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PREFACE

British Columbia Hydro and Power Authority (BC Hydro) proposes to develop a dam and

hydroelectric generating station on the Peace River in northeast British Columbia (B.C.), referred to

as the Site C Clean Ener gyProfct avpul cbé the( thidd elamfiaRdr o j ect 0
hydroelectric generating station on the Peace River in B.C., downstream of BC Hy dexistirigs

generating facilities at G.M. Shrum and Peace Canyon and the respective Williston and Dinosaur

reservoirs.

The Project is subject to a federal environmental assessment and review process under the
Canadian Environmental Assessment Act (CEAA). It is also subject to a provincial environmental
assessment and review process under the B.C. Environmental Assessment Act (BCEAA). The
Canada-British Columbia Agreement for Environmental Assessment Cooperation (2004) provides for
a harmonized provincial and federal review when a project is subject to review pursuant to both
BCEAA and CEAA.

BC Hydro is filing this Project Description Report with both the federal Canadian Environmental
Assessment Agency (CEA Agency) and the British Columbia Environmental Assessment Office

(BCEADO) to initiate the environmental assessment and review process for the Project.

Key steps in the environmental assessment and review process will involve the identification and
evaluation of potential effects associated with the construction and operation of the Project, the
development of recommended mitigation measures that may be used to avoid or minimize negative
effects and the development of measures to enhance the positive effects of the Project. First
Nations, members of the public, stakeholder groups and other interested parties have and will
continue to be consulted and given the opportunity to provide input throughout the environmental

assessment and review process.

Engineering work has been undertaken on the Project several times throughout its history.
Preliminary design work was first done in the late 1970s, resulting in the original layout in 1981.
Further engineering activities took place between 1989 and 1991.

In 2009, at the conclusion of the Projectéds Sftage 2
for Site C required optimization to meet current seismic, safety and environmental guidelines. This
design optimization work was completed in late 2010. This Project Description Report reflects the

upgraded Project design.
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1 General Project and Contact Information

1.1 Purpose of the Project Description Report

The proposed Site C Clean Energy Project (the fProjectd will be subject to a formal environmental
assessment and review process pursuant to both the B.C. Environmental Assessment Act (BCEAA),
and provisions of the Canadian Environmental Assessment Act (CEAA). The environmental

assessment of the Project will be undertaken to satisfy the requirements of both Acts.

The scope and nature of the environment assessment processes can vary between projects
depending on various factors. However, generally, there are three stages in an environmental

assessment and review process i pre-application, application review, and decision.
e« Pre-Application Stage

The purpose of the pre-application stage is to identify the information that must be submitted as
part of the environmental assessment, and to prepare the environmental assessment
application. The public, First Nations and regulatory agencies have an opportunity to provide
input during this stage on what information they believe should be considered as part of the

environmental assessment.

The Proponent, in this case British Columbia Hydro and Power Authority (BC Hydro), then
prepares and submits the identified information. In British Columbia, this is referred to as an
Environmental Assessment Certificate (EAC) Application. Under the federal process, this is
referred to as an Environmental Impact Statement (EIS). For simplicity, the term EAC Application
is used throughout this document and refers to the provincial EAC Application and the federal

EIS document.
e« Application Review Stage

The EAC Application (the Application) is then reviewed for completeness. Once the Application
is accepted, it is subject to review by the regulatory agencies and involved First Nations. During

this stage, the public is given the opportunity to provide feedback on the Application.
e Decision Stage

Based on the outcome of the application review stage, the appropriate federal and provincial
authorities make a decision regarding whether the Project may proceed, and under what

conditions it may proceed.
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BC Hydro is filing this Project Description Report with both the federal Canadian Environmental
Assessment Agency (CEA Agency) and the British Columbia Environmental Assessment Office
(BCEADO) to initiate the Pre-Application Stage of the environmental assessment and review of the
Project. The Project Description report is intended to provide technical information at an overview
level to allow the CEA Agency and the BCEAO to determine whether the Project triggers an
environmental assessment under CEAA and BCEAA, respectively. Detailed scoping of the
environmental assessment occurs during the Pre-Application stage once the project has been
accepted by the regulators. The public, First Nations and government have the opportunity to review
the scoping document during this stage. A detailed description of the Project, environmental effects

assessment and mitigation are addressed in the EAC Application.

The Project Description Report was prepared according to the guidance provided in the Major

Projects ManagementOf f i ce ( MPMO) guidance document, entitled

Description Report for a Major Resources Proj
for Preparing a Project Description for an En
(September 2008).

To provide background information to assist in the Pre-Application Stage, the Project Description
Report:

e Provides general Project information and an overview of the rationale for the Project and
alternatives to the Project

o Briefly describes the key components of the Project, construction and operational activities, an

anticipated Project schedule, and estimated capital cost of the Project

e Provides an overview of the existing environmental and socio-economic setting, and land and

water use in the vicinity of the Project

e Describes past and proposed engagement with First Nations, stakeholders and government

agencies

ect o (I

Vironme

e Provides a brief outline o f t he Projectbs potenti al envir onme

requirements

1.2 Introduction

BC Hydro proposes to develop a dam and hydroelectric generating station on the Peace River in

northeast British Columbia (B.C.), referred t o The®rojéctwodd bP the third damo .

and hydroelectric generating station on the Peace River in B.C., and would be located downstream
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of B C Hexigtingogererating facilities at G.M. Shrum and Peace Canyon and respective

Williston and Dinosaur reservoirs.
The Project would include the following major components:

e An earthfill dam, approximately 1,050 metres long and 60 metres high. A buttress of roller-
compacted concrete to support the valley wall provides the foundation for the concrete structures

and forms the south abutment of the earthfill dam.

e An up to 1,100-megawatt hydroelectric generating station with associated intake structures,

penstocks and spillways
e An 83-kilometre-long reservoir

¢ Realignment of four sections of Highway 29 over a total distance of approximately 25 kilometres,

and potential erosion protection in other locations

e Two 77-kilometre transmission lines that would, for the most part, follow an existing transmission
line right-of-way between the proposed Site C generating station and the existing Peace Canyon

switchyard
A more detailed description of the Project components is set out in Section 4.

The Project would generate up to 1,100 megawatts of capacity and an average of 5,100 gigawatt
hours of electricity per year T enough energy to power more than 450,000 homes in B.C. The Project
would be publicly owned and, when completed, would become o ne o f B Cherithgedassets
(i.e., a generation and storage asset). The Project requires significant capital investment with high
up-front costs and low long-term operating costs, and would provide a clean and renewable source

of firm, reliable and dependable electricity for more than 100 years.

The history of the Project dates back to the late 1950s when the potential for a third dam on the

Peace River was first identified.

In the late 1970s, the Project was examined as a resource option, culminating in an application to
the provincial government for an Energy Project Certificate in 1980. In 1981, the government
referred the application to the British Columbia Utilities Commission (BCUC) for review. In 1983, the
BCUC concluded that Site C was an acceptable project, but indicated that more work was required

concerning the future demand for electricity and alternatives to the project.

Since the early 1980s, the demand for electricity in B.C. has increased significantly. This demand is

forecast to continue to grow as B . C popugation increases and the economy expands. In addition,

! Heritage asset as defined by the B.C. Clean Energy Act is provided in Section 14: Glossary of Terms.
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BC Hydro is researching and monitoring potential increases in demand due to the electrification of

the transportation sector (including rail, ports and electric plug-in vehicles) and fuel switching.

1.3 Project Location

The Project dam and hydroelectric generating station would be located on the Peace River in
northeast B.C., approximately seven kilometres southwest of Fort St. John (latitude and longitude of
N 56 A14njNj4 ON 4 2 83A espédjivdly).

Other municipalities in the vicinity of the Project include the District of Taylor (approximately
16 kilometres downstream), the Di st ri ct of Hu d s o n 6 ¢ kilbhtepes up$tragmp
the District of Chetwynd (approximately 70 kilometres to the south), and the City of Dawson Creek
(approximately 65 kilometres to the southeast). The dam, hydroelectric generating station and most
of the reservoir would be within the Peace River Regional District. Further information on these

communities is found in Sections 6 and 7.

First Nations in the vicinity of the Project include the Saulteau First Nation (approximately 60 kilometres
southwest of the proposed dam site), the West Moberly First Nation (approximately 75 kilometres
southwest of the proposed dam site), the Halfway River First Nation (approximately 67 kilometres
northwest of the proposed dam site), the Blueberry River First Nations (approximately 58 kilometres

north of the proposed dam site), and the Doig River First Nation (approximately 50 kilometres north of

roxi

mat

the proposed dam site). It is BC Hydrods wunderstand

that these First Nations exercise rights in and around the area of the proposed Site C reservoir. Further

information on Aboriginal groups is found in Section 8.

The Site C Project location is shown in Figure 1.1.
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N

Figure 1.1 Project Location

1.4 Proponent Information

BC Hydro is a Crown corporation owned by the Province of British Columbia; BC Hydro serves
approxi mately 95 per cent(1&nilion cugomers) and isore @fNerthpopul at

Americabs | eadi ngrenpwalleenedgg.r s of <cl ean,
Name of Corporation: BC Hydro
Address: 333 Dunsmuir Street

Vancouver, B.C. V6B 5R3

President and Chief
Executive Officer: David Cobb
david.cobb@bchydro.com
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Principal Contact for Purposes of Environmental Assessment:

Danielle Melchior

Director, Site C Environmental Assessment/Regulatory

BC Hydro

Phone: 604 699-7344

Fax: 604 695-5290

Email: danielle.melchior@bchydro.com
Company Website: www.bchydro.com

Project Website: www.bchydro.com/sitec

-13-
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2 Project Rationale and Benefits

This section of the report provides an overview of the purpose of and the need for the Project and
potential benefits. It sets the legal and policy contexts that result from the British Columbia Clean
Energy Act and how they apply to BC Hydro. It then describes the process by which BC Hydro
undertakes its long-term electricity planning mandate through the determination of demand and

supply options.

BC Hydro has a legal obligation to serve domestic electricity needs in its service area, which
encompasses most of the province, as set out in Section 38 of the B.C. Utilities Commission Act.
One of the tools BC Hydro uses to meet this obligation is long-term resource planning through
Integrated Resource Plans (IRPs) to forecast and to analyze resource options to meet long-term
customer demand. The Project is being proposed to provide a long-term, firm, reliable and cost-
effective supply of electricity to BC Hydro customers, in a manner that optimizes the use of existing

assets on the Peace River system and supports the integration of clean or renewable resources.
Key benefits of the proposed Project include:

e Average annual generation of about 5,100 gigawatt hours of energy that is more cost-effective
electricity per gigawatt hour than other B.C.-based clean and renewable supply options. This is

enough energy to power more than 450,000 homes in B.C.
e Generation of up to 1,100 megawatts of dependable hydroelectric capacity

e Provision of dispatchable generation with storage, allowing BC Hydro to respond to changing
electrical system requirements and to support the integration of clean or renewable intermittent

generating resources in B.C.

e A clean and renewable resource’ that emits a small amount of greenhouse gas (GHG)

emissions per unit output, when compared to fossil fuel generation
¢ Gain the benefits of water already stored in and regulated by the upstream Williston Reservoir

e Support for the legislated Clean Energy Act requirement that BC Hydro achieve electricity self-
sufficiency by 2016 and each year after that, and secure 3,000 gigawatt hours per year of energy

in addition to self-sufficiency (referred to as insurance energy) by 2020 and each year after that

Section 1 of the Clean Energy Actdef i nes the term fclean or renewabl eo

biomass, biogas, geothermal heat, hydro, solar, ocean, wind or any other prescribed resour ¢ e 0 .

14 -
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e Support for regional and provincial economic development and employment through the creation

of 35,000 direct and indirect jobs during the development and construction stage

2.1 Clean Energy Act

Inthe B.C.g o v er n me n €Cléarm En2r@ylA6t, the Project is considered as an option to ensure
that B.C. is able to meet its future electricity needs. The Clean Energy Act sets out a number of
ABritish Columbiads energy objectivesodo that
regulator, the British Columbia Utilities Commission, must consider and be guided by. The following
objectives are relevant to the Project:

¢ Requires BC Hydro to achieve electricity self-sufficiency by 2016 and each year after, plus 3,000
gigawatt hours of insurance energy by 2020 and each year after

e Targets the acquisition of at least 66 percentof BC Hydr obés future i
through conservation and efficiency improvements (referred to as Demand-Side Management or
DSM) by 2020

e Requires BC Hydro to generate at least 93 per cent of the electricity in B.C. from clean or
renewable resources, including large and small hydroelectric, solar, wind, ocean, geothermal,

biogas, biomass and biogenic waste
¢ Disallows consideration of nuclear power

¢ Prohibits, with the exception of the proposed Project, future development of specified large-scale

hydroelectric storage projects on river systems in B.C.
e Reinforces the B.C. governmentdds | egislated

2.2 Energy Planning

Under the Clean Energy Act, BC Hydro must prepare an IRP by early December 2011 for B.C.
government review and approval that describes how BC Hydro proposes to meet future growth in

provincial electricity demand over the next 20 years.

In the 2011 IRP, BC Hydro will project its demand requirements using its most recent Load Forecast
less its planned Demand-Side Management, and compare this demand to committed supply
capabilities to establish the potential demand/supply gap. The IRP also examines alternatives for
filling the demand/supply gap. Of key importance, the 2011 IRP must describe BC Hydro's plans for

achieving self-sufficiency and securing the 3,000 gigawatt hours of insurance energy, while

-15 -
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responding to the objective that 93 per cent of its generation originates from clean or renewable
resources and acquiring cost-effective Demand-Side Management, while taking into account

deliverability risk.

The | RP wildl updat e t he i nflastiongadrn man, the 2008 Land-€etm i n BC
Acquisition Plan (LTAP). The 2008 LTAP provided an economic analysis of several energy options,
including the proposed Project. The 2008 LTAP examined the costs and benefits of resource options
such as run-of-river hydro, wind, natural gas, geothermal and biomass projects, as well as Site C,

and included analysis of which options would provide value to BC Hydro customers.

The 2011 IRP will include an evaluation of the need for and comparisons to the Project and will
consider various combinations of the Project and other energy options within a long-term context. As
part of the 2011 IRP process, BC Hydro is currently analyzing potential future demand associated
with a growing population, continued economic development, and potential electrification of
transportation and other sectors of the B.C. economy. For example, BC Hydro is exploring future
Demand-Side Management and is developing a province-wide inventory of potential electricity
sources including wind, ocean (i.e., wave and tidal), natural gas, geothermal, bioenergy, run-of-river

hydro, solar and others.

Following First Nations, public and stakeholder review of the draft 2011 IRP, BC Hydro will make any
final amendments based on this input, and submit the final Plan by the beginning of December 2011
to the B.C. Ministry of Energy and Mines® for B.C. government review and decision. The results of
the 2011 IRP will be described in the Site C Project EAC Application.

More informati on -term pld@ng prgcdss cad ke folnd anghe following link:

www.bchydro.com/planning_regulatory/long term electricity planning.html

2.3 Domestic Demand

The information contained in this section is based on the most recent (2010) Load Forecast and
committed supply information. The 2010 Load Forecast is derived largely from population,

commercial and industrial demand forecasts.

Over the next 20 year s, B. C. 6s populoadnilompeipe. expect
BC Hydro forecasts that, in response to this growth and the anticipated increase in associated
economic activity, the provi napmdisatety UCpertcent overthey d e man

same time frame. While B. C. 06 s hydrdelsctri¢ assgts and committed contracts are extensive,

% Refer to Section 15 for the list of relevant B.C. government ministries, their acronyms and the naming conventions.
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it will not be possible to meet forecasted customer demand i including achieving electricity self-
sufficiency and meeting the legislated requirement to secure 3,000 gigawatt hours per year of

insurance by 2020 7 using these committed resources alone.

This projected increase does not t ak-8ideiManagemeatc c oun't
which are the first resources BC Hydro considers to meet its projected demand/supply gap beyond

its committed resources. However, even with BC Hy dplannéds cost-effective Demand-Side
Management and other long-term planning actions, including upgrades to existing hydroelectric

assets and planned acquisitons, BC Hydr oés energy short fecatolbe i n 20
approximately 16,800 gigawatt hours per year (Figure 2.1). Thus, there is a need for new cost-

effective energy such as that provided by the Project.

90,000
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=
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Figure 2.1 BC Hydrob6s EI &Bemandand Supply Gatlpok
Several emerging demand trends, particularly those associated with the B.C.gover nment 6s i nt e
and the publicbés desire to r edumayresultmmsn dven higherl use a

demand for electricity in B.C. For example, the B.C. government has legislated that a 33 per cent
reduction in GHG emissions must be achieved by 2020, and it has also legislated a target to reduce
the carbon intensity* of all passenger vehicles in B.C. by 10 per cent by 2020. Increased use of
electric plug-in vehicles and other technologies will likely create additional demand for electricity.
BC Hydro is monitoring these GHG-driven changes to legislation, regulation, policy, technology and

4 Carbon intensity is defined as the amount of carbon by weight emitted per unit of energy consumed.
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consumer trends. BC Hydro is also researching potential increases in electricity demand due to the
electrification of the transportation sector (including rail, ports and electric plug-in vehicles) and fuel

switching (e.g., increased use of electricity for residential space and water heating).

2.4 Optimization of Existing Resou rces

BC Hydro is currently planning to increase its yearly firm energy capability within its existing
generation assets. For example, planned improvements at G.M. Shrum and Cheakamus generating
stations are forecast to provide an additional 141 gigawatt hours per year by 2017. Additional firm

energy will be required to meet all of BC Hydroos

As the third dam and generating station on the Peace River, the proposed Project would gain
significant efficiencies by taking advantage of water already stored in the Williston Reservoir
upstream of the existing W.A.C. Bennett and Peace Canyon dams to generate electricity. If built, the
Project would generate approximately 35 per cent of the energy produced at the W.A.C. Bennett
Dam, with only five per cent of the reservoir area (Figure 2.2).

W.A.C.Bennett's SITE €  Peace Canyon’s
Williston Dinosaur

200000 (

]50000 o

100000 [

50000 [

ggoha
177,300 9,310h2

Figure 2.2 Reservoir Area (ha)
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BC Hydro is planning to increase capacity within its existing generation assets. For example, an
additional 500 megawatts of capacity has recently been added to the Revelstoke generating station
on the Columbia River, increasing its installed capacity to 2,480 megawatts. Two additional 500-
megawatt units are also being added at the Mica generating station on the Columbia River. In April
2010, BC Hydro received Environmental Assessment Certificates for both these projects following a
two-year review by the BCEAO. Additional work is planned for the G.M. Shrum generating station
located at the W.A.C. Bennett Dam to improve its safety and reliability and to increase capacity of

three of the existing 10 units from 275 megawatts to 305 megawatts (per unit).

2.5 Supporting the Integration of Renewable Resources

To meet its future energy needs, B.C. will require electricity generated by a variety of clean or
renewable resources, including wind and run-of-river hydro. Most clean or renewable resources,
however, are intermittent sources of electricity, meaning they are not always available to generate
electricity when required (e.g., when the wind is not blowing or the river is not flowing) and when
they are producing electricity, their output can fluctuate significantly. Facilitation of the development
of these clean or renewable energy resources in B.C. requires continued access to dependable,
dispatchable electricity resources. A dependable resource is one that is consistently available to
meet peak demand while a dispatchable resource allows for a rapid generation adjustment in
response to changes in demand and intermittent generation. In addition to being dependable, large
hydroelectric projects with storage, such as the Project, are dispatchable, allowing electricity
generation to be increased or decreased in response to instantaneous changes in demand and
intermittent generation. For example, when intermittent resources are producing electricity,
generation from a large hydroelectric facility can be reduced and the water that accumulates behind
the dam can be stored in the reservoir for later use. When intermittent generation resources are not
producing electricity, generation from such a facility can be instantaneously increased to satisfy

energy demand.
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3 Project Alternatives

This section provides an overview of the current alternative supply options available to BC Hydro to
satisfy its mandate to reliably serve domestic electricity needs in the province. Current supply
alternatives and options are analyzed with consideration of resource quality (capacity, energy and

reliability) and associated financial and environmental attributes.

The section also briefly describes current alternative means of delivering the Project and alternatives

to the general arrangements of the dam and associated structures.”

3.1 Alternatives to the Project

As part of its responsibility to meet its service obligations, BC Hydro is pursuing a variety of options
consistent with the policy direction set out in the Clean Energy Act. BC Hydro plans to meet future
demand through a combination of Demand-Side Management, buying more electricity from clean or
renewable power projects (e.g., wind, run-of-river hydro), building more capacity through

reinvestment in existing assets, and development of new resource options such as the Project.

The need for and costs of future electricity resources are continually changing. Analysis of the
alternative strategies to meet expected demand while reflecting these uncertainties is performed as

part of BC -tetm planming procéssen (gurrently the 2011 IRP analysis).

In the 2008 LTAP, BC Hydro evaluated multiple demand and thermal generation cost scenarios to
determine whether the addition of the Project to the BC Hydro system was a preferred resource
option. Based on the portfolio analysis, the Project was selected in over 95 per cent of the scenarios
with a medium or high demand, as defined in the 2008 LTAP. The analysis in the 2008 LTAP
indicates that, compared to alternative resources, the Project would provide a low-cost, reliable

source of electricity resulting in economic benefits to customers.

The 2008 LTAPanal ysi s wi || be updat ed af0dlIRPedndwillentormas part
the analysis of alternatives to be presented in the EAC Application. The proposed Project and

alternatives to the Project have been considered as part of these long-term planning processes.

® Canadian Environment al Assessment Agency, APolicy Statenmn

6Al ternatives tod and ¢@ahadiarrEnvirdninental Addessmerg Actoy n d\eorv etmibes r 2007,
pages 2 and 3.
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BC Hydro uses economic portfolio analysis to select resource alternatives based on technical,
economic and environmental characteristics. Alternatives are compared based on the following key

characteristics:

e Resource Potential: The approximate availability of various resources is evaluated. Only
resource options that are considered technically and economically feasible and that are

consistent with B.C. government policy and related legislative initiatives are evaluated.

e Volume and Quality of Incremental Energy and Capacity: Resources can be relied upon in
multiple ways. Some can reliably deliver an amount of electricity (e.g., firm energy) over a given
time period (e.g., one year), some can reliably deliver power (dependable capacity) at specific
times during the year, and some can do both. In evaluating whether a resource can meet
BCHydrob6s electricity requirement s hatlate aidgdivergs dv ant ac
profile that i's similar to BC Hydrobs typical de

electricity when it is needed the most i for example, in cold winter months).

e Price: Price is a critical input into the models used to evaluate resource options. Scenarios
evaluated in the 2008 LTAP that included the Project as a resource option evaluated four

different capital cost alternatives for the Project.

e Environmental and Social Impacts: Consistent with the Clean Energy Act and GHG policies,
GHG offset costs are translated into a potential future financial obligation for resource options.
Other environmental and social effects are considered as part of the qualitative analysis of the

resource options.

Physical characteristics of potential resource options (i.e., capacity, energy, reliability and
dispatchability) that are being considered in the 2011 IRP are shown in Table 3.1. Please note that
this table does not set out the cost and development uncertainties with respect to these potential
resource options or whether development of these resource options is consistent with B.C.

government policy.
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Table 3.1 B.C. Resource Options 1 Volume and Quality of Electricity*

Potential
Generation
Resources

Dependable Generating
Capacity (DGC) and
Effective Load Carrying

Capability (ELCC)
Assumptions/Method of
Determination

Firm Energy

Assumptions/Method of
Determination

SEENEIYA
Intermittency
and
Dispatchability

potential in the
December/January period

Biomass i Wood- DGC: 100% of installed 100% of average annual Insignificant
based capacity for all. energy seasonality
Municipal Solid 95% of installed capacity for Insignificant
Waste biogas. intermittence
Biogas (Landfill) Not dispatchable
Wind 1 onshore ELCC: 21% of installed 100% average annual Seasonal
capacity i Review pending | energy based on 2008 Intermittent
LTAP i Review pending Not dispatchable
Wind 1 offshore ELCC: 29% of installed 100% average annual Seasonal
capacity i Review pending | energy based on 2008 Intermittent
LTAP i Review pending Not dispatchable
Geothermal DGC: 100% of installed 100% average annual Dispatchable
capacity energy
Run of River ELCC: Weighted average of | Region-specific factors Seasonal
approximately 60% of the applied to the average Intermittent
forecast average MW of annual energy Not dispatchable

Large Hydro
(Site C)

DGC: 100% of installed
capacity

87% average annual
energy

Dispatchable with
storage

Natural Gas-fired DGC: Varies between 90% | Based on 90% capacity Dispatchable
generation & to 98% of installed capacity | factor for Combined Cycle
Cogeneration Gas Turbine
Coal-fired DGC: 75% of installed 100% average annual Not dispatchable
generation with capacity energy (base load)
Carbon Capture
and Storage
Wave ELCC: Assumed same Assumed same as offshore | Seasonal
ELCC as offshore wind wind Intermittent
Not Dispatchable
Tidal ELCC: 40% of installed 100% average annual Predictable
capacity energy i Review pending intermittence
Not dispatchable
Large-scale Solar ELCC: Assumed same Assumed same as onshore | Seasonal
ELCC as onshore wind wind Intermittent
Not dispatchable

*These assumptions will be further reviewed and refined in the 2011 Integrated Resource Plan

Table 3.2 broadly outlines the environmental footprints of potential resource options.
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Table 3.2

May 2011

B.C. Resource Options i Relative Environmental Attributes

Resource Type

Atmosphere

Environmental Impacts

Land

Water (Fresh &
Marine)

Biomass:
Wood-based,
Biogas &
Municipal Solid
Waste

Dependent upon fuel
burned; possible local air
impacts.

Electricity generated from
biogas and wood waste is
considered to have net zero
carbon dioxide emissions.

GHG emissions from
municipal solid waste must
be offset.

GHG emissions due to
transportation-related
activities.

Land impacts due to
facility footprint and
development/use of
access roads and
transmission rights-of-
way, fuel harvest
impacts.

Consumptive water use.

wind: Primarily construction- Visual impact of towers; | Potential visual and
Onshore & related impacts. typically located on navigational impacts as
Offshore ridges or coast. well as impacts on the
Land impacts due to ocean floor, andto
transmission line rights- | SPecies, and fisheries at
of-way. offshore sites.
Potential impacts to
wildlife associated with
turbine operation.
Geothermal Some emissions during Small land requirements | May affect recreational

(conventional)

construction and possibly
during operation
(depending on geothermal
source).

Some sites may have
minimal GHG emissions
during operations.

for site. Land required
for transmission and
access roads.

use.

Run-of-River

Potential short-term
construction-related
impacts due to dust
emissions.

Short-term construction-
related GHG impacts due to
vehicle and equipment use.

Effects on wildlife
habitat, traditional and
recreational uses due to
construction and
development/use of
access roads and
transmission line rights-
of-way.

Involves diversion of a
portion of stream flow.
May affect fish, fish
habitat, navigation, and
recreational use.

Generally located in
high gradient streams.
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Resource Type

Atmosphere

Environmental Impacts

Land

May 2011

Water (Fresh &

Marine)

Large Hydro Possible localized climatic | Affects wildlife, Changes to aquatic
(Site C) changes (e.g., fog). traditional and environment and
Some GHG emissions recreational land use, species due to
related to reservoir agriculture, forestry. conversion from riverine
development and Project would expand to reservoir setting. May
construction, but these will | cleared width along affect flows immediately
be minimal in relation to the | existing transmission downstream of dam.
energy produced over the line right-of-way.
life of the Project.
Natural Gas Some local air emissions Land impacts limited to Consumptive water use.
are controllable. GHG facility, access and
emissions must be offset. transmission line right-
of-way footprint.
Coal Air emissions (e.g., sulphur | Land impacts due to Consumptive water use
(carbon oxide, mercury) and other facility footprint as well and water quality
sequestered) local air impacts. as mine, transportation | impacts.
GHG emissions must be infrastructure and
captured and sequestered | transmission line right-
(on- or off-site). of-way.
Land impact due to
infrastructure required
for sequestration (e.g.,
possible pipeline,
sequestration wells)
Wave/Tidal Limited to construction- Land impacts due to May have an impact on
related emissions. facility footprint, access | local tide and current
routes and transmission | regime, as well as
right-of-way. navigation and fishing.
Possible impact on fish
and/or mammal
migrations.
Large-scale Limited to potential release | Land impacts due to Consumptive water use
Solar of particulates during facility footprint, access | for some designs.
construction. routes and transmission
Short-term construction- line right-of-way.
related impacts due to
vehicle and equipment use.
3.2 Alternative Means of Delivering the Project

As discussed in the Stage 1 and Stage 2 study reports (BC Hydro 2007b and 2009, respectively),
five additional hydroelectric development sites were identified on the Peace River in the late 1950s.
Sites A, B, C and D between Peace Canyon and Taylor were identified in 1958, based mainly on
topographical considerations. Shortly thereafter, Site E was identified at a location just upstream of
the Alberta border.
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In the early 1970s, studies focused on dams at Sites C and E with the goal of developing the entire
electric generation potential between Peace Canyon Dam and the Alberta border. By 1976, the
focus of the engineering studies had shifted to concentrate on Site C. These studies of alternate

sites culminated in 1978 with the selection of Site C as the preferred site.

From 2001 to 2006, several studies were undertaken to investigate alternate means of developing
the hydroelectric potential of the Peace River between Peace Canyon Dam and Site C. During
Stage 2, a comprehensive review of all previously identified alternates and any new alternates was
undertaken using a consistent evaluation process. This review confirmed Site C as the preferred

location for developing the hydroelectric potential downstream of Peace Canyon Dam.

3.3 Alternative General Arrangements

Stage 2 studies concluded that a refined and updated design of the proposed Project was required.
In 2010, optimization studies were carried out to evaluate different arrangements and dam types,
resulting in the selection of a general arrangement which, based on current information, balances
technical, environmental and social considerations, uncertainty and risk. This arrangement,
described in more detail in Section 4, forms the basis for the Project Description Report and cost

estimate.
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4 Project Components and Activities

This section begins with an overview of the permanent physical components of the Project. It then
describes temporary Project components and the various life-cycle phases of the Project including
activities during construction, operations and decommissioning. The section concludes with

summaries of the Project schedule.

The major permanent and temporary Project components and related activities are listed in
Table 4.1 and Table 4.2, respectively. The locations of the proposed Site C dam site and
hydroelectric generating station, the reservoir and the two new transmission lines, along with the
proposed primary access on the south side of the Peace River, are shown in Figure 4.1. The routes
on existing petroleum development roads may differ from those shown in Figure 4.1. The locations
of the Highway 29 realignments are shown in Figure 4.4.

Table 4.1 Permanent Project Components and Activities

Main Sub-components/Key Development Activities

Component/Activities

Earthfill dam

Up to 1,100 MW six-unit generating station with vertical axis turbines

Approach channel with concrete training walls to convey water from

Dam, Generating Station reservoir to power intakes and spillway

and Associated Structures

Penstocks

Power intakes

Spillways
Access roads
Reservoir Clearing
Filling
Shoreline protection at Hudsonbés H
Three 500-kilovolt (kV) circuits connecting the generating station to the
switchyard
A 500 kV switchyard
Transmission Line Two 500 kV Alternating Current lines, approximately 77 km in length
Connecting Site C to connecting the switchyard to Peace Canyon Substation. Lines would be
Peace Canyon located along an existing right-of-way currently occupied by two 138 kV

transmission lines and would require a widening of the right-of-way by
approximately 35 metres.

Access roads

Highway 29 Realignment Realignment of four segments, including four new bridges

Erosion protection of highway sections along the shore of the reservoir
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Table 4.2 Temporary Project Components and Activities

el Sub-components/Key Development Activities

Component/Activities

Access roads from the north and south sides of the Peace River, temporary
construction access bridge across the Peace River, and access roads at site
between the various construction facilities and areas

Worker housing at site*

Offices at site

Staging areas, storage facilities, workshops, aggregate processing, concrete
batch plants, maintenance shops and other facilities required by contractors to
support construction activities and assemble parts

Construction of two cofferdams along each bank to confine the river to the main
channel

Construction of cofferdams and excavations to expose rock for the two

Temporary Project diversion tunnels

Components and
Activities Surface and underground rock excavation for diversion tunnels

Lining the diversion tunnels with concrete and constructing concrete inlet and
outlet structures

Construction of two cofferdams across the main river channel and diversion of
the river through the diversion tunnels

Excavations and relocation of excess soil and rock near dam site

Excavations for construction materials

Temporary access and transportation of construction materials from on-site
areas and off-site areas by road and rail

Access roads and laydown areas along the transmission line route as required
for right-of-way clearing, construction of the towers, and stringing the lines

*Worker Housing Plan, which may include some permanent facilities in the communities, will be developed.
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Proposed New Transmission Corridor
2 new 500KV lines

Existing Transmission Corridor 1 to
2 existing 138KV lines

== Proposed Site C Reservoir

"L})( ation of
W Proposed
blte C Dam

T'Propoiseﬂd Jackfish
\Lake Road Extension|

Ak \Petroleum
& |Development Fx()a\

W

Propo%ed Transmi%lon‘
{Lines (2 x 500kV)
.‘;\‘.

;\Jackfish?Lake Road

(+)

Dawson
Creek

1016-C14-B4751
Figure 4.1 Location of Proposed Site C Dam, Reservoir and Transmission Line

The earthfill dam, spillway headworks, power intakes and associated training walls would comprise
the main reservoir water-retaining structures. The general arrangement of these facilities is shown in
Figure 4.2. A buttress of roller-compacted concrete (RCC) would support the valley wall, provide the
foundation for the concrete structures, and form the south abutment of the earthfill dam.

These structures would be designed and constructed to international and Canadian standards to
withstand the normal loads of the dam and reservoir, as well as loads resulting from extreme inflow
events and earthquakes. In keeping with international standards, BC Hydro engaged an external
Technical Advisory Board to review the general arrangement options that were considered for the
Project. The Technical Advisory Board, comprised global experts in hydroelectric development,
revi ewed and provided f eedlesdokSitw@ BC Hydr ods
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Figure 4.2 General Arrangement of Earthfill Dam and Concrete Structures

4.1 Permanent Project Components
4.1.1 Dam and Generating Station Facilities
4111 Earthfill Dam

An earthfill dam has been recommended as the best technical design for the Site C location. The
dam would have a central impervious core with outer shells of sands and gravel, as shown in

Figure 4.3.

The earthfill dam would be approximately 1,050 metres in length. The dam crest (i.e., top of dam)
would be at elevation 469.4 metres, approximately 60 metres above the present riverbed, providing
for a freeboard of approximately eight metres above the maximum normal reservoir level at elevation

461.8 metres. The dam would have a crest width of approximately 10 metres.
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Figure 4.3 Construction Materials and Components for the Proposed Site C Dam

The upstream and downstream cofferdams described in Section 4.3.1.2 would be incorporated into
the earthfill dam. The space between the upstream cofferdam and the upstream shell of the dam
would be filled with surplus materials from the excavations required to construct the Project
structures. The upper part of the upstream face of the dam, and the upstream and downstream

cofferdams, would be protected from wave erosion by coarse rock riprap on a bedding of fine rock.

The total volume of fill in the earthfill dam would be approximately 13.9 million cubic metres, of which

2.4 million cubic metres would be impervious fill.

41.1.2 Hydroelectric Generating Facilities and Spillways

The hydroelectric generating facilities would consist of six generating units with a combined installed
capacity of up to 1,100 megawatts. The six-unit generating station would be located adjacent to the
spillways. Vertical axis turbines would be used. The generating station would consist of a reinforced

concrete substructure and a structural steel superstructure clad with painted insulated metal siding.

The generating facilities and spillways would be located near the south bank of the Peace River and an
approach channel would convey water from the reservoir around the end of the earthfill dam to the
power intakes and spillways (Figure 4.2). The bottom of the approach channel would vary from 24 to
26 metres below the maximum normal reservoir level. Training walls, the power intakes and the

spillway headworks would form the north side of the channel and retain the reservoir.

The power intakes would have operating gates and six large-diameter partially concrete-encased

steel penstocks would be used to convey water from the approach channel to the generating station.

The spillway compartments would consist of a headworks structure with gates to control the
discharges (water releases) from the reservoir, and a chute and stilling basin to dissipate the energy
and minimize the erosion of the riverbed during large discharges. The spillways would have

sufficient capacity to pass extreme upstream inflow events.
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All discharges from the generating station and spillways would be conveyed into the river

downstream of the dam. This area, known as the tailrace, would be protected from erosion by rock
riprap.

Construction of the training walls, power intakes, spillways, and the generating station would require
approximately 1.1 million cubic metres of concrete and 2.4 million cubic metres of roller-compacted
concrete (i.e., concrete placed by trucks, spread by dozers and compacted by rollers).

4.1.2 Reservoir

The Project would create a reservoir that would be 83 kilometres long and, on average, two to three
times the width of the current river. The extent of the inundation within the Peace River Valley in
relation to existing water levels is shown in Figure 4.4. The reservoir would have a surface area of
approximately 9,310 hectares and a volume of approximately 2,310 million cubic metres. Due to its
ability to rely on the storage capability of the existing Williston Reservoir, the Site C hydroelectric
facilities would be able to generate approximately 35 per cent of the energy produced by the
G.M. Shrum generating station with just five per cent of the reservoir area.

4.1.3 Transmission Line to Peace Canyon

Two new 500-kilovolt Alternating Current transmission lines would connect the Site C switchyard to
the existing Peace Canyon substation. These lines are proposed to be located along an existing
right-of-way (Figure 4.1). This right-of-way is currently occupied by two 138-kilovolt transmission
lines; the two new 500-kilovolt lines would be constructed alongside these lines, requiring a widening

of the right-of-way by about 35 metres.

Access roads would be required for the construction and subsequent maintenance of the
transmission line (see Section 4.2.4). During construction, laydown areas would be required along
the transmission line route for the storage of materials and erection of components. Clearing will be
required for the transmission lines. Some clearing would be required outside the right-of-way for

danger tree management, access roads and laydown areas.

A switchyard at the Site C dam site would connect three 500-kilovolt lines from the generating
station to the two new 500-kilovolt transmission lines to Peace Canyon. The switchyard would also

have space to allow for additional local connections (e.g., Fort St. John) in the future.

4.1.4 Highway 29 Re alignment

Four segments of Highway 29 would be inundated by the reservoir, resulting in the need to realign
approximately 25 kilometres of the highway in the Cache Creek (Bear Flat), Halfway River, Farrell
Creek and Lynx Creek areas (Figure 4.4).
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Figure 4.4 Highway 29 Realignment Locations

Realignment options (i.e., bridge plus causeway or bridge only) for each river crossing are provided
in Table 4.3. Two general options have been identified for each segment. The first option is to
construct a causeway combined with a shorter bridge. The second option is a longer bridge with no
causeway. Realignment options will continue to be considered for each of the realignments in
consultation with property owners, the B.C. Ministry of Transportation and Infrastructure (BCMOT),
First Nations, and other stakeholders.

Some work may be required on additional sections of Highway 29 to improve alignment or address
maintenance considerations. Erosion protection may be required on other sections of the highway

that are adjacent to the proposed reservoir.

Table 4.3 Highway 29 Creek Crossing Realignment Options  (lengths approximate)

Segment Bridge Span + Causeway Option* Bridge-Only Option*
Cache Creek 210 m +230m 410 m
Halfway River 320 m + 640 m 940 m
Farrell Creek 140 m + 145 m 265 m

Lynx Creek 90 m + 330 m 390 m

Source: KCBL and SNCL 2009
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4.2 Temporary Project Components

4.2.1 Construction Site Facilities
Temporary facilities to support and undertake construction activities and assemble parts would be
constructed at the Site C dam site on both sides of the Peace River, including, but not limited to:

e Offices e Access roads and parking areas
e Staging areas e Storage facilities
¢ Workshops, labs and testing facilities e Aggregate and filter processing plants
¢ Concrete batch plants e Fabrication shops
e Sites for relocation of surplus excavated e Fully serviced worker housing
materials e Truck washing (including concrete trucks)
* Explosive storage e Vehicle maintenance
e Fuel storage and refuelling e Power generators
e Electrical substations e Fire protection
* Utlities  Waste treatment and management

e Safety, first aid and security

On the south bank of the river, craning facilities, storage and laydown areas would be developed
adjacent to the Canadian National Rail Septimus Siding. The existing siding area would be
expanded.

A natural gas feeder would likely be brought onto the site on the north bank of the river to service the
site construction facilities. Electrical distribution lines connecting to the existing electrical grid would

be brought to the work site to minimize the use of hydrocarbon-fuelled generation equipment on-site.

Access roads to various construction and reservoir preparation sites and the transmission line are

discussed in Section 4.2.4.

4.2.2 Worker Housing
Approximately 7,000 person-years of work would be required to complete construction of the Project,

with the labour force peaking at approximately 1,700 in year five of construction.

In its base design from the 1980s, BC Hydro assumed that 75 per cent of the workers would be
housed in two construction camps located close to the dam construction site, and that the remainder
of the workers would either come from the local area or find accommodation off-site. Worker housing
options are currently being reviewed and detailed worker housing plans will be developed during the
environmental assessment process in consultation with local governments, First Nations and local

stakeholders.
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4.2.3 Excavations and Construction Materials
42.3.1 Relocation of Surplus Excavation Materials

Approximately 34 million cubic metres of material (8 million cubic metres of rock and 26 million cubic
metres of overburden) would be excavated during construction of the dam and associated
structures. The north side of the valley, in the vicinity of the dam, would be excavated to provide a
stable slope. Excavated sand and gravel would be incorporated into the shells of the dam,
cofferdams, access roads and containment dikes, and used for processing for filters in the dam and

for concrete aggregate (Figure 4.3).

Excavated bedrock, colluvium and glaciolacustrine silts and clays would be unsuitable for
construction materials and would be relocated at site. Table 4.4 shows the sources and destinations

of relocated materials. The size and shape of these areas will depend on the final design and

contractorsd®6 construction methods.

Table 4.4 Sources and Destinations of Relocated Materials
Source Appr_ommat(_a Quantity Destination
(million cubic metres)

Downstream ends of diversion tunnels 1.4 North bank downstream of dam
Upstream ends of diversion tunnels and

P version tu e 7.7 North bank upstream of dam
the lower part of north bank stabilization
Upper part of north bank stabilization 9.9 Dry gulley at top of slope
South bank 7.6 South bank upstream of dam

Materials relocated to areas near the river would be contained by dikes constructed from sand and
gravel and protected from erosion by rock riprap. The excavated rock would be tested for acid rock
drainage potential and any potentially acid-generating rock would be placed in areas lined and then
capped with impervious materials. If necessary, crushed limestone would be added to the waste
rock to neutralize potential acid generation. The bulk of the excavated rock would be relocated into
areas upstream of the dam where they would be inundated by the reservoir, preventing any future
oxidation of minerals in the rock and eliminating any potential acid rock drainage. Water treatment

facilities would be installed to buffer the pH of any effluent from potentially acid-generating rock.

Reclamation plans would be developed as required.

4.2.3.2 Borrow Areas and Quarries

The majority of construction materials required for construction of the earthfill dam are available in

the vicinity of the Project. Approximately 3.3 million cubic metres of impervious material for the
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earthfill dam, cofferdams and approach channel lining could be sourced from deposits that have
been identified north of the dam site. This material would be transported to site by truck or conveyor.
Although the area(s) required for the excavation of the impervious fill would depend on the final
design and the contractorsdéd construction methods,

Coarse rock riprap would likely be imported from quarries in the vicinity of the Pine Pass area of the
Rocky Mountains (Figure 4.5), and near the east end of Williston Reservoir (Figure 4.6). The quarry
in the Pine Pass area will occupy a small portion of the proposed tenure area. The riprap would be
transported to the site by road or rail. Approximately 805,000 cubic metres of riprap would be

required for the approach channel lining, containment dikes, cofferdams, earthfill dam and tailrace.

Reclamation plans would be developed as required.

West Pine
Proposed Quarry
Tenure Area

1016-C14-B4754

Figure 4.5 Potential Source of Construction Material at West Pine Quarry Near Pine Pass
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Figure 4.6 Potential Source of Construction Material  Near the East End of Williston
Reservoir
4.2.4 Access Roads
Access to the Site C dam site from Fort St. John and the Alaska Highway (Highway 97) would take
place using existing municipal and provincial public roads. There would be access roads in the
vicinity of the dam site and a temporary construction access bridge that would cross the Peace River
immediately downstream of the dam. Figure 4.7 shows the main permanent and temporary access
roads to the site; however, many other access roads will be required to connect the site with
temporary infrastructure, and a number of other temporary roads would be established within the
dam site, connecting the various work areas and conf
evaluated.
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