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DISCLAIMER 

This report was funded by the Yukon River Basin Committee under 

the terms of "An Agreement Respecting Studies and Planning of Water 

Resources in the Yukon River Basin" between Canada, British Columbia 

and Yukon. Statements made are those of the Energy Work Group and not 

necessarily those of the Yukon River Basin Committee nor parties to the 

Basin Agreement. 

A cross section of opinions 

members of the Energy Work Group. 

and interests is represented by 

While a substantial degree of 

agreement was reached on a majority of issues, there are different 

degrees of support for some views and recommendations in the Report. 

Accordingly it should be recognized that there are some dissenting 

minority opinions not expressed in the Report. 
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CHAPTER ONE: INTRODUCTION 

Potential hydroelectric development is likely the most significant 

water management issue in the Yukon River Basin. Through the Energy 

Work Group, the Yukon River Basin Study has provided a mechanism for an 

overall appraisal of the Basin's energy regime. The work group in-,, 

eluded members from the Yukon, British Columbia and Federal governments 

as well as both private and public utilities. 

Early in its deliberations, the work group established the follow­

ing general principles as a framework: 

1. Long Term Perspectives 

At the present time, most prevailing forecasts project very 

little growth in electrical energy requirements •. These fore­

casts are typically limited to the next twenty year period. 

However, the work group has not restricted itself to only con­

sidering the implications of minor perturbations on the exist-

ing energy system. Conditions can change rapidly both in 

terms of social requirements and technology. The result is 

that present day unforeseen possibilities quickly become real 

options. For this reason the work group adopted a long term 

per spec ti ve from which to view all the Basin's energy re-

sources. 

2. Comprehensive Energy Review 

While the priority energy issue facing water managers is hy­

droelectric development, this issue can only be evaluated with 

consideration of all relevant energy sources and forms. It is 

only through such an overall approach that the role of elec­

trical energy (one of a number of optional energy forms) and 
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particularly electrical energy from hydroelectric developments 

(one of a number of optional electrical energy sources) can be 

assessed. 

3. External Sources and Export of Power 

The work group did not limit itself solely to consideration of 

energy use within the Basin. Markets for export of power 

could result in major water management decisions within the 

Basin. A similar impact could also result from development of 

an energy source outside the Basin and interconnected with the 

existing system. 

4. Geographic Coverage 

Any river basin study is partially motivated by the recogni­

tion that many natural processes are more appropriately 

studied withinthe geographic limits of a river basin rather 

than imposed political boundaries. However, because energy 

decision-making is governed by political boundaries, coverage 

for all work group projects was extended beyond the Yukon 

River Basin to include the entire Yukon Territory. 

5. Subsequent Project Improvements 

The work group attempted to initiate projects that could be 

subsequently updated or further developed. 

6. A Balanced Approach 

The work group was not charged with evaluating environmental 

and social implications of hydro electric development or other 

sources and forms of energy. However, in contributing to 

those discussions elsewhere in the Yukon River Basin Study, 
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the work group was committed to contributing to a fair and 

balanced treatment of all implications. 

Within the above framework, a specific set of objectives was es­

tablished and six projects were subsequently initiated. Following com­

pletion of the projects, the work group held a two day working session 

during which a review and assessment of the projects was undertaken. 

In preparation for this session, each member prepared additional analy­

sis of a number of topics related to the objectives of the Study but 

not necessarily covered by the Project reports. A second two-day work­

ing session was held to complete the preparation of this Program Report. 

This Program Report is based on the two year program of the Energy 

Work Group described above. Its purpose is to summarize the concerns 

of the work group and set out a series of recommendations that will 

stand as guidelines to managers involved with energy planning and water 

management. 

No attempt is made in this report to provide a complete summary of 

all the issues, observations, conclusions or recommendations contained 

in the various project reports. The reader is urged to consult project 

reports directly to review the opinions expressed by individual authors 

of those reports. 

Following this Introduction, Chapter Two contains a description of 

the specific objective and work program followed by the Energy Work 

Group. Previously completed energy related studies are briefly com-

mented upon in Chapter Three. A summary of Yukon energy use pro­

jections is given in Chapter Four. The hydroelectric resource poten­

tial and the importance and characteristics of storage options are 

dealt with in Chapters Five and Six respectively. Implications for 

interconnecting the Yukon electrical system with an external source are 

described in Chapter Seven and a comparative analysis of existing and 

potential energy alternatives is found in Chapter Eight. In Chapter 
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Nine energy planning and conflict resolution are briefly addressed and 

a summary of recommendations is presented in Chapter Ten. 

Several Projects completed for the work group received staff 

support in addition to funds provided through the Yukon River Basin 

Study. In particular the assistance received from B.C. Hydro, Monenco 

Consultants Pacific Ltd. , Northern Canada Power Commission and Yukon 

Electric Co. Ltd. is gratefully acknowledged. 

Mel Orecklin initially joined the work group as representative of 

Energy, Mines and Resources, Whitehorse. Following his departure from 

Energy, Mines and Resources, he continued to participate on invitation 

from the Chairman and at no cost to the Study. His contribution is 

also gratefully acknowledged. 
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CHAPTER TWO: SPECIFIC OBJECTIVES AND PROJECTS 

The following set of specific objectives were developed in concert 

with the Study Director's Office: 

1. To compile all available energy-related reports; organize and 

assess the material; and prepare selected abstracts. 

2. To review and evaluate the energy resources of the Yukon River 

Basin and Yukon. 

3. To examine electrical power interconnections with potential 

major power developments adjacent to the Basin. 

4. To articulate the complexities and practicalities of using 

sources of energy alternatives to hydroelectricity. 

5. To review and assess the existing forecasts of energy use and 

support the Socio-Economic Work Group in developing, if feas­

ible, an energy use forecasting capability. 

6. To review and assess existing institutional arrangements rela­

ted to energy planning and decision-making. 

7. To develop recommendations aimed at improving the decision­

making process related to energy planning and development in 

the Basin. 

To achieve the above objectives, the Energy Work Group completed 

six projects with a total budget of $120,000. Work group members and 

their staff contributed significant resources beyond this budget. In 

the following paragraphs each of the projects is briefly described. 
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Results of the projects are summarized in Chapters Three to Eight. 

Project 1: Archival Task 

Contractor: Al Wright & Associates Ltd. and R.A. Hodge, P. Eng. 

Total Expenditures: $10,000 

A bibliography of all available reports related to Yukon energy 

was prepared. A partial collection of those reports was gathered and 

lodged in the Yukon Territorial Archives along with a cross-referenced 

subject index. This collection together with the bibliography have 

been titled the Yukon Energy Collection. 

Project 2: Inventory of Yukon Hydroelectric Sites 

Contractor: Monenco Consultants Pacific Ltd. 

Total Expenditures: $45,000 

A review was completed of the available hydroelectric studies com­

pleted during the last 25 years. Reports were summarized and the in­

formation evaluated relative to standards adequate for an up-to-date 

and reliable inventory of potential projects. Where possible, findings 

of earlier studies were compared with recent and more complete studies 

and differences identified. 

The review included an assessment of project importance as well as 

the requirement for upgrading and updating site assessment studies. 

Project 3: Electric Transmission Interconnection Study 

Contractor: B.C. Hydro 

Total Expenditures: $5,000 

The engineering and economic feasibility of alternative electric 
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interconnections between Yukon and Regional load centres and generation 

sources outside the Yukon was investigated. Five alternative inter­

connections were evaluated: 

British Columbia Alternatives: 1) 

2) 

3) 

Stikine - Whitehorse 

Stikine - Faro 

Liard - Faro 

Northwest Territories Alternative: 4) Bennett Field - Ross River 

Alaska Alternative: 5) Susitna River - Whitehorse 

Project 4: Review of Yukon Energy Demand Studies 

Contractor: R.A. Hodge, P. Eng. 

Total Expenditures: $5,000 

An assessment was undertaken of nine Yukon energy demand projec­

tions completed between 1968 and 1983. For each study a description 

was developed of the data base, methodologies and assumptions. Major 

points of comparison were highlighted and an assessment made of gaps in 

coverage with respect to the Yukon River Basin, difficulties in projec­

ting Yukon energy requirements and the role of Yukon energy use projec­

tions. 

Project 5: Storage and the Yukon Hydroelectric Potential 

A Long Range Planning Issue 

Contractor: Moneco Consultants Pacific Ltd. 

Total Expenditures: $25,000 

A study was undertaken of the importance of water storage to the 

Yukon hydro electric potential. The value of adequate flow control for 

economic. hydro projects was assessed and a discussion developed of a 

number of related topics including: 
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1) The comparative merits of artificial reservoirs and augmented 

natural lake storage based on technical economic and socio­

environmental factors. 

2) Negative and positive socio-environmental impacts from stor­

age and potential mitigative measures. 

In addition, a preliminary re-evaluation was completed of full 

Yukon mainstream development with headwater lake storage limited to 

historic levels. 

Project 6: Yukon Electric Inventory and Utilization Review 

Contractor: Marvin Shaffer & Associates Ltd. 

Total Expenditures: $30,000 

This study was undertaken to review of all Yukon energy supply 

alternatives with particular analysis undertaken to assess the impli­

cations to future hydroelectric development. A summary was developed 

of all available resource inventory information; energy costs were 

reviewed; limitations and advantages of utilizing various forms were 

discussed; and areas for further study were identified. 
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CHAPTER THREE: PREVIOUSLY COMPLETED ENERGY RELATED STUDIES 

IN THE YUKON RIVER BASIN 

Prior to initiation of the Yukon River Basin Study over two hun­

dred reports had been published relating to energy developments in 

Yukon. By far the majority of these are site specific investigations 

evaluating various aspects of potential dam sites. A summary of hydro­

electric site inventory studies is given by Monenco (1983). Non-hydro 

energy options have begun to receive more attention in the past few 

years. Studies related to these alternatives are reviewed by Marvin 

Shaffer & Associates Ltd. (1983). A third category of energy related 

studies involves energy planning and projection of Yukon energy re­

quirements. This topic and related reports are described by Hodge 

(1983). 

A complete listing of available energy related reports has been 

prepared by Al Wright & Associates Ltd. and R.A. Hodge (1983) for the 

Energy Work Group as Project No. 1. The bibliography along with a par­

tial collection of reports has been filed with the Yukon Archives as a 

Yukon Energy Collection. 
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Yukon Energy Collection 

1. The Yukon Energy Collection under the auspices of the Yukon Terri­

torial Archivist should serve as a centralized collection for all 

Yukon related work. 

2. The Territorial, British Columbia and Federal governments along 

with the power utilities should ensure the maintenance and growth 

of the Yukon Energy Collection. 

3. A representative committee should be formed to initiate this 

project and to meet annually with the Territorial Archivist to 

review the status of the collection. 
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CHAPTER FOUR: PROJECTIONS OF YUKON ENERGY USE 

Projections of energy use are critical to energy related decision­

making. Over the past 15 years, nine different studies have been un-

dertaken to project Yukon energy requirements. 

reviewed for the Energy Work Group by Hodge (1983). 

These studies were 

A wide variety of assumptions underlie the various studies. The 

most significant assumptions include: 

1) The degree of expected economic and population growth involv­

ing related assumptions on trends in world metal markets and 

government development policies. 

2) The level of penetration of conservation measures and improved 

energy use efficiencies. 

3) The nature and degree of various interfuel substitutions. 

4) Whether or not energy developments are limited to supplying 

internal Yukon needs or include exports. 

Two distinctly different purposes underlie energy forecasts. 

Firstly, detailed forecasts are necessary to aid government and 

utilities in immediate financial decision-making. Such decision-making 

may or may not include decisions related to construction of major ener­

gy facilities. This type of forecast is an attempt to predict future 

conditions as accurately as possible. 

A second type of forecast is also possible and should not be con-
' 

fused with the first. This second type is not an attempt to predict 

the future but rather is intended to model a variety of future possible 
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conditions and "test" the implications of these conditions. This 

second type of forecast is a tool for those designing public policy for 

it is clear that government policies will have a dramatic impact on 

future energy decisions. 

Projections of electrical energy use are presently undertaken by 

the utilities for their own internal use. No agency or organization 

has undertaken in an ongoing way, the responsibility for a comprehen­

sive energy review. 

Comprehensive Energy Projections 

4. To provide baseline data for energy planning, comprehensive energy 

projections should be completed on a regular basis. 

S. These projections should assess all energy forms for all end uses, 

conservation possibilities and interfuel substitutions. 

6. Preparation of the energy projections should be a coordinated 

effort involving the Territorial and Federal governments as well 

as utilities. 

Comprehensive.Yukon Energy Statistics 

7. A comprehensive energy data bank on Yukon energy use should be 

established with the cooperation of all utilities and government 

agencies. 

8. The data bank should document energy end use over time by sub-

sector, form, community and quality. 
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Conservation, Interfuel Substitution 

and Improved Fuel Use Efficiencies 

9. Most existing documentation of these factors relates to southern 

conditions: The economic and technical significance of these fac­

tors for Yukon conditions should be established through appro­

priate review and documentation. 

Detailed descriptions of the various energy forecasts were pre­

pared for the Study by Hodge (1983). With the exception of two recent­

ly completed studies these forecasts have been concerned solely with 

projecting electrical energy requirements for the general purpose of 

assisting the electrical utilities and government in financial and 

facility ~lanning related to electricity supply. The two more recent 

studies undertook a comprehensive review and projection of all energy 

forms, including electricity. 

Figure 1 is a summary of the various electrical energy projec­

tions. 

Hodge (1983) grouped these studies into three categories. A first 

group was generally completed in the late sixties and early seventies 

and assumed major industrial and energy use growth. A second group was 

generally completed in the mid-seventies and assumed industrial and 

energy use growth at much lower levels than the first group. A final 

group was completed in the last few years and projected very little if 

any growth in electrical energy use either because of low industrial 

activity combined with some energy conservation and interfuel substitu­

tion or moderate industrial activity combined with more extensive in­

troduction of conservation measures. 
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The most recent projections were prepared by Reaume (1983) as part 

of the Yukon Economic Model developed for the Socio-Economic Work 

Group. These projections of electrical energy use (Ref. Nos. 21 - 24 

on Figure 4) bracket the studies completed in the last three years and 

imply additional capacity requirements of a maximum of aproximately 40 

megawatts by 1988 and 75 megawatts by 2003. 

Although recent forecasts indicate low growth in Yukon electricity 

uses, the work group cautions that the following factors can cause 

major changes in those projections: 

1) Economic Activity 

an increase in world metal prices; 

introduction of chemical industries with high power require­

ments but low transportation costs; 

a requirement to supply pipeline pumping stations; 

a requirement to supply pumping loads for water export; 

placer mining requirements. 

2) Factors which could make power export a more attractive alterna­

tive: 

technical advances in transmission such as a break through in 

solid state technology for DC transmission; 

environmental and social pressures in the south (e.g. green­

house effect and acid rain) changing the acceptability of con­

tinued thermal generation in the south; 

mining development in adjacent areas of B.C. making regional 

development more attractive. 

15 



3) Interfuel Substitution: 

electricity substituting for other energy forms. 

4) Hydrogen generation and export 

5) Unknowns 
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CHAPTER FIVE: HYDROELECTRIC RESOURCES 

Monenco Consultants Pacific Ltd. (1983) completed a review of the 

available hydroelectric studies in Yukon and the B.C. portion of the 

Basin (Project Report No. 2). About 100 potential hydro sites were 

identified of which data to assess potential were available for 75. 

Available data were too limited to include mini hydro sites (less than 

five megawatts) in the review. 

Yukon sites along with descriptive data are listed in Table 1. 

B.C. sites and a number of Yukon sites for which inadequate study in­

formation is available are listed in Table 2. Locations of the Yukon 

and B.C. sites are shown on Figures 2 and 3 respectively. 

The total Yukon hydro potential is about 11,000 MW (Smith, 1976) 

assuming a 60% capacity factor (proportion of the installed capacity 

that can generate continuously). This potential does not include 

diversion schemes from the Yukon River Basin such as the Yukon Taiya 

( 4050 MW) or Yukon-Taku (3692 MW). Including these diversions the 

total Yukon generating capacity would increase by about 2500 MW. This 

increase is less than either one of the alternative diversions because 

their construction would reduce potential use of the main stem at other 

sites. 

An approximate sub-basin breakdown of the hydro potential within 

the Yukon River Basin based on existing studies is given below in Table 

3. The data presented in this Table are summarized from Project Report 

No. 2. The Taku and Taiya alternative Diversion projects noted above 

are not included. These figures illustrate the relative importance of 

each of the sub-basins to potential hydro development in the Yukon 

River Basin. Note that the Porcupine drainage in the Northern Yukon 

was excluded from the Yukon River Basin Study and is also excluded from 

this Table. 
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Factors 

Reviewed 

Yes 

Yes 

No 

Yes 

No 

No 

No 
Yes 

No 

No 

No 
No 

No 

No 
Yes 

No 

No 

No 

Yes 

Yes 
tlo 

No 

Yes 

Yes 

No 
No 
No 

No 

No 
No 
tlo 

No 
No 
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Basin 

Porcupine 

Stewart 

White 

Lower Yukon 

River 

Porcupine 
Porcupine 
Porcupine 
Porcupine 

Stewart 
Stewart 
Stewart 
Stewart 
Stewart 
Stewart 
Stewart 
Stewart 
Hess 
Hess 
11ess 
Pleasant 
Ettie I 

Mayo 
lake 
McQuesten 

White 
White 
White 
White 
Kluane 
Kluano 
Do.njek 

Sixty Ml le 
forty Ml le 
fifteen Ml le 
Ind Ian 

Bell 
Bell 

Project 

Porcupine Canyon 
Porcupine Diversion 

Fraser falls (I-Ill 
Fraser fal Is 
Independence 
Independence 
Porcupine 
Porcupine. 
Seven Mlle Canyon 
Big Kalzas lake 
Two Ml le Canyon 
Hess Canyon 
Rogue 
Pleasant Creek 
Ethel lake Diversion 
Mayo B 

lake Creek Diversion 
Horth McQues ten 

Upper Canyon 
Upper Canyon 
lower Canyon 
lower Canyon 
Kluane Canyon 
Kluane Canyon 
Donjek 

Sixty Mlle Diversion 
Forty Mlle 
fifteen Mlle Diversion 
Ind Ian 

lnstal led 
Capacl ty( 5) 

(MW) 

110 

110 
190 

1241 

347 
JOO 
431 

450 

22J 
8J 
10 
17 
53 
18 
12 
5 
8 
9 

1J 
5 

16 

16 
17 
12 
4J 

18 
16 
7 
6 

Capacity 
factor(3) 

<%> 

65 
60 
65 

65 

75 
60 
75 
60 
75 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

60 

60 
50 
60 
60 

60 
60 
60 
60 

Net Head 
(ml 

40 
44( I) 

42 

69 
79(1) 
80 
81{ ll 

JO 
1 

268 
1 

1 
1 

290 
JO 

1 
46 

1 
1 

11 

1 
58 

1 
1 

1 
1 

firm flow 
(mJ/sl 

201 

184 
292 

295 

1 
28J 

1 
J96 

1 
172 

25 
5 

59 
34 

15 
7 

2 
20 

5 
8 

1 
18 
1 

20 
70 
15 
52 

9 

2? 
6 
II 

Capita I 
Cost(8) 

<Sx106) 

82 

126(6) 
97 

546 

115 
244(6) 
212 
J75(6) 

88 

16 
27 
48 

29 

34 
16 
9· 

8 
19 
19 

1 

25 
1 

42 
II 
10 

158 

J2 
18 
16 
16 

PrlCEI 

LEIVEll 

1964 
197J 
1964 
1964 

1961 
1973 
1961 
1973 
1961 

ca 1968 
ca 1968 

ca 1968 
ca 1968 
ca 1968 
ca 1968 
ca 1968 

ca 1968 
ca 1968 
ca 1968 

ca 1968 

ca 1968 

1961 
ca 1968 

ca 1968 

19661 
19687 

19667 

19687 

Reservoir 
Clearing 
Included? 

1 

Yes 
1 
1 

Yes 
Yes 

Yes 
Yes 

Yes 

Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 

Yes 

Yes 
No 

Yes 
Yes 

Yes 
Yes 
Yes 

Yes 

Soclo­
envlronmental 

factors 
Reviewed 

No 

Yes 
No 
No 

No 
Yes 
No 
Yes 
No 

tlo 

No 

No 
No 
No 

No 
No 

No 

No 

No 

No 

No 
No 

tlo 

tlo 

No 

No 

No 

No 
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Socio-
!nstal led Capacity Capital Reservoir env lronmonta I 
Capacltyl5l factor CH Nat Head Firm flow Cost!6) Prlca Claarlng factors 

Basin River Project (Mil) m (ml foi3 /s) Ux1061 Level Included? Reviewed 

Yukon Yu::on Ml les Canyon Storage - - ? 45 1961 Yes No 

Yukon Hootal lnqua 259 75 35 ? 103 1961 Yes No 

Yukon Big Salmon 301 75 36 J 111 1961 Yes No 

Yul>on Mid-Yukon (1/11) 240 59 66(1) 225 414 1960 No Yes 
Yukon Ml d-Yukon ( 111) 240 66 66( I) 456 231 1960 No Yes 
Yukon High five finger Rapids 455 75 56 1 124 1961 Yes No 
Yukon low five finger Rapids 75 60 24( I) 212 167(6) 1973 Yes Yes 
Yukon Wolverine 476 75 59 1 160 1961 Yes No 

Yukon Britannia 459 75 46 1 147 1961 Yes No 
Yukon Ogllvle 696 75 44 1 267 1961 Yes No 

Yukon llilwson 571 75 27 1 163 1961 Yes No 

Yukon Boundary 1006 75 49 1 235 1961 Yes No 

Yukon Yukon-Talya (I-Ill) 4050 65. 563 595 1071 1964/65 Yes No 
Yukon Yukon-Taku (I-VI) 3692 85 505 606 1264 1964/65 Yes No 

A.ti In Atfln Storage (4) Storage - - - 3 1979 No Y.is 
N Yukon Taglsh Storage Storage - - 112 2 1973 No No 
0 

Tes lln Ni1P I (9) 55 60 27( ll 180 236 1980 Yes 
Tes I In Swift 158 75 36 1 102 1961 Yes No 

Wolf Wolf 13 60 68 10 25 19681 Yes tlo 

McNel I McNeil 10 60 73 g 13 19687 Yes th 

Big Salmon Quiet lake/Nlsutl In 15 60 46 16 28 19687 Yos lb 

Takhlnl Primrose 19 60 259 5 16 1968? Yes llo 
Takhlnl Primrose 30 60 192(1) II 39(6) 1973 Yes Yes 
Takhlnl Kusawa 17 15 
LI ttl e Salmon little Salmon 15 60 44 24 >97 1960 Yes Ila 

Llttle Salmon Drury lake 4 60 !07 3 5 19661 Yes No 

Notes; Ill Gross head 
(2) With storage at false Canyon 
(3) Load factor tor all projects In Y862, YT65, KL62, PP65, RP62 and PS66 
(4) Site In northern British Columbia 
( 5) Maximum development with upstream storage 
(61 Interest during construction not Included 
(7) Not Including Hyland Diversion flow 
(6) Capita! costs ere given In current S for Price level year 
(9) North West Power Industries site 
(10) for key to report reference see part 4 p.4-5 
(Ill For other sites not reviewed see Pert 4 Table 4-3 and Table 4-2 (Surprise lake) 



Table 2 

Data for Potential Hydroelectric Sites in the B.C. Portion 
of the Basin and for Sites not Included in the Inventory Study 

(from Monenco, 1983. Table 4-3) 

Study 
Sita/Capacity I.avel Reason for DO Review Po tend.al Rams:rks 

La pie l MIJ B M1lli hydro Unpromising 
Kathleen R.. 2 MW c M1lli hydro Unpromising 
Wal!aOn R.. 3 MIJ B M1lli hydro Unpromising 
Squa:aga Cr. 2 MW D Mini hydro I recent study 

to D l.e'Vel Attnctive 

A:l.sh:l.hik Di 'ftt'Sions D Pla:at addition I recem: 
study to D l.e'Vel Possible 

Niau'Clin R1 ver B I:aadequata desc:::iption 
and data 

Beaver Canyon I:aadequata desc::iption 
and. data 

CUsi&r Bar ~ desc::iption Possible l:mport:.ant as 
and. data m.xc stage to 

Mid-Yukcn 
Projece. 

Alsek Cmyon A Not yet s1!'Wlied Substantia.l. In iJ.uml.a Par!t. 
Boole R.. 15 MIJ A Not yet seudie.d Promising 'Important for 

optimum. Upper 
Pelly River 
clawJ.opment. 

Campbell Cr. 20 MW A Not yet at:udied 

rs.-.iiJ:ldu 6 ?5l A Dma only appra.1sed 'Oaprcmising 
and estimated 

Racina 8 MIJ A Inadequate desc::iption, Lc.w for Soall of ?.. c. 
data, with m field 1.c.a.P.A. sites my have 
1.tivutigatioo. pocend.al for 

Yukcn loads. 
Tut.sb1 13 MIJ A I:aadequata desc::iption, Lc.w for Som of R.C. 

data, with no field 1.c.a.P.A. situ may have 
in'vatigatica. potend.al for 

Yuk.on loads 
Powerhowle 9 MIJ A Inadequate desc::iptiOll, 
Wann data, with no field 

in'vatigation 
Taku 17 MIJ A Inadequate description, 

data, with llO field 
in'vestigation 

Ball Lake 11 ?5l A Inadeqmu:e desc::iption, Som B.C. sites 
Gladys data, with DO field may have 

investigatioo. potend.al for 
Yukcn loads 
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Site/Capacity 

G'Ladys 7 MIJ 

Swift 52 MW 

Jemfnp SMW 

Besmett 1.5 MW 
liotnan 

Kirtl.imd. l2MH 
Warm Qc •• 

0 ''Illxmell 8 MIJ 

McNlllughton UMH 

Morie,. ti"llll:' 0.75 !If 

McI:l1tyre Cnleit 0.75 s 

F~ tiver s !!Ii 

L1ard tiftr .5 MIJ 

Watson Lake Z.5 MH 
McDonald C:1IMlk 

Alaek/Tatarumsbini 
lliwniotl 

J:lornlflca lt:l.verlO MW 

nw Mlle Ra:¢.ds 
Fort Selld.:i:lt Saddle 
Wolvuine Draw 
Five Fin.gars Draw 
l..oller Ogilvie 
Lawer Danm 

Study 
Lemll 

A 

A 

A 

A 

A 

B 

F 

I 

B 

II 

Table 2 (Continued) 

iaason for m iev.Lew Potencial 

I.nad.equaut duc:r:l.ption, 
data, with DO field. 
1:1mllstigatioa 

I.nad.equaut ducript10!1, 
data, with DO field. 
i.nVUtigation 
~ clucriptioo., 
daU., with DD field 
~ 
I.nad.equaut ducript:Loc, 
data, with DO fi.IWl 
~Oil 
!.nadlaquace ducriptiou., 
data, with DD filWl 
:l.rmsllltigad.orl 
~ ducripd.ca., 
data, with no field. 
1lmilllltipt::l.on 

Imadaqu.al:e ducription, LcM for 
data, with no field. R.C.I:t • .P.A. 
~= 

H1n:!. b:ydro/t:et:;mt 
study 

M1m. b:ydro/ rltCl!lltt 
8CUdy 

Mh'li b:ydro/recea.t 
study 

. M1m. b:ydro/ r1llClllDt. 
study 

Mh'li bydro/ncimc 
study 

Partial study cm:mot 
be MMllCM!!d 

Jehabilitation of 
obsolete plimt 

Geological atld. t:opograpbic oaly 
Geological. atld. topograpbie oaly 
Geological atld. topographic only 

Geological atld. topographic oaly 
Geological. md topographic ouly 
Geological atld. topographic oa.ly 
Geologic:al and topographic oaly 
Geological Slid t:opographic only 
Geological. and topographic ouly 

22 

Remarks 

Sollllll B.C. sites 
DllllY have 
potend.al for 
Yukal1 loads .. 

Sollllll al! B.C. 
aites 'f8'1 have 
potamd.al. for 
Yulcac loads 

Studiu l:ly Yulam 
Electl:'1cal 

Studies by Yukal1 
Electr.i.cal 

Studies l:ly Yall:x:m. 
Elact:ical 

Studies by Y1llcm:l 
El.ed::rical 

Studies l:ly '!ukm 
Elacttical 

Mmp study oaly. 
with IIO al.lou--
111tC11 for st.onip 

M:1n:1. b:ydro 



I Porcupine Canyon 
2 Bell 
3 Porcupine Diversion 
4 Peel Diversion 
5 Aberdeen Falls 
6 Bonnet Plume 
7 Boundary 
8 Forty Mile 
9 Fifteen Mile Diversion 

10 Dowson 
I I North Fork 
12 Sixty Mile Diversion 
13 Ogilvie 
14 Indian 
15 Porcupine 

16 Independence 
17 Lake Creek Diversion 
18 North McQuesten 
19 Moya "B" 

20 Ethel L. Diversion 
21 Fraser Foils 
22 Big Kolzos Lake 
23 Seven Mile Canyon 
24 Two Mlle Canyon 
25 Pleasant Creek 
26 Hess Canyon 
27 Rogue 
28 Britannia 
29 Wolverine 
30 Braden's Canyon 

....... 

31 Mica Creek 
32 Granite Canyon 
33 Eorn 
34 Detour Canyon 
35 Toy 
36 Five Finger Rapids 
37 Mid-Yukon 
38 Little Salmon 
39 Big Salmon 
40 Drury Lake 
41 Anvil Lake 
42 Rose Canyon 
43 Prevost Canyon 
44 Donjek 
45 Lower Canyon 
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YUKON RIVER BASIN STUDY 

Figure 2 Pot.ential Yukon 
Hydroelectric Sites 
(aCter Monenco, 1983) 

March, 1984 

46 Upper Canyon 
4 7 Kluone Canyon 
48 Cossiar Bar 
49 Hootolinouo 
50 Hoole Canyon 
5 I Hoole River 
52 McNeil 
53 Slate Rapids 
54 Bates Canyon 
55 T otshenshini 
56 Primrose-Kusawo 
57 Miles Canyon 
58 N.W.P.I. 
59 Swift River 
60 Togish Storage 

61 Squanga Creek 
62 Wolf 
63 Upper Canyon 
64 F nlse Canyon 
65 Lower Canyon 
66 Hyland Diversion 
67 Quartz Creek 
68 Liard Canyon 
69 Fantasque 
70 Beavercrow 
71 Saucy Creek · 
72 Atlin Storage 
73 Toku Diversion 
7 4 Taiyo Diversion 
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Table 3 

Sub-Basin 

Sub-Basin Hydro Potential Within the 

Yukon River Basin 

Based on Existing Studies 

Potential Installed 

Capacity in Megawatts 

Yukon River Main Stem: Yukon 5500 

90 B.C. 

Total 5590 ••••••••••••••••• 5590 

Stewart River •••••••••••••••••••••••••••••••••••••••••• 1100 

Pelly River •••••••••••••••••••••••••••••••••••••••••••• 800 

Teslin River: Yukon 230 

B.C. 80 

Total 310 ••••••••••••••.••• 310 

White River 90 
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The following factors underlie the importance of an adequate and 

reliable hydroelectric inventory: 

1) A reliable inventory is essential to making energy decisions 

that optimize long term benefits to society; 

2) A reliable inventory is essential to making the best possible 

immediate energy decisions; 

3) Energy projects require lead times for both regulatory appro­

val and construction that are often significantly greater 

than the lead times required by the industrial, commercial or 

residential loads that are to be supplied. A reliable inven­

tory is important for minimizing time delays; 

4) A reliable inventory is important for ensuring the best pos­

sible water resource and related land use planning and man­

agement. 

For assessing inventory information, Monenco (1983, pp.3-3.6) 

defined six levels of study. These levels are listed below in Table 4 

along with the probable range of costs per project studied. These cost 

estimates do not apply to mini hydro. 
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Table 4 

Levels of Dam Site Investigation 

Study Category 

A. Prereconnaissance 

B. Reconnaissance 

C. Inventory 

D. Pre-feasibility 1 

E. Pre-feasibility 2 

F. Feasibility 

Description Cost Range per 
Project ($ X 1000) 

office study only 5 - 25 

office study plus brief 5 - 25 
field visit 

up to two weeks of field 25 - 150 
work. Additional hydro-
logical studies, some 
geotechnical studies. 

One season of field invest!- 200 - 500 
gation including drilling. 
Detailed hydrologic studies. 
Detailed estimates produced 
as well as conceptual drawings. 

More field work than D. A 200 - 500 
confident recommendation on 
site choice is made. 

Full investigation in a two 2000 - 5000 
year program. Detailed sub-
surface exploration. Complete 
conceptual design and optimiza-
tion is produced with a defini-
tive cost estimate. 

In addition to individual site studies, it is necessary, where 

several potential projects are located on the same river, to undertake 

a regional analysis to establish optimum river development. 

To establish priorities for study upgrading and updating, Monenco 

developed a ranking system based on factors listed in Table 5 • 
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Table 5 

Hydro Project Rating Factors 

(From Monenco, 1983 Chapter 5) 

A. IMPORTANCE RATING 

A subjective evaluation of project importance which depends on the 
following factors: 

1) Power Benefit Factor: The greater the installed capacity 
and the lower the unit cost, the higher the importance. 

2) Timing/Location Factor: The earlier the expected develop­
ment, depending on suitable site location, the higher the 
rating. 

3) Socio-Environmental Factor: Any identifiable 
socio-environm~ntal factor that would significantly reduce 
project site or cause other major modifications affecting 
viability has the effect of reducing the importance rating. 

The above factors were combined using professional judgment to 
produce an "Importance" rating ranging from Important through 
Average to Minor. 

B. ADEQUACY RATING 

A subjective evaluation of the adequacy of existing project data 
and the level to which the studies were carried out. The following 
factors were considered. 

The extent of: 

1) completed field work 
2) available topographic mapping 
3) completed geotechnical investigation 
4) available hydrologic data 
5) adequacy of cost estimate 
6) overall level of inventory assessment 
7) degree of correspondence with current practice and 

construction costs (outdate factor). 
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In assessing the reliability of hydro inventory studies, Monenco 

(1983, P•P• 3.0 - 3.10) documented how results of low level inventory 

work can be dramatically changed with more in-depth studies. They com­

pared nine projects of which only four show agreement between early and 

recent studies. 

Monenco ( 1983) found that inventory studies fell roughly into 

three groups. Each group is described below. 

Group 1 

These studies mainly describe mega projects that were generally 

identified by the Water Resources Branch, Department of Northern 

Affairs and National Resources between 1960 and 1966. While the ade­

quacy of the studies is satisfactory in most respects, overall adequacy 

is severely flawed by the failure to consider socio-environmental im­

pacts. Some updating of project layouts to conform to modern hydro­

electric design practise is also required. Group 1 projects include 

about 20 projects averaging 335 MW with aggregate capacity of 6700 MW. 

Group 2 

Group 2 includes about 40 projects, mainly in south central Yukon, 

that were studied by a variety of consultants between 1968 and 1978. 

Project size is significantly smaller than in Group 1 with average of 

32 MW and an aggregate capacity of 1300 MW. Group 2 projects were 

assessed of minor to average importance and studies generally inade­

quate for inventory purposes. Greater study depth and upgrading of 

most study factors is required. 
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Group 3 

Group 3 includes nine projects studied between 1979 and 1983 and 

varying widely in size. Projects are located in south central Yukon 

and are seen as suitable possibilities to meet early developing 

loads. Average project capacity is 122 MW with an aggregate capacity 

of 1100 MW. Monenco considers these projects of average to major 

importance with studies generally adequate for inventory purposes. 

The work group discussed at length the subject of hydroelectric 

inventory. In addition to the points raised directly in the Monenco 

Report the topic of the usefulness of a full scale mini hydro inventory 

was also addressed. The work group concluded that such a full scale 

review was not warranted but that the mini hydro option close to 

centres of existing load was important to consider along with other 

options. The work group noted that this approach is consistent with 

the present policy of both the Northern Canada Power Commission, who 

are investigating a small scale (2MW) facility at Squanga Creek near 

Johnson's Crossing, and the Yukon Electric Co. Ltd., who have completed 

feasibility studies for expansion of their small scale operation on 

Mcintyre Creek near Whitehorse (.75MW), and are also considering 

another site on the Morley River near Teslin. 

The work group believes that the hydroelectric potential in the 

Yukon River Basin represents an important long term natural resource. 

This belief underlies the following set of recommendations 
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Hydroelectric Inventory Studies 

10. An ongoing and phased hydro inventory program should be undertaken 

with studies to at least the 'inventory' level of detail. 

11. Sites should not be studied in isolation: A regional review for 

each river or sub-basin should be taken. 

12. Priority should be given to the more 'important' sites and sites 

described by studies most in need of revision and updating. 

13. The 'importance' rating should be continuously re-evaluated. 

14. Priorities should include: 

Short and Medium Term 

a) Continuing the study of selected sites close to potential and 

existing load centres in south and central Yukon. These sites 

include sites ranging in capacity from a few megawatts (mini 

hydro) to roughly 50 megawatts installed capacity. These 

studies should be to 'prefeasibility' level and complemented 

by socio-environmental studies. 

b) The upgrading of other sites in the south and central Yukon to 

'inventory' level of detail. Emphasis should be given to the 

more 'important' sites and those most requiring revision and 

updating. 

c) A search for undiscovered sites. 
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Hydroelectric Inventory Studies (Cont'd) 

14. Priorities Should Include: (Cont'd) 

Long Term 

d) Establishing the realistic potential of mainstem and related 

mega projects taking into account socio-environmental re­

straints and modern design practice. 

A final important point was raised as a result of the inventory 

study. Exact comparisons between studies undertaken by different con­

sultants was extremely difficult to complete because of different cri-

teria used in the estimating and design process. 

porting documentation was not available. 

Hydro Inventory Report Standards 

In some cases sup-

15. Future studies undertaken by different consultants should use 

standardized estimating and design criteria and reports should 

include full support data and information. 
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CHAPTER SIX: STORAGE AND THE YUKON HYDROELECTRIC RESOURCE 

Because storage is particularly important in the north with the 

high winter demand for power coinciding with the low natural stream 

flow period in rivers, the Energy Work Group initiated a study of stor­

age (Monenco, 1984). In this Chapter a brief discussion is given of 

the principles of storage followed by comments on natural lake storage 

versus man made reservoirs and environmental impacts from storage. 

Principles of Storage 

Natural river flows vary seasonally. Table 6 lists minimum and 

maximum recorded flow data for three Yukon Rivers including one with no 

natural regulation (Firth), one with moderate regulation (Upper Pelly) 

and one relatively well regulated example (Upper Yukon). These data 

while not taken from any single year, serve to illustrate the seasonal 

variation in flow that occur. 

Table 6 Minimum and Maximum Recorded Flows of Three Yukon Rivers 
(After Monenco, 1984, p.11) 

Flow in cubic meters/second Max/Min 
Minimum Maximum Average Ratio 

Firth River 0 773 39 infinite 
(Jan-Apr) (May) 

Upper Pelly 6 2000 187 333 
(measured at (Mar) (June) 
Ross River) 

Upper Yukon (4) 33 600 240 18 
(measured at (May) (Aug) 
Whitehorse) 

Notes: 1. South Historical Streamflow Summary to 1979, 
Water Survey of Canada. 

2. Figures rounded for simplicity 

Years of 
Record 

3 

15 

36 

3. Because daily flow extremes are listed, both seasonal and 
cyclical (changes over several years) variations are re­
flected in these data. 
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Cyclic variations also occur from year to year and are included in 

Table 6. This cyclic variation is not as wide as the seasonal 

variation: the wet year to dry year ratio is generally about two to 

one. Table 7 lists average annual flows for the driest and wettest 

years of three Yukon Rivers on which there are existing or potential 

hydro projects. 

Table 7 Average .Annual Flows in Driest and Wettest Years of 
Three Yukon Rivers (After Monenco, 1984, p.13) 

Average .Annual Flows Ratio Number of 
Driest Year Wettest Year Years Recorded 

(cubic meters/second) 

False Canyon 
Frances River 132 186 1.4 14 

Whitehorse Rapids 
Upper Yukon River 186 317 1. 7 36 

Aishihik 
Aishihik River 7 25 3.6 30 

The effect of a storage dam is to smooth out the peaks and troughs 

caused by the natural seasonal and cyclic variations. While storage 

cannot increase the average annual flow, it can both change the distri­

bution in time so that more of it is usable as well as raise the 

minimum amount of flow that is continuously available. 

The power output that can be produced continuously throughout the 

year is called the "dependable", "firm" or "primary" power. 

limited by the minimum regulated flow described above. 

It is 

Figure 4 shows typical regulated and unregulated flows of the 

Pelly River. The regulated continuous flow of 275 M3/sec can be 

compared with unregulated continuous flows of 28 M3/sec. Although 

more energy can be produced than is suggested by the dependable flow, 
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(secondary energy produced in high flow months), it is the dependable 

flow that is normally used to determine the size of the plant and the 

level of revenue it will generate. For this reason, a storage reser­

voir at any given site can increase minimum flows such that an uneco­

nomic project becomes economic. 

Further, when storage can increase dependable flow, a larger ca­

pacity hydro project can generally produce energy at a lower unit cost. 

There is a limit, however, to the benefits of increased storage; be­

cause of lake geometry and other factors, the benefits of increased 

storage eventually diminish. Such diminishing returns are illustrated 

on Figure 5 which is a "Dependable Flow Curve" at the Marsh Lake out­

let. It can be seen that as the potential storage volume gets very 

large, the dependable flow no longer increases. 

Storage on Tributary Rivers in the Yukon River Basin 

Smaller plants on tributary rivers often have little natural regu­

lation. Provision of storage for these projects is critical as is 

demonstrated in Table 8 which lists the dependable power available from 

three potential projects using varying amounts of storage. 
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Table 8 

Project 

Hoo le Canyon 

False Canyon 

Ross Canzon 

Dependable Power Available From Three Potential Projects 
Using Varying Amounts of Storage 

(After Monenco, 1983, p.34) 

Available Dependable Power in Megawatts 

(% of full regulation shown in brackets) 
Full Regulation No Regulation Practical Regulation 

39(100) 1(3) 25(64) 

55(100) 5(9) 35(64) 

26~100) 1(4) 18(69) 

The "No Regulation" ~ase shown in Table 8 is an extreme theoreti­

cal case where not even the plant forebay provides any regulation. 

However, the table serves to demonstrate that practical regulation will 

allow use of about 65% of long term mean flow (full regulation case) 

while elimination of that storage drops dependable power to that 

corresponding to 3-9% of long term mean flow. 

Storage on the Yukon Main Stem 

To assess the significance of storage to Yukon mainstream develop­

ment Monenco (1984, pp.34-44) undertook a preliminary analysis of vari­

ous storage options associated with the mega projects proposed in the 

1962 Yukon River Basin Study prepared by the Water Resources Branch of 

the Federal Department of Northern Affairs and Natural Resources. The 

potential sites associated with this plan are shown on Figure 6. 

38 



The 1962 study considered two development scenarios: 

1) "Major Plan". Optimum development assuming no diversion for 
the headwaters of the river. 

2) "Modified Plan". Mainstem development only on the Lower 
Yukon and utilizing residual flows after headwater diversion 
from the Yukon-Taiya or Yukon-Taku mega projects. 

Monenco' s 1983 analysis considered only variations .on the "Major 

Plan". This plan assumed development of all the available head on the 

river by assuming the forebay of each plant extended to the tailwater 

of the next plant upstream. The plan included 12.5m (41 feet) of stor­

age on Marsh/Tagish/Bennett Lakes, many times the historic ranges, as 

well as 7 .6m (25 feet) on Teslin Lake and 2.3m (7 .5 feet) on Atlin 

Lake. These later two levels approximate historic highs (see Monenco, 

1983, p.36). 

Monenco reasoned that full head development as well as the 12.5 

meters (41 feet) of storage on the Marsh/Bennett/Tagish Lakes were no 

longer realistic given that socio-environmental factors were not con­

sidered as part of the 1962 study. Monenco assessed the power poten­

tials for seven scenarios for development of the Yukon mainstem, Pelly, 

Stewart and Teslin Rivers. 

The most significant conclusion that emerges from this work is 

that if the storage requirements from the headwater lakes are limited 

to levels within historic ranges, 79% of power potential can still be 

realized (Monenco, 1983, p.42). Monenco (1983, p.40) considered this 

scenario "reasonable and realistic in terms of its socio-environmental 

impact". The unexpectedly small reduction in power potential with 

reduced head water storage reflects, in addition to unchanged Lower 

Yukon storage, the natural regulation provided by the headwater lake 

storage. 

39 



0 CE AN 

II DAMSITE INVESTIGATED 1956-1957 

A. EXISTING DAM 

f0£.1£f~jfj DRAINAGE BASIN 

REFERENCE: YUKON RIVER BASIN REPORT PLATE 25 
DEPARTMENT OF NORTHERN AFFAIRS 
ANO NATIONAL RESOURCES, 
WATER RESOURCES BRANCH, 1962 

40 0 40 80 

bM ~-----•m 
40 

""' 

ENERGY WORK GROUP 

YUKON RIVER BASIN STUDY 

J'i1ure 6 Potential SHe1 Aaaoeiated wiUi" 
Full Developm.en.t of the Yukon 
River Hydroelectric Potential 

Karch, 1984 
-



The above storage analysis allows identification of the relative 

importance of the headwater lakes to power development. ·Table 9 lists 

the area, lake level changes and storage volumes associated with regu­

lation within historic ranges. Control dams are assumed to be located 

at lake outlets in each case. 

Table 9 Storage Characteristics of the Headwater Lakes for 
Regulation Within "Historic" Ranges 

(after Monenco, 1984, p.42) 

Lake Area Lake Level Storage Volume 
(km2) Range (m) (m3 x 106) 

Teslin 380 6.8 2580 

Atlin 580 2.3 1330 

Marsh 98.5 
Bennett 93.5 550 1.9(1) 1050 
Tagish 357 

Laberge 200 2.7 550 

Kusawa 140 2.6 360 

Notes: (1) existing licensed range. 

Interestingly, although Teslin Lake has an area of about two"'thirds 

that of either Atlin or the combined Marsh/Bennett/Tagish, its much 

greater historic level range results in an available storage volume 

that is comparable to the combined total of Atlin, Marsh, Bennett and 

Tagish. 
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The above discussion of the principles of storage related to Yukon 

hydroelectric development combined with the fact that land use de­

cisions adjacent to water bodies can have a major impact on subsequent 

water development decisions has led the work group to the following 

recommendations. 

The Implications of Land 

Use Decisions to Storage Projects 

16. Any water or water-related land use decision should be made recog­

nizing the fact that storage is critically important to Yukon 

hydro development. 

17. If any land alienations are being considered, impacts on future 

potential hydro developments should be clearly delineated. 

The following storage locations have been identified as important 

to maintain development: 

1) Teslin Lake 

2) Atlin Lake 

3) Marsh-Bennett-Tagish Lakes 

4) Lake Laberge 

5) Kusawa Lake 

Many other Yukon lakes may ultimately be important to storage pro-

jects. The work group believes that the following recommendation is 

compatible with protection provided by appropriate flood plain manage­

ment. 
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Land Developments Adjacent to Water Bodies 

19. As a general rule any land developments should be kept at least 

above historic high water levels. 

A Comparison Between Natural Lake 

Storage and Man-Made Reservoirs 

Choice of projects can depend on the relative economic, social and 

environmental costs of storage alternatives. In some cases it may be 

possible to choose between natural lake storage and man-made reser­

voirs. Lake storage is most often used by controlling or augmenting 

lake levels with an outlet control structure. In some cases lowering 

the lake outlets allows an increase in "bottom storage" thus minimizing 

the need to raise the maximum levels. 

Monenco (1984, pp 21-26) gives a comparative discussion of econo­

mic and socio-environmental factors affecting Yukon storage options. 

Table 10 summarizes that discussion and the various factors are 

discussed below. 

Economic Comparison 

In general, utilization of natural lake storage will involve less 

economic cost than construction of an artificial reservoir. 
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Three major factors can be compared: 

1) cost of control structure; 

2) cost of reservoir clearing; 

3) cost of mitigation/enhancement requirements. 

1) Cost of Control Structure 

The area of a natural lake controlled for storage is often greater 

than that of a man made reservoir. As a result a small drawdown 

of the lake must be matched by a large drawdown of the artificial 

reservoir to obtain equivalent storage. It follows that the 

equivalent control structure required for an artificial reservoir 

must be higher and is therefore more costly. 
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Table 10 Cost Comparison Between Natural Lake Storage and 
Man-Made Reservoirs 

(After Monenco, 1983, pp 21-24) 

Relative Cost Comparison 
Cost Factor Natural Lake Storage 

Economic 

1. Control structure 

2. Reservoir clearing 

3. Mitigation 

Socio-Environmental 

4. Fish migration as 
affected by dam height 
and impoundment depth 

5. Bank stability 
problems caused by 
drawdown. 

6. Aesthetic problem 
from exposure of 
flooded areas with 
drawdown. 

7. Total area of land 
flooded with reservoir 
filling •••• agriculture, 
forestry, wildlife 
habitat affected. 

8. Lake shore land use 

9. Other land uses 

low 

low 

Could be high 

Less affected, fish 
ladder possible. 

Usually very few 
problems. 

Generally low. 

Generally little 

Could be high 

Could be high 
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Artificial 
Reservoir 

high 

high 

Could be high 

Greatly affected. 
No fish ladder 
reliable if dam 
is higher than 
30m. 

Can be signifi­
cant. 

High. 

Much 

Low 

Could be high 



2) Cost of Reservoir Clearing 

Reservoir clearing costs associated with river valley flooding can 

be very high. Table 11 lists clearing cost estimates for seven 

potential Yukon projects based on a full clearing standard. 

Table 11 Reservoir Clearing Cost Estimates for 
Seven Potential Projects 

(After Monenco, 1984, p.25) 

Project Capacity Reservoir Clearing Project Clearing % of 
Area Area Cost* Cost Project 

MW Hectares Hectares $ M's $M's Cost 

Low Granite 120 26,400 28,800 305 76 25% 
Canyon 

High Granite 254 51,000 629 160 25% 
Canyon 

Mid Yukon 1/11 240 15,200 10,500 447 36 8% 

Boole Canyon 40 9,800 6,000 146 24 16% 

Slate Rapid 42 14,400 10,200 165 39 24% 

Ross Canyon 30 7,300 6,150 181 25 14% 

False Canyon 58 21,000 8,650 252 36 14% 

* including reservoir clearing 

It can be seen that clearing costs could represent up to 25% of 

total project costs. This figure would be reduced if a lower clearing 

standard was appropriate. Because the effect of clearing costs on 

total costs varies widely from project to project, the relative econo­

mic attractiveness of alternative sites would change depending on the 

assumed level of required clearing standard. This conclusion has led 

the Energy Work Group to the following recommendation. 
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Reservoir Clearing Standards 

19. Due to the potentially significant impacts of reservoir clearing 

on project costs and selection, any hydroelectric project propo­

nent should address this issue early in the site selection 

decision-making process and seek direction from the regulatory 

authority on site specific requirements for reservoir clearing 

standards. There should be a recognized procedure by which the 

proponent may receive guidance from the regulatory authority. 

3) Costs of Mitigation_and Enhancement 

Mitigation/enhancement costs depend on site specific conditions 

and generalized statements are not usually possible. For both 

natural lake storage and man made reservoirs, significant mitiga­

tion costs could be incurred, depending on existing land use. 

Socio-Environmental Comparison 

Table 10 lists a number of socio-environmental costs taken from 

Monenco (1984). Because the implications to fish migration, bank 

stability, aesthetics of flooded areas as well as the total area flood­

ed are generally less significant for natural lake reservoirs than man 

made reservoirs, it appears that natural lake storage may often involve 

a lower level of socio-environmental cost than an artificial reservoir. 

However for each case a site specific assessment must be undertaken. 
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Follow-Up Socio-Environmental Studies 

The work group believes that an invaluable exercise would be 

follow-up studies on the observed impacts of already constructed pro­

jects. These types of studies have never been completed in the north. 

The need for follow-up studies is emphasized in the Report of the 

B.C. Utilities Commission into B.C. Hydro's application for ·an Energy 

Project Certificate for the Peace River Site C Project (Recommendation 

46). The Utilities Commission voiced concern about the lack of infor­

mation on the productivity of northern reservoirs and pointed out the 

importance of developing a body of knowledge of the biological impact 

of the conversion of rivers to reservoirs. 

Follow-Up Socio-Environmental Studies 

20. A review of socio-environmental impacts that have resulted from 

constructed reservoirs in northern British Columbia and Yukon, 

should be undertaken. 
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Opportunity for Mitigation and Enhancement in Northern Conditions 

Related to the previous topic is the need to undertake a review 

and evaluation of opportunities for mitigation and enahncement under 

northern conditions. The international literature should be fully 

researched as part of this exercise to ensure that the best possible 

options are considered for any future Basin hydro electric develop­

ments. 

Mitigation and Enhancement Studies 

21. A study should be undertaken to research and establish practical 

mitigation and enhancement measures appropriate for Basin condi­

tions. As part of this exercise a complete review of the inter­

national literature should be undertaken. 
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CHAPTER SEVEN: INTERCONNECTION OF THE YUK.ON AND 

EXTERNAL POWER GRIDS 

A review of potential interconnections was undertaken for the 

Energy Work Group by the British Columbia Hydro and Power Authority. 

Electrical grid interconnections are completed to reduce system 

costs, increase reliability and increase opportunities for purchase and 

sale of energy and capacity. Specific reasons include the following: 

1) An interconnection can provide a portion of the generation 

reserve necessary to ensure that loads can be served when 

units are out of service. 

2) If there is diversity in each utility's downtime, energy can 

be taken from a neighbour during these periods and a reduction 

in necessary reserves again achieved. 

3) If there is a load diversity (hourly, daily, seasonal) or gen­

eration diversity (hydro, fossil, diesel) between two regions, 

more economic dispatch of generation can be arranged if an 

interconnection exists. 

4) During forced outages of generation, an interconnection would 

provide immediate back-up supply. 

5) System voltages remain more constant. 

6) System operation is more flexible. 

7) An interconnection creates the possibility of exports of 

excess power to a much larger market. 
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An entire interconnected network would be affected by a major dis­

turbance. It is therefore important to recognize that once an inter­

connection is established, it is possible to export or import trouble 

as well as energy. Further, each utility while being prepared to aid 

its neighbour, must also design its own system in such a way that 

impacts of internal disturbances are not felt by the neighbour beyond 

the extent planned for and agreed to. To ensure the reliable design 

and operation of the interconnection and to limit interruptions in one 

region causing further interruptions in adjoining regions, system plan­

ning guidelines are established. 

This interconnection study considered only a single line link 

between potential sources and the Yukon grid. Such an interconnection, 

to be economically viable would have to supply firm year round power 

although with lower reliability as a result of the long, single line. 

Because of the lower reliability, local generating capacity must be 

maintained and construction of such an interconnection would not auto­

matically preclude requirements for additional capacity within the 

Basin. While the interconnection could be used to serve a significant 

portion of future Yukon load, its ultimate effect on development of 

Yukon hydro electric facilities would have to be rigorously assessed in 

light of prevailing conditions. 

B.C. Hydro (1983) evaluated the five interconnection alternatives 

listed in Table 12. 
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Table 12 Potential Interconnection Alternatives 
Considered by B.C. Hydro 

Length in km 

British Columbia Alternatives 
1. Stikine - Whitehorse 
2. Stikine - Faro 
3. Liard - Faro 

Northern Territories Alternatives 
4. Bennett Field - Ross River 

Alaska Alternative 
5. Susitna River - Whitehorse 

465 
575 
585 

680 

980 

Each of these alternatives along with the existing Yukon grid are 

shown on Figure 7. 

Three cases were defined by the Energy Work Group for considera­

tion by B.C. Hydro. 

Case 1 

150 MW 

An additional 60 MW capacity required to provide an average 

of 280 gigawatt hours per annum. (Load estimate for a major 

increase in Mac Pass mining causing a 50% increase in indus­

trial energy use and a 20% increase in other sectors.) 
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Case 11 

300 MW 

Case 111 

475 MW 

An additional 200 MW capacity required to provide an average 

of 1050 gigawatt hours per annum. (Load estimate necessary 

to meet high population growth, high mining growth and a 100 

MW smelter.) 

An additional 400 MW capacity required to provide an average 

of 3100 gigawatt hours per annum. (Load estimate for high 

population growth, high mining growth, 100 MW smelter, par­

tial electrification of Alaska Highway Natural Gas Pipeline, 

and exports to Canada Tungsten, Cassiar and Skagway.) 

B.C. Hydro established that a single 500 KV interconnection would 

be feasible for each of the alternatives. The most economic tie of the 

five alternative studies would be the Stikine-Whitehorse alternative. 

Table 13 summarizes the average delivery cost for transmission of 

the three B.C. interconnection alternatives. 
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Table 13 Average Delivery Costs of Transmission From the 
Three B.C. Alternatives 

Yukon Load Average Delivery 
MW Cost of Transmission 

(mills/KWH) 

1. Stikine - Whitehorse 150 23.8 

300 12.2 

475 8.0 

2. Liard - Faro 150 28.3 

300 14.6 

475 9.6 

3. Stikine - Faro 150 29.5 

300 15.2 

475 10.2 

The greater transmission distances and construction costs for the 

Alaska and NWT alternatives as well as higher energy costs result in 

them being less economically attractive options. 

The total cost of energy delivered to the Yukon would include the 

delivery cost (Table 15) as well as the selling price of energy. This 

later item would be a negotiated price based on B.C. Hydro long-term 

energy and capacity values and is estimated as likely to be approxi-

mately (see B.C. Hydro, 1983, p. 8-2) 30 mills/KWH ($1982). Using 
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these estimates, if either the Stikine or Liard projects were to be 

completed and if a substantial Yukon load developed, cost of energy 

delivered to Whitehorse through an interconnection would be in the 

range of 50-100 mills/KWH. Electricity at this cost would likely be 

competitive with locally produced electricity. 

Following completion of the review by B.C. Hydro, the Energy Work 

Group became aware of a link with B.C. Hydro through Southeast Alaska. 

This option is also shown on Figure 3. It may also prove attractive. 

As a result of the above analysis the following recommendations 

are made. 

Interconnecting the Yukon and External Power Grids 

22. If either the Liard or Stikine project is built, a potential 

interconnection with the British Columbia ·grid should be rigorous­

ly evaluated. 

23. If Alaska maintains an interest in providing a link between Yukon 

and British Columbia through southeast Alaska, this option should 

be carefully considered. 
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CHAPTER EIGHT: ENERGY ALTERNATIVES 

While the priority energy issue facing water managers is hydro 

development, this issue can best be evaluated with consideration of all 

relevant energy sources and forms. Interfuel substitutions can have a 

significant impact. For example, construction of the Alaska Highway 

Natural Gas Pipeline and distribution systems to adjacent communities 

would result in a significant drop in electricity use because of the 

availability of natural gas. Conversely, use of wood for heating in 

the Riverdale area of Whitehorse has caused a severe pollution problem 

and one solution to this problem that balances economic and environ­

mental factors may be incentives to increase electricity use and 

decrease wood use. However, a third factor must be noted:· the price of 

energy in the north is now so significant that measures to reduce ener­

gy use through conservation offer the most economically attractive 

option for reducing both environmental impacts and energy costs to the 

consumer. 

Thus, it is only through an overall examination of all energy 

alternatives that the role of electrical energy (one of a number of 

optional energy forms) and particularly electrical energy from hydro­

electric developments (one of a number of optional electrical energy 

sources) can be assessed. 

Marvin Shaffer & Associates Ltd. completed a broad overview that 

provides order of magnitude indications of the availability and rela­

tive merits of alternative energy sources. 

Table 14 is a summary of energy potential in Yukon by source. It 

can be seen that Yukon is well endowed with energy resources. Unfor­

tunately the cost of utilizing some of these sources are prohibitive at 

this time. 
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To compare costs of utilization it is necessary to define the 

particular end use application thus defining the cost of converting to 

a useable energy form (e.g. electricity to heat). In every case a com­

parison can be made by estimating the cost per unit of output heat. 

The metric unit of heat measurement is "joules" and comparisons 

are made in terms of cost per gigajoule (GJ). The prefix "giga" indi­

cates 109. Hydroelectric literature commonly uses units of kilo­

watt hours: 1,000 kilowatt hours = 3.6 gigajoules. Literature describ­

ing other forms of energy commonly uses British Thermal Units (BTU): 1 

gigajoule = approximately a million BTU's. 

Tables 15 and 16 list energy alternatives for use in the resi-

dential and industrial/commercial sectors respectively. These two 

tables include an estimate of cost expressed as the average levelized 

cost per output gigajoule. The average levelized cost refers to the 

constant real cost per unit of energy output. It is calculated by 

dividing the present value of total lifetime costs by the present value 

of lifetime energy output. A discount rate of 7% was used (Shaffer, 

1983 pp.82 - 83). Cost per output gigajoule is the cost of utilizing 

the fuel in specific applications taking combustion efficiencies and 

user equipment costs into account. It is distinct from the input or 

fuel cost. 
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Table 14 Summary of Potential Energy Sources 

Renewables (GJ x 106/yr.) 

Hydroelectric (a) 208 

Wood and Wood Waste (b) 16 

Geothermal n.a. 

Wind n.a. 

Solar n.a. 

Non-Renewables 

Oil (c) 20,480 - 38,480 

Natural Gas (c) 8,760 - 19,300 

Propane (c) 325 - 675 

Coal (d) 1,000 - 2,000 

Peat n.a. 

Notes: 

(a) Potential annual availability of electrolytic hydrogen is about 
145 x 106 GJ/yr based on estimate of hydroelectricity not 
required for direct consumption in Yukon. 

(b) Energy content of total estimated standing green timber volume 
available for energy purposes plus that of the waste derived from 
sawmill timber. 

(c) Based on ultimate potential, i.e. all of the oil, gas and propane 
in known sedimentary basins regardless of producibility. 

(d) Energy content of resources which can be measured or inferred from 
existing data. 
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Table 15 

Energy Alternatives for Use in the Residential Sector 
(from Shaffer, 1983, p 203) 

Enarqy Average ~avellzad Tacnnical Constraints/ Env i ronmenta I Econca11c 
Sourca CQst per Output GJ Resource Avallac111ty Factors Impacts 

l. Conserv•t1on s.zo • front et1d costs • redUCltS • l!lllP i O)lllent 1 n 
• Qveral l tnl11bit idopt1on env'i rol'lllGflta I Installation 

Aud1t • •ide range of returns Impacts of 
Results d~eno1ng on e.x1st1ng dholac:ad 

dwelling a.nt:I t11ct4Sures sources 
selectff 

z. ltatural 1.ao - Alaska Hwy. line o pipeline • ElllPIO)lllent 
Gas inay not be l:luilt impacts in pipe! ine 
• Alaska Hwy. - otller natural gas • 'clean' fuel construction 

off1ine sources lllUch 1110re • I illlltld on-901 ng 
purcnua expensive (2 1/2 to emplo)lllent 

7 times mol'll! I 

J. Wood ll.ZO - well estaol1s11111d • low fn • wood llarvesti n9 
• air t1gl!t • ln aggregate supply sulphur ct1ox1de laoour•lntensive 

no constraint; may be eiatssion, • local pl"O<luct1on 
In sCllle CQllllllUl1ities ni911 In co of WCOCI neaten 

particulates could be expanded 
• Mtquires 

l>l"OPlltf" fOn!St 
management in 
J.ong run 

4. Coal 14.70. • costs hignly var1aole • low in aslt • coal ~ining and 
• tlr1 queues ctepending on source and sulpnur df stribution 

of supply but still a provides suostano 
• aevelO!llllef1t costs for concern cial aevelop111ent 

$Ila 11 qrxet lll4Y ~ and on-9oi ng 
proi'l1 ti l ti ve e1110 I O)'lllent 

5. Heating 011 19.00 • casts cauld l:le • air pollution • tXisting sources 
sOllldhll'lat lower wltlt provide limited 
Oelllf)ster oil line and l!JllPIO)lllent 
llftitenor~e topping • topping p I ant 
plant would provide 

construci:i on 
and saae on-going 
esnplo)lllent 

6. El ectr1cfty 19.SO • CDStS frm ,,..., • depends on .. depends on 
• u1sting sourcas of sucply source source 

mix of (or In d1esal al'll!as) 
SOUl°CH generally ll'IUch ~igner 

7. Propa11e 25.40 • 'Z.7 .40 .. we 11 estab 11sltllld • 'clean• fuel • existing sources 
provide l 1111ited 
eaplo)lllent 

• propane vapour 
would provide 
construction 
and SOiie on•901 n9 
ll!llPlO)lllent 

a. Put 37.SO - based on souCJ'lern • water d1scosal • labour intensive 
uamples • land recl¥1ation In extraction 

• resource exists but 
prooleas of exi:ract1on 
l n nortlt not known 

9. Solar 48.40 • 98.20 • only feasible as • reduces • emplo)'Ulent 
• ac't1ve or cC1111pleisent to otner env1 l"'Qmenta I In lnstallat1on 

passive fuels impacts of 
retrofit • lower costs possible d1splacl!i! fuels 

CC1110inin9 ~pace witll 
w.1ter neat 

• lower passive ~osts 
In new structure 

Note: Cost estimates are approximate and in some cases subject to 
considerable uncertainty. 60 



O"l __, 

Energy 
Source 

1. Conservation 
- Over a 11 

Audit 
Results 

2. Wood Chip 
Boiler 

3. Diesel 
Waste tleat 
Recovery 

Ji. Geothermal 

Table 16 

Energy Alternatives for Use in the Industrial/Commercial Sector 
(from Shaffer, 1983, p 206) 

Average leve11zed Technical Constraints/ Environmental Economic 
Cost per Output GJ Resource Availability Factors Impacts 

3.70 - front end costs - reduces - emp 1 oyment 
1nhib1t adoption environmental 1n installation 

impacts of 
displaced 
sources 

6.60 - requires low cost - high 1n CO - employment supply-
chip supply and particu- 1ng chips 

lat es - improves viability 
of local sawmils 

7.4o - io.oo - estab11shed technology - negligible - sma 11 1nitla1 
- may not meet full employment 

heating loads impacts 
- demand for diesel 

generation may be 
a constraint 

7 .30 - 12 .10 - technology well - 1 imited - significant 
established but not development 
quality of resource employment but 

- subject to "explor- most personnel 
at1on 11 risk likely to be from 

outside region 

-

Note: Cost estimates are approximate and in some cases subject to considerable uncertainty. 



Of greatest interest to the assessment of potential impacts on 

hydro development are comparative costs of alternative sources of 

electricity. Tables 17 and 18 list the estimated costs and other 

assessment factors for these alternatives. Table 17 applies to 

alternatives operating near full potential output (high load factors) 

while Table 18 shows costs of alternatives operating at low load 

factors. 

The following conclusions can be drawn regarding energy alterna­

tives: 

Inventory 

1) Yukon has major reserves of both renewable and non-renewable 

sources. 

2) The hydro potential is very large though the exploitation of 

this resource is constrained by the low existing demand and 

the remoteness of many of the sites. 

3) Electrolytic hydrogen can be viewed as an alternative but it 

requires electricity for its production and is therefore 

significantly more expensive than hydro produced electricity. 

4) Wood and wood waste together are a significant Yukon energy 

resource. 

5) The magnitude and cost of geothermal resources is unknown. 

6) Solar and wind are vast sources of renewable energy however 

their "low density" and unfavourable economics severely 

limits present utilization. 
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Sou re a 

l. Selec1!ed 
Lal"t]O Hydro 

Z. Selec:tlld 
Soiall Hydl'o 
(under 5 MW) 

3. lntl!r• 
<:annect1on 

4'. Coa I 
(Sonnet 
Pl uiae) 

S. 1.arge scale 
\11nd 

Table 17 

Summary of high Load Factor Electricity Alternatives 
(from Shaffer, 1983, p 208) 

Capital Average Levellzec Teennic:al Constraints/ Envirol'lllllll!tal Econ0111ic: 
Cost per Kw Cost per Outpuc GJ Resource Availability Facton !tlll)4C:ts 

Z380·5lJO 10.JO - 30.00 • wall Yukon • depends on • <:onst ruc:t 1 on 
requ1 nneni:s site emp I oyment 

3500-4760 13.60 • 34.60 • limited storage • depends on • <:onstruc:t1on 
• n19n •feasibility 

investment• risk 
slte 611191oyment 

•flO f1 l"l'lt is.so • <:ast:s base on Stikine • r1gltt-of-way • rigltt•of-,..y 
<:apac:ity wn1 en 111ay nner be clearinq clearing 

built 111111ac:t:s •loyment 
• <:asts bas«d on 150 MW • limited 

t 60S capacity f ac:tor transmission 
• ~•r:t lal"t]e relative Installation 

to Yukon requil"'lllll!ftts t11111loy111e11t 

1746 ZS.JO • aius based I.In 10- MW • a1r pollution • ln addition to 
~ 801. load factor concerns mining ene" 

• very large relative would be plant 
to Yukon 1"1!q\11resnencs eonstMIC:tion 

and op&l"at1 ng 
l!llll1iOyinent 
imoacts -

1540-2350 Zl.70 • 2.1 .60 - llOt pr-oven reliable - soaie land • sane 
at tl'lis scale 1nstallat1on requi ,._,.ts 

( SMW • 40f4W) - <:osts speculative t11111loyment 
• only displaces fuel 

wnic:n would be zero tn 
case of nydro 

6. 1'1Un1c1pal 2500 28.30 - retr1 cted to • air pollution • construct 1 on 
11.iste Wh1tenol'1e location • M!duc: lld 1 and &lllP 1 O)'Mnt, 

• cogeneration inDl"Q f111 require- l imi tl!d 
attract 1 ve numts operating 

&lllP I oyinen t 

7. Wood G.as1• 5190 53.60 - CClll1>11cated tecl'lnoloqy • d1 sposa I of • c::onstruc:i:1on, 
f1cat1on • cogenerat1on lllO!'f! toxic organic: minor on-9oing 

attnc:t1ve O:Qlll90unds and l!!ll9iO}'Mnt 
tars 

a. 5111411 Scale 4500-0690 78.90 - 183.20 •well established - 11111ited • 1nstal1at1on 
Wind • senes only as ell!> I oy111e11t 
( wi tn SOM supplllllllll!lt to otner 
storaqe) sources 
(2>:W • 40UI) 

9. Solar 
(Photo-
voltaics 

and Power 
Tower) 

Notes: 
1. 

2. 

6300-10600 183 • .30 - 220.60 • only aisplacas enerqy • 11m1tlld • 1nstallat1on 
costs employment 

Cost estimates are approximate and in some cases subject to 
considerable uncertainty. 

Output and capacity characteristics vary among the alternatives. 
Economics of the alternatives depends not only on average energy 
or capacity cost but on how the output characteristics suit the 
nature of the demand and existing system. 
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en 
-+::-

Source 

1. Natural Gas 
Alaska Hwy. 

Tab le 18 

Summary of Low Load Factor Electricity Alternatives 
(from Shaffer, 1983, p 209) 

Capital I Average leve11zed I Technical Constraints/ 
Cost per Kw Cost per Output GJ Resource Avail abil tty 

Environmental 
Factors 

300 19.70 - flexible in use and I - clean in use 
timing 

- limited in location 
- depends on Alaska Hwy. 

Hne 

Economic 
Impacts 

----
- minor 1nsta11a­

t ion emp 1 oyment 

~------~----~----~--._~--~-------------1-~----------~~--------~~~-1-~~~----------~------------~~~~-~r-~--~--~~--------------t-~--~--

2. Coal 1750 
(Bonnet 
Plume) 

---
3. Municipal 2500 

Waste 

39.20 

41.71 

- based on 70MW plant, 
large relative to 
requirements 

- restricted to 
Whitehorse 

- air pollution 1- construct ion 
concerns plus operating 

employment 

- air po11ution 
- reduced 

landfill 
requ1rements 

- construction 
employment 

- 1 imited 
operating 
employment 

--~---~--------+-----~---------1~------------------------+------------·--~--------~~--·~-t-----------------------+ 

4. Diesel 935 52.26 - flexible in use and 
location 

- air pollution I - minor tnstalla­
t ton emp 1 oymen t 

5. Wood 5192 96.02 - complicated technology - construction 
Gas1 ficatior - cogeneration more 

- disposal of 
toxic organic 
compounds and 
tars 

- some on-going 

Notes: 

attract he 
- requires chip supply 

l. Cost estimates are approximate and in some cases subject to considerable uncertainty. 

2. Output and capacity characteristics vary among the alternatives. Economics of the alternatives 
depends not only on average energy or capacity but on how the output characteristics suit the 
nature of the demand and existing system. 



7) Yukon likely has large reserves of oil, gas and to a lesser 

extent coal. Exploitation is limited by the lack of Yukon 

demand and the remoteness of resources. 

Utilization 

8) Energy alternatives currently in widespread use include re­

fined petroleum products, electricity (mainly hydro, some 

diesel), propane and wood. 

9) Energy alternatives used on a limited or demonstrated level 

basis include coal, wind, solar, geothermal and waste diesel. 

10) Alternatives which are not currently used but which could be 

considered or available in the future include natural gas, 

peat, municipal waste, hydrogen and electrical grid inter­

connection. 

11) Conservation opportunities 

method of reducing Yukon's 

constitute a very attractive 

energy requirements. The 

estimated cost of conservation measures is lower per output 

gigajoule than the cost of all the existing and potential 

supply sources considered. 

12) Of existing supply sources, wood and coal appear attractive 

for heating applications. Waste diesel and geothermal may 

offer relatively low costs for direct use in institutional 

and commercial uses. All of these options may provide energy 

supply at costs competitive with or lower than refined petro­

leum products, with greater positive local economic impacts 

and less dollar "leakage" out of the Territory. 
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13) Of potential new sources, natural gas appears to be the most 

promising alternative if available from the Alaska Highway 

line or possibly trucked as liquif ied natural gas (LNG) from 

British Columbia. 

14) Hydro generated electricity offers the lowest cost source of 

baseload supply. Natural gas, if available from the pipe­

line, would be most economic source of supply at a low load 

factor. Coal, interconnection, large-scale wind and munici­

pal waste may have merits but are subject to serious limita­

tions. 

15) For providing electricity in remote, off grid locations, ex­

cept for the special situation of a suitable small hydro 

site, diesel generation may remain the most economic option. 

Considered or available in the future include natural gas, 

peat, municipal waste, hydrogen and electrical grid inter­

connection. 

Based on the analysis and conclusions described above, the Energy 

Work Group has concluded that in the short term, alternative energy 

possibilities are not expected to have a significant impact on Yukon 

hydroelectric development. On the long term, economic conditions can 

change dramatically and all options should be kept open to allow the 

best decision-making. 

The work group has identified the following information gaps 

regarding energy alternatives other than hydro electricity: 

Information Gaps 

Wood 

1) community specific wood inventories; 
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Coal 

2) methods of mitigating environmental problems associated with 

wood burning; 

3) technical and economic feasibility of wood chipping opera­

tions. 

1) the feasibility of coal utilization particularly for small 

scale heating applications based on coal resources. 

Geothermal 

1) identification and evaluation of specific promising geother­

mal locations; 

2) the technical and economic feasibility of geothermal exploi­

tation and use. 

Other Electricity Sources 

1) t~e technical and economic feasibility of coal-fired thermal; 

2) the technical and economic feasibility of large-scale wind 

generation and wind-assisted diesel; 

3) the technical and economic feasibility of cogeneration of 

heat and electricity from wood, coal, peat and municipal 

waste; 

4) the technical and economic feasibility of using waste heat 

from diesel generators. 
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Regarding these information gaps the following recommendation are 

made: 

Information Gaps: Energy Alternatives Other than Hydro 

24. The information gaps identified in this report regarding energy 

alternatives other than hydro should be reassessed from time to 

time and if ~conomic conditions warrant research, funds should be 

sought to eliminate the gaps. 

250 This review should be undertaken by a group responsible for 

coordinated energy planning. (See Recommendation 28.) 

Many of the data and information gaps identified by the work group 

relate to northern specific conditions. Given the limited facilities 

and resources presently located in Yukon to address these Yukon specif­

ic problems, the following recommendation is made: 

Northern Research Institute 

26. Consideration should be given to establishing a Yukon based re­

search institute. That could specifically address northern energy 

issues. 

27. Such a research institute should be a cooperative venture under­

taken to provide support for government, private industry, utili­

ties and public interest groups. 
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CHAPTER NINE: ENERGY PLANNING AND CONFLICT RESOLUTION 

Coordinated Energy Planning 

Throughout the deliberations of the Energy Work Group, the need 

for a coordinated approach to energy planning was repeatedly identi­

fied. At the present time, concerned parties include the Federal, 

Territorial and Provincial governments, Yukon Territory Water Board, 

Yukon Electrical Public Utilities Board, B.C. Utilities Commission, 

public and private utilities, petroleum product distribution companies, 

public interest groups and consumers. 

The issue is of particular concern to utilities who hold no 

authority for energy planning and policy decisions of government but 

are held responsible by customers for provision of a service on demand. 

Lack of that service brings criticism. Inevitably, to fulfill this 

service, utilties embark on planning exercises tailored to their par­

ticular needs which brings them into the area of long-term planning and 

policy decision-making. Once again they can find themselves criti­

cized, this time for doing too much. In the most accurate sense, 

utilities can be "damned if they do and damned if they don't". 

The solution to much of the uncertainty surrounding Yukon energy 

planning lies in the creation of a mechanism that generates a well de­

f ined1 coordinated1 and ongoing approach to energy planning and decision­

making. With initiatives on Land Use Planning underway, Land Claims 

Settlement appearing imminent and further devolution of the Yukon 

Government ongoing, the initiative is particularly critical to ensure 

that energy planning becomes an integral part of overall resource 

decision-making. 
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Coordinated Energy Planning 

28. A mechanism that ensures a coordinated and ongoing approach to 

Yukon and Yukon River Basin energy planning and decision-making 

should be established as soon as possible. 

Multiple Use Hydro Development 

At any hydro site good planning necessitates early consultation 

with other resource users and full consideration of non-power implica­

tions, both positive and negative. It is only through such an approach 

that the best possible use of the water resource can be achieved. The 

Work Group supports the view that all hydro facilities should be 

designed around a multiple use theme. 

Multiple Use Hydro Development 

29. Hydro facilties should be designed within a theme of multiple use 

of the water resource. Early consultation with other resource 

users should be undertaken and full consideration given to non­

power implications, both positive and negative. 

70 



Conflict Resolution 

Several members of the work group raised concerns about the diffi­

culties faced in the present system of regulatory approval and its 

ability to efficiently and fairly deal with conflicting interests. 

They suggested that the existing system was too "adversarial" in its 

approach and not condusive to cooperative decision making. Others in 

the group suggested that the system was not at fault but rather the 

attitude of the various players. 

concensus on this issue. 

The Work Group did not come to a 

The work group recognized that the issue of defining and imple­

menting the best possible Yukon regulatory approvals system is complex. 

Further, the work group itself did not embark on any specific study of 

this topic. However, based on the experience of the work group, the 

following recommendation is made. 

Conflict Resolution 

30. A streamlined regulatory approvals system should be sought that 

minimizes time delays and maximizes the fair resolution of com­

peting interests. 
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CHAPTER TEN: SUMMARY OF WORK GROUP RECOMMENDATIONS 

Yukon Energy Collection (p.10) 

1. The Yukon Energy Collection under the auspices of the Yukon 

Territorial Archivist should serve as a centralized collection for 

all Yukon energy related work. 

2. The Territorial, British Columbia and Federal governments along 

with the power utilities should ensure the maintenance and growth 

of the Yukon Energy Collection. 

3. A representative committee should be formed to initiate this pro­

ject and to meet annually with the Territorial Archivist to review 

the status of the collection. 

Comprehensive Energy Projections (p.12) 

4. To provide baseline data for energy planning, comprehensive energy 

projections should be completed on a regular basis. 

5. These projections should assess all energy forms for all end uses, 

conservation possibilities and interfuel substitutions. 

6. Preparation of the energy projections should be a coordinated 

effort involving the Territorial and Federal Governments as well 

as utilities. 
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Comprehensive Yukon Energy Statistics (p.12) 

7. A comprehensive energy data bank on Yukon energy use should be 

established with the cooperation of all utilities and government 

agencies. 

8. The data bank should document energy end use over time by sub­

sector, form, community and quality. 

Conservation, Interfuel Substitution and 

Improved Fuel Use Efficiencies (p.13) 

9. Most existing documentation of these factors relates to southern 

conditions: The economic and technical significance of these fac­

tors for Yukon conditions should be established through appro­

priate review and documentation. 

Hydroelectric Resources (p.31) 

10. An ongoing and phased hydro inventory program should be undertaken 

with studies to at least the 'inventory' level of detail. 

11. Sites should not be studied in isolation: A regional review for 

each river or sub-basin should be taken. 

12. Priority should be given to the more 'important' sites and sites 

described by studies most in need of revision and upgrading. 

13. The 'importance' rating should be continuously re-evaluated. 
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14. Priorities should include: 

Short and Medium Term: 

a) Continuing the study of selected sites close to potential and 

existing load centres in south and central YukonG These 

sites include sites ranging in capacity from a few megawatts 

(mini hydro) to roughly 50 megawatts installed capacity. 

These studies should be to 'prefeasibility' level and 

complemented by socio-environmental studies. 

b) The upgrading of other sites in the south and central Yukon 

to 'inventory' level of detail. Emphasis should be given to 

the more 'important' sites and those most requiring revision 

and upgrading. 

c) A search for undiscovered sites. 

Long Term 

d) Establishing the realistic potential of ma.instem and related 

mega projects taking into account socio-environmental re­

straints and modern design practice. 

Hydro Inventory Report Standards (p.32) 

15. Future studies undertaken by different consultants should use 

standards estimating and design criteria and reports should in­

clude full support data and information. 
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The Implications of Land Use 

Decisions to Storage Projects (p.42) 

16. Any water or water-related land use decision should be made recog­

nizing the fact that storage is _critically important to Yukon 

hydro development. 

17. If any land alienations are being considered, impacts on future 

potential hydro developments should be clearly delineated. 

Land Developments Adjacent to Water Bodies (p.43) 

18. As a general rule_ any land developments should be kept at least 

above historic high water levels. 

Reservoir Clearing Standards (p.47) 

19. Due to the potentially significant impact of reservoir clearing on 

project costs and selection, any hydroelectric project should 

address this issue early in the site selection decision-making 

process and seek direction from the regulatory authority on a site 

specific requirements for reservoir clearing standards. There 

should be a recognized procedure by which the proponent may 

receive guidance from the regulatory authority. 

Follow-Up Socio-Environmental Studies (p.48) 

20. A review of socio-envir_onmental impacts that have resulted from 

constructed reservoirs in northern British Columbia and Yukon 

should be undertaken. 
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Mitigation and Enhancement Studies (p.4·9) 

21. A study should be undertaken to research and establish practical 

mitigation and enhancement measures appropriate for Basin 

conditions. As part of this exercise a complete review of the 

informational literature should be undertaken. 

Interconnecting the Yukon and 

External Power Grids (p.56) 

22. If either the Liard or Stikine project is built, a potential in­

terconnection with the British Columbia grid should be rigorously 

evaluated. 

23. If Alaska maintains an interest in providing a link between Yukon 

and British Columbia through southeast Alaska, this option should 

be carefully considered. 

Information Gaps: Energy 

Alternatives Other than Hydro (p.68) 

24. The information gaps identified in this report regarding energy 

alternatives other than hydro should be reassessed from time to 

time and if economic conditions warrant research, funds should be 

sought to eliminate the gaps. 

25. This review should be undertaken by a group responsible for 

coordinating energy planning. (See Recommendation 27.) 
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Northern Research Institute (p.68) 

26. Consideration should be given to establishing a Yukon-based 

research institute that could specifically address northern energy 

issues. 

27. Such a research institute should be a cooperative venture under­

taken to provide support for government, private industry, utili­

ties and public interest groups. 

Coordinated Energy Planning (p.70) 

28. A mechanism that ensures a coordinated and ongoing approach to 

Yukon and Yukon River Basin energy planning and decision-making 

should be established as soon as possible. 

Multiple Use Hydro Development (p.70) 

29. Hydro Facilities should be designed within a theme of multiple use 

of the water resources. Early consultation with other resource 

users should be undertaken and full consideration given to non­

power implications both positive and negative. 

Conflict Resolution (p.71) 

30. A streamlined regulatory approvals system should be sought that 

minimizes time delays and maximizes the fair resolution of com­

peting interests. 
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