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Executive Summary 

This report studies the feasibility of adding one or more wind turbines and energy storage devices at the 
town of Inuvik, in the Northwest Territories, Canada. Overall the Project Team finds that while challenging, 
it is technically and economically feasible to add the proposed components to the Inuvik grid.  

The Project Team analyzed the wind resource and examined the energy output of several wind turbines. 
A grid model was then assembled to evaluate how well wind energy could blend to serve the local load. 
It was found that the moderate wind resource and the relatively large local electrical demand allow the 
effective use of commercial size turbines on site. 

The supporting infrastructure was designed at a high level to cost both the civil components (access road 
and wind turbine foundation) and electrical components (transmission line, upgrades to substations and 
distribution network). The logistics required to bring equipment and machinery to Inuvik were 
investigated and a construction schedule was assembled. 

The Project Team concludes that even with realistic assumptions and contingencies built into the model, 
there are significant potential benefits to the Project. Based on preliminary modelling SgurrEnergy 
estimates that considerable financial and greenhouse gas (GHG) savings can be achieved by the Project, 
ranging from $1.6 million to nearly $3 million in fuel savings and from nearly 4,000 tonnes to 7,000 tonnes 
of GHG offset annually. Renewable energy penetration for the new system is expected in the range of 
18% to 28%. Depending on the configuration selected, the levelized cost of electricity at Inuvik is expected 
to either remain the same or go down slightly. 
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Figure 1-1: Project Overview Map
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Figure 3-1 Measured Monthly Wind Speeds 

 

 

Figure 3-2 Monthly Wind Roses - 60 m Anemometers 
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Table 3-1: Overview of Mast 0602  

Description Mast 0602 

Measurement Period 30 November 2015 to 9 September 2016 

Duration (months) 9.7 

Met Mast Height (m) 60 

Location 68.3572°N 133.408407°W 

Elevation (m) 245 

Wind Shear 0.13 

Average Measured Wind Speed at 50 m (m/s) 6.12 

Long Term Wind Speed (m/s) 6.08 

3.2 Long Term Wind Resource Adjustment and Extrapolation 

There are multiple methods to apply a long term correction to the measured wind speed dataset. The 
most suitable methodology for a specific site is dependent on the quality of the long term data set and 
correlation between the on-site data and the reference source. Ideally the reference data should be 
correlated with the site data on an hourly basis, such that the wind speed distribution and direction data 
are also corrected during the long term correction procedure. Considering this, SgurrEnergy reviewed 
reference data from two available sources: Modern-Era Retrospective Analysis for Research and 
Applications, Version 2 (MERRA-2) reanalysis provided by NASA and NOAA rawinsonde data provided to 
SgurrEnergy by the client. 

After careful consideration and analysis of both data sets, SgurrEnergy elected to use MERRA data as this 
data provided better temporal resolution as well as sufficiently good correlation on an hourly basis. 
Furthermore, the method and data set used are more readily acceptable by the lenders. 

The long-term wind resource at the measurement location was predicted based on the measured wind 
distributions, which were then scaled to the predicted long-term wind speed using reference data from 
MERRA-2. 

Concurrent datasets and relationships were examined on an hourly basis. Wind speeds were averaged 
directly while wind directions were averaged using a vector averaging technique. The quality of the 
synthesized data depends upon the quality of the correlation within each direction sector, and these 
sector-wise relationships were subsequently used to generate the synthesized datasets. 

Wind direction data were plotted against the corresponding wind direction data from the concurrent mast 
datasets to check for wind veer trends between the locations.  
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A 15-year (January 2001 to December 2015) dataset from the nearest MERRA grid node (68.5 N; 133.75° 
W) was used to establish long-term wind speed adjustments for the site mast. The calculated hourly 
correlation coefficient of 0.58 was low, and therefore the monthly average correlations were also 
examined. The calculated monthly correlation coefficient is 0.67, which is also considered poor. Since both 
correlations would result in very similar long-term corrections in wind speeds, but the monthly analysis is 
based on only 18 data points, SgurrEnergy decided to use hourly MCP correlations for the long-term 
adjustment of the short-term wind resource measured at the Project site. This process led to a -0.7% 
correction and an average long term wind speed of 6.08 m/s representing the estimated long-term 
average wind speed on site at 50 m above ground. This value at the Project mast location was then 
extrapolated using directional shear values calculated from wind data measured at different heights of 
the 60 m mast to the proposed hub heights of 69 m, 75 m, 80 m and 98 m.  

3.3 Wind Flow Modelling  

A wind flow model was built for the Project area using the Wind Atlas Analysis and Application Program 
(WAsP) software package, which is considered suitable for the Project site due to its simple terrain and 
ground cover. Elevation data and photos taken during the site visit were used to create the topographic 
and roughness map used as input to the WAsP model. 

In addition, the long term adjusted and extrapolated wind data at the Project mast location were used to 
initiate the wind flow model. In the absence of a full year of measurements, the energy yield values 
reported are considered indicative only and should be updated when a full year of wind data becomes 
available. The current wind map of the proposed Project location is shown in Figure 3-3. 
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Figure 3-3: Wind R esource at High Point at 98 m 
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Figure 4-1 Simulated Inuvik Community Monthly Electricity Load/Generation 

 

Figure 4-2 Typical Winter Daily Load Profile 

The Client has indicated that recent years may not be representative of future load at Inuvik as a 
downward trend has been observed. The impacts of load decrease on system operations are discussed in 
Section 4.5.  

4.2 Existing System Configuration 

The power system at Inuvik is a remote isolated grid, with all electricity generated locally from the NTPC 
Power Plant located in the center of the town close to the Mackenzie River (grid reference: 68.355251°N, 
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Table 4-2 Generator Maintenance Intervals and Costs 

Unit # G3 G7 G8 G10 G11 G12 

Fuel Source Diesel Diesel Diesel LNG Diesel*   LNG 

Oil Sample/Cost 500HR/ $2,000 500HR/ $2,000 500HR/$2,000 500HR/ $2,000 625HR/ $2,000 625HR/ $2,000 

Oil Filter Change/ 
Cost 

1,400HR/ $3,000 1,400HR/ $3,000 1,400HR/ $3,000 1,500HR/ $3,000 1,250HR/ $3,000 1,250HR/ $3,000 

Routine 
Service/Cost 

2,000HR/ $5,000 2,000HR/ $5,000 2,000HR/ $5,000 3,000HR/ $50,000 2,500HR/ $40,000 2,500HR/ $40,000 

Service  
Overhaul/Cost 

4,000HR/ $10,000 4,000HR/ $10,000 4,000HR/ $10,000 6,000HR/ $75,000 5,000HR/ $70,000 5,000HR/ $75,000 

Overhaul/Cost 8,000HR/ $60,000 8,000HR/ $60,000 8,000HR/ $60,000 12,000HR/ $440,000 10,000HR/ $450,000 10,000HR/ $450,000 

Overhaul/Cost 16,000HR/ $80,000 16,000HR/ $80,000 16,000HR/ $80,000 24,000HR/ $600,000 20,000HR/ $650,000 20,000HR/ $700,000 

Overhaul/Cost 24,000HR/ $400,000 24,000HR/ $400,000 24,000HR/ $400,000 48,000HR/ $850,000 40,000HR/ $750,000 40,000HR/ $800,000 

Overhaul/Cost 48,000HR/ $600,000 48,000HR/ $600,000 48,000HR/ $600,000   
  

*Converted from a NG generator.  
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Table 4-4 outlines an initial list of losses anticipated for the Project. The losses will vary based on the final 
selected project design but the losses below are broadly considered applicable to a wind project in Inuvik. 
Note that a high level of uncertainty remains in the losses estimate at this stage.   
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NTPC thermal generation station in order to best make use of site real estate, O&M operator monitoring 
and control, and injection closer to the Inuvik load center.   

The component pieces of an ESS are described in the following subsections.   

4.4.1 Energy Storage 

Storage systems can be designed from a broad range of technologies such as pumped hydro energy 
storage, compressed air energy storage, and various types of batteries, flywheels, superconducting 
magnetic energy storage, chemical energy storage such as hydrogen energy storage systems, and finally 
thermal energy storage. A summary of the characteristics of energy storage technologies is shown in 
Figure 4-3. 

Given the commercial and remote nature of the Project, it is assumed that any energy storage technology 
selected will need to be either mature or close to maturity in order to have an acceptable level of risk to 
the community, the utility, the developer, the investors and the lenders. 

 

 

Figure 4-3 Characteristics of Energy Storage Technologies  

Electricity storage technologies can provide a range of services to the electric grid and can be grouped 
around their power and energy relationship. Two of the key variables are output power (kW or MW) and 
energy stored (kWh or MWh). 
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Table 4-6 Battery Configurations and Corresponding Annual Fuel Savings 

 Scenario Diesel (1,000 L/year) 

[$1,000/year]  

NG (1,000 m3/year) 

[$1,000/year] 

Cost/Savings 

($1,000/year) 

GHG Cost/Savings1 

(Tonnes/year) 

Business as usual consumption 5,227 [6,220] 3,215 [2,733] 8,953 22,372 

A Enercon E-103 2.35 MW (19% Renewable Penetration ) - Savings  

A1 No ESS* 879 [1,046] 640 [544] 1,590 3,980 

A2 8 S&C SMS-250 - 2000 kWh/1 hr 1181 [1406] 493 [419] 1825 4545 

A3 4 Y.Cube 250/2 - 2220 kWh/2hr 1046 [1244] 636 [540] 1785 4459 

B 4 x EWT DW-61 900 kW (24% Renewable Penetration) - Savings  

B1 No ESS* 1155 [1375] 758 [644] 2019 5048 

B2 5 S&C SMS-250 - 1250 kWh/1 hr 1228 [1462] 882 [750] 2212 5535 

B3 2 Y.Cube - 1110 kWh/2hr 927 [1103] 1191 [1012] 2115 5326 

C GE 3.8-130 (29% Renewable Penetration) - Savings  

C1 No ESS* 1141 [1358] 1222 [1038] 2396 6020 

C2 4 S&C SMS-250 - 1000 kWh/1 hr  1850 [2201] 689 [585] 2787 6935 

C3 4 Saft Intensium Max 20P  

220 kWh/15 min  
2492 [2965] 70 [60] 3025 7465 
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Figure 4-4  ESS Taking Swing Load 

 

Figure 4-5 ESS Used during Generators' Transition 
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5 Preliminary Site Design  

With consideration to wind resource, civil, and electrical design requirements, SgurrEnergy and IEL have 
created the preliminary project map as illustrated in Figure 5-1 and Figure 5-2. 

The site selected for the location of the WTG(s) is a secondary hill just south of the present met mast 
location. Based on wind flow modelling for the Project, this areas was found to be more energetic than 
the present mast location. As a base case, one WTG has been suggested at this location.  Should two 
smaller WTGs be located at or near this site additional allowances will need to be made for road lengths 
and appropriate WTG spacing.  

The construction map, Figure 5-2, depicts the approximate construction footprint for the Project.  This 
includes assembly areas and crane pads, which typically have to match specific WTG manufacturer design 
specifications. Additional considerations for levelling or ground protection may be needed for vehicle 
parking and turnarounds, as well as for the area covered by the WTG rotor assembly if the assembly is 
completed in one lift (note that single blade lifts may reduce the level area required for the lift).  
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Figure 5-1: High Point Overview Map  
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Figure 5-2: High Point Construction Layout
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5.1 Site Visit 

The proposed turbine site visit was conducted on October 14th, 2016, from 10:30 to 11:30. The Project 
Team flew over the proposed road alignment and Project site by helicopter, and landed on the Project 
site for a walking tour. The ground was frozen but free of snow. Weather conditions allowed for good 
visibility, with an overcast sky but no fog or precipitation. Ground cover was primarily made up of moss, 
small shrubs, and other low vegetation. The southern end of the proposed road route was sparsely-treed 
muskeg with moss and small shrubs. Very little tree growth was observed on High Point.  

5.1.1 Site Observations 

A wind measurement campaign has been ongoing at this location over the past few years, however the 
met mast has collapsed twice, most recently in September 2016. A 10 m tower was erected to replace it 
and further met measurement is in the planning stage.  

The terrain at the Project Site is effectively a plateau that slopes away gently to the north, east and west 
with small water bodies located 300 m to the east, 300 m to the west and 650 m to the north-west of the 
mast location. The length of the site (N-S) is approximately 500 m and the width (E-W) is 300 m.  

The following series of images Figure 5-3, Figure 5-4, Figure 5-5 and Figure 5-6 provide a first-hand 
perspective from each of the cardinal directions taken from the location of the 60 m NRG met mast 
previously erected at the proposed project site.  

 

Figure 5-3: Northern View  
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Figure 5-4: Western View  

 

Figure 5-5: Southern View  







SgurrEnergy Ltd. Inuvik High Point Wind Feasibility Study - Final Report 

6.16.11251.MON.R.001  Revision B2 Page 45 of 83 

5.2 Preliminary Electrical Design 

SgurrEnergy performed a high-level review of the interconnection configuration for the proposed system 
to the Inuvik grid. The review was based on information collected during the site visit, various documents 
provided by the Client and discussions with NTPC. The preliminary interconnection scheme for the WTGs 
and ESS is discussed below. 

5.2.1 Collector Line and Interconnection to Airport Substation 

The WTG will be located on High Point because it has the best resource near Inuvik. However, it is 
approximately 10 km away from the nearest interconnection to the grid. An electrical interconnection line 
will be required to bring the power produced to the existing grid. This line will likely be a three phase, 25 
kV overhead cable to minimize losses and installation costs. The proposed layout goes south along the 
new access road from High Point to the Dempster Highway and then west along the Dempster Highway 
to the Inuvik airport substation. 

There are five circuits that feed 25 kV electricity to the greater Inuvik area. The point of common coupling 
(PCC) with the Inuvik distribution network is planned on the 25 kV bus at the airport interconnection 
substation, which forms part of feeder 5. Some interconnection equipment including a circuit breaker and 
communication systems will be needed at the PCC to provide adequate protection both to the grid and to 
the WTG. The airport substation would be an ideal location for the PCC as it would allow easy addition of 
new infrastructure to existing facilities and would provide several options for connection configuration. It 
is also the closest point to the proposed WTG site. Figure 5-7 shows where the interconnection point 
would be on the airport substation single-line diagram (SLD). The full SLD is shown in Appendix D. 

 

Figure 5-7 Indicative Airport Substation Interconnection Point  





http://open.canada.ca/en/open-government-licence-canada
http://open.canada.ca/en/open-government-licence-canada
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Both the site and access route are underlain by the Horton River Formation (Arctic Red Subsurface). This 
formation is a marine Lower Cretaceous unit described by Norris (1981)4 as consisting of shale and 
siltstone.  

                                                           

4 Cecile, M.P., Lane, L.S., Dyke, L.D., and Norris, D.K., 2015. Geology, Inuvik, Northwest Territories; Geological Survey of Canada, 
Canadian Geoscience Map 178 (preliminary), scale 1:50 000. doi:10.4095/295655 
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Figure 5-8: Excerpt of geological mapping CGM 178 ©  
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Figure 5-10 : Diamicton Till Exposed in Anchor Hole Excavation 5 

5.3.1.3 Seismic Intensity 

The National Building Code of Canada 2015 defines the design criteria for ground motions, with a 2% 
probability of exceedance in 50 years (0.000404 per annum). These are interpolated for the site from 11 
surrounding points using the Natural Resources Canada website facility6 as shown in Figure 5-11 below. 
The records shown in the image are for Peak Ground Acceleration (PGA), measured in units of gravity, g 
(9.81 m/s2). 

                                                           

5 Image from SgurrEnergy site visit of 12th October 2016 

6 http://www.earthquakescanada.nrcan.gc.ca/ 

 

http://www.earthquakescanada.nrcan.gc.ca/
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Figure 5-11: Interpolation Points for PGA estimate  

The results show a PGA of 0.121g, which is considered a very high value that would be used for residential 
buildings. For industrial plant such as a WTG it is normal to use a lower return period for design, usually 
the 10%/50 year (1/475 year or 0.0021 per annum probability), and these values are summarized in Table 
5-2 below. It is recommended that these values are used for design purposes, although it is also noted 
that seismic forces rarely exceed extreme wind overturning forces in WTG design. Values for other return 
periods are shown in Table 5-2. 

Table 5-2: Seismic Criteria for the WTG Location 

Spectral acceleration (g) by period (s)  PGA PGV 

0.05 0.1 0.2 0.3 0.5 1.0 2.0 5.0 10.0 g m/s 

0.060 0.087 0.112 0.110 0.093 0.063 0.035 0.012 0.0047 0.050 0.064 
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5.3.1.4 Permafrost 

Permafrost is ground that remains continuously frozen throughout the year. The upper layers can, 
however, thaw seasonally and refreeze (active zone), giving rise to a number of engineering challenges to 
the design of foundations and roads.  

Natural Resources Canada compiles ground temperature data from across the Canadian North and this 
data can be found on the National Snow and Ice Data Centre7 website (Figure 5-12). This shows the Project 
site lying in a zone of continuous permafrost.  

 

Figure 5-12: National Snow and Ice Data Centre borehole plan  

The boreholes nearest the site have been interrogated, and these are described in Appendix A, with a 
visual summary in Figure 5-13 overleaf. This predicts a permafrost depth between 5 m and 9 m by 
interpolation, however the boreholes rarely extended below 10 m depth and so it may be deeper in 
places.   

GSC mapping describes the upper site as an area of continuous permafrost. Rare taliks (areas of unfrozen 
ground) can be found in depressions, and these would be expected to lie under the larger waterbodies.  

                                                           

7 http://nsidc.org/data/G02190  

http://nsidc.org/data/G02190
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The ice content of diamicton is described as low to medium due to presence of ice lenses (commonly 
having reticulate pattern) with rare occurrences of massive ice accumulation possible under the site. 

 

Figure 5-13 : Superimposed NSIDC borehole data  

Where the ground is rich in ice a polygonal structure forms due to the creation of ice wedges, and this is 
visible on aerial imagery. An example is shown adjacent to the WTG site in Figure 5-14  below.  

 











SgurrEnergy Ltd. Inuvik High Point Wind Feasibility Study - Final Report 

6.16.11251.MON.R.001 Revision B2 Page 59 of 83 

5.3.3.2 Proposed Construction Methodology  

The quarry locations that would be proposed for the construction of the access road are in close proximity 
to the access from the Dempster Highway and located at km 251 and km 260. These two quarry locations 
would provide frost free materials from local bedrock outcroppings. Within the use of these materials, 
the construction of the proposed access road would not be seasonally dependent. It should be noted that 
both quarries are expected to have materials available in quantities greater than required for this Project 
by an order of magnitude. 

The typical construction methodology for this type of road construction would consist of the drilling and 
blasting of bedrock materials within the quarry, followed by the stockpiling of embankment materials. 
Once the tree cover has been removed and geotextile placed at the base of the proposed road 
embankment, these materials would be loaded and hauled to site, dumped and placed on the layer of 
geotextile covering the existing ground. The material would be spread by a dozer to design grades in lifts 
not exceeding one meter in thickness. The placed material would then be track packed and rolled with a 
steel drum vibratory roller. Once the embankment is complete, manufacture crushed aggregate required 
for the subbase and base materials can be placed and compacted conventionally to design grades. If any 
culverts are required to channel drainage, they would be installed during the construction of the 
embankment. 

5.4 Conclusions 

Based on the information collected from site and exchanges with NTPC, no major hurdles have been 
identified on the electrical side. A new 25 kV line of approximately 10 km will be required to interconnect 
the WTG to the airport substation. Upgrades will be required at the airport substation to connect the 
WTG, at the main powerhouse to connect the ESS, and potentially on some section of the collection 
system. The estimated costs for new infrastructure as well as anticipated upgrades to the existing grid 
have been accounted for in the financial model. Further design work will be required at a later stage of 
the Project, and more detailed requirements will be needed from NTPC as to how the process should take 
place. 

The new road length to the Project is expected to be 4.85 km with a maximum grade of 10%. This grade 
is slightly above the typical maximum grade permissible for the transport of large WTG components. 
However, travel on these grades should still be possible with the proper equipment. Grades may further 
be relaxed where necessary if a towing tractor is used to assist the transport of large equipment on 
steeper slopes. In this scenario, less fill may be necessary reducing road costs.  

Several concepts are being considered for the turbine foundation depending on the actual subgrade 
conditions at the site. Further geotechnical investigation will be required to select the adequate design, 
but the Project Team considers that all cases are feasible. 

The civil design component of the Project represents the single largest cost for development.  
Consequently, additional studies and geotechnical work could better quantify and qualify design options 
available for the Project and reduce overall costs. These studies would bring sizeable benefits in terms of 
reduced uncertainty with regards to the overall cost of development.         
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Figure 7-1: Indicative Project Schedule 
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the west of the airport is approximately 6.5 km from the proposed site access road and 1.5 km from the 
proposed interconnection point. Based on IEL discussions with local operators, the estimated cost of granular 
fill is $60/m3. 

 

 

Figure 7-2: Airport quarry  

 

Figure 7-3: KM251 Quarry  
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7.3 Construction Schedule and Logistics Conclusions 

Site specific constraints are associated with the proposed size and location of the Project and these must be 
carefully accounted for in the early planning and design stages.  

Construction of the Project is expected to take 15 months starting in April 2018.  While the construction 
schedule is considered very long for a Project of this capacity, it is dictated by local site conditions. The 
timeline for building the road is the main driver for the Project schedule as it will be the most time consuming 
activity. Consequently most of the Project construction staging is sequential with the exception of much of 
the electrical installation and upgrade works which can be performed in parallel with as road construction.   

The Project will require a detailed transportation study once the preferred WTG technology is confirmed and 
initial negotiations with the WTG manufacturers have taken place. This will better qualify the logistical 
challenges and costs of WTG transportation.  At this stage it is assumed that barging components via the 
Mackenzie River will be the most cost effective transport solution provided that the GNWT re-initiates 
barging activities from Hay River to Inuvik in time for the Project.  

Construction challenges are related to the scale, timing, and location of the Project and can be mitigated by 
the use of experienced contractors and a long construction schedule that includes buffers. This may lead to 
higher initial construction and CAPEX costs but will result in greater certainty for the Project and less risk of 
unexpected costs due to construction delays.   

Ultimately, while there are complexities related associated with the Project, none of the construction or 
logistical challenges encountered cannot be addressed using good development and design practices, 
construction management, and contingency planning.   
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Table 8-1: Capex Costs for Various Configurations 

Capex 4 x EWT DW-61 Enercon E-103 
2.35MW GE 3.8M130 

WTG Cost $6,967,000 $2,750,000 $4,643,000 

WTG Delivery to Site $1,694,000 $1,563,000 $1,203,000 

WTG Installation $1,205,000 $1,014,000 $1,038,000 

WTG Foundation $1,013,000 $450,000 $450,000 

ESS* $1,290,000 $1,962,000 $1,066,000 

Road $6,600,000 $5,141,000 $5,141,000 

Electrical $4,248,000 $3,798,000 $3,798,000 

Development Costs** $942,000 $942,000 $942,000 

Subtotal* $23,959,000 $17,620,000 $18,281,000 

Contingency  
(20% of total minus 
WTG cost and delivery) 

$2,300,000 $2,000,000 $1,870,000 

Total* $26,259,000 $19,620,000 $20,151,000 

LCOE (/kWh)* $0.26 $0.26 $0.18 

 

*Approximate costs depending on the ESS selected, however there is little cost variation between the 
different options within each configuration.  

** Development costs include permits, EA, detailed engineering, topo and surveys, due diligence and geotech 
and represent average values based on normal developer process. 

8.4 Opex 

After the Capex has been spent and the Project is commissioned, additional funds must be allocated every 
year for the duration of the Project life to cover operations and maintenance of the WTG and ESS. Renewable 
energy projects are typically financially front heavy, meaning that they require a large investment up-front 
but little additional spending over their lifetime.  

SgurrEnergy has based our Opex assumptions on some limited estimates from suppliers, and our own 
experience of wind farm operation and maintenance budgets. 
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Table 8-3: Summary of Project Economics for Optimal Configurations 

Scenario  1 2 3 4 5 6 7 

WTG 
BAU 

4 x EWT DW-61 Enercon E-103 2.35 MW GE 3.8-130 

ESS 5 x SMS-250 2 x Y.Cube 
250/2 8 x SMS-250 4 x Y.Cube 250/2 4 x SMS-250 4 x Saft IM 20P 

Capex ($) 0 $26.3M $26.0M $19.6M $19.5M $20.1M $19.9M 

Fuel + O&M/year ($) $7.4M $5.8M $5.8M $6.2M $6.1M $5.4M $5.3M 

Usable Renewable Energy 
(MWh) N/A 7,434 5,782 8,730 

Renewable Penetration 0 24% 18% 28% 

Cost of RE ($/kWh) N/A 0.27 0.26 0.26 0.18 

System LCOE ($/kWh) 0.24 0.24 0.24 0.23 0.24 0.22 0.21 

Fossil Fuel Used (1,000 L 
Diesel /1,000 m3 NG per 
Year) 

5,048 / 3,760 3,914 / 2,763 4,121 / 2,570 3,867 / 3,268 4,003 / 3,125 3,199 / 3,072 2,557 / 3,690 

Fossil Fuel Savings (1,000 L 
Diesel /1,000 m3 NG per 
Year) 

0 
1,228 / 882 

 
24% / 23% 

927 / 1,191 
 

18% / 32% 

1,181 / 493 
 

23% / 13% 

1,046 / 636 
 

21% / 17% 

1,850 / 689 
 

37% / 18% 

2,492 / 70 
 

49% / 2% 
Value of fossil fuel savings 
($1,000/year) 0 1,462 / 750 1,103 / 1012 1,406 / 419 1,244 / 540 2,201 / 585 2,965 / 60 

GHG emissions 
(Tonnes/Year) 23,042 17,504 17,713 18,498 18,583 16,108 15,577 

GHG Savings (Tonnes/Year) 0 5,534 5,326 4,545 4,459 6,935 7,465 

Notes:  

- For all the cases over the Project lifetime, the annual electricity supply is assumed to be 31.5 GWh as discussed in Section 4.1.  
- The system integration modelling shows that if an advanced microgrid controller is employed, the amount of excess electricity is negligible. 
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Figure 8-1: Comparison of Scenarios
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9 Optimization Opportunities  

Several working assumptions had to be established during the completion of the feasibility study to limit 
the scope of work. Some avenues for Project improvement have been found but not investigated in detail 
at this point. This section presents some of the most promising options for improving various aspects of 
the Project. 

9.1 Alternate Turbine Location 

The Project Team briefly reviewed the opportunity of moving the WTG to a different location in order to 
reduce the cost of the access road. While the turbine located next to the met tower is the one that 
produces the most energy, it also requires a 4 km long access road. 

An alternate site has been identified for the Project. This site is located closer to the highway in an area 
of lower wind resource, but construction at this site would likely result in reduced civil costs. The 
difference in cost has not been quantified herein and while access would be roughly halved, the steep 
drop and climb to the site from the existing prospective road may result in no net savings due to high fill 
volumes. However, this does illustrate that there are a variety of locations in the area that may prove 
viable if optimizing against civil costs is studied in further detail.  

The alternate location would be expected to generate up to 10% less energy than the main option, with 
the potential offsetting benefit of halving the road construction cost. See Figure 9-1 and Figure 9-2 for an 
overview of the proposed alternate location and associated wind resource. 
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Figure 9-1 : Project Overview Map Showing Alternate WTG Location  
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Figure 9-2 : Project Overview Map Showing Wind Resource at Alternate WTG Loca tion  

 



SgurrEnergy Ltd. Inuvik High Point Wind Feasibility Study - Final Report 

6.16.11251.MON.R.001 Revision B2 Page 80 of 83 

9.2 Adding an Additional Turbine 

The proposed system concept was for a single large WTG or several small ones to be added at Inuvik in 
order for the local grid to be able to absorb almost all of the energy generated. During the assembly of 
the feasibility study the Project Team realized that once the infrastructure was in place to allow the 
installation of a turbine on site, incremental costs for additional turbines would be very low. Since such a 
large proportion of the Capex comes from the BoP components, it might be beneficial to investigate a 
system where several WTGs are installed. Such a configuration would likely result in energy production 
higher than what the grid could absorb, but low incremental costs might make economic sense. Various 
uses could also be imagined for excess energy, including building and water heating. 

9.3 Scaling Up the Storage and Using Diesel as Backup 

Taking the concept from Section 9.2 further, the ESS could be scaled up to a level where it becomes grid 
forming. This would imply using the ESS as the central component supporting the Inuvik grid and 
represents a radical change from the current mode of operation where generators support the grid. Under 
this operational scheme, additional WTGs would be beneficial to inject significant renewable energy in 
the system, and generators are only fired up when the battery level becomes too low. While there are 
very few such grids operating under this configuration around the globe, the fossil fuel savings associated 
would be much higher, potentially ranging up to 90% of the current consumption. 

The Project Team believes that while it would be premature to consider this approach at present, the 
opportunity could be revisited once a single WTG and ESS has been in successful operation at the site for 
some time. 
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Construction challenges are related to the scale, timing, and location of the Project and can be mitigated 
by the use of experienced contractors and a long construction schedule that includes buffers. This may 
lead to higher initial construction and CAPEX costs but will result in greater certainty for the Project and 
less risk of unexpected costs due to construction delays.   

Ultimately, the Project is complex but none of the construction or logistical challenges encountered 
cannot be addressed using good development and design practices, construction management, and 
contingency planning.   

Financial 

A variety of configurations are possible for the proposed site and a large number of them were simulated 
and put into the financial model to obtain optimal results. Options were ranked according to the cost of 
power, quantity and value of fuel savings as well as GHG reductions. 

It is the conclusion of the Project Team that the best scenario found is a single GE 3.8/130 with 4 x Saft 
batteries. It presents the best cost of energy at approximately $0.17/kWh, generates nearly $3M in fuel 
savings and eliminates over 7,000 tonnes of GHG emissions. Furthermore, the use of this battery over the 
S&C model allows virtually all of the fuel savings to be made on diesel as opposed to LNG. Under this 
configuration, the level of renewable energy penetration is 28% and the overall cost of energy at Inuvik is 
reduced from $0.24/kWh to $0.21/kWh. 

Modeling performed using the Enercon 2.35 MW WTG and EWT 900 kW in conjunction with the SMS 
batteries also yielded favorable results, with the energy produced costing basically the same as the 
business as usual scenario. These configuration eliminate 4,500 tonnes of GHG emissions per year. While 
not as attractive as the GE 3.85 MW case, these results are encouraging because they confirm the 
existence of multiple acceptable WTG models for the site.  
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 National Snow and Ice Data Centre excerpt  

Table A-1: NSIDC borehole excerpt 

Country 
BH ID 

Borehole 
Name 

Elevation 
(m) 

BH Depth 
(m) 

Class PF Thickness 
(m) 

MAGT          
(C) 

MAGT 
Depth (m) 

MAGT Date/ 
Period 

Year 
Drilled 

Comments 

 CA 116 T5 upland 40m 10 SH   -5.5 10.0 Aug 2007- 08 2006 MAGT determined at deepest 
sensor (above zero annual 
amplitude) 

 CA 115 T4 upland 81m 10 SH         2006   

 CA 120 Norris Creek 
NC-01 

23m 8.75 SU >9 -4.7 8.8 Aug 2008-09 2007 MAGT is calculated for deepest 
sensor which is above the level of 
zero annual amplitude. 

 CA 121 Campbell 
Lake CaL-01 

123m 4.6 SU >4.6 -1.1 4.6 Aug 2008-09 2007 MAGT is calculated for deepest 
sensor which is above the level of 
zero annual amplitude. 

 CA 123 Campbell 
Lake CaL-03 

123m 3 SU >3 -2.4 3.0 Aug 2008-09 2007 MAGT is calculated for deepest 
sensor which is above the level of 
zero annual amplitude. 

 CA 122 Campbell 
Lake CaL-02 

123m 5 SU >5 -0.8 5.0 Aug 2008-09 2007 MAGT determined at sensor close 
to zero annual amplitude 

 CA 124 North Caribou 
Lake NCL-01 

214m 5 SU >5 -1.6 5.0 Aug 2008-09 2007 MAGT is calculated for deepest 
sensor which is above the level of 
zero annual amplitude. 
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 Storage System Providers  

B.1 S&C Batteries 

S&C Electric Company is a global provider of equipment and services for electric power systems. S&C was 
founded in 1911 and has been a pioneer in the advanced energy storage market. They are considered a 
top provider of advanced energy storage solutions and have collaborated with many other industry 
leaders on market-leading projects.  

The main specifications of the proposed S&C system include 104 kWh storage and a maximum of 260 kW 
discharge power. The components can be shipped separately in regular transport aircrafts. The combined 
unit has a -45 degrees minimum operating temperature. 

 

 

 

Figure B-10-1: The S&C Power Storage Management System (source: S&C Electric) 
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B.2 Younicos 

Younicos is a global energy storage provider headquartered in Germany and founded in 2009 which 
currently operates approximately 100 MW of energy storage projects across the globe. Younicos 
expanded their base of operating assets by 60 MWs through the purchase of bankrupt company Xtreme 
Power in 2014. Younicos is chemistry-agnostic and purchases based on the Project need. This provides 
flexibility in tailoring solutions to the local market and each business case. While the advanced energy 
storage market is still relatively young, Younicos is considered one of the top providers with a varied base 
of project types across different markets. 

For this Project, Younicos proposed the Y.Cube system (Figure B-10-2), a containerized and configurable 
product that includes the battery block, system converter, and a smart control system.  

 

 

 

Figure B-10-2: Younicos Y-Cube System (source: Younicos) 
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B.3 ABB 

ABB is a global multidisciplinary industrial equipment and systems supplier. The company has 
demonstrated experience in supplying ESS to challenging environments. In 2014, they installed a 
flywheel based ESS to a 28 MW microgrid on Kodiak Island in Alaska. ABB started collaborating with 
battery supplier Samsung SDI in 2015 to target the growing global microgrid market.  Currently ABB has 
not completed any ESS projects in Canada, but has indicated clear interests in Canadian market with an 
office set up in Toronto.  

 

Figure B-10-3: ABB Battery Solutions (source: ABB) 
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B.4 Saft 

Saft specializes in the design, development, and manufacturing of a wide range of batteries. A well-
established company headquartered in France, Saft North America is based in Jacksonville, Florida in 
North America. Saft offers Intensium® Max, a series of ready-to-install containerized energy storage 
products designed for renewable energy integrated systems and grid management. Saft commits to 
customizing their products and training of local technicians to ensure smooth transition into and the 
operation of the new integrated system.  

 

Figure B-10-4: Saft Intensium Max (source: Saft) 
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 Financial Mod el Overview  

 



 SgurrEnergy Ltd.  Inuvik High Point Wind Feasibility Study - Final Report

Capex Scenario: Business-as-Usual 2 3
WTG 0 -                           -                             MWh
ESS  No ESS -                           
Electrical BOP 0 -                           
Civil BOP 0 -                           
Development Capex 0 -                           

Total Capex Contingency: 0% -                           

BAU 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Opex & Fuel cost BAU (9,588,938) (10,274,938) (9,777,938) (10,792,938) (9,478,938) (10,511,938) (10,001,938) (11,080,938) (10,749,938) (9,390,938) (10,368,938) (9,757,938) (10,817,938) (9,542,938) (11,021,938)
Sum of discounted lifetime opex$ (111,579,874) (9,588,938) (9,794,050) (8,884,101) (9,347,361) (7,825,140) (8,271,768) (7,502,100) (7,922,428) (7,326,067) (6,100,381) (6,420,449) (5,759,334) (6,086,139) (5,117,556) (5,634,061)
Production MWh 472,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500 31,500
BAU LCOE (236.15)
average of discounted lifetime opex (7,438,658)

6.16.11251.MON.R.001 Revision B2 Appendix C     Page 1 of 7 



 SgurrEnergy Ltd.  Inuvik High Point Wind Feasibility Study - Final Report

Capex Scenario: 2 3
WTG 4 x EWT DW-61 10,876,550          7,434                     MWh
ESS 5 S&C SMS-250 1,289,450            
Electrical BOP Median EWT 4,247,500            
Civil BOP high 6,600,000            
Development Capex Base Case 942,000               
Contingency 20% of total minus WTG cost and delivery2300000
Total Capex 26,255,500          

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Avoided cost value ("revenue") 2,341,311              2,371,311              2,924,311              2,711,311              3,402,311              641,311                 3,262,311              2,957,311       3,522,311       3,524,311       2,337,311       604,311          2,550,311       2,278,311    2,479,311       
Opex (326,005) (327,210) (328,421) (337,138) (353,361) (339,591) (340,826) (350,318) (351,566) (367,820) (354,080) (364,422) (365,695) (366,974) (383,260)

2,015,306 2,044,101 2,595,890 2,374,173 3,048,950 301,721 2,921,485 2,606,993 3,170,746 3,156,492 1,983,231 239,890 2,184,617 1,911,337 2,096,051
Discount Factor at WACC 4.91% 1.00 1.05 1.10 1.15 1.21 1.27 1.33 1.40 1.47 1.54 1.61 1.69 1.78 1.86 1.96

�T

Pure Cost NPV (30,060,128) (26,255,500) (326,005) (311,896) (298,399) (291,983) (291,710) (267,222) (255,642) (250,463) (239,591) (238,937) (219,246) (215,089) (205,739) (196,796) (195,910)
NPV with Benefits $ (2,160,961) (26,255,500) 2,015,306 1,948,433 2,358,590 2,056,183 2,516,997 237,422 2,191,303 1,863,896 2,160,858 2,050,466 1,228,017 141,588 1,229,059 1,024,986 1,071,434

Production degredation curve 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lifetime Wind production MWh 111,511 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434

LCOE pure cost $/MWh (269.57) negative means you need a PPA this size to break even
LCOE with benefits $/MWh (19.38) positive means it pays for itself
System
Reduced Opex & Fuel cost (7,247,627) (7,903,627) (6,853,627) (8,081,627) (6,076,627) (9,870,627) (6,739,627) (8,123,627) (7,227,627) (5,866,627) (8,031,627) (9,153,627) (8,267,627) (7,264,627) (8,542,627)
Additional Renewables Opex (326,005) (327,210) (328,421) (337,138) (353,361) (339,591) (340,826) (350,318) (351,566) (367,820) (354,080) (364,422) (365,695) (366,974) (383,260)
Additional Renewables Capex, plus discounted (113,740,835) (26,255,500) (7,573,632) (7,845,617) (6,525,511) (7,291,178) (5,308,143) (8,034,346) (5,310,797) (6,058,532) (5,165,208) (4,049,915) (5,192,432) (5,617,747) (4,857,080) (4,092,570) (4,562,627)
Production (same as BAU) 472,500
System LCOE (240.72)
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Capex Scenario: 2 3
WTG 4 x EWT DW-61 10,876,550          7,434                     MWh
ESS 2 Y.Cube 250/2 1,015,250            
Electrical BOP Median EWT 4,247,500            
Civil BOP high 6,600,000            
Development Capex Base Case 942,000               
Contingency 20% of total minus WTG cost and delivery2300000
Total Capex 25,981,300          

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Avoided cost value ("revenue") 2,247,166              2,277,166              2,830,166              2,617,166              3,308,166              547,166                 3,168,166              2,863,166       3,428,166       3,430,166       2,243,166       510,166          2,456,166       2,184,166    2,385,166       
Opex (325,702) (326,905) (328,115) (336,831) (353,052) (339,280) (340,514) (350,004) (351,250) (367,503) (353,761) (364,102) (365,373) (366,651) (382,935)

1,921,464 1,950,260 2,502,051 2,280,335 2,955,114 207,886 2,827,652 2,513,162 3,076,916 3,062,663 1,889,404 146,064 2,090,793 1,817,515 2,002,231
Discount Factor at WACC 4.91% 1.00 1.05 1.10 1.15 1.21 1.27 1.33 1.40 1.47 1.54 1.61 1.69 1.78 1.86 1.96

�T

Pure Cost NPV (29,782,504) (25,981,300) (325,702) (311,606) (298,121) (291,716) (291,455) (266,977) (255,407) (250,239) (239,376) (238,731) (219,049) (214,900) (205,558) (196,622) (195,744)
NPV with Benefits $ (2,914,781) (25,981,300) 1,921,464 1,858,984 2,273,329 1,974,913 2,439,533 163,584 2,120,922 1,796,810 2,096,913 1,989,515 1,169,920 86,210 1,176,274 974,672 1,023,476

Production degredation curve 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lifetime Wind production MWh 111,511 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434 7,434

LCOE pure cost $/MWh (267.08) negative means you need a PPA this size to break even
LCOE with benefits $/MWh (26.14) positive means it pays for itself
System
Reduced Opex & Fuel cost (7,341,772) (7,997,772) (6,947,772) (8,175,772) (6,170,772) (9,964,772) (6,833,772) (8,217,772) (7,321,772) (5,960,772) (8,125,772) (9,247,772) (8,361,772) (7,358,772) (8,636,772)
Additional Renewables Opex (325,702) (326,905) (328,115) (336,831) (353,052) (339,280) (340,514) (350,004) (351,250) (367,503) (353,761) (364,102) (365,373) (366,651) (382,935)
Additional Renewables Capex, plus discounted (114,494,655) (25,981,300) (7,667,474) (7,935,066) (6,610,772) (7,372,448) (5,385,608) (8,108,184) (5,381,178) (6,125,618) (5,229,153) (4,110,866) (5,250,529) (5,673,124) (4,909,865) (4,142,884) (4,610,585)
Production (same as BAU) 472,500
System LCOE (242.32)
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Capex Scenario: 2 3
WTG Enercon E-103 2.35 MW 5,775,440            5,782                     MWh
ESS 8 S&C SMS-250 1,961,120            
Electrical BOP Median 3,797,500            
Civil BOP median 5,140,200            
Development Capex Base Case 942,000               
Contingency 20% of total minus WTG cost and delivery2000000
Total Capex 19,616,260          

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Avoided cost value ("revenue") 1,949,294              1,975,294              2,525,294              2,170,294              3,176,294              236,294                 2,891,294              2,277,294       3,395,294       3,136,294       (749,706)        2,752,294       1,121,294       3,075,294    1,931,294       
Opex (312,032) (313,168) (314,308) (322,955) (339,107) (325,265) (326,429) (335,849) (337,024) (353,206) (339,393) (349,661) (350,860) (352,065) (368,277)

1,637,262 1,662,127 2,210,986 1,847,339 2,837,187 (88,971) 2,564,865 1,941,445 3,058,270 2,783,088 (1,089,099) 2,402,633 770,434 2,723,229 1,563,017
Discount Factor at WACC 4.91% 1.00 1.05 1.10 1.15 1.21 1.27 1.33 1.40 1.47 1.54 1.61 1.69 1.78 1.86 1.96

�T

Pure Cost NPV (23,263,031) (19,616,260) (312,032) (298,511) (285,576) (279,699) (279,943) (255,949) (244,843) (240,118) (229,681) (229,443) (210,152) (206,377) (197,393) (188,801) (188,251)
NPV with Benefits $ 126,766 (19,616,260) 1,637,262 1,584,336 2,008,871 1,599,912 2,342,181 (70,011) 1,923,814 1,388,056 2,084,206 1,807,903 (674,370) 1,418,083 433,444 1,460,376 798,964

Production degredation curve 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lifetime Wind production MWh 86,736 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782

LCOE pure cost $/MWh (268.21) negative means you need a PPA this size to break even
LCOE with benefits $/MWh 1.46 positive means it pays for itself
System
Reduced Opex & Fuel cost (7,639,644) (8,299,644) (7,252,644) (8,622,644) (6,302,644) (10,275,644) (7,110,644) (8,803,644) (7,354,644) (6,254,644) (11,118,644) (7,005,644) (9,696,644) (6,467,644) (9,090,644)
Additional Renewables Opex (312,032) (313,168) (314,308) (322,955) (339,107) (325,265) (326,429) (335,849) (337,024) (353,206) (339,393) (349,661) (350,860) (352,065) (368,277)
Additional Renewables Capex, plus discounted (111,453,108) (19,616,260) (7,951,676) (8,209,714) (6,875,230) (7,747,450) (5,482,960) (8,341,779) (5,578,285) (6,534,372) (5,241,860) (4,292,479) (7,094,819) (4,341,251) (5,652,695) (3,657,180) (4,835,097)
Production (same as BAU) 472,500
System LCOE (235.88)
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Capex Scenario: 2 3
WTG Enercon E-103 2.35 MW 5,775,440            5,782                     MWh
ESS 4 Y.Cube 250/2 1,861,500            
Electrical BOP Median 3,797,500            
Civil BOP median 5,140,200            
Development Capex Base Case 942,000               
Contingency 20% of total minus WTG cost and delivery2000000
Total Capex 19,516,640          

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Avoided cost value ("revenue") 1,891,244              1,921,244              2,501,244              1,966,244              1,497,244              1,973,244              2,859,244              2,012,244       3,428,244       539,244          1,906,244       1,522,244       1,993,244       3,150,244    256,244          
Opex (311,922) (313,057) (314,197) (322,843) (338,995) (325,152) (326,316) (335,735) (336,910) (353,090) (339,277) (349,545) (350,743) (351,948) (368,159)

1,579,322 1,608,187 2,187,047 1,643,401 1,158,249 1,648,092 2,532,928 1,676,509 3,091,334 186,154 1,566,967 1,172,699 1,642,501 2,798,296 (111,915)
Discount Factor at WACC 4.91% 1.00 1.05 1.10 1.15 1.21 1.27 1.33 1.40 1.47 1.54 1.61 1.69 1.78 1.86 1.96

�T

Pure Cost NPV (23,162,167) (19,516,640) (311,922) (298,405) (285,475) (279,602) (279,850) (255,860) (244,758) (240,037) (229,603) (229,369) (210,080) (206,308) (197,327) (188,738) (188,191)
NPV with Benefits $ (1,384,877) (19,516,640) 1,579,322 1,532,921 1,987,121 1,423,288 956,169 1,296,871 1,899,860 1,198,637 2,106,740 120,926 970,266 692,151 924,066 1,500,632 (57,207)

Production degredation curve 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lifetime Wind production MWh 86,736 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782 5,782

LCOE pure cost $/MWh (267.04) negative means you need a PPA this size to break even
LCOE with benefits $/MWh (15.97) positive means it pays for itself
System
Reduced Opex & Fuel cost (7,697,694) (8,353,694) (7,276,694) (8,826,694) (7,981,694) (8,538,694) (7,142,694) (9,068,694) (7,321,694) (8,851,694) (8,462,694) (8,235,694) (8,824,694) (6,392,694) (10,765,694)
Additional Renewables Opex (311,922) (313,057) (314,197) (322,843) (338,995) (325,152) (326,316) (335,735) (336,910) (353,090) (339,277) (349,545) (350,743) (351,948) (368,159)
Additional Renewables Capex, plus discounted (112,964,751) (19,516,640) (8,009,616) (8,261,129) (6,896,980) (7,924,073) (6,868,972) (6,974,897) (5,602,240) (6,723,791) (5,219,327) (5,979,455) (5,450,183) (5,067,183) (5,162,073) (3,616,924) (5,691,268)
Production (same as BAU) 472,500
System LCOE (239.08)
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Capex Scenario: 2 3
WTG GE 3.8-130 7,332,298            8,730                     MWh

ESS 4 S&C SMS-250 1,065,560            
Electrical BOP Median 3,797,500            
Civil BOP median 5,140,200            
Development Capex Base Case 942,000               
Contingency 20% of total minus WTG cost and delivery1870000
Total Capex 20,147,558          

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Avoided cost value ("revenue") 2,890,114              2,920,114              3,500,114              2,965,114              2,496,114              2,972,114              3,858,114              3,011,114       4,427,114       1,538,114       2,905,114       2,521,114       2,992,114       4,149,114    1,255,114       
Opex (319,253) (320,424) (321,601) (330,284) (346,473) (332,668) (333,869) (343,326) (344,538) (360,757) (346,982) (357,289) (358,526) (359,769) (376,019)

2,570,861 2,599,690 3,178,513 2,634,830 2,149,641 2,639,446 3,524,245 2,667,789 4,082,576 1,177,357 2,558,132 2,163,826 2,633,588 3,789,345 879,095
Discount Factor at WACC 4.91% 1.00 1.05 1.10 1.15 1.21 1.27 1.33 1.40 1.47 1.54 1.61 1.69 1.78 1.86 1.96

�T

Pure Cost NPV (23,875,901) (20,147,558) (319,253) (305,428) (292,202) (286,047) (286,024) (261,774) (250,423) (245,464) (234,802) (234,349) (214,852) (210,879) (201,706) (192,932) (192,209)
NPV with Benefits $ 8,844,856 (20,147,558) 2,570,861 2,478,019 2,887,954 2,281,928 1,774,592 2,076,961 2,643,412 1,907,362 2,782,269 764,814 1,583,996 1,277,134 1,481,649 2,032,098 449,365

Production degredation curve 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lifetime Wind production MWh 130,944 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730

LCOE pure cost $/MWh (182.34) negative means you need a PPA this size to break even
LCOE with benefits $/MWh 67.55 positive means it pays for itself
System
Reduced Opex & Fuel cost (6,698,824) (7,354,824) (6,277,824) (7,827,824) (6,982,824) (7,539,824) (6,143,824) (8,069,824) (6,322,824) (7,852,824) (7,463,824) (7,236,824) (7,825,824) (5,393,824) (9,766,824)
Additional Renewables Opex (319,253) (320,424) (321,601) (330,284) (346,473) (332,668) (333,869) (343,326) (344,538) (360,757) (346,982) (357,289) (358,526) (359,769) (376,019)
Additional Renewables Capex, plus discounted (102,735,018) (20,147,558) (7,018,077) (7,316,031) (5,996,148) (7,065,433) (6,050,549) (6,194,807) (4,858,688) (6,015,066) (4,543,797) (5,335,567) (4,836,453) (4,482,200) (4,604,490) (3,085,458) (5,184,696)
Production (same as BAU) 472,500
System LCOE (217.43)
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Capex Scenario: 2 3
WTG GE 3.8-130 7,332,298            8,730                     MWh
ESS 4 Saft Intensium Max 20P 727,668               
Electrical BOP Median 3,797,500            
Civil BOP median 5,140,200            
Development Capex Base Case 942,000               
Contingency 20% of total minus WTG cost and delivery1870000
Total Capex 19,809,666          

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Avoided cost value ("revenue") 3,124,014              3,141,014              3,725,014              3,186,014              2,741,014              3,031,014              3,972,014              3,343,014       4,814,014       1,768,014       1,777,014       3,825,014       3,321,014       2,755,014    2,888,014       
Opex (318,879) (320,049) (321,224) (329,905) (346,092) (332,285) (333,484) (342,939) (344,150) (360,367) (346,590) (356,894) (358,129) (359,371) (375,619)

2,805,135 2,820,965 3,403,790 2,856,109 2,394,922 2,698,729 3,638,530 3,000,075 4,469,864 1,407,647 1,430,424 3,468,120 2,962,884 2,395,643 2,512,395
Discount Factor at WACC 4.91% 1.00 1.05 1.10 1.15 1.21 1.27 1.33 1.40 1.47 1.54 1.61 1.69 1.78 1.86 1.96

�T

Pure Cost NPV (23,533,789) (19,809,666) (318,879) (305,070) (291,860) (285,718) (285,709) (261,473) (250,134) (245,188) (234,538) (234,095) (214,609) (210,646) (201,482) (192,718) (192,004)
NPV with Benefits $ 11,354,527 (19,809,666) 2,805,135 2,688,938 3,092,637 2,473,569 1,977,078 2,123,610 2,729,133 2,144,934 3,046,206 914,412 885,719 2,046,955 1,666,910 1,284,702 1,284,256

Production degredation curve 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lifetime Wind production MWh 130,944 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730 8,730

LCOE pure cost $/MWh (179.72) negative means you need a PPA this size to break even
LCOE with benefits $/MWh 86.71 positive means it pays for itself
System
Reduced Opex & Fuel cost (6,464,924) (7,133,924) (6,052,924) (7,606,924) (6,737,924) (7,480,924) (6,029,924) (7,737,924) (5,935,924) (7,622,924) (8,591,924) (5,932,924) (7,496,924) (6,787,924) (8,133,924)
Additional Renewables Opex (318,879) (320,049) (321,224) (329,905) (346,092) (332,285) (333,484) (342,939) (344,150) (360,367) (346,590) (356,894) (358,129) (359,371) (375,619)
Additional Renewables Capex, plus discounted (100,225,346) (19,809,666) (6,783,803) (7,105,112) (5,791,464) (6,873,792) (5,848,062) (6,148,158) (4,772,967) (5,777,494) (4,279,861) (5,185,970) (5,534,730) (3,712,379) (4,419,229) (3,832,853) (4,349,805)
Production (same as BAU) 472,500
System LCOE (212.12)
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Tmpl: ARA

CL X: 565739.9

CL Y: 7579404.5

CL Elev: 99.6

Cut Dp: -1.3

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565737.5

CL Y: 7579448.6

CL Elev: 99.3

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

550.0
 -

10

 -
5  0  5  1
0

 95

 100

 105
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L-line Location

Pavement (layer three)

Template

Subgrade fill

P-line Location

Topo

Sub horizon 2 (FR)

Stripped Surface

Culverts

Curve Table

Radius 
Angle 
Arc. Len.

L-Stn
m.

Cut Dp.
m.

Strip V.
Cu. m.

SG Cut V.
Cu. m.

SG Fill V.
Cu. m.

Mass H.
Cu. m.

600.0 -1.2
0.0 0.0 743.8

-5287.1
700.0 -1.2

0.0 0.0 768.6
-6030.9

800.0 -1.2
0.0 0.0 741.8

-6799.5
900.0

Cum. Tot. 0.0 14.0 7555.3
Pg. Tot. 0.0 0.0 2254.2

Approved By: XXXXX

Section Scale 1:200

HIGH POINT WIND
PROPOSED ACCESS ROAD

CROSS SECTIONS

OPTION 2
6 METER ROAD SURFACE

1.3:1 SIDE SLOPE
MAX. GRADE 10%

NOT FOR CONSTRUCTION

Field Surveyor: CW

Road Designer: NB

Tmpl: ARA

CL X: 565734.9

CL Y: 7579498.5

CL Elev: 99.1

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565732.2

CL Y: 7579548.5

CL Elev: 99.1

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

650.0
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Tmpl: ARA

CL X: 565729.5

CL Y: 7579598.4

CL Elev: 99.1

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

700.0
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Tmpl: ARA

CL X: 565726.9

CL Y: 7579648.3

CL Elev: 99.1

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

750.0
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Tmpl: ARA

CL X: 565724.2

CL Y: 7579698.2

CL Elev: 99.3

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

800.0
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Tmpl: ARA

CL X: 565721.5

CL Y: 7579748.2

CL Elev: 99.7

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

850.0
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Legend
L-line Location

Pavement (layer three)

Template

Subgrade fill

P-line Location

Topo

Sub horizon 2 (FR)

Stripped Surface

Culverts

Curve Table

Radius 
Angle 
Arc. Len.

L-Stn
m.

Cut Dp.
m.

Strip V.
Cu. m.

SG Cut V.
Cu. m.

SG Fill V.
Cu. m.

Mass H.
Cu. m.

900.0 -1.2
0.0 0.0 785.9

-7541.3
1000.0 -1.2

0.0 0.0 765.1
-8327.2

1100.0 -1.2
0.0 0.0 798.9

-9092.3
1200.0

Cum. Tot. 0.0 14.0 9905.2
Pg. Tot. 0.0 0.0 2349.9

Approved By: XXXXX

Section Scale 1:200

HIGH POINT WIND
PROPOSED ACCESS ROAD

CROSS SECTIONS

OPTION 2
6 METER ROAD SURFACE

1.3:1 SIDE SLOPE
MAX. GRADE 10%

NOT FOR CONSTRUCTION

Field Surveyor: CW

Road Designer: NB

Tmpl: ARA

CL X: 565718.9

CL Y: 7579798.1

CL Elev: 100.2

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

900.0
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Tmpl: ARA

CL X: 565716.2

CL Y: 7579848.0

CL Elev: 101.0

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

950.0
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Tmpl: ARA

CL X: 565713.5

CL Y: 7579898.0

CL Elev: 101.8

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1000.0
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Tmpl: ARA

CL X: 565710.9

CL Y: 7579947.9

CL Elev: 103.3

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565708.2

CL Y: 7579997.8

CL Elev: 105.3

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1100.0
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Tmpl: ARA

CL X: 565705.5

CL Y: 7580047.7

CL Elev: 106.7

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1150.0
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Legend
L-line Location

Pavement (layer three)

Template

Subgrade fill

P-line Location

Topo

Sub horizon 2 (FR)

Stripped Surface

Culverts

Curve Table

Radius 
Angle 
Arc. Len.

L-Stn
m.

Cut Dp.
m.

Strip V.
Cu. m.

SG Cut V.
Cu. m.

SG Fill V.
Cu. m.

Mass H.
Cu. m.

1200.0 -1.2
0.0 0.0 680.2

-9891.2
1300.0 -1.2

0.0 0.0 751.1
-10571.4

1400.0 -1.2
0.0 0.0 715.3

-11322.5
1500.0

Cum. Tot. 0.0 14.0 12051.8
Pg. Tot. 0.0 0.0 2146.6

Approved By: XXXXX

Section Scale 1:200

HIGH POINT WIND
PROPOSED ACCESS ROAD

CROSS SECTIONS

OPTION 2
6 METER ROAD SURFACE

1.3:1 SIDE SLOPE
MAX. GRADE 10%

NOT FOR CONSTRUCTION

Field Surveyor: CW

Road Designer: NB

Tmpl: ARA

CL X: 565702.9

CL Y: 7580097.7

CL Elev: 109.4

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565700.2

CL Y: 7580147.6

CL Elev: 112.1

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1250.0
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Tmpl: ARA

CL X: 565697.5

CL Y: 7580197.5

CL Elev: 114.6

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1300.0
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Tmpl: ARA

CL X: 565694.9

CL Y: 7580247.5

CL Elev: 116.0

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1350.0
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Tmpl: ARA

CL X: 565692.2

CL Y: 7580297.4

CL Elev: 117.0

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565689.5

CL Y: 7580347.3

CL Elev: 117.6

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1450.0
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Legend
L-line Location

Pavement (layer three)

Template

Subgrade fill

P-line Location

Topo

Sub horizon 2 (FR)

Stripped Surface

Culverts

Curve Table

Radius 
Angle 
Arc. Len.

L-Stn
m.

Cut Dp.
m.

Strip V.
Cu. m.

SG Cut V.
Cu. m.

SG Fill V.
Cu. m.

Mass H.
Cu. m.

1500.0 -1.2
0.0 0.0 831.2

-12037.8
1600.0 -1.5

0.0 0.0 653.8
-12869.0

1700.0 -1.1
0.0 0.0 828.9

-13522.8
1800.0

Cum. Tot. 0.0 14.0 14365.7
Pg. Tot. 0.0 0.0 2313.9

Approved By: XXXXX

Section Scale 1:200

HIGH POINT WIND
PROPOSED ACCESS ROAD

CROSS SECTIONS

OPTION 2
6 METER ROAD SURFACE

1.3:1 SIDE SLOPE
MAX. GRADE 10%

NOT FOR CONSTRUCTION

Field Surveyor: CW

Road Designer: NB

Tmpl: ARA

CL X: 565686.9

CL Y: 7580397.2

CL Elev: 118.0

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1500.0
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Tmpl: ARA

CL X: 565684.2

CL Y: 7580446.0

CL Elev: 118.3

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1548.8
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Tmpl: ARA

CL X: 565684.1

CL Y: 7580448.4

CL Elev: 118.3

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1551.2
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Tmpl: ARA

CL X: 565682.3

CL Y: 7580482.3

CL Elev: 118.7

Cut Dp: -1.4

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1585.2
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Tmpl: ARA

CL X: 565679.8

CL Y: 7580528.5

CL Elev: 119.5

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1631.4
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Tmpl: ARA

CL X: 565676.0

CL Y: 7580599.6

CL Elev: 121.6

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Legend
L-line Location

Pavement (layer three)

Template

Subgrade fill
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Sub horizon 2 (FR)

Stripped Surface

Culverts

Curve Table

Radius 
Angle 
Arc. Len.

L-Stn
m.

Cut Dp.
m.

Strip V.
Cu. m.

SG Cut V.
Cu. m.

SG Fill V.
Cu. m.

Mass H.
Cu. m.

1800.0 -1.6
0.0 0.0 2214.9

-14351.7
1900.0 -4.0

0.0 0.0 2598.5
-16566.6

2000.0

Cum. Tot. 0.0 14.0 19179.0
Pg. Tot. 0.0 0.0 4813.4

Approved By: XXXXX

Section Scale 1:200

HIGH POINT WIND
PROPOSED ACCESS ROAD

CROSS SECTIONS

OPTION 2
6 METER ROAD SURFACE

1.3:1 SIDE SLOPE
MAX. GRADE 10%

NOT FOR CONSTRUCTION

Field Surveyor: CW

Road Designer: NB

Tmpl: ARA

CL X: 565671.6

CL Y: 7580681.9

CL Elev: 123.3

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1785.1
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Tmpl: ARA

CL X: 565668.2

CL Y: 7580746.7

CL Elev: 126.5

Cut Dp: -2.1

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1849.9

 -
10

 -
5  0  5  1
0

 125

 130

Tmpl: ARA

CL X: 565667.1

CL Y: 7580767.3

CL Elev: 128.1

Cut Dp: -3.3

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565665.2

CL Y: 7580802.2

CL Elev: 131.6

Cut Dp: -3.9

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565662.6

CL Y: 7580850.3

CL Elev: 136.6

Cut Dp: -2.7

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565660.9

CL Y: 7580883.0

CL Elev: 139.9

Cut Dp: -1.9

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

1986.5
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Legend
L-line Location

Pavement (layer three)
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Stripped Surface

Culverts

Curve Table

Radius 
Angle 
Arc. Len.

L-Stn
m.

Cut Dp.
m.

Strip V.
Cu. m.

SG Cut V.
Cu. m.

SG Fill V.
Cu. m.

Mass H.
Cu. m.

2000.0 -1.5
0.0 0.0 954.6

-19165.0
2100.0 -1.4

0.0 0.0 2052.1
-20119.6

2200.0 -4.4
0.0 0.0 3769.5

-22171.7
2300.0

Cum. Tot. 0.0 14.0 25955.2
Pg. Tot. 0.0 0.0 6776.1

Approved By: XXXXX

Section Scale 1:200

HIGH POINT WIND
PROPOSED ACCESS ROAD

CROSS SECTIONS

OPTION 2
6 METER ROAD SURFACE

1.3:1 SIDE SLOPE
MAX. GRADE 10%

NOT FOR CONSTRUCTION

Field Surveyor: CW

Road Designer: NB

Tmpl: ARA

CL X: 565660.4

CL Y: 7580892.4

CL Elev: 140.8

Cut Dp: -1.6

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565658.2

CL Y: 7580933.9

CL Elev: 142.6

Cut Dp: -1.6

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0

2037.4
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Tmpl: ARA

CL X: 565656.2

CL Y: 7580971.1

CL Elev: 142.4

Cut Dp: -1.0

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565653.4

CL Y: 7581023.2

CL Elev: 143.2

Cut Dp: -1.4

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565651.5

CL Y: 7581058.0

CL Elev: 145.3

Cut Dp: -2.4

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565649.9

CL Y: 7581088.6

CL Elev: 148.5

Cut Dp: -4.1

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Curve Table

Radius 
Angle 
Arc. Len.

L-Stn
m.

Cut Dp.
m.

Strip V.
Cu. m.

SG Cut V.
Cu. m.

SG Fill V.
Cu. m.

Mass H.
Cu. m.

2300.0 -2.6
0.0 0.0 1101.9

-25941.2
2400.0 -1.2

0.0 0.0 763.7
-27043.0

2500.0

Cum. Tot. 0.0 14.0 27820.7
Pg. Tot. 0.0 0.0 1865.6

Approved By: XXXXX

Section Scale 1:200

HIGH POINT WIND
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1.3:1 SIDE SLOPE
MAX. GRADE 10%

NOT FOR CONSTRUCTION

Field Surveyor: CW

Road Designer: NB

Tmpl: ARA

CL X: 565647.2

CL Y: 7581139.1

CL Elev: 153.3

Cut Dp: -3.8

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565645.4

CL Y: 7581173.3

CL Elev: 156.6

Cut Dp: -2.9

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565643.8

CL Y: 7581203.4

CL Elev: 159.7

Cut Dp: -2.5

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565642.4

CL Y: 7581229.4

CL Elev: 161.5

Cut Dp: -1.8

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565641.5

CL Y: 7581246.0

CL Elev: 162.1

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565638.8

CL Y: 7581296.0

CL Elev: 162.4

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Curve Table

Radius 
Angle 
Arc. Len.

L-Stn
m.

Cut Dp.
m.

Strip V.
Cu. m.

SG Cut V.
Cu. m.

SG Fill V.
Cu. m.

Mass H.
Cu. m.

2500.0 -1.2
0.0 0.0 772.8

-27806.7
2600.0 -1.2

0.0 0.0 1024.2
-28579.5

2700.0 -1.8
0.0 0.0 993.8

-29603.7
2800.0

Cum. Tot. 0.0 14.0 30611.6
Pg. Tot. 0.0 0.0 2790.8
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NOT FOR CONSTRUCTION

Field Surveyor: CW

Road Designer: NB

Tmpl: ARA

CL X: 565636.2

CL Y: 7581345.9

CL Elev: 162.0

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565633.5

CL Y: 7581395.8

CL Elev: 162.3

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Tmpl: ARA

CL X: 565630.8

CL Y: 7581445.7

CL Elev: 162.7

Cut Dp: -1.2

F Slope L: -75.00

F Slope R: -75.00

Super L: -2.0

Super R: -2.0
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Nihtat Corporation   Hemmera 
Inuvik High Point Wind Energy Project �± Feasibility Study - i - January 2017 

 

EXECUTIVE SUMMARY 

The Government of the Northwest Territories (GNWT) is seeking to construct a 2-5 MW wind farm to 

�U�H�G�X�F�H�� �W�K�H�� �F�R�P�P�X�Q�L�W�\�� �R�I�� �,�Q�X�Y�L�N�¶�V�� �U�H�O�L�D�Q�F�H�� �R�Q�� �I�R�V�V�L�O�� �I�X�H�O�V���� �,�Q�X�Y�L�N�¶�V�� �H�O�H�F�W�U�L�F�L�W�\��is currently generated 

exclusively from either diesel or liquefied natural gas, and the Project would be part of a fuel transition for 

the community. Primary Project components will include wind turbine generators (likely one to three 

turbines), an all-season access road to the Project site, and an electrical transmission system.  

Hemmera Envirochem Inc. (Hemmera) was contracted to conduct a review of potential regulatory 

constraints for the Project. To identify requirements and assess potential risk, the analysis focuses on the 

environmental assessment process, permitting requirements, and land tenure and resource use.  

The Mackenzie Valley Environmental Impact Review Board (Review Board) is the main instrument 

responsible for the environmental impact assessment process in the Mackenzie Valley (Review Board, 

2004). The first step in the EIA process, the preliminary screening, is generally conducted by a land and 

water board (e.g. the �*�Z�L�F�K�¶�L�Q���/�D�Q�G���D�Q�G���:�D�W�H�U���%�R�D�U�G����GLWB) for projects in the GSA). If the preliminary 

screening concludes that the proposed development might cause significant adverse impacts or generate 

public concern, then the development is sent to the Review Board for an environmental assessment 

(Review Board, 2004). 

It is anticipated that the Project will undergo a preliminary screening, with the GLWB as the primary 

reviewing agency. �,�W�� �L�V�� �+�H�P�P�H�U�D�¶�V�� �Y�Lew that the Project is unlikely to be referred for environmental 

assessment as few items and effects are emerging as high-risk. Overall, environmental and community 

risks associated with the Projects are considered low. Effects to biological components were considered 

of moderate risk due to potential impacts to migratory birds during Project operations and potential direct 

and indirect impacts on boreal caribou. Additional understanding of these issues is recommended. 

Consultation with agencies and Aboriginal groups will be required to gain a better understanding of issues 

specific to the Project. Risks associated with permitting and tenuring are expected to be low.  

This regulatory review is a precursor to necessary baseline studies and environmental assessment based 

on a project description, and is not considered a legal opinion with respect to named legislations 
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1.0 INTRODUCTION 

1.1 PROJECT OVERVIEW 

The Government of the Northwest Territories (GNWT) is seeking to construct a 2-5 MW wind farm to 

reduce the commun�L�W�\�� �R�I�� �,�Q�X�Y�L�N�¶�V reliance on fossil fuels. �,�Q�X�Y�L�N�¶�V�� �H�O�H�F�W�U�L�F�L�W�\��is currently generated 

exclusively from either diesel or liquefied natural gas, The Project would generate renewable energy 

intended to supply Inuvik. Primary Project components will include wind turbine generators (likely one to 

three turbines), an all-season access road to the Project site, and an electrical transmission system.  

The site considered for the Inuvik High Point Wind Energy Project (Project), is located approximately 

6.5 km northeast of the Inuvik Airport. The Project site is accessible via the Dempster Highway. The 

Project will include an access road/transmission line connecting the Project infrastructure to the Dempster 

Highway, near KM 253.5. This route is currently proposed based on the alignment to the Project site and 

access to quarry locations in the vicinity (Figure 1-1). 

�7�K�H���3�U�R�M�H�F�W���L�V���O�R�F�D�W�H�G���Z�L�W�K�L�Q���W�K�H���E�R�X�Q�G�D�U�L�H�V���R�I�� �W�K�H���*�Z�L�F�K�¶�L�Q���6�H�W�W�O�H�P�H�Q�W���$�U�H�D (GSA). The Project is also 

located outside of the municipal boundary of the Town of Inuvik, which is within the Inuvik Administrative 

Region, of the GNWT.  

 
(Source: SgurrEnergy, 2016) 

Figure 1-1 Project Area  
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1.2 SCOPE OF ASSESSMENT 

Hemmera Envirochem Inc. (Hemmera) was contracted to conduct a review of potential regulatory 

constraints for the Inuvik High Point Wind Energy Project (Project). The intent of the regulatory review 

was to:  

1) Identify the regulatory approvals and permits required by the potential Project. 

2) Identify any regulatory issues that could cause substantial delays and / or expense to resolve, or 
prevent approval (i.e., red flags)? 

�+�H�P�P�H�U�D�¶�V���H�[�S�H�U�L�H�Q�F�H���R�I���R�W�K�H�U���Z�L�Q�G���G�H�Y�H�O�R�S�P�H�Q�W��projects (primarily in western Canada), knowledge of 

environmental assessment in general, direct Inuvik knowledge, familiarity with Northern regulatory 

frameworks and publically available reports and databases was used as the basis for the regulatory 

review. 

Hemmera undertook a preliminary review of the existing regulatory processes, regional land use planning 

data as well as accessible public information from the GNWT Community Mapping Atlas (CMA) and other 

regulatory databases. We also provide interpretation comments from our experience on environmental 

assessment, permitting, construction and operational monitoring of wind projects.  

The analysis of regulatory process focuses on the following areas: 

1) Environmental Assessment �± a Preliminary Screening under the Mackenzie Valley Resource 
Management Act �E�\���W�K�H���*�Z�L�F�K�¶�L�Q���/�D�Q�G���D�Q�G���:�D�W�H�U���%�R�D�U�G�� 

2) Land Tenure and Resource Use �± existing land ownership, land rights, and land tenures in the 
area and activities occurring (e.g. First Nation lands, land reserves, private land, residences, oil 
�D�Q�G�� �J�D�V�� �S�L�S�H�O�L�Q�H�� �5�R�:�V���� �S�U�R�W�H�F�W�H�G�� �D�U�H�D�V���� �W�K�D�W�� �P�D�\�� �R�Y�H�U�O�D�S�� �Z�L�W�K�� �W�K�H�� �3�U�R�M�H�F�W�¶�V�� �L�Q�W�H�U�H�V�W�V�� �L�Q�� �O�D�Q�G��
parcels that would be required for siting, access and transmission.  

3) Permitting �± Relevant permits for each of three phases (development, construction and 
operations) are outlined, including general descriptions of their triggers, timelines, content 
required for applications, and other considerations for successful applications.   

This regulatory review is a precursor to necessary baseline studies and environmental assessment based 

on a project description, and is not considered a legal opinion with respect to named legislations. 
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2.0 REGULATORY BODIES 

Provisions for the establishment of a land use planning board, land and water boards, and of an 

environmental impact review board for the Mackenzie Valley were included in the Gwich'in 

Comprehensive Land Claim Agreement (GCLCA) signed in 1992 and officially established in the 

Mackenzie Valley Resource Management Act (S.C. 1998, c.25) (MVRMA) in 1998. The MVRMA provided 

authorities to co-management boards to carry out land use planning, regulate the use of land and water 

and, if required, conduct environmental assessments and reviews of large or complex projects. Following 

these provisions, the Gwich�¶�L�Q�� �/�D�Q�G�� �D�Q�G�� �:�D�W�H�U�� �%�R�D�U�G�� ���*�/�:�%������ �*�Z�L�F�K�¶�L�Q�� �5�H�Q�H�Z�D�E�O�H�� �5�H�V�R�X�U�F�H�� �%�R�D�U�G��

(GRRB)���� �D�Q�G���*�Z�L�F�K�¶�L�Q���/�D�Q�G���8�V�H���3�O�D�Q�Q�L�Q�J���%�R�D�U�G��(GLUPB) were established as co-management boards 

for the GSA.  

2.1 GWICH�¶IN LAND AND WATER BOARD 

The GLWB is one of the four regional boards of the Mackenzie Valley Land and Water Board (MVLWB)1. 

The objective of the GLWB is to provide for conservation, development, and use of the land and water 

resources in the GSA in a manner that will provide the optimum benefit for present and future residents of 

the GSA, Mackenzie Valley, and Canada (GLWB, 2017).   

The GLWB conducts preliminary screenings of projects proposed in the GSA. The GLWB considers 

whether to issue land use permits and water licences on public and private lands in the GSA in 

accordance with the Mackenzie Valley Land Use Regulations (SOR/98-429). The GLWB may refer a 

project to the Review Board for environmental assessment based on evidence of significant 

environmental impacts and/or public concern.  �$���G�H�W�D�L�O�H�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���*�/�:�%�¶�V���U�R�O�H���L�Q���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O��

assessments of projects proposed in the GSA is described in Section 3.0. 

The GLWB will be responsible for conducting a preliminary screening of the Project and issuing a Land 

Use Permit. 

2.2 GWICH�¶IN RENEWABLE RESOURCE BOARD 

The �*�5�5�%�¶�V���P�D�Q�G�D�W�H���L�V���W�R���D�F�W���D�V the main instrument of wildlife, fish and forest management in the GSA. 

The GRRB consults �R�Q���D���Y�D�U�L�H�W�\���R�I���W�R�S�L�F�V�����L�Q�F�O�X�G�L�Q�J���O�L�P�L�W�D�W�L�R�Q���R�I���K�D�U�Y�H�V�W�����V�H�W�W�L�Q�J���*�Z�L�F�K�¶�L�Q���1�H�H�G�V���/�H�Y�H�O�V����

approval of management plans, advice to government, making decisions on commercial harvesting, 

setting research priorities in the GSA, and more (GRRB, n.d.). The GRRB supports �W�K�H���*�/�:�%�¶�V���U�H�Y�L�H�Z���R�I��

permit Applications, specifically as it relates to items under their mandate.   

                                                      
1  �7�K�H���0�9�/�:�%�¶�V���M�X�U�L�V�G�L�F�W�L�R�Q���D�S�S�O�L�H�V���W�R���U�H�J�L�R�Q�V���R�I���W�K�H���1�R�U�W�K�Z�H�V�W���7�H�U�U�L�W�R�U�L�H�V���Z�K�H�U�H���O�D�Q�G���F�O�D�L�P���D�J�U�H�H�P�H�Q�W�V���K�D�Y�H���\�H�W���W�R���E�H���U�H�D�F�K�H�G����

The MVLWB also reviews and issues permits for transboundary projects. As the proposed Project is located within the GSA, 
this report will focus on the regulatory regime and associated regulators with GSA jurisdiction.  
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Engagement of the GRRB is necessary to understand the Project context as it applies to fish, wildlife and 

traditional use/harvest and potential project impacts in the Project area. No formal authorizations are 

required from the GRRB. 

2.3 GWICH�¶IN LAND USE PLANNING BOARD 

The Planning Board developed and implements a land use plan for the GSA. In following the principles 

outlined in the GCLCA and the MVRMA, the Land Use Plan provides for the conservation, development 

and utilization of land, water and resources (Planning Board, 2003a).  

After the approval of the Land Use Plan in August 2003, all licenses, permits or other authorizations 

relating to the use of land, water or the deposit of waste in the GSA must conform to the Land Use Plan 

(Planning Board, 2003b). The Land Use Plan is currently being updated, and may be finalized in mid- to 

late-2017. Through informal conversations, it was indicated that no updates are anticipated that would 

affect the current Project location, though this would have to be confirmed when the plan is finalized.  

If a proposed project do�H�V�Q�¶�W���P�H�H�W���]�R�Q�L�Q�J requirement as set out in the Land Use Plan, the GLWB may 

refer the application to the Planning Board for a Conformity Determination (or may reject the project 

outright). In these cases, the Planning Board will consider making an exception for the project or an 

amendment to zoning.  

The Project is located in a General Use Zone, which allows for development and is not expected to 

require a zoning amendment (as described in Section 3.1.1.2).  

2.4 OTHER REGULATORY MANDATES  

2.4.1 Municipal  

The Project is not located on municipal land. The Town of Inuvik may act as a reviewer and provide 

comments during the comment period of the GLWB preliminary screening but is not expected to issue 

authorisations.  

2.4.2 Territorial  

Departments of the Government of the Northwest Territories are expected to act as technical reviewers 

for GLWB preliminary screening and be responsible for ancillary permits associated with the Project. 

Relevant agencies include:  

�x Department of Environment and Natural Resources 

�x Department of Lands  

�x Department of Transportation 
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�x Department of Education, Culture, and Employment (Culture and Heritage Division) 

�x Aurora College 

The GNWT will be responsible for permits for connecting the access road to the Dempster highway. 

Additional detail on territorial permits is included in Section 4.0. 

2.4.3 Federal  

Federal agencies may be involved during the permitting process. Similar to the territorial agencies, these 

agencies are expected to act as technical reviewers for GLWB preliminary screening and be responsible 

for ancillary permits associated with the Project. Relevant agencies include: 

�x Fisheries and Oceans Canada 

�x Transport Canada 

�x NAV Canada 

A description of federal permits typically required for a wind project is in Section 4.0.  
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3.0 ENVIRONMENTAL IMPACT ASSESSMENT 

The Review Board is the main instrument responsible for the environmental impact assessment (EIA) 

process in the Mackenzie Valley (Review Board, 2004). The first step in the EIA process, the preliminary 

screening, is generally conducted by a land and water board (e.g. the GLWB for projects in the GSA) or a 

government agency. The objective of preliminary screening is, in accordance with s.125 of the MVRMA, 

to determine if a development proposal: 

�x Might have a significant adverse impact on the environment; or, 

�x Might be a cause of public concern. 

If the preliminary screening concludes that the proposed development might cause significant adverse 

impacts or generate public concern, then the development is sent to the Review Board for an 

environmental assessment (Review Board, 2004). Experience to date has been that preliminary 

screening results in most developments requiring no further assessment (Review Board, 2004).  

Land and water boards conduct most preliminary screenings as most developments require land use 

permits or water licenses. A Land Use Permit is required for any activity that triggers the thresholds 

defined by the MVLWB and its regional boards. The Project is likely to require a Land Use Permit due to 

the use of vehicles or machines that would exceed these thresholds (see Appendix A). A summary of the 

regulatory process followed by the MVLWB and other land and water boards (including the GLWB) is 

displayed in Figure 3-1.  

 
Source: (GLWB, 2017b) 

Figure 3-1 MVLWB Regulatory Process  
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3.1 PRELIMINARY SCREENING APPLICATION  

This section describes the anticipated requirements for a preliminary screening application (Application), 

and the process for review. The �³Application�  ́refers to the document submitted for preliminary screening �± 

in the case of the Project, it is anticipated to be an application for a land use permit, submitted to and 

reviewed by the GLWB.  

3.1.1 Application Content  

This section provides an analysis of the typical information requirements for a preliminary screening by 

the GLWB. These requirements are based on the Application Checklist that lists the type of information 

that is (or may be) required as part of a complete application. A copy of this checklist is included in 

Appendix B. However, amount and type of information required by the GLWB for preliminary screening 

depends on the size, scale, and nature of the proposed project (MVLWB, 2013). This will be determined 

during pre-application engagement and consultation activities with Aboriginal groups and agencies. 

Additional information on this engagement is provided in Section 3.2. 

3.1.1.1 Culture and Heritage  

Potential impacts to cultural and heritage resources must be considered in the Application, including 

effects to historic properties, archaeological resources, and effects on Aboriginal lifestyle. The potential 

for historic properties and archaeological resources can be understood through dialogue with the Culture 

and Heritage Division of the Department of Education, Culture, and Employment. If these resources are 

identified on the Project site, the Culture and Heritage Division will support the Proponent in developing 

mitigation measures to address potential impacts of Project construction and operation. Under Section 12 

of the Mackenzie Valley Land Use Regulations, if a suspected historic or archaeological site or burial site 

is discovered during Project construction or operations, work shall be suspended immediately and the 

GLWB shall be notified immediately.  

�7�K�H���*�Z�L�F�K�¶�L�Q���7�U�L�E�D�O���&�R�X�Q�F�L�O�����'�H�S�D�U�W�P�H�Q�W���R�I���&�X�O�W�X�U�D�O���+�H�U�L�W�D�J�H���L�V���D�Q�R�W�K�H�U���V�R�X�U�F�H���R�I���L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���O�R�F�D�O��

heritage sites. Heritage sites of special value are identified in the Land Use Plan and protected through 

�W�K�H���*�Z�L�F�K�¶�L�Q���&�R�Q�V�H�U�Y�D�W�L�R�Q���=�R�Q�H���R�U���*�Z�L�F�K�¶�L�Q���6�S�H�F�L�D�O���0�D�Q�D�J�H�P�H�Q�W���=�R�Q�H���G�H�V�L�J�Q�D�W�L�R�Q�V����The Project is not 

located within either of these types of zones.   

Should historic and archaeological resources be identified within the Project area, is anticipated that 

these could be managed through mitigation measures developed in collaboration with the GLWB and the 

Culture and Heritage Division. Hemmera notes that mitigation measures for these resources are well-

established for wind projects.   
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Effects on Aboriginal lifestyle can be determined in consultation with the GRRB and with Aboriginal 

groups. Through informal conversations with GLWB representatives, it was indicated that hunting and 

trapping activities are not tenured, but rather documented informally by the GRRB. At this stage in the 

project planning, consultation has not been initiated to better understand potential effects on Aboriginal 

lifestyle. However, no evidence of human use (e.g. trails, clearings) was identified on High Point or in the 

proposed road corridor during the October 14th site visit.  

Potential effects to culture and heritage are not anticipated to pose a major risk to the Project, as the 

Project is located in a General Use Zone, and mitigation measures for historic and archaeological 

resources are well-established for wind projects. Consultation would be required to better understand 

effects of the Project on Aboriginal lifestyle.  

3.1.1.2 Social and Economic  

Social and economic considerations that may need to be considered include planning/zoning changes or 

conflicts, airport operations, increase in urban facilities or service use, and general risks to the 

community. Aesthetics should also be considered �± as no guidelines for visual resources exist for this 

jurisdiction, methods for measuring effects to visual resources would be determined in consultation with 

the various agencies and Aboriginal groups.  

According to the Land Use P�O�D�Q���� �W�K�H�� �3�U�R�M�H�F�W�� �L�V�� �O�R�F�D�W�H�G�� �Z�L�W�K�L�Q�� �D�� �*�Z�L�F�K�¶�L�Q�� �*�H�Q�H�U�D�O�� �8�V�H�� �=�R�Q�H (Planning 

Board, 2003a). These are areas where all land uses are allowable with the necessary approvals. This 

zone of the Land Use Plan imposes no conditions (Planning Board, 2003a). 

Through informal conversations with a representative of the GNWT Department of Transportation, it was 

indicated that structures proposed within an 8 km radius of the Inuvik Airport are reviewed by the 

Department of Transportation. As the Project is located within this radius, consultation will be required to 

determine appropriate navigational aids and any other best management practices required. As indicated 

in Section  4.0, confirmation would also be required from NAV CANADA prior to construction and from 

Transport Canada for construction activities.  

Structures proposed in the vicinity of the Inuvik Airport are further regulated by the Inuvik Airport Zoning 

Regulations (SOR/81-707)���� �7�K�H�V�H�� �U�H�J�X�O�D�W�H�� �W�K�H�� �K�H�L�J�K�W�� �R�I�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �Z�L�W�K�L�Q�� �W�K�H�� �D�L�U�S�R�U�W�¶�V�� �D�S�S�Uoach 

surface, outer surface, and transitional surface (as defined in the regulation). These surfaces 

are displayed in Figure 3-2.  During Project design, if structures are proposed in the zones displayed in 

Figure 3-2, heights of structures (e.g. turbines transmission structures) would need to comply to the 

restrictions described in the Inuvik Airport Zoning Regulations. The runways are roughly oriented east to 

west, and the approach surface extends in the same orientation. As the Project is located to the north of 

the airport, the risk associated with the Inuvik Airport is considered low.  
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The Shell Lake Water Aerodrome is located 9 km southwest of the Project area. From a regulatory 

perspective, the authority for the use of lands located outside of aerodrome property rests with 

territorial/municipal levels of government (Transport Canada, 2013). The only exception to this fact occurs 

where an airport zoning regulation, made pursuant to the Aeronautics Act (R.S.C., 1985, c.A-2), is in 

force. No airport zoning regulation in force for the Shell Lake Water Aerodrome. �7�K�H���P�X�Q�L�F�L�S�D�O�L�W�\�¶�V���D�L�U�S�R�U�W��

zoning regulations apply only to the Inuvik Airport, and not the Shell Lake Water Aerodrome (Town of 

Inuvik, 2015). The �*�1�:�7�¶�V���&�R�P�P�L�V�V�L�R�Q�H�U�¶�V�� �3�X�E�O�L�F��Airport Lands Regulations (R-0020-2006) regulate 

development on lands �G�H�V�L�J�Q�D�W�H�G�� �D�V�� �&�R�P�P�L�V�V�L�R�Q�H�U�¶�V�� �3�X�E�O�L�F�� �$�L�U�S�R�U�W�� �/�D�Q�G�V�� The Shell Lake Water 

Aerodrome does not have this designation. As such, no authorizations are expected to be required for 

construction in the vicinity of the Shell Lake Water Aerodrome. However, it is recommended that the 

Proponent follow best practices identified in TP1247E: Aviation �± Land Use in Vicinity of Aerodromes, 

specifically as they relate to wind turbines and wind farms (Transport Canada, 2013).  

Construction traffic would need to be considered in the Application, but it is anticipated that the volume of 

traffic would not substantially increase, and that the duration of effects would be limited.  

Adverse impacts to the community as a result of the Project are not anticipated, mainly because the 

project will not require a large influx of workers or newcomers to the community. Rather, benefits to the 

community are anticipated in the form of local employment opportunities and the availability of a clean 

energy source. 

  



�P
�a�

t�h
�:� �O

�:�\�!�2�
0�0�

0�\�2�
0�2�

2�\�0�
0�1�

\�0�
1�\�m

�x�d
�\�F�

i�g
�3�

-�2�
_�_�

2�0�
2�2�

_�0�
0�1�

_�0�
1�_�

A�
i�r
�p

�o
�r

�t�C
�o

�n
�s�t�r

�a�
i�n

�t�_�
1�7�

0�1�
2�4�

.�m
�x�d

�P �r�o�d �u�c �t�i�o�n� �D�a�t�e �:� �J�a�n� �2�4�,� �2�0�1�7

�P �a�g�e � �S�i�z�e �:� �1�1�"� � �x� �1�7�"

�2�0�2�2�-�0�0�1�.�0�1 �F�i�g�u�r�e � �3�-�2

�N�A�D� �1�9�8�3� �U�T�M� �Z �o�n�e � �8�N

�1�.� �T�h�i�s� �m �a�p� �i�s� �n�o�t� �i�n�t�e �n�d �e �d � �t�o� �b�e � �a�  ��s�t�a�n�d �-�a�l�o�n�e  �� �d �o�c �u�m �e �n�t�,� �b�u�t� �a� �v�i�s�u�a�l� �a�i�d
�o�f� �t�h�e � �i�n�f�o�r�m �a�t�i�o�n� �c �o�n�t�a�i�n�e �d � �w�i�t�h�i�n� �t�h�e � �r�e �f�e �r�e �n�c �e �d � �R �e �p�o�r�t�.� �I�t� �i�s� �i�n�t�e �n�d �e �d � �t�o
�b�e � �u�s�e �d � �i�n� �c �o�n�j�u�n�c �t�i�o�n� �w�i�t�h� �t�h�e � �s�c �o�p�e � �o�f� �s�e �r�v�i�c �e �s� �a�n�d � �l�i�m �i�t�a�t�i�o�n�s� �d �e �s�c �r�i�b�e �d
�t�h�e �r�e �i�n�.
�2�.� �A�l�l� �m �a�p�p�e �d � �f�e �a�t�u�r�e �s� �a�r�e � �a�p�p�r�o�x�i�m �a�t�e � �a�n�d � �s�h�o�u�l�d � �b�e � �u�s�e �d � �f�o�r� �d �i�s�c �u�s�s�i�o�n
�p�u�r�p�o�s�e �s� �o�n�l�y�.

�-� �B�a�c �k�g�r�o�u�n�d � �I�m �a�g�e �:� �E�S�R �I� �W�o�r�l�d � �T�o�p�o�g�r�a�p�h�i�c � �M�a�p

�P �r�o�j�e �c �t� �L�o�c �a�t�i�o�n

�O �u�t�e �r� �S�u�r�f�a�c �e

�S�t�r�i�p

�A�p�p�r�o�a�c �h� �S�u�r�f�a�c �e

�T�r�a�n�s�i�t�i�o�n�a�l� �S�u�r�f�a�c �e

�P �r�o�j�e �c �t� �L�o�c �a�t�i�o�n

�I�n�u�v�i�k� �A�i�r�p�o�r�t

DRAFT
�F�o�r � �D�i�s�c �u�s�s�i�o�n� �P �u�r �p�o�s�e �s� �O �n�l�y

�1�:�1�2�5�,�0�0�0

�L�e �g�e �n�d

�N�o�t�e �s

�S�o�u�r�c �e �s

�0 �2 �4 �6

�K�i�l�o�m �e �t�r �e �s

Airport Constraint

�I�n�u�v�i�k� �W�i�n�d � �F�e �a�s�i�b�i�l�i�t�y� �S�t�u�d �y� 
�I�n�u�v�i�k�,� �N�.�W�.�T

�N�i�h�t�a�t� �G�w�i�c �h�'�i�n
�C�o�u�n�c �i�l



Nihtat Corporation   Hemmera 
Inuvik High Point Wind Energy Project �± Feasibility Study - 11 - January 2017 

 

3.1.1.3 Biological Environment  

The Land Use Permit application will be required to consider potential effects to biological resources, 

including vegetation, fish and wildlife, waterfowl population changes, breeding disturbance, population 

reduction, species diversity change, health changes, and behavioural changes. 

As observed during a site visit conducted on October 14, 2016, Ground cover in the Project area was 

primarily made up of moss, small shrubs, and other low vegetation. The southern end of the proposed 

road alignment was sparsely-treed muskeg with moss and small shrubs. No tree growth was observed on 

High Point. More detailed vegetation classification would be acquired through additional studies.   

No water features were observed on High Point. However, water features of varying sizes and 

ephemerality were identified in the muskeg-dominated area surrounding High Point. Two water features 

were observed within the proposed road alignment, the widest of which appeared to be roughly 2m. 

Without more detailed baseline study, it is unclear if the watercourses to be crossed by the access road 

would contain a Commercial, Recreational or Aboriginal (CRA) Fishery under the federal Fisheries Act. 

Regardless, design standards for culverts to not impede fish passage are well understood and commonly 

applied process using measured watercourse flows. As such, impacts to fish populations are not 

expected to be significant.  

Impacts to waterfowl and migratory birds can typically be mitigated at the construction phase through 

standard best management practices. Summer nesting waterfowl arrive at the Mackenzie Delta primarily 

via the Central flyway. Further study to understand waterfowl and migratory bird populations in the Project 

vicinity would be required to understand potential impacts of Project operations. Hemmera notes that, due 

to the nature of wind project operations, potential impacts to birds can be considered a moderate risk to 

project permitting.  

While caribou (Rangifer tarandus) could potentially occur in the Project area, it was indicated during 

prefeasibility meetings that they should not be considered a limiting constraint to the Project. Barren 

Ground Caribou (Rangifer tarandus groenlandicus) previously occurred in the area, but have not been 

observed in the recent past. The Project is on the periphery of the Cape Bathurst and Bluenose West 

herds of this subspecies, and they should be considered potentially present in the area in the winter due 

to these historic occurrences. Woodland caribou (Rangifer tarandus caribou) occur throughout the boreal 

region and should be considered potentially present year-round. Anecdotal evidence indicates that 

caribou were historically observed near Campbell Lake, 9.5 km southeast of the Project, but have not 

been seen in recent years. However, due to the value attributed to caribou by Aboriginal groups, and the 

Schedule I listing of Boreal population of woodland caribou under the Species at Risk Act, potential 

impacts to caribou is flagged as a potential area of risk.  
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Though the area is considered too far north for bat populations, unconfirmed sightings have been recently 

reported near Tsiigehtchic, Aklavik, and Fort McPherson. Other species that were indicated to potentially 

occur in the Project area include moose (Alces alces), wolverine (Gulo gulo), lynx (Lynx canadensis), 

wolves (Canis lupus), cross fox and red fox (Vulpes vulpes), muskrat (Ondatra zibethicus), beaver (Castor 

Canadensis), bears, song birds, raptors, and waterfowl. Sheep and goat species are not anticipated to be 

in the area. Access amelioration for hunting and predation is not anticipated to be significant as the 

Project is largely located above the treeline. Additional wildlife studies may be required to provide 

additional information on these species and other wildlife values.  

3.1.1.4 Physical �± Chemical Effects  

Physical and/or chemical effects of the Project on groundwater, surface water, noise, land, and 

air/climate/atmosphere may need to be considered in the Application. Due to the nature of construction 

and operation of a wind project, no significant impacts are anticipated related of these items are 

anticipated, with the exception of noise.  

No receptors were observed in the vicinity of the Project area. No guidelines exist on noise assessment 

for this jurisdiction. No physical and/or chemical effects are anticipated to pose significant risk to the 

project.  

3.2 CONSULTATION AND ENGAGEMENT  

Issues specific to a project are scoped during consultation. This is especially important to the Project as a 

tool to refine the checklist for application requirements (GLWB, 2017b) and ensure that Project-specific 

impacts are scoped into (or out of) the assessment.  

Engagement records and engagement plans are required with Applications in accordance with the 

Engagement and Consultation Policy (MVLWB, 2013b) and Engagement Guidelines for Applicants and 

Holders of Land Use Permits and Water Licences (MVLWB, 2014). Engagement should be initiated well 

in advance of the submission of the application to allow affected parties sufficient time to review and 

discuss the information with the Proponent (GLWB, 2017b).  

3.3 APPLICATION REVIEW PROCESS 

Land Use Permit Applications are reviewed by the Board for completeness and accuracy. Completeness 

checks are completed by the Board within 10 days of submission. If the Application is deemed incomplete 

the proponents are notified with a list of deficiencies. When the Board is satisfied that the Application 

contains all the necessary information the proponent is notified that the Application has been accepted for 

review. The A�S�S�O�L�F�D�W�L�R�Q���L�V���P�D�G�H���S�X�E�O�L�F�O�\���D�Y�D�L�O�D�E�O�H���Y�L�D���W�K�H���%�R�D�U�G�¶�V���Z�H�E�V�L�W�H���D�Q�G���L�V���G�L�V�W�U�L�E�X�W�H�G���W�R���D�S�S�O�L�F�D�E�O�H��

reviewers, which generally includes: federal and territorial government departments, land owners, 

affected communities, First Nation governments, Renewable Resource Boards, Heritage departments 

other interested parties. The board also notifies the Review Board of the active Application.  

https://en.wikipedia.org/wiki/Tsiigehtchic
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The Board conducts a review period, where reviewers evaluate the Application and provide comments. 

Review periods will vary depending on the scope, scale, and location of a proposed project. Comments 

received are forwarded to the project proponent upon completion of the review period for a response. 

Following proponent responses the Board completes its review.  

After the acceptance of complete application, a Board review is typically completed within 42 days for a 

Type A application and within 15 days for a Type B application. The Board may issue a licence, conduct a 

hearing, require further studies, refer the project to the Review Board or refuse to issue a licence.  

As noted, the Project is proposed in a General Use Zone, meaning that all land uses are possible. 

Through the land use planning process, communities identify areas they believe should be protected due 

to traditional use, cultural heritage, wildlife, fish, forests, water and other reasons (Planning Board, 

2003a). �7�K�H�V�H�� �D�U�H�D�V�� �D�U�H�� �G�H�I�L�Q�H�G�� �D�V�� �*�Z�L�F�K�¶�L�Q�� �6�S�H�F�L�D�O�� �0�D�Q�D�J�H�P�H�Q�W�� �=�R�Q�H�V�� �R�U�� �*�Z�L�F�K�¶�L�Q�� �&�R�Q�V�H�U�Y�D�W�L�R�Q��

Zones. Values specific to the Project area will be better understood through additional research and 

consultation, but the area currently has not been defined as requiring protection in the Land Use Plan.  

A referral to the Review Board would lengthen regulatory timelines. About 5% of all developments that go 

through preliminary screening are referred to environmental assessment (GLWB, 2017b). These projects 

are typically larger in scope and with larger community and/or environmental impacts than those 

anticipated to result from the Project. Projects currently under review include all-season roads and large 

mining projects (Review Board, 2017). Preliminary discussions with GLWB, GRRB, and Planning Board 

representatives align with our view that the Project is unlikely to be referred for environmental 

assessment as few items and effects are emerging as high-risk.  
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4.0 PERMITS 

Table 4-1 lists the authorizations potentially required from the federal government, Government of the 

�1�R�U�W�K�Z�H�V�W���7�H�U�U�L�W�R�U�L�H�V�����D�Q�G���I�U�R�P���W�K�H���*�Z�L�F�K�¶�L�Q���/�D�Q�G���D�Q�G���:�D�W�H�U���%�R�D�U�G���� 

Table 4-1 Authorizations Potentially Required for the Project  

Act/Regulation  Agency  Nature of Authorization/Approval 
Request  

Status/Phase 
Required  

Federal  

Fisheries Act, RSC 
1985, c. F-14 

Fisheries and Oceans 
Canada (DFO) 

Authorization under sub-section 
35(2).  

Prior to construction 

Civil Air Navigation 
Services 
Commercialization Act 
S.C. 1996, c. 20 

NAV CANADA Application - Land Use Proposal 
Submission Form Prior to construction 

Canadian Aeronautics 
Act 

RSC, 1985, c. A-2 
Transport Canada Approval of Aeronautical Obstruction 

Clearance Form Construction 

Explosives Act 

RSC, 1985, c. E-17 
Natural Resources 
Canada 

Storage (day use) Explosive Permit if 
explosives are required 

Construction - to be 
provided by 
federally licensed 
contractor  

Transportation of 
Dangerous Goods Act, 
1992 (1992, c. 34) 

Transport Canada Explosives transport if explosives are 
required 

Construction �± to be 
provided by 
federally licensed 
contractor 

Migratory Birds 
Convention Act, 1994, 
SC 1994, c. 22 

Migratory Birds 
Regulation (Government 
of Canada 2014) 

Environment Canada 

Permit(s) under the Migratory Birds 
Regulation of the Migratory Birds 
Convention Act: (1) the handling of 
migratory bird carcasses during 
monitoring of operations 

Prior to operations 

Government of the Northwest Territories  

Scientists Act  

R.S.N.W.T. 1998, c.S-4 
Aurora Institute Scientific Research Licence required 

for field surveys 
Prior to field surveys 

Wildlife Act 

S.N.W.T. 2013, c.30 

Department of 
Environment and 
Natural Resources 

Required for wildlife field surveys, 
and/or handling wildlife.  Prior to field surveys 

Northwest Territories 
Lands Act 

S.N.W.T. 2014, c.13 
Department of Lands 

Short-term access to lands for the 
purpose of extracting granular 
material (quarry permit) 

Prior to construction 

Public Highways Act 

R.S.N.W.T. 1998, c.P-13 
Department of 
Transport 

Permit for the access road to enter a 
highway Prior to construction 

�*�Z�L�F�K�¶�L�Q���/�D�Q�G���D�Q�G���:�D�W�H�U���%�R�D�U�G 

Mackenzie Valley 
Resource Management 
Act 

S.C. 1998, c.25 

�*�Z�L�F�K�¶�L�Q���/�D�Q�G���D�Q�G��
Water Board 

Permit for land and water use 
exceeding thresholds as defined in 
the Act.  

Prior to construction.  
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4.1 ANTICIPATED PERMITTING SCHEDULE  

The proposed Project occurs in a region where physical (e.g. flowing versus frozen water) and biological 

(e.g. presence of migratory birds) processes can be dramatically different depending on the season. We 

anticipate the timeline for the permitting process will be the determined by the time required to collect 

baseline biophysical data. Some regional biological information and good weather data is expected to be 

available, We recommend that the GLWB is engaged regarding baseline data requirements when the 

Project location has been finalized to better understand any schedule risk.  

5.0 TENURE 

�7�K�H���3�U�R�M�H�F�W���V�L�W�H���L�V���O�R�F�D�W�H�G���H�Q�W�L�U�H�O�\���R�Q���W�H�U�U�L�W�R�U�L�D�O���&�R�P�P�L�V�V�L�R�Q�H�U�¶�V���/�D�Q�G within the GSA, the Proponent will 

require a land tenure prior to development. �&�R�P�P�L�V�V�L�R�Q�H�U�¶�V���/�D�Q�G��is administered through the GNWT, and 

land tenures are issued through the GNWT Department of Lands.   

�*�Z�L�F�K�¶�L�Q�� �U�L�J�K�W�V�� �D�V�� �L�G�H�Q�W�L�I�L�H�G�� �L�Q�� �W�K�H��GCLCA �D�U�H�� �D�S�S�O�L�F�D�E�O�H�� �W�R�� �&�R�P�P�L�V�V�L�R�Q�H�U�¶�V�� �/�D�Q�G�� �Z�L�W�K�L�Q�� �W�K�H��GSA. 

Consultation with Aboriginal groups and the GLWB and GRRB is recommended to understand how these 

rights are exercised within the Project vicinity.  

A �S�R�U�W�L�R�Q�� �R�I�� �W�K�H�� �D�F�F�H�V�V���W�U�D�Q�V�P�L�V�V�L�R�Q�� �F�R�U�U�L�G�R�U�� �E�H�L�Q�J�� �F�R�Q�V�L�G�H�U�H�G�� �R�Y�H�U�O�D�S�V�� �Z�L�W�K�� �*�Z�L�F�K�¶�L�Q�� �3�U�L�Y�D�W�H Land. An 

�$�F�F�H�V�V���%�H�Q�H�I�L�W�V���$�J�U�H�H�P�H�Q�W�����D�G�P�L�Q�L�V�W�H�U�H�G���W�K�U�R�X�J�K���W�K�H���*�Z�L�F�K�¶�L�Q���7ribal Council, is required for permanent 

�V�W�U�X�F�W�X�U�H�V���R�Q���*�Z�L�F�K�¶�L�Q���3�U�L�Y�D�W�H���/�D�Q�G�� 

No overlap with other tenures has been identified, and no risks associated with tenuring are identified for 

this Project.  
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6.0 RISK REGISTER 

For this prefeasibility study, Hemmera has collected information through a one-day site visit, meetings 

with regulators, and a review of publicly available information. Based on our experience in the 

investigation, development and construction of wind energy development projects, preliminary risks have 

been identified in Table 6-1. Hemmera notes that the scope of a prefeasibility study is limited, and that 

additional studies and consultation are required to confirm risk associated with issues identified below.  

Issues are categorized as follows:  

�x �³High �´���G�H�Q�R�W�H�V���N�H�\���L�V�V�X�H�V���W�K�D�W���P�D�\���U�H�V�X�O�W���L�Q���D�S�S�U�R�Y�D�O�V���Q�R�W���D�F�T�X�L�U�H�G�� 

�x �³Medium �´�� �G�H�Q�R�W�H�V�� �W�R�S�L�F�V�� �W�R�� �E�H�� �D�G�G�U�H�V�V�H�G�� �W�K�D�W�� �P�D�\�� �U�H�T�X�L�U�H�� �D�E�R�Y�H�� �D�Y�H�U�D�J�H�� �F�R�Q�V�X�O�W�D�W�L�R�Q�� �D�Q�G�� �R�U��
mitigation measures than a typical wind project of similar size; and  

�x �³Low �´�� �L�Q�G�L�F�D�W�H�V�� �W�K�D�W�� �W�K�H�U�H�� �L�V�� �Q�R�� �H�[�S�H�F�W�H�G�� �L�V�V�X�H�� �E�H�\�R�Q�G�� �W�K�H�� �W�\�S�L�F�D�O�� �H�[�S�H�F�W�H�G�� �I�R�U�� �D�� �Z�L�Q�G�� �I�D�U�P�� �R�I��
this size.  

Table 6-1 Risk Register  

Component  Concern  Comments  

Environmental Assessment  

Culture and 
heritage 

Low  

�x Project is located in a General Use Zone, and mitigation measures for 
historic and archaeological resources are well-established for wind 
projects. 

�x Consultation required to better understand effects of the Project on 
Aboriginal lifestyle 

Social and 
economic 

Low  

�x Project located in General Use Zone.  

�x As the Project is located to the north of the Inuvik Airport, the risk 
associated with the Inuvik Airport is considered low. 

�x Benefits to the community are anticipated in the form of local 
employment opportunities and the availability of a clean energy source. 

Biological 
environment 

Medium  

�x Potential impacts to migratory birds during Project operations.  

�x Potential direct and indirect (increased harvesting) impacts on boreal 
caribou.     

�x Impacts to fish populations are not expected to be significant 

Physical �± 
Chemical Effects 

Low  
�x No noise receptors were observed in the vicinity of the Project area. 

�x No physical and/or chemical effects are anticipated to pose significant 
risk to the project. 

Permits   

(Permits outlined 
in Section 4.0) 

Low  �x No permits listed are anticipated to present a risk to the Project.  

Tenure  

Tenure  Low  �x No overlapping tenures identified.   
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7.0 CONCLUSION 

Hemmera Envirochem Inc. (Hemmera) was contracted to conduct a review of potential regulatory 

constraints for the Inuvik High Point Wind Energy Project (Project). The intent of the regulatory review 

was to:  

1) Identify the regulatory approvals and permits required by the potential Project. 

2) Identify any regulatory issues that could cause substantial delays and / or expense to resolve, or 
prevent approval 

To identify and assess these considerations, the analysis focuses on the environmental assessment 

process, permitting requirements, and land tenure and resource use. From a regulatory standpoint, the 

Project is considered to be overall low risk. Effects to biological components were considered of moderate 

risk due to potential impacts to migratory birds during Project operations and potential direct and indirect 

impacts on boreal caribou. Additional understanding of these issues is recommended. Consultation with 

agencies and Aboriginal groups will be required to gain a better understanding of issues specific to the 

Project. It is anticipated that the Project will require a preliminary screening. �,�W���L�V���+�H�P�P�H�U�D�¶�V���Y�L�H�Z���W�K�D�W���W�K�H��

Project is unlikely to be referred for environmental assessment as few items and effects are emerging as 

high-risk.  This regulatory review is a precursor to necessary baseline studies and environmental 

assessment based on a project description, and is not considered a legal opinion with respect to named 

legislations. 
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8.0 CLOSURE 

In performing this Work, Hemmera has relied in good faith on information provided by others, and has 

assumed that the information provided by those individuals is both complete and accurate. This Work was 

performed to current industry standard practice for similar environmental work, within the relevant 

jurisdiction and same locale. The findings presented herein should be considered within the context of the 

scope of work and project terms of reference; further, the findings are time sensitive and are considered 

valid only at the time the Report was produced. The conclusions and recommendations contained in this 

Report are based upon the applicable guidelines, regulations, and legislation existing at the time the 

Report was produced; any changes in the regulatory regime may alter the conclusions and/or 

recommendations. 

We sincerely appreciate the opportunity to have assisted you with this project and if there are any 

questions, please do not hesitate to contact the undersigned by phone at 867.456.4865. 

Report prepared by: 
Hemmera  Envirochem Inc.  
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Kimberly Milligan, M.Env. 
Project Manager 
 
 
Report peer reviewed by: 
Hemmera  Envirochem Inc.  
 

DRAFT 
 
Michael Muller, M.Sc., P.Biol, R.P.Bio. 
Project Director 
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2.1 Land Use Activities That Require a Land Use Permit

�0�O �M�B�O�E outside the boundaries of a local government, a type A or B LUP is required for: 

Activity Type A Land Use Permit Type B Land Use Permit

explosives use of a quantity equal to or 
exceeding 150 kg in any 30-day 
period

use of a quantity equal to 
or exceeding 50 kg, but 
less than 150 kg, in any 
30-day period 

use of vehicles or machines	 use of a vehicle or machine of a 
weight equal to or exceeding 10 
tonnes, other than on a road or on 
a community land�ll, quarry site, 
or airport

use of a vehicle the net 
weight of which equals 
or exceeds 5 tonnes but 
is less than 10 tonnes, or 
the use of a vehicle of 
any weight that exerts a 
pressure on the ground 
equal to or exceeding 35 
kPa, other than on a road 
or within a community 
land�ll, quarry site, or 
airport

storage of fuel (single container)	
	

use of a single container that has 
a capacity equal to or exceeding 
4,000 litres 

use of a single container 
for the storage of 
petroleum fuel that has 
a capacity that equals or 
exceeds 2,000 litres but is 
less than 4,000 litres

storage of fuel (facility)		  establishment of a petroleum fuel 
storage facility with a capacity 
equal to or exceeding 80,000 litres

establishment of a 
petroleum fuel storage 
facility with a capacity 
equal to or exceeding 
4,000 litres but is less than 
80,000 litres
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Activity Type A Land Use Permit Type B Land Use Permit

machinery	 use of a self-propelled, power-
driven machine for moving earth 
or clearing land

-

machinery	 use of a stationary, power-driven 
machine, other than a power saw, 
for hydraulic prospecting, earth 
moving, or land clearing

-

lines, trails, or right-of-ways	
	

leveling, grading, clearing, cutting, 
or snowplowing of a line, trail or 
right-of-way (other than a road or 
existing access trail to a building) 
that exceeds 1.5 metres in width 
and 4 hectares, for a purpose 
other than the grooming of 
recreational trails

leveling, grading, 
clearing, cutting or 
snowplowing of any line, 
trail or right-of-way (other 
than a road or existing 
access trail to a building) 
that exceeds 1.5 metres 
in width but does not 
exceed 4 hectares for a 
purpose other than the 
grooming of recreational 
trails

campsites		  use of a campsite outside of a 
territorial park for a duration of or 
exceeding 400 person-days

use of a campsite outside 
of a territorial park for a 
duration of or exceeding 
200 person-days but less 
than 400 person-days

buildings - construction of a building 
with a footprint of more 
than 100 m2 and a height 
of more than 5 metres
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Activity Type A Land Use Permit Type B Land Use Permit

drilling	 use of power-driven, earth-drilling 
machinery the operating weight 
of which, excluding the weight 
of drill rods, stems, bits, pumps, 
and other ancillary equipment, 
equals or exceeds 2.5 tonnes for a 
purpose other than the drilling of 
holes for building piles or utility 
poles or the setting of explosives 
within the boundaries of the local 
government	

use of power-driven, 
earth-drilling machinery 
the operating weight 
of which, excluding the 
weight of drill rods, stems, 
bits, pumps, and other 
ancillary equipment, 
equals or exceeds 500 
kg but is less than 2.5 
tonnes, for a purpose 
other than the drilling of 
holes for building piles or 
utility poles or the setting 
of explosives within the 
boundaries of the local 
government

�0�O �M�B�O�E within  the boundaries of a local government, a type A or B LUP is required for:

Activity Type A Land Use Permit	 Type B Land Use Permit

drilling use of power-driven, earth-drilling 
machinery the operating weight 
of which, excluding the weight 
of drill rods, stems, bits, pumps, 
and other ancillary equipment, 
equals or exceeds 2.5 tonnes, for 
a purpose other than the drilling 
of holes for building piles or utility 
poles or the setting of explosives 
within the boundaries of the local 
government

use of power-driven, earth-drilling 
machinery the operating weight of 
which, excluding the weight of drill 
rods, stems, bits, pumps, and other 
ancillary equipment, equals or 
exceeds 500 kg but is less than 2.5 
tonnes, for a purpose other than 
the drilling of holes for building 
piles or utility poles or the setting 
of explosives within the boundaries 
of the local government

campsites use of a campsite outside of a 
territorial park for a duration of or 
exceeding 400 person-days

use of a campsite outside of a 
territorial park for a duration of or 
exceeding 200 person-days but less 
than 400 person-days

storage of fuel (facility) establishment of a petroleum fuel 
storage facility with a capacity 
equal to or exceeding 80,000 litres

-

machinery use of a stationary, power-driven 
machine, other than a power saw, 
for hydraulic prospecting, earth 
moving, or land clearing

-
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Appendix B - Template for Environmental and Resource Impacts                                             	
	                 and Mitigation Measures Information
Proponents can use the following table to describe the e�ects of the proposed land use operation on land, 
water, �ora, and fauna, as well as socio-economic impacts. This list is not all-inclusive, so if other impacts have 
�C�F�F�O �J�E�F�O�U�J�ö�F�E�
 �Q�S�P�Q�P�O�F�O�U�T �B�S�F �F�O�D�P�V�S�B�H�F�E �U�P �J�O�D�M�V�E�F �U�I�F�N��  �0�U�I�F�S �T�P�V�S�D�F�T �P�G �H�V�J�E�B�O�D�F �U�P �I�F�M�Q �J�E�F�O�U�J�G�Z 
potential impacts include the:  

�t�� Mackenzie Valley Environmental Impact Review Board’s Environmental Impact Assessment Guidelines and 
Socio-Economic Impact Assessment Guidelines; and

�t�� Yukon Environmental and Socio-economic Assessment Board’s Proponent’s Guide to Project Proposal            
Submission to a Designated O�ce (see sections 6.0 and 7.0). 

�3�K�\�V�L�F�D�O���²���&�K�H�P�L�F�D�O���(�I�I�H�F�W�V

IMPACT �.�*�5�*�(�"�5�*�0�/

  Ground Water        

              Water table alteration

              Water quality changes

              In�ltration changes

              �0�U�I�F�S

  Surface Water

              Flow or level changes

              Water quality changes

              Drainage pattern changes

              Temperature

              Wetland change/loss

              �0�U�I�F�S

  Noise

             Noise in/near water

             Noise increase

             �0�U�I�F�S

Land

             Geologic structure changes

             Soil contamination

             Bu�er zone loss

http://www.reviewboard.ca/upload/ref_library/1195078754_MVE%20EIA%20Guidelines.pdf
http://bit.ly/YU23q1
http://bit.ly/YU23q1
http://bit.ly/YU1Kvt
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Biological Environment

IMPACT �.�*�5�*�(�"�5�*�0�/

  Vegetation        

              Species composition

              Species introduction

              Toxin/heavy accumulation

              �0�U�I�F�S �	�T�V�D�I �B�T �T�Q�F�D�J�F�T        
distribution, any rare species or species 
at risk, plant phenology, growth, and 
reproduction

  Wildlife and �sh

              E�ects on rare, threatened, or                     
endangered species

              Fish population changes 

              Waterfowl population changes

              Breeding disturbance

              Population reduction

              Species diversity change

             �)�F�B�M�U�I �D�I�B�O�H�F�T

             Behavioural changes

             �)�B�C�J�U�B�U �D�I�B�O�H�F�T���F�ò�F�D�U�T

             Game species/e�ects

             Toxins/heavy metals

             Forestry changes

              Agricultural changes

             �0�U�I�F�S

             Soil compaction and settling

             Destabilization/erosion

             Permafrost regime alteration 

             Explosives/scarring 

             �0�U�I�F�S �	�T�V�D�I �B�T �T�P�J�M �N�J�D�S�P�C�F�T�
 

Non-renewable natural resources

             Resource depletion

             �0�U�I�F�S 

Air/climate/atmosphere

             �0�U�I�F�S
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Interacting Environment 

IMPACT �.�*�5�*�(�"�5�*�0�/

  �)�B�C�J�U�B�U �B�O�E �$�P�N�N�V�O�J�U�J�F�T        

              Predator-prey

              Wildlife habitat/ecosystem     
composition changes

              Reduction/removal of keystone 
or endangered species

              Removal of wildlife corridor or 
bu�er zone

              �0�U�I�F�S

  Social and Economic        

              Planning/zoning changes or 
con�icts 

              Increase in urban facilities or 
services use

              Rental house

              Airport operations/capacity 
changes

              �)�V�N�B�O �I�F�B�M�U�I �I�B�[�B�S�E

             Impair the recreational use of 
water or aesthetic quality

             A�ect water use for other 
purposes

             A�ect other land use 
operations

             Quality of life changes

             �0�U�I�F�S
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Cultural and Heritage
IMPACT �.�*�5�*�(�"�5�*�0�/

  �)�B�C�J�U�B�U �B�O�E �$�P�N�N�V�O�J�U�J�F�T        

              E�ects to historic property

              Increased economic pressure on 
historic properties

              Change to or loss of historic 
properties

              Change to or loss of historic 
resources

             Change to or loss of 
archaeological resources

  Social and Economic        

              Increased pressure on 
archaeological sites

              E�ects on Aboriginal lifestyle

             �0�U�I�F�S
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