incidents or concerns would be reported immediately. Any incidents or issues of regulatory
non-compliance will be reported to the responsible agencies.
Reports that are required as part of permitting or authorizations will be forwarded to the issuing authority
within the allotted time frame. Upon project completion, a final report summarizing the environmental
aspects of the job will be prepared and distributed.
4.3.
Summary of Potential Impacts, Mitigation and Residual Effects
Potential impacts, proposed mitigation measures and residual effects that remain following the application
of site-specific mitigation are summarized in Table 4.4. The provision of a minimum flow, aquatic habitat
and primary productivity compensation works and the terrestrial native re-vegetation program would
more than compensate for the anticipated residual impacts as a result of facility redevelopment. Any
riparian trees and/or shrubs that are lost during construction will be enumerated by the environmental
monitor and replacement planted at a ratio specified in the B. C. Tree Replacement Criteria as part of the
re-vegetation plan.
Aquatic mitigation and compensation habitat works will be completed in August 2007. Active revegetation works are scheduled for the fall of 2007 and spring of 2008, although temporary erosion
control measures may be necessary and will be implemented as soon as required.
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Table 4.4. Potential effects, proposed mitigation and residual effects of site preparation, construction, and
operation.
Environmental or
Social
Component

Surface Water

Potential Effects

Proposed Mitigation

Anticipated Residual Effects

Adverse Water Quality

Surface Water Management
and Monitoring

Nil

Sediment Transport

Sediment Containment

Nil

Loss of ground cover

Minimize where possible.
Sediment containment.
Immediately hydro-seed with
fall rye to prevent noxious
weed colonization.

Nil

Native species re-vegetation
plan

Vegetation

Loss of trees and shrubs

Minimize loss where possible

Direct loss of riparian trees and
shrubs

Terrestrial Vegetation loss

Minimize loss where possible

Nil;

Retain wildlife trees.

Net positive gain in productive
capacity due to burial of pipeline
and native species revegetation plan

Maintain shrub cover
Native species re-vegetation
plan

Wildlife
Sensory Disturbance

Complete construction as
quickly as possible.

Nil

No blasting during ungulate
over-wintering
Decreased water quality

Surface water management,
monitoring, and sediment
containment

Nil

Loss of Aquatic Habitat

Minimum flow requirement

Nil;

Habitat compensation for
residual losses

Net positive gain in productive
capacity due to improvement
over existing operating regime
and high quality instream
compensation habitat

Intake design to address
residual impacts to productive
capacity

Nil

Fisheries

Direct loss of resident fish
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Potential Effects

Proposed Mitigation

Anticipated Residual Effects

Riparian habitat loss

Minimize loss where possible

Nil

Replace riparian vegetation
according to the Provincial
Tree Replacement Criteria.

Nil

Navigation

Interference to Navigation

Warning signs at point of
tailrace

Social
Resources

Temporary road closures

Minimize length of road
closures

Temporary increase in
traffic on the Bull River
Forest Service Road

Maintain direct contact with
local landowners and work
with the community and other
interest groups to ensure they
are informed about Project
activities

First Nations and
Heritage
Resouces
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Temporary restriction of
access to the immediate
Project area for hunting,
fishing, gathering, and
spiritual activities
Impacts to hunting due to
impacts to wildlife
resources
Impacts to gathering due to
removal of vegetation
Potential impacts to
heritage resouces during
ground altering activities

Nil

Nil
Net positive gain in economic
benefits to the region and
province

Implement mitigation
measures for wildlife and
revegetation resources.

Nil

Revegetate disturbed areas

Nil

Implement mitigation
measures as recommended in
the Archaeological Impact
Assessment (AIA)

Nil

A qualified archaeological
monitor will be on site during
ground-altering activities in
areas identified as high risk in
the AIA

Nil
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SITE REHABILITATION AND HABITAT COMPENSATION PLAN

5.1.
Net Gain of Productive Capacity
BC Hydro will compensate for the anticipated aquatic and terrestrial habitat losses associated with facility
redevelopment. The Policy for the Management of Fish Habitat (Anon. 1986) is the net gain of habitat
for Canada’s fisheries resources. This policy addresses the productive capacity rather than net area, and
the guiding principle is for no net loss of the productive capacity of fish habitat (i.e. No Net Loss).
Although no quantitative metric of productivity is available for this project, the following mitigation and
compensation proposals will result in a net gain in productive capacity to the fish and wildlife resources
within the project area. The net gain is based on no existing development. The incremental gain from the
existing facility would be higher:
x

Provision of a seasonally staged minimum flow through the canyon reach below the dam;

x

Construction and monitoring of compensation works for the residual loss in productive capacity
(i.e. primary and secondary productivity) of 2,991 m2 of impacted aquatic habitat;

x

Replacing the surface pipeline with a sub-surface pipe will reconnect the upslope habitat with the
habitats downslope of the existing pipeline. The native species re-vegetation plan will result in a
net gain of highly valuable winter range supporting ungulates (including Bighorn Sheep).
Selection for species palatable to ungulates and the ongoing noxious weed control program will
have further highly positive effects; and

x

Any riparian clearing of trees and shrubs would be replacement planted at a ratio specified in the
B. C. Tree Replacement Criteria as part of the re-vegetation plan.

Although no quantitative metric of productivity is available for this project, DFO-HEB, MOE, BC Hydro
and Westslope Fisheries Ltd. agree that the instream habitat to be impacted is relatively simple and is only
marginally productive while the proposed aquatic habitat and primary productivity compensation works
to be potentially gained is highly complex and considerably more productive. The residual habitat loss of
2,991 m2, based on the seasonal time-step approach, would be compensated for with the construction of
the equivalent “productive capacity” of aquatic habitat and primary productivity compensation works.
Although the equivalent area of 2,991 m2 of aquatic habitat compensation works has been identified, the
primary objective of the compensation works is to ensure “no-net-loss” of aquatic primary and secondary
productivity (i.e. periphyton and benthic invertebrates). It is possible that compensation habitat may be
considerably more productive than impacted habitat; thus requiring the construction of less than the
residual habitat loss of 2,991 m2 to meet the objective of “no-net-loss” of aquatic productivity. Baseline

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 87
April 2006

Attachment O

primary productivity monitoring in the Bull River between the powerhouse and the first upstream barrier
has been initiated to provide the quantitative metric necessary to design and monitor “productive
capacity” for compensation works.
Accordingly, the creation of complex instream structure and/or side-channel habitat was expected to meet
or exceed the existing habitat value, and the DFO-HEB primary objective of a net gain in the productive
capacity for the environment is realized for this project. As indicated in Table 5.1, BC Hydro proposes to
implement the aquatic habitat and primary productivity compensation works to realize a net gain in the
productive capacity of fish and primary productivity.
Similarly, the redevelopment proposal will eliminate a movement barrier to ungulates and the creation of
terrestrial compensation habitat using native species re-vegetation techniques, including selection for
species palatable to ungulates and ongoing invasive species control programs will realize a net gain in
ungulate winter range (Table 5.1).
Additional monitoring initiatives associated with impact and effectiveness monitoring have also been
proposed that would ensure the goals of no net loss have been achieved, and are maintained for the life of
the project.

Table 5.1. Habitat balance for losses and gains anticipated with the hydroelectric redevelopment project.
Activity/Location

Habitat
Loss
(m2)

Habitat
Gain
(m2)

Habitat Loss
(productive
capacity)

Habitat Gain
(productive
capacity)

Water
Diversion1

Minimum Flow

2,991

2,991

2,991

4,486

Pipeline
Replacement2

Removal of Pipeline and burial
of replacement alongside
existing right-of-way

10,000

10,000

10,000

15,000

Powerhouse
and
Infrastructure2

Powerhouse Construction
Switchyard Construction
Borrow Pits, Spoil Areas.

10,000

10,000

10,000

15,000

22,991

22,991

22,991

34,486

Environmental
Component

Total
1
2

– Aquatic habitat
– Terrestrial habitat
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5.2.
Site Cleanup and Restoration
The project impact area will be cleaned of construction-related debris at the conclusion of the project. At
the conclusion of the project the construction officer and environmental monitor will inspect each site to
ensure that clean up of all areas has been completed.
Disturbance area will be kept to a minimum to avoid erosion. Excavated and disturbed areas (not
included in the specified work) will be restored to conform to natural landscape and native re-vegetation
plans.

This will include access roads, passing lanes, staging areas, stockpile and spoil areas, and

contractors work area. These areas shall be graded allowing for minor irregularities in soil surface and
prevent localized ponding of water. Areas that have been excessively compacted shall be scarified to a
minimum depth of 150 mm (6 inch) or hand raked. All disturbed and re-contoured areas shall be covered
with site-specific native species legume and seed mixes unless otherwise specified by the BC Hydro
representative. A detailed re-vegetation plan is provided below.
It was estimated that approximately 10,000 m2 of construction related excavated and disturbed areas
would require restoration and re-vegetation. All efforts will be made to minimize this area. The existing
woodstave pipeline alignment was estimated at approximately 10,000 m2 and following removal of the
old pipeline and burial of the new pipeline, this area would be restored through a comprehensive native
species re-vegetation plan.
5.3.
Re-vegetation Plan
Red- or blue-listed plant communities dominate the project area, and any further losses to any of these
habitats could have negative impacts. Due to the fact proposed works will occur within the boundaries of
existing anthropogenic sites (see Plates 3.1 and 3.3), construction activities have been assessed as having
low magnitude impacts. Temporary impacts will be reversed through a comprehensive native species revegetation plan and noxious weed control program. While it is recognized that seed mixes designed to
control erosion and impede the establishment of invasive species comprise non-native species, a
necessary strategy to address the issues, subsequent plantings should be restricted to native species. These
re-vegetation activities should utilize locally produced seed/or plants appropriate for the site. Revegetation activities should ensure that species palatable to wintering ungulates are established to improve
the value of the winter range.
Riparian Area

To compensate for any loss of riparian trees and shrubs within the redevelopment area, trees will be
replaced according to the provincial tree replacement standard. The on-site planting, under advisement
from BC Hydro, will be completed over an equivalent net area of riparian habitat.
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The riparian planting program will be conducted in the fall of 2007 and the spring following
redevelopment (2008). Elevation, aspect and environmental considerations will be used when selecting
species. A local nursery will be sourced to ensure rooted stock is appropriate for the site. Deciduous and
coniferous trees and shrubs will be planted using rooted seedlings rather than cuttings or whips to further
enhance survival. Larger planting stock (i.e. PSB 415/615) will be used to accelerate the establishment in
advance of expected grass/herb competition.

Planted trees will be fertilized with a starter mix

(i.e. 13-26-6) to accelerate root establishment to better utilize limited soil nutrients.
Riparian enhancement would also be completed, as required, in conjunction with the construction of the
aquatic habitat and primary productivity compensation structures. Conifer seedlings, deciduous seedlings,
and salvaged shrubs will be planted within favourable microhabitats, amongst and adjacent to the LWD.
Forested Area

Four different habitats (i.e. tree, shrub and herb communities) were identified and mapped for the project
area (McIntosh et al. 2005). All habitats, with the exception of the DT are considered at risk by the CDC.
The re-vegetation strategy is to plant locally produced seed and/or plants adapted to the climate of the
project area. Only plant species appropriate for each habitat (i.e. native species re-vegetation), as
identified in the habitat map produced by McIntosh et al. (2005), would be used to ensure the restoration
of the native vegetation community. All planting and seeding would be designed to restore and/or
enhance the four vegetation communities identified:
x

Douglas-fir/Lodgepole pine-pinegrass-Twinflower (01-DT);

x

Antelop-brush-Bluebunch wheatgrass (02-AW);

x

Douglas-fir-Snowberry-Balsamroot (03-DS); and

x

Hybrid white spruce/Trembling aspen-sarsparilla(05-SS).

It is anticipated that competing vegetation will require annual monitoring and manual brushing for three
years after planting to give trees and shrubs a reasonable chance of success. Planting is scheduled to start
during the fall of 2007 with completion in the spring of 2008.
Spoil, Quarry and other Disturbed Areas

Excavated and disturbed areas will be restored to conform to natural landscape. This will include access
roads, passing lanes, staging areas, stockpile and spoil areas, and contractors work area. These areas shall
be graded allowing for minor irregularities in soil surface and prevent localized ponding of water. Areas
that have been excessively compacted shall be scarified to a minimum depth of 150 mm (6 inch) or hand
raked. All disturbed and re-contoured areas shall be covered with site-specific grass/legume mixtures
designed to restore the site to the original vegetation community, not necessarily the conditions present at
the time of construction.
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Noxious Weed Management Plan

BC Hydro is committed to manage the risk of the spread of noxious weeds as a result of activities
associated with this project. BC Hydro currently has a noxious weed management program in place in
order to address the presence of knapweed and other noxious weeds within the study area. Strict control
measures and prompt re-vegetation of disturbed areas will be implemented to avoid further colonization.
Post construction monitoring for invasive species will continue for three years to ensure post construction
colonization is not missed.
Mud and dirt can contain seeds which can be transported and germinate at other locations. Heavy
equipment will be pressure washed prior to arriving at the site and light vehicles and trucks should be
clean and weed free before arriving at the site.
Traditional Use Species

Traditional use species identification and plant stock sourcing is being investigated to identify appropriate
species, sources and costs of these materials. These species will consist of only plants native to the area
and be incorporated into the re-vegetation strategy where possible.
5.4.
Fish Habitat Compensation Plan
After consultation under the original WUP it was determined that the operating alternative focusing on
enhancement of the Westslope cutthroat trout population above the facility was the best alternative to
meet objectives through habitat enhancement in the upper river. This was based on the qualitative
assessment of fisheries resources within the canyon and the “Status Quo” operation of the Aberfeldie
Facility. Given the proposed increase to the period of no spill, the provision of a minimum flow was
recommended, as a risk averse strategy to ensure the ecological integrity of the canyon reach was not
compromised. Based on the flow-habitat studies, the following combination of instream flow provision,
off-site aquatic habitat and primary productivity compensation works, and effectiveness monitoring
would be implemented to ensure “no-net-loss” in regards to habitat impacts and possible entrainment
impacts as a result of the diversion flows for the proposed Aberfeldie Redevelopment Project:
x

A seasonally staged minimum flow provision (0.5 m3/s during the spring/fall fish migration; 2.0
m3/s summer productivity flows; and 0.25 m3/s winter flows);

x

Construction of compensation works for the residual loss in productive capacity (i.e. primary and
secondary productivity) of 2,991 m2 of impacted aquatic habitat;

x

Prior to redevelopment coming on-line, two years of primary and secondary productivity
monitoring would be completed for baseline data collection of existing conditions;
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Following implementation of the instream flow provision, one year of impact monitoring would
be completed to validate model results;

x

Following completion of the aquatic habitat and primary productivity compensation works, three
years of effectiveness monitoring would be completed to ensure the goal of “no-net-loss” in
productive capacity has been reached; and

x

Winter flows would be monitored to ensure 0.25 m3/s was an appropriate connectivity flow.

5.4.1.

Offsite Habitat Compensation/Enhancement Options

At the time of submission for this EA there was insufficient information to provide specific aquatic
habitat and primary productivity compensation recommendations. Instead, the following aquatic habitat
and primary productivity compensation process has been proposed that includes:
x

A review of the potential feasibility of an intake and a lower Bull River spawning and rearing
side-channel. A possible enhancement location has been previously identified and investigated at
the meadow located about one kilometre downstream of the powerhouse (KimRock 2002); and

x

An upper watershed (e.g. above the headpond) Westslope cutthroat trout bio-telemetry project
and overview aquatic habitat assessment will be completed to facilitate the development of
alternative options for aquatic habitat and productivity compensation works, within the upper
Bull River watershed. Preliminary recommendations would be provided for consultation with
representatives from regulatory agencies, CCRIFC, and the WUP Consultative Committee.

Following assessment and consultation, the final design and construction of the equivalent “productive
capacity” of the residual loss of 2,991 m2 of aquatic habitat would proceed. Following construction,
effectiveness monitoring would be implemented to ensure compensation goals have met expectations.
This approach has been endorsed by the WUP Consultative Committee as the appropriate process to
ensure maximum benefits for this project.
The FTC met on the Bull River in July 2005 and were in agreement that the possibility of a side-channel
within the lower Bull River impact area had many appealing features to meeting compensation goals;
especially in the primacy of productivity compensation over physical habitat, and in completing
compensation works virtually on-site thus ensuring benefits are directed at the potentially impacted
ecosystem.
In the event that the modification of the existing side-channel proposal (KimRock 2002) was not feasible
or cost prohibitive, then it was felt that given over 150 years of access development, forest harvesting, and
mining within the Bull River watershed, there is a high likelihood that aquatic restoration and/or habitat
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enhancement sites with a high probability of increasing the aquatic capacity of the Bull River can be
identified. The assessment would not be restricted to the mainstem Bull River and it was assumed that the
prescription options presented for review would represent a combination of mainstem, off-channel and
tributary habitat that would provide benefits to primary and secondary productivity, as well as target
various life-stages of Westslope cutthroat trout as the target fish species. A bio-telemetry project has been
initiated (September 2005) to better understand the life-history requirements and habitat use of mature
Westslope cutthroat trout above the Aberfeldie headpond. Some monitoring will also occur downstream
from the dam to determine if any of the tagged fish have been displaced from the headpond.
Table 5.2 illustrates the schedule of assessment, consultation, final design, implementation and
effectiveness monitoring for the aquatic compensation habitat works project. This schedule results in two
years of baseline data collection, construction of the aquatic compensation habitat in year three, followed
by three years of effectiveness monitoring.
Table 5.2. Schedule of activities for the aquatic compensation habitat works project.
Date

Activity

December 2005

Lower Bull River side-channel feasibility review

September
2005
September 2007

In

terms

– Upper Bull River Bio-telemetry Study

June 2006

Completion of review and consultation periodAquatic compensation prescriptions selected for final
design and layout.

July – October 2006

Final on-site layout including all cross-sections and
longitudinal profiles required for regulatory approval
of prescription design and works plan.

January 31, 2007

Submit final aquatic compensation works plan for
regulatory approval (DFO, BCMOE)

July – September 2007

Construction of aquatic compensation habitat.

October 2007, May 2008

Riparian
planting
compensation habitat.

August 2008, 2009, 2010

Effectiveness
monitoring
maintenance works.

of

the

project

objectives

(i.e.

aquatic

component

habitat

and

and

of
if

aquatic
required,

primary

productivity

compensation/enhancement), special attention will be given to degraded habitats, habitats that are (or
were) heavily used, and to habitats that are limited in availability or have high productive capacity.
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Final design surveys will include channel pattern and profile (longitudinal Rosgen channel survey),
channel dimension (cross-sectional profile), and channel materials (modified wolman pebble count and
roughness co-efficient). The field surveys would also include site-specific fish population estimates, and
primary and secondary productivity assessments to establish a baseline for effectiveness monitoring.
The final design report would include detailed design and layout prescriptions including work plans,
materials, labour requirements, and an environmental management plan for submission for regulatory
approval.
5.5.
5.5.1.

Post-Project Monitoring
Aquatic Habitat

5.5.1.1.

Impact Monitoring

Primary productivity (algae) and secondary productivity (invertebrates) would be monitored within the
diversion reach between the dam and the powerhouse for two years prior to facility redevelopment being
brought on-line (i.e. summer 2005 and 2006) and for two years post-construction (2008/09). Monitoring
objectives are to establish an aquatic productivity baseline within the diversion reach for comparison with
post-construction impact monitoring at the prescribed instream flows and effectiveness monitoring of
aquatic habitat and primary productivity compensation works. Periphyton and benthic invertebrate
monitoring will ensure compensation objectives are being met (i.e. no-net-loss of productive capacity)
and may allow for a decrease in the 2.0 m3/s summer productivity flows to some lower level, if it can be
demonstrated not to be detrimental to aquatic productivity. A qualified consultant has been commissioned
to provide advice on possible sampling methodologies and develop a suitable monitoring program to
quantify habitat benefits (Perrin 2005). Baseline monitoring commenced in August 2005 (C. Perrin,
Limnoteck Research & Development Inc., Vancouver, B.C., pers. comm.).
Post-construction habitat impact monitoring would also be completed for the canyon reach between the
dam and the powerhouse. Monitoring objectives were to quantify the habitat area and habitat productivity
at the prescribed instream flows (0.25 m3/s, 0.50 m3/s, and 2.0 m3/s). Observations and measurements
would be used to calibrate the flow model at the prescribed flows and refine wetted area estimates
between flow increments to verify the residual impacts. The baseline primary productivity and secondary
productivity assessments would be replicated after facility redevelopment to verify any residual impacts.
Habitat impact monitoring (area) would be completed during the first year the redeveloped facility is
operational. Habitat impact monitoring (productivity) would be completed during the first two years the
redeveloped facility is operational.
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Should BC Hydro demonstrate that the prescribed instream summer productivity flow release, combined
with aquatic habitat and primary productivity compensation works are exceeding compensation objectives
(i.e. no-net-loss of primary and secondary productive capacity), then under consultation with stakeholders
and regulatory agencies, a decrease in the 2.0 m3/s summer productivity flow to some lower level may be
permitted, provided it can be demonstrated not to be detrimental to aquatic productivity.
5.5.1.2.

Effectiveness Monitoring

Effectiveness monitoring would be completed for the following:
x

Winter connectivity flows (0.25 m3/s);

x

Structural integrity and fish habitat use of aquatic habitat compensation works; and

x

Aquatic habitat compensation works primary and secondary productivity;

Winter flow effectiveness monitoring would consist of winter observations (2008-2010) to assess flow
and pool connectivity, particularly during extended period of cold weather. Monitoring objectives are to
ensure the adequacy of the winter flow provision to maintain flow and pool connectivity during periods of
extended severe freezing. In the event that the winter flows are insufficient to provide connectivity they
would be increased to 0.5 m3/s or as recommended by the monitoring.
Structural integrity and stability and fish use of the aquatic habitat compensation works would be
conducted for three years post construction (2008-2010). The fish use and primary productivity (i.e.
biological) monitoring would be completed in 3 consecutive years post construction. Low intensity
stability and structural integrity monitoring should have a flow objective (i.e. 1-in-20 year flood event).
The proposed monitoring program comprises the following three components:
1. WRP restoration works summary and routine monitoring (level 1) forms of all compensation
works and riparian planting would be completed for three years following construction. For the
remaining life of the project, compensation works would be monitored for structural integrity and
maintenance requirements.
As part of operational monitoring, routine monitoring provides a low intensity and subjective field
assessment of all compensation works. In the assessment, physical and biological performance,
prescription condition, structure stability and recommendations for maintenance are evaluated and given
separate ratings that indicate structure integrity and suggested maintenance actions. The assessment for
physical and biological performance relates to the original performance objectives that the works were
designed to meet. In some cases, unanticipated physical or biological performance objectives may be
identified for a structure. Structure condition relates to the physical condition and would address the level
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of decay of LWD, rock fragmentation and rusted or broken cables. Structure stability relates to the
amount the structure has moved as a result of scour or shear stress. Maintenance recommendations are
then made after considering overall performance, condition and stability. As part of the routine
monitoring protocol, photographs were taken of each structure.
WRP routine monitoring methods are primarily designed for the monitoring of within channel habitat
complexing (i.e. instream structures) and will be adapted for application to the aquatic compensation
habitat proposed for the Bull River. It should be noted that the intent of the proposed fish and fish habitat
assessment was to recommend a full range of compensation measures that may include off-channel
habitat connection, improvement or construction as well as within channel works. The proposed fish and
fish habitat assessment would be watershed based and the range of measures recommended would
encompass mainstem and tributary habitat.
2. Single-pass open-system backpack electrofishing of shallow habitat within the aquatic habitat
compensation works.
This enumeration method targets juveniles within shallow, complex margin habitat. Results would be
reported in number of fish per 100 lineal meters (by species). Standardized sampling would be initiated in
2006, replicated in 2007, immediately prior to construction of the aquatic compensation works, and
continues for three years post-construction (2008-2010).
3. Species enumeration of remaining aquatic habitat utilizing visual snorkel methods.
This enumeration method targets juveniles and adults within the deeper water habitat. Results would be
reported in number of fish per 100 lineal meters (by species). Standardized sampling would be initiated in
2006, replicated in 2007, immediately prior to construction of the aquatic compensation works, and
continue for three years post-construction (2008-2010).
Primary productivity (periphyton) and secondary productivity (benthic invertebrates) would be monitored
at the aquatic habitat and primary productivity compensation sites for two years prior to construction
(2006/07) and for two years post-construction (2008/09). Monitoring objectives are to establish an aquatic
productivity baseline for comparison with post-construction effectiveness monitoring to ensure
compensation objectives are achieved.
5.5.2.

Re-vegetation Monitoring

All re-vegetated areas will be monitored for noxious weeds and to determine the success of the revegetation prescriptions. Vegetation surveys will be conducted annually for three years, post planting, to
monitor ingress and growth of plants and to monitor the establishment and performance of planted
seedlings. These surveys will identify areas that are not regenerating adequately and additional measures
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will be taken to assist with restoration if required. A final performance report of the vegetation
prescriptions will be completed in year five.
5.5.3.

Post Project Monitoring Reports

The results of the monitoring program will be distributed to the agencies and interested parties on an
annual basis at their request.

6.

EFFECTS OF THE ENVIRONMENT ON THE PROJECT

Effects of the environment on the project include potential for delays related to inclement weather
conditions, including excessive snow, rain, or cold weather.
In the event of snow, access to the Project site will be temporarily restricted until the access road can be
plowed. No plowed snow shall be allowed to enter the Bull River.
Heavy rainfall could result in sediment being generated in excess of the Total Suspended Solids criteria
for the Project. This would result in work being temporarily suspended until additional sediment control
measures could be put in place to ensure that discharge from the project site meets accepted guidelines.
The new pipeline can not be welded in cold temperatures without additional protection and possible preheating of the joints. In addition, placement of backfill around the pipe becomes very difficult if there is
snow, as the snow needs to be removed to obtain adequate placement and compaction of the backfill.

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 97
April 2006

Attachment O

REFERENCES
Allendorf, F.W. and R.F. Leary. 1988. Conservation and distribution of genetic variation in a polytypic
species, the cutthroat trout. Conservation Biology 2:170-184
Anon. 1986. Policy for the management of fish habitat. Department of Fisheries and Oceans, Fish Habitat
Management Branch, Communications Directorate, Ottowa, Ontario.
Baxter, J.S. 2004. Westslope cutthroat trout studies in the upper Bull River: preliminary surveys
conducted in fall 2003. Report prepared by BC Hydro, Columbia Generating area, Castlegar, B.C.
25 p. + 1 app.
Baxter, J.S. and J.T.A. Baxter. 2002. Summary of the Skookumchuck Creek bull trout enumeration
project (2000-2002). Report prepared for Ministry of Water, Land and Air Protection, Cranbrook,
B.C. Report prepared by Baxter Environmental, Nelson, B.C.
Baxter, J.S., E. Rubidge, E. Taylor and J. Hagen. 2002. Evidence for colonization of exotic rainbow trout
in a native Westslope cutthroat trout stream in the East Kootenay region of British Columbia.
Unpublished Manuscript.
Bisset, J.E. and R.S. Cope. 2003. Fish and fish habitat resources in the lower Bull, Elk, and Spillimacheen
rivers (between dam and powerhouse) during the non-spill period, 2002. Draft. Report prepared
for BC Hydro, Water Use Planning, Burnaby, B.C. Prepared by Westslope Fisheries Ltd.,
Cranbrook, B.C. 36 p. + 4 app.
Buchanan, D.V. and S.T. Gregory. 1997. Development of water temperature standards to protect and
restore habitat for bull trout and other cold water species in Oregon. Pages 119 – 126 In Mackay,
W.C., M.K. Brewin, and M. Monita. [eds.]. Friends of the bull trout conference proceedings. Bull
Trout Task Force (Alberta), c/o Trout Unlimited Canada, Calgary.
Buktenica, M.W. 1997. Bull trout restoration and brook trout eradication at Crater lake National Park,
Oregon. Pages 127-135 In Mackay, W.C., M.K. Brewin, and M. Monita. [eds.]. Friends of the
bull trout conference proceedings. Bull Trout Task Force (Alberta), c/o Trout Unlimited Canada,
Calgary.
Canadian Electrical Association. December 2004. Flow Management Bulletin – Draft 2.
Casselman, V. 1988. Ties to water, the history of Bull River in the East Kootenay. Friesens Corporation,
Altona, Manitoba. 275 p.
Chilibeck, Barry. 1992. Land development guidelines for the protection of aquatic habitat. Co-published
by Department of Fisheries and Oceans Canada, Habitat Management Division and British
Columbia Ministry of Environment, Lands and Parks. 128 p.
Choquette, W. and R. Williams. 2005. Aberfeldie Dam Traditional Use Study. Report prepared for the
Ktunaxa Nation Treaty Council.
Conservation Data Centre (CDC). 2004. British Columbia Ministry of Sustainable Resource management.
http://Srmwww.gov.bc.ca/cdc.

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 98
April 2006

Attachment O

Cope, R.S. 2003a. Fish and fish habitat resources in the lower Bull and Elk Rivers (between dam and
powerhouse) during the winter non-spill period, 2003. Letter report for the freezing assessment
prepared for BC Hydro, Water use Planning by Westslope Fisheries Ltd., Cranbrook, B.C. 7 p.
Cope, R.S. 2003b. Wigwam River Juvenile Bull Trout and Fish Habitat Monitoring Program: 2002 Data
Report (Activity No. 2000-004-00). Prepared for the Ministry of Land, Water, and Air
Protection, Cranbrook, B.C. Prepared by Westslope Fisheries, Cranbrook, B.C. 35 pp + 5 app.
Cope, R.S. and R. Rodman. 2005. Aberfeldie Redevelopment Project – River stage and flow study.
Prepared for Aberfeldie Fisheries technical Committee c/o: BC Hydro, Environment and
Sustainability Engineering. Prepared by Westslope Fisheries Ltd. Cranbrook, B.C. 31 pp. + 2 app.
Cope, R.S. and K. Morris. 2005. Skookumchuck Creek juvenile bull trout and fish habitat monitoring
program: 2004 data report. Prepared for the Ministry of Land, Water, and Air Protection,
Cranbrook, B.C. Prepared by Westslope Fisheries Ltd., Cranbrook, B.C. 40 pp + 7 app.
Dane, B.G. 1978. A review and resolution of fish passage problems at culvert sites in British Columbia
(4th edition). Department of Fisheries and Environment, Pacific Region, Fisheries and Marine
Service Technical Report No. 810: 126 p.
Duval, W. 1999. Aberfeldie generating station fisheries assessment and planning study. Report prepared
for BC Hydro, Kootenay Generating Area, Castlegar, B.C. Prepared by Duval Environmental
Consultants, White Rock, B.C. 64 p.
EBA Engineering Consultants Ltd. 2005. Stage 2 preliminary site investigation Aberfeldie Hydroelectric
Generating Station, Bull River, B.C. Report prepared for BC Hydro and Power Authority,
Burnaby, B.C. Prepared by EBA Engineering consultants Ltd. Kelowna, B.C. 26 p. + 7 app.
Elliott, J.M. 1987. Population regulation in contrasting populations of trout Salmo trutta in two lake
district streams. J. Anim. Ecol. 56: 83-98.
Fisheries Information Summary System (FISS). 2004. Webpage – Fisheries Data Warehouse, B.C.
Ministry of Sustainable Resource management web site: http://srmapps.gov.bc.ca/apps/fidq/
Ford, B.S., P.S. Higgins, A.F. Lewis, K.L. Cooper, T.A. Watson, C.M. Gee, G.L. Ennis and R.L.
Sweeting. 1995. Literature reviews of the life history, habitat requirements and
mitigation/compensation strategies for thirteen sport fish species in the Peace, Liard and
Columbia River drainages of British Columbia. Canadian Manuscript Report of Fisheries and
Aquatic Sciences 2321. 342 p.
Gardner, B. 2004. Montana’s Fish Species of Special Concern: Westslope Cutthroat Trout. Retrieved
February 2004 from American Fisheries Society, Montana chapter web site:
http://www.fisheries.org/AFSmontana/SSCpages/westslope_cutthroat_trout.htm
Goetz, F.A. 1989. Biology of the bull trout, a literature review. U.S.D.A., Willamette National Forest,
Eugene Oregon. 53 p.
Griffith, J.S. 1988. Review of Competition between Cutthroat Trout and Other Salmonids. Pages 134140 in R.E. Gresswell, editor. Status and management of interior stocks of cutthroat trout.
American Fisheries Society, Symposium 4, Bethesda Maryland.

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 99
April 2006

Attachment O

Guppy, C.S. and J.H Shepard. 2001. Butterflies of British Columbia. UBC Press.
Johnson, Betty Pratt. 1989. Whitewater Trips and Hot Springs in the Kootenays of B. C. Adventure
Publishing Ltd. Vancouver/Seattle. 185 p.
KimRock Business and Research Services. 2002. Report on the evaluation of a potential side-channel fish
rearing habitat on the Bull River. Report prepared for Columbia Kootenay Fisheries Renewal
Partnership, Cranbrook, B.C. Report prepared by David L. Rees.

McIntosh, K.A. 2005. Memo addendum dated July 07, 2005. Re: potential insect species at risk
in the Aberfeldie study area
McIntosh, K.A., C. Bianchini and I. Robertson. 2005. Aberfeldie redevelopment project wildlife impact
assessment. Report prepared for BC Hydro, Engineering, Burnaby B.C. Prepared by Robertson
Environmental Services Ltd. Langley, B.C. 31 p. + 3 app.
McIntyre, J.D., and B.E. Reiman. 1995. Westslope cutthroat trout In Young, M. (ed.) Conservation
Assessment for inland cutthroat trout. Rocky Mountain Forest and Range Experiment Station.
General Technical Report RM-GTR-256.
McPhail, J.D. and J. Baxter. 1996. A review of bull trout (Salvelinus confluentus) life history and habitat
use in relation to compensation and improvement opportunities. B.C. Fisheries Management
Report No. 104. 58 p.
Northcote, T.G. 1992. Migration and residency in stream salmonids – some ecological considerations and
evolutionary consequences. Nordic J. Freshw. Res. 67: 5-17.
Northcote, T.G. and G.F. Hartman. 1988. The biology and significance of stream trout populations
(Salmo spp.) living above and below waterfalls. Pol. Arch. Hydrobiol. 35: 409-442.
Novinger, D.C. and F.J. Rahel. 1999. Exploring competitive mechanisms that allow nonnative brook
trout to displace native cutthroat trout in a Rocky Mountain stream. American Fisheries Society
129th Annual Meeting Abstracts. Charlotte, North Carolina.
Oliver, G. 1979. A final report on the present fisheries of the Wigwam River with an emphasis on the
migratory life history and spawning behaviour of Dolly Varden char Salvelinus malma
(Walbaum). Fisheries investigations in tributaries of the Canadian portion of Libby Reservoir.
British Columbia Fish and Wildlife Branch, Cranbrook, British Columbia 82 p.

Perrin, C.J. 2005. Report on review of sampling options to examine benthic invertebrate
composition and abundance due to redevelopment of the Aberfeldie Generating Station.
Memo report prepared for Aberfeldie Fisheries technical Committee c/o: BC Hydro,
Environment and Sustainability Engineering. Prepared by Limnotek Research & Development
Inc. 10 pp.
Rodman, R. and R.S. Cope. 2005. Habitat flow relationships within the Bull River canyon between the
Aberfeldie Dam and the powerhouse. Implications for minimum flow provisions. Report prepared
for BC Hydro and Power Authority, Burnaby, B.C. Prepared by Klohn Crippen, Nelson, B.C.,

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 100
April 2006

Attachment O

Rosgen, D. 1996. Applied river morphology. Wildland Hydrology, Pagosa Springs, Colorado. 343 p. +
app.
Rubidge, E. 2003b. Molecular analysis of hybridization between native Westslope cutthroat trout
(Oncorhynchus clarki lewisi) and introduced rainbow trout (O. mykiss) in southeastern British
Columbia. Masters Thesis, Department of Zoology, University of British Columbia. 88 pp. + 3
App.
Rubidge, E., Corbett, P., and E.B. Taylor, 2001. A molecular analysis of hybridization between native
Westslope cutthroat trout and introduced rainbow trout in southeastern British Columbia, Canada.
Journal of Fish Biology 59 (Supplement A):42-54.
Shepard, B.B., Sanborn, B., Ulmer, L., and D.C. Lee, 1997. Status and risk extinction for Westslope
cutthroat trout in the Upper Missouri River basin, Montana. North American Journal of Fisheries
Management 17(4):1158-1172.
Slaney, P.A. and D. Zaldokas [eds.]. 1997. Fish habitat rehabilitation procedures. Ministry of
Environment, Lands, and Parks, Vancouver, British Columbia, Watershed Restoration Program,
Watershed Restoration Technical Circular No. 9.
Stone & Webster Environmental Services. 1992. Fish entrainment and turbine mortality review and
guidelines. TR101231 Research Project 2694-01. Report prepared for Electric Power Research
Institute, Palo Alto, California. Prepared by Stone & Webster Environmental Services, Boston,
Massachusetts.

Taylor, T. and K.A. McIntosh. 2005. Aberfeldie Redevelopment Project rare plant surveys: May
9-11, 2005.
Taylor, E.B., M.D. Stamford, and J.S. Baxter. 2003. Population subdivision in Westslope cutthroat trout
(Oncorhynchus clarki lewisi) at the northern periphery of its range: evolutionary inferences and
conservation implications. Molecular Ecology 12: 2609-2622.
Taylor, E.B., S. Pollard, and D. Louie. 1999. Mitochondrial DNA variation in bull trout (Salvelinus
confluentus) from northwestern North America: implications for zoogeography and conservation.
Molecular Ecology 8: 1155-1170.
Thurow, R.F., Lee, D.C., and B.E. Rieman, 1997. Distribution and status of seven native salmonids in the
interior Columbia River basin and portions of the Klamath River and Great basins, North
American Journal of Fisheries Management 17(4):1094-1110.
Westover, W.T. and K.D. Heidt. 2004. Upper Kootenay River bull trout radio telemetry project (20002003). British Columbia Ministry of Water, land and Air Protection, Environmental Stewardship
Division, Fish and Wildlife, Kootenay Region, Cranbrook, B.C. 35 p.
Woodward, D.F., Goldstein, J.N., Farag, A.M., and W.G. Brumbaugh, 1997. Cutthroat trout avoidance of
metals and conditions characteristic of a mining waste site: Coeur d’Alene River, Idaho.
Transactions of the American Fisheries Society 126(4):699-706.

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 101
April 2006

Attachment O

Environmental Assessment
Aberfeldie Redevelopment - BC Hydro (Revision 3)

Page 102
April 2006

Attachment O

Appendix A
Communication and Consultation Activities

Note: A complete record of consultation occurring between June 2004 and June 2005 is available in BC
Hydro (2005).
Reference: BC Hydro. 2005. Aberfeldie Redevelopment Project Summary of Consultation Process June
2005. BC Hydro Engineering Report No. E374.
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Communication and Consultation Activities

Elected Officials
Communication and consultation with elected officials include the following outlined in Table 1.1.
Table 1.1. Communication and consultation activities with elected officials.
DATE
16-Jun-04
06-Aug-04
25-Oct-04

ACTIVITY
Operations
Update
Presentation

ATTENDEES/AUDIENCE
Elected officials in the
East Kootenay
Regional District of East
Kootenay Board
Mike Kartasheff, RDEK

Meeting and tour
of Aberfeldie Dam
& G.S.
26-Oct-04 Letter
Elected officials - East
Kootenay
26-Oct-04 Meeting
City of Castlegar, Mayor
Mike O'Connor and
Administrator Jim
Gustafson
08-Nov-04 Meeting
East Kootenay MLA, Bill
Bennett and EA Gayle
Clark
15-Nov-04 Email
Mike Kartasheff, RDEK
Correspondence
& meeting posters

SUBJECT MATTER
Discussion of the proposed Aberfeldie
Redevelopment project
Project overview and the opportunity for input
Board of Directors approval of Aberfeldie
Redevelopment
Board of Directors approval of Aberfeldie
Redevelopment
Project information update

Project overview, information package of
communication material
Project status update, information and
discussion with Mr. Kartasheff regarding the
Public Meeting on November 25 and discussed
strategy and activities with respect notifying
stakeholders of the meeting.

Elected officials were provided with a presentation and overview of the project. There were discussions
regarding the economic benefits to the region and what employment opportunities would be available
locally. No issues have been raised to date. BC Hydro representatives made a commitment to provide
status updates and arrange further meetings with elected officials throughout the project.

6.1.

Public & First Nations

Public consultation and communication to date has been conducted through meetings in the community of
Bull River and status updates by advertisements, letters to stakeholders, media interviews and news
releases (Table 1.2).
No opposition or significant issues related to the project have been brought to the attention of BC Hydro,
elected officials, or the media. There is local interest in contacting and employment opportunities. BC
Hydro plans to provide further communication via letters and news releases and through addition public
meetings for local residents and the media at key milestones during the project.
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Table 1.2. Public consultation and communication activities with public and First Nations.
DATE
28-Jul-04

ACTIVITY
Letter and
Backgrounder

ATTENDEES/AUDIENCE
SUBJECT MATTER
Sent to stakeholders
Inviting stakeholders to the public meeting on
August 5, 2004

28-Jul-04

Advertisements
Fernie Free Press,
for Public Meeting Kootenay Advertiser and
of August 5, 2004 Cranbrook Townsman

Informing them of the public meeting being held
August 5, 2004

03-Aug-04

Media Advisory

East Kootenay media

Informing them of the public meeting being held
August 5, 2004

04-Aug-04

News Release

East Kootenay media

Announcement of proposed Aberfeldie
Redevelopment project and public meeting

05-Aug-04

Meeting

KKTC

Discussion of the proposed Aberfeldie
Redevelopment project

05-Aug-04

Public Meeting

Bull River community

Project overview and the opportunity for input by
stakeholders

Fish Technical
Aberfeldie WUP FTC
Committee (FTC)
Meeting
Aug. - Oct. Meetings
First Nations
2004

Discussion of the proposed Aberfeldie
Redevelopment project and potential fish related
work
Discussion of the proposed Aberfeldie
Redevelopment project

15-Sep-04

Letter

Bull River stakeholders

Project update with August Project Information
Sheet

22-Oct-04

Meeting

First Nations

22-Oct-04

Meeting

KKTC

Accommodation/Capacity Agreement

25-Oct-04

News Release

Province wide

27-Oct-04

Interview with The Bruce Douglas
Drive FM,
interviewed by news
Cranbrook
department

Board of Directors approval of Aberfeldie
Redevelopment
Interview wrt to BC Hydro's Board of Directors
approval of the project.

01-Nov-04

Email

Julia O’Shannassy

Sent October 25, 2004 BC Hydro news release
for reference.

08-Nov-04

Mailout to stakeholders

Inviting stakeholders to the public meeting on
November 25, 2004

Diane Tammen
interviewed by Gerry
Warner
Bull River community

Information and quotes pertaining to the
November 25, 2004 Public Meeting.

25-Nov-04

Public Meeting
Backgrounder &
letter
Interview with
Cranbrook Daily
Townsman
Public Meeting

10-Dec-04

Email

Donna Smith

Sent information on approximate dimensions of
proposed new Aberfeldie powerhouse and
switchyard.

14-Dec-04
to
05-Jan-05

Email and phone
contact

Aberfeldie WUP FTC and Invitation to attend and RSVP to January 14
CC members
FTC and January 26 CC meetings in Cranbrook.

29-Dec-04

Letters

Herbie Bower, Ben
Hawke

06-Aug-04

22-Nov-04

Continued.

Project overview and update

Bower and Hawke use existing pipeline as a
fence for cattle. Letter advises of project plans to
replace pipeline with a new partially buried pipe
and rough timeline for construction. Offer to
discuss further if necessary.
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ATTENDEES/AUDIENCE
SUBJECT MATTER
Joe Selby
Follow up on request for information on wind
power generation. Provided printouts from
Environment Canada and BC Hydro websites.

Letter from Herbie Directed to Diane
Bower and Ben
Tammen, BC Hydro
Hawke
Community Relations
Manager
Conference Call Bill Green – CCRIFC,
Donna Kraus-Hagerman KKTC, John Emery ARD; Diane Tammen BCH CC&PA
Letter from Herbie
Bower and Ben
Hawke

Acknowledgement of BC Hydro's letter regarding
plan and timeframe to replace pipeline and
requested ongoing communications throughout
the project.
Discussion of draft Communication Protocol for
KKTC.

Email & fax

Reading package for January 26, 2005 CC
meeting scheduled in Cranbrook.

Aberfeldie WUP CC
members

Request BC Hydro's acknowledgement of their
grazing rights on the land in accordance with
Ministry of Forests requirement for five-year
plans on range land.

Application for a Certificate of Public
Convenience and Necessity
Aberfeldie Redevelopment Project

ATTACHMENT P
Aberfeldie Project in context of
2006 IEP and LTAP
1. BCH 2006 IEP, Sections 8.4.6 and 8.5
(Part of Exhibit B-1E in BCH 2006 IEP & LTAP Proceeding)

2 Extracts from Project Evaluation Evidence
(Exhibit B-11 in BCH 2006 IEP & LTAP Proceeding)

3. BCH Response to BCUC IR 3.1.4
(Part of Exhibit B-16 in BCH 2006 IEP & LTAP Proceeding)

Attachment P1

2006 IEP Report

Chapter
8
Amended Long-Term Acquisition Plan

Attachment P1

1

December 31, 2011 and start of construction of the smelter modernization project. The

2

payments were required by Alcan to allow BC Hydro to secure the firm deliveries, to

3

enhance BC Hydro’s scheduling flexibility under the Amended and Restated LTEPA, to

4

fix the price for a supply that would otherwise be sold at competitive market prices over

5

the period 2007 to 2014 and to secure access to Alcan’s non-firm Kemano generation.

6

The value of the payment at a NPV of approximately $90 million, together with the

7

payments at the current LTEPA pricing for the incremental and reinstated firm supply

8

over the period from 2007 to 2014, is below the mid-point pricing of EPAs awarded

9

under the F2006 Call for a similar product.

10

8.4.5.3

Execution and Risk Mitigation

11

BC Hydro expects that the development risks associated with concluding the Amended

12

and Restated LTEPA are low, given that Kemano already exists. There is some

13

uncertainty with respect to the quantities of energy to be supplied under the Amended

14

and Restated LTEPA due to potential delays in the smelter modernization project and

15

potential changes in the modernized smelter load arising from possible design and

16

technology refinements. However, the Amended and Restated LTEPA will address these

17

uncertainties, and the firm quantities will be adjusted in accordance with specified notice

18

provisions.

19

8.4.5.4

20

The final term sheet for the Amended and Restated LTEPA with Alcan is attached as

21

redacted at Appendix N. The Amended and Restated LTEPA is expected to be

22

concluded by late September 2006 to early October 2006, and will be filed with the

23

BCUC as an “energy supply contract” pursuant to section 71 of the UCA.

24

8.4.6

25

8.4.6.1

26

The energy and capacity load resource balances presented in Tables 4-8 and 4-9 in

27

Chapter 4 reflected ten planned and three completed Resource Smart projects that total

28

404 GWh/y of energy capability and 90 MW of new dependable capacity.

Future Approval Processes and Expenditures

Resource Smart
Size and Timing

8-32
BC Hydro 2006 Integrated Electricity Plan
[Amended – August 31, 2006]
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1

The Resource Smart projects included in the LTAP load resource balances shown in

2

Figure 8-2 and Figure 8-4 reflect the actual supply gains from the three completed

3

projects and projected supply gains from current Resource Smart projects in the

4

Implementation phase, or those at the Definition phase with a strong likelihood of

5

proceeding. These include:

6

• Aberfeldie Redevelopment – at Implementation phase, with a planned in-service date

7

of F2008 and a projected energy gain of 70 GWh/y; and,

8

• G.M. Shrum Generating Station Capacity Increase Units 6, 7 and 8 – at Definition

9

phase, with a planned in-service date of F2010 and a projected capacity gain of

10

90 MW.

11

Resource Smart projects in the Identification phase have not been included in the LTAP

12

load resource balances.

13

8.4.6.2

14

Many Resource Smart projects start out as, or include, operational efficiency projects. In

15

the past Resource Smart projects have been compared against BC Hydro’s cost of

16

acquiring the same products (i.e., energy or capacity) from an alternative source (e.g.,

17

the market or IPPs). Both the Aberfeldie Redevelopment project and the G.M. Shrum

18

Capacity Increase projects have been advanced on this basis. Each project is able to

19

provide a product (incremental energy and capacity respectively) at a lower cost than

20

what BC Hydro has been able to contract for in recent years.

21

Section 8.5 describes the process for comparison and justification of future Resource

22

Smart projects.

23

8.4.6.3

24

Execution

25

A high-level schedule for the completion of the Aberfeldie Redevelopment project is as

26

follows:

27

• Award of major equipment contract – April 2006

Justification

Execution and Risk Mitigation
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1

• Award of civil contract – June 2006

2

• Start of construction – July 2006

3

• Plant operation – January 2008

4

The G.M. Shrum Capacity Increase project is expected to advance from the Definition

5

phase to the Implementation phase in F2007. The increase in capacity for all three units

6

is expected to be complete by F2010.

7

Risk Mitigation

8

Deliverability Risk – There is deliverability risk associated with each project, however the

9

risk is greater for the Aberfeldie Redevelopment project, given the external regulatory

10

approvals/permits required. Dedicated project teams have been assigned to each project

11

to ensure that this risk is mitigated to the extent possible.

12

Cost Risk – For the Aberfeldie Redevelopment project, there remains cost risk until the

13

civil contract has been awarded. To mitigate this, an allowance of 35% over the base

14

cost estimate for the civil work was included in the total capital cost budget. Since the

15

G.M. Shrum Capacity Increase project is in the Definition phase, the costs associated

16

with the project are still relatively uncertain. To mitigate this, the economic justification

17

for advancing to each subsequent stage of development (from Identification to Definition,

18

or from Definition to Implementation) includes a risk cost in the analysis. The risk cost is

19

an estimate that is meant to capture the uncertainty of market conditions for equipment

20

supply and construction.

21

8.4.6.4

22

The Aberfeldie Redevelopment project is in the Implementation phase and the BC Hydro

23

Board of Directors have approved the full $65 million capital cost (as spent, nominal).

24

The remaining expenditures on the project will be made in F2007 and F2008.

25

Approximately $2 million will be spent on the G.M. Shrum Capacity Increase project in

26

F2007 to complete the Definition phase work and begin the Implementation phase of the

27

project.

Future Approval Process and Expenditures
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1

These expenditures will be addressed in the F07/F08 RRA.

2

8.4.7

3

8.4.7.1

4

When the Revelstoke generating station was built in the 1980s it was designed for six

5

units but the 5th and 6th units were deferred. Revelstoke Unit 5 would have an installed

6

capacity of 500 MW. The earliest in-service date for Revelstoke Unit 5 is October 2010.

7

BC Hydro is advancing applications for approvals and development activities to support

8

an in-service date of October 2010 while allowing for an October 2011 in-service date.

9

To this end, BC Hydro:

10
11

Revelstoke Unit 5
Size and Timing

• will be submitting its application for an Environmental Assessment Certificate (EAC)
in September 2006;

12

• is continuing with First Nations consultations; and

13

• has carried out a RFP process and plans to execute the contract for the supply and

14

installation of the turbine and generator in September 2006.

15

8.4.7.2

Justification

16

Need

17

The BC Hydro system is approaching a tight dependable capacity load/resource balance

18

such that new supply is needed to avoid a planning shortfall. A dependable capacity

19

shortfall could jeopardize BC Hydro’s ability to meet load requirements when demand

20

from BC Hydro’s customers is at its peak, which occurs during cold winter temperature

21

conditions. Under capacity shortfall conditions, BC Hydro would need to secure supply

22

from adjacent jurisdictions, or from a portion of the Canadian Entitlement of the

23

Downstream Benefits (CE).

24

Projects awarded EPAs in the F2006 Call are expected to contribute to the supply of

25

dependable capacity. However, given the uncertainties around the amount and timing of

26

new dependable capacity from F2006 Call EPAs, DSM deliverability and load growth, it

27

is prudent to proceed with Revelstoke Unit 5 for its earliest in-service date. The load-

28

resource balance analysis in Figure 8-4 shows a need for additional capacity in F2013
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1

based on an assumed attrition of 23% of the dependable capacity obtained from the

2

F2006 Call. However, if a few of the larger F2006 Call projects do not meet their in-

3

service date, or DSM projects do not deliver the planned capacity savings or peak

4

requirements increase, additional capacity would be required by F2011. Revelstoke

5

Unit 5 also provides a source of dependable capacity in the event that all six units of

6

Burrard are not available or not cost-effective.

7

Revelstoke Unit 5 allows better utilization of existing storage and capacity on BC Hydro’s

8

projects on the Columbia River. Increased storage flexibility is a service that is needed

9

and would be provided by this unit; however, storage flexibility is an economic issue and

10

does not point to any specific reliability requirement.

11

Cost-Effectiveness

12

• This project would provide 480 MW of very long term (50+ years) dependable

13

capacity to enhance BC Hydro’s ability to reliably meet the winter peak demand

14

requirements of its customers.

15

• Revelstoke Unit 5 provides energy efficiency benefits at the Revelstoke Generating

16

Station which can offset the fixed investment cost of meeting capacity requirements.

17

Because Revelstoke Unit 5 would be more efficient than the existing four units, it

18

would be preferentially loaded and would increase the plant’s annual average

19

generation by 140 GWh/y.

20

• Revelstoke Unit 5 would enable energy efficiency gains primarily on BC Hydro’s

21

Columbia River plants in the order of 40 to 86 GWh/y by reducing a small amount of

22

spill and by enhancing the balance of water and import capability during spring

23

freshet as well as system flexibility during the winter and summer.

24

• Revelstoke Unit 5 will create overall system shaping benefits when there are relatively

25

high margins between peak and light load prices, particularly in the summer. The

26

shaping benefit value is expected to vary from year to year over the life of the

27

Revelstoke Unit 5 project. In its estimation of the UCC of Revelstoke Unit 5, BC Hydro

28

has valued the shaping benefits at $3 million per year, which is at the lower end of the

29

expected range.
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1

The current capital cost estimate for Revelstoke Unit 5 is in the range of $270 to $350

2

million dollars (as spent). This pricing is based on a detailed re-estimate of the capital

3

cost completed in July 2006. This updated cost estimate was then reviewed and verified

4

by an independent, external professional estimator. Finally, a specific study was

5

completed related to forecasted non-residential construction sector escalation by an

6

independent economist. Input from both external reviews was then incorporated into the

7

revised estimate.

8

The updated P50 and P90 cost estimates for the two in-service dates are as provided in

9

Table 8-10.

10
11

Table 8-10

Capital Cost Estimates for
Revelstoke Unit 5
Cost

12
13
14

In-Service Date

P50 / P90

(millions)

Oct/2010

P50

$270

Oct/2010

P90

$300

Oct/2011

P50

$300

Oct/2011
P90
$350
Notes:
1.
P50 costs include a 10% contingency. P90 costs include a 20%
contingency.

15

The inflation rates in the capital cost estimate, as recommended as part of the

16

independent external review, are provided in Table 8-11.

17
18

Table 8-11

Inflation rates

Escalation Rates used in Cost
Estimate

2006

2007

2008

2009

2010

2011

2012

8%

8%

7%

6%

5%

4%

3%

19

A breakdown of the October 2011 in-service date P90 cost estimate (as spent dollars) is

20

provided in Table 8-12.
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1
2

Table 8-12

Components of October 2011 inservice date P90 cost estimate

DESCRIPTION
Management and Engineering
Construction
Operations, administration, and regulatory approvals
Definition Phase 1 to May/06
Definition Phase 2 to Sept/07
Escalation (above CPI)
Contingency
Total

JULY 2006
P90 LOADED
($millions)

% OF TOTAL
LOADED
COSTS 2006

36
153
15
3
13
72
58
350

10
44
4
1
3
21
17
100

3

Any significant capacity additions in the South Interior region triggers transmission

4

upgrades by BCTC at Ashton Creek substation at an estimated cost of $4 million (as

5

spent). For the Revelstoke Unit 5 analysis, all of the cost for this project is included.

6

BCTC’s Revelstoke G5 Integration Study (Report No. SPA 2006-104, July 2006)

7

indicates that transmission reinforcement from the Interior to Lower Mainland is not

8

required to deliver Revelstoke Unit 5 capacity in the winter peak.

9

Alternatives

10

Given its low cost, its relatively short lead time, its low and manageable impacts, and its

11

operating flexibility, BC Hydro considers Revelstoke Unit 5 to be its best alternative to

12

meet capacity needs.

13

The UCC for Revelstoke Unit 5 corresponding to the above cost range is $37 to $45/kW-

14

yr ($2006) based on a 6 percent real discount rate. However, this is reduced to $6 to

15

$14/kW-yr ($2006) when energy gain and system shaping benefits are included. In

16

calculating these benefits, the energy gain benefit at the Revelstoke generating station

17

was updated based on a levelized price 12 . System energy benefits and system shaping

18

benefits were not updated but are still considered representative because they are

19

influenced by price differentials, rather than absolute prices. A description of these

20

benefits is provided in Appendix E of the IEP (Exhibit B1-B).

12
BC Hydro’s March 2006 “Scenario Average” price forecast was used to calculate the benefit. The
levelized price is $65/MWh for the 50 year term starting in 2011.
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1

Table 8-13 compares the current estimate of the UCC for Revelstoke Unit 5 to other

2

dependable capacity options. In comparison to the other resources in the table,

3

Revelstoke Unit 5:

4

• Is an updated detailed capital cost estimate where as the others are out of date, and

5

derived from conceptual or generic studies. As a result the UCC for other resources is

6

likely underestimated, or requires a wider range to address uncertainty.

7

• Provides price certainty for the 50 year life of the project while the cost of the other

8

resources depends on commodity prices that will change over time. For example, the

9

CE does not provide price certainty for the project life of Revelstoke Unit 5.

10

• Has completed a stakeholder engagement processes with consensus for

11

development and mitigation of environmental impacts. The Revelstoke Unit 5 Core

12

Committee, formed by BC Hydro in late September 2005 to provide the opportunity to

13

interested parties, including governmental agencies and First Nations, to identify

14

social, economic and environmental issues and opportunities associated with

15

Revelstoke Unit 5, reviewed the impacts and reached consensus on mitigation

16

measures to address these impacts. Other resources, such as SCGT, which would

17

require eleven 47 MW simple cycle gas turbines to replace Revelstoke Unit 5, would

18

face potential significant stakeholder and regulatory issues.

19
20

Table 8-13
Option

Dependable

UCC @ 6%

Capacity (MW)

($/kW per year)

480

6 - 14

up to 500

10

Burrard 6 Units

910

26e

Mica Unit 5

450

31f

47 MW per unit

108

up to 500

102

b

Revelstoke Unit 5
c

CE

SCGT d
Pumped Storage

21
22
23
24
25
26

Resource Option UCC Summarya

d

a) The UCC is calculated as described in Section 4.1 of the 2005 ROR (Appendix F
to the 2006 IEP, Exhibit B-1B).
b) Costs for Revelstoke Unit 5 include the regional transmission upgrades required to
interconnect this project to the main grid. Before adjustments for energy-related
benefits the UCC of Revelstoke Unit 5 ranges from $37 to $45/kW-year
(corresponding to $270 million to $350 million as spent capital cost range).
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1
2
3
4
5
6
7
8
9
10
11
12
13
14

c) The UCC of the CE is based on the opportunity cost of capacity from the 2005
ROR. The opportunity cost of capacity in the future is unknown. Any energy that
would be required to supplement the capacity would have to be purchased at onpeak market prices.
d) UCCs for SCGT and pumped storage are based on 2005 ROR data and include
fixed costs only. These UCCs could increase or decrease depending on how the
plant’s variable cost of energy (i.e., fuel or energy for pumping) compares to the
on-peak value of energy.
e) The cost for Burrard is based on six units providing 910 MW of capacity in F2014.
This is the incremental cost over and above the cost of using Burrard to provide
voltage stability only. The impacts of energy dispatch from Burrard have not been
included in this analysis.
f) Mica Unit 5 UCC estimates are from the ROR. The UCC does not include system
benefits and the cost estimate has not been updated.

15

Given the uncertainties over the long term cost of reliance on CE capacity, BC Hydro

16

sees the CE role as an important contingency resource for BC Hydro in the near term

17

and intermediate term. The LTAP discusses the uncertainties in the load-resource

18

balance. If BC Hydro planned to rely on the CE instead of proceeding with Revelstoke

19

Unit 5, BC Hydro would not have a contingency resource that could be readily called

20

upon in short order should the load increase or supply and DSM not deliver as planned.

21

8.4.7.3

22

Deliverability Risk – In September 2005 the Revelstoke Unit 5 project advanced to the

23

Definition phase of development and BC Hydro resumed the BC Environmental

24

Assessment Office (EAO) review process. In May 2006 the EAO issued a Section 11

25

Order setting out the scope of the project for BCEAA review purposes and the Terms of

26

Reference setting out what the EAC Application is to contain. BC Hydro will be

27

submitting the EAC Application in September 2006. As part of the EAO process, BC

28

Hydro is engaging First Nations and stakeholders with a view to obtaining an EAC

29

pursuant to BCEAA by September 2007 or earlier.

30

A CPCN Application for this project is expected to be filed with the BCUC in January

31

2007 based on a BCUC decision with respect to the LTAP. Among other things, project

32

risks, and the associated mitigation plans for the Implementation phase, will be

33

addressed in the CPCN Application.

34

Cost Risk - BC Hydro is currently negotiating with the preferred supplier a contract for

35

the supply and installation of the turbine and generator. To ensure that BC Hydro

Execution and Risk Mitigation
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1

secures the price and manufacturing schedule for Revelstoke Unit 5, the entire contract

2

is scheduled to be executed in September 2006.

3

BC Hydro initiated Delay or Termination Risk: To mitigate risk associated with a possible

4

further delay or termination of the contract, BC Hydro is seeking to negotiate sufficient

5

contractual flexibility to accommodate both the October 2010 and October 2011 in

6

service dates and to limit financial exposure in the event of schedule delay or

7

termination.

8

8.4.7.4

9

Requested Order

Future Approval Process and Expenditures

10

BC Hydro seeks a determination under Subsection 45(6.2)(b) of the UCA that

11

expenditures of $12.5 million in F2007/F2008 required to complete the Definition phase

12

of the project are in the interests of persons within BC who receive, or who may receive,

13

service from BC Hydro.

14

Future Approval Process

15

Approval to advance Revelstoke Unit 5 from the Definition phase to the Implementation

16

phase will be sought in the CPCN Application.

17

8.4.8

18

8.4.8.1

19

In addition to Revelstoke Unit 5, there are three remaining units – Revelstoke Unit 6,

20

Mica Unit 5 and Mica Unit 6 – that can be used to add approximately 1,500 MW

21

dependable capacity in total and provide additional system benefits to the BC Hydro

22

system. BC Hydro will ensure that the three projects are maintained at the appropriate

23

development stage depending on the capacity requirements, transmission upgrade

24

status, and expected system benefits. Each project takes five to six years to complete

25

once a decision has been made to start the Definition phase of development. 13

26

BC Hydro is currently in the process of determining which of the remaining units is the

27

most cost-effective to advance. Following this determination, the Definition phase of

Next Revelstoke or Mica Unit
Size and Timing

8-41
BC Hydro 2006 Integrated Electricity Plan
[Amended – August 31, 2006]

Attachment P1

1

development will start, with a target earliest in-service date with respect to the most cost-

2

effective unit of F2015.

3

8.4.8.2

4

As discussed in section 8.6, there is a need to ensure that adequate Contingency Plans

5

are in place for the LTAP. In particular, to guarantee that adequate dependable capacity

6

is available, BC Hydro plans to have the next unit capable of being in commercial

7

operation by F2015.

8

The Identification work will provide BC Hydro with current information regarding, among

9

other things, capital costs, transmission upgrade status and expected system benefits on

Justification

10

which to base future resource planning decisions in advance of the next LTAP.

11

8.4.8.3

12

BC Hydro is evaluating both Mica Unit 5 and Revelstoke Unit 6 to identify which of the

13

two units is the most appropriate next capacity resource. This Identification Phase work

14

will include a thorough analysis of the potential system benefits of the projects. Following

15

this work, one project could be advanced through to the Definition phase. The evaluation

16

of Mica Unit 5 and Revelstoke Unit 6 is expected to be completed in F2007 and cost

17

approximately $1 million. The Definition phase of the selected project would be expected

18

to follow the same type of development schedule as Revelstoke Unit 5 and to cost

19

approximately $2 million. As such, a project approval application could be filed as early

20

as mid-2008 and the selected unit could be in-service by F2015.

21

8.4.8.4

22

Requested Order

23

BC Hydro seeks a determination under Subsection 45(6.2)(b) of the UCA that

24

expenditures of $1.0 million in F2007 and $2.0 million in F2008 required to complete the

25

Identification and Definition phase work are in the interests of persons within B.C. who

26

receive, or who may receive, service from BC Hydro.

Execution and Risk Mitigation

Future Approval Process and Expenditures

13
The Definition phase work takes approximately 18 months, with the Implementation phase taking 3 to 5
years.
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1

Future Approval Process

2

Approval for the selected project would be sought by filing a project approval application

3

pursuant to section 45(6.2) of the UCA.

4

The capital costs for Revelstoke Unit 6 and Mica Unit 5 are uncertain at this time. Capital

5

cost estimates at the time of filing the 2006 IEP/LTAP Application were approximately

6

$200 million (as spent, nominal), excluding the transmission upgrades required with

7

each. 14 It is expected that these capital cost estimates would increase in a similar

8

amount to the estimates of Revelstoke Unit 5, although further study is required.

9

8.4.9

Potential Site C Project – Stage 2 Investigation

10

8.4.9.1

11

Site C is another potential large-scale project. As currently defined, this third dam on the

12

Peace River would provide 900 MW of dependable capacity, and generate on average

13

4,600 GWh per year. It is just one of the potential resources that could meet part of the

14

gap in the load resource balance in the latter half of the 20-year planning horizon.

15

Under the 2002 Energy Plan, any decision to proceed with the development of Site C is

16

to be made by Provincial Cabinet. However, the near term question for the Provincial

17

Government is whether to proceed to the next stage of the proposed analysis process to

18

better understand the advantages and disadvantages of this potential resource option.

19

8.4.9.2

20

At the F05/F06 RRA hearing, BC Hydro introduced a proposed staged approach to

21

evaluating Site C and confirmed that Provincial Cabinet approval would be required

22

before proceeding beyond Stage 1 to Stage 2 of work. The staged approach establishes

23

decision points based on incremental levels of commitment and scope, and the ability to

24

make informed decisions at the conclusion of each stage as to whether to proceed to the

25

next stage. It is intended to control the costs of the evaluation work and to manage the

26

considerable uncertainty that will persist during the various stages of the project.

27

The approach, as currently defined, has six stages, which are listed below:

14

Justification for Additional Review

Execution and Risk Mitigation

The cost estimate for the next unit has increased over that shown in the 2005 ROR.
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1

• Stage 1: Review of Project Feasibility

2

• Stage 2: Stakeholder Engagement and First Nations Consultation

3

• Stage 3: Preparation of Environmental Impact Assessment and other Regulatory

4

Applications

5

• Stage 4: Regulatory Approval Processes

6

• Stage 5: Engineering

7

• Stage 6: Construction.

8

With the exception of the last stage, each stage would conclude with a full review of the

9

project status followed by a recommendation and a decision by the Provincial

10

Government to either proceed to the next stage, or to cancel or defer further work on the

11

project. Approvals by the BCUC and environmental authorities would also be required

12

before proceeding to Stage 5. Cabinet would make the final decision about whether or

13

not to proceed with construction at the end of Stage 5.

14

8.4.9.3

15

Stage 1 is now underway which will help to inform the Province’s decision about whether

16

to proceed to Stage 2. Stage 2 would involve extensive stakeholder engagement and

17

First Nations consultation along with technical analysis and social and environmental

18

studies. Table 8-14 provides the Stage 1 expenditures to date and the estimate of future

19

Stage 1 costs.

Future Approval Process and Expenditures

20
21

Table 8-14

Stage 1 Site C Expenditures (F2005 to
F2008)

Time Period

Approximate Budget

Stage 1

Jun 2004 to Mar 2006

$4.7 million

Stage 1

Apr 2006 to Sept 2006

$10 million

22
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1

BC Hydro will not proceed to Stage 2 unless Provincial Cabinet approval is received.

2

Table 8-15 provides the estimates of future Stage 2 and Stage 3 costs in F2007 and

3

F2008, assuming approval is received to proceed first to Stage 2 and then to Stage 3.

4
5

Table 8-15

Stage 2 Site C Expenditures (F2005 to
F2008)

Time Period

Approximate Budget

Stage 2

Oct 2006 to Jul 2007

$20 million

Stage 3 (Partial)

Aug 2007 to Mar 2008

$14 million

6

These tables are prepared on the assumption that Stage 1 ends at September 30, 2006.

7

Also, the actual work performed in Stages 2 and 3 would itself be informed by

8

stakeholder engagement and First Nations consultation. BC Hydro has addressed the

9

Stage 1, Stage 2 and Stage 3 costs for F2007 and F2008 in the F07/F08 RRA.

10

8.4.10 Burrard

11

8.4.10.1

12

The LTAP plans on the continued funding for Burrard’s current dependable capacity

13

(910 MW), firm energy (6,100 GWh/y) and voltage support functions until F2014 and on

14

the replacement of the energy and capacity by F2014. The best option for voltage

15

support would likely be established in concert with BCTC through a future NITS

16

application.

17

The LTAP also includes the action of acquiring 7,500 to 10,000 GWh/y from the 2007

18

and 2009 Calls to the private sector that is justified in part by the cost-effective

19

replacement of Burrard’s firm energy contributions prior to F2014.

20

8.4.10.2

21

The 2006 IEP portfolio analysis shows that there may be an economic opportunity to

22

replace a portion of Burrard’s firm energy with fixed resources depending on the cost-

23

effectiveness of new supply from calls to the private sector. While the portfolio analysis

24

did not demonstrate a significant benefit or cost associated with replacing Burrard’s

Size and Timing

Justification
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1

capacity contributions, it is expected that the economic opportunity of replacing the

2

capacity will become stronger once the system benefits from cost-effective Resource

3

Smart capacity projects and risk factors are considered. 15

4

8.4.10.3

5

Execution

6

Replacing Burrard’s firm energy capability with private sector acquisitions will be

7

executed as outlined in section 8.4.4.

8

Risk Mitigation

9

The evaluation methodology specified in section 8.5 will serve as a check to ensure that

Execution and Risk Mitigation

10

the replacement of Burrard’s firm energy contributions from other sources is cost-

11

effective.

12

8.4.11 Bulk Transmission Resources

13

8.4.11.1

14

The 2006 IEP has confirmed that an increase in ILM transmission is required at its

15

earliest in service date of F2014. BCTC has undertaken the transmission requirements

16

analysis of the portfolios developed by BC Hydro and has, to date, identified the

17

proposed 5L83 transmission line as the preferred next line. As shown in the ROR, 5L83

18

provides an increase of up to 2,100 MW from the interior to the LM/VI region. BCTC has

19

indicated an earliest in-service date of F2014. BC Hydro plans to support BCTC in the

20

development of the ILM capacity for that date.

21

8.4.11.2

22

The analysis undertaken in the 2006 IEP has shown that increased ILM transmission is

23

required in virtually every portfolio. The portfolio created to delay further transmission

24

requirements (Low Land Impacts) would require substantial additional thermal

25

dispatchable generation in the LM/VI region and is unlikely to be implementable.

26

Further, as shown in Section 8.6, the additional capacity available at BC Hydro’s

27

Revelstoke and Mica dams provides the Contingency Plan for type and location risk for
15

Size and Timing

Justification

System benefits of Revelstoke 6 and Mica 5 have not been reflected in the 2006 IEP.
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1

what resources may be acquired on “all source” competitive calls and therefore allows

2

flexibility in where and what resources may be acquired. Using this capacity requires

3

commensurate increases in ILM transmission capacity to be able to deliver that power to

4

the largest load centre, the LM/VI region. The planned additions of capacity at

5

Revelstoke and Mica will not be able to be used most effectively without the addition of

6

the ILM project.

7

8.4.11.3 Execution and Risk Mitigation

8

Execution

9

While it is BCTC’s responsibility to develop the ILM transmission project, BC Hydro will

10

support BCTC’s CPCN application (as currently defined) for the next ILM transmission

11

line and plans to work with BCTC in documenting the need for the project and defining

12

further system loss and trade benefits from building the next ILM transmission line.

13

Risk Mitigation

14

To address the risk of additional ILM transmission being delayed, BC Hydro could

15

maintain the CE as an option as shown in the Transmission Contingency Plan in

16

section 8.6.

17

8.4.11.4

18

Utilizing the LTAP and the Contingency Plans shown in Section 8.6, BC Hydro proposes

19

to submit the Contingency Plans to BCTC as an updated NITS application with BCUC

20

approval of the Contingency Plans. The approval of the basis for BC Hydro’s NITS

21

application Contingency Plans are sought as part of this 2006 LTAP.

22

BC Hydro will support BCTC’s CPCN application for the next ILM transmission line (as

23

currently defined).

24

Costs for the next ILM transmission line are as estimated in the 2005 ROR. BC Hydro

25

expects that these costs will be recovered from BCTC’s customers through BCTC’s

26

tariff.

Future Approval Process and Expenditures
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1

8.4.12 Sources of Future Supply

2

8.4.12.1 Size and Timing

3

BC Hydro has identified the need to develop between 3,200-8,800 GWh/y of as yet

4

unspecified resources to adequately meet forecast demand over the 20-year period.

5

This amount is not expected to be required until late in the 20-year planning horizon.

6

BC Hydro does not yet need to commit to the type and quantities for future supply. The

7

intent is to be in a position to consider resources that today would be considered

8

unconventional or high risk and then select the cost-effective resources in the future. To

9

facilitate this approach these resources are generally still in the research and

10

development stage. The identified actions will allow BC Hydro to initiate the required

11

acquisition processes as and when required.

12

Actions planned include:

13

• Undertaking a near commercial call that would be focused at technologies that show

14

promise, but could not be considered sufficiently developed to make a firm

15

commitment on a large scale to meet future electricity requirements. The call would

16

provide a small utility scale opportunity to test the market for options that may include

17

wave, tidal, heat pumps and solar technologies.

18
19
20

• BC Hydro will continue to monitor new technologies without necessarily providing any
specific funding, for example:
`

carbon sequestration;

21
22

`

`

27

Continuing to monitor and consider with the Provincial Government the ability to
purchase Alberta oil sands cogeneration electricity;

25
26

Incorporating the Provincial Government’s anticipated report from the Premier’s
Alternative Energy Task Force into future LTAPs;

23
24

Monitoring developments of clean coal technologies, especially IGCC with

`

Becoming more involved in community energy planning and the development of
government regulations on energy efficiency to ensure appropriate consideration
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1

is given to optimising energy use in a cost-effective and environmentally friendly

2

manner; and,
`

3

Monitoring and assessing other DSM opportunities in general.

4

8.4.12.2 Justification

5

BC Hydro needs to continue to find future sources of energy:

6

•

finite availability;

7
8

•

11

Existing thermal resources have risks, liabilities and environmental impacts that may
limit the availability of cost-effective supply; and,

9
10

DSM is being aggressively targeted, but existing technologies and processes have a

•

Commercially proven BC Clean Electricity resources are limited in quantity and have
a rising cost curve.

12

A range of sources of future supply will reduce the risk that our customers will have to

13

pay higher costs related to less efficient technologies and resource fuels.

14

8.4.12.3 Execution and Risk Mitigation

15

Execution and Risk Mitigation

16

None of these resources are being incorporated in the supply/demand balance in this

17

IEP and LTAP. Therefore, the risks of undertaking these programs are limited to the

18

related direct expenditures.

19

Risks of not monitoring or developing new technologies generally relate to: (1) timing, as

20

BC Hydro would not be privy to research projects that could be important to the

21

Province’s future; and (2) certain research and development projects that are particularly

22

suited to BC may not occur absent support from BC Hydro.

23

8.4.12.4

24

Expenditures for specific future sources of supply development programs will be

25

contained in future RRAs.

Future Approval Process

8-49
BC Hydro 2006 Integrated Electricity Plan
[Amended – August 31, 2006]

Attachment P1

1

8.5

Comparison of Resources for Acquisition Decision-Making

2

This section describes BC Hydro’s process for assessing its own internal projects (DSM,

3

Resource Smart) against IPP and third party supplier projects and purchases.

4

8.5.1

5

The evaluation process in the 2006 IEP undertook a review of the various resource

6

options available to fill the load resource gap and resulted in general volumes of DSM,

7

IPP supply and Resource Smart projects to pursue. The analysis of DSM, IPP supply

8

and Resource Smart projects has been completed through the portfolio trade-off process

9

set out in Chapter 7. Chapter 6 described the portfolios chosen to allow for comparison

Portfolio Trade-off Analysis and BC Hydro Resource Acquisition Strategy

10

of the impacts of DSM with other resource supply (for example, the DSM programs

11

EE 3, 4 and 5 were included in three portfolios and compared against two portfolios

12

which did not contain these DSM programs). In addition, the need for new Resource

13

Smart capacity projects was tested through: (i) comparison of costs to other capacity

14

projects (Chapter 5); and (ii) comparison of portfolios of new resource additions with

15

varying amounts of capacity (Chapter 7).

16

The result of the portfolio trade-off analysis led to BC Hydro’s resource acquisition

17

strategy and the 2006 LTAP to acquire particular volumes of resources. The LTAP

18

provides that the load resource gap over the ten year period will be met with:

19

• First, 5,900 GWh/y of DSM, because the portfolio analysis demonstrates that DSM is

20

a cost-effective resource that mitigates exposure to cost risk associated with natural

21

gas and electricity prices, and GHG offset scenarios, and avoids transmission costs

22

and siting risk;

23

• Second, 12,200 – 14,700 GWh/y of IPP supply as needed to fill the energy gap in the

24

load resource balance. 16 These volumes will be adjusted depending on load resource

25

gap changes and success of resource acquisitions; and

26

• Resource Smart capacity projects (Revelstoke/Mica Units 5 and 6) as needed to
augment the IPP supply capacity contribution and meet reliability requirements.

27

16

Cost effective Resource Smart energy projects are not expected to impact this required IPP supply.
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1

This 2006 IEP evaluation process resulted in the high level targets. This sets the stage

2

for the development of future DSM programs, competitive calls and advancement of

3

Resource Smart projects.

4

8.5.2

5

A second Evaluation Methodology is needed to compare the relative cost effectiveness

6

of the resource options as they are developed and implemented to ensure there has not

7

been a significant change in those relative costs. The Evaluation Methodology is

8

proposed as follows:

9

• The results of BC Hydro’s competitive IPP acquisition processes or calls will provide

10

additional price basis from which to compare other resource acquisitions. With the

11

price information from the tendered bids and EPA awards of the F2006 Call,

12

BC Hydro has a preliminary indication of the reference price to be used for comparing

13

future resource acquisitions. In Exhibit B-10-2, BC Hydro committed to filing its new

14

reference price incorporating the results of the F2006 Call. However, the results of

15

the F2006 Call are not known at this time. BC Hydro will be filing the F2006 Call

16

EPAs with the BCUC on September 5, 2006, together with a request that the BCUC

17

issue an Order accepting the F2006 Call EPAs as filed as energy supply contracts

18

pursuant to section 71 of the UCA. The F2006 Call reference price cannot be

19

determined until such an Order issues.

20

`

Evaluation Methodology for Definition and Investigation Phases

BC Hydro intends to compare the call results to BC Hydro’s range of forecast

21

electricity market prices. The 2006 IEP analysis has demonstrated that there

22

are risks associated with market reliance, hence BC Hydro plans to acquire

23

firm, long-term resources to meet customer demand. BC Hydro does not

24

foresee market price comparisons, outside of the IEP context, to result in a

25

change to targeted call volumes.

26

• DSM programs and Resource Smart projects will be compared to the appropriate

27

prices established through calls and market forecasts to ensure continued relative

28

cost effectiveness.

29
30

• The Evaluation Methodology is likely to include a number of other factors in
comparing resource options as follows:
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1

`

Term of the acquisition or contract;

2

`

Shape and quality of product;

3

`

Locational impact;

4

`

Environmental impact; and

5

`

Dispatchability.

6

8.5.3

7

BC Hydro considered the possibility of having DSM programs and Resource Smart

8

capacity projects bid into its open energy call processes.

9

DSM

Alternative to Evaluation Methodology

10

To date, BC Hydro has not included DSM in its energy call processes because:

11

• it would increase the complexity of an energy call substantially, while negatively

12
13

impacting process transparency and costs; and

• there are on-going processes in place that are better able to address the acquisition

14

of DSM resources. Following the BCUC’s decision with respect to BC Hydro’s

15

F2004/F2005 RRA, BC Hydro launched the LPI, a competitive and transparent

16

process to acquire large energy efficiency (EE) and load displacement-style customer

17

generation (LD) projects. The LPI process seeks projects from customers (and any of

18

their private sector partners) that require capital funding in excess of $1 million. The

19

LPI process uses a Re-Qualification and RFP process to solicit customer bids. Each

20

project must meet the following selection criteria:

21

`

Has a simple payback (before incentives) equal to or greater than two years;

22

`

Any LD project must meet the BC Clean Electricity definition;

23

`

Has a Total Resource cost benefit/cost ratio >1.0;

24

`

Has a ratepayer test benefit/cost ratio >1.0;

25

`

Has energy savings term up to 25 years; and
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`

1

Meets the financial credit and security requirements set by BC Hydro.

2

The resulting LD contracts are stricter in some aspects than the competitive call EPAs.

3

There are fundamental differences between LD contracts and EPAs because of the

4

differing rights.

5

DSM is fundamentally different from supply-side resource options in that the aim of DSM

6

projects and programs is to replace or reduce BC Hydro customer use of energy. DSM

7

resources include both conservation and EE, and LD.

8

EE programs do not lend themselves to a CFT or RFP process because they are mainly

9

aimed at large numbers of customers (i.e., EE is broad based) as opposed to discrete

10

substantive projects. BC Hydro’s EE programmes address financial and other significant

11

barriers (information, awareness, availability and acceptability) to customers

12

implementing energy efficiency measures.

13

There are technical and business differences between LD projects and IPP generation

14

projects. LD projects are similar to generation upgrade projects in that they are time

15

sensitive. LD projects are not the proponent’s core business. LD project timelines are

16

driven by site processes. Once a customer facility is built, it would likely be far more

17

expensive, and possibly not cost effective, to retrofit. With respect to LD, BC Hydro

18

believes the development of evaluation criteria and methodologies that would be

19

required to compare energy supply resources against LD projects in a single acquisition

20

process would likely lead to a complex procurement process. LD projects are acquired in

21

the comparable but separate LPI process described above. LD bids are evaluated

22

against supply-side avoided costs. Any new LD projects would be brought to the BCUC

23

for approval.

24

The majority of the Canadian and U.S. jurisdictions selected for review as part of

25

BC Hydro’s design of the F2006 Call do not allow for the bidding of DSM into CFTs or

26

RFP for energy products. 17 Most reviewed jurisdictions use separate DSM acquisition

17

Puget Sound Energy, RFP from all generation sources, February 2004; Xcel Energy, RFP dispatchable
resources – all source, February 2005; Xcel Energy – RFP non-dispatchable resources – all source,
February 2005; Hydro Quebec – CFT: Annual firm capacity for 100 MW and associated energy (biomass),
April 2005; PacifiCorp., RFP – renewable electric resources, February 2004; Hydro Quebec – CFT:
electricity generated by cogeneration – annual firm capacity for a total of 350 MW and associated energy,
October 1, 2004; Nova Scotia Power – RFP: 100 GWh renewable energy, October 2004; Ontario Ministry of
Energy (MOE) – 2005 RFP for up to 1,000 MW for renewable energy supply with a contract capacity
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1

processes. One exception is the Ontario Ministry of Energy’s 2004 RFP for 2,500 MW of

2

new clean generation and DSM projects. In the case of this Ontario RFP, of the four

3

projects accepted (with a total of 1,675 MW), only 10 MW was for DSM. It should be

4

noted that Ontario utilities are implementing DSM programmes concurrently with this

5

RFP process.

6

Resource Smart

7

There is a constrained set of Resource Smart capacity projects under the Heritage

8

Contract. BC Hydro has an obligation to manage the Heritage Resources. With respect

9

to Resource Smart capacity projects (Revelstoke Unit 5, Mica Unit 5 and Revelstoke

10

Unit 6) CPCN and project approval processes will require BC Hydro to demonstrate cost

11

effectiveness. BC Hydro believes these projects to be significantly less expensive than

12

other available technologies so as to make competitive capacity acquisition processes

13

unwarranted at this time for system needs. BC Hydro has and continues to test and

14

access non-BC Hydro sources of capacity through the activities other than a capacity

15

only call listed in the response to BCOAPO IR 1.46.3 (Exh. B-10). In the event that

16

BC Hydro pursues a capacity only call to access the capacity, it will explore with IPPs

17

and other stakeholders the options and issues.

18

8.6

19

Consistent with good utility practice and the BCUC Guidelines, BC Hydro has

20

considered various Contingencies and has included certain Contingency Plan actions in

21

its LTAP. BC Hydro’s plan to fill the load resource gap is shown in Section 8.3. This

22

section of the LTAP identifies two specific Contingency Plans for that likely outcome.

23

These Contingency Plans drive resource acquisition and transmission alternatives.

24

The dependable capacity contributions from the calls shown in Figure 8-3 and Figure 8-4

25

are based on the energy/dependable capacity ratio from new resources selected on a

26

least cost basis from the 2005 ROR 18 . The results of the calls could vary from the

27

resources depicted in Figure 8-3 and Figure 8-4. As a result, the Contingency Plans

Contingency Plans

between 20 MW and 200 MW, April 2005; MOE – 2004 RFP – 2,500 MW of new clean energy and DSM,
September 2004; MOE – 2004 RFP – 300 MW of renewable energy supply, June 2004; Sierra Pacific and
Nevada Power, 2003 RFP – renewable energy and renewable energy credits, June 2003.
18

Least cost based on the 2006 EIA gas forecast and mid GHG scenarios.

8-54
BC Hydro 2006 Integrated Electricity Plan
[Amended – August 31, 2006]

Attachment P2

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY

2006 INTEGRATED ELECTRICITY PLAN
and LONG-TERM ACQUISITION PLAN

Evidence on Project Evaluation

June 30, 2006

Attachment P2

1

4.2

2

Economic analysis of projects can be discounted at the WACC as the projects do not

3

alter the overall risk profile of BC Hydro’s operations. Due to the global nature of the

4

WACC, as described above, the discount rate used should be consistent across the

5

company.

6

It will be appropriate in some situations to use sensitivity testing around other discount

7

rates to assess broader ranges of uncertainty of future events that are not sufficiently

8

reflected in the standard rate.

9

5.

Discount Rate

EXAMPLE: ABERFELDIE PROJECT ANALYSIS

10

BC Hydro undertakes a number of different economic analyses of capital projects. These

11

will differ depending on the nature of the project. For instance, a customer driven project

12

may require a less rigorous examination of alternatives than a Resource Smart project.

13

The evaluation completed for Aberfeldie generating station redevelopment (Aberfeldie) is

14

an example of a project evaluation 16 .

15

This evaluation included the following:
•
•
•
•

16
17
18
19

Rate Impact Analysis
Levelized cost analysis
Net Present Value (NPV) Analysis
Comparison to Acquisitions

20

Key variable identification and assessment is essential to ensure that the appropriate

21

variables and their impacts are modelled under the various project evaluation

22

techniques. For Aberfeldie these variables included capital costs, operating costs (such

23

as water rentals, taxes, operating and maintenance costs and water licence compliance

24

fees), borrowing costs, decommissioning costs and equipment performance. This set of

25

variables is typical for Resource Smart projects.

26

5.1

27

Rate impact analysis was prepared assuming 100% debt financing and a depreciation

28

term of 50 years. The results varied with each scenario given different levels of capital

Rate Impact

16

A workshop was held on the Aberfeldie project evaluation on April 20, 2006. The material presented is
attached to the response to BCUC IR 1.284.1. The EXCEL financial model is attached to the response to
CPC IR 1.2.6.
16
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1

costs and other factors. The rate impact identified the difference in customer rates

2

between redeveloping Aberfeldie and not doing so; it thus indicated the incremental rate

3

impact of the project.

4

The types of comparisons that are completed in project evaluations would be similar in

5

concept to what was presented in the following chart from the Aberfeldie workshop to

6

present bid price risk analysis.

7

5.2

8

Levelized cost analysis identified the average unit cost of electricity from the facility, post

9

the redevelopment, over a 25 and 50 year life. It also included variations for different

Levelized Cost

10

capital and financing costs.

11

5.3

12

NPV analysis was prepared using a number of different electricity price forecasts over a

13

20-year period. These forecasts represented alternative sources of electricity such as

14

market purchases. The analysis was again completed using a number of different

15

scenarios.

16

5.3

17

An evaluation was completed to identify what might have been the bid price for

18

Aberfeldie were it to have been bid into the F2006 Call. The evaluation included the

Net Present Value

Comparison to Acquisitions

17
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1

characteristics of the different sources of supply such as reliability, energy shape,

2

dispatchability, location, etc.

3

The response to Columbia Power Corporation Information Request 1.3.2 provides the

4

following table of Aberfeldie reflecting the terms of the F2006 Call.
Bid Price Reconciliation

Units

Discount Rate (nominal)

%

40 years
6.7%

8.0%

Levelized price (flat block)
Adjustment factor for shape
Shape-adjusted levelized price (1)

41
46
$/Mwh
Factor 107% 107%
44
50
$/Mwh

Bid Adjustments
Tier 1 Discount
LD's
Indexation at 50% CPI
Total adjustments

$/Mwh
$/Mwh
$/Mwh

2
2
9
13

3
3
8
14

Hypothetical bid price

$/Mwh

57

64

5

A more general evaluation comparison discussion is provided at Chapter 8.5 of the 2006

6

IEP.

7

All these analyses were considered together taking into account the sensitivities and

8

risks around them in order to assist in the decision-making as to whether to proceed or

9

not with a specific investment, in this case Aberfeldie.

10

The Aberfeldie analysis consistently used 6.7% as the cost of debt for the assessment of

11

rate impacts and project evaluation. In addition, the other project evaluation work used

12

an 8% WACC to reflect BC Hydro’s overall risk-adjusted cost of capital, as noted above

13

in section 4.1. The use of the WACC and other sensitivity testing enabled a comparison

14

of different options and provided the ability to reflect unidentified project risks within this

15

discount rate.

18
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Exhibit B-11, General

3.1.4 Based on this evidence, what exactly is BC Hydro’s policy position
with respect to the appropriate basis for comparing BC Hydro projects
(e.g., DSM, transmission, resource smart, and any other generation
projects undertaken by BC Hydro with government approval) with private
sector alternatives for meeting ratepayer needs?

RESPONSE:
BC Hydro’s overall “policy position with respect to the appropriate basis for
comparing BC Hydro projects with private sector alternatives for meeting
ratepayer needs” is, simply stated, that the most “cost-effective” project should
proceed. BC Hydro’s project evaluation framework is set out in the Project
Evaluation Evidence (Exhibit B-11) and Section 8.5 of the LTAP (Exhibit B-1A).
In stating this BC Hydro wants to be clear that when it considers the relative costeffectiveness of its own projects in relation to alternatives to be provided by the
private sector, it can only make that comparison on the basis of its costs of
providing the service from its own project, versus its costs of acquiring the
service from a third party project. That is, BC Hydro considers its own project in
comparison to the price for the alternative services offered to it by the third party
supplier. It does not have a view on how that third party should determine its
price, nor a view on the third party’s own capital structure, cost of capital, etc.,
which presumably have some influence on the pricing decision of the third party.
A.

Cost-effectiveness

In the BCUC’s recent decision concerning the Vancouver Island Transmission
Reinforcement Project (VITR Decision), the BCUC stated that the task is “not to
select the least cost project, but to select the most cost-effective project”. The
BCUC went on to expand on the list of factors and considerations that are relevant
to cost-effectiveness comparisons. (Please refer to the response to BCUC IR
3.16.1 for a further discussion of the VITR Decision and its impact on the
definition of “cost-effectiveness”).
BC Hydro accepts the BCUC’s distinction between cost-effective and least cost,
and that competing projects/services should be assessed based on a broad
definition of cost-effectiveness. BC Hydro has adopted the cost-effective standard
for all acquisitions given that it is a more comprehensive benchmark which
incorporates least cost but also reflects a broader range of both quantifiable and
non-quantitative characteristics.
In the BCUC’s Vancouver Island Generation Project Decision (the VIGP Decision)
at page 35, the BCUC rejected the 100 per cent debt-financing proposed by BC
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Hydro as impractical for the cost of service analysis, considering BC Hydro’s
expectations of system renewals. The BCUC agreed that capital projects should
be considered to be financed at BC Hydro’s Weighted Average Cost of Capital
(WACC).
BC Hydro considers that, in BC Hydro’s case, cost-effectiveness tests should
distinguish between:
(a) overall project economic evaluation, including risk; and
(b) cost causation to BC Hydro and its customers for revenue requirement and
rate making purposes.
The distinction builds on determinations in the VIGP Decision, but recognizes the
difference between BC Hydro’s regulatory model, as prescribed by Heritage
Contract Special Directive No. HC1 (HC1) and Heritage Contact Special Direction
No. HC2 (HC2), and more typical utility capital structure definitions, whereby for
project evaluation purposes, company (and possibly project) risk is taken into
account.
Economic Analysis and Rate Impact
Based on the distinction above, BC Hydro’s approach to the economic evaluation
of its own projects, in order that comparisons to alternatives can be made, is as
follows:
•

For overall economic evaluation purposes, BC Hydro’s WACC, based on
commercial equity, should be used to determine discount rates. This WACC is
based on the ratio of debt to commercial equity, the latter being, in BC Hydro’s
case, the retained earnings component of the HC equity, as defined by HC2. At
current inflation rates, this is an 8 per cent nominal WACC.

•

This WACC currently uses a debt:equity ratio of 80:20. This WACC is
described in the Project Evaluation Evidence as the “risk-adjusted cost of
capital” in that it recognizes the risk inherent in the overall business of BC
Hydro as a utility. Project-specific risk is accounted for through sensitivity
analysis and is discussed further below.

•

For revenue requirement and rate impact purposes, the incremental impact of
a project should be calculated on the basis that it will be 100 per cent funded
by debt. This reflects the practical reality of BC Hydro’s access to funds. Debt
is the only mechanism available from which to raise funds in the short term,
while equity is accumulated over the long term based on the opening HC
equity balance and the allowed return on equity (ROE), both of which are
independent of any capital expenditures.

The following table summarizes the various parameters of the overall economic
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analysis and rate impact analysis, using the figures provided in the Project
Evaluation Evidence.

OVERALL ECONOMIC
ANALYSIS

Ratio

Cost

Debt

80%

6.7%

Equity (Commercial)

20%

13.1%

WACC

8.0%

Discount rates:
Nominal
Real

8%
6%

RATE IMPACT

Ratio

Cost

Debt

100%

6.7%

Risk - Company and Project
BC Hydro uses its WACC as described above for overall economic analysis of a
project, and calculates incremental rate impact of that project using the cost of
debt, based on the assumption of 100 per cent debt financing. As noted above, the
WACC can be considered to be “risk-adjusted” in that it recognizes the overall
company risk of BC Hydro, given the nature of its business. That WACC does not
reflect specific project risk, nor does the rate impact analysis take account of
project risk by using the cost of debt only. While it is possible to vary discount
rates (by adding a further project-related risk premium) to reflect project-specific
risk, BC Hydro does not adopt this approach. Instead project risks are addressed
through sensitivity analysis and contingencies, to explicitly review possible risks,
such as higher than expected costs, schedule changes, lower demand, etc.
Project Evaluation Framework: Section 8.5 of the LTAP
The Project Evaluation Evidence should be read together with Section 8.5 of the
LTAP. Section 8.5 of the LTAP explains how BC Hydro projects such as Resource
Smart and Demand Side Management (DSM) programs will be compared to the
appropriate prices established through competitive call processes and market
forecasts to ensure cost-effectiveness.
The LTAP Section 8.5 project evaluation methodology lists a number of factors to
allow for the comparison of resource options. A more detailed list, which reflects
the BCUC’s discussion of costs-effectiveness in the VITR Decision, is as follows:
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•
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Term of the acquisition or contract;
Economic life;
Safety;
Financing arrangements;
Reliability;
Dispatchability;
Product quality;
Schedule;
Operating and maintenance costs;
Locational impact;
Environmental and social impacts, and in particular, compensation and
mitigation measures;
Availability of resources; and
Coordination benefits.

Summary
Both the overall economic analysis and rate impact analysis are financial
measures of cost-effectiveness. Cost-effectiveness tests need to take into
account a wide range of factors, as set out above. The analysis of many of these
items and the trade-offs between them are by their very nature somewhat
subjective. Hence it is not possible to apply a formulaic prescriptive method for
assessing the relative cost-effectiveness of projects.
B.

Application of the LTAP Section 8.5 and Project Evaluation Evidence
Framework: Aberfeldie Redevelopment Project (Aberfeldie)

The remainder of this response presents an example of BC Hydro’s approach to
project evaluation by describing Aberfeldie. It must however be reiterated that the
evaluation for each project will be distinct given its specific characteristics. The
analysis conducted for Aberfeldie is consistent with evaluations that will be done
for similar run-of-river hydro developments, but analysis for sustaining capital
investments such as equipment replacements or capacity projects will necessarily
be of a different nature.
The determination of a project’s cost-effectiveness is the result of a number of
separate sets of analysis, each providing valuable information but also reflecting
varying degrees of uncertainty. The financial analysis for the project focused on:
•
•

economic analysis; and
the impact of the project on ratepayers.
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Economic analysis was performed over the development life of the project. It was
this analysis, based on the BC Hydro WACC of 8 per cent (nominal), that informed
key decisions and was the basis of BC Hydro’s Board approval to proceed.
Appendix L of the F07/F08 RRA includes the original business case completed in
2004. A focus at this stage of the project was evaluating which was the most
optimally sized facility, from 5MW to 30MW. The following analysis was
performed:
•
•
•
•

Levelized costs per unit for each sized facility;
Net present value (NPV) analysis for each sized facility and over a range of
price forecasts;
Sensitivity analysis focusing on changes to capital cost, water flow
parameters, market prices and evaluation term; and
At the time of the analysis, $50/MWh was identified as a benchmark
reflecting the outcome of the 2003 Call for Tender.

As part of the Aberfeldie Workshop, the project was also evaluated in the context
of the parameters of the F2006 Call. This analysis was conducted assuming a cost
of capital of 6.7 per cent (i.e., the cost of debt) as well as 8 per cent WACC. The
result of this analysis was simulated bid prices of $57/MWh and $64/MWh
respectively.
As well as this economic analysis, ratepayer impact was evaluated. This was the
focus of the analysis in the Aberfeldie Workshop and therefore the analysis was
conducted using the cost of debt as the discount rate.
These impacts, which change annually, are distilled into a set of metrics that can
be used for comparison to other sources of supply and their related rate impact.
Examples of calculations performed:
•
•

•
•
•

Levelized cost of service – the present value (PV) of the revenue
requirement divided by the PV of the energy delivered;
NPV – comparing the present value of the revenue requirement of the
project to the present value of alternate market sources of supply
(represented by a range of price forecasts);
Internal rate of return analysis – a variation of NPV analysis that produces
breakeven discount rates for different price forecasts;
Comparisons of the levelized customer rate impact to results of recent call
for tender results; and
Sensitivity analysis on key variables.

This economic analysis and rate impact was augmented by the evaluation of other
factors that impact cost-effectiveness. These largely qualitative issues were
discussed in the project business case, including, First Nations consultations,
water licensing and a variety of project implementation issues.
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ATTACHMENT Q

Aberfeldie Project
Incremental Energy Cost

Aberfeldie Redevelopment Project Incremental Energy Cost
The analysis presented below indicates the incremental unit cost of energy from the third 8 MW
turbine to be installed at the re-developed Aberfeldie facility. For the purposes of this analysis,
BC Hydro assumed it could acquire two of the three turbine generators at the same per unit cost
as the three units it has contracted for. This is an untested assumption. BC Hydro believes the
two turbines would have a higher per unit cost than the unit cost of the three turbines. In any
event, the negotiated contract does not provide BC Hydro with the right to acquire and install only
two of the three units.
Based on this analysis, the incremental energy from the third unit is 240,731 kWh/yr and the cost
of the energy delivered to the Lower Mainland is $80/MWh.

Aberfeldie Adjusted Bid Price
24 MW

Last 8 MW

1,367,221

240,731

Capital Cost ($ million)
Direct Cost
Total Cost (including Contingency, IDC, Overhead)

62.4
82.6

5.1
6.8

Levelized Price ($/MWh)
Cost of Tier 1 NFE discount
Cost of Liquidated Damages
Shape Factor (7%)

56
+3
+3
+5

44
+3
+8
+8

Equivalent Bid Price ($/MWh)
Green Credit
Regional CIFT Cost
Transmission losses (12%)
Aberfeldie Adjusted Bid Price ($/MWh)
(2006 Call comparator)

67
(3)
5
9

63
(3)
12
8

78

80

Energy Produced (MWh)
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Aberfeldie Project Change in Costs

ATTACHMENT R

$Millions except as noted
In-Service Dates (ISD)
Original 2004 Cost Estimate
a
b
c
d

Major Equipment Supply
Civil Construction
Sediment Control Structure
BCTC Interconnection
Miscellaneous Items
Total Estimate February 2006

e
f

Civil Contract Market Price Adjustment
Substation (new requirement)
Communication Equipment (new
requirement)
Additional QA and Testing
Additional Site Work (dredging and Stop
Logs)
BC Hydro Oversight
Additional Contingency for Residual
Uncertainties

g
h
i
j
k
l

October 2004 P50
Estimate
Apr-07

February 2006 P50
Estimate

November 2006 P50
Estimate

Oct-07
Fall 2008
46.0
46.0
February 2006 Increases
8.0
8.5
0.5
1.0
1.0
65.0
65.0
November 2006 Increases
5.9
0.8

Additional Corporate Loadings (IDC & OH)
Total Estimate November 2006

Notes:
a
b
c
d
e
f
g
h
i
j
k
l

Increase reflects acceptance of second bidder VA Tech (low bidder was not acceptable).
Market adjustment in early 2006 for anticipated civil costs increases.
A 2005 hydraulic model demonstrated that a sediment control structure was required to reduce turbine wear.
Additional P&C work was required for the BCTC interconnection to the new generating facility.
Based on civil tenders received in October 2006.
Reflects need to relocat the Wardner Electrical Substation away from the new powerhouse.
Addition of a required microwave radio link to the powerhouse.
Reflects additional construction-related oversight.
Required to modify intake and remove silt build up to improve forebay hydraulics.
Reflects BC Hydro's augmented project management and dedication of key project resouces.
Reflects higher project contingency associated with increase in direct cost and modest project completion delay.
Reflects interest during construction and overhead based on a higher project cost.

0.5
0.8
0.5
1.6
4.1
3.3
82.5

