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FOREWORD 
 
The work described in this report was completed by a team of four professionals, Carl Brothers 
P.Eng., of Frontier Power Systems; J.P. Pinard, P.Eng., Consulting Engineer, Tim Weis, P.Eng., 
of Pembina Institute, and John Maissan P.Eng., of Leading Edge Projects Inc.  John Maissan 
provided the coordination of the work and the consolidation of the components into a single 
report.  John Maissan would like to acknowledge the significant contribution of each of the 
professionals to the overall project.  Collectively we thank the Aurora Research Institute (ARI) 
for the opportunity to work on this project.  Also, we would like to thank the many government, 
non-government organizations, and private enterprise people we contacted for their helpfulness 
in providing us with information and data necessary to the completion of the report.  The task 
would have been so much more difficult without their assistance. 
 
The document Framework for the advancement of a wind development project in Tuktoyaktuk, 
NWT (Appendix 1) listed six sections, each with a number of topics for further work that would 
assist in the advancement of a potential wind development project in Tuktoyaktuk.  This work 
represented in this report covers the four technical sections but does not cover “Communications 
/ social” and “Governance” as these are considered to be proponent specific.  For convenience, 
this report is arranged into the four technical sections, but some the topics have been rearranged 
or consolidated to improve the overall “flow” of the report.   
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proposed (less than 500 m long) within the hamlet boundary may not require a permit from CWS 
since it is within the hamlet boundary, it is not in an ecological reserve, and it is relatively small 
in size. 
 
A guideline called “Environmental Assessment Best Practice Guide for Wildlife at Risk in 
Canada” can be found at the following link: http://www.cws-scf.ec.gc.ca/theme.cfm? 
lang=e&category=12.  (Note that spaces are put into web site addresses to provide for 
reasonable line spacing.)  Specifically for wind turbines there are two guidelines that should 
also be consulted: “Recommended protocols for monitoring impacts of wind turbines on birds” 
and “Wind Turbines and Birds A Guidance Document for Environmental Assessment” are found 
at http://www.canwea.ca/Government_Resources.cfm?subID=13. Copies of these 
documents are included on a resource CD accompanying this report. 
 
If project construction were to take place in the summer there may be concerns for birds breeding 
in the area.  If a CWS permit is required then a study will need to be done, which will require 
research time, a site visit, and a written report.  This type of study will likely cost approximately 
$15,000 to carry out.  Consultants from Inuvik or Yellowknife are available to carry out this type 
of research. 
 
1.3 Land Use Permitting 
 
The proposed project sites are situated on land that is within the Municipal Boundary of 
Tuktoyaktuk.  The application for land use needs to go through the Government of Northwest 
Territories (GNWT) Municipal and Community Affairs (MACA) office in Inuvik (contact 
Joanne MacNeil 867-777-7123).  MACA requires the coordinates of the project site, the size of 
the proposed site, and a sketch of the site as well as information on the applicant.  An application 
for land use within the Tuktoyaktuk Municipal Boundary requires approval by the Hamlet of 
Tuktoyaktuk. 
  
A project proponent can acquire a lease or a land use permit but not title to the land.  If the 
project owner / land use applicant is a private business then a $7 per square meter per year fee 
may be charged for the land.  If the applicant is a government agency (i.e. the hamlet) then they 
can reserve the land free of charge. 
 
According to the report “Hamlet of Tuktoyaktuk Zoning Bylaw #258” (this document can be 
found at http://www.maca.gov.nt.ca/lands/community_planning/index.html on the web) the 
project potentially falls into one of two types of zones: Open Space, and/or Urban Reserve, see 
Figure 1 (also see Appendix 3) below.  Copies of the bylaw and the Tuktoyaktuk Community 
Plan are also provided on the resource CD with this report.  Open Space zoning allows for 
conditionally permitted developments, including telecommunications towers, the nearest match 
to a wind farm (see Schedule A Sec. 2.3.2 in Appendix 4).  Urban Reserve zoning allows for 
conditionally permitted developments that include municipal or public utilities (see Schedule A 
Sec. 2.6.2 in Appendix 4).  In these zones other supplementary developments that are allowed 
include electrical power lines and public roads. 
 

 7



 

 
Day markings and lighting are subject to be reviewed at the time of application but the following 
are general guidelines based on TC guidelines as found in http://www.tc.gc.ca/CivilAviation/ 
Regserv/Affairs/cars/PART6/Standards/Standard621.htm see also Figure 3.  However, TC has 
changed their requirements regarding marking, they will no longer require marking on wind 
turbines (conversation with Linda Melnyk 780-495-7694); however, lighting may still be 
required.  
 
For lighting requirements, on a structure 45 m (150 feet) above ground level (AGL) or less, two 
or more steady burning lights should be installed at the top of the tower.  For structures between 
45 m and 107 m tall both a steady light at mid-point and a flashing beacon on top are required.  
The guideline specifies that in a group of obstructions, if there is no prominent centre 
obstruction, then an Aeronautical Evaluation will be performed to assess the location of the 
applicable beacons.  
 
 

 
Figure 3:  Lighting type requirement for a tower with respect to its height. 

 
A new guideline that TC is proposing is found in Appendix 6.  It states that a set of lights are 
required every 900 m in a row of wind turbines.  For a row shorter than 900 m a light may be 
required at each of the end structures.  The lights at both ends are required to flash 
simultaneously.  These requirements are, according to the new guidelines, for wind turbines over 
90 m.  The new guidelines are open to changes, and a discussion with TC should take place at 
the time the project enters into the planning stage.  A contact person can be found in Appendix 6, 
and further information can be referred to Linda Melnyk, of Transport Canada, Edmonton 780-
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495-7694.  Permission will be required from both Nav Canada and Transport Canada.  The forms 
are listed in Appendix 7 and 8 and can be found at http://www.navcanada.ca/ 
NavCanada.asp?Content=ContentDefinitionFiles%5CServices%5CANSPrograms%5CLandUse
Proposal%5Cdefault.xml and at www.tc.gc.ca/pdf/26-0427.pdf.  Typically it takes several 
months to process the navigational permits, calling Linda Melnyk when filling and sending the 
forms should help to speed up the application process. 
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2. BUSINESS 
 
2.1 Project risks 
 
There have been several wind-diesel projects that have been attempted in Canada since the 
1980’s, most of which have met with limited success.  Projects locations include: Big Trout Lake 
(ON), Cambridge Bay (NU), Fort Severn (ON), Igloolik (NU), Kasabonika Lake (ON), 
Kugluktuk (formerly Coppermine) (NU), Kuujjuaq (PQ), Sachs Harbour (NWT), Ramea (NL), 
Rankin Inlet (NU), and Winisk (ON).  The Ramea project was installed about 3 years ago and is 
operating reliably, but of the others only Cambridge Bay and Kuujjuaq operated for more than 8 
years.  The majority of the other projects had lifetimes of two years or less.  With the exception 
of Ramea which is a medium penetration project, all of the aforementioned projects were low-
penetration systems and as of March 2008 Ramea is the only operating wind-diesel system in 
Canada. 
 
While there are many specific reasons that individual past projects have failed in Canada, it is 
not the purpose of this research to discuss these projects and there has been much discussion 
about the various successes and failures available through recent conferences1,2 and reports3.  
Nonetheless, the poor track record is cause for concern for any developers of a project in 
Tuktoyaktuk, in spite of recent successes in Alaska and Ramea.  Therefore a discussion of 
project risks is outlined in this section to highlight specific issues that ought to be considered and 
addressed.  The following is a list of potential difficulties, but is not an attempt to quantify their 
likelihood. 
 
Capital cost overruns:  Both the Sachs Harbour and Kugluktuk wind energy projects suffered 
from capital costs overruns, in large part due to poor planning that resulted in entire seasons that 
were missed due to barge shipping constraints.  Tuktoyaktuk has the advantage of winter road 
access, but nonetheless planning mistakes will be costly and the responsibility for potential 
capital cost overruns needs to be addressed. 
 
Operation and maintenance cost escalation:  Inflation, rising labour costs or access to 
components could lead to long-term, slow but steady increases in operations and maintenance 
costs that would reduce future profitability unless the power purchase agreement is also indexed 
to inflation. 
 
Catastrophic failures:  Accidents such as the dropped wind turbine in Sachs Harbour, or acts of 
God such as the lightning strike that hit one of the turbines in Kugluktuk could lead to turbine 
failures beyond repair, at which point a decision would need to be made about replacing such a 
machine. 
 
Oil price increases:  The future price of oil is very uncertain and unpredictable.  With the current 
oil price reaching all-time record highs, it seems likely that the cost of diesel generated electricity 
will continue to escalate.  However, relative oil prices could fall should there be a global 

                                                 
1 www.eere.energy.gov/windandhydro/windpoweringamerica/wind_diesel.asp 
2 www.remotewindenergy.ca 
3 www.nunavutpower.com/pdf/WindPowerReport_1.PDF 
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economic slowdown or another major change in the global oil market.  A 20-year fixed price 
inflation indexed power purchase agreement may significantly undervalue the future worth of 
non-diesel power if the price of oil continues to rise relatively rapidly.  Indexing the power 
purchase agreement to the annual avoided cost of diesel fuel would ensure that any price increase 
in oil is reaped by a wind project; however, this runs the risk of absorbing price decreases should 
the price of oil drop. 
 
The relative likelihood of either circumstance must be considered by the wind power developer 
in preparing business plans and in negotiations for a Power Purchase Agreement (PPA) with 
Northwest Territories Power Corporation (NTPC).  The agreement that developer Dutch 
Industries Ltd. (previous distributor for Lagerwey wind turbines; Lagerwey has become Wind 
Energy Solutions) had with NTPC for the output of a Lagerwey 80 kW wind turbine (now 
updated and called WES18 mk1) in Cambridge Bay beginning in 1994 was an 8 year fixed 
power purchase rate slightly higher than the avoided cost of diesel fuel at the time of wind 
project commissioning.  This gave the developer a known fixed power rate, and NTPC hedged 
against future diesel fuel cost increases by accepting a fixed rate for the 8 year agreement.  The 
PPA was set for 8 years and to be re-negotiated after that point. 
 
Access to grid:  Unforeseen circumstances could lead to NTPC restricting access to the 
distribution grid for a period of time.  Possible causes for this include control system problems, 
grid repair, diesel plant operations and maintenance or other issues beyond the control of the 
wind energy operator.  Any electricity that is generated by the turbines during such periods of 
time will be without a consumer and therefore without an income stream.  Grid access and 
availability therefore needs to be considered when negotiating a power purchase agreement. 
 
Development prior to a federal incentive program:  The Canadian Wind Energy Association 
(CanWEA) has been working with Natural Resources Canada (NRCan) to develop a wind 
energy incentive program for remote communities and industries in Canada (Remote Community 
Wind Incentive Program or ReCWIP).  The most recent submission to the finance board was a 
program for a capital subsidy of $900 per installed kW plus a production incentive of $0.10 per 
kWh for 10 years for small community wind-diesel projects.  This program was not included in 
the 2008/09 Federal budget, and its future likelihood is unknown.  Production incentives such as 
the ecoENERGY for Renewable Power program (formerly the Wind Power Production Incentive 
or WPPI) apply only to new projects and are not grandfathered for projects that were built prior 
to program implementation.  Commissioning a project in Tuktoyaktuk prior to any Federal 
incentive would in all likelihood exclude this project from any such incentive program should it 
come to exist in the future.  The potential projects modeled in this report estimate that for each 
kW of installed wind capacity in the order of 1300 kWh of electricity is generated, or $130 worth 
of incentive per year.  For a 300 kW wind farm, this translates into a potential for an additional 
$39,000 of annual incentive revenues for 10 years in addition to a capital subsidy of $270,000.  
Project decisions should thus take into account the near term potential of such a program. 
 
Capital cost, operating cost, and maintenance cost risks can also be managed, to a degree, by 
optimizing the project from the outset.  Based on the modeling results described later in this 
report (see section 3.3, page 27), the most economic wind project size would be an installed 
capacity of approximately 300 kW, equal to the minimum load experienced in Tuktoyaktuk.  
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does not guarantee a monopoly to these communities, but it would facilitate access to a larger 
market should a national or territorial incentive program be implemented. 
 
Notably, selecting a turbine that is appropriate for spoke communities will not only facilitate any 
training undertaken for operations and maintenance, but will also make this investment in local 
training worthwhile for both the manufacturer and the community. 
 
Key considerations when choosing a supplier: 

• History of projects in the North; 

• Willingness and ability to work with long-term “hub and spoke” projects; 

• Warranty period (aim for 5 years) and extended service agreement; 

• Expected turbine performance; 

• Cold weather package (operating range down to -40°C); 

• Appropriateness of turbine for “spoke” communities, notably Sachs Harbour, Ulukhaktok 
and Paulatuk; 

• Turbine cost; 

• Complexity of turbine and O&M risks; and 

• Long-term company outlook (likelihood of company to be in business 20 years from the 
project’s development). 

 
A long-term “hub and spoke” vision should be developed in concert with the chosen 
manufacturer to maximize mutual benefits and synergies. 
 
Approaches which consider and provide long term benefits (to the hub and spoke wind project 
development approach) should also be adopted when making arrangements for the design and 
supply of project components (foundations, electrical control and interconnection modules, etc.), 
and for the transportation and construction services required. 
 
2.3 Tender Procedures 
 
This process will be highly influenced by the strategy that the GNWT is willing to undertake as 
well as the role that a developer within Tuktoyaktuk wishes to pursue in the initial phases of this 
project.  For the purposes of this report we have assumed that a project will be timed to respond 
to NTPC’s RFP closing date of January 16, 2009.  As mentioned later in this section, this timing 
may not be suitable for an ideal construction schedule if the project is to be complete in 2009. 
 
As was stated by the Tuktoyaktuk Development Corporation (TDC), in its March 17, 2008 Board 
Paper entitled “Wind Energy Commercialization – Hub and Spoke”, TDC envisions a project 
being developed in Tuktoyaktuk in two distinct phases: a demonstration phase and a 
commercialization phase.  The transition between these two phases is expected at some point 
after 12-24 months of initial commissioning.  This transition potentially complicates the 
tendering and operations procedure and ought to be considered carefully early in the process.  

 15



 

The following is a recommended framework, including key dates for a process to develop a 
regional hub and spoke program.  This will be an iterative and evolving process as additional 
partners become involved in the project. 
 
Context: 

• NTPC issued an RFP for wind power with a close date of January 16th, 2009; 

• The GNWT is likely to be the major project funding agency; 

• TDC has committed to helping to raise supporting funds but is not willing to contribute 
financially or to own the project in its initial phase; and 

• TDC has expressed an interest in acquiring or taking over the project after its operation 
has been “proven”. 

 
Recommended Steps: 

• The GNWT issue an initial call for proposals to develop a regional hub and spoke plan, 
with Tuktoyaktuk as the hub and at least Sachs Harbour, Paulatuk and Ulukhaktok as 
spoke communities: 

o List project experience in cold and remote communities 

o Preliminary financial quote for “hub” project as well as addition “spoke” 
additions 

o Outline of potential training requirements and plans 

o Details of warranty and service contracts; 

• In consultation with TDC, a supplier/developer is selected by October of 2008.  For 
success the project will need one single owner’s representative to take charge of the 
overall project (the steps outlined below) and to bring it to completion; 

• An advanced equipment deposit is posted with the supplier / developer team to complete 
the detailed project design, including technical engineering as well as development of 
local training program for the “hub” project only.  This will need to be completed by end 
of year 2008: 

o Wind farm layout  

o Electrical design, including interconnection and control system requirements 

o Detailed quote and business case 

o Permitting 

o Detailed construction plans, including foundation and sourcing necessary 
equipment 

o Develop training program 

o Develop with TDC and GNWT an intern ownership model and ownership transfer 
arrangement 
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o Detailed list of steps that would need to be taken to develop “spoke” community 
projects. “Spoke” projects will not be financed or built under the current project, 
but preliminary planning for them will maximize the mutually beneficial aspects 
to both the “hub” and the “spoke” projects; 

• After completing the detailed design work, the supplier/developer submit an application 
with the assistance of the GNWT and TDC to the NTPC RFP by January 16, 2009: 

o Finalize financial agreements 

• Supporting funding from sources such as Indian and Northern Affairs Canada (INAC), 
NRCan, National Research Council (NRC) or others are arranged by December 31, 2008. 
Note that work is not likely to begin until after the end of March, 2009; 

• Assuming the RFP is successful, the final details are negotiated with NTPC: 

o Negotiation of terms of PPA (fixed / increasing / indexed / term length / penalties 
/ bonuses) 

o Arrangement of construction plans 

o Interconnection agreements; 

• Final permitting; 

• Begin technician training program; and 

• Earliest possible commencement of construction of the “hub” project summer / fall of 
2009 (optimistic; most realistic and minimum cost likely to be the spring of 2010). 

 
Within the details of the project, the tendering of equipment and each of the construction related 
components is also very important, and must receive due consideration.  The selection of the 
most appropriate wind turbines first of all, tendering for the wind turbines including all of the 
key options such as warranties, O&M service agreements, training arrangements.  Following the 
final turbine selection foundation design must take place followed by installation, all of which 
will require time and carefully considered tendering procedures.  Transportation of all of the 
equipment should also be tendered in such a way as to minimize costs. 
 
The overall project timing must be carefully considered.  The authors have suggested a time line 
that would conform to the January 2009 NTPC RFP closing.  Beyond this there will be time 
required by NTPC to consider the submissions it has received, to respond to the submissions and 
to enter into negotiations if they feel it is appropriate to do so.  Realistic completion dates for 
these arrangements are likely to be at least the end of March 2009.  It would also be important 
for any project proponent to know whether a federal ReCWIP program (or similar ecoENERGY 
program) is likely to be in place in the near term as those financial incentives can make a very 
substantial difference to the viability of a project. 
 
It is likely that only after there is a firm arrangement in place could a project developer 
commence detailed work including tendering for wind turbines.  Wind turbines of the type 
considered in this report will take 6 months to deliver, and it may be wiser to assume that these 
could be late by 1 or 2 months.  Allowing a total of 9 months for the tendering, selection, 
ordering, and delivery of the turbines, would bring the turbines to Tuktoyaktuk at the end of 
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2009.  Foundation installation will be at its lowest cost when the ice road between Inuvik and 
Tuktoyaktuk is in, typically January to April (see later sections of this report).  For the 
transportation of the wind turbines the major river crossings of the Dempster Highway must also 
be at near full capacity – ferry or ice road. 
 
This timing would suggest that installation, construction, and commissioning would ideally take 
place in early 2010.  A March – April timeframe as days lengthen and the weather moderates 
before any thaw, and before the ice road closure (see historical ice road opening and closure 
dates in the resource CD), may be the ideal time. 
 
There may be ways to “hurry” a project along by commencing work sooner (and spending 
money which must then be available), but in the authors’ view this will involve some risk and 
“hurrying” almost always results in additional costs.  It is best that the project be done in a 
carefully timed and considered manner so as to minimize costs and risks. 
 
2.4 NTPC PPA terms 
 
Shortly after the award of this study, NTPC issued an RFP for wind generation.  This RFP 
provides the terms and conditions that a project proponent will have to accept and meet in the 
provision of wind power.  NTPC was contacted with some questions and they responded that 
they would provide answers to our questions and those of other interested parties in a timely 
manner to all parties.  In our review of the RFP we did not note anything in the interconnection 
requirements that would pose a problem for the turbines being considered. 
 
The points in that RFP may have implications for this project on which requests were made to 
NTPC for clarification, are listed below.  

• The specified penetration level limit for Tuktoyaktuk is listed as 250 kW.  It is hoped that 
NTPC would be prepared to offer some flexibility on increasing this level slightly to 
enhance the economics of the project;  

• If a medium penetration project is economic and dump energy becomes available, it is 
not clear that the wind plant owner could transport electrical energy to be sold as thermal 
energy to clients on NTPC’s wires at no cost.  This should be pursued, depending on the 
configuration of the project; and 

• The RFP (Section 3.1) states “The point of connection for wind generation will be at 
NTPC’s existing power plant or substation.  Maps showing the location of NTPC’s diesel 
power plants and substations for any community can be provided upon request.”  If this 
requirement is retained, it will mean that either the wind plant must be near the 
generating point or substation, within the community, or the developer would need to 
install lines to connect the wind plant into the diesel plant.  It is anticipated that NTPC 
would be agreeable to allow the wind plant to be connected to the existing distribution 
infrastructure.  This needs to be confirmed.  

 
NTPC’s interconnection document “Distributed Resource Technical Interconnection Guideline” 
was also reviewed.  All the wind turbines considered appear to be able to conform to the power 
quality and reliability requirements of the utility.   
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The primary points of concern are related to connection and operating transients that might affect 
system frequency stability or voltage flicker.  The final configuration of the wind project would 
need to be confirmed but a medium penetration system is unlikely to affect the frequency 
stability of the system, given the existing surplus capacity of the diesel.  Also the reactive power 
flows can be attenuated by a number of ways to mitigate and flicker events that may occur. 
 
2.5 Human resources capacity and training needs 
 
Project champion or manager:  There are a significant number of administrative issues that need 
to be carried forward from securing financing, to liaising with manufactures, to assisting in 
project tendering and design, to project construction and commissioning, and to project 
operations.  To date this effort has been shared by the GNWT and TDC.  A project champion or 
a project manager (possibly a business partner) could facilitate this process for the initial “hub” 
project as well as coordinating the development of future “spoke” projects.  Funding for this 
position could be made available through the IRAP program for small and medium sized 
enterprises4. 
 
Maintenance Technicians:  It has been repeatedly emphasized that operations and maintenance 
are key to successful wind-diesel projects in the North.  Having qualified, accessible, and trained 
human resources that are readily available will minimize downtime thus increasing project 
profitability and prolong the life of the wind turbines and other equipment. 
 
Based on discussions with potential suppliers, training local operations and maintenance 
technicians would be a preferred option.  However, this would require a minimum number of 
turbines for such an investment to be worthwhile.  Operations and maintenance estimates are in 
the order of 40-80 person-hours per turbine per year5.  This means that it would require in the 
order of 20 wind turbines to be installed in the hub and spoke model to keep the equivalent of 
one technician employed full-time servicing them.  In practice, of course, technicians would 
normally work in pairs.  Manufacturers suggested people with mechanical and basic electrical 
experience could be trained.  A likely practical approach would involve training diesel (or other 
mechanical) technicians normally employed in non-wind projects for part time work on wind 
projects including routine annual wind turbine maintenance as well as emergency short-term 
diagnostics and minor repairs. 
 
Training would require approximately 2 weeks, one of which would be spent at the 
manufacturer’s office and one with the manufacturer’s technicians in the field servicing 
operating turbines.  It would also be wise to have the manufacturer trained people involved in the 
installation work.  This process is dependent on the size and scope of both the near-term and the 
longer-term project, and would require negotiation with the manufacturer at the time of project 
tender or tender award.  In the case of a hub project in Tuktoyaktuk the training should be 
negotiated as part of the equipment sale and servicing contract.  If not negotiated at the outset, 

                                                 
4 http://irap-pari.nrc-cnrc.gc.ca/main_e.html 
5 Note: As a point of reference Entegrity wind estimates that turbines sold in grid-connected applications in southern 
Canada or the USA require approximately 20 person-hours/turbine/year. 
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the training could result in additional cost to the project.  The earlier a supplier can be chosen the 
sooner details of the most effective training program can be designed. 
 
It is best to train two or more technicians, although it is only possible to offer part-time 
employment to them, in the short term at least.  However, they would ideally be involved in the 
construction phase of the project to increase their familiarity with the equipment and ensure they 
have an understanding of the location of key system components. 
 
Operating staff:  There will need to be a location where there is a computer monitoring the 
operations of the turbines in a project through a Supervisory Control and Data Acquisition 
(SCADA) system on a full time basis.  All faults must be annunciated immediately, and ideally 
printed out in hard copy.  The location will likely be an office where technically competent staff 
understands what the SCADA system is telling them.  Ideally the office would be staffed around 
the clock seven days a week (for other reasons) and this would be an additional task.  When 
spoke projects are installed they would be monitored from the same central location.  Such 
operating staff would ensure that the turbines are operating properly, would reset them from the 
computer if they trip off-line on a fault, or call for maintenance technicians if the fault is such 
that a site visit is required.  The operational people will also require training in the operation of 
the SCADA system software and in the basic operation and knowledge of the wind turbines.  
The manufacturer will need to be involved in this training, but this may not need to take place at 
the manufacturer’s office. 
 
2.6 Risks and opportunities for Tuktoyaktuk as a hub 
 
There are a number of positive attributes that Tuktoyaktuk has as a site for a potential hub wind 
project.  The community appears to be solidly in favour of a wind project, it is large enough to 
offer some economies of scale with respect to a wind project, it is home to people with technical 
skills based on its oil exploration background, it is central to a number of communities in the 
area, and it is reasonably accessible by ice road in winter, barge in summer, and by air year-
round. 
 
Tuktoyaktuk does have some challenges it will need to deal with as a hub wind project 
community.  Foremost among them is the fact that its wind resource is a very modest 5.05 m/s 
(meters per second) at 30m above ground level (5.21 m/s at 40 meters).  This will make the size 
of a wind project a compromise between achieving economies of scale and limiting the capital 
expenditures since the cost of wind generated power will be higher than diesel generated power 
at present fuel prices.  Also a somewhat limiting factor is the seasonal accessibility by road 
rather than on a year-round basis, however its proximity to Inuvik is a mitigating factor.  If it 
does become the hub for a number of spoke communities, there may be merit in maintaining 
some spare parts inventory in Inuvik rather than Tuktoyaktuk. 
 
2.6 Potential spokes 
 
The highest candidates for “spoke” communities include Sachs Harbour, Paulatuk, and 
Ulukhaktok.  These communities are smaller than Tuktoyaktuk, but their wind resources are 
superior to that of Tuktoyaktuk.  Beyond these obvious candidates, an organization based in 
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Tuktoyaktuk could also provide services to Aklavik, Old Crow (Yukon), and Nunavut 
communities. 
 
There are likely further opportunities too.  The Canadian Department of Defence maintains 
Distant Early Warning (DEW) line sites throughout the north, mining companies have 
exploration camps and mining operations, and so on.  While the nature of wind projects in these 
other applications will be different than at Tuktoyaktuk, the principles are similar, and the 
necessary human resource skills the same. 
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3. FINANCIAL 
 
3.1 Project capital and O&M costs 
 
Each of the three turbines selected (as described in Section 4.2.1, Turbine manufacturers) was 
evaluated at four different capacity scenarios.  The capital costs, for three of these scenarios, are 
summarized in Table 1.  The capital cost for a project composed of four Entegrity EW15 
turbines, 260 kW, was estimated at about $1.375 million or $5,288 per kW; the cost for three 
Distributed Energy NW100 turbines, 300 kW, at about $1.694 or $5,645 per kW; and the cost for 
four Wind Energy Solutions WES18 mk1 turbines, 320 kW, at about $2,221 million or $6,942 
per kW.  The complete analysis and the rationale for the capital costs are discussed in Appendix 
9. 
 
The annual O&M (Operation and Maintenance) costs are based on discussions with 
manufacturers who have generally estimated the O&M costs for locations that are highly 
accessible. O&M costs have been increased in consideration of increased travel time, and costs 
associated with maintaining turbines in relatively remote Tuktoyaktuk.  O&M costs are an 
important point for negotiation during the turbine procurement phase.  Annual tax costs were 
calculated using the government of Northwest Territories’ estimate that the wind plant will be 
taxed at the rate of $5.15 per $1,000 of assessment. 
 
It is assumed that the project will be financed with a combination of equity provided by the 
project owners, and debt offered by conventional lending institutions.  The ratio of debt to equity 
and the interest rates for both debt and equity can vary depending on many factors and each 
combination results in a different capital recovery factor.  A range of debt and equity ratios and 
interest rates are summarized in Table 2. For each combination of debt to equity ratio and 
interest rate, a blended interest rate is computed.  The capital recovery factor is then computed by 
calculating the annual cost of borrowing $1, using the blended interest rate over a term of 20 
years.  For the analysis in this study, it has been assumed that the project would be financed at 
70% debt and 30% equity and that debt is available at 6% and equity is available at 14%.  This 
results in a capital recovery factor of 0.105, as indicated in Table 2. 
 
The annual capital cost repayment is calculated by multiplying the capital cost, taken from Table 
1, by the capital recovery factor.  This provides for the repayment of capital over the project life 
of 20 years. 
 
The total of the annual costs are presented in Table 3 below.  As can be seen the overall annual 
costs tend to follow the capital costs of the projects as the recovery of the capital is the single 
largest component of these annual costs.  Complete details of cost calculations leading to the cost 
of energy on a $ per kWh basis for all project configurations can be found in Appendix 10. 
 
Once the capital cost of each project configuration and O&M costs have been developed these 
become inputs into the simulation of the project, along with the wind turbine power curves, wind 
data and electrical load data. 
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Turbine Supplier

Turbine designation
Tower Height (m)

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Rated Capacity (kW) 65 250 500 100 250 500 80 250 500

Number of Turbines 1 4 8 1 3 5 1 4 6
Installed Capacity (kW) 65 260 520 100 300 500 80 320 480
Cost category
Project Design & Mgmt
project design $10,000 $30,000 $30,000 $10,000 $30,000 $30,000 $10,000 $30,000 $30,000
environmental assessment $10,000 $15,000 $15,000 $10,000 $15,000 $15,000 $10,000 $15,000 $15,000
project management $10,000 $15,000 $15,000 $10,000 $15,000 $15,000 $10,000 $15,000 $15,000

Site Preparation
road upgrading / construction $20,000 $25,000 $35,000 $20,000 $25,000 $35,000 $20,000 $25,000 $35,000
powerline $30,000 $40,000 $50,000 $30,000 $40,000 $50,000 $30,000 $40,000 $50,000

Wind Equipment Purchase
wind turbines $156,200 $624,800 $1,249,600 $275,500 $826,500 $1,252,500 $349,830 $1,399,320 $2,098,980
shipping $25,000 $40,000 $80,000 $35,000 $50,000 $80,000 $25,000 $40,000 $80,000
transformers $7,000 $20,000 $40,000 $10,000 $20,000 $40,000 $8,000 $20,000 $40,000
wind plant master control $2,000 $10,000 $15,000 $2,000 $10,000 $15,000 $2,000 $10,000 $15,000

Installation
foundations $50,000 $180,000 $320,000 $60,000 $162,000 $240,000 $60,000 $192,000 $288,000
Ginpole $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
equipment rental $10,000 $15,000 $20,000 $50,000 $65,000 $75,000 $10,000 $15,000 $20,000
control buildings $20,000 $20,000 $20,000 $20,000 $20,000 $20,000
utility interconnection $20,000 $30,000 $40,000 $20,000 $30,000 $40,000 $20,000 $30,000 $40,000
Commissioning $15,000 $15,000 $25,000 $25,000 $30,000 $40,000 $15,000 $15,000 $25,000
labour - assembly & supervision $10,000 $25,000 $50,000 $15,000 $30,000 $45,000 $10,000 $25,000 $50,000
travel and accommodation $10,000 $25,000 $35,000 $20,000 $30,000 $40,000 $10,000 $25,000 $35,000

Diesel Plant Modifications
high speed comm. & controller $20,000 $20,000 $20,000 $20,000 $20,000 $20,000
SCADA $30,000 $30,000 $30,000 $30,000 $30,000 $30,000
dump load $20,000 $20,000 $20,000
plant modifications $20,000 $20,000 $20,000
wind diesel integration $10,000 $40,000 $10,000 $40,000 $10,000 $40,000

Other
dump heaters and controls BL $50,000 $50,000 $50,000
initial spare parts $5,000 $10,000 $10,000 $10,000 $20,000 $20,000 $10,000 $20,000 $20,000

SUBTOTAL CONSTRUCTION $400,200 $1,229,800 $2,219,600 $602,500 $1,498,500 $2,212,500 $609,830 $2,026,320 $3,046,980

Contingency $50,000 $100,000 $200,000 $75,000 $150,000 $200,000 $75,000 $150,000 $200,000

TOTAL CONSTRUCTION $450,200 $1,329,800 $2,419,600 $677,500 $1,648,500 $2,412,500 $684,830 $2,176,320 $3,246,980

Owners Costs
manage project organization $10,000 $20,000 $35,000 $10,000 $20,000 $35,000 $10,000 $20,000 $35,000
negotiate agreements $15,000 $25,000 $40,000 $15,000 $25,000 $40,000 $15,000 $25,000 $40,000

TOTAL OWNERS' COSTS $25,000 $45,000 $75,000 $25,000 $45,000 $75,000 $25,000 $45,000 $75,000

TOTAL PROJECT COST $475,200 $1,374,800 $2,494,600 $702,500 $1,693,500 $2,487,500 $709,830 $2,221,320 $3,321,980

Installed cost per kW $7,311 $5,288 $4,797 $7,025 $5,645 $4,975 $8,873 $6,942 $6,921

37 meters 37 meters 40 meters

Entegrity Wind Systems Distributed Energy Systems Wind Energy Solutions
EW15 NW100 WES18 mk1

 
 

Table 1:  Capital cost estimates for three turbine types and three capacity scenarios 
 
The analyses have been carried out with as much new information as could be obtained within 
the time and budget constraints of this project.  These analyses have enabled the most attractive 
configurations to be identified and have identified wind turbine technologies that are likely to 
offer the most economic alternatives.  It has enabled some conclusions that have reasonably good 
confidence, including wind energy generation estimates, diesel fuel displacement estimates, and 
the selection of the most economic project size. 
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Debt 5.00% 6.00% 7.00% 8.00% 
 Debt/Equity = 70%/30% 

Equity Blended Interest Rate 
10% 6.50% 7.20% 7.90% 8.60% 
12% 7.10% 7.80% 8.50% 9.20% 
14% 7.70% 8.40% 9.10% 9.80% 
16% 8.30% 9.00% 9.70% 10.40% 

 Capital Recovery Factor 
10% 0.091 0.096 0.101 0.106 
12% 0.095 0.100 0.106 0.111 
14% 0.100 0.105 0.110 0.116 
16% 0.104 0.110 0.115 0.121 

 Debt/Equity = 60%/40% 
 Blended Interest Rate 

10% 7.0% 7.6% 8.2% 8.8% 
12% 7.8% 8.4% 9.0% 9.6% 
14% 8.6% 9.2% 9.8% 10.4% 
16% 9.4% 10.0% 10.6% 11.2% 

Project life is assumed to be 20 years in all cases 
 Capital Recovery Factor 

10% 0.094 0.099 0.103 0.108 
12% 0.100 0.105 0.110 0.114 
14% 0.106 0.111 0.116 0.121 
16% 0.113 0.117 0.122 0.127 

 
Table 2: Capital Recovery Factors 

 
 

Turbine Supplier

Turbine designation
Tower Height (m)

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Rated Capacity (kW) 65 250 500 100 250 500 80 250 500
Number of Turbines 1 4 8 1 3 5 1 4 6
Installed Capacity (kW) 65 260 520 100 300 500 80 320 480

TOTAL PROJECT COST $475,200 $1,374,800 $2,494,600 $702,500 $1,693,500 $2,487,500 $709,830 $2,221,320 $3,321,980
Project Life 20 20 20 20 20 20 20 20 20
Financing Costs (Capital Recovery Factor) 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105

Annual Capital Cost $49,850 $144,220 $261,690 $73,694 $177,653 $260,945 $74,463 $233,022 $348,484
Annual O&M Costs $10,000 $25,000 $45,000 $10,000 $20,000 $30,000 $10,000 $25,000 $35,000
Taxes & leases $2,447 $7,080 $12,847 $3,618 $8,722 $12,811 $3,355 $10,239 $15,307

Total Annual costs $62,297 $176,300 $319,537 $87,312 $206,374 $303,756 $88,119 $269,462 $400,593

Wind Energy Solutions

WES18 mk1
40 meters

Entegrity Wind Systems

EW15
37 meters

Northern Power Systems

NW100
37 meters

 
 

Table 3:  Annual costs for three project scenarios and the three turbines types 
 
However, the information is still somewhat limited on several parameters and these areas of 
uncertainty need to be further considered.  In particular estimates of installed costs have been 
made estimated with a number of assumptions that merit further refinement.  These include the 
following. 
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the order of $20/tonne, although it should be noted that there will be transaction as well as 
verification costs that could cost $5/tonne or more. 
 
A federal or territorial carbon tax would increase the cost of diesel fuel, thereby increasing the 
value of displaced fuel.  This system would be much simpler for a wind-diesel project to take 
advantage of, but would require flexibility in the original PPA to allow for such increments in 
avoided cost of diesel to be collected by the wind power project. 
 
In the near term, the most likely source of additional revenues from carbon credits would be 
through the voluntary offset market. 
 
3.2.3 Other revenues 
 
As discussed in Section 2.1, CanWEA has lobbied the federal government for an appropriate 
support program for wind projects in the north which they called ReCWIP.  If implemented as 
the proposed ReCWIP program or as an ecoENERGY program, it would provide a capital 
subsidy of $900 per kW installed and a 10 year production incentive of $0.10 per kWh.  Such a 
program could supply $270,000 in up front capital subsidies and up to about $39,000 per year in 
incentive payments for the first 10 years of operation.  These are very significant to a potential 
project. 
 
Table 4 indicates that the most economic project appears to be one composed of 3 NW100 wind 
turbines.  This table also indicates that about 35,000 kWh of power will be surplus in the winter.  
If this power could be sold for space heat it would worth about $0.10 per kWh and provide 
revenue of about $3,500 per year.  The total amount of annual surplus wind energy is about 
76,000 kWh, and if it all could be sold for $0.10 per kWh it could provide revenues of $7,600 
per year.  However, there is also likely to be some cost associated with these sales so net 
revenues would remain to be determined. 
 
Other possible revenue sources could come from R&D and training contracting opportunities 
with colleges, manufacturers, utilities, and national organizations.  The authors suggest that these 
possible sources should not be counted on to begin with, but if a project proceeds these 
opportunities should be pursued as supplemental revenue sources. 
 
3.3 Project return vs. risks 
 
The project economics are summarized in Table 4, in which the cost of energy estimates, for 
each of the turbine configurations, is presented.  
 
In this table, the annual wind generation absorbed into the system and the annual costs, incurred 
with each configuration, are summarized.  The simple cost of energy is then computed adding 
the annual financing costs, calculated by multiplying the capital cost by an assumed capital 
recovery factor (or fixed charge rate), to the annual operating costs arising from taxation and 
operating and maintenance costs.  Note that there is a deduction of 10% from the theoretical 
energy absorbed to allow for periods of turbine non-availability and power losses. 
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The ‘Simple Cost of Energy’ for each configuration is shown in the bottom line of Table 4.  For 
all three turbines, it is shown that there is a significant improvement (reduction) in the cost of 
energy by installing more than one turbine and currently no substantial economic benefit to be 
gained by installing higher penetration levels than those indicated in the ‘medium penetration 
minimum load’ configuration (other than perhaps a fifth EW15 turbine).  This indicates that the 
most economic installation, assuming no thermal energy can be sold and that no revenue can be 
obtained from diesel life extension, is to install multiple wind turbines with capacity roughly 
equivalent to minimum system load. 
 
It appears based on the results shown in Table 4 that the most economic configuration is to 
install about four EW 15s (it may be that 5 would be equally good), three NW 100-21s, or four 
WES18 mk1 turbines. In relative terms, the Distributed Energy Systems’, NW100-21 appears to 
offer the most economic alternative for Tuktoyaktuk.  These represent a reasonable number of 
turbines for some economies of scale and from a practical operations and maintenance 
perspective.  The simple cost of energy, for this scale of project is $0.49 per kWh, significantly 
higher than the assumed avoided cost of diesel at approximately $0.30 per kWh.  This would 
support the conclusion that wind penetration beyond the 250 kW limit indicated by NTPC, other 
than to achieve a practical size of project, is not attractive under the assumptions used in this 
report. 
 
 

Turbine Supplier

Turbine designation
Tower Height (m)

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Rated Capacity (kW) 65 250 500 100 250 500 80 250 500
Number of Turbines 1 4 8 1 3 5 1 4 6
Installed Capacity (kW) 65 260 520 100 300 500 80 320 480

TOTAL PROJECT COST $475,200 $1,374,800 $2,494,600 $702,500 $1,693,500 $2,487,500 $709,830 $2,221,320 $3,321,980

Wind Generation (MWh) 100 399 799 181 542 903 132 526 790
Wind Absorbed (MWh)     (100% Availability) 95 355 638 171 465 718 126 452 645
Wind Absorbed (MWh) (90% Availability) 86 319 574 154 419 646 113 407 580
Wind Dumped (MWh) 5 45 161 9 76 185 6 74 145
Wind Dumped Winter (MWh) 0 19 90 1 35 101 1 37 80
Fuel Consumption ('000 litres) 1258 1194 1121 1240 1167 1101 1252 1199 1128
Total Fuel Saved (litres) 23795 87538 160824 42419 114708 180991 31211 111597 162251
Fuel Saved / turbine (litres) 23795 21885 20103 42419 38236 36198 31211 27899 27042

Project Life (yeaars) 20 20 20 20 20 20 20 20 20
Total Project Cost $475,200 $1,374,800 $2,494,600 $702,500 $1,693,500 $2,487,500 $709,830 $2,221,320 $3,321,980
Annual Capital Cost $49,850 $144,220 $261,690 $73,694 $177,653 $260,945 $74,463 $233,022 $348,484
Annual O&M Costs $10,000 $25,000 $45,000 $10,000 $20,000 $30,000 $10,000 $25,000 $35,000
Taxes & leases $2,447 $7,080 $12,847 $3,618 $8,722 $12,811 $3,656 $11,440 $17,108
Total Annual costs $62,297 $176,300 $319,537 $87,312 $206,374 $303,756 $88,119 $269,462 $400,593
Wind Absorbed (MWh) 86 319 574 154 419 646 113 407 580
Financing Costs (Capital Recovery Factor) 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105

Simple Cost of Energy ($ per kWh) $0.726 $0.552 $0.557 $0.567 $0.493 $0.470 $0.780 $0.662 $0.690

Wind Energy Solutions

WES18 mk1
40 meters

Entegrity Wind Systems

EW15
37 meters

Northern Power Systems

NW100
37 meters

 
Table 4:  Summary of project economics 

 
This analysis is most useful for comparative purposes and it does provide a fair analysis of the 
various alternatives available, and it allows the most economic configurations to be identified. 
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Table 4 takes the annual energy absorbed, from the simulation summary (Table 7 page 43), and 
discounts it by 10% to reflect a projected turbine availability of 90%.  This provides an 
indication of the energy that is displaced by each configuration of wind.  There is no revenue 
credited to the surplus energy that is available at increasing penetration levels or to the potential 
cost savings from diesel life extension since it is felt this is not a practical revenue source at this 
time. 
 
3.4 Funding to support feasibility and capital costs 
 
The most economic project configurations with each of the three turbines, as identified in Table 
4, are further evaluated in Table 5.  The objective is to estimate how significant an initial 
investment from a third party would be required to enable the projects to be viable economically.  
It is assumed that an initial, non-repayable, capital investment would be found to defray a portion 
of the initial capital costs.  This would reduce the financing costs of the project over the 
operating life and allow the project to function on an economically sustainable basis. 
 
The analysis indicates that a non-repayable capital investment of about $770,000 would be 
required to make the project self sustaining for either the EW15 or the NW100 turbines. 
 

Turbine Supplier
Entegrity Wind 

Systems
Northern Power 

Systems
Wind Energy 

Solutions
Turbine designation EWS15/50 NW100 WES18 mk1
Tower Height (m) 37 meters 37 meters 40 meters

Zero Wind
Med. Pen. Min. 

Load
Med. Pen. Min. 

Load
Med. Pen. Min. 

Load
Rated Capacity (kW) 250 250 250
Number of Turbines 4 3 4
Installed Capacity (kW) 260 300 320

TOTAL PROJECT COST $1,374,800 $1,693,500 $2,221,320

Wind Generation (MWh) 399 542 526
Wind Absorbed (MWh)     (100% Availability) 355 465 452
Wind Absorbed (MWh) (90% Availability) 319 419 407
Wind Dumped (MWh) 45 76 74
Wind Dumped Winter (MWh) 19 35 37
Fuel Consumption ('000 litres) 1282 1,194 1,167 1,199
Total Fuel Saved (litres) 87,538 114,708 111,597
Fuel Saved / turbine 21,885 38,236 27,899

Project Life 20 20 20
Total Project Cost $1,374,800 $1,693,500 $2,221,320
Annual Capital Cost $144,220 $177,653 $233,022
Annual O&M Costs $25,000 $20,000 $25,000
Taxes & leases $7,080 $8,722 $11,440
Total Annual costs $176,300 $206,374 $269,462
Wind Absorbed (MWh) 319 419 407

Simple Cost of Energy $0.552 $0.493 $0.662

Target Cost of Energy ($/kWh) $0.30 $0.30 $0.30
Annual Revenue with 'Target COE' $95,788 $125,645 $122,081
Annual operating costs $32,080 $28,722 $36,440
Debt Service revenue $63,708 $96,923 $85,641
Capital cost serviced by Debt Service Revenue $606,745 $923,079 $815,630

Capital subsidy required to achieve 'Target COE' $768,055 $770,421 $1,405,690  
 

Table 5:  Capital subsidies required for economic viability for wind projects 
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TIP focuses primarily on investments designed to build knowledge in key economic sectors, 
enhance economic infrastructure, develop capacity, and promote diversification.  Investments 
made under TIP are guided by multi-year investment plans in each territory. 
 
In the NWT, five strategic investment areas have been identified to address economic 
development priorities:  

1. Geoscience Data Collection - increase geological resources knowledge base; 

2. Growing the NWT Tourism Industry –diversify an underdeveloped industry; 

3. Access to Capital for Small Business – increase participation in the economy; 

4. Transportation and Energy Infrastructure – support economic infrastructure and industrial 
initiatives; and 

5. Enhancing Local Capacity to Seize Economic Opportunities – increase northern business 
capacity and support economic diversification activities. 

 
Approximately $22.8 million is available in the NWT over three years to March 31, 2009. These 
funds will be allocated based on projects aligned with the Investment Plan.  All projects must 
be completed by March 31, 2009. 
 
Investment projects will occur either through targeted invitations or open calls for Expressions of 
Interest.  These calls for projects under the Targeted Investment Plan (TIP) will be accepted in 
the areas of Tourism Infrastructure and Product Development; Enhancing Local Capacity to 
Seize Economic Opportunities; and Transportation and Energy Infrastructure Planning. 
 
It is most likely that the proposed project in Tuktoyaktuk could be successful under the “Access 
to Capital for Small Business” or the “Enhancing Local Capacity to Seize Economic 
Opportunities” categories. 
 
The program contact for TIP is: 
Greg Landsberg 
INAC, Northwest Territories Region 
4920 – 52nd Street 
P.O. Box 2760 
Yellowknife NT X1A 2R1 
Toll Free: 1 866 669 2620 or 867 669 2627 
Fax: 867 669 2711 
Email: landsbergg@inac.gc.ca 
http://nwt-tno.inac-ainc.gc.ca/si-f_e.htm  
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4. TECHNICAL 
 
4.1 Possible project sites 
 
4.1.1 Project sites 
 
Figure 4 on the following page shows a Google Earth image of the Tuktoyaktuk area, overlaid 
with the legally surveyed areas (which were extracted from the MACA GIS website) in colour.  
The purple surveyed areas are commissioner's land and the brown ones private land. 
 
Figure 4 is overlain with a wind rose to show the wind energy by direction; average wind speeds 
are given at the end of each axis.  One possible project site is identified as Area 1 in Figure 4.  It 
has an area of about 6.5 hectares, but may not necessarily need to be this large.  The diamond 
markers show possible locations for a series of wind turbines.  In Area 1 the ground elevation is 
at least 4 m above sea level (ASL).  The blue line is an existing three phase power line, and the 
red line is a possible new road location.  Building roads is expensive since gravel is scarce in 
Tuktoyaktuk and may need to be trucked in some distance in winter.  Area 1 is more attractive 
than the first site considered, marked as Area 2, because there are fewer horizontal space 
constraints caused by roads and shorelines.  Also, Area 1 is within 200 m of power line while 
Area 1 extends to over 600 m away from existing power lines, which are also very expensive to 
build in Tuktoyaktuk. 
 
4.1.2 Geotechnical information 
 
According to NRCan6 the Tuktoyaktuk area is a moraine deposit with till and associated gravel 
and sand deposited directly or with minor reworking by glacier ice, and generally modified by 
cryoturbation.  In Tuktoyaktuk the moraine is a veneer that is generally less than 1 m thick and 
severely modified by thermokarst (land surface that forms as ice-rich permafrost melts). 
 
There are a number of studies that find the soil make up in this region to be of granular nature 
with sand and silt.  We are not aware of specific studies covering the areas that are being 
proposed as possible wind project sites although there appears to be gravel extraction nearby.  
Experience from site visits, and the installation of small anchors for a wind monitoring tower in 
Area 2, reveals that the soil is a mixture of silt and clay, with a consistency of soft mud.  In late 
September (2007) the frozen layer was found to be about 1 m below the surface.  Starting in 
1990, the Geological Survey of Canada (GSC) established and monitored a set of instrumented 
sites, designed to monitor the active layer in the Mackenzie Valley and Delta to describe 
variability over time as well as space (see Figure 5).  In the Tuktoyaktuk area the average active 
layer depth ranged from 60 to 110 cm below the surface, which is consistent with what was 
found when driving anchors for a wind monitoring tower. 
 

                                                 
6 NRCan Earth Science Sector: http://apps1.gdr.nrcan.gc.ca/mirage/show_image_e.php 
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Tuktoyaktuk Harbour, which has an average geodetic elevation of 14 m ASL.  The general 
stratigraphy encountered during the pile drilling consisted of a granular fill overlying a layer of 
native granular overburden on top of a thick layer of ice extending from a depth of 
approximately 3.5 m to in excess of 15 m, where the drilling was terminated.  There were no 
visible soil particles within the ice samples. 
 
From the information reviewed there does not appear to be bedrock near the surface.  It is also 
likely that massive ice will be encountered a few metres from the surface everywhere in the 
Tuktoyaktuk area. 
 

 

 
 
Figure 5:  Thaw layer in permafrost for four locations including Tuktoyaktuk.  The chart 
shows year to year variation of maximum thaw penetration (active layer) at selected sites, 
measured from an initial ground surface at time of maximum thaw.  Source: 
http://gsc.nrcan.gc.ca/ permafrost/mapping_e.php  
 
4.2 Evaluation of wind turbine options 
 
4.2.1 Turbine manufacturers 
 
A number of wind turbine manufacturers were identified as having products in the 50 to 100 kW 
capacity range potentially suitable for the north.  These included Atlantic Orient Canada, Bergey 
Windpower, Distributed Energy Systems (formerly Northern Power Systems), Enercon, 
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Entegrity Wind Systems, Energie PGE, and Wind Energy Solutions.  In addition there are those 
who feel that refurbished used wind turbines from the era when all commercial wind turbines 
were relatively small, should be a serious consideration.  The authors of this report considered it 
important that, as far as possible, turbines that could operate in temperatures down to -40°C and 
with some proven track record, particularly in the north, should be their primary focus. 
 
Examination of product information available on web sites and discussions with various 
manufacturers helped to narrow the field.  For the purposes of this report the authors selected 
three for further consideration for a project in Tuktoyaktuk including the Entegrity Wind 
Systems EW15, Distributed Energy Systems’ (formerly Northern Power Systems) 
NorthWind100 with a 21 meter rotor (which we refer to as NW100 or NW100-21), and the Wind 
Energy Solutions WES18 mk1 (often referred to as WES18).  This is not to exclude any project 
proponent from considering any other turbine, just that the authors saw these three as probably 
being the front runners and meriting serious consideration.  Readers and project proponents are 
encouraged to consider all available options. 
 
The EW 15 has a 15 meter rotor, with three blades that operate, in free yaw mode, downwind of 
the tower.  The turbine is nominally rated at 50 kW but has a peak output of 65 kW.  It is offered 
on a 37 meter, free standing lattice tower.  The tower can be supplied hinged for a winch-up 
installation without a crane.  Entegrity has a number of turbines installed in Alaska, most notably 
at Kotzebue. 
 
Distributed Energy Systems’ NW100 is available with a 21 meter rotor (in addition to 19 and 20 
meter rotors) with three blades that operate upwind of the tower.  The turbine, rated at 100 kW, 
uses a direct drive generator.  It is offered on a 37 meter tubular tower which, at present is not 
available with a winch-up or self erecting option.  This unit therefore requires a 75 tonne or 
larger crane for installation.  There are a number of NW100 units operating throughout Alaska.  
 
The Wind Energy Solutions WES18 mk1 has an 18 meter rotor and two blades which operate 
upwind of the tower.  The turbine is rated at 80 kW and uses a direct drive generator.  It is 
offered on a 40 meter tower which is available with a self erecting option.  There were a few 
WES18 units installed in northern Canada, under the original manufacturer, Lagerwey and their 
Canadian distribution partner or licensee, Dutch Industries, but they are all out of service now for 
various reasons. 
 
Additional details on each of these three turbines are provided in the resource CD accompanying 
this report. 
 
4.2.2 Turbine modifications and options 
 
The three wind turbine models selected for analyses in this report are available with options that 
may be key to a successful project in Tuktoyaktuk.  All are available with a low temperature 
option package to permit them to operate to -40°C. 
 
Another important consideration was tower height.  As the cost of power lines and roads makes 
it uneconomic for wind power projects to be located at optimum wind resource sites any distance 
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from communities, the better wind resources have to be accessed by raising the turbine as high as 
possible.  Both the EW15 and the NW100 have optional 37 meter towers which were selected for 
consideration.  It is possible that the EW15 could be supplied with towers of about 43 meters 
(140 feet) or 49 meters (160 feet).  The WES18 is available with a 40 meter tower. 
 
Tower installation was also a consideration.  The NW100 has, to date, only been supplied with a 
crane installed tower.  While this may be possible in Tuktoyaktuk, it would be a problem in other 
small Beaufort Sea and Mackenzie Delta communities.  However, Distributed Energy Systems 
have a conceptual self erecting tower design and would be willing to work with project 
proponents on the completion of this design.  The WES18 40 meter tower is available with a self 
erecting option, and the EW15 is available with a hinged tower design that can be winched up 
with a gin pole.  It is likely then that all three turbines could be installed in remote locations 
without the use of a crane. 
 
As icing is a concern for some remote community locations, anti-icing measures were 
considered.  None of the manufacturers have optional heating systems for their turbine blades to 
mitigate serious icing conditions; however, they all expressed a willingness to cooperate with 
proponents to help develop such systems.  For less serious icing or frosting mitigation there are 
some options available for all turbines.  First is the application of a black, low ice adhesion 
coating to the turbine blades (much like paint).  This has been done on commercial wind turbines 
in Yukon, and on community scale wind turbines, including the NW100 and EW15, in Alaska.  
For up-wind turbines (WES18 and NW100) the wind instruments that help keep those up wind 
are available in heated versions (for example the NRG Ice Free 3™). 
 
All manufacturers have warranty and service contracts available as options and these need to be 
examined and specified at the time of project tendering.  Similarly the training of operating and 
maintenance staff is either a requirement of the manufacturer or available from them.  Given that 
the staff operating and maintaining a potential project in Tuktoyaktuk are likely to be 
inexperienced with wind turbines, the authors see this as a very important option which must be 
arranged and specified at project tender. 
 
Although it was not a consideration in this report, it is worth noting that Distributed Energy 
Systems has long been involved in wind-diesel integration systems, and thus have the potential 
to supply more than just the wind turbines for a project.  Similarly Wind Energy Solutions 
indicate that they have wind-diesel integration equipment.  To the author’s knowledge they do 
not have any operating wind-diesel systems in North America.  Entegrity Wind Systems only 
make wind turbines. 
 
4.2.3 Conceptual foundation designs 
 
The design and installation of foundations in the permafrost of the north can be challenging and 
expensive.  Where competent bedrock is at or near the surface foundations may be a bit more 
straightforward, but where there is no bedrock, and especially in ice rich silts foundations are 
challenging.  In these situations adfreeze piles appear to be a practical solution. 
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The authors suggest that the objective of the wind turbine foundation design for a project in 
Tuktoyaktuk should be a design for a “worst case” situation so that it could also be used in all 
other remote communities with similar (or better) ground conditions.  Whether such a design 
could reasonably be applied to bedrock conditions by substituting rock bolts for piles would 
remain to be determined.  However, the more the designs can be standardized for the lowest 
common denominator the less re-engineering (and cost) will need to be repeated for each future 
community (spoke) project. 
 
Dowland Contracting Ltd. of Inuvik (www.dowland.ca) is a company that is experienced in pile 
installation and construction in northern conditions (see the information on foundations provided 
on the resource CD accompanying this report), provided very helpful input to the authors.  From 
the foundation design parameters provided by wind turbine manufacturers, it was thought that 
the EW15 (three legged lattice tower) would demand the highest requirement from a foundation.  
On that basis Dowland arranged for Philip Nolan of Structure All Consulting Engineers Ltd. of 
Yellowknife to prepare a conceptual foundation pile design.  With this information Dowland 
Contracting was able to provide a budget estimate for the installation of pile foundations for 
wind turbines in Tuktoyaktuk in winter.  Winter installation is easier and cheaper thanks to the 
winter road from Inuvik and solid ground working surface. 
 
Experience in Alaska is that it that foundations are generally expensive.  Kotzebue uses adfreeze 
piles for their Entegrity wind turbines (on 80 foot – 25 meter – towers).  Other small coastal 
communities have had far more challenging conditions due to warm unstable permafrost in silt.  
The active layer of the permafrost can be up to 14 feet deep in some locations, and in at least one 
case thermo-siphons were installed to ensure that the permafrost remained frozen. 
 
In the ice-rich silt permafrost of the Tuktoyaktuk region of the Mackenzie River delta it appears 
that piles will be required for the foundations of wind turbines.  According to Petrie (2007) piles 
need to be drilled in from 1/3 to 2/3 of the wind turbine tower height.  For a 40-m tower this 
would mean 13 to 27 m deep into the ground.  Petrie describes the use of helix screw piles in 
Akula Heights where there was also no bedrock.  They drove and screwed the helix piles into 
predrilled holes, and added thermo-siphons to ensure that the relatively warm (unstable) 
permafrost remained frozen.  The resource CD includes copies of papers of interest by Brad 
Reeve of Kotzebue Electric Association and Brent Petrie of Alaska Village Electric Cooperative. 
 
4.2.4 Equipment for O&M 
 
Tuktoyaktuk is relatively isolated and anyone traveling there from “the south” may incur 
significant traveling expenses.  Similarly transporting equipment to and from the community can 
take time and be costly.  For these reasons the authors believe that it is important that local 
people be trained in the operation and maintenance of the equipment installed in a wind project.  
To avoid delays in dealing with operational and maintenance issues, and to minimize down time, 
it is advisable to provide the local staff with the necessary tools and instruments to service and 
diagnose problems in the installed projects.  The range of tools, instruments, and equipment 
(general and turbine specific) will be more extensive than found in more populated areas where 
these are available nearby.  In discussions with manufacturers leading up to a tender for wind 
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turbines, a list of required maintenance tools and equipment (general and specific) should be 
obtained. 
 
Similarly it is likely desirable to maintain a wider and higher inventory of spare parts than in 
other parts of the country.  
 
4.3 Wind-diesel integration 
 
NTPC’s interconnection requirements and power quality and reliability requirements as it relates 
to a potential wind development project is covered in Section 2.4 of this report. 
 
4.3.1 Wind-diesel equipment requirements 
 
The equipment required to integrate wind energy into a diesel system varies by wind penetration 
level.  The equipment requirements are outlined in Appendix 12.  In low or medium low 
penetration configurations the equipment required for wind-diesel integration is a 
communications system, a dump load, and a dump load controller.  This is modest and should 
not require significant capital investment. 
 
4.3.2 Modeling of a project in Tuktoyaktuk 
 
For a conventional utility connected wind project, where the output from a wind plant flows into 
an essentially infinite grid, the amount of wind capacity is usually not limited by utility 
constraints.  However, in wind-diesel applications, such as in Tuktoyaktuk, where electricity is 
generated by relatively small diesels, the amount of wind capacity is restricted by both technical 
and economic constraints.  Technical limits are reached when the amount of wind capacity is so 
high that it affects system frequency and voltage stability.  However, at the current state of 
technology and at present costs, economic limits are more prominent since increased wind 
capacity, above a certain point, displaces less fuel on an incremental basis and economics 
deteriorate with larger wind capacity.  Appendix 12 describes the basic configurations related to 
wind-diesel systems. 
 
To evaluate the economic viability and technical impact of installing wind power into 
Tuktoyaktuk the operation of the system was simulated.  Parameters of interest were evaluated 
over a one year period (the data used is found in the resource CD). 
 
To determine the most economic wind plant layout a number of configurations were assessed 
using a computer simulation model.  Homer, a computer model developed by NREL, the US 
National Renewable Energy Laboratory, assesses the technical and financial implication of 
different configurations of renewable energy technology in different applications. 
 
To use Homer, detailed information must be compiled related to: 

• Diesel plant information; 

• Load data (hourly data for one year); 

• Wind data (hourly data for one year); and 
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• Wind turbine data (performance, cost parameters; numbers of units to be evaluated). 
 
Using the input data, the model analyzes the operation of the system, without wind and with each 
of the wind plant configurations.  The output of the model can then be used to evaluate the 
results of each simulation.  By adding different amounts of wind power, each with its own cost 
and performance parameters, the relative cost for each configuration can be computed. 
 
Wind data was obtained, in one hour increments, from wind resource assessments carried out by 
Aurora Research Institute.  As the modeling program Homer does not take into account air 
densities, the authors adjusted the wind speed the appropriate amount to simulate the increased 
energy production (based on a stall regulated wind turbine).  The adjusted wind speeds were then 
used in the modeling program. 
 
The power curves for the three candidate wind turbines, which were used in the analyses, are 
summarized in Table 6.  The power curves for the WES18 and for the EW15 were taken from 
the Homer database since the power curves coincided with power curves from several other 
sources.  The power curve for the NW100-21 was provided by the manufacturer but it was 
modified slightly, at low wind speeds, for this analysis.  The submitted power curve is not based 
on field tests and the rotor efficiency, based on calculations using data provided by the 
manufacturer, is improbably high at low wind speeds. As a result the power curve has been 
modified at low wind speeds to reflect more typical rotor efficiencies. 
 
Each wind turbine was evaluated in four different scenarios: 
 

• Single turbine  
A single wind turbine is installed 
 
• Medium Penetration - Minimum  
Wind capacity was limited to, nominally, minimum system load.  This is the criteria for 
NTPC's current RFP in which they recommend 250 kW as the upper limit of permissible 
wind capacity for Tuktoyaktuk.  The configurations evaluated had installed capacity varying 
from 260 kW to 320 kW. 
 
• Medium Penetration - Average 
Wind capacity was sized to equal average system load.  The configurations evaluated had 
installed capacity varying from 480 kW to 520 kW.  This level of wind capacity is high 
enough that substantial amounts of wind energy cannot be absorbed into the electrical 
system.  

 
• High Penetration - Peak  

Wind capacity was sized to equal peak system load.  The configurations evaluated had installed 
capacity varying from 780 kW to 800 kW.  This level of wind capacity is high enough that 
significant amounts of wind energy cannot be absorbed into the electrical system. There is also 
enough wind generation to enable the diesel to be taken off line for periods of time. 
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 EW15 NW100-21 NW100-21 WES18 mk1 

(m/s) (Homer) (Manufacturer) (Modified) (Homer) 
0 0 0 0 0 
1 0 0 0 0 
2 0 0 0 0 
3 0 2.2 0 0 
4 0 5.2 1.50 2.9 
5 1.8 10.1 7.00 6 
6 7.8 17.3 17.30 11 
7 15.9 27.3 27.30 17.7 
8 24 42.1 46.10 27.3 
9 32.4 58.1 58.1 39.2 

10 41.3 70.4 70.4 51.4 
11 48.1 80.7 80.7 63.8 
12 53.8 88.7 88.7 74.2 
13 58.9 94.2 94.2 79.9 
14 62.1 97.6 97.6 82.2 
15 64.1 99.6 99.6 82.9 
16 64.5 101.3 101.3 83.3 
17 65.1 102.3 102.3 83.3 
18 64.4 102.6 102.6 83 
19 63.9 102.5 102.5 83 
20 63.6 102 102   
21 62.7 101.3 101.3   
22 61.8 100.3 100.3   
23 60.9 99.3 99.3   
24 60 98.3 98.3   
25 59.1 97.5 97.5  

 
Table 6:  Power curves for candidate wind turbines 

 
The system electrical load was synthesized using average and peak load data provided by NTPC.  
These values were scaled to provide hourly data using existing community load data from 
another Arctic community.  The synthesized load data, shown in Figure 6, may vary slightly 
from the actual values that occur with the Tuktoyaktuk system but the seasonal and daily 
variations should be representative of the actual load.  The average and peak loads from the 
synthesized data are within 5% of the reported values in Tuktoyaktuk. 
 
Diesel fuel consumption was computed by identifying a proxy diesel plant that was felt to 
reasonably represent the fuel consumption characteristics of the existing diesel plant in 
Tuktoyaktuk. 
 
According to information provided, the Tuktoyaktuk diesel plant had three diesels: 725 kW, 960 
kW and 1400 kW, this latter unit has now been replaced with one we believe to be another 960 
kW unit.  Figure 7 plots the fuel consumption for 750 kW and 910 kW gensets (no fuel 
consumption curves were available for the 960 kW unit).  The load distribution for Tuktoyaktuk 
is such that a single 910 kW diesel can meet all of the load variations without operating, for 
extended periods, at extremely low loads.  For the purpose of this analysis, it was assumed that 
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the diesel plant was powered at all times by a 910 kW 1800 rpm diesel.  This is somewhat 
simplistic but it is not felt to affect the accuracy of the results. 
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Figure 6:  Annual synthesized Tuktoyaktuk load (January to December) 
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Figure 7:  Diesel fuel consumption rates as a function of electrical load 
 
The results of the Homer simulation for three scenarios with the three candidate turbines are 
summarized in Table 7.  Appendix 13 provides the results for all four scenarios (with each of the 
three turbines) simulated.  The salient points are as outlined below. 
 

• Wind Generation increases proportionally to the number of turbines installed; 
 
• Capacity Factor varies slightly from turbine to turbine, dependant upon the power curve.  

The NW100 has a slightly higher capacity factor, followed by the WES and EWS 
turbines.  The variation in capacity factor is related almost solely to the power loading 
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(expressed as rated capacity of the turbine divided by the swept area of the rotor) of the 
turbine design.  Turbines optimized for low wind speed operation have relatively larger 
rotors; 

 
Manufacturer

Turbine designation
Rated power
Tower Height
Rotor diameter

No Wind
Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Single 
turbine

Med. Pen. 
Min. Load

Med. Pen. 
Avg. Load

Rated Capacity (kW) 65 250 500 100 250 500 80 250 500
Number of Turbines 1 4 8 1 3 5 1 4 6
Installed Capacity (kW) 65 260 520 100 300 500 80 320 480
Weights (kg)
Rotor (kg) 614 900
Nacelle (kg) 2420 5200 2100
Tower (kg) 7045 est 5591 9400
Total Shipping weight (tonnes) 11 44 87 13 39 66 14
Min. Operating Range C -40C  -40C -40C
Design Foundation Load - Fh kN 71 156.1 149
Design Foundation Load - Fv kN 753 / -691 (single leg load) -221.9 448.4
Design Foundation Load - M kNm 2843 2880 1136

Total Load (MWh) 4429 4429 4429 4429 4429 4429 4429 4429 4429 4429
Wind Generation (MWh) 100 399 799 181 542 903 132 526 790
Capacity Factor % 17.5% 17.5% 17.5% 20.6% 20.6% 20.6% 18.8% 18.8% 18.8%
Wind Absorbed (MWh) (100% Availability) 95 355 638 171 465 718 126 452 645
Wind Dumped (MWh) 5 45 161 9 76 185 6 74 145
Wind Dumped Winter (MWh) 0 19 90 1 35 101 1 37 80
Hours with Diesels 'OFF' 0 0 168 0 0 192 0 6 156
Fuel Consumption ('000 litres) 1282 1258 1194 1121 1240 1167 1101 1252 1199 1128
Total Fuel Saved (litres) 23,795 87,538 160,824 42,419 114,708 180,991 31,211 111,597 162,251
% of Fuel Saved 1.9% 7.0% 13.5% 4.1% 9.3% 15.5% 3.0% 6.7% 12.8%
Fuel Saved / Turbine (litres) 23795 21885 20103 42419 38236 36198 31211 27899 27042

37 meters
21 meters

Entegrity Wind Systems
EWS15/50

65 kW
37 meters

18 meters

Simulation results

Wind Energy Solutions
WES18mk1

80 kW
40 meters

15 meters

Northern Power Systems
NW100
100 kW

 
Table 7:  Simulation summary 

 
• Wind Absorbed increases in proportion to the number of wind turbines but increased 

wind capacity requires more of the wind energy to be dumped from the system in order to 
prevent the diesels from operating at low loads; 

 
• Wind Dumped reflects the need to refuse wind energy from the system to ensure the 

diesels are not negatively impacted; 
 
• Wind Dumped Winter computes the wind energy that is dumped during the winter 

months and which could be used a thermal energy if a heat sink was available 
economically; 

 
• Hours with Diesels 'OFF' indicates the amount of time that the wind power is adequate to 

allow the diesels to be turned off.  Operation in this mode permits increased diesel life to 
be extended; 

 
• Fuel Consumption provides an indication of the amount of fuel that is consumed with 

each operating scenario; 
 

• Total Fuel Saved indicates the amount of fuel saved by the configuration; 
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• % of Fuel Saved indicates the percentage of fuel saved by the configuration; and 
 
• Fuel Saved / Turbine indicates the amount of fuel saved/turbine.  This enables a quick 

evaluation on the incremental fuel savings per turbine. 
 
4.4 Other matters 
 
4.4.1 Transportation logistics and costs 
 
To get heavy equipment to Tuktoyaktuk there are two main transportation route options.  One is 
road transportation all the way to Inuvik via the Alaska and Dempster Highways, and then by 
barge or winter ice road to Tuktoyaktuk depending on the season.  One advantage is that this 
route can be used a significant portion of the year and is only unavailable during the freeze-up 
and break-up periods in fall and spring.  During the summer (approximately mid-June to mid-
September) barging freight from Inuvik to Tuktoyaktuk costs about $0.07 per pound, and the 
barges are of adequate capacity to move around a 200 ton capacity crane which, with counter 
weights, could weigh in the order of 100 tons, so barge capacity is not an issue.  From 
approximately January through April there is a winter road of good capacity from Inuvik to 
Tuktoyaktuk.  In February 2008 it official capacity was listed as 45,000 kg, but based on 
personal communications with the Inuvik office of GNWT’s transportation department, loads of 
up to 62,000 kg can be taken over the ice road with special permits. 
 
The second transportation option is road transport to Hay River NWT, and then barge down the 
Mackenzie River to Tuktoyaktuk.  The barging season is about 3 months long, from mid-June (at 
the earliest) to about mid-September.  This option is thus more time constrained. 
 
The authors obtained a trucking quote of $21,000 for a 25 tonne load from Toronto to Hay River 
from Manitoulin Transport.  A trucking quote from a year ago for an Entegrity EW15 to Hay 
River was $13,800 plus an additional $2,000 to Whitehorse, which probably means about $2,000 
more from Whitehorse to Inuvik, total $17,800 to Inuvik.  Trucking restrictions are not likely to 
be an issue except in spring when load restrictions are applied.  It should also be noted that 
portions of the Dempster Highway between Yukon and NWT are subject to frequent blizzards 
and closures may occur for up to a week at a time.  The incremental trucking cost from Hay 
River to Inuvik is about half the cost of barging. 
 
Barge rates from Hay River to Tuktoyaktuk have been variously quoted at $400 per ton by 
Northern Transportation Company Limited (NTCL) www.ntcl.com, or $0.17 per pound ($340 
per ton) by Horizons North Logistics (contact Willy Moore in Inuvik, 867-777-6000).  The barge 
rate from Inuvik to Tuktoyaktuk was quoted by Horizons North at $0.07 per pound ($140 per 
ton).  Container rates are available and may be advantageous, but additional charges can applied 
to high volume low weight freight, or freight that has an awkward shape that affects transport.  
Horizons North mentioned that if there was a wind project being installed in Tuktoyaktuk they 
would like an opportunity to discuss the transportation as a fixed price package. 
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Air transport into Tuktoyaktuk from Inuvik is available (about 30 minutes flying) but rates for 
this option were not obtained as air transport of heavy freight is usually too expensive to consider 
except in emergency situations. 
 
At the time a project is confirmed and the transportation requirements known, competitive quotes 
for all of the transportation requirements can be obtained, and if possible, the transportation 
should be timed to minimize costs. 
 
4.4.2 Research and development potential targets and participants 
 
General research and development:  There are inherent risks in using machines operating in a 
commercial application for research and development.  These risks include: downtime and lost 
revenues when experiments are being setup using the equipment, limitations on the types of 
research that can be undertaken, and finally the potential for experiments to cause damage or 
significant changes to the equipment.  These reasons may not only be a risk for the owner of the 
equipment, but also for any research facility, particularly Universities or colleges who operate on 
limited research budgets and with time constraints. 
 
Suggested research topics include, anti-icing technology, blade extensions (for larger rotors), 
taller tower design, and energy storage.  The Anti-Icing Materials International Laboratory 
(AMIL) is an engineering research laboratory associated with the University of Quebec at 
Chicoutimi that specializes in the study of de-icing methods to solve icing problems and 
minimize their inconveniences, and have a special research focus on wind turbines7.  AMIL’s 
wind energy field research efforts are currently focused on large-scale wind turbines located in 
Murdochville in the Gaspésie region of Quebec.  A potential partnership could emerge for 
Tuktoyaktuk, whose environment is much colder and would offer a significantly different kind of 
ice accretion.  Adding or designating a wind turbine to be a test machine would be the most 
appropriate way to facilitate this research.  This turbine could be taken off-line to be 
instrumented or coated with anti-icing materials, during which time electricity generation 
revenues would be lost. 
 
One of the advantages of anti-icing research is that it is unlikely to risk significant equipment 
damage, unlike blade extensions or even tower re-design.  However, manufacturers expressed 
little interest in using a remote location for any short-term research and development work on 
blade re-design.  It was made clear that fundamental re-engineering of a wind turbine such as 
changing blade length would happen at manufacturers’ facilities, and then at an easily accessible 
grid-connected site before any remote applications.  Research efforts focused on tower height 
increases or tower self-erection, notwithstanding the fact that a project in a location such as 
Tuktoyaktuk could benefit from advances made in any of these areas, may provide similar 
concerns. 
 
Wind energy storage systems have been discussed for decades for wind-diesel systems.  Ramea, 
Newfoundland, is home to a hydrogen storage research project, while other technologies have 
been tested at AWTS/WEICan.  Tuktoyaktuk offers no obvious advantage over either of these 
two sites for future storage research. 
                                                 
7 http://www.uqac.uquebec.ca/amil/amil/amil.htm?URL=amil/windturbine/index.htm 
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Wind Energy Institute of Canada (WEICan):  Beginning in 1981, the Atlantic Wind Test Site 
(AWTS), located on the Northwest tip of Prince Edward Island has been Canada’s only active 
research and development facility for wind energy.  AWTS was transformed into the Wind 
Energy Institute of Canada (WEICan) in 2005, with the mandate of supporting the development 
of wind power generation in Canada.  It is to focus on four key areas of work: testing and 
certification, research and innovation, industry training and public education, and technical 
consultation and assistance.  Both AWTS and WEICan have been active in research and 
development of wind-diesel control systems.  Tuktoyaktuk Development Corporation envisions 
that a project in that community could play a role as a cold weather facility for specific research 
and development needs on behalf of WEICan. 
 
An extreme cold weather environment is the most attractive and unique quality that a project in 
Tuktoyaktuk may offer to WEICan.  Tuktoyaktuk could serve as a certification facility for low 
temperature operations, down to -40°C.  This would involve a dedicated tower foundation and 
base that could house different manufacturers’ wind turbines for a period of up to 12 months.  
Turbines sizes could be in the 30-300 kW range.  WEICan could be involved with creating and 
certifying a cold-weather standard for this class of turbine.  Construction constraints (foundation 
and installation) for turbines larger than these would limit the attractiveness of Tuktoyaktuk as a 
certification location for these machines.  It should be noted that to date WEICan has been 
largely dependent on funding from Natural Resources Canada (NRCan) to conduct its work.  The 
2008 budget did not include additional resources for WEICan, and there have been recent 
indications that NRCan support funding for the facility is declining. 
 
Aurora Research Institute (ARI):  For the past 5 years, ARI has been the lead organization in the 
Northwest Territories organizing and collecting wind data and conducting wind energy pre-
feasibility studies.  Continuing these efforts throughout the Northwest Territories will facilitate 
the development of future spoke communities.  It has been suggested that ARI could also serve 
as a training facility for wind turbine operations and maintenance technicians broadly for the 
North.  It was estimated that in Canada there are approximately 60 sites where wind-diesel 
projects could be installed over the next decade.  Assuming many of these may be developed as 
hub and spoke models, there may be on the order of 20 technicians that require training.  In many 
cases two or more technicians will be trained, and re-training will also be required.  However, 
training is specific to both the turbine and the control system that is implemented so that a 
facility in Tuktoyaktuk may not be universally appropriate for training.  Manufacturers typically 
suggest one-week on-site training requirements in addition to training at the factory.  Therefore, 
there is likely a need for somewhere on the order of 20-50 person-weeks of training over the next 
10 years that may be appropriate for a facility such as Tuktoyaktuk.  Much of this depends on 
how quickly the market for wind-diesel systems in Canada grows and in large part is likely to be 
strongly dependent on the scope of Federal, or Territorial / Provincial support programs.  In this 
context ARI would need to evaluate if a dedicated course or facility was a worthwhile 
investment. 
 
Canadian Wind Energy Association CanWEA:  CanWEA is a trade organization for the wind 
energy industry in Canada and is not active in research and development, but leads the policy 
change efforts to encourage and facilitate wind energy in Canada for both large and small scale 
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systems.  CanWEA has actively pursued a remote community wind incentive (ReCWIP), which 
to date has not been adopted by the Federal government.  CanWEA’s likely future role is to 
continue a push for Federal incentives as well as to provide an opportunity for Canadian wind-
diesel project proponents to network.  To date CanWEA has not played a role in any of the 
territories directly.  To date the Northern caucus has focused on remote issues at a federal level, 
but could be approached to work specifically in the NWT.  In particular to engage in policy 
discussions to lay the ground work for a hub and spoke model project that could be replicated 
elsewhere in Canada. 
 
4.4.3 Equipment purchase for future project benefits 
 
Through the course of planning for project construction, installation, commissioning and 
operations, a long term perspective should, in the authors’ view, be taken.  The designs of the 
various project components, the equipment used in the installation of project components, as 
well as the tools and the instruments used in commissioning and maintenance should be 
considered for purchase (new or used) for the future benefit of this and potential spoke projects 
rather than just rented or contracted.  Any such designs and equipment that can be acquired by 
the project will reduce future O&M costs as well as reducing the costs of future projects.  The 
same could be said for any operational equipment that may be considered – for example a 
supervisory control and data acquisition system (SCADA) system that could also handle spoke 
projects. 
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Tuktoyaktuk Wind Power Project 
 


Framework for the advancement of a wind development project in Tuktoyaktuk, NWT  
Prepared December 11, 2007 


Summary 
 
This framework has been prepared to assist decision makers and planners with suggestions in 
preparing their work plans to advance a potential wind project in Tuktoyaktuk. Six work areas are 
identified each with a list of tasks that we suggest would help lead to a successful project. 


Introduction 
 
The informal NWT wind committee and a group of interested and qualified individuals met 
following the conference and developed a framework of suggested activities that can be used to 
help decision makers and planners to develop their own plan for a wind project in Tuktoyaktuk. 
 
The committee assumes that it is the intent of a successful project to grow into the hub of a hub-
and-spoke model wind development for the western Arctic similar to the Kotzebue, Alaska area 
wind-diesel development.  
 
The committee believes that the proposed ReCWIP program will be key to advancing NWT 
wind-diesel development. Without this programme and other financial support a Tuktoyaktuk 
wind-diesel project is unlikely to be financially viable.  Therefore without this programme it will 
be very difficult to move forward on any wind-diesel development in the north. 
 
This project will require a champion or champions that will be present through the first 5 to 10 
years of a project. The wind committee is prepared to support this person or persons by providing 
the necessary expertise and tools to help make this project successful and to help develop it into a 
long-term wind programme for the NWT. 
 
The wind committee support people include staff from GNWT (ENR, ITI), INAC, NRCan, 
Pembina institute, and private sector experts such as JP Pinard. 
 
Our primary goal would be to help the owners of any new wind-diesel installation in the Western 
Arctic be successful.  We suggest that project planners proceed with careful steps and  not set any 
firm goals until they have done the necessary feasibility work and are in a position to commit to a 
project.  
 
Potential funding partners for a project in Tuktoyaktuk in addition to IRC or IDC, would include: 


• Private sector businesses (ConocoPhillips, Shell, SNC Lavalin,…) 
• Governments 
• Institutions (WEICan, ARI, AEA, …) 
• NGOs (Sierra Club, …) 
• Others (Federation of Canadian Municipalities – FCM, … )  
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Framework 
 
The framework is divided into six main work areas each of which may be advancing in parallel 
with the others. There may be items that those who prepared this framework have not thought of, 
so the users of this guide could consider this to be a starting point for their plans. 
 
If the decision makers wish to proceed the next steps could be: 1) carrying out a detailed scoping 
of the work to be done (including the suggestions below) and how to accomplish the tasks 
(decision makers may wish to solicit funds for this scoping and the next work phase); 2) carry out 
the identified tasks and studies; and, if all continues to look positive, 3) carry out any required 
studies that remain (feasibility, environmental etc.) and commence negotiations for partnerships, 
agreements, funding, etc. 
 
A. Communications / social 
 


• Hold community meetings to discuss the project and to obtain input 
• Identify the importance of wind energy relative to other priorities and energy issues for 


the people in each community 
• Build on the community energy planning efforts of Aleta Fowler and Dean Green 
• Familiarize community leaders with hub and spoke wind projects (possibly have them 


visit Kotzebue and one of the small communities) 
• Identify the project goals (social, environmental, financial) 
• Identify potential project interactions with other community functions 


 
B. Governance 
 


• Determine business structure of the initial project 
• Determine business structure of the overarching organization when the Tuktoyaktuk 


project is successful and begins to fulfill the hub functions 
• Identify the potential partners in the Tuktoyaktuk wind project and in the spoke projects 


(including potential equity partners such as listed above). Identify the type of partnership 
that the community wants and the partnerships it can live with. 


 
C. Environmental and permitting 
 


• Identify environmental permits and permitting process 
• Identify any required studies (for example follow the guide for environmental assessment 


for wind turbines and birds from Environment Canada, Canadian Wildlife Services) 
• Identify any Transport Canada and Nav Canada permitting requirements 
• Identify any Land Use Permits required 
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D. Business 
 


• Identify the risks in the Tuktoyaktuk wind project  
• Identify business partners (NTPC or NWT Energy Corp., GNWT, WEICan, IDC?) to 


share those risks 
• Identify supplier partners (e.g. wind turbine manufacturers) 
• Identify procedure to tender the various project components 
• Discuss a conceptual power purchase agreement (PPA) with NTPC to determine if a PPA 


is possible and what the terms are likely to be 
• Identify strategies to pressure the federal government to implement proposed ReCWIP 
• Identify the project human resources training and capacity building requirements 


(construction and O&M) 
• Determine where training and capacity building will take place 
• On completion of technical work and cost estimating, determine an optimum project size 
• Identify the risks and opportunities in a potential “hub and spoke” business approach in 


which Tuktoyaktuk is the hub. 
• Identify the potential “spokes” and other clients that could be served by a “hub and 


spokes” centered business enterprise 
 
E. Financial 
 


• Retain third party experts to review and update, if necessary, the Aurora Research 
Institute study pre-feasibility costs 


• Identify the probable project revenues (PPA, ReCWIP, carbon or green attribute sales, 
etc.) 


• Identify the rate of return and evaluate against risks and social/community (long-term) 
benefits 


• Identify the funding partners/sources for planning and feasibility work 
• On completion of the technical work outlined in section F below, determine the capital 


and O&M costs for a practical project 
• Identify funding sources for capital cost components of project (e.g. training, R,D&D 


aspects) 
 
F. Technical 
 


1. Identify potential project sites (including land tenure review) 
• Review available geotechnical information 
• Conduct geotechnical investigation on preferred site or sites if required 


 


 3







December 11, 2007 


2. Identify and evaluate wind turbine options 
• Turbine manufacturers (Entegrity, Distributed Energy, AOC, WES etc.) 
• Hold preliminary discussions with short listed manufacturers 
• Identify turbine modifications required (e.g. rotor diameter, tower height, cold weather 


modifications, icing modifications) 
• Prepare foundation preliminary design 
• Identify equipment requirements for installation and ongoing O&M 


 
3. Wind-diesel integration 


• Discuss technical interconnection requirements with NTPC (including site specific 
issues) 


• Discuss power quality and reliability requirements with NTPC 
• Perform preliminary assessment of wind-diesel equipment requirements 
• Obtain detailed load information from NTPC 
• Obtain detailed wind data from studies 
• Retain a consultant to model wind penetration into the Tuktoyaktuk load 
• Determine optimum number of wind turbines for an initial project (but not high 


penetration to limit risk) 
 
4. Other 


• Evaluate transport and logistics options for wind plant and construction equipment 
• Confirm winter road and / or barge capacities for equipment requirements 
• R&D: testing of extended blades and taller towers for low wind communities, as well as 


blade anti-icing or de-icing measures for locations subject to icing 
• Identify the potential roles for organizations like WEICan, and ARI 
• If the potential for future hub and spoke projects is a consideration, some thought could 


be given to purchasing the necessary construction / installation equipment (if not 
already available) for later use in spoke communities or other contracting opportunities  
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Turbine Supplier
Turbine designation
Tower Height (m)


Zero 
Wind Single turbine


Med. Pen. 
Min. Load


Med. Pen. 
Avg. Load


Hi. Pen. Peak 
Load Single turbine


Med. Pen. 
Min. Load


Med. Pen. 
Avg. Load


Hi. Pen. Peak 
Load Single turbine


Med. Pen. 
Min. Load


Med. Pen. 
Avg. Load


Hi. Pen. Peak 
Load


Rated Capacity (kW) 65 250 500 800 100 250 500 800 80 250 500 800
Number of Turbines 1 4 8 12 1 3 5 8 1 4 6 10
Installed Capacity (kW) 65 260 520 780 100 300 500 800 80 320 480 800


TOTAL PROJECT COST $475,200 $1,374,800 $2,494,600 $3,574,400 $702,500 $1,693,500 $2,487,500 $3,773,000 $709,830 $2,221,320 $3,321,980 $5,258,300


Wind Generation (MWh) 100 399 799 1198 181 542 903 1445 132 526 790 1316
Wind Absorbed (MWh)  (100% Availability) 95 355 638 915 171 465 718 1094 126 452 645 1011
Wind Absorbed (MWh) (90% Availability) 86 319 574 823 154 419 646 985 113 407 580 910
Wind Dumped (MWh) 5 45 161 284 9 76 185 350 6 74 145 305
Wind Dumped Winter (MWh) 0 19 90 166 1 35 101 207 1 37 80 180
Fuel Consumption ('000 litres) 1282 1258 1194 1121 1042 1240 1167 1101 992 1252 1199 1128 1029
Total Fuel Saved (litres) 23795 87538 160824 240269 42419 114708 180991 289811 31211 111597 162251 265776
Fuel Saved / turbine (litres) 23795 21885 20103 20022 42419 38236 36198 36226 31211 27899 27042 26578


Project Life (years) 20 20 20 20 20 20 20 20 20 20 20 20
Total Project Cost $475,200 $1,374,800 $2,494,600 $3,574,400 $702,500 $1,693,500 $2,487,500 $3,773,000 $709,830 $2,221,320 $3,321,980 $5,258,300
Annual Capital Cost $49,850 $144,220 $261,690 $374,964 $73,694 $177,653 $260,945 $395,798 $74,463 $233,022 $348,484 $551,609
Annual O&M Costs $10,000 $25,000 $45,000 $65,000 $10,000 $20,000 $30,000 $45,000 $10,000 $25,000 $35,000 $55,000
Taxes & leases $2,447 $7,080 $12,847 $18,408 $3,618 $8,722 $12,811 $19,431 $3,656 $11,440 $17,108 $27,080
Total Annual costs $62,297 $176,300 $319,537 $458,372 $87,312 $206,374 $303,756 $460,229 $88,119 $269,462 $400,593 $633,690
Wind Absorbed (MWh) 86 319 574 823 154 419 646 985 113 407 580 910
Financing Costs (Capital Recovery Factor) 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105


Simple Cost of Energy ($ per kWh) $0.726 $0.552 $0.557 $0.557 $0.567 $0.493 $0.470 $0.467 $0.780 $0.662 $0.690 $0.696


Target Cost of Energy ($/kWh) $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30
Annual Revenue with 'Target COE' $25,740.51 $95,788.44 $172,246.16 $246,981.41 $46,207.13 $125,644.87 $193,825.51 $295,503.83 $33,890.26 $122,080.96 $174,105.10 $272,948.79
Annual operating costs $12,447.28 $32,080.22 $57,847.19 $83,408.16 $13,617.88 $28,721.53 $42,810.63 $64,430.95 $13,655.62 $36,439.80 $52,108.20 $82,080.25
Debt Service revenue $13,293.23 $63,708.22 $114,398.97 $163,573.25 $32,589.25 $96,923.35 $151,014.89 $231,072.88 $20,234.64 $85,641.16 $121,996.90 $190,868.54
Capital cost serviced by Debt Service Revenue $126,602.16 $606,744.98 $1,089,513.98 $1,557,840.52 $310,373.82 $923,079.50 $1,438,237.04 $2,200,694.11 $192,710.84 $815,630.13 $1,161,875.26 $1,817,795.65
Capital subsidy required to achieve 'Target COE' $348,597.84 $768,055.02 $1,405,086.02 $2,016,559.48 $392,126.18 $770,420.50 $1,049,262.96 $1,572,305.89 $517,119.16 $1,405,689.87 $2,160,104.74 $3,440,504.35


Project Financing Debt/Equity = 60%/40%
Ratio Rate Debt 5.0% 6.0% 7.0% 8.0%


Debt 70.0% 6.0% Equity Blended Interest Rate
Equity 30.0% 14.0% 10.0% 6.5% 7.2% 7.9% 8.6%
Effective Financing Rate - % 8.4% 12.0% 7.1% 7.8% 8.5% 9.2%
Fixed Charge Rate 0.105 14.0% 7.7% 8.4% 9.1% 9.8%


16.0% 8.3% 9.0% 9.7% 10.4%
Capital Recovery Factor


10% 0.091 0.096 0.101 0.106
12% 0.095 0.100 0.106 0.111
14% 0.100 0.105 0.110 0.116


100 MWh 12232.4159 16% 0.104 0.110 0.115 0.121


EW15
37 meters


WES18 mk1
40 meters


NW100
37 meters


Tuktoyaktuk Project - Cost of Energy Estimates 080320


Entegrity Wind Systems Northern Power Systems Wind Energy Solutions








An analysis of long-term pile load tests in
permafrost from the Short Range Radar site
foundations


Kevin W. Biggar and Vivien Kong


Abstract: During the installation of the Short Range Radar (SRR) facilities at 35 sites across the Canadian Arctic, in
excess of 7000 piles were installed for the SRR foundations. A total of 137 pile load tests were performed during the
SRR construction. Only a small number of these were installed external to the foundations and were loaded well in ex-
cess of design loads to attempt to determine their ultimate load carrying capacity. Only eight of these piles were
loaded for extended durations (>12 h). This paper presents the results of these long-term load tests and compares the
results with design guidelines based on allowable pile deformations and creep in ice-rich, saline permafrost. In
nonsaline permafrost, at high normalized displacement rates (>30 year–1) the stresses on the piles at failure were less
than those predicted by design guidelines for piles in ice-rich soil. At lower normalized displacement rates (<15 year–1)
the failure stresses on the piles were reasonably well predicted by the design guidelines. Significant reductions in pile
capacity were observed in ice-rich, saline permafrost. Without detailed knowledge of the unfrozen water content in the
soil, however, prediction of the behaviour of the piles could only be bounded by current design guidelines.


Key Words: permafrost, field pile testing, cold-temperature grout, long-term creep.


Résumé: Durant l’installation des équipements du Short Range Radar (SRR) sur 35 sites à travers l’Arctique cana-
dien, plus de 7 000 pieux ont été installés pour les fondations du SRR. Un total de 137 chargements de pieux ont été
réalisés durant la construction du SRR. Seulement un petit nombre de ces pieux ont été installés en dehors des fonda-
tions et ont été chargés bien au delà des charges de conception pour tenter de déterminer leur capacité portante ultime.
Seulement huit de ces pieux ont été chargés pour des périodes prolongées (>12 h). Cet article présente les résultats de
ces essais de chargement de longue durée et compare les résultats aux guides de calcul basés sur les déformations per-
mises des pieux, et sur le fluage dans le pergélisol salin et riche en glace. Dans le pergélisol non-salin, à des vitesses
de déplacement normalisées élevées (>30 an–1), les contraintes à la rupture sur les pieux étaient inférieures à celles
prédites par les guides de calcul pour les pieux dans les sols riches en glace. À des vitesses de déplacement normali-
sées plus faibles (<15 an–1), les guides de calcul ont prédit relativement bien les contraintes de rupture dans les pieux.
Des réductions significatives de la capacité du pieu ont été observées dans le pergélisol salin riche en glace. Cepen-
dant, sans une connaissance détaillée de la teneur en eau non-gelée dans le sol, la prédiction de leur comportement ne
pourrait être reliée qu’aux guides de calcul actuels.


Mots clés: pergélisol, essai sur pieu en nature, injection à basse température, fluage à long terme.
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Introduction


General
The Department of National Defense (DND) has replaced


the Distant Early Warning (DEW) Line System with the
North Warning System (NWS). This includes 35 unmanned
Short Range Radar (SRR) sites spanning the Arctic coastline
from Alaska to Labrador which encounter foundation condi-


tions varying from ice-rich, fine-grained soils to bedrock.
The facilities at each site consist of a radar tower, two satel-
lite ground terminals (SGTs) which each house a satellite
dish for communication with monitoring stations in the
south, a technical services building (TSB) which houses the
electronics for the system, a fuel platform supporting a num-
ber of fuel tanks, aerial walkways connecting the various
buildings, and weather-monitoring equipment. All of these
facilities are supported by steel pipe piles, typically 114–
140 mm in diameter, installed into an oversized prebored
hole andbackfilled with a cementitious cold-temperature grout.
More than 200 piles were installed at each site, thus in ex-
cess of 7000 piles were installed for the SRR foundations.


During the construction of the SRR foundations consider-
able effort was expended monitoring soil temperatures, grout
temperatures during curing, grout strength, and pile load
testing. A total of 137 pile load tests were performed during
the SRR construction. Most of the tests were performed on
production piles to ensure that they were capable ofsustaining
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design loads. At some of the sites, however, additional piles
were installed and loaded well in excess of design loads to
attempt to determine their ultimate load carrying capacity.
Some of these tests were very short in duration (less than
6 h), whereas others had loads sustained for more than 3
days.


Pile behaviour in permafrost tends to be dominated by the
presence of the ice rather than the soil structure as in tradi-
tional geotechnics. In addition, the bond strength between
the frozen soil and the pile (adfreeze bond) plays a signifi-
cant role in the pile behaviour. As a consequence, pile de-
sign is usually governed by time-dependent deformation
(creep) rather than ultimate strength (Morgenstern and
Weaver 1981). Traditional pile construction in permafrost
has used pile driving in warmer soils (temperatureT ≥ –2°C)
or prebored, oversize holes with the annulus between the
pile and the borehole wall backfilled with a soil–water slurry
in colder soils (T < –2°C). There is a paucity of data avail-
able in the literature on the time-dependent field perfor-
mance of grout-backfilled piles or anchors in permafrost,
with the exception of the work by Johnston and Ladanyi
(1972).


This paper reports the results from the eight pile load tests
from the SRR test program in which piles grouted into per-
mafrost were successfully loaded to failure under constant
load test conditions and compares the performance to design
guidelines for piles in ice-rich permafrost (Morgenstern and
Weaver 1981) and saline permafrost (Nixon and Neukirchner
1984; Biggar and Sego 1994). The piles tested were all in
the western portion of the Arctic in frozen soils; no tests in
bedrock were loaded to failure. The information for the anal-
ysis was obtained from consultants’ reports from the NWS
office of the DND. All the pile test data and soil information
have been compiled in a public domain computerized data-
base reported in Biggar and Hoang (1994).


Pile configurations
The pile tests reported in this paper were conducted on


piles with the same general configuration but different
embedment depths. Open-ended steel pipe with an outside
diameter of 114 mm and a wall thickness of 8.6 mm was
used. Along the embedded portion of the pile a 13 mm di-
ameter steel bar was welded onto the pipe in a spiral fashion
(Fig. 1) to enhance the strength of the bond between the
grout and the pipe, thus the effective diameter of the pipe
was -140 mm. The prebored holes were drilled by air im-
pact percussion with a downhole hammer, using a bit ap-
proximately 175 mm in diameter. Generally, the pile was
lowered into the hole and used as a tremmie pipe to place
the grout, hence the grout filled both the inside of the pipe
and the annulus between the pipe and the borehole over the
length of embedment. The grouted length of the test piles
was less than that used for the production piles to reduce the
pile capacity to a level which the loading system was able to
apply. The piles were greased and wrapped in plastic sheets
above the embedded zone to reduce load carrying capacity.
Details of individual pile configurations are given in Table 1.
The grout used was specially formulated to cure in perma-
frost as cold as –10°C. The installation and performance of
the grout are discussed in detail in Biggar et al. (1993).
None of the piles were instrumented with strain gauges, so


no information is available regarding the transfer of load
along the pile length.


Pile test procedure
Piles were loaded incrementally in tension. The magni-


tude and duration of the loads varied depending on the pile
configuration and the site. Piles were initially preloaded to
between 20 and 40% of the maximum test load for 5–15 min
to seat the load frame and verify loading system alignment.
Generally six load increments were used to reach the maxi-
mum load. For the long-term tests the initial five increments
were maintained for at least 60 min and the maximum load
maintained for at least approximately 24 h or until failure
had occurred. The testing specifications defined failure as a
displacement rate exceeding 1 mm·h–1 after the load had
been maintained constant for at least 2 h. The load was usu-
ally released in three to six steps, each 30 min in duration.
Final displacement readings were taken 24 h after the load
was reduced to 0 kN.


A schematic diagram of the load test apparatus is shown
in Fig. 2. The hydraulic loading system consisted of an
890 kN (100 tons) capacity jack connected to a pressure ac-
cumulator, pressure gauge, and hydraulic pump. The pres-
sure accumulator reduced fluctuations in jack load due to
pile displacement. Loads were measured using either a load
cell or the jack’s internal pressure gauge which had been
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Fig. 1. Pipe pile configuration.


I:\cgj\Cgj38\Cgj03\T00-110.vp
Friday, April 20, 2001 2:04:33 PM


Color profile: Disabled
Composite  Default screen







calibrated using the load cell. Displacements were measured
using two dial gauges, one on either side of the pile.
Additionally, a survey level was used to measure the vertical
pile displacement, sighting on graduated rulers fixed both to
the pile and to a nearby benchmark. Dial gauge precision
was at least 0.01 mm, and the graduations on the rulers were
0.5 mm. Long-term tests had unheated shelters built around
the test equipment to reduce the effects of environmental
changes on the test equipment.


Site descriptions and test results


Described in the following sections are the soil conditions
at the SRR sites where the pile load tests were conducted
and a description of the test at the particular site. The ground
temperatures at the sites are shown in Fig. 3. At all sites
granular fill was placed on top of the existing native depos-


its. In some instances the SRR facilities were located on
existing DEW Line granular pads.


Summaries of the individual test results are given in Ta-
ble 2. The effective embedded portion of the pile was taken
as the grouted length for analysis in this paper. The tabulated
shear stress is an average value calculated using the applied
load carried over the circumferential area of the embedded
portion of the pile.


To determine if pile displacement rates were attenuating,
constant, or increasing, displacement rate versus time data
were plotted in logarithm–logarithm coordinates as recom-
mended in Morgenstern et al. (1980). Typical displacement
and displacement rate behaviour are plotted in Fig. 4, illus-
trating decelerating, constant, and accelerating displacement
rates. Failure in this framework is defined as the onset of an
accelerating displacement rate. Displacement rates were
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Fig. 2. Load test apparatus.


Pile
Pile length
(m)


Reported
embedment
length (m)*


Depth of
burial (m)


Length of
grout (m)† Backfill above grout


Komakuk Beach, BAR 1, Security Camera 1 6.3 1.5 5.3 0.9 Granular fill
Komakuk Beach, BAR 1, failure pile 2 9.5 5.6 8.5 8.0 Granular fill
Stokes Point, BAR E, failure pile 3 8.0 1.5 7.0 1.5 Granular fill
Tuktoyaktuk, BAR 3, failure pile 2 9.0 2.2 8.0 2.2 Gravelly sand
Liverpool Bay, BAR BA1, failure pile 2 5.0 1.0 4.0 1.0 Granular fill, native silty clay till
Nicholson Island, BAR 4, failure pile 2 7.5 2.0 6.5 2.6 Sand and gravel fill
Horton River, BAR E, WSG Stairs 5.0 1.5 4.0 1.5 Granular fill, native clayey silt
Harding River, PIN 2A, failure pile 2 6.0 1.5 5.0 1.5 Silty sand and gravel


*Embedment length was reported as the length below the bond breaker.
†For analysis in this paper the effective embedded portion of the pile was taken as the grouted length, since shearing of the native soil had to occur


over the entire grouted portion in the tension testing performed.


Table 1. Summary of individual pile configurations.
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calculated using a five point average method. As the
displacement rates became very small it was increasingly
difficult to measure them accurately, and minor changes in
line pressure, temperature, etc. resulted in fluctuations in
displacement rate. The plotted results show these minor fluc-
tuations, but they often appear to be oscillating about an av-
erage value. It was these average values which are tabulated
and which were used in the analysis.


Komakuk Beach
Komakuk Beach is the westernmost site tested, located in


the Yukon Territory along the Beaufort Sea approximately
30 km east of the Alaska border at an geodetic elevation of
8–9 m. The site is on a flat plain of marino-fluvial deposits
with ice-wedge polygons, thermokarst subsidence, and
stream courses. The stratigraphy at nearby boreholes showed
a granular fill, 1.0–1.5 m thick, on top of a thin organic layer
overlying a clayey silt layer changing to a silty clay of low
plasticity interbedded with ice lenses from 2 to 13 mm thick


at 25–100 mm spacing. At depths of 3.5–7.0 m, moisture
contents varied from 24 to 28%, and salinities were 11–17
ppt.


Failure pile 2 (FP2) was located in the saline clayey silt
soil. The test data are shown in Fig. 5. Test duration was ap-
proximately 6 days, with the last three load increments held
for durations of 1–2 days each. A continual reduction in dis-
placement rate was observed at a stress of 619 kN after 39 h.
At loads of 825 and 875 kN the pile appeared to displace at
a constant rate near the end of the load increment. The high-
est load increment was maintained for nearly 44 h. It is note-
worthy that this test had the longest grouted length of all the
pile tests, so the temperature variation over the length of the
pile was also the greatest, from –3° to –7°C.


The Security Camera pile was embedded entirely in an ice
wedge. No salinity measurements were taken of the ice. The
test data are shown in Fig. 6. The test duration was 11 h,
with the last load increment held for 7 h. At a load of 275 kN
the pile appeared to displace at a constant, albeit high, rate
during most of the load increment.


Stokes Point
The Stokes Point site is located inside the Yukon National


Park approximately 225 km west of Tuktoyaktuk, and 1 km
inland from the Beaufort Sea coast at an average geodetic el-
evation of 32 m. The general stratigraphy consists of sand
and gravel fill overlying a till layer. The till consists mainly
of a brown silt with some sand and gravel. Intermittent ice
layers were encountered with typical thicknesses varying be-
tween 0.5 and 1.0 m. Although ice wedges were visible in
the vicinity of the site, none were encountered during
installation of any of the piles. No salinity tests were con-
ducted on samples from the site.
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Fig. 3. Ground-temperature profiles during testing: (a) Harding
River, Horton River, Komakuk Beach, and Liverpool Bay;
(b) Nicholson Island, Tuktoyaktuk, and Stokes Point.


Fig. 4. Typical displacement versus time behaviour for constant
stress tests in ice.
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Pile


Hole


depth


(m)


Grouted


depth


(m)


Avg. temp.


over the


embedment


length (°C)


Load


duration


(min)


Load


(kN)


Shear stress


at 180 mm


diam. (kPa)


Minimum


displacement rate


(mm·year–1)


Minimum


normalized


displacement


rate at 180 mm


diam. (year–1)


Constant


displacement


rate


achieved


Did pile


fail at this


load?*


Incremental


time to


failure


(min)


Total


time to


failure


(min)


Incremental


displacement


to failure


(mm)


Total


displacement


to failure


(mm)


Komakuk Beach,


Security Camera 1


5.3 0.9 –4.0±1.0 422 275 540 9 960 111 Yes Yes 265† 324† 5.16† 8.66†


Komakuk Beach,


failure pile 2


8.3 8.0 –5.0±1.0 2318 619 137 220 2 No No


1484 825 182 520 7 Yes No


2620 875 193 285 4 Yes No


Stokes Point, failure


pile 3


7.0 1.5 –7.5±1.0 96 302 356 175‡ 2‡ No‡ No


120 448 528 3 850‡ 43‡ Yes‡ Yes 60 1440 <1 5.5


Tuktoyaktuk, failure


pile 2


8.0 2.2 –4.0±1.0 890 600 482 590 7 No No


2852 700 563 1 420 16 Yes Yes 880 2045 3.4 16.4


Liverpool Bay,


failure pile 2


4.0 1.0 –13.0±1.5 1437 302 534 320 4 No No


1440 448 792 2 540§ 28 No§ —§


358 650 1150 16 000† 177† Yes† Yes 178† 4065† 7.6 20.2†


Nicholson Island,


failure pile 2


6.5 2.6 –3.5±1.0 1149 650 442 1 200 13 No No


569 700 476 2 990 33 Yes No


952 750 510 5 400 60 Yes Yes 238 3705 2.6 19.8


Horton River, WSG


Stairs2
4.0 1.5 –12.0±1.0 711 302 356 71 1 No No


590 450 528 9 890† 110† Yes† Yes† 420† 1872† 9.2† 11.7†


Harding River,


failure pile 2


5.0 1.5 –9.0±0.5 723 550 648 1 240 14 No No


715 700 825 1 290 14 ? Yes 327 3200 3.1 15.2


322 800 943 10 100 113 Yes FP¶


*Failure defined as an increasing displacement rate under constant load.
†Very high displacement rate; constant displacement rate analysis may not be appropriate.
‡Only survey level was used to measure displacement; resolution not sufficient to calculate displacement rate.
§Dial gauge stuck; unable to interpret exact displacement at failure. Failure may have occurred at a load of 650 kN.
2Pile failed previously in short-term loading.
¶Failed previously.


Table 2. Summary of failed test pile results for the SRR sites.
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Unfortunately no dial gauge data are available from the
test; only the survey data were reported. The test data are
shown in Fig. 7. The test duration was 41 h, with the initial
two load increments being held for 12 h and the final load
increment being held for 17 h. The pile appeared to be stable
after 12 h at a load of 302 kN. When the load was increased
to 448 kN the pile displaced at an accelerating rate after less
than 2 h.


Tuktoyaktuk
The Tuktoyaktuk site is on top of a small rounded hill


bordering Tuktoyaktuk Harbor at an average geodetic eleva-
tion of 14 m. The general stratigraphy encountered during
the pile drilling consisted of a granular fill overlying a layer
of native granular overburden on top of a thick layer of ice


extending from a depth of approximately 3.5 m to in excess
of 15 m, where the drilling was terminated. Soil particles
were not visible within the ice samples. Salinity tests were
performed on the gravel fill at a depth of 0.6–1.5 m and
on the underlying stratum of ice at a depth from 4.5 to
5.5 m. Results showed salinities of 0.9 and 0.1 ppt, respec-
tively.


The bottom 2.2 m of the pile was grouted into the ice
from a depth of 5.8 to 8.0 m. The test data are shown in
Fig. 8. The test duration was approximately 3 days, with the
second-last load increment being held for approximately 2
days. At a load of 600 kN the displacement rate of the pile
continued to attenuate after 14 h. At a load of 700 kN the
pile displayed a nearly constant displacement rate to 8.3 h,
after which it displayed an accelerating displacement rate.
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Fig. 5. Komakuk Beach failure pile 2: (a) load versus time; (b) displacement versus time; (c) logarithm of displacement rate versus
logarithm of time.
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Liverpool Bay
Liverpool Bay is located approximately 85 km east of


Tuktoyaktuk on the Tuktoyaktuk Peninsula, at the southwest
end of Liverpool Bay near the outlet of Eskimo Lakes. The
general topography at the site consists of a few rolling hills
at an average geodetic elevation of 98 m. The stratigraphy
consists of a spongy organic cover 0.5 m thick overlying a
silty clay till with moderate ice content. Approximately
2.5 m of granular fill was placed on top of the native soil.
No salinity tests were carried out on soil samples.


This test differed from the others in that a short-term test
was conducted on the pile before the long-term test. The pile
was loaded to a maximum of 750 kN (average stress of
1330 kPa) for approximately 1 h and was stable at this load.
Unfortunately, displacement data from the latter portion of


the second-last load increment in the long-term test are
missing, as seen Fig. 9. In addition, the increase in load be-
tween the last two increments is large (448 kN to 650 kN).
Consequently it is difficult to determine the capacity of the
pile. The pile displayed a continual decrease in displacement
rate up to 24 h at a load of 302 kN. The pile appeared to be
stable at a load of 448 kN, however, without the displace-
ment data at the end of the load increment it is not possible
to state this with certainty. At a load of 650 kN the pile dis-
placement rate appeared to be constant but very high.


Nicholson Island
Nicholson Island is situated between Liverpool Bay and


Wood Bay in the Northwest Territories. The island was cut
off from the mainland by coastal erosion. The localtopography
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Fig. 6. Komakuk Beach Security Camera: (a) load versus time; (b) displacement versus time; (c) logarithm of displacement rate versus
logarithm of time.
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at the site is hilly with ridges and gullies at an average geo-
detic elevation of 86 m. The general stratigraphy consists of
an organic layer typically 0.3 m thick overlying the native
ice-rich fine silty sand. The intermittent ice layers were typi-
cally less than 0.5 m thick, however, ice layers 1–2 m thick
were encountered in some boreholes. The salinity content
was measured with respect to both a soil sample and an ice
(pore water) sample. The sodium chloride content of the
samples was 0.008 ppt in the soil and 0.01 ppt in the ice.


The test data are shown in Fig. 10. The test duration was
approximately 3 days, with the last load increment being
held for only 16 h due to problems with the hydraulic load-
ing system. The pile displayed a continual reduction in dis-
placement rate at a load of 650 kN after 19 h. At a load of
700 kN the pile appeared to displace at a constant rate near


the end of the load increment. At a load of 750 kN the pile
appeared to be undergoing an accelerating displacement rate
but due to the early termination of the test this cannot be
stated with certainty.


Horton River
The Horton River site is located on the west shore of


Franklin Bay, north of the Horton River delta and the
Smoking Hills coastal range at an average geodetic elevation
of 161 m. The site is approximately 245 km northeast of
Tuktoyaktuk. The general stratigraphy consists of loose sand
and gravel granular fill overlying a clay silt layer. Sand and
gravel, probably till, were encountered below the clay silt
stratum. Intermittent ice layers of up to 2.5 m but generally
less than 1 m in thickness were encountered throughout the
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Fig. 7. Stokes Point: (a) load versus time; (b) displacement versus time (from survey data); (c) logarithm of displacement rate versus
logarithm of time.
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site. The salinity content measured on one pore-water sam-
ple gave a sodium chloride content of 5.2 ppt.


The test at Horton River was conducted in a manner dif-
ferent from the rest. The pile was loaded to failure under
short-term loading conditions. The pile was then unloaded
and reloaded, with load increments being maintained for
12 h. Under short-term loading the pile failed at a load of
630 kN. Under longer term loading conditions the pile ap-
peared to be stable at a load of 302 kN and unstable at a
load of 450 kN, as shown in Fig. 11.


Harding River
The Harding River site is located on a broad and fairly


level ridge top at Cape Young, immediately east of the Har-
ding River on a drumlinoid ridge at an average geodetic ele-
vation of 86 m. The site is approximately 135 km northwest


of Coppermine and is the easternmost test site. The general
stratigraphy consisted of a thin organic blanket (±50 mm)
overlying a brown silty sand and gravel till. The percentage
of fine particles increased with an increase in depth. Lime-
stone bedrock was encountered beneath the till throughout
the site at depths from 4 to 6.5 m below the ground surface.
The test pile was not embedded into the bedrock. The ice
content of the overburden was very low, with few ice lenses
encountered. The salinity content measured on one pore-
water sample gave a sodium chloride content of 6.7 ppt.


The test data are shown in Fig. 12. The test duration was
approximately 3 days, with each load increment being held
for 12 h. The pile displayed a continual reduction in dis-
placement rate at a load of 550 kN after 12 h. At a load of
700 kN it appears that one of the dial gauges was disturbed,
affecting the average displacement calculation. Analysis of
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Fig. 8. Tuktoyaktuk: (a) load versus time; (b) displacement versus time; (c) logarithm of displacement rate versus logarithm of time.
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the displacement rate of the apparently undisturbed dial
gauge shows a minimum displacement rate between 300 and
400 min, with an increasing rate afterwards. The displace-
ment rate may have been stabilizing near the end of the 12 h
interval, but insufficient data are available to state this with
certainty. When the load was increased to 873 kN the pile
displayed obvious instability, with an increasing displace-
ment rate.


Analysis of results and comparison with
existing design guidelines


Constant displacement rate analysis


Assumptions
The following discussion is based on the assumptions of


constant pile displacement rate and uniform shear stress dis-


tribution along the embedded portion of the pile. The limita-
tions of these assumptions will be reviewed prior to the dis-
cussion of pile performance.


As discussed previously, pile displacement rate versus
time data were plotted in logarithm–logarithm coordinates to
determine if a constant displacement rate had been achieved.
Morgenstern et al. (1980) plotted strain rate versus time in
logarithm–logarithm coordinates from constant stress tests
on ice performed by a number of experimenters to determine
when a constant strain rate had been obtained. They deter-
mined that for pure ice, 15–20 days were required to obtain
a constant strain rate. This suggests that the duration of load
on the piles may have been insufficient to cause a constant
displacement rate; however, in a number of instances the pile
displacement rate data analysis does indicate that a constant
displacement rate had been obtained. The analysis has been
performed, therefore, assuming the pile displacement rate
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Fig. 9. Liverpool Bay: (a) load versus time; (b) displacement versus time; (c) logarithm of displacement rate versus logarithm of time.
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data are correct and a constant displacement was attained in
those instances. Table 2 details the loads at which piles ex-
hibited a constant displacement rate. The authors recognize
the limitations of this assumption, however, it does provide
a reasonably well accepted framework against which to
compare the results.


The second assumption relates to a constant stress distri-
bution along the embedment length of the pile. If the shear
stress distribution along the length of the pile was not uni-
form, then a constant displacement rate analysis is not valid.


A grouted anchor in the Iqaluit testing program (Biggar
and Sego 1993) was instrumented with strain gauges to ex-
amine the development of load with depth. It was observed
that at low loads the shear stress distribution was highly
nonlinear, with higher stresses near the top of the
embedment and low stress at the base of the pile, but as the
failure load was approached the stress distribution became


more uniform. In the SRR tests the load increments under
consideration were at or near failure and were maintained
longer than the tests in Iqaluit. These combined factors
would cause the stresses to become more evenly distributed
over the length of the piles, hence it is believed that the as-
sumption of uniform shear stresses along the embedment of
the SRR test piles is a reasonable one.


Formulation
The design guidelines for creep of piles in ice-rich soils


presented in Morgenstern and Weaver (1981) suggest that
the flow law for creep in ice provides an upper bound for
pile creep in ice-rich soils. This flow law may be expressed as


[1] &ε σe e= B n


where &εe is the effective, constant strain rate on the sample
with an effective applied stress ofσe; B is a temperature-
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Fig. 10. Nicholson Island: (a) load versus time; (b) displacement versus time; (c) logarithm of displacement rate versus logarithm of time.
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dependent constant; and the exponentn has been shown to
be equal to 3 for ice. This stress–strain flow law was
adapted to piles by Johnston and Ladanyi (1972) and Nixon
and McRoberts (1976), idealizing the frozen ground defor-
mation around a pile shaft as the shearing of concentric cyl-
inders, and may be expressed as


[2]
&u


a
B


n


n
n


a =
−


+


3
1


1
2 τ


where&ua is the pile constant displacement rate, which is nor-
malized by dividing by the pile radiusa; and τ is the shear
stress along the pile length. Usingn = 3 for ice, when the
logarithm of the normalized pile displacement rate is plotted
against the logarithm of the shear stress, this equation gives


a series of parallel lines for different values ofB at various
temperatures. Pile design is then based on an allowable total
displacement over a design life, giving an allowable dis-
placement rate. The appropriate stress on the pile can then
be obtained knowing the temperature and allowable dis-
placement rate.


Figures 13–17 show the logarithm of shear stress versus
the logarithm of normalized pile displacement rate data for
the SRR pile tests and the recommended design strengths in
ice at various temperatures from Morgenstern et al. (1980)
as per the formulation in eq. [2]. The values ofB used in the
analysis, taken from Morgenstern et al., are given in Table 3.
Data points from the SRR tests with arrows pointing to the
left indicate that the pile displacement rate was still
decreasing at that particular load increment. Table 4 provides a
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Fig. 11. Horton River: (a) load versus time; (b) displacement versus time; (c) logarithm of displacement rate versus logarithm of time.
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summary of pile shear stress from the field tests compared
with predicted shear stress in ice-rich soils based on the de-
sign guidelines.


Comparison with existing design guidelines


Komakuk Beach
The strength results from the Komakuk Beach test in an


ice wedge at –4°C (SC1) shown in Fig. 13 are considerably
lower than the design guidelines for ice-rich permafrost
(540 kPa versus approximately 1300 kPa). This anomaly
cannot be easily explained. It is possible that the borehole in
the ice wedge was contaminated with saline material from
previous drilling if the bit had not been cleaned, but it is un-
certain if the amount of contamination would have been suf-
ficient to adversely affect the pile behaviour. It is also


possible that at such a high normalized displacement rate
(111 year–1) the pile behaviour does not follow that pre-
dicted from the design guidelines.


For Komakuk Beach failure pile 2 (FP2) at –5°C, the fail-
ure stress (193 kPa) was also lower than that of the design
guidelines for ice-rich permafrost (405 kPa). Since the
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Fig. 12. Harding River: (a) load versus time; (b) displacement versus time; (c) logarithm of displacement rate versus logarithm of time.


Temp. (°C) n B (kPa–n × year–1)


–1 3.0 4.5×10–8


–2 3.0 2.0×10–8


–5 3.0 1.0×10–8


–10 3.0 0.56×10–8


Table 3. Creep parameters used in design
guideline formulation (after Morgenstern et al.
1980).
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salinities at the site were determined to be between 11 and
17 ppt, it is likely more appropriate to evaluate the behav-
iour with respect to ice-rich, saline permafrost. Figure 17
shows the data points from the Komakuk Beach tests to lie


between the lines for –5°C and –10°C, with a salinity of 35
ppt (Nixon and Neukirchner 1984). Thus the results are
bounded by predicted performance in ice-rich, saline
permafrost; however, these bounds are quite wide. With
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Fig. 13. Logarithm of shear stress versus logarithm of normalized pile displacement rate for Komakuk Beach and Tuktoyaktuk.


Pile


Hole
depth
(m)


Grouted
depth
(m)


Load
(kN)


Load
duration
(min)


Avg. temp. over
embedment length
(°C)


Shear stress
at 180 mm
diam. (kPa)*


Predicted
stress at
180 mm (kPa)†


Komakuk Beach, Security camera 5.3 0.9 275 422 –4.0 540 1070 (–2°C)
1350 (–5°C)


Komakuk Beach, failure pile 8.3 8.0 875 2620 –5.0 193 405 (–5°C)
Stokes Point 7.0 1.5 448 120 –7.5 528 985 (–5°C)


1200 (–10°C)
Tuktoyaktuk 8.0 2.2 700 2852 –4.0 563 562 (–2°C)


708 (–5°C)
Liverpool Bay 4.0 1.0 448 1440 –16.0 792 1040 (–10°C)


650 358 1150 1920 (–10°C)
Nicholson Island 6.5 2.6 750 952 –3.5 510 874 (–2°C)


1100 (–5°C)
Horton River 4.0 1.5 450 590 –12.0 528 1630 (–10°C)
Harding River 5.0 1.5 700 715 –9.0 825 678 (–5°C)


822 (–10°C)


*An average value calculated using the applied load carried over the circumferential area of the grouted portion of the pile.
†Based on constant displacement rate in ice (after Morgenstern and Weaver 1981).


Table 4. Comparison of observed shear stresses for SRR piles with predicted shear stresses.
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the information available, it is not possible to determine how
the amount of unfrozen water in the soil at the site (salinity
of 11–17 ppt at –5°C) compares with that at 35 ppt at –5°C
and –10°C (Nixon and Neukirchner 1984). Thus the pile ca-
pacities appear to have been adversely affected by the pres-
ence of salinity, but quantitative analysis is not possible
without more detailed unfrozen water content data.


Stokes Point
The Stokes Point test (Fig. 15) displayed a lower stress at


failure than that predicted by the design guidelines. The pre-
dicted failurestress would be approximately 1100 kPa for
–7.5°C, and the observed normalized displacement rate of
43 year–1; however, the applied failure stress was 528 kPa.
At the previous load increment of 302 kN, giving a stress of
356 kPa, the pile behaviour was closer to that predicted for
piles in ice, with the data point falling between the lines for
–5°C and –10°C in ice.


Tuktoyaktuk
The test results for the pile embedded in a tabular ice


body in Tuktoyaktuk (Fig. 13) correlated well with those of
the design guidelines. At the failure stress of 563 kPa the
data point falls on the line for piles in ice at –2°C. At the
previous load increment of 482 kPa the pile displacement
rate was still decreasing (shown by the arrow) from the line
for –2°C towards the line for –5°C. Thus the performance of


the test at Tuktoyaktuk in ice at –4°C was reasonably well
predicted by the design guidelines.


Liverpool Bay
The Liverpool Bay test (Fig. 14) displayed a lower stress


at failure than that predicted by the design guidelines. At a
soil temperature of –13°C and the minimum measured dis-
placement rate prior to failure, the predicted failure stress
would exceed 1900 kPa versus the applied failure stress of
1150 kPa. For the previous load increment (at a stress of
792 kPa) the pile behaved more closely to that predicted for
piles in ice. The data point falls between the lines for –2°C
and –5°C, and the pile displacement rate was likely still de-
creasing, which would shift the point to the left (as shown
by the arrow). Similarly, at a stress of 534 kPa the behaviour
is even more closely predicted by the design guidelines.
Considering the high displacement rate of the pile with an
applied stress of 1150 kPa, it is likely that the maximum pile
capacity was somewhat less. The missing displacement data
at the end of the 792 kPa load increment further complicate
the analysis in that the behaviour of the pile at the end of the
load increment is unknown. Finally, it is possible that the ap-
plied stress of 1330 kPa during the short-term test adversely
affected the pile’s long-term performance, though the pile
did appear stable at that load. For these reasons the long-
term test data at 1150 kPa are deemed unreasonable and dis-
counted. Although suspect, the data from the previous load
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Fig. 14. Logarithm of shear stress versus logarithm of normalized pile displacement rate for Liverpool Bay and Nicholson Island.
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increments are more reasonable and suggest that the pile be-
haviour is reasonably well predicted by the design guide-
lines.


Nicholson Island
The strength of the Nicholson Island pile (Fig. 14) is also


considerably lower than that predicted by the design guide-
lines at –3.5°C (510 kPa versus approximately 1000 kPa at
the last load increment, and 476 kPa versus approximately
800 kPa at the second-last load increment). As with the
Komakuk Beach test, the anomaly cannot be easily ex-
plained, but it may be because at the high normalized dis-
placement rates (60 and 33 year–1) the pile behaviour does
not follow that predicted from the design guidelines.


Horton River
The strength of the Horton River test pile (Fig. 15) at the


failure load of 450 kN is considerably lower than that pre-
dicted by the design guidelines in ice. The stress on the pile
at this load was test 528 kPa at a temperature of –12°C com-
pared with the design guidelines predicted strength of ap-
proximately 1600 kPa at the same normalized displacement
rate at –10°C. However, at the failure stress at 528 kPa the
measured displacement rate was high (110 year–1), which
may be why the pile did not behave as predicted by the de-
sign guidelines. At the next lower load increment (356 kPa),
the displacement rate continued to decrease at the end of


that load increment. The data point for this load increment
lies above the line for –10°C in ice-rich permafrost. Thus it
appears that its performance may be reasonably well pre-
dicted, but without achieving a constant displacement rate
the true behaviour is unknown.


Given the moderate concentration of salinity in the pore
water (5.2 ppt), it is worthwhile to compare the Horton re-
sults with predicted performance in ice-rich, saline perma-
frost. Figure 17 shows the data point at 528 kPa lies between
the lines for a salinity of 35 ppt and temperatures of –5°C
and –10°C (Nixon and Neukirchner 1984), and the test at
356 kPa lies above the line for –10°C. Without more data on
unfrozen water content in the Horton soil it is not possible to
do more detailed analysis of the behaviour in saline soil.
This analysis is further complicated by the fact that a short-
term test had been conducted on the pile prior to the long-
term test, and the pile had been loaded to capacity at a stress
of 742 kPa.


Harding River
The results from the Harding River test are difficult to as-


sess. The data points fall in the expected region of the ice-rich
design guidelines. However, the soil was saline and possibly
ice poor, and the displacement data for the load of 700 kN
(stress of 825 kPa)fluctuate, making displacement-rate
analysis difficult. The stress of 825 kPa at a temperature
of –8°C is very close to the value predicted for creep in ice


© 2001 NRC Canada


456 Can. Geotech. J. Vol. 38, 2001


Fig. 15. Logarithm of shear stress versus logarithm of normalized pile displacement rate for Horton River and Stokes Point.
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of 822 kPa at –10°C. The fact that the permafrost may have
been ice poor renders this analysis questionable, however.
The capacity would also have been expected to be reduced
given the moderate level of salinity measured (6.7 ppt).
Consequently, it is worthwhile to compare the results with
published data on pile performance in ice-poor, saline,
frozen soil rather than ice-rich, nonsaline soil. Figure 16
shows the data points to lie above those predicted for grout-
backfilled piles in an ice-poor, saline soil at –5°C with a sa-
linity of 10 ppt (Biggar and Sego 1994). This is as would be
expected, but without detailed knowledge of the unfrozen
water content versus temperature relationship for this soil,
more detailed quantitative analysis is not possible.


Short-term analysis
The average shear stresses at the interface between the


soil and the grout for the SRR sites are compared with those
obtained in Iqaluit (Biggar and Sego 1993) in Fig. 18. The
tests in Iqaluit were done at the request of DND to aid in the
design of the SRR foundations. The grouted anchors utilized
Dywidag bars backfilled with a Cement Fondu™ based
grout. The pipe piles were 114 mm o.d. pipe backfilled with
a clean sand. The plain pipe had no surface protrusions, and
the lugged pipe had four 12 mm rebar collars welded at
250 mm spacing. The Iqaluit test load durations for the
grouted anchors, plain pipe, and lugged pile were approxi-


mately 30 min, 60 min, and 12 h, respectively (Biggar and
Sego 1993). The Iqaluit tests were loaded incrementally in
tension in a dense saline till at a temperature of –5°C to de-
termine short-term capacities of various pile configurations.


It should be noted that the Dywidag bar anchors in Iqaluit
may have yielded rather than failing at the grout – native soil
interface (Biggar and Sego 1993). In addition, the Iqaluit
tests were conducted more quickly than the SRR tests. Con-
sequently, the strengths from the SRR tests would likely
have been higher if the loading history had been the same as
that for the Iqaluit tests Despite this, and the difference in
temperatures and soil types, the SRR test results correlate
rather well with those from Iqaluit. Figure 18 shows the con-
siderable increase in pile short-term capacity using the grout
backfill and supports the results obtained in the Iqaluit tests.


The results of the test at Horton River show the reduction
in pile capacity due to excessive loading on a short-term test.
Even though the soil was at a temperature of –12°C, the
long-term test capacity was less, and its displacement higher,
than those of the other tests. After failing at an average
stress of 748 kPa under short-term loading, the strength of
the Horton River pile was reduced by approximately 50%, to
between 350 and 530 kPa under long-term loading. This re-
duction in strength, though significant, still resulted in a ca-
pacity considerably higher than that observed for piles with
a smooth surface installed with a sand backfill in Iqaluit.
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Fig. 16. Logarithm of shear stress versus logarithm of normalized pile displacement rate for Harding River.
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Discussion


Pile load test data extracted from records of tests per-
formed during the installation of the foundations in perma-
frost at seven of the Short Range Radar sites have been
presented and compared with performance predicted based
on design guidelines for piles in ice and saline permafrost.
The behaviour was examined for loads at or near the failure
load, and the duration of the load increment was approxi-
mately 12–24 h in most cases. The analysis was predicated
on the assumptions of (i) uniform stress distribution along
the pile length, and (ii ) constant displacement rate having
been obtained by the end of the load increment. Although
there are limitations to these assumptions, the data supported
the second assumption, and previous experience suggested
that the first assumption was reasonable.


For the piles in nonsaline permafrost, the results generally
indicated that at the failure loads the stresses were less than
would be predicted by the design guidelines for piles in ice,
with the exception of the results in a tabular ice body at
Tuktoyaktuk. At these failure loads (except Tuktoyaktuk),
the normalized displacement rates were quite high (typically
30–100 year–1). At lower displacement rates (up to approxi-
mately 15 year–1) the ice design guidelines reasonably well
predicted the loads for the piles at the Liverpool Bay and
Stokes Point sites, though the displacement rates did not ap-


pear to have completely stabilized at the end of these load
increments.


The soils at Komakuk Beach and Horton River were sa-
line (approximately 15 and 5 ppt, respectively) and ice-rich,
thus the pile capacity would be expected to be less. The dis-
placement rates for these tests were bounded by the design
guidelines provided by Nixon and Neukirchner (1984) for
piles in ice-rich, saline permafrost, but these bounds are
quite wide. Without detailed knowledge of the unfrozen wa-
ter content of these soils, further analysis is not possible.
The soil at the Harding River site was also saline (approxi-
mately 7 ppt), but reported to be ice-poor. The measured ca-
pacity at failure was less than that predicted by the design
guidelines for ice, but consistent with guidelines for ice-
poor, saline soil from Biggar and Sego (1994).


The behaviour of the grout-backfilled piles was consistent
with that observed in field tests reported in Biggar and Sego
(1993). The grout significantly increased the bond strength
at the pile–backfill interface, forcing the failure out to the
backfill – native soil interface, resulting in a dramatic in-
crease in pile capacity over piles backfilled with soil slurry.


Conclusions


Eight constant load tensile tests at seven different sites
across the western Canadian Arctic were presented andanalyzed.
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Fig. 17. Logarithm of shear stress versus logarithm of normalized pile displacement rate for Horton River and Komakuk Beach. The
lines labelled Nixon are design guidelines provided by Nixon and Neukirchner (1984) for piles in ice-rich, saline permafrost.
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The steel pipe piles were grouted into permafrost and their
behaviour was compared to that predicted from design
guidelines based on creep rupture in ice or saline permafrost,
as appropriate. The analysis indicated the following:


(1) For the piles in ice-rich, nonsaline permafrost, the fail-
ure loads were reasonably well predicted by the design
guidelines for piles in ice except at the higher normalized
displacement rates (typically 30–100 year–1). This suggests
that the analytical method does not work well at normalized
displacement rates greater than approximately 30 year–1, and
that long-term pile capacities based on constant displace-
ment rate analysis should probably not be extrapolated from
tests conducted at such high displacement rates.


(2) The presence of salts in the pore water significantly re-
duced the pile capacities below that predicted for ice-rich
permafrost. In ice-rich, saline permafrost the observed pile
capacities were bounded by the design guidelines provided
by Nixon and Neukirchner (1984), but the lower bound gives
very low capacities. To better describe pile behaviour in
these conditions and optimize pile capacities, either more
detailed knowledge of the unfrozen water content of the soil
is required prior to design, or more detailed research on ice-
rich, saline soil behaviour is required to refine currently
available guidelines. In ice-poor, saline permafrost the ob-
served capacities were consistent with the guidelines for ice-
poor, saline soil from Biggar and Sego (1994).


(3) Use of a cold-temperature grout as backfill for
prebored piles in permafrost forces the failure surface out
from the pile–backfill interface to the backfill – native soil
interface. Thus the shear strength of the native soil over a
larger surface area is mobilized rather than the potentially


weaker adfreeze bond between the pipe and the backfill, re-
sulting in significant increases in pile capacities.
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Fig. 18. Average shear stress at the soil–grout interface for the SRR sites compared with those obtained in Iqaluit. All temperatures in °C.
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Wind-Diesel Systems - Description & Operation 
Carl Brothers, P.Eng.  


Atlantic Wind Test Site, North Cape, PE  
March, 2008 


 
Introduction 
 
Wind-diesel is the generic term given to energy supply systems used on isolated electrical systems that combine 
diesel powered electrical generators, which provide prime power, with wind turbines, which operate when wind 
power is available to reduce the load on the diesels and displace diesel fuel. Most wind-diesel applications are for 
remote communities, such as those in northern Canada and on many small island grids around the world.   
 
The “penetration” of wind-diesel systems can vary from low to high level. At low penetration levels, the wind plant 
provides relatively small amounts of power and energy relative to total system requirements.  At high penetration 
levels, the wind plant can provide as much as several times the total plant power capacity. For example, in a plant 
with total installed diesel capacity of 500 kW system and an average load of 300 kW, a low penetration wind-diesel 
system might have 50 kW of wind turbines, while a high penetration system might have 1000 kW of wind turbines. 
In high penetration systems the wind power capacity is greater than the maximum load demand of the community.  
 
For low levels of penetration, there is literally no impact on the diesel plant operation. As wind energy is supplied 
into the grid the energy required from the diesel plant is reduced as is fuel consumption. However, because the size 
of wind plant is small, the total fuel saved is limited. 
 
At high penetration levels, there is a significant impact on the operation of the diesel plant. When the available wind 
power exceeds the community requirements the system can operate autonomously, with the diesels turned off and 
the wind plant providing all the load requirements. This maximizes fuel savings. For autonomous wind operation 
some method of regulating the system voltage and frequency, parameters usually controlled by the diesel, is 
required. Even at intermediate wind power levels, where the diesels are required to operate to provide a small share 
of the load, the operation of the plant is affected, since the optimum diesel size for the new operating condition is 
different than it would be for the diesel only system. 
 


Wind-Diesel Configurations (typical) 
Penetration Level Low Medium High 


Diesel plant 500 kW 500 kW 500 kW 
Wind plant 50 kW 250 kW 1000 kW 


Impact on diesel 
plant 


None Reject wind when diesel 
load low 


Reject wind when diesel load low 
Turn off diesels in high winds 


Special Control 
Equipment 


Communication Communication 
Dump load& regulator 


High speed communication 
Dump load& regulator Synchronous 
condenser 


Revenue sources Displaced fuel Displaced fuel 
Thermal energy 


Displaced fuel 
Thermal energy 
Diesel life extension 
 


Fuel saved 5% - 10% 15%-20% 30%-50% 
Table 1 


 
 
A schematic of a WDICS high penetration wind-diesel system is shown attached. The system configuration will 
vary widely from application to application, depending on the wind resource and load requirements and on whether 
the wind turbines are added as a retrofit to an existing diesel plant or installed as part of the initial power plant. 
 
The wind-diesel system generally has six components; wind plant, diesel plant, synchronous condenser, dump load, 
community load and system controller. Some components are readily available products, others are modified 
slightly or specifically designed for the application. 







     
Description of Components 
 
l) Wind plant consists of 1 - 10 wind turbines that are connected to the community grid. These wind turbines usually 
are installed in multiple units for economic (there are usually limited logistics within the small communities to 
install large turbines) and for power quality reasons (larger number of turbines tend to filter the short term power 
fluctuations from each wind turbine). Wind turbines are usually equipped with induction generators. These turbines 
are usually equipped with power factor correction capacitors (PFC’s) that provide most of the reactive current 
required by the induction generator but the diesel genset’s voltage regulators are required to provide accurate 
voltage regulation to the system. 
 
Each wind turbine is equipped with a PLC based control system to monitor key turbine variables and to ensure the 
unit is removed from service if a problem is detected with the turbine or the grid. Each PLC is connected to provide 
some information to the main system controller. 
 
2) Diesel plants usually use multiple diesels installed in increasing sizes to enable each unit to operate at peak 
efficiency at different times and to provide redundancy in the event of diesel failure. Each diesel requires a 
synchronizer, load controller and voltage regulator. Isochronous control is most common but, in lower cost systems, 
droop mode control is still used. The operating characteristics of the plan may vary and the diesels may be operated 
individually or in parallel with load sharing or one diesel may be designated prime and operate at fixed load. 
  
3) Synchronous condensers are required to enable the wind turbines to operate if the diesels are turned off. These 
synchronous condensers are simply synchronous generators that operate with no active load. Their sole function is to 
provide voltage regulation to the system with the diesels not connected. Voltage regulators are usually similar to the 
regulators used on the diesel gensets. 
 
An alternative to synchronous condensers is the use of clutches between the diesels and generators. These clutches 
(several types may be used) enable the generators to continue to rotate when the diesels are switched off, providing 
voltage regulation. 
 
4) Dump load is used to provide frequency regulation when the wind plant is operating with the diesel shut down. 
The dump load may be a simple load bank that dissipates the electrical energy or it may be used as dispatchable 
loads, such as building heat, ice making or desalination. Dump load is regulated by a commercial PID controller, but 
it may be similar or identical to the diesel load controllers if it is cost effective. 
 
5) Community load is the independent variable for which the wind-diesel system is designed to provide reliable and 
economical electrical power.  
 
6) System controller is the master controller that supervises the complete system operation. For a single diesel the 
control is very simple and carried out by the diesel controller. As diesels are added and dispatched in an optimized 
manner, the control becomes more difficult. Adding multiple wind turbines, cycling diesels off and on and using 
separate voltage and frequency regulators, makes the system control quite complex. 
The system controller is usually a mid-range PLC or an industrial computer. It must start and stop the diesels to 
maintain peak system efficiency, authorize each wind turbine to start, control the dump load and synchronous 
condensers and manage the autonomous operation of the system to maximize system reliability and fuel savings. 
 
Typical System Operation 
 
The system must operate autonomously with the system controller supervising the start of the appropriate diesel and, 
perhaps, the synchronizing and load sharing as well. Community feeders are connected automatically or manually 
once the system power is available. As the wind speed increases and the turbines are available for service, the 
controller authorizes the start of each turbine and regularly monitors the turbine status. The controller provides 
continuous monitoring of the various system power flows and initiates the starting and stopping of the synchronous 
condensers, dump load, diesels and wind turbines as required. In more sophisticated systems the controller will 
predict the energy flow (based on a number of algorithms under development) and perhaps control short term energy 
storage devices as well. 
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Manufacturer
Turbine designation
Rated power
Tower Height
Rotor diameter


No Wind


Single 
turbine


Med. Pen. Min. 
Load


Med. Pen. Avg. 
Load


Hi. Pen. Peak 
Load


Single 
turbine


Med. Pen. Min. 
Load


Med. Pen. Avg. 
Load


Hi. Pen. Peak 
Load


Single 
turbine


Med. Pen. Min. 
Load


Med. Pen. Avg. 
Load


Hi. Pen. Peak 
Load


Rated Capacity (kW) 65 250 500 800 100 250 500 800 80 250 500 800
Number of Turbines 1 4 8 12 1 3 5 8 1 4 6 10
Installed Capacity (kW) 65 260 520 780 100 300 500 800 80 320 480 800
Weights (kg)
Rotor (kg) 614 900
Nacelle (kg) 2420 5200 2100
Tower (kg) 7045 est 5591 9400
Total Shipping weight (tonnes) 11 44 87 131 13 39 66 105 14 57 86 143
Min. Operating Range C -40  -40 C -40
Design Foundation Load - Fh kN 71 156.1 149
Design Foundation Load - Fv kN 753 / -691 (single leg load) -221.9 448.4
Design Foundation Load - M kNm 2843 2880 1136


Simulation results
Total Load (MWh) 4429 4,429 4,429 4,429 4,429 4,429 4,429 4,429 4,429 4,429 4,429 4,429 4,429
Wind Generation (MWh) 99.9 399.5 798.9 1198.4 180.6 541.8 903.0 1444.8 131.6 526.5 789.7 1316.1
Capacity Factor 17.5% 17.5% 17.5% 17.5% 20.6% 20.6% 20.6% 20.6% 18.8% 18.8% 18.8% 18.8%
Wind Absorbed (MWh)     (100% 
Availability) 95.3 354.8 637.9 914.7 171.1 465.4 717.9 1094.5 125.5 452.2 644.8 1010.9
Wind Dumped (MWh) 4.5 44.7 161.0 283.6 9.5 76.4 185.1 350.3 6.1 74.3 144.9 305.2
Wind Dumped Winter (MWh) 0.3 18.7 90.2 166.1 1.4 35.3 101.2 206.8 0.7 36.7 80.5 180.4
Hours with Diesels 'OFF' 0 0 168 687 0 0 192 930 0 6 156 771
Fuel Consumption ('000 litres) 1282 1258 1194 1121 1042 1240 1167 1101 992 1252 1199 1128 1029
Total Fuel Saved (litres) 23,795 87,538 160,824 240,269 42,419 114,708 180,991 289,811 31,211 111,597 162,251 265,776
% of Fuel Saved 1.9% 7.0% 13.5% 21.4% 4.1% 9.3% 15.5% 26.3% 3.0% 6.7% 12.8% 22.4%
Fuel Saved / Turbine (litres) 23,795 21,885 20,103 20,022 42,419 38,236 36,198 36,226 31,211 27,899 27,042 26,578


Tuktoyaktut Wind Project - Simulation Summary


Entegrity Wind Systems Northern Power Systems Wind Energy Solutions
EWS15/50 NW100 WES18mk1


65 kW 100 kW 80 kW
37 meters 37 meters 40 meters
15 meters 21 meters 18 meters








APPENDIX 2 







���������	�
������
�����������	����������������
�������	����
��
����������	
��	���	
�������	����	������	�������������	��������	


	


	


�����������


	


���	����������	�
	�	����������	����	������	����	������	��	����	
������ 	���������	�����	������ 	���������	��	


����������	���	�������� 	�����	������� 	���	����	��������!	�	����	�������	���	�

���	����	����	��	����	�
	


����	���������� 	���	��	�����	����"	��	������	��	��������	���������!		#�	����	�����	�
	
����� 	����	


��������	���	����	��	��������	�����	��	��	��	�������	��	������	����	�����	������������	�����	�����	


������������!	$�%�������	���	����	��"���	��	�����	��	���������	���	�������	�����!	$���������	��	�����	��"���	��	


���
���	��	�����	��������!	#�	������	��	�����	����	��	����	����� 	�����	����	��������	��������	�����	��	�������	


�����������&	


	


	


������


	


'���	������	�����������	����	��������	�������	������	()	��	((	�������� 	�*��������	��	���	�����	���������	


��	��	�������	��
���������!	���	����	��������������	������	�
	�	����	�������	���	���	+�����!!!�����!!!�����+	


�
	���	�������	������	���	���	��������	�
	���	���������!	������	�������	�������	
���	�
	�	������� 	�����	


������	���	��	���������������	
���	���"������	�����	��!�!	�����	���

��	��	���	����	�������	�������	���	


������!	���	������	�����	�����	�������	��	���	�������	�����
	�����	���	�������	����	������� 	���	����	�������	


����������	����	���������	������ 	���	����	�������	������	�������	
������	��	�������	��������� 	���	���	��������	


��	���������!	��	�	,����	�
	������ 	���	����	�����	��������	�����	�����	������	���	������	-	��������	��.��	


�����	���"������	����� 	��	��������	��	���	��������	�
	���	�������	������������	���������	��������	�
��	


����	������	/01	�2��!	#
	���	�������	��	����	�����	����	�����	��	���	�������	�	�������!	#�	��	��������	��	�������	


����	���������� 	���	��	�������	�����	������	����	����	��
���	����������	���	����������	�	�������	


����
������	����	���	����	�
	����	���	����	�������	
���	���	������	���2��	����
��������!	#
	���*����	�����	


���	���	��"�� 	���	���	�����	������	���	������	���	���� 	����������	���	�����	��%�������	����	���	


������������ 	��	����	��"	����������	�����������	��	�������"�	�	�����	����������	��	����	�
	��	


�������������	����������	����	�������!		����	��	�	����	���������� 	�������!		


	


3���	�����	����	�������	������	
���	����	�����	���	������	�	
����	�����	
��	���������	��������	����	��	


���������� 	�����	�����	��	����	��	�����	�������	���	���%���	����	�
	���	����������	������	����	���	�������	��	


��������!		


	


	



������
����


	


��������	���	�����������	
���	����	��������	���	����	������	�������������	������	��
	���� 	���	������������	


�����
	���	�

���	�����	
����	���	
����!	#�	�������	����� 	��	������������	���	�������	���	����	
��	��	


�������������	����������!	4��	����	��
�������� 	���	5����	6	7���������	#�����!	


	


	


���	�����


	


#�	������� 	����	��������	���	���	�	��8���	��	������
�!	
�����	���	�������	��	���8�	����	��	���� 	���	��

������	


���������	�������	���	������	���	������	��������	��%���	��	���	����	������	����������	�������!	#�	�����	


�
	�����	������
� 	���	���	����	�����	�������	����	����	��������	���	�������	�	������	��	�����	���	����!	#�	��	


����	����	�����	���	��	��%����	��	"�����	�
	����	�������	����	���	������	��	���	�����9	���	����	�����	�������� 	


�������	���	
������	������	�����	��	���������!	:������ 	�����	�������	���	��	�������	����	����	������ 	���	


�����	��	������	��������	����	������	�������������	��	�����	��������	�
	�����	����	��������	"���	�����	��	


�����
�����	�������!		#�	
��� 	��	���	����	�����	����	���������	���� 	����������	���	�����;
����	���������	


"���	
��	����	�����	����	����	��������	��	����	�����	��	���	�����9	3�����<	����"��� 	��!�� 	)11)!	+3������	�
	







�������������	
�����	�
	.���	'��������+�!		4��	����	��
��������	��	���	�

����	�
	�����	����	��������	��	


������
� 	���	�����	������������	
���	���	=3	>�������	����	
�����������	
��������	�>�

�!	


	


	


�����������������������	���������������������
���������������� !! ��"��

��#����������$��������������


���%��	�& �������#"�


	


.�	������ 	�����	�����	�����	����	��������	��	
�����	������	���� 	���	���������	�����	����	��	
��	����	


�����	�����	����	�������	������!	��	�	,����	�
	������ 	�����	������	�	����	������	������	��	�����	�����	


�����	����������� 	����	��	��	������
�	��
����	��	���������	
������	���	�������	�����!		���	�������	���	�����	


������	����	��	��������	��	������	��������	���	�������	�������������!	����	��	���������	���	�	�������	����	


�������	�������!	


	


	


�����#�


	


3�
���	��	�	"��	�������	
��	�����	����	������� 	���	��	��	���������	��	��"�	�����������	��	������	����	��	


������������	����	���	�������	��	��8���!	3�
���	������	��	�������	����	�������	��<	


	


				?	������!	
�������	�
	������	��	���	�����	��	�����������	�������	��	�	���������	���������!	3������	��
���	


�����������	���	����	��*�����	�
	��������	����	������	��	���	������!		


				?	#����!	#�	����	������� 	���	���	����������	��	����	�������	������	���	����	�	��
���	�������!		


				?	.��������!	:�������	�������	
���	���������	��	�������	���������	��
���	�����!		


	



������	����	����	������2����������	��	������	����	�����	���	�����	������	����	����	���������!	


�������	�������	


	


#�	����	�����	�
	���	������� 	���	�����������	��	����	����	��	�*�������	���	���	�����	�����������	���	


����������	��������	
��	���	����	������	������	���	���������!		3������	�������	���������� 	���������� 	���	


�����������	���������	���	��	��*�����	��	"���	���	�������	��	�������	����������	���������!		
��������	�
	


������	�����	��	���������	�����	��	���	�����	���	����	��	�	�������!	


	


	



������
��������'������������(
&')�


	


3����	����	�������� 	����	��	�����	��8��	
��	�����������	���	
���	��� 	����	���	����	
����	��	������	


�����
������	����	����������	�������!	#�	
��� 	�����	����	�������	���	��������	����	�����	��	�����	������	


�����������������	��������	
��	����	��������	���	����������	����!	'���	����	��������	���	������	����	�
	


���� 	
���������	��	���������	���������	����	���@�	�����	���������	��������!	'���	�����	��� 	�	
��	����	


��������	�*������	����	���� 	��������	������	���	�����	����	������8��	�������� 	���	����	���	��	������	


��������	����!	








APPENDIX 3 












APPENDIX 4 
















APPENDIX 5 




















APPENDIX 6 







��������
�


�
��	
�������


� � �


�


��������	��
��
��������������������������	�


�


��������		
��
�������	��
	
��
����	��������	


	


������������		���	�������	��	����	� !����"	#��#�$��	��	��	���!� �	%�� �&#�	���	���	���$�#����&	


��	$�%���&%	��	'�& ���(�&��	�& 	'�& ���)�	��	���%���	(��'��&	*+	�& 	,-+)	.�&#$� �&%	���	$�&%��	


��	���	($� �/	�(�!�	%���& 	$�!�$0	�& 	'��#�	)�"	����	�	��1�� 	��	���	&�!�%����&2	


	


���������� !�������		����	��	 ����	*	3	,4	��&���"	5++6	


	


"���#��$%���&��		���& �� �	���	���	���$�#����&	��	)��7�&%	�& 	$�%���&%	��	'�& ���(�&��	�& 	


'�& ���)�	���	#�&���&� 	�&	�������	,5	��	���	65,2,*2		���	���	��	�����	���& �� �0	��'�!��0	��	


 ���& �&�	�&	�	&�)(��	��	��#����	��#�	��	���	 ���#���&	���	������#	�& 	���	&���&���	��	���� ��)��2		


���������0	%�� �&#�	��	���!� � 	�����&	��	������	���	�&�����������&	��	���& �� �2	


	


�&	�  ����&0	�&���)����&	��	���!� � 	'���	�����#�	��	���	������	��	(�� 	����$�����	�& 	&�%����)�	


$�%��	��$$����&2		�$����%�	�����	������	���	&��	'����&	���	�#���	��	���&�����	��&� �	��%�$����"	


�&������0	���"	���	��	�)�����&#�	��	���	�'&��8��������	�&	%��&�&%	��($�#	�##����&#�	��	


�&���$$����&�2	


�


'����� &� �(���)�&%���*+�,-��.
/.�,�,��
��0,�12�			
	


�9		���	���$�#����&	��	��)�����"	$�%���&%	


(9		��))�&�	�&	���	���	��	��$���&#��	���	'�& ���)	�& �#����	���#�&%2	


�


3����44�&��� &! �����	��#�))�& ����&�	���	�)���!�)�&�	��	����	� !����"	#��#�$��	���	


'�$#�)� 0	�& 	�����	���	�&#����%� 	��	��()��	��%%�����&�	���	


	


��(	���&�	��	��$����&�	:6,49	**+3-;;4	��	�3)��$	%��&�(<�#2%#2#�	


	


�


�


�


�


�


5.66�0.��5���������


���.�,��0	�.��
��7.
��6
�����&���8�,��6�


����������,��6�


�


�


�


�







��������
�


�
��	
�������


����������


����	� !����"	#��#�$��	 ��#�����	���	���$�#����&	��	�(����#���&	$�%���&%	���	'�& ���)�	#�)���� 	


��	'�& ���(�&��	��	���%���	(��'��&	*+	�& 	,-+)	.�&#$� �&%	���	$�&%��	��	���	($� �/	�(�!�	


%���& 	$�!�$2	


	


������� & � �&��


	


9�6
,��:�6.����	 �!�#�	��� 	���	���	%�&������&	��	�$�#���#��"	���)	���	'�& 2		�	'�& ���(�&�	


&��)�$$"	#�&�����	��	�	&�#�$$�	#�&���&�&%	�	%�&������	�& 	�$�#� 	��	���	���	��	�	�������	)���2		��	


�����&�0	��	��	�&$"	���#��#�$	��	�&���$$	$�%���	�&	���	&�#�$$�	������	���&	��	����	��	���	($� ��	222	����	


���	)��7�&%	��	���	'�& ���(�&�	��	�$$�)�&��� 	��	�	���&�	'��#�	��	)�#�	$���	���&	���	����	�!���$$	


���%��2�


�


9 �6
0��7;���	%�����&%	��	4	��	)���	'�& ���(�&��2		��!�&	����	�����	��	#�������	��	$�%��	���	


����)����	��	�	%�����&%0	���	�����	�������&��"	���	'��#�	'�& ���)	�& �#�����	.���	(�$�'/	)�"	(�	


���$�� 	��	���#���� 	���#�&%	��	'��&	�����	��	)���	���&	5	'�& ���(�&��2	


	


9�6
0��7� 6
���,��
;		
�& ���)	�& �#�����	���	)� ��)	�&��&���"	$�%���	�&���$$� 	�&	


'�& ���(�&��	��	�	'�& ���)	'���	�&	�$$�'� 	���#�&%	��	*++)2	


	


�
,��6�7�����
�,.;��	$�#����&	��� 	���	���	�������	��	#���"�&%	���	�����&�)�#�$	�#��!�����	��#�	


��	�&	�����&�)�#�$	�(���!����"0	�&���$$����&	��	�(���!�&%	����	� �&����� 	�����%�	��($�#	


�'���&���2		


	


(�8-,������,��6;		���	��� �#���&	��	%$���	�& 	�7"	%$�'0	("	$�%��	����#��0	'��#�	#�&	�&�������	


'���	�����&�)�#	��� ���2		��%��	��$$����&	#�&	�$��	(�	���)��$	��	&�%��	�#��!�	(�� �	'��#�	���	


�����#�� 	��'�� �	���	$�%��	����#��2	


	


"���������&������&������


�


�&���&����&�$	��!�$	�!�����&	=�%�&�1����&	:���=9	


�&&�>	,;0	?�$�)�	,0	���� ��)�	
���%&	�& 	=�������&2	


	


�$$�)�&���&%	�&%�&����&%	��#���"	


��%���&%	��& (��7		


	


��	�� ���$	�!�����&	� )�&��������&	:���9	


��	@+8@;6+3,�0	��	@+8@;6+3,�0	��	@+8@;6+3,A	


	


�����������	
�������
����������������������
	���������������
����������	��	
�������


�
�������	��	
��������������� �!"#$������%&%���
�%'%��
������������������	�
���	�
���


����������	�������	��������������	��	�
������(����
�
���������$�$�)�
�������(�������!


*)!��!+����,��	��"-��$��.�����
�
�������������
�������������
��������	/
��������
�����	��


����������
�������	�������		��
���������0������
�����0����
������
�
����������
�����$�.��


�����	����1�
�����������	������������	���
����������������
��2��
������
���������
�������	��


����������
��������������$�







��������
�


�
��	
�������


�


*��������������	�������
������	���
����2�������
�������	��	
�������(���	������������	��
�


(������������
�������%&%���
�%'%������	���������������
��	
�����$�


�


	


'���������&�����%�& <�� �&��


	


�)���#�&	��� 	��&���!����"	222	�����88'''2�(#(�� �2��%8	


	


�!��&	B�'��	��&�	�&����#���&	��))�����	222	�����88'''2��$�#2��%8	


	


	


3���( %)� &%����9  &����4��


	


3����#�
������6��/�.
	
	


���	�������	��	$�%���&%	�&���$$� 	�&	����#�����0	 ��)� 	��	(�	�(���#$��	��	���	&�!�%����&0	��	��	


�$���	���	��$��	�&	��)�	��	)�7�	�	���&�&%	)�&���!��	�& 	����	�!�� 	���	����#����	("	��	$����	6++)	


.5+++��/2			


	


����	 ����&#�	��	 ���!� 	���)	#�&�� ������&	��	�	#�))�&�#����&�	��'��	��	��	$����	5+++��	���%��	


��	���'&	�&	���	��%���	(�$�'2		�&	�##�� �&#�	'���	?����$	�$�%��	��$��	.?��/0	���	��$��	��	��	


��)��&	,-+)	.-++��/	�(�!�	����& 	��!�$	:���9	�& 	,-+)	.-++��/	���)	�(���#$��2		��&#�	���	


��1�� 	��	���	&�!�%����&	��	�#���$$"	���	%�"	'����0	���	 ����&#�	��	�!�� �&#�	��	-++��	C	,-++��	D	


5+++��2			


	


	
	


��	���'&	�&	���	�(�!�	��%���	���	!����$	�#E�������&	 ����&#�	.���)	��	@+8@;6+3,�/	��E���� 	��	


)�7�	�	���&�&%	)�&���!��	��	%�!�&	���	


524@7)	.,2;F)�$��/	���	�	,6-	��	5-+7&��	���#����	�& 		


,2*7)	.,2,F)�$��/	���	$���	���&	,6-7&��	���#����2	







��������
�


�
��	
�������


	


	



�	 �	&��	��!�	������	��	��'	�����	�#E�������&	 ����&#��	'���	 ���!� 2		��	��	����)� 	����	���"	


��)�$"	�������&�	�)����#�$$"	'���	��	�(���&�($�	���)	���	�!��$�($�	$�'	�&��&���"	$�%��	��	45# 	.��	


4	)�$�	!���(�$��"/	�& 	���	)� ��)	�&��&���"	$�%��	��	5+++	#�& �$��	.��	,	)�$�	!���(�$��"/2		�����	


$�%���	�& 	�����	�#E�������&	 ����&#�	���	���#���#	)������$�%�#�$	#�& ����&�	'���	$���� 	�&	��($�	-	


��	���	� !����"	#��#�$���2		


	


���������	
���
����
��
�
�����������������=��='������
�����3����
� ,����������	���4����������


����
���������5����������6�


)�����	���


����
���������5����������6�


.���������


5	��
����6�


������ "�5"$ 6� "$"+��5"$-6� 7����


	� 	� �$ ��5"6� 87�


������ 8�5�$+6� 8$��5�$+6� 7����


	� 	� "$�+�57$�6� 87�


	 	 � �


�


�&	���	$����	GAG	� ����&0	&�%����)�	��������&	��	,267)	.,	)�$�/	!���(�$��"	'��	�)���� 2	


	


���������	
���
����
��
�
�����������������=��='����$�
�����3����
� ,����������	���4����������


����
���������5����������6�


)�����	��


����
���������5����������6�


.���������


5	��
����6�


������ 8�5�$+��6� 8$"�5�$-��6� 72����5�79:6�


	� 	� "$��57$7��6� 87�


	 	 � �


	


�&	��	@+8@;6+3,�	���	��$$�'�&%	'��	���!� � 	222	


	


�&��&���"	��E����)�&��2		���	���#����	���!�$$�&%	��	,6-7��	��	�����& 	�& 	�!�� 	�&	�(H�#�	


("	5+++��0	��	��E�����	,2,F	�������	)�$��	���	���	��$��	��	���0	��#�%&�1�	���	$�%��	��	


� �&���"�&%	�&	�(����#���&0	�& 	�&������	�!���!�	�#���&2		�&	���#����	���!�$$�&%	��	5-+7��	


��E�����	,2;F	�������	)�$��	��	�!�� 	�&	�(����#���&	("	5+++��	����1�&��$$"2			


	


�&	��	@+8@;6+3,�	���	��$$�'�&%	'��	���!� � 	222	


	


G��&#$����&2		���#����	���!�$$�&%	��	,6-7��	��	$���	����$ 	(�	�($�	��	���	�(����#���&	


$�%���&%	�&	�����#��&�	��)�	��	�!�� 	���	����#����	("	��	$����	5+++��	����1�&��$$"	�& ��	�$$	


#�& ����&�	��	��������&0	���!� � 	���	��$��	��	�������&%	�&	�##�� �&#�	'���	���0	B���	*,2		


���#����	�������&%	(��'��&	,6-	�& 	5-+7��	����$ 	(�	�($�	��	���	���	�(����#���&	$�%���&%	


�&$���	���	'������	 �����������	��	,	)�$�	!���(�$��"	��	&�%��	 ���&%	'��#�	��)�	����� 	


5+++# 	'��$ 	(�	��E���� 	��	���	���	$�%���	��	,25	�������	)�$��2		�	��%���	�&��&���"0	'���	4	


)�$��	!���(�$��"	��	&�%��0	#��$ 	%�&�����	�	���� �&���$	�&&�"�&#�	��#���2		�&	�  ����&0	


���#����	�&	�����	���� 	��&%��	#�&	&��)�$$"	(�	�>��#�� 	��	�������	�& ��	�&����)�&�	�$�%��	


��$��	:���9	��	&�%��	'��&	���	!���(�$��"	��	,	�������	)�$�2	


	



���	����	)��&�	��	����	��%&�$	�����#���&	��	���!� � 	���	���#����	��	��	,6-7��0	���	(���	���	#����	


��	,	)�$�	!���(�$��"	.,2,F	)�$��	�#E�������&	'���	�	5+++# 	$�%��/	�& 	4	)�$�	!���(�$��"	.,2;F	)�$��	


�#E�������&	'���	�	45# 	$�%��/2			







��������
�


�
��	
�������


	


���	���#����	��	��	,6-7��0	��%&�$	�����#���&	��	&��	���!� � 	���	&�%����)�	�& 	,	)�$�	!���(�$��"	��	


�&$"	45# 	$�%���	���	��� 2		���	�����	$�%���	'��$ 	(�	��� 	�$�&�	�&$"	���	����#�����	$���	���&	;-)	


.,-+��/2	


	


�&	���	#���	��	���#����	��	��	5-+7��0	�����#���&	#�&	�&$"	(�	���!� � 	���	��������&	��	&�%����)�	


�& 	4	)�$�	!���(�$��"	%�!�&	���	)�&�)�)	�#E�������&	 ����&#�	��	,2;F	)�$��2	


	


���	���	#�& ����&	��	&�%����)�	�& 	�&	,	)�$�	!���(�$��"	�	5+++# 	$�%��	��	!��'�($�	��	�	 ����&#�	��	


,2,F	)�$��2		��	��	'���	 ����� 	��	���!� �	�����#���&	���	���	5-+7�	���#����0	�& ��	����	#�& ����&0	�	


$�%��	��	��	$����	5+0+++# 	'��$ 	(�	��E���� 0	�& 	��&#�	���	�&��&���"	#�&&��	(�	#��&%� 	�##�� �&%	


��	!���(�$��"0	����	�&��&���"	'��$ 	%�&�����	�	���� �&���$	�&&�"�&#�	��#���0	'��&	���	'������	


�)���!� 	��	4	)�$�	!���(�$��"2			


	


���������0	�����#���&	��	���!� � 	�&$"	���	���#����	��	��	,6-7��	��	&�%����)�	�& 	,	)�$�	!���(�$��"2	


����	��	H������� 0	��'�!��0	("	���	#�&�� ������&	����	���#����	��	��	��	5-+7��	'��$ 	&��	(�	�$"�&%	


("	!����$	�$�%��	��$�	.?��/	'��&	���	!���(�$��"	��	,	)�$�2	


	


3�"���//����,��6��0�	��7��/���68��.>���.7.6,�


	



���	�����#�	��	���	�&���$$����&	��	'�& ���)	�& �#�����0	���	���65,2,*	���& �� 	�������	


	


,524	:59	:(9	:��9		���	G'�& ���)	�& �#�����G	��	��(����%����	:�9	���$$	(�	$�#��� 	��	��	��	


 ���&�	���	'�& ���)	�& 	���#� 	��	�	����1�&��$	 ����&#�	�&	���	�� ��	��	*++)	���	%�!�&	


 ���#���&�	��	���#����	������#�2	


	


����	��$$�'�	���	���=	�&&�>	����#$��	


	


6242,;	�&	���	#���	��	�&	�>��&��!�	�(H�#�	��	��	�	%����	��	#$���$"	���#� 	�(H�#��0	���	$�%���	


���$$	(�	 ���$�"� 	��	$����	�&	���	���&��	��	� %��	��	���	�(H�#��	��%����	�&	��$����&	��	���	


�(���#$�	$�)������&	�����#�0	��	��	��	�& �#���	���	%�&���$	 ���&����&	�& 	���	�>��&�	��	���	


�(H�#��2	��	�'�	��	)���	� %��	���	��	���	��)�	���%��0	���	� %�	&������	���	$�& �&%	����	


���$$	(�	)��7� 2	
����	$�'3�&��&���"	$�%���	���	��� 0	���"	���$$	(�	���#� 	��	$�&%��� �&�$	


�&���!�$�	&��	�>#�� �&%	;-	)2	
����	)� ��)3�&��&���"	$�%���	���	��� 0	���"	���$$	(�	


���#� 	��	$�&%��� �&�$	�&���!�$�	&��	�>#�� �&%	*++	)2	


	


���	���=	����#$�	6242,;	��	'���	�����#�	��	����#�����	�&	%�&���$2	��	��	����	'����&%0	���=	���	&��	


���)�$��� 	�	���#���#	#�������	���	'�& ���)	$�%���&%0	�$(���	���	*++)	���!��	��	�	���#� �&�2	���	


 ������&#�	(��'��&	����	���=	����#$�	�& 	���65,2,*	��	����	���	$�����	 ���	&��	�����$���	�	�>�#�	


!�$��	���	���	���#�&%	��	'�& ���)	�& �#�����2	���	�����&	(��&%	����	'�& ���(�&��	���	�&���$$� 	��	


�����	$�#����&�	'��#�	%�!�	����)�)	�##���	��	'�& 	�& 	&��	�##�� �&%	��	��)�	�����	����($���� 	


 �)�&���&�$	$�"���2		


	


��&#�	���	���#�&%	���& �� 	�&$"	��"�	G	�	����1�&��$	 ����&#�	�&	���	�� ��	��	*++)G0	���	E������&	


)�"	(�	���� 	��	��	��'	)�#�	)�%��	�&�	 �!����	���)	����	!�$��2	��	��	��#�))�& � 	����	���	


 �!�����&	(�	&��	)���	���&	,+	���#�&�	��	,++)0	(��� 	���&	���	��$$�'�&%	��#����2	







��������
�


�
��	
�������


		


3�"������7.����,���


	


���	��%���	(�$�'	�$$��������	�&	�&���$$����&	���	'��#�	'�& ���)	�& �#�����	���	�&���$$� 	��	*++)	


���#�&%2		���	���	#�& ����&	��	&�%����)�	�& 	,	)�$�	!���(�$��"0	���	�#E�������&	 ����&#�	��	,2*7)2	


��'�!��0	����	 ����&#�	��	���	���	�& �#�����	�& 	&��	���	�&$�%��� 	'�& ���(�&��	����	)�"	(�	


$�#��� 	(��'��&	���	�& �#�����2		
����	���	���#�&%	��	*++)	���	�#���$	�����& �#�$��	 ����&#�	��	


���	��1�� 	��	,2F-7)2	


	


	
	



���	#��&%�	��	���#�&%0	��	�$��	 ���	���	�����& �#�$��	 ����&#�	#��&%�0	�& 	����	#�&	(�	


�&�������� 	��	�	$���	��	��)�2	���	,6-7�	���#����	���!�$�	��	F-)8�2		���	,2*7)	 ����&#�	��	���	


'�& ���)	�& �#�����	�������&��	55	��#�& �0	(��	���	���	�����& �#�$��	 ����&#�	��	,2F-7)	�����	��	


�	$���	��	+26	��#�& �2		���	��%���	(�$�'	���'�	�	#����	��	��)�	$���	!�����	�& �#����	���#�&%2	


	


+2+


+2-


,2+


,2-


52+


52-


42+


42-


;2+


+ -++ ,+++ ,-++ 5+++ 5-++


9�6
0��7� 6
���,����/���68


�
.�
�
6






	







��������
�


�
��	
�������


	


3�"����!�.+����,���


	


�	��#�& 	��#���	��	��7�	�&��	�##��&�	��	����	��	���	 ���$�"	��	!��'	�����&�� 	��	���	��$��2		


	


���	���&#��$�	(���& 	���	���	��	'�& ���)	�& �#�����	��	����	�&�	#�&	�� �#�	���	�)��&�	��	$�%���&%	


("	�&���$$�&%	$�%���	�&	�&$"	#�����&	��$�#�� 	'�& 	���(�&��2	���	��'	���	�����	#�&	�����	$�%���	(�	


�&���$$� 	(�����	���	��$��	���&7�	����	���"	���	�&	��������	�(H�#��	�& 	����	'��$ 	#�����	��	�$"	


(��'��&	���)I	���	��%���	(�$�'	���'�	�	G!��'	����G	�&	���&�	��	���	��$��	�&	'��#�	���	'�& ���)	


�& �#�����	'��$ 	(�	���&2		���&�� 0	����	!��'	����	��	)�#�	$���	���&	��	�#���$$"	�!��$�($�0	


��'�!��0	��	��	�����&�($�	��	��%%���	����	�	 �#����&	��	�$"	(��'��&	�	 ���$�"	��	$�%���	#��$ 	(�	


��$��� 	��	�	��"��#�$	�����(���	��	���	��$��2	����	���	 �)�&���&	��	;6#)	.,F	�&#���/2		


	


��	#�&	(�	���&	�&	����	��%���0	����	���#�&%�	��	%������	���&	,,++)	�$�#�	���	$�%���	�&	���	� %�	��	


����� �	���	!��'	����2		��'�!��0	��	 ��#���� 	�&	-242,0	���#�&%�	��	,,++)	'��$ 	$�� 	��	�	��)�	


$���	��	��	$����	,	��#�& 2		����	����	�������	#�&���)�	���	��#�))�& ����&	����	 �!�����&	&��	


�>#�� 	�	���#�&%	��	,+++)2	


	


	
	


	


	







��������
�


�
��	
�������


	


	


	


������)�����������


	


�����&�8-,��?���6
�(�8-,������,��6��


�


���	#$����"	��	&�%��	�7"	��	��	�)�����&#�	&��	�&$"	���	���	)�&"	����$�	'��	#����$$"	��	�������$"	


)��&���&	�����&�$	�����&�)�#�$	�(���!�������0	(��	�$��	��	���	��������$	'�$$	(��&%2		�&�����&���$"0	


("	�&�����������	���	��	$�%���&%0	'�	���	���%�����!�$"	 �%�� �&%	���	!��'	��	���	&�%��	�7"2		����0	


���	 ���%&��	����$ 	��"	�����#�$��	����&���&	��	)�&�)�1�&%	���	� !����	�)��#�	��	$�%���&%	���$�� 	


��	'�& ���)�2		�&	%�&���$0	�� 	$�%���&%	����$ 	(�	��� 2	


	


���	��"���$�%"	��	���	��)�&	�"�	�&	$�'	$�%��	$�!�$�	��	'�$$	�& ������ 2		���	�"�	��	)���	


��&����!�	��	($��3%���&	$�%��2		�����!��0	���	��&����!��"	������	��%&���#�&�$"	�'�"	���)	�� 0	��&#�0	


�� 	�$$�)�&����&	����#��	 �	&��	#�&���(���	��	���	$���	��	&�%��	!����&2	


	


�����#��
���,���,�.
�


	


�!� �&#�	���)	��� ���	��	��$$	����#�����	�$��	���'�	����	���	$�%���	���"	#���"	�����#�	&�%��3


)�%����&%	(�� �0	'��#�	(�#�)�	#�&���� 	("	���	$�%���	�& 	#�&	#�$$� �	'���	���	����#����0	���	


�������	'����0	��	'���	�����	(�� �0	����&	'���	����$	����$��2			


	


������	�����!�$	�& 	#�&����#���&	��	&�'	'�& 	�&��%"	���H�#��	���#�� �0	����&���$	���7�	��	(�� �	


�& 	(���	����$ 	(�	�!�$���� 	�����%�	����	�&�$"���0	�&#$� �&%	������)�&��	��	(�� 	�& 	(��	


�(�& �&#�0	��)�&%	�& 	)�%&��� �	��	)�%�����&0	�& 	��(����	���	������&�2		
�& 	�&��%"	���H�#�	


$�#����&0	 ���%&0	��������&0	�& 	$�%���&%	����$ 	(�	#�����$$"	�!�$���� 	��	���!�&�0	��	��	$����	


)�&�)�1�0	(�� 	�& 	(��	)����$��"	�& 	� !����	�)��#��	�����%�	��(����	���%)�&�����&0	 �����(�&#�0	


�& 	����	�!�� �&#�2		���	�>�)�$�0	'�& 	��'��	���H�#��	����$ 	(�	���� 	�&	�����	'���	����	��(����0	


��#�	��	���!�$"	 �����(� 	$�& �0	:�2%2	�&��&��!�	�%��#�$����90	'����	�����($�2	


	


�����	��E����&%	���#��$	�#����&"	�&#$� �	�����	����	���	���E��&�� 	("	$���� 	�& �&%��� 	���#���	��	


(�� �	�& 	(���0	�&	7&�'&	(�� 	)�%�����&	����'�"�0	�����	'����	(�� �	���	��%�$"	#�&#�&����� 0	�& 	


�����	����	��!�	$�& �#���	��������	7&�'&	��	�����#�	$��%�	&�)(���	��	�������2		��	��	��#�))�& � 	


�����	


	


,9		
�& 	���(�&��0	����#���� 	#�))�&�#����&	��'���0	�& 	���)�&�&�	)������$�%�#�$	


:)��9	��'���	����$ 	(�	)�&���$��0	�& 	&��	��	$����#�	#�&����#���&0	�& 	���	&�	%�"	'����J	


	


59		���	&�)(��	��	���(�&��	����	���	$��	����$ 	(�	)�&�)�1� 	�& 	���	$��	���(�&��	���	�&$"	


��)�$��&����$"	��$��&%	'����	��	�� 	����(��J	


	


49		�$$	#�&&�#��&%	��'��	���&�)�����&	$�&��	(�	�& ��%���& 	�& 0	��	�(�!�3%���& 	$�&��	


���	��E���� 0	���	$�&��	�& 	��$��	����$ 	#�)�$"	'���	�!��&	B�'��	��&�	�&����#���&	


��))�����	:�B���9	���& �� �J	�& 	


	







��������
�


�
��	
�������


;9		�E���)�&�	��� �	�& 	�����	����#�����	'����&	���	'�& ���)	����$ 	&��	��!�	#�&��&����	


�&	$�%���&%	����	)�"	�����#��	(�� �	��	�&��#��	���&	'��#�	(�� �	)�"	��� 2			


	


=����.7/������(�8-,�68�


	


	
	


���	���65,2,*	�����$����	���	���$�#����&	��	��)�����"	�(����#���&	)��7�&%	�& 	$�%���&%	 ���&%	


#�&����#���&2	�&	���	#���	��	'�& ���(�&��	�& 	'�& ���)�	�����	�����$����&�	����$ 	(�	��$$�'� 	


�& 	'��$ 	���$"	���	(���	���	���(�&��	�& 	�E���)�&�	��#�	��	#��&��2		


	


�&	�����	������	��	��	���%�����!�	�&���$$����&	��	'�& ���(�&��	��)�	��	'��#�	��	���	#�)�$����&	��	


#�&����#���&	'��$ 	&��	(�	$�%��� 2	����	��"	"��	��!�	�	$�&�	��	'�& ���(�&��	�,0	�50	�4	�& 	�;	


����	'��$ 	�!�&���$$"	(�	���	����)����	��	�	#�)�$��� 	'�& ���)0	�& 	�,	�& 	�;	���	��	��!�	


'�& ���)	�& �#�����2		���	�����	'�& ���(�&�	�,	���	(��&	�&���$$� 	�& 	��	$�%��� 2		
���& �&%	


���&	���7	������)�&�0	'�& ���(�&�	�5	��	���!� � 	'���	��)�����"	$�%���&%	 ���&%	���	�&���$$����&2		



��&	���	'�& ���(�&�	�4	��	(��&%	�&���$$� 0	��	��	���!� � 	'���	��)�����"	$�%���&%	�& 	����	��	�5	


)�"	(�	��)�!� 2		��&�$$"	'��&	�;	��	�&���$$� 0	��	��	$�%��� 	�& 	���	��)�����"	$�%���&%	��	�4	#�&	


(�	��)�!� 2	


	


1����@�4�(��	
	


���	 ��'�&%�	(�$�'	���'	�	�"��#�$	'�& ���)	'��#�	��	����� 	�!��	�	$��%�	 ����&#�	�$�&%	���	


�����	��	��7�	����2		�����	��	�	��'&	�& 	&���("	���� ��)�2	


	


��8��.��	���'�	���	#�)�$�>	��	'�& ���(�&��2	


	


��8��.��	�$$��������	���	���$�#����&	��	'�& ���)	�& �#�����2		��&#�	'�& ���)	#�&��%������&�	���	


����$"	��	�&"	�����#�$��	�� ��0	���	���	��	*++)	���#�&%	#�&	(�	���($�)���#2		����	��%���	���'�	�	


)��&�	��	�  �����&%	���	���($�)	�����%�	�	��%)�&��&%	��	���	'�& ���)2		���	$�%���	��	���	����$	


'�& ���)	����$ 	���$$	�$���	��)�$��&����$"2		��	'�$$0	�&	����	��%���0	��	#�&	(�	���&	����	��)�	


'�& ���)	�& �#�����	'����&	�	��%)�&�	)�"	(�	)���	���&	*++)	�����2			


	







��������
�


�
��	
�������


��	��	&��	�&��& � 	����	���	*++)	����$ 	(�	�	��� 	����	��$�	�>������&%	�&	�>�#�	��E����)�&�2		


=(!����$"	�����	'�$$	(�	#����	'����	���	'�& ���(�&��	�&���$$� 	���)��$!��	��	)���	���&	����	


 ����&#�2		��	��	����	��	��	���	��������"	��	��7�	�&��	�##��&�	'����!��	��#����	���	�����&�&�	��	


�����"0	'��#�	'��$ 	�$$�'	�	���#�&%	��	)���	���&	*++)2			


	


���	��)�	��	���	��%)�&��	�	�������	�����"	�!�$�����&	)�%��	#�&#$� �	�	$�����	�&���$$����&	��	


$�%���2		���	�>�)�$�0	���	'�& ���(�&��	;F	�& 	-;	)�%��	&��	(�	$�%��� 	�&	#�&�� ������&	��	���	


&����'&���	��	����	'�& ���)	��%)�&�	�& 	���	�>��#�� 	�$�'	��	���	������#	�&	���	$�7�	�� �	��	���	


'�& ���)2	


	


��8��.�"	�$$��������	�	#�&�� ������&	��	&����3�����	������#	�$�'	�& 	����$�	����	����	)�"	��!�	�&	


���	�����($�	���#�&%	��	'�& ���)	�& �#�����2		�&	��)�	#����0	���	�  ����&	$�%��	)�"	(�	��E���� 	��	


���	�>�)�$�	'�& ���(�&��	K5	�& 	K-	��	���	���	$���	��	���	#�&��%������&2	


	


	


	


	







��������
�


�
��	
�������


	


	
	


	


	
	


	







��������
�


�
��	
�������


	








APPENDIX 7 







�������������	

��������
�


��������� � ���������	
�����
��


��� �������������
��� � �


�
����������	�
����
�����
�����


� � � � � �
� 
�������
��������
��


� � � � � �
�������
��������
��


� � � � � �


�����
�
�����
��������


����������
������ � � � � �� ����������������� � � � � �


�

������� � � � � ��


� ��


������� � � � � � � ���	�������


����������
���� � � � � �� ������ � � � � � �� ��� � � � � � !������� � � � � �


����"��������������������� �� � � � � ��


�


����������������� � � � � �


�

������� � � � � � �


� ��


������� � � � � � � ���	�������


�
���������
����� � � � � �� ������ � � � � � �� ��� � � � � � !������� � � � � �


#��
�$����"�%��������� � � � � ��


�


����������������� � � � � �


�
�

������� � � � � � ������������������������������ ������� � � � � � ���	�������


����������
����� � � � � �� ����� � � � � � �� ��� � � � � � !������� � � � � �


�����
�����	
�����
��


���&����'����
����
"������� � � � � �


�



���������(������ � � � � ��������������



�(�'��"��"��)����� *�������� 
�� +��,%���

�
���� � � � � ���������


�


� � � � � ���


�


������+��,%������ � � � � ���� � � � � � ����


����
����������'������� � � � � ��������


��


� � � � � ��-� � � � � � ��.���
�/#��0� � � � � � ���� � � � � � ��-� � � � � � ���.�1 �/#��,0�


�
����#������2��"�����'��"��"����


�/����"
����������
�����
������0�


�������� � � � � �����


��


���������� � � � � ���������������


�


� � � � � ��-�


�


� � � � � ��-�


� � � � � ��.���
�/#��0�


�


� � � � � ��.���
�/#��0�


� � � � � ����


�


� � � � � ����


� � � � � ��-�


�


� � � � � ��-�


� � � � � ���.�1 �/#��,0�


�


� � � � � ���.�1 �/#��,0�


2��
��������"��� �
��34�������� �
��56������ ��12'57� � � � � � ����


�


� � � � � ���


��������'��"��"������ � � � � �


�


� � � � � ����


�


� � � � � ���


�������������� � � � � �


2��"�
�!��	������/���	�������������	��0�
�


'��"��"���+��,%��/���	��,��"�
���	��0�
�


������+��,%��/���	�������������	��0�
� � � � � ���� � � � � � ���


8������������ � � � � � �����/'%����9�8��������0���� � � � � �


�������
�������"������'�������������� � � � � �� ����� �������"����������������"���������� � � � � �


:������������'��"��"��� '������������ � � � � �� !�
�������� � � � � � ������� � � � � �%��� ����� � � � � �%���


�����������


� � � � � �


�
���
���������
�������������������
��
�����;��%��<��%�������(��,�������(%��%�������"������������������
����	�
��
��������
�+�,%�	����,���="������� ���������� � � � � ���


����(��
��,� ���������� � � � � �


��
������������ ���������� � � � � �


+�,%���(���
��������������� ���������� � � � � �


�+����
��� ���������� � � � � �


>�%��� ���������� � � � � �







�������������	

��������
�


�


���	
�����
����
���
����
������������������������
��
��/�������%���?�<�������������;���������������� ��


�
�!��"��/1%�������������������"
��������������
�
���%�����(�0�
�� 7�������������@�ABCBBB�����,���%�����������������(��%��%���������������%���������
����"��"��������������<�
�


�� 7�������������,����"�	���/����	�������0�


�


#����

�	
�����
������
������������������
��
��/?�<���������������������;����������������0�


�
�!��"��/(%�����������������"
��������������
�
���%�����(0�


�� 7�������������@�ABCBBB�����,���%�����������������(��%��%���������������%���������
����"��"��������������<�
�


�� 7������������
�������,������������������
��������������������
����"��"������
�� ��	������������%��,�


�� 7���������������@�3BBB��(��%�/DB�0�
���������������������"�(���������������������������� �������C��� �(��C���
�
��������������������"�(����%���%��
�


�� 7���������������@�3BBB���
������,��%�������������������������
������%��,�� ��	�������/����"
��,�
���%�0�


��������8���,����� � � � � � ������ � � � � � �� ��� � � � � � !;������� � � � � �


����������������%��,�! ��	���������� � � � � �


$���%����
��
��!��&�'�(�$�'����$���
�
���!�
)����)�$�*��


%���
����������(��������
�%��<��%��������(%��%�������"��������"����������	����������%��
�����
������������������


�#�������'�,%��� ���������� � � � � �


2�������������'��<������"�� ���������� � � � � �


��������	���� ���������� � � � � �


������������<��,� ���������� � � � � �


! �������#�,%���,� ���������� � � � � �


�
�!��"��/�����

���������
��(��,����������
����'�������E����	�0�
�� 7���������������@�ABB��%�(��,�������������������"��"��������"
��,�	�%�������
����������������� ����������


�� 7�����������,%��
��(��,���%�(��,������	��(��������(����''����'�����"�(������
��� �(����


�� 7�����������,%����������������	��(�������1���''����'�����"�(������ �(����9��
��������,���������������"�������


�
���
������*��
��������+����"����
�� 	
����'����


� � � � � �
�����


� � � � � �
�


�


�����'���'��*�$��%'��


,-
 �&�����
���&��
��������������������'�(�$�'����������������
�������������
������
��������
�����
��


� 
 ����
���������������
��
����


� 
 !��&�!&��&�'�(�$�'����&�������
��
��"
������.�


�� 
 !&��&��
�����������

/���
+����/�'�(�$�'������+�"������
��
���
�������������������
�����.�


��� 
 ���!&��&��&�
�����������
����"�'�(�$�'��������
�
���!�
������
��
�"&����
+������������0��� .�


�+ 
 ���!&��&��&�
�����������
����"��+�������1 ���&�
�%���
+�����������0�1 %� .�


+ 
 ���!&��&��&�
�����������
����"�$�������/���
��
����*�������������0$�*� .��
�


+� 
 !&��&��
����
+����/��������
���������
���&��
�����
�.����)�


�


� 
 ��
��

���&�
��
�����
�)�!&��&���/�&�+����������������&���
�+���������'�(�$�'������
�'�+�"�������/����)�����
������������
+�����
����������2


��
��
��0�-"-���!�
����������"�����
���������
���&�	
�����
��)�
������������������������+�"���������)����- �


�


3-
 '�(�$�'�������2�������������
���������
�����
�����������
��������
�����
������&�
���������������
�
��
�������/����
�+�
���
���
�����
�4��
����/�


�
�����
��$�����)���&�
�����
�
���+�
����������
������)�	
�+�����
��
�5 �������
� 
�����������&�
�����)��
���/��"���/��
���!&��&���/����
�+�
����



�4��
��-�


�


6-
 $���
��������
������������������
���"������������&��
��������
�������&�����
��
�����'�(�$�'����
�"����
����������
�!��


0�&������
�������
�������!���������
������1 ����
��
�"��������'�(�$�'����
������
�&��
����&�������
��
��
��"�778�1 �������"���������9:8�


'�
�&���������)��&�����������7:8�1 �������"�����������&�����
�&����;<8�'�
�&���������- �


�


1 ����
���*�"������


�


����
�
�5 ���"�
���
��
��%��
�������0�5 �% )�'�(�$�'���)�,9:,�����*���
��)�	-%-�#�=�>73<)����������)�%���!�)�%'�


?,��9*3)���������������������%������@�1 ����


��
��09,6 �3<72<:;<�����=��09,6 �3<72<:><�


�����
��*�"����� ����
�
�5 ���"�
���
��
��%��
�������0�5 �% )�'�(�$�'���)�,9:,�����*���
��)�	-%-�#�=�>73<)����������)�%���!�)�%'��


?,��9*3)���������������������%������2�������


��
��09,6 �3<72<,3,�����=��09,6 �3<72<:><�
�








APPENDIX 8 















Geographic coordinates of structure – coordonnées géographiques de la structure


Site acceptable – Emplacement acceptable


Advise Transport Canada in writing 90 days before construction
Avertir Transports Canada par écrit 90 jours avant la construction


(if no, reason)
(si non, pourquoi)


26-0427 (0005-01)


Operator's Name – Nom de l'opérateur


AERONAUTICAL OBSTRUCTION
CLEARANCE FORM


Yes
Oui


Transports
Canada


Transport
Canada


APPENDIX C TO CAR 621.19 - ANNEXE C RAC 621.19
TC File No./Ref No. – TC n° du dossier/N° de réf.


Feet – Pieds


Operator's Address – Adresse de l'opérateur


Contact's Telephone No. – N° de téléphone de liaison


Operator's Contact – Agent de liaison de l'opérateur


Applicant's Name – Nom du requérant Address – Adresse


City – Ville Province/Territory - Province/Territoire Postal – Code – postal


TYPE OF STRUCTURE (narrative description and function) – GENRE DE STRUCTURE (description narrative et fonction)


Nearest city / town to proposed facility
Ville la plus proche de la structure proposée


AERONAUTICAL ASSESSMENT – ÉVALUATION  AÉRONAUTIQUE


A


Meters – Mètres


°


B


Ground elevation above sea level
Hauteur du sol au-dessus du niveau de la mer


C


TOWERS / ANTENNAS
TOURS / ANTENNES


List any tall adjacent buildings and structures which may 
shield the proposed structure (Attach sketch)


Faire une liste indiquant les structures et bâtiments avoisinants plus haut que le bâtiment
projeté (Inclure un diagramme)


BUILDING OR OTHER STRUCTURE
BÂTIMENT OU AUTRE STRUCTURE Height above ground


Hauteur au-dessus du sol


No
Non


Regional Manager Aerodrome Safety
Gestionaire Régional Sécurité des aérodromes


Signature


TO BE COMPLETED BY APPLICANT – À REMPLIR PAR LE REQU ÉRANT


Date (Y/A-M-D/J)


Add. to exist. struc. incl. total hght. – Ajout à un bâti. exis. incl. hauteur total Proposed Construction – Date – de construction proposée


Building height
Hauteur du bâtiment


TRANSPORT CANADA USE ONLY – À L'USAGE DE TRANSPORTS CANADA


when construction starts
au commencement de la construction


Lighting as per (TP382) required – Balisage lumineux tel que demandé au (TP382)


or
ou


Yes
Oui


No
Non


Painting as per (TP382) required – Balisage peint tel que demandé au (TP382) 


or
ou


Yes
Oui


No
Non


Temporary lighting required – Nécessité d'un balisage lumineux temporaire


(if yes, type)
(si oui, de quel genre)


Yes
Oui


No
Non


New struc. – Nouv. struc.


and on completion
et à la fin des travaux


Valid to 
Valide jusqu'au


Signature (of applicant)
(du requérant)


Date (Y/A-M-D/J)


No
Non


WGS84NAD27' " N Latitude
Latitude N


° ' " W Longtitude
Longtitude O


Yes
Oui


C


A


C


A


B


Civil Aviation Inspector (as required) – Inspecteur Aviation Civile (si nécessaire)
Comments – Commentaires


(Y/A-M-D/J)


Signature Date


Contact's FAX No. – N° de télécopieur de liaison Contact's Email Address – Adresse électronique de liaison


Applicant's Telephone No. – N° de téléphone du requérant Applicant's FAX No. – N° de télécopieur du requérant Applicant's Email Address – Adresse électronique du requérant


FORMULAIRE D'AUTORISATION
D'OBSTACLE A ÉRIEN


NAD83





		a: 26-0427 (0005-01)

		b: 

		c: 

		d: 

		e: 

		f: 

		g: 

		h: 

		i: 

		j: 

		k: 

		l: 

		o: 

		p: 

		q: 

		r: 

		s: 

		t: 

		u: 

		v: 

		w: 

		x: 

		y: 

		z: Off

		aa: Off

		ab: Off

		ac: 

		ad: 

		ae: 

		af: 

		ag: 

		ah: 

		ai: Off

		aj: Off

		ak: 

		al: 

		am: 

		an: Off

		ao: Off

		ap: 

		aq: Off

		ar: Off

		as: 

		at: Off

		au: Off

		av: 

		aw: Off

		ax: Off

		ay: 

		az: Off

		ba: Off

		bb: Off
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Tuktoyaktuk Project Capital Cost Estimates - 080320
Turbine Supplier Entegrity Wind Systems Northern Power Systems Wind Energy Solutions
Turbine designation EWS15/50 NW100 WES18 mk1
Tower Height (m) 37 meters 37 meters 40 meters


Single 
turbine


Med. Pen. 
Min. Load


Med. Pen. 
Avg. Load


Hi. Pen. Peak 
Load


Single 
turbine


Med. Pen. 
Min. Load


Med. Pen. 
Avg. Load


Hi. Pen. Peak 
Load


Single 
turbine


Med. Pen. 
Min. Load


Med. Pen. 
Avg. Load


Hi. Pen. Peak 
Load


Rated Capacity (kW) 65 250 500 800 100 250 500 800 80 250 500 800
Number of Turbines 1 4 8 12 1 3 5 8 1 4 6 10
Installed Capacity (kW) 65 260 520 780 100 300 500 800 80 320 480 800
Cost category
Project Design & Mgmt
project design $10,000 $30,000 $30,000 $30,000 $10,000 $30,000 $30,000 $30,000 $10,000 $30,000 $30,000 $30,000
environmental assessment $10,000 $15,000 $15,000 $15,000 $10,000 $15,000 $15,000 $15,000 $10,000 $15,000 $15,000 $15,000
project management $10,000 $15,000 $15,000 $15,000 $10,000 $15,000 $15,000 $15,000 $10,000 $15,000 $15,000 $15,000


Site Preparation
road upgrading / construction $20,000 $25,000 $35,000 $50,000 $20,000 $25,000 $35,000 $50,000 $20,000 $25,000 $35,000 $50,000
powerline $30,000 $40,000 $50,000 $60,000 $30,000 $40,000 $50,000 $60,000 $30,000 $40,000 $50,000 $60,000


Wind Equipment Purchase
wind turbines $156,200 $624,800 $1,249,600 $1,874,400 $275,500 $826,500 $1,252,500 $2,004,000 $349,830 $1,399,320 $2,098,980 $3,498,300
shipping $25,000 $40,000 $80,000 $120,000 $35,000 $50,000 $80,000 $125,000 $25,000 $40,000 $80,000 $120,000
transformers $7,000 $20,000 $40,000 $60,000 $10,000 $20,000 $40,000 $60,000 $8,000 $20,000 $40,000 $60,000
wind plant master control $2,000 $10,000 $15,000 $20,000 $2,000 $10,000 $15,000 $20,000 $2,000 $10,000 $15,000 $20,000


Installation
foundations $50,000 $180,000 $320,000 $480,000 $60,000 $162,000 $240,000 $384,000 $60,000 $192,000 $288,000 $480,000
Ginpole $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
equipment rental $10,000 $15,000 $20,000 $25,000 $50,000 $65,000 $75,000 $100,000 $10,000 $15,000 $20,000 $25,000
control buildings $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000
utility interconnection $20,000 $30,000 $40,000 $60,000 $20,000 $30,000 $40,000 $60,000 $20,000 $30,000 $40,000 $60,000
Commissioning $15,000 $15,000 $25,000 $30,000 $25,000 $30,000 $40,000 $60,000 $15,000 $15,000 $25,000 $30,000
labour - assembly & supervision $10,000 $25,000 $50,000 $80,000 $15,000 $30,000 $45,000 $75,000 $10,000 $25,000 $50,000 $80,000
travel and accommodation $10,000 $25,000 $35,000 $40,000 $20,000 $30,000 $40,000 $50,000 $10,000 $25,000 $35,000 $40,000


Diesel Plant Modifications
high speed comm. & controller $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000
SCADA $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $30,000
dump load $20,000 $20,000 $20,000
plant modifications $20,000 $50,000 $20,000 $50,000 $20,000 $50,000
wind diesel integration $10,000 $40,000 $50,000 $10,000 $40,000 $50,000 $10,000 $40,000 $50,000


Other
dump heaters and controls BL $50,000 $100,000 $50,000 $100,000 $50,000 $100,000
initial spare parts $5,000 $10,000 $10,000 $10,000 $10,000 $20,000 $20,000 $20,000 $10,000 $20,000 $20,000 $20,000


SUBTOTAL CONSTRUCTION $400,200 $1,229,800 $2,219,600 $3,249,400 $602,500 $1,498,500 $2,212,500 $3,398,000 $609,830 $2,026,320 $3,046,980 $4,883,300


Contingency $50,000 $100,000 $200,000 $250,000 $75,000 $150,000 $200,000 $300,000 $75,000 $150,000 $200,000 $300,000


TOTAL CONSTRUCTION $450,200 $1,329,800 $2,419,600 $3,499,400 $677,500 $1,648,500 $2,412,500 $3,698,000 $684,830 $2,176,320 $3,246,980 $5,183,300


Owners Costs
manage project organization $10,000 $20,000 $35,000 $35,000 $10,000 $20,000 $35,000 $35,000 $10,000 $20,000 $35,000 $35,000
negotiate agreements $15,000 $25,000 $40,000 $40,000 $15,000 $25,000 $40,000 $40,000 $15,000 $25,000 $40,000 $40,000


TOTAL OWNERS' COSTS $25,000 $45,000 $75,000 $75,000 $25,000 $45,000 $75,000 $75,000 $25,000 $45,000 $75,000 $75,000


TOTAL PROJECT COST $475,200 $1,374,800 $2,494,600 $3,574,400 $702,500 $1,693,500 $2,487,500 $3,773,000 $709,830 $2,221,320 $3,321,980 $5,258,300


Installed cost per kW $7,311 $5,288 $4,797 $4,583 $7,025 $5,645 $4,975 $4,716 $8,873 $6,942 $6,921 $6,573







Rationale for Capital costs 
 
Capital Cost Estimates 
Estimates for Project Design, Project design, Environmental assessment and Project 
management activities are all based on a minimal management approach to complete this 
project. 
 
Site Preparation 
Road upgrading / construction and Power line constructions are based on preliminary 
estimates made in advance of final site selection.  These estimates need to be carefully 
reviewed during final project evaluation.  
 
Wind Equipment Purchase 
Wind turbine pricing has been obtained by obtaining budget pricing from the three wind 
turbine suppliers discussed herein. 
 
Shipping prices were estimated based on truck shipment to Hay River, NWT and barge 
delivery to Tuktoyaktuk.  
 
Transformer pricing was based on budgetary prices for pole mount transformers. 
 
Wind plant master control assumes that controllers, to communicate with the wind 
turbines, increase in cost as the size and complexity of wind plant increases.  This cost 
item will need to be carefully evaluated in final project design.  
 
Installation 
 
Foundation costs were calculated, using Dowland Contracting’s estimate of $40,000 for 9 
piles with adequate capacity to resist the maximum loading.  Costs were increased by 
$10,000/foundation for EWS to cover the on site adaptation to the towers legs.  It was 
increased by $20,000 for both NWS and WES for a tower adapter plate to interface with 
the tubular tower.  Discounts were assumed of 10% for more than one turbine and 20% 
for more than 3 turbines. 
 
Ginpole – It is assumed that ginpole assemblies will be purchased for both the EWS and 
WES turbines. 
 
Equipment rental – Some equipment will be required for all turbines.  A crane is assumed 
to be required for the installation of the NW100 turbines.  NPS may be prepared to offer a 
ginpole installation option at the time of bidding. 
 
Control buildings – it is assumed that the wind plant will have a central control building 
for metering equipment and equipment storage. 
 
Utility interconnection cost estimates are based on prior projects 
 







Commissioning, Labour - assembly & supervision, and Travel and accommodation costs 
are based on budget estimates.  These items will need to be more carefully evaluated 
during the project design phase. 
 
Diesel Plant Modifications / Other 
High speed comm. & controller, SCADA, Dump load, Plant modifications, Wind diesel 
integration, Dump heaters and controls are base don budget estimates that can vary 
depending on final equipment selection and utility requirements. These items will need to 
be more carefully evaluated during the project design phase. 
 
Spare parts, contingencies and Owner’s costs are budget estimates based on prior 
projects. 
 
 






