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1 Purpose

The Yukon Devel ojlD€)n tconaBussioped Midgard ©onsuliing Incorporated

(Midgard” ) and i t-sonsulirdsrto confplets thsukon Next Generation Hydro and Transmission

Viability Study The study, delivered through a series of technical papers, is intended to help inferm th
decisions necessary to fill the territory’s growing
growth and development.

The purpose of this final paper, théability Study Reparts to integrate work from previous technical papers
to assis in the selection of théNext Gereration Hydro ( NGH project(s) and/or transmission project(s)
suitablefor advancing to the next stage of studgd investigation

TheViability Study Repdrts approach i s to summari ztediferenti ous tech
resource options available, compare each optiathin an assessment framework, and provide information

required to assist in decision making. Miability Study Reposgummarizes the different risks, benefits, and

challenges of eacNGHoption in order to provide Yukon with the information needed to make a reasoned,

defensible, andnformeddecision.
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2 Background & Summary of Previous Technical Papers

TheYukon Next Generation Hydro Transmission Viability Stutdyprises a series of technical papesfsose
purpose is tanform this Viability Study Bport A brief description of each technical paper is as follows:

1) Site Screening InventoryPart | and tIThe Site Screening Inventory identified, evaluated,
categoized, and ranked potential hydroelectric projects in the context of current economic,
environmeral, and societal expectations.
2) Electrical Energy and Capacity Need Forec@hke Electrical Energy and Capacity Need Forecast
technical papeforecast plausitd scenarios of future Yukon electrical energy and electrical capacity
requirements 20 to 50 yeaisto the future (from 2035 to 2065).
3) Scalability AssessmenThe Scalability Assessment report studied ways to match the size and scale
of potential hydroelet r i ¢ proj ects to the Yukon’s forecasted
in orderto reduce potential negativenpacts of larger projectsSix projects of interest were
shortlisted.
4) Jurisdictional Transmission Line Technical Logistics AnalybisJurisdictional Transmission Line
Technical Logistics Analysis paper investigatedtis¢o f ext ending the Yukon's t
to Alaska and BC.
5) Transmission Market Benefits Assessmefhe Transmission Market Benefits Assessment paper
analyzed the net economic benefits that would accrue to the Yukon by developing a transmission
interconnection that enablethe Yukon to export and import electricity to and frameighboring
jurisdiction(BC or Alaska)
6) Project Cost Per Hydro Development Phagée Project Cost Per Hydro Development Phase
technical paper described the six shortlisted hydroelectric projects in terms of design features,
scalability build out, cost, &@3r)gy output, and
7) Faro to Watson Lake Transmiss Line StudyTheFaro b Watson Lake Transmission Lihed$
technical paper analyzetie transmission development options availabdethe Yukoralong the
Faro to Watson Lake transmissiasrgdor.
8) Positive and Negative Environmealtand SocieeconomicEffects The Positive and Negative
Environmental and Socieconomic Effects technical paper provided a review of key potential
environmental and socieconomic effects of the six shortlisted hydroelectric projects.
9) Putting Nex Generation Hydro in ContexiNext Generation Hydro and other generation technology
portfolios are comparedechnically,economically, environmentally, and socially as they fulfill the
forecasted Yukon energy and capacity gap from 2035 to 2065.

Figure2-1 presents an overview of theukon Next Generation Hydro and Transmission Viability Stadgss
and the role/purpose of each technical paper.
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Figure2-1: Yukon Next Generation Hydro and Transmission Viability Study Process Overview
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VIABILITY STUDY REPOR

2.1 The Existing Yukon Electrical Grid

Fgure2-2 shows Yukon s ¢ electrialrgtid includingmajor generation sourcegdransmission
infrastructure, andkey industrial sites across the territory total, the Yukon interconnected gridrrently
has 132 mdW'awaotft si n(stall ed capacity as foll ows:
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A 92 MW Hydroelectric: Whitehorse (40 MW), Aishihik (37 MW), and Mayo (15 MW)
A 39 MW Thermal Generation: Diesel and Natural Gas generators
A 0.8 MW Wind: Two wind turbines on Haeckel?Hill

Figure 2-2: Map of Yukon and its Electrical Infrastructute
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1The 1.3 MW Fish Lake hydro scheme is not a Yukon Energy Corporation facility and is not indhisleepiart.

2The existing turbines on Haeckel Hill will have reached the end of their service life by 2035 and are not included as retbar20352065
energy development scenarios.

3 Map courtesy of Yukon Energy Corporation.
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2.2 Forecasting Future Yukon Electricity Needs

828—1130 West Pender St.

Vancouver BC, Canada

TheYukon Electrical Energy and Capacity Need Forecast (2035 to&§idbatedt h e
electrical energy and electrical capacity needs were estimated based upon expected demand drivers such as

V6E 4A4

Yukon’'s

future

population, per capita electrical energy consumption, and industrial (e.g.: mining) activity. Consideration was

also given to futue scenarios that could alter electrical energy and electrical capacity demand such as the

impacts of climate change, technological change, and changing electrical energy consumption patterns (e.g.:

fuel switching from heating oil to electricity for heatihgmes). TheYukonneed for electrical energy and

capacity is growing and is expected to continue growing through to the end of 2065 and beyond. As a result,

the Yukon must meet the monthly electrical energy gaps and capacity gaps for 2035 to 2065 asnshow

Table2-1 and Figure2-3 below.

Table2-1: Yukon Energy and CaptaicGaps ForecasH(n o 2066

Scenario Capacity / Energy 2035 2045 2055 2065
i Capacity 11 MW 17 MW 24 MW 31 MW
Low Case Scenario
Energy 54 GWh 85 GWh 118 GWh 154 GWh
) Capacity 21 MW 31 MW 42 MW 53 MW
Baseline Case Scenar
Energy 103 GWh 157 GWh 211GWh 265 GWh
) . Capacity 36 MW 62 MW 95 MW 136 MW
High Case Scenario
Energy 180 GWh 311 GWh 476 GWh 682 GWh
Figure2-3: Yukon Monthly 2065 Baseline Energy Gap
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2.3 Understanding Transmission Linel&terconnection Options

One of the considerations for théukon Next Generation Hydro and Transmission Viability $aslyo

assess the viability of building transmission lines to interconnect the Yukon with external electricity markets.
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Two interconnetion options were analyzeih the Jurisdictional Transmission Line Technical Logistics
Analysis

1) Interconnection between YB&On and | skut, Br
2) Interconnection between Yukon and Fairbanks, Alaska

Figure2-4: Proposed Whitehorse to Iskut Interconnection
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4The proposed Whitehorse to Skagway interconnection was not considered because it was studied in the March 2015 Morrfsgld Hersh
report, Viability Analysis of Southeast Alaska and Yukon Economic DevelopmentrCorrido
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Figure2-5: Proposed Aishihik to Delta Junction Interconnection
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Table2-2 compares the technical analysis and cost estimates prepared for the two Interconnection Options
studied in this report (including variant #1A for the Yukon to BC Interconnection Option inasedpecific
Next Generation Hydro siting alternatives):
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Table2-2: Comparison of Interconnection Option Results

) ) ) Potential Net Yukon
Interconnection o Distance| Capital )
) Description Exporf Capacity
Option (km) | Cost ($M)
(MW)
#1 287 kV from Whitehorse (Takhini) tq 763 $1,710 64-127
Iskut, BC
#1A Same as option 1 with Next 763 $1,710 94-139
Generation Hydro sites developed
near Watson Lake
#2 230 kV from Aishihik to Delta 662 $1,325 70-80°
Junction

These results confirm the findings of past stuli@md demonstrate that the cost of implementing any
Interconnection Option between the Yukon and its nearest neighbouring jurisdictions is high relative to the
transfer capacity enabled by any of the irtennections.

TheTransmission Market Benefits Assessnteahnical paper took the study further by assessing net
economic benefits that accrue to Yukon by developing a transmission interconnection to a neighbouring
jurisdiction. If the net benefits oklectricity tradeare greater than the net costs of required infrastructure
necessary to facilitate trade, then deleping an interconnection make&conomic sense.

The primary economic benetid the Yukon frondeveloping access to external transmissiorrkessis the
revenues eaned from trading energy. A net benefit analysis was completed to assess the viability of
interconnection with neighbouring jurisdictions. The condition for deeming an interconnection economic is

defined as follows:

NETBENEFITS MUST BE NET COSTS
Present Value of Revenue frofnading | GREATER Present Value of Costs to Build /
THAN

Energywith Neighbouring Jurisdictions Operate Transmission and Generatig

5 Export Capacity was evaluated besalit had the greatest potential impact upon Next Generation Hydro site and size selection. Import
capacities will be similar to the stated export capacity, although the impact of incremental generation at Forrest Kia duria¢éion would

be the revese, i.e.: the import capacity of interconnections to BC or Alaska would expand with increased generation output at Fowest Ke
Delta Junction, respectively.

6 Net Exports are dependent upon output of Forrest Kerr Hyroause Forest Kerr output create@ansmission constraints
7 Net Exports are dependent upon output of Forrest Kerr Hymmause Forest Kerr output creates transmission constraints
8 Net Exports are dependent upon output of Delta Junction generation

9 For example, th&’ukon- BC Interconection Costingtady issued by BBA in April 2011.
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Net Benefits and Net Costs are described as follows:

A Description of Net BenefitsThe price of electricity using the assumptibiat neither BC nor Alaska
wi || enter into a PBP&Ker wAurhc haa speo whegrr epermecnet h(i“gher
local generator because otherwise the economic incengve build local generation. Therefore,
representative PPA prices were developed for BC
pricing and for Alaska based on the avoided cost of power used byiidependent power
producers.

A Description of Net Cost The net costs of infrastructure were based upon the construction and
operating costs of an interconnecting transmission lagewell as the incremental generation
facilities needed to supposilectricityexports.

A present value economic analysis fioe two interconnection options was completed to calculate the Net
Benefits and Net Costs over a 40 year window {sa@e2-3 andTable2-4). For the B3km Yukon to BC
connection thepresent value oeéconomic benefits was $2Imillion in contrast to the present value of costs
estimated at $17 billion. The economic case for the 660 km connection to Alaska demonstrated a similar
result. Thepresent value ofeconomicbenefitswas $202 million witlthe present value ofosts estimated at
$1.3 billion. As a resultboth interconnection scenaredemonstratednegativeeconomic benefitandwere
deemeduneconomic.

Table2-3: Economic Evaluation dExporting Electricity from Yukon

Net (Present Value) Net (Present Value) Economic Evaluation
Benefits [$2015] Costs [$2015] (Net Benefits > Net Costs?

Yuk on - C8umbia i +$214M -$1,689M NOT ECONOMIC
Yukon - Al as +$202M -$1,394M NOT ECONOMIC

Interconnection Option

Table2-4: Economic Evaluation of Importing Electricity to Yukon

Interconnection Option Net (Present Value) Net (Present Value) Economic Evaluation

P Benefits[$2015] Costs [$2015] (Net Benefits > Net Costs?
British Columbia- Yukon $0M -$1,556V NOT ECONOMIC
Alaska- Yukon $0M -$1,24'M NOT ECONOMIC

To put the results of the market analysis imontext

1) Annualexports ofover 4.5 times the total Yukon energy consumption in 2@igproximately 2000
GWH would berequired totheoreticaly “breakever’ f i nanci al ly; and

2) The sales price for the electricity would need to be equal or greater thapribe that is currently
offered under the BC Hydro Standing Offer Program (SOP).
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However there aremajorissueseven if the Yukowould generatghe requiredquantity of energt o “ br e a k
e v eatthe preferred times of year

1) Capacity LimitsTheproposal 287kV transmission line to BC does not have sufficient capacity to
enable theexportof this volume of energgn an annual basjsand
2) Pricing: It is improbable that Yukon could secure a conagttie required pricdor this quantity of

energy.

Forexamp | e, B GOMIncidgis appreximatelywice the current MidC o | u mb i-@” )( “dw er a g e
price for electricit hat Power Ex ( BC Hagcdss o withoutanydodd terng corgtractundl h a s
obligatonand Yukon’' s e geeerallyygoeppondsitatimésiofdhe year whemices are low

Similarly, a interconnection with British Columbia or Alagkathe purpose ofmporting electricityis also
challengingor both economic and seHufficiency reasons

1. Economics: \Wentransmissionimport costs arecompared to costs fovukon basedeneration it is
less expensive to remain salfifficient and build Yukon based generatgince he Forecast
Levelized CHkoetast blGOE)E niesr g5 O(0'/ MBEHrarfismissiot he YK
Interconnection, and $410/MWh for the YKAK Transmission Interconnection. €8k costs
compare unfavourably to theosts for almost alNext Generation Hydro projes{seeTable2-9),
natural gas generatiorm@ble2-10), and other renewables portfolioS Gble2-10).

2. SelfSufficiency: Relying on a lo(@52km or 763km) radigtansmission linets at i sfy Yukon’' s
electricitygrowth underminesr u k cselfsusficiency and makes it dependent upon external
partiesfor its electricity supply Additionally, since the transmission line would supply a large
fraction of Yuk on-umsgenerhatiercstich asdiesel pr natusaégdssgenerhtianc k
would be constructedor whenthe long interconnectioriransmis$on linehas a failure

Thissituationcould potentially changef an adjacent jurisdiction built a transmission latets expense
to/near the Yukon border (e.g. B&laska or Canadd)pweverthere are no current plans for this type of

infrastructureexpansion at this time.

Insummary, loth exportingand importingelectricity scenarios demonstrate significantly negative net
economic benefits andretherefore uneconomic stratégsunder current conditions

2.4 Identifying Potential NGHSites

A screening inuygtory was conducted with the goal of identifying a group of potential hydroelectric sites that
represent the best potential for development in the Yukon Territory. SteeScreening Inventory (Part | & I1)
technical papers began with over 200 identifientgntial hydroelectric projects and winnowed viable sites
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down to a selection of ten (10) recommended sitd$e progression of site screening and refinement is
detailed below inTable2-5.

Table2-5: Site Screening Inventory Stages and Resulting Site Refinement

Part Description Refinement

Screen OReconciliation of KnowRroject Sites 200+ o

1 Screen 1Fundamental Development Barrier Project Scree 108 -

Screen 2Fundamentally Uneconomic Project Screen 47 - 16
2 Ranking 3: Initial Project Ranking & Variation Consolidati¢c 16 - 10

Projects were evaluated based upon their ability
environmental impacts, constructability issues, and project economics. The key themes that came out of the
Site Screening Inventory (Pari& Il)technical papers for the shortlisted sites were that:

1) Historic hydroelectric project designs were sometimes larger than could be utilized in the Yukon,

2) All projects had environmental impacts that required further study,

3) All projects impacted stakeholder adtst Nations lands, including both surface and-sutface
rights.

As a result of the themes found in tisite Screening Inventory (Par& 1) technical papersMidgard

completed aScalability Assessmetsichnical papethat studied ways taesize poential hydroelectric

projects tomatcht he Yukon’'s forecast needs for electrical
effects. At the end of th&calability Assessmetaichnical papersix (6) projects were identifiealong with

their associated hild-out timelines. The locations of the six (6) priority sites identified by the Midgard Team
are identifed in Figure2-6 and summarized iffable2-6. Four of the projects are standalone sites and two
projects are two site cascades on a common river system with an upstream water storage dam and a
downstream Rurof-River {ROR) facility.
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Figure2-6: Map of Potential Hydroelectric Projects
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*Note: The color delineations represent the drainage basins of Yukon’s major rivers

Table2-6: Scalability Shortlist
Existing | Incremental Total 2065 2065 Maximum Maximum
HydroelectricSite Name | Lake Reservoir Reservoir | Installed | Annual Capacity Annual
Area? Footprint Footprint | Capacity| Energy P Energy
Detour Canyon 0 kn? 130 knt 130 knt 60 MW | 265 GWh| 100 MW 587 GWh
Fraser Falls 0 kn? 311 kn? 311 kn? 57 MW | 265 GWh| 95 MW 563GWh
Granite Canyon 0 kn? 173 knt 173 knt 57 MW | 265 GWh| 95 MW 588 GWh
Two Mile Canyon 0 kn? 101 kn? 101 kn? 54 MW | 259 GWh| 90 MW 489 GWh

10 Existing lake areas do not include river beds.

Pagel5



TMIDGARD

Midgard Consulting Inc
+1 (604) 298 4997

828—1130 West Pender St.
Vancouver BC, Canada

midgardconsulting.com V6E 4A4

Existing | Incremental Total 2065 2065 Maximum Maximum
HydroelectricSite Name | Lake Reservoir Reservoir | Installed | Annual Capacit Annual

Area? Footprint Footprint | Capacity| Energy pactty Energy
Faise CanyonMiddle | 59, | 154kn? | 263knt | 78 MW | 265GWh| 78 MW | 451 GWh
Canyon (ROR)
Slate Rapids + Hoole | 57y 0 | 154xnp 191 kn? | 107 MW | 265GWh| 107 MW | 487 GWh
Canyon ROR

The projects were also studied in terms of a staged buildover timeso that they could be better sized to
match growing electricity demand in the years leading up to 2065 (i.e.: from 2035 up to 2065). Therefore,
the Scalability Assessmetgichnical papeevaluatedprojectson the basis of progressively increasprgject
energy and capacity over tim&he shortlist projects scalability build out timeline is showable2-7.

Table2-7: Scalability BuildOut Timelines

Site Name Year 2035 Year 2045 Year 2050 Year 2060

Detour Canvon Construct Dam ) 3d Turbine )

y with 2 Turbines Installed
Fraser Falls Construct Dam ) 34 Turbine i

with 2 Turbines Installed

Granite Canvon Construct Dam ) 3d Turbine )

y with 2 Turbines Installed
Two Mile Canvon Construct Dam 34 Turbine ) i

y with 2 Turbines Installed
Fdse Canyon + Construct Dam i 3 Turbine Dov&i?rsetg:gtR OR
Middle Canyon ROF with 2 Turbines Installed -
Facility

Jate Rapids Hoole | Construct Dam i DOV\%ZTrSet;:gtR OR i
Canyon ROR with 2 Turbines Facility

Next,the six shortlisted hydroelectric projects were evaluated in terms of design features, scalability build

out, cost, energy output, anBorecast Utilizatioh e ve l i z e d

CIcCOE ) Thié Brdject €osgPer

(-

Hydro Development Phatechnical paperForecast Utilizatioh COE is a metric used to compare energy
projects in a fair and consistent manner where the present value of project costs (over 6bareais/ided

by the present value of energy generatadd consumedover 65 years). Ultimately, tHeorecast Utilization
Levelized Cost of Energy allows the cost of energy to be compared between different pregatdless of

technology or size

Sin@ the Scalability Assessmetatchnical papea s s u me d

t hat a

tranemissiedn

Faro to Watson Lake and thidite two cascade projectfalse Canyon + Middle Canyon ROR and Slate Rapids
+ Hoole Canyon ROR, would interconnect te ffaro to Watson Lake transmission likkggard and its team
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of subconsultants completed th&aro to Watson Lake Transmission Line Stamking at the transmission
development options available to the Yukon along the Faro to Watson Lake Transmissigar Cdre
findings of this study were useab inputto cost theproject cost paper thagstimatesthe project options
with and withoutthe pre-existing FareNatson Lake transmission corriddiable2-8 below summarizes the
key information for each hydroelectric site, including size, cost, and economics (using theFulttaied
ForecastLevelized Cost of Energy).

Table2-8: Summary of Potential Hydroelectric Projects

LCOE
Installed Capacity Max Capital LCOE (Forecast®
Site Name OHnop Ip | Annual Cost (Fultt?) | 142035 to

Post 2065) Energy | [$2015] | [$2015] 2065

[$2015]
Detour Canyon 40 - 60 - 100 MW | 587 GWh| $1,413M | $110/MWh | $301/MWh
Fraser Falls 38 57595 MW | 563 GWh| $1,233M | $100/MWh | $263/MWh
Granite Canyon 38 .57 - 95 MW | 588 GWh| $847M $68/MWh | $181/MWh
Two Mile Canyon 36 -54 .90 MW | 489 GWh| $919M $90/MWh | $199/MWh

Assumeg-aio-
False WatsonTxDoes | 37 - 78 . 78 MW | 451 GWh| $1,959M | $196/MWh | $379/MWh
Canyon | \ot Exist

+ Middle

Canyon Assumeg-aio-

ROR WatsonTx 37 - 78 - 78 MW | 451 GWh| $1,493M | $152/MWh | $286/MWh
Already Exists
Assumeg-aio-

Slate

- WatsonTxDoes | 4 2 1, 0 7187 MW | 487 GWh| $2,962M | $269/MWh | $540/MWh
Rapids | Not Exist

+ Hoole
Canyon Assumeg-aio-
ROR WatsonTx 42 1 0 7107 MW | 487 GWh| $2,764M | $251/MWh | $500/MWh

Already Exists

To further study the potential hydroelectric project optiotke Positive and Negjve Environmental and
Socieeconomic Effecttechnical paper was completedith the objective of providing a review tfe key

11 Full Utilization LCQBBr Full Utilization Levelized Cost of Energy, is calculated assuming that a project is built at its full size andfraipacity,
the project generates at maximum potential 100% of the time, and that all of the generated energy is consumed.

12 Costs include both capital costs and operating & maintenance (O&M) costs. O&M costs include Direct Operations (Oparatys, Tr
Consumables, Regular & Annual Maintenance, Major Maintenance, Communications and Travel/Meals), Indirect OperationseiaVvironm
Monitoring & Compensation, Land Costs, Community Funding, and First Nations Training, Capacity Building, & Compensatier)ead&
Administration (Insurance, administration, legal, program management, accounting, taxes etc.).

13 Forecast Utilization LCO®& Forecast Utilization Levelized Cost of Energy, is calculated on the basis that a projeebig bsifier the
timelines described in this report and that only enough energy to meet gaps is generated / consumed.

14 See Costs for Full Utilization LCOE above.
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environmental and socieconomic effects athe six (6) priority sitesThe findings from this technical paper
are used throughout tb remainder of thid/iability Study Repart

2.5 Considering Other Generation Technology Alternatives

In addition to locating the priority hydroelectric projects in the Yukdiggardalso evaluategbotential
alternative generation technology solutions available and the tradenfisYukon contextseePutting Next
DSYSNIGA2Y | @8RNB Ay [/ 2YyGSEGY hGKSNI H2tdziazya G2

As an electrical island without a connection to its neighbours, the Yukon must at all times match electricity
selfsupply and electricity demand in order to keep the electricity grid from blacking out. Moreover,
electrical energy needs must be met ovee longer term (e.g.: energy on a monthly basis) and the shorter
term (e.g.: capacity to meet daily and winter peak demands). To fulfill these requireraesgsges of
generation typesvas evaluatean a standalone basis ftineir ability to meet the foreast 2065 energy and
capacity gaps identified in the Baseline Scenario ofvilleon Electrical Energy and Capacity Need Forecast

Of the evaluated generation types, orjatural Gas Generation and Next Generation Hydiopractically
meet t he Yastklecmicitysneedsoon & standalone bagibereas lhe other generation types must

be combined together to meet t foer enérgyksapply ssendri@@ee cast ed

Table2-9) were considered: Natural Gas, Next Generation Hydro, Renewables Portfolio (with No Pumped
Storage), and RenewalslPortfolio (with Pumped Storage)

Table2-9: YukonAlternative Energy Development Scenarios

Scenario Description Resources Included

1 | Natural Gas Build out natural gas generation Natural Gas

Next Generation Next Generation Hydro (one of
2 Hvdro Build a single Nex&eneration Hydro project| the six projects discussed in th
y Viability Study Report

Build a combination of renewable generatio Wind (with utility scale
resources (excluding pumped storage hydr¢ battery), solar, rurof-river

to meet energy needs. If requireddd hydro, small hydro with storagg
natural gas generatiofor capacity needs and natural gas (capacionly)

Renewables
3 | Portfolio (No
Pumped Storage|

Wind (with utility scale
battery), solar, rurof-river
hydro, small hydro with
storage pumped storageand
natural gas (capacitgnly)

Build a combination of renewable generatio
resourcesncludingpumped storage hydro tg
satisfy energy needs. If requireddd natural
gas generatioffior capacity needs

Renewables
4 | Portfolio with
Pumped Storage

After evaluating the scenarip@ was concluded that all of the generation scenarios had the potential to meet
the forecast average energy and capacity needs of the Yukon in a socially acceptable rianverer, all of

the generation scenarios also had certain advantages and disadvantages that made the decision about which
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generation types to pwue a selection amortgchnical, economic, social and environmeritateoffs(Table
2-10).

Table2-10: Generation Scenario Summary Matrix

. ) Socie )
Technical Economic ) Environmental
Economic
Scenario Meets Meets Forecast Social Impact| 2065 Land 2065 GHG
Yukon Yukon Utilization Use Emissions
Energy Capacity LCOE Footprint (tonnes
Needs? | Needs? ($/MWNh) (hectares}®> | CQe)
Scenario X Yes Yes 250 Potentially 22 190,000
Natural Gas Acceptable
Scenario Z; Yes Yes 240 Potentially 18,000 0
Next Acceptable
Generation
Hydro
) Yes Yes (with | 350 Potentially 29,000 =0
Scenario 3;
Natural Gas Acceptable
Renewables )
capacity)
Scenario 4 Yes Yes (with | 270 Potentially 20,000 =0
Renewables Natural Gas Acceptable
with Pumped capacity)
Storage

After evaluating the scenarios, Next Generation Hydeoguably thepreferredscenaridfor further

consideration Next Generation Hydro scenaffi@ssimilar economic cost when compared to ottsrenarios
el e ct framc283b to2065 mard doesnat rageire g y
generation in

addresse¥ ukon' s need for and c

Natur al Gas order to meet Yukon’' s cap:

Moreover, he currentlevel ofuncertainty—and consequently riskregarding the Technical, &@womic,
SocieEconomic and Environmental parameters is lower for the fBederation Hydro than it is for
scenarios 3 and;4noreis knownabout the potential NextGeneration Hydro sites thaa the case for the
hypothetical alernatives. Additionally, enulative impactsare potentially lower for ainglelargersite

5When compaing the scenario footprints it must be recognized that the impact of the different footprints are different for the different
project types. For example, the majority of tNext Generation Hydrfootprint is general land use and creating a new lake /evatorage
reservoir where a river previously existed, whereas the renewable portfolios (Scenarios 3 & 4) are a combination of Hevatekaetorage
reservoirs, modifying existing lakes, and general land use. Therkfodeyse impacts cannot be datty comparedvithout evaluating the
types of impacts as well as the footprint.
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solutionas compared taonulti-site solution. Similarly, economies of scale are gained by fog u k o n’ s
financial, regulatory, technical and permitting resources on a single site solativer than a multisite

solution.
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3 AssessmenEFramework

ThisViability Study Repors$ intended to aid in the selection of the next hydroelectric and transmission
project (or projects). As summarized in Secfd®) Midgard does not see a plausible scenavttere building
a transmission line interconnection to neighbouring jurisdictions makesiomic senseherefore,a
transmissiorinterconnectionwas eliminated from further consideratiorHowever, the six (6) prioritdGH
projects are appropriate for advancing to the next stage of developmenpatehtially viableprojects need
to be selected.

In order toprovide the Yukon with the necessarydmhation needed to make a reasoned, defensible and
fact baseddecision regarding whicRGHprojects to advance, Midgard hgsthered findings from the
previously submitted technical papers and feedback from various sources (e.g.: stakeholders, First Nation
YDC) into four (4) silos of interest to be used for project evaluation:

1) Technical Considerations

2) EconomicLonsiderations

3) EnvironmentalConsiderations
4) Socieeconomic Considerations

The key information of each silo of interéstisted below inFigure3-1.

Figure3-1: Assessment Framework & Silos of Interest

Six (6) Priority Sites

|
v v v v

TECHNICAL ECONOMIC ENVIRONMENTAL SOCICGECONOMIC
CONSIDERATIONS CONSIDERATIONS CONSIDERATIONS CONSIDERATIONS
A Ability to meet A Capital Costs and A Fisheries & Aquatic A FEirst Nation
future Yukon energy O&M Costs Speciest Risk Settlement Lands
~ 9ap A Forecast Utilization A Terrestrial Species A Interim Protected
A Site access LCOE at Risk Lands, Land Tenureg
A Construction risk A Flooded Area & Dispositions
A Displacement
Effects

To facilitate the decisiorabout which NGH projects to continue investigatihg key findinggor each project
were identified withinfour (4) silos of interesthe key issues weneanked relative to other priority sitesand
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an overviewprovidedof the steps needdto move the project forward. The four (4) silos are explained
further below:

1) TechnicalConsiderations The key technical considerations of the projects include alieigt
overview of the technical details pertaining to the dams, reservoirs, flooded areas, transmission line
corridors, and road corridors. Atis early stage in project del@ment, the technical risks do not
preclude the ability to construct a projediut simply indicate there may be increabesk factos
that will need to be considered during the design, planngwst estimatiorand construction of the
facility. Otherco si derations also include the project’'s al
needs of the Yukon.
2) Economic Considerationg he key economic considerations include the estimated capital costs,
operations and maintenance costs, and therecast UtizationL e vel i zed Ckosedastof Ener
Utilization LCOE) f or e @he RForegastdJjilizaton LCOE is calculated by dividing the total
lifetime cost of the project by thelectrical energy it provides to Yukon load<COE is typically
expressed in $/MWh (dollars per megawtbur).
Y& OUNOQI MODOOE [ 0
OIIAQI MWBHDHOT "I 'HHHTT i SAH"HITHO

O 1 'QAYD IOl Qb & 6 "Q;‘Ys‘e

3) Environmentl Consideration¥: The environmental consideratioase focused omotential
impacts tofish andwildlife, including species at risk and impacts from the préjest f | oodi ng ar e
Key effects assessed fiish and fish habitainclude:
a. Effects on migratio (i.e. barriers to fish movement), both localized for raoradromous
species and regional for anadromous species;
Effects on migration/spawning timing and triggers;
Effects on spawning habitat and incubation of eggs;
Effects on rearing habitagnd

© oo o

Effects on habitat that support adult life stages (feeding, holding, etc.).

Key effects fowildlife and wildlife habitat incluelprotected or conservation areas, species at risk
and Environment Yuk oA Bhicheptesbmt a large agfegagjiondfr eas ( “ W
individuals (i.e., staging, nesting, moulting areas for water birds, etc.).

4) Socieeconomic Consideratiorié: The socieeconomic considerations include project benefits (jobs
and Gross Dome®BYHi grPmwadhyct i(mMpacts on | and use an

16 For additional information, please reference tiekon Next Generation Hydro and Transmission Viability §fadgitive and Negative
Environmental and SocEconomic EffectSechnical Paper

17 For additional information, please reference tiakon Next Generation Hydro and Transmission Viability §fadgitive and Negative
Environmental and SociEconomic Effects Technical Paper.
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well as potential effects on traditional Aboriginal activities, and community-baitig® More
specifically, consideration was given to the following attributes:

a. First Nation Settlement Liads and Other Land Tenures and Dispositigronsiders the
overlap of the reservoirs with various types of First Nation settlement lands, interim
protected lands and other neresource related forms of land tenure.

b. Land Use Plansconsiders the presenaar absence of regional land use plans applicable to
each priority site.

c. Renewable Resource Landgonsiders the overlap of the reservoir with parcels of land that
are protected or otherwise managed for their renewable resources and/or environmental
values

d. Non-Renewable Resourcesconsiders the overlap of the reservoirs with parcels of land
that have subsurface rights for minerals and oil and gas.

e. Historic and Archeological Resourcesonsiders the presenca absence of known historic
or archaeologicadites within the reservoir areas and the likelihood for the project sites to
be located within areas of high archaeological potential.

f. Employment and Business Activityprovides the estimated number of direct and indirect
jobs createdand the GDP generadl by each project in the Yukon for the construction and
operations phases.

g. Traditional Aboriginal Activities- qualifies the direct loss of areas availableti@ditional
activities due to flooding of reservoir areas, and qualitatively examines the patten
changes in access to land that might be afforded by the development of each priority site.
This attribute also considers the presence of known or documented Aboriginal fishing
sites/camp locations withiand downstream ofhe reservoir footprint.

The following section provides a breakdown of the key findings of each project in terms of its technical,
economic, environmentalral socieeconomic silos of interest

18 For the purposes of this report, theotential social Impact has been simplified to assume that projects are potentially socially acceptable
assuming that stakeholder concerns and issaee addressed. As a result, soc@@leptance is not a criterion that is assessed further.
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4 ProjectDescriptions

4.1 Detour Canyon

Detour Canyon is potential hydroelectric project on the Pelly River, located approximately 85 km

downstream (northwest) of Fardey findingper thefour (4) silos of interest are identified rable4-1

below.

Table4-1: Detour Canyon Key Findings

TECHNICAL

A Dam: 72 m high Concrete Faced Rockfill Dam with gated concrete spillway

A Water Conveyance:dDcrete water intake tower structure conveys water through diversion tun
andsteel penstock t@owerhouse

A Maximum irstalled capacityl0OOMW (3 x 20 MW Kaplan turbines for 60 MW installed capacity
with optional 40 MW tweunit expansion)

A Maximum annual eergy. 587 GWh

A NewTransmission Lin@&3km of 138 kV

A New Access Roai2 km

A Flooded Area: 13,000 ha

A ReservoilevelHuctuation: 7mon an average year

ECONOMIC

A Capital Cost: $1,413 Million
A O&M: $9.5 Million er year
A ForecastUtilization LCOE301/MWh

ENVIRONMENTAL

A Basin Pelly River mainstem and its tributaries
A Fish: chinook salmon, chum salmon and arctic grayling

A Area of Ecological and Cultural Special Consideration: Overlap with lower Anvil Creek, Mica
NeedleRock Creek

A Wildlife: Absenceopr ot ect ed or conservation areas &
A Species At Riskbsence oflocumentedspecies at risk with the reservoir footprint.

SOCIGECONOMIC

A Nearest @mmunities:Town of Far& the Village of Ross River
A First Natiors: Kaska Den&ouncilLiard First Nation/Ross River D@&aSelkirk First Nation

A Culturaland ArchaeologicaPresence of acumented Aboriginal fishing site and traditional fish
camps. No known overlap with documented Heritage and Cultural Resourcegb8ttdse project
is located in area of high archaeological potential

A Reservoir Impacts: Overlaps Traditional Aboriginal Activity use areas, Renewable Resource
NonRenewable Resource Areas astber Land Tenures and Dispositions

A Economidenefits:5,500 construction jobs and 33perations jobs
A YukonGDPQonstruction to add $634 Milliorpperationsto add $7.3 Million/year
A Infrastructure:No displacenent of existing infrastructure
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4.2 Fraser Falls

Fraser Falls is@otential hydroelectric project on th&tewart River, approxiately 40 km upstream of Mayo.
Key findings per the four (4) silos of interest are identifietiable4-2.

Table4-2: Fraser FallsKey Findings

A Dam:56 m high Roller Compacted Concrete daith stepped concrete spillway structutecated
on the face of the dam

A Water Conveyance: Concretater intake conveys wateghrough fivepenstockgo the
powerhouse

A Maximuminstalled capcity: 95 MW3 x 19 MW Kaplan turbines for 57 MW of installed capacit
with optional 38 MW tweunit expansion)

A Maximum annual energy: 563 GWh

A New Transmission Lind8 km of 138 kV

A New Access Road$s km

A Flooded Area31,200ha

A ReservoilevelHuctuation: 3mon an average year

A CapitalCost: $1,233Million
A O&M: $8.7 Million peryear
A ForecasuUtilization LCOE263MWh

A Basin Mainstem Stewart River #ae lower reach of the Hess River

A Fish: chinook salmon, chum salmon and arctic grayling

A Protected orConservationAreas: Hirseshoe Slough Habitat Protection Area (HPA)

A Wiildlife: Overlap of WKAs for duck, Canada goose, woodland caribou, peregrine Eslttbeagle
A Species at Risk:dbcumentedspecies at risk (peregrine falcon and woodland caribou)

TECHNICAL

ENVIRONMENTAL| ECONOMIC

A Nearest Communities: Village of Mayo (within 100km) & the community of Stewart Crossing
A First Natiors: First Nation oNa-Cho Nyak Dun

A Cultural& ArchaeologyPresence of Aboriginal fishing camp and known sites of heritage and
cultural resources The project located in area of high archaeological potential

A Reservoir Impacts: Overlaps Traditional Aboriginal Activity use areas, Ren®eablerce Areas,
Non-Renewable Resource Areas and other Land Tenures and Dispositions

A Economidenefits:4,800 construction job& 34 operationgobs
A YukonGDPonstruction to add $553 Milliorpperationsto add $6.7 Million/year
A Infrastructure:No displacement of existinmfrastructure

SOCIEECONOMIC

4.3 Granite Canyon

Granite Canyon isotential hydroelectric project on the Pelly River, approximat@ykm east of Pelly
CrossingKey findings per the four (4) silos of interest are identifiredlable4-3.
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Table4-3: Granite Canyon Key Findings

A Dam:60 m highRoller Compacted Concrete dam witleppedconcrete spillway structurecated
on the face of the dam
A Water Conveyance: Concreiater intake conveys water through five penstotighe
powerhouse
5 A MaximuminstalledCapacity: 95 MW3 x 19 MW Kaplan turbines for 57 MW of installed capacil
= with optional 38 MW tweunit expansion)
@ A MaximumAnnualEnergy: 588 GWh
A New Transmission Lin&5 km 0f138 kV
A New Access Road& km
A Flooded Areal7,600ha
A Reservoilevel Auctuations: 3mon an average year
% A Capitalcost: $847Million
g A O&M:$7.2 Million gr year
© | A ForecasuUtilization LCOE18YMWh
2 A Basin Pelly Rive& south MacMllan rivers
% A Fish: chinook salmon, chum salmon and arctic grayling
2| A Areas of Speci@lultural ConsiderationMica andNeedleRock Creek
% A Wildlife: Overlap of WKAs for waterfowl and woodlacaribou (possibly Tatchun herd)
@ | A Species at RisPresence of tw@2) documented species at rigoodiand caribou and trumpeter
swan)
A Nearest Communities: Pelly CrossiStewart Crossing and théllage of Carmacks
A First Natiors: Selkirk Fist Nation
§ A Cultural& ArchaeologyDocumentedaboriginal fishing sitetraditional fish campsnd known sites
2 of heritage and cultural resource3he project is located in area of high archaeological potentig
g A Reservoir Impacts: Overlaps Traditional Aboriginal Activity use areas, Renewable Resource
3] Non-Renewable Resource Areas and other Land Tenures and Dispositions
& A Economic Benefit8,300 construction job& 28 operations jobs
A YukonGDPConstructiorto add $380Million; operationsto add $5.6 Million/year
A Infrastructure:No displacenent of existing infrastructure

4.4 Two Mile Canyon

Two Mile Canyon isotential hydroelectric project on the Hess River, located in the Stewart River Basin,
approximately 100 km east of Mayi§ey findings per the four (4) silos of interest are identifiredlable4-4.
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Table4-4: Two Mile Canyon Key Findings

A Dam:68 m highRoller Compacted Concrete dam witlepped concrete spillway structure locate
on the face of the dam
A Water Conveyance: Concreiater intake conveys water through a single pensttucihe
powerhouse.
5 A MaximuminstalledCaacity: 90 MW3 x 18 MW Kaplan turbines for 54 MW of installed capacil
= with optional 36 MW tweunit expansion)
@ A MaximumAnnualEnergy:489 GWh
A New Transmission Line: 113 km of new 138 kV
A NewAccess Road$11 km
A Flooded Areal0,300ha
A ReservoilevelAuctuation: 9 m on an average year
% A CapitalCost: $919Million
g A O&M:$8.5 Million gr year
2| A ForecasuUtilization LCOE19YMWh
% A Basin:Hess River & Pleasant Creek
= A Fish: chinook salmon, chum salmon and arctic grayling
% A Wildlife: No overlap withWKAs
Z | A Species at Riskbsence of documented species at risk
A Nearest Communityillage of Mayo
o | A First Natios: First Nation oNa-Cho Ny&k Duand part of theNa-Cho Ny&k Dun chinook fishery
% A Cultural& ArchaeologyThe project located in area of high archaeological potential
§ A Reservoir Impacts: Overlaps Traditional Aboriginal Activity use areas, Renewable Rasgasce
g NonRenewable Resource Areas and other Land Tenures and Dispositions
é A EconomidBenefits:3,600 construction job& 33 operations jobs
A YukonGDPronstruction GDP to add $412 Million; operations GDP tab&d@l Milion per year
A Infrastructure: M displacenent of existing infrastructure

4.5 False Canyon + Middle CangdROR

False Canyon + Mi ddROR ) CmteniaboascaRlel af twmsftes With Fadse Caflybn
located upstream on the Frances Rivegoproximately 75 km north of Watsdrake providing both

generation andactivewater storage Middle Canyon ROR (bugifter False Cany9iis located downstream,

approximately 40 km northwest of Watson Lakadoperatesas a ROR facility with raetivewater storage.

Key findings per theofur (4) silos of interest are identified Table4-5.
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Table4-5: False Canyon + Middle CanyROR- Key ndings

TECHNICAL

False Canyon
A Dam: 65 m high Concrete Faced Rockfill Dam with a concrete spillway

A Water Conveyance: concrete water intake tower conveys water through diversion tunnel to t
powerhouse

A Installed CapacityThree (3) Kaplan turbinesor 56 MW ofinstalled capacity

Middle Canyon ROR

A Dam:17 m high Roller Compacted Concrete daith stepped concrete spillway

A Water Conveyancavater intake conveywater through threg(3) penstockgo the powerhouse
A Installed Capacitghree (3) Kaplan turbines fo22 MW of installed capacity

Cascade

A MaximumInstalledCapacity: 78 MW

A MaximumAnnualEnergy. 451 GWh

A New Transmission Ling70 km (14 km assuming prexisting Faro to Watson Lake Transmissior
Line

A New Access RoaB0km (20 km assuming prexisting Faro to Watson Lake Transmission Line

A Flooded Area26,100ha

A ReservoitevelAuctuation:5 m over an average year

ECONOMIC

A Capital cost: $1,959 Million($1,493 Millionassuming prexisting FaréVatson Lake Transmissio
Line

A 0&M: $12.5 Million($10.7 Million per yeaassuming preexisting Fas-Watson Lake Transmission
Line)

A ForecasUtilization LCOER379MWh ($286MWh assuming prexisting FaréVatson Lake
Transmission Line

ENVIRONMENTAL

A Affected Bodies of WateFrances lake&rances RiveFalse Canyonr€ek extending to Stewart
Lake

A Fish:Fresh wateronly fishincludingArctic grayling and bull trout
A Wildlife: Overlap of WKAs for waterfowl, moose, bald eagle
A Species at RisR:documented species at righarn swallow, trumpeter swan)

SOCIEECONOMIC

A Nearest @mmunities:Ross Rivewithin 100 km) and the Town of Watson Lake
A First Natiors: Kaska Den&ouncil(Liard First Nation/Ross River Dgna

A Cultural& ArchaeologyOverlapsnown Heritage and Cultural Resource sites and several buri
sites. The project located in area of high archaeological potential

A Reservoir Impacts: Overlaps Traditional Aboriginal Activity use areas, Renewable Resource
NonRenewable Resource A and other Land Tenures and Dispositions

A Economic benefitsz,700 construction job& 41 operations jobs
A YukonGDP: Construction GI¥879 Million operations GDB8.3 Million/year
A Infrastructure: Msplacement of Robert Campbell Highway and Nahanni Raogd
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4.6 Slate Rapids + Hoole Cany®OR

Slate Rapids + Hoole Canyon ROPp@emtial cascade of two sites with Slate Rapids located upstream on
the Pelly Rivergpproximately 75 km east of the community of Ross Rpewiding both water storage and
generation Hoole Canyon ROR (buifter Slate Rapidsslocated downstreanin the Pelly River Basin,
approximately 30 km upstream of the community of Ross Raretpperaiesas a rurof-river facility with no
activewater storageKey findings per the four (4) silos of interest are identifredlable4-6.

Table4-6: Slate Rapids Hoole Canyon RORKey Findings

Slate Rapids
A Dam:57 m high diversion dam and 36 m high power dam, both of Concrete Faced Ragkfill D
~ type with concrete spillways
A Water Conveyance:dbcrete water intake at the power dam conveyater through asteel
) penstockio the powerhouse
A PowerhouseTwo(2) Kaplan turbines fio42 MW of capacity
Hoole Canyon ROR
Ai\ Dam:71 m high Concrete Faced Rockfill Dam with a concrete spillway
Z | A Water Conveyance:dDcrete water intake tower conveys water throudiversiontunnel to the
S powerhouse
é A PowerhouseTwo(2) Kaplan turbines io65MW of installed capacity
=
Cascade
A MaximuminstalledCapacity: 107 MW
A Maximum annual energy: 487 GWh
A New Transmission Ling63km (11 km assuming prexisting Faro t&Watson Lake Transmission
Line)
A New Access Road2 km (12km assuming prexisting Faro t&atson Lake Transmission Line)
A Flooded Area: 19,100 ha
A ReservoitevelAuctuation: 5 m over an average year
A Capital cost: $2,962 Milliof$2,764 Millionassuming preexisting FaréNatson Lake Transmission
Q Line
g A _Cr)ég/ls:risilsss.iganililri]%r)l per yegi$15.2 Million per yeaassuming preexisting FaréNatson Lake
“ | A ForecasUtilization LCOERS40MWh ($500MWh assuming preexisting FaréNVatson Lake
Transmission Line
2 A Affected Bodies of Water: Fortin Lake, Pelly Lakes, a number of smaller lakes and portions (
= Pelly River mainstem
% A Fish:chinook salmon, chum salmon and arctic grayling
g A Areas of Special Cultural Consideration: Mica and Ne®mtik Creek
% A Wildlife: Overlap of WKAs for woodland caribou (Finlayson herd), moose and riparian raptors
A Species at RisRocumented presence @ine (1) species at risk (bank swallows)
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A Nearest CommunitiefRoss Rivewithin 100 km) and the Town of Faro
A First Natiors: Kaska Den&ouncilLiard First Nation/Ross River Dgna

A Cultural& ArchaeologyDocumented aboriginal fishing sites and known Heritage and Cultural
Resource sitesTheproject located in area of high archaeological potential

A Reservoir Impacts: Overlaps Traditional Aboriginal Activity use areas, Renewable Resource
Non-Renewable Resource Areas and other Land Tenures and Dispositions

A Economic Bnefits 11,600 construction job& 59 operations jobs
A YukonGDPConstruction GDB1,329 Million;operations GDB11.7 Million/year
A Infrastructure: Dsplacement of Robert Campbell Highway

SOCIEECONOMIC
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Based on the key findings listed in Sectlaand on theassessment framewordet out in Sectior3, Table5-1 belowprovides a summary of the key advantages anddlisatages of each priority site and the respective silo scoskative to other priority

sites.
Table5-1: ProjectSite Assessment Matrix4 Silos of Interest
Site Technical Economic Environmental Socieeconomic Synopsis
General A Economic Bnefits: Significant
A Flooded area: 13,000 ha"¢zmallest area) A InfrastructureDisplacement: None Detour Canvon is the most expensive
A Impacted bodies of water: Pelly River and its tributaries yon P
h . : . . . standalone projecand hasmoderate
A Reservoir Water Level Fluctuations: @erage Reservoir footprint overlap with: otential effects on fisheries and areas d
A Areas of Special Cultural Consideration: Anvil Creek, Mica and A Kaska Den&ouncilLiard First NatiofRoss River 2 ecial cultural consideratiomelativeto
A Technically feasible A CapitalCost: $1,413M Needle Rock Creek Deng Interim Protected Larg 2,300 ha tr?e other priority sites Detour Canvon
A Meets forecasted 2065 | (Most expensive A Selkirk First Nation Settlemeramnd: 3 ha appears t(F)) offezewers otential im yacts
Detour | heeqd standaloneproject) Fisheries: A Heritage and Cultural Resource sites: No wl?tl; esnect 10 wildlifepand Wildlifep
Canyon | A Site Accessibility: A O&M: $9.5M/year A FishHabitat loss of spawning and rearing habitats for Arctic Documented resp : , ,
. P ) . < L . . habitat, and potential socieeconomic
0 New Tx Line83km A Forecast LCOE: grayling A AboriginalFshingStes: Yes effects In addition. he location of he
o New Roads: 9km $301/MWh A Fish MigrationPotentialbarrier for chinook and chum salmon | A Traditional Aborigial ActivityLand Use: 13,000 ha T L
(2 lowest) project is relatively remote and may
Wildlife: A Renavable Resource Are@5,000 ha 2"¢lowest) tehn(i/rﬁ:)%rggaetzrlgggsssog:(ilc?r?g::i%
A Protectedor Conservation Area: None A Non-renewable ResourceAreas: 10,800 ha2( issues
A wildlife: NoWKA highest) '
A Documented Species at Risk: None A LandTenures and Dispositions: 6 ha\est)
General
A Flooded Area: 31,200haafgest area)
A Impacted Bodies of Water: Stewart River, Hess River and Pleg
Creek " . e
A Reservoir Water Level Fluctuations: 3m average A Economic Bneflts.Slgnlflcar}t
< . ! . .. | AlnfrastructureDisplacement: None
A Areas of Special Cultural Consideration: Downstream aborigin . d .
fishing camp Fraser Falls the 29 most expensive of
. . . . . ' Reservoir footprint overlap with: the standalone projects, has the largest
A Technically feasible A Capital Cost$1,233M ‘ 3 ) ;
p d ) . . A NaCho Nyak Dun Settlement Land: 3,300 ha flooded area, and inundates the
A Meets forecasted 2065 (2"¥ most expensive Fisheries: : . ) . .
Fraser . P . . . . . A Heritage and Cultural Resour&kes: Present Horseshoe Slough Habitat Protection
need standalone project) A FishHabitat loss of spawning and rearing habitats for chinook | 'z . . ; . .
P S " ) : . A Documented AoriginalHshingStes: Present Area. Like all NGH projects, Fraser Falls
Falls | A Site Accessibility: A O&M: $8.7Mlyear salmon, chum salmon and Arctic grayling 0 " L - o . ;
S < ) P S . . : A Traditional Aboriginal Activity us81,200 ha offers significanteconomic benefits to the
o0 New Tx Line: 48 km | A Forecast LCOE: A Fish MigrationPotentialbarrier for chinook and chum salmon . i .
o New Roads: 4Bm $263/MWh ) (Highest) _ Yuk_o_n wlich must be contrasted Wlth the
' Wildlife: A Renavable Resource Area: 700 ha Highest) significantenvironmental and socio
A Protected or Conservation Areederally protectecHorseshoe A N'on-RerewabIe Resource Areas: 7,800 B ( economic impacts.
Slough Wildlife Area highes)
A WKA:Overlap of WKAs for duck, Canada goose, woodland Aland Tenures and Dispositions: 900 3lowest)
caribou, peregrine falcon, bald eagle
A Documented Species at Rigkregrine falcon and woodland
caribou
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Site Technical Economic Environmental Sociececonomic Synopsis
General:
A Flooded Area: 17,600 ha'{ lowest)
A Impacted Bodies of Water: Pelly River and south MacMillan Ri
A Reservoir Water Level Fluctuations: 3m average A Economic Bnefits: Significant . . .
p ) . N ‘ . , Granite Canyoristhe lowest economic
A Areas of Special Cultural Consideration: Mica and Needle Roc| A InfrastructureDisplacement: None . .
Creek cost project due to having the lowest
‘ . . . . . construction cost (and cost rigk
A Technically feasible A Capital Cost$847M Reservoir footprint overlap with: However. despite its technical and
) A Meets forecasted 2065 (Legst cosproject) Fisheries: A Selkik First Nation Settlement Land: 8,800 ha economi(; a dvgnta es. Granite Canvon
Granite | peeq - _ ) A Fish HabitatLossof spawning and rearing habitats for Artic A Heritage and Cultural Resource sites: Present . ) ages, Lranite L-any
o S A O&M: $7.2M/year : . - ) . impactsfish and fish habitatwildlife
Canyon | A Site Accessibility: A Forecast LCOE: grayling A Documented AborigindlishingStes: Present areas and bresentssianificantsocio
0o New Tx Line: 15 km ' A Fish MigrationPotentialbamier for chinook and chum salmon | A Traditional Abriginal Activities: 17,600 ha'{ Anap 9 .
i $181/MWh economicimpactsbecausehe reservoir
0 New Roads: 15 km lowes9 would flood culturally significant area
Wwildlife: A Renavable Resources Area: 320 ha 8 highes) with documentedcatznsg raveya(d)
A Protected or Conservatiofreas; None A Non-Renewable Resources Areas: 35 haw(est) andat Ieastsixotherarci;a?eolo %cal sites
AWKA:Overlap of WKAs for waterfowl and woodlacatibou A Land Tenures and Dispositions: 4,6003iaHighes) 9 |
(possibly Tatchun herd)
A Species at Bk:DocumentedWoodland caribou and trumpeter
swan
General:
’/i\ Flooded Area:_ 10,300 ha (.Smallest_) A Economic Bnefits: Significant Two Mile Canyors 2" most economic
A Impacted Bodies of Water: Hess River and Pleasant Creek : ) ) . . .
. . S A InfrastructureDisplacement: None project even though it only provides 979
A Reservoir Watekevel Fluctuations: 9m average .
. . A Areas of Special Cultural Consideration: None of the forecasted Baseline 2065 energy
A Technically feasible A Capital Cost$919M ' Reservoir footprint overlap with: demand The site appears to offer some
Two A Satisfies 97%f the (29 most economic . . A Na-Cho Ny&k Dun Settlement Lar2j000 ha advantages with respect to wildlife and
. Fisheries ‘ . . o . . .
Mile forecasted 2065 need project) A Fish HabitatLoss of spawning and rearing habitats for chinook A Heritage and Cultural Resource sitiene wildlife habitat and potential socie
A SiteAccessibility: A O&M: $8.5M/year salmon. chum salmog and A%ctic ra Iing A Documented AborigindfishingStes: None economic effects relat/ to the other
Canyon o New Tx Line: 113 km| A Forecast LCOE: A Fish Mi’ rationPotential karrier forgchir{ooa and chum salmon A Traditional Aboriginal Activities use: 10,300 ha priority sites. Additionallythe location of
0 New Roads: 11km $199/MWh g (Lowes) the project is relatively remote and may
A A Renavable Resource Areas: BOP ha [owesy) therefore present less challenging
Wildlife: : i . : 2
< . ) A Non-Renewable Resource Areas: 380 B# (owesl) | environmental and socieconomic issues
A Protected or Conservatiofreas: None < . L . . .
< ) A Land Tenures ®ispositions: 10,300 ha"¢ highes) | relative to other NGH projects.
A WKA: None
A Documented Species at Risk: None
False | ATechnically feasible General: A Economic BenefitsSignificant False Canyon + Middanyon ROR
A Meets foreycaste d 2065 Without Pre-existing Fare A Flooded Area: 26,100 ha"(2argest) A InfrastructureDisplacementRobert Campbell project has the ® highest capital cost
Canyon need Watson Lake Tx Line: A Impacted Bodies of Water: Frances Lake, Frances River, Fals¢ Highway and Nahanni Range Road and 29 largestreservoir footprint of all
+ © S A Capital Cost: $1,959M Canyon Creeg&xtending to Steward Lake the projects. On a Forecast Utilization
A Site Accessibility: d : " ) N . . - o .
. . (2" most expensive A Reservoir Water Level Fluctuations: 5m average Reservoir footprint overlap with: LCOE basis,itlhvout a preexisting
Middle 0 New Tx Line: ) km . : L . . . o .
(14 km with pre ) project) A Kaska Den&ouncilLiard First Nation/Ross River | transmission corridor between Faro and
Canyon existing FaraVatson A O&M: $12.5M/year Fisheries: Deng Interim Protected Land: 1,500 ha Watson Lakgethe projectis more
ROR gFe A Forecast LCOE: $379/MW A Fish Habitat: Loss of spawning and rearing habitats for arctic | A Heritage and Cultural Resource sites: Present expensive than the four (4) standalone
Lake Tx Line) . . . < . ) ) . . L
grayling and bull trout (species at risk). Does not affect salmon A Documented AborigindlishingStes: None projects and with a preexisting
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Site Technical Economic Environmental Socieeconomic Synopsis
0 New Roads50 km A Fish Migration: Barrier for Arctgrayling. Not a salmon bearing | A Traditional Aboriginal Activities are26,100 ha?™ | transmission line the project is more
(20 km with pre . - river system. highes) expensive than all the standalone projec
- With Pre-existing Fare A . d
existing FaréNatson o A Renewable Resource Areas: 20sa B lowesf) except Detour CanyonThere are also
. Watson Lake Tx Line: T : ) . .
Lake Tx Line) " . ) Wildlife: A Non-Renewable Resource Areas: 3,0003i4 ( key constraints with respect to effects ol
A Capital Cost: $1,493M ‘ . ] i S ; )
(2" most expensive A Protected or ConservatioAreas: None _lowes) _ N _ wildlife a_mdwndllfg hf_;\bltat, and.socro
roject) A WKA:Overlap of WKAs for waterfowl, moose, bald eagle A Land Tenures and Dispositions: 30,000Highest) | economicconstraintsin the Fortin Lake
_Prol ) A Documented Species at Riffarn swallow, trumpeter swan area. Despite these drawbacks, False
A O&M: $10.7M/year . .
A . Canyon + Middle Canyon ROR is the on
A Forecast LCOE: .
project that does not affect salmon, and
$286/MWh : :
is the only project that would connect
Watson Lake to the Yukon eleical grid.
Fisheries:
i _ o )
Without Pre-existing Fare zrr]lqoogcetg dAI;i?j.ielsgblfo\?vgé (r{':Bllé%?tei}:tl)_ake Pe#ikes, Pelly River an A Economi®Benefits: Significant
A Technically feasible Watson Lake Tx Line: P ' ’ ’ y A InfrastructureDisplacementRobert Campbell Slate Rapids + Hooganyon ROR is the
< < . ) a number of smaller lakes . . . .
A Meets forecasted 2065 | A Capital Cost; $2,962M ‘ . L Highway most expensive projecboth with and
. . A Reservoir Water Level Fluctuations: 5m average . L
" need " (Most expensiveroject) A Areas of Special Cultural Consideration: Mica and Needle Roc without a pre-existing Faravatson Lake
Slate | 4 site Accessibility: A O&M: $15.9M/year Creck P ' Reservoir footprint overlap with: Transmission Linén additionto high
Rapids +| o New Tx Linel63km Forecast LCOE: $540/MWh A Kaska Den&ounciLiard First Nation/Ross River | costs no major advantages have been
Hoole (11 kmwith pre- Fisheries: Deng Interim Protected_and: 4,900 ha identified relative to the other NGH
existing FaréNatson | With Pre-existing Fare A Fish HébitatEfects on shoreline habitat A Heritage and Cultural Resource sites: Present projectsexcept for a low overlap with
Canyon Lake Tx Line) Watson Lake Tx Line: A Fish MiarationPotential lrrier for chinook and chum salmon A Documented Aboriginal fishing sites: Present Land Tenure and Dispositioriie project
ROR o New Roads32km A Capital Cost$2,764M g A Traditional Aborimal Activities area: 19,100 h&{ | has the3" largest flooded areaand
(12 km with pre (Most expensiveroject) Wildlife: highes) results in impacts tkey environmental
existing FaréVatson | A O&M: $15.2M/year < ) . ] A Renewable Resource Area: 38,200 274 liighes) and socieeconomicareas for both
. P ) A Protected or Conservatiofreas. None < i . . .
Lake Tx Line) A Forecast LCOE: 0 ) . . A Non-Renewable Resource Areas: 19,100 kighest) | aboriginal and noraboriginal groups
A WKA:Overlap of WKAs for woodland caribou (Finlayson herd),| “; . i |
$500/MWh - A Land Enures and Dispositions: @Ba " lowesf)
moose and riparian raptors.
A Documented Species at RiSlankswallows
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6 Next Generation Hydrdevelopment Strategy

The followingsection provides moutline of adevelopment strategyor a Next Generation Hydrproject,
including an high levebutline of the project selectioand reconnaissangghase(Phase Pas well as a
general overview of the hydro development phasefollow ( P h a s €. The sevenfphases in total are as

follows:

Phase 0: Project Selemtiand Reconnaissance Stugljasg1to 4/5 Years)
Phase 1: Pr&easibility (1 Year)

Phase 2Feasibility (20 4 Years)

Phase 3: Preliminary Engineering (1 Year)

Phased: Permitting (3to 5 Years)

Phaseb: Detailed Engineering (1 Year)

Phase 6Pre-Constuction (1Year)

Phase 5Construction (30 4 Years)

A Phase 6: Commissioning & OperatioBsigoing

> > >

> > > > >

Figue 6-1 and Figure6-2 describe the hydroelectric development phases in the NGH cantésxshown in
Figure6-2 most phase end witha gate review to determine if a project should continue forward to the next
phase of development. It is also important to note that althotiygre is only one preferred project

expected in Phase 1 through Phasa project is not selected for construction until the end of Phase
Therefore, should a project fail to pass a gate review, that project is halted and not advanced any further.

Figue 6-1: NGH Development Timeline

NGH DEVELOPMENT PHASES

Years
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

PHASE 0: PROJECT SELECTION & RECONNAISSANCE w

PHASE 1: PRE-FEASIBILITY STUDY

PHASE 2: FEASIBILITY STUDY _

PHASE 3: PRELIMINARY ENGINEERING

PHASE 4: PERMITTING

PHASE 5: DETAILED ENGINEERING

PHASE 6: PRE-CONSTRUCTION

PHASE 7: CONSTRUCTION

PHASE 8: COMMISSIONING & OPERATIONS ONGOING -=--=
| \
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Figure6-2: Next Generation Hydro Development Phases

PHASE 0: PROJECT SELECTION & RECONNAISSANCE

1—-6 NGH PROJECTS

u

PHASE 1: PRE-FEASIBILITY STUDY ONE (POSSIBLY TWQ) PREFERRED PROJECTS
PHASE 2: FEASIBILITY STUDY ONE (POSSIBLY TWQ) PREFERRED PROJECTS
PHASE 3: PRELIMINARY ENGINEERING ONE PREFERRED PRQJECT

PHASE 4: PERMITTING ONE PREFERRED PRQJECT

PHASE 5: DETAILED ENGINEERING ONE SELECTED PROJECT

PHASE 6: PRE-CONSTRUCTION ONE SELECTED PROJECT

PHASE 7: CONSTRUCTION ONE SELECTED PROJECT

PHASE 8: COMMISSIONING & OPERATIONS ONE SELECTED PROJECT

1to4-5Years

1 Year

2-4 Years

1 Year

3-5 Years

1 Year

1 Year

3-4 Years

(Ongoing)
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6.1 Phase 0: Projecgelectionand Reconnaissance StudlyK & S 6, SI NJ m

Phase Gocuseson project selection anckelationshipbuildingwith First Nations and othetakeholdersIn

this phasehe major impacts and benefits will inform investment decisjdsut the differences between
projects will drive the selection of one project over anothér.a similar manner, it will be critical to build
trustbasedrelatonshps as a pat hway t o andscsdmgofsubdseqlentc ens e
investigation activities

Phase Oavers a 40 5 year period starting in 2016 with an overall objective of preserving the option of
having a Next Generation Hydro projecbierationsometime in the window of 2030 to 2035 (1526

years from tody). At the end of the 4 t6 year project selectioand reconnaissangeeriod,one (or possibly
two) project(s)can be selected as the preferred candidate for entry intofResiblity studyas part ofa

more traditional project developmergath. The preferred project ienly apreferred project and will be
advanced to further studthrough a series of gate reviewsut should the preferred project be stopped at a
gate review the peferred project will be halted andnother project may be advanced at that time.

Table6-1 describeslte activities irthe project selectiorand reconnaissance stugihaseand Figure6-3
depicts the time timeline of the activities under this phagd the end of Phase 0, estimates will produce a
Class 5 (+100%/00% cost estimate)
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NGH DEVELOPMENT PHASE 0 ACTIVITY BREAKDOWN

Years

PHASE O: PROJECT SELECTION & RECONNAISSANCE

Yukon Government, First Nations & Community...
First Nations & Community Communication
First Nations Consultation
MOU toward Project Exploration Agreement
Project Exploration Agreement - FNs Negotiation
Cultural: Traditional Knowledge
Cultural: Heritage Resources Assessment
Environmental: Hydrological Program - Surface...
Environmental: Weather Station
Environmental: Fish & Fish Habitat
Environmental: Wildlife Baseline Data collection

Baseline Site Condition Study: Geotechnical,...

Project Update

v
CONTINUES TILL
PERMITTING

4

Table6-1: Project Selectiorand Reconnaissance Stufhase- Activities, Outcomesand Expected

Timelines

Category

Activity

Description

Social License

Yukon Government
First Nations&

A Clear and concise mandate from Yukon Governmer
to conduct series of community engagements to

Community facilitate bidirectional information sharing
EngagemenMandate

Social License First Nations & A Multiple visits to First Nations Communities in Yuko
Community Present Next Generation Hydro findings to date.

Communication

status.

A Update First Nations and Communities on project

Social License

First Nations
Consultation

A First Nations consultation with
First Nation communities.

Chief and Council an
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Category Activity Description
MOU toward Project| Yukon Government & | A Mandate to negotiate notbinding terms building
Exploration Community towards aProject Exploratiolgreement
Agreement Engagement A TheExplorationAgreement, among other things,

formalizes First Nation influence on decisimaking
regardingthe Project in question, establishes cost
sharing formula for First Nation resource expenditur
(required to supporExplorationAgreement
obligations), and outlines process / requirements pr
to Project advancing to next stage.

ProjectExploration
Agreement

First Nations
Negotiations

A Yukon discussions with First Nations to obtain an
initial ProjectExplorationAgreement to joitly carry
out the next set of site investigations.

A NOTE: Theroject Exploration Agreemeid not an
Impact Benefits Agreement.

Cultural Baseline
Data Collection

Traditional Knowledge

A Traditional Knowledge studies with First Nations as
outlined in above ProjedExplorationAgreement

Cultural Baseline
Data Collection

Heritage Resources
Assessment

A Archaeological Overview Assessment on affected
project footprints.

Environmental
Baseline Data
Collection

Hydrological Program
Surface Water

A Establishment of hydrology gauging to build long te
and continuous data set(s)

Environmental
Baseline Programs

Weather Station

A Establishment of weather stations at priorityesitfor
continuous monitoring to build long term weather
data set(s)

Environmental
Baseline Programs

Fish & Fish Habitat
Absence / Presence /
Population / Migration

A Drainage basin level fisheries studies to determine
presence / absence of fish specipspulations and
migration patterns.

Wildlife Baseline
Data collection

Wildlife & Wildlife
Habitat— Absence /
Presence / Population
/ Migration

AYukon’s Wildlife Key Ar
documented speciedraditional knowledge and land
use studiesto determine presence / absence of
species, populations and migration patterns.

Baseline Site
Condition Study
(Geotechnical,
Geological, Layout /
Construction)

Preliminary
delineation of ground
conditions associated
with priority sites

A Site Visit(s) toealuate

o0 Geotechnical / Foundation Conditions
Surficial Geology
Permafrost
Construction Material Availability
Mapping
Project Layout & Construction

O O O O
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Category Activity Description
Project Update Project Update Report A Project Updateo re-assess
to update project o Project Layout & Design
design, post, o Cost
economics and

o Hydrology (Revenue)
o Operations (Social / Environmental Constraints
o Project Economics

A Report is an input to FN&xplorationAgreement
discussions

operations

6.2 Phase 1PreFeasibility (1 Year)

The purpose of th€reFeasibility phase is to establish enough understanding of the project to assess the
viability of, and desirability for, more detailed levels of study. Work to be completed in this phase includes
hightlevel assessments of available resources (projagacity and energy), capital cost estimates, financial
modeling environmental study updates, and so@oconomic updates

In preparations for a gate reviewhe updatedproject is summarizeth the four areas of economics,
technical, environmental and si-economic. The project update is thpresentedin a gate review format
to see if it is to become the preferred project for further studt the end of Phasg, estimates will produce
a Class 5 (+100%0%) cost estimate.

6.3 Phase 2Feasibility (24 years)

The purpose of the Feasibility phase is to study the project to a sufficient level of detail to allow for a go/no
go decision to continue investing aadditional engineering to support thgermitting phase of

development. Work completed in this gabe includes refined assessments of available resources (using site
specific gauge data), capital cost estimates, and financial mgdeafditionally, in preparation for the
Environmental Assessment procegeeliminary permitting workmay bestartedin the Feasibility phast

inform additional engineering anan enhancedoroject description for the purpose of entry into the

Environmental Assessment process.

Once again a gate review is performed to determine if the project should advance to the nektoheesat
phase. At the end of Phase 2, estimates will produce a Class 4 (+Z@%tost estimate.

6.4 Phase 3: Preliminarigngineering1 year)

The purpose of the Preliminary Engineering phase is perform additional engineering to clarify key technical
risks ad enable entry into permitting. As in Feasibility, the goal is to support a gggrdecision to continue
investing in the project and advance into the permitting phase of development. Work completed in this
phase includes risk investigation & desigfinement, resource updates (e.g. hydrology), capital cost
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estimates, and financial modeling. Additionally, in preparation for the Environmental Assessment process,
preliminary permitting work may be started (or continued) in this phase to inform additemgineering and
an enhanced project description for the purpose of entry into the Environmental Assessment process.

Once again a gate review is performed to determine if the project should advance to the next development
phase. Atthe end of Phase 3tismtesmayproduce aClass 3 (+30%/5%)cost estimatedependent upon

the project riskgtechnical, environmental, sociaflentified andthe solutions to those riskslf the risk

profile warrants, the cost estimate may remailCkass 4 (+50%25%) estimate until sufficient permitting
activities are completed to obtain a Class 3 estimate

6.5 Phase4: Permitting (35 years)

The purpose of the Permitting phase is to obtain all licenses, tenures, and other material permits required for
construction and commissning of the project. Work completed during this phase includes environmental

and stakeholder studies to support the submission of an Environmental Assessment application. In addition,
hydrology, energy estimates, and revenue estimates are updated evithtérm synthetic flow data sets

(after correlating the site specific gauge with Water Survey of Canada data). Several term sheets are
developed (debt financing and construction contractor included) and an Impact Benefits Agreement with the
affect FirstNation(s) is executed.

After all material permits are obtained the final gate review is conducted to decide on whether or not the
project should continue forward intdesign,construction and ultimately operationsAt the end of Phasé,
estimates will poduce a Clas3 (+30%/+15%) cost estimate.

6.6 Phase 5: Detailed Design (1 year)

Depending on the contracting method for construction that is selected, #tailDesign phase taksethe
Environmental Assessment permits and transddkem into detailedprojectdesigrs and preconstruction
activities (e.g. identificationf long lead itemsissuing requests for construction propogalét the end of
this phase a gate review is held based on an updated project degigatedcost estimate and plasfor
entering the construction phases of the project.

It is important to note that the implementation method of thizetailedDesigrand PreConstruction phase
is highly dependent on the selected construction contracting methdidthe end of Phase 5, éstates will
produce a Class 2 (+20%40%) cost estimate.

6.7 Phase6: Pre-Construction (1 year)

The purpose of Pr€onstruction is to prepare the execution of project construction. Work completed in this
phase includes negotiation and execution of construttontracts, submitting for and obtaining all required
late-stage permits, ensuring all other required agreements are in place, and completidgtdikeddesign of
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the project. The construction contractor is readied to initiate work and any-llead) time equipment is
selected and ordered as required.

It is important tonote that the implementation method of the Design & F@enstruction phase is highly
dependent on the selected construction contracting methdd.the end of Phase 6, estimates will puoe a
Class 1 (+15% %) cost estimate.

6.8 Phaser: Construction (34 years)

The Construction phase covers the project’s construcd
the training and emplayent commitments made under any Impact Berefitgreementsand the execution

of the environmental management plan. Lending agreements and relationships continue to be managed

throughout the construction process.

6.9 Phase8: Commissioning & Operations (Ongoing)

The purpose of this phase is to commisdioa project and commence operation of the generating facility.

Aside from the commi ssioning process, as built” dr e
In addition, permanent structures are set up for debt financing and other fingmwaesses (accounting,
etc.). The Operational Environmental Management Plan is implemented and executed femihiader of

the plant operation.
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