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1. Project outline
The western coast of Hudson Bay in the Kivalliq region of Nunavut is undergoing significant infrastructure development associated with natural resources, shipping and community sustainability. Permafrost and ground ice are important features of this landscape that can significantly affect land-based infrastructure through influence on ground stability and drainage patterns. Knowledge of permafrost conditions is required to characterize climate change impacts, reduce risks and aid in adaptation solutions for the region. However, there are only limited studies of permafrost and ground temperature data in the Kivalliq region. The proposed activity will 1) provide valuable baseline terrain and permafrost information along the western Hudson coast of Nunavut (surficial geology, land cover, periglacial landforms, ground temperature), 2) develop a regional permafrost study that integrates knowledge from different sources across different scales from site-based to remote sensing systems, and 3) use knowledge gained to improve understanding of permafrost conditions and the potential response to infrastructure development and climate warming for the Kivalliq region.
The initial stage of the proposed project was community contact in Spring 2015 in the form of letters of introduction to the Kivalliq Inuit Association, the Rankin Inlet Hunters and Trappers Organization and the Hamlet of Rankin Inlet. This was followed by a preliminary visit to Rankin Inlet in June 2015 for in-person meetings with members from the KIA, HTO, the Hamlet and the Arctic College. During these meetings, there was support for conducing community engagement activities on the topic of permafrost research in the Rankin Inlet region. The result was a community engagement workshop in Rankin Inlet from February 1–3, 2016. Central to this workshop was a participatory mapping exercise for gathering local and traditional knowledge on permafrost and landscape Change in the Rankin Inlet region (Open File 8057). Results of this mapping exercise were used for planning the field operations in this submission. Results of the workshop will also be used to in conjunction with data gathered during research activities if approved.
We are currently proposing field operations to be conducted in and around Rankin Inlet on the western coast of Hudson Bay and in the greater Kivalliq region of Nunavut. Our field operations will include geological and geomorphological observations, shallow sediment sampling, installation of temperature sensors, acquisition of ground-based geophysical data, and acquisition of data in support of remote sensing products. The research is aimed at better understanding local terrain conditions, thermal conditions, ground ice occurrence, thaw susceptibility, and the processes affecting permafrost. We will also take the opportunity during field work to advance collaboration with stakeholders (such as by working with local government and community members to establish drill sites) and identify research gaps for the region.

2. Schedule of Activities
For the summer 2016, fieldwork will be divided into four components. 1) Site visits to validate remote sensing products and site visits with workshop participants (Rankin Inlet community members) to observe and validate landscape features identified during the participatory mapping exercise. 2) Shallow drilling for examination of surficial geology and ground ice occurrence and to validate remote sensing products. 3) Deep drilling and installation of ground temperature monitoring sites within the hamlet of Rankin Inlet and in undisturbed terrain. 4) Installation of one or more ground temperature monitoring site(s) in the interior of the Kivalliq region at a licenced tourism establishment (outpost camps on Figure 1 in collaboration with the GN). The schedule of 2016 summer field activities is from August 11th to August 27th. This is 16 days for field work.
For subsequent summers, fieldwork would involve data collection at established sites, plus potential establishment of additional permafrost monitoring stations in the communities of Baker Lake, Chesterfield Inlet and Whale Cove. Site visits may be conducted in winter (2017 and subsequent) to collect ground temperature data, geophysical data, and perform snow surveys in the vicinity of established sites.
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Figure 1. Location map
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Figure 2. Detailed Rankin Inlet map

3. Location of undertaking and preliminary plan 
The location of the undertaking is described on Figures 1 and 2.
-Direct observations

Direct geomorphological and permafrost observations will be taken in the Rankin Inlet study area and in the vicinity of the licenced tourism establishments. Preliminary observations may be taken around other communities (Whale Cove, Baker Lake, Chesterfield Inlet). The study area consists of Rankin Inlet municipal lands area, Crown land, and Territorial Park. Some of the site visits from the community workshop are Inuit Owned Land (IDIOL Parcels RI-01, RI-02, RI-03, RI-04, RI-05, RI-06, RI-07, RI-08, RI-09, RI-10, RI-12, RI-13, RI-MO1, Cl-14 and Cl-15). No work other than direct observations are planned for these sites (photographs, mapping, etc.).
-Shallow drilling

Shallow drilling and installation of permafrost monitoring instrumentation (along with direct geomorphological and permafrost observations) will be conducted along the Diana River Access Trail (see Figure 2) and possibly at a licenced tourism establishment. These areas are not located on IOL.  Sites will be chosen close to existing roads or paths to minimize the amount of ground disturbance by ATV or drilling machines. For drilling locations in town, it will be discussed with the authorities in place (hamlet, GN, KIA).

-Deep drilling

Deep drilling locations are planned with the Hamlet (developed land) and in undisturbed terrain (away from planned or possible development of any kind) somewhere ouside of the developed area of the Hamlet. These areas are not located on IOL and exact locations will be established in conversation with members from the KIA, the Hamlet and the GN EDT and Parks. Sites will be chosen close to existing roads or paths to minimize the amount of ground disturbance by ATV or drilling machines. 
-Ground geophysics

Ground geophysical surveys will be performed along the Diana River Access Trail (see Figure 2) and near drilling locations. These areas are not located on IOL.  Sites will be chosen close to existing roads or paths . Ground geophysical surveys are non-invasive and do not involve any disturbance of the land.
4. Options
Site visits may be conducted in winters (2017 and subsequent) to collect ground temperature data, geophysical data, and perform snow depth surveys in the vicinity of summer field sites around Rankin Inlet. These activities have no environmental impact.

For summer 2017 and 2018, site visits will be conducted at established monitoring stations for observation and data collection. Site visits may be conducted in surrounding communities (Baker Lake, Chesterfield Inlet and Whale Cove) and could result in establishment of permafrost monitoring stations in collaboration with the communities. Similar activities as those planned in Rankin Inlet for 2016 could be arranged. Community consultations will be done accordingly.
5. Description of undertaking and equipment

No camp will be built for this project. 

The direct observations involve sites visits, where geomorphological and geological observations are made to better characterize the localities and the permafrost underlying the surface. Geologist will perform occasional surface (30 cm deep) sediment sampling (2 kg samples) with a shovel, and replace the top soil in place after the sample is taken.
The shallow drill is a hand-held, gas-powered earth drill (Figures 3 and 4). Drilling depth is typically 1 to 3 meters. Disturbance to the surrounding vegetation would be minimized by laying plywood and/or a tarp on the ground surface around the hole. 
The deep drill is an Air Track drill without fluid circulation (Figures 5 and 6). Drilling depth is typically 5 to 15 meters. Disturbance to the surrounding vegetation would be minimized by laying plywood and/or a tarp on the ground surface around the hole. 
Shallow and deep drillings allow making holes to insert instrumentation such as thermistor cables and thaw tubes (Figures 7 to 9), water level loggers, and to retrieve permafrost cores (shallow drill) and cuttings (deep drill). 
The geophysical surveys involve ground-based electrical resistivity (ERI) instruments and electromagnetic (EM) instruments. Both surveys are non-invasive and involve no disturbance of the land. ERI surveys involve laying cables and electrodes on the ground and making measurements of electrical current flow in the permafrost (Figure 10). These surveys cover hundreds of meters of ground and take several hours to complete. EM surveys involve walking over the land with an instrument that measures the electrical conductivity of the ground (Figure 11). These surveys cover large areas of ground fairly quickly. Both surveys can be used to infer permafrost conditions and the presence of ground ice.
Snow surveys are conducted by measuring the snow thickness with a graduated stick. In addition, snow density can be conducted using the Snow-Fork by Toikka Oy (Figure 12). The sensor is a steel fork that measures electrical parameters from which the density of snow is calculated.
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Figure 3. Shallow drilling equipment, core retrieval
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Figure 4. Shallow drilling equipment, drilling in action.
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Figure 5. Deep drilling equipment
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Figure 6. Deep drilling, with the tarp to protect the surrounding ground.
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Figure 7. Borehole tube instruments: thermistors cable (background tube) and thaw tube (foreground tube).
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Figure 8. Borehole tubes, Sylvia Grinnell Park: thermistors cable (background tube) and thaw tube (foreground tube).
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Figure 9. Thaw tubes placed in the borehole
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Figure 10. Resistivity survey geophysical equipment
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Figure 11. Electromagnetic (EM) survey geophysical equipment
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Figure 12. Snow survey geophysical equipment
6. Fuels to be used

6.1. Description of undertaking:

Small quantity of fuel (regular gasoline) will be used for the small drill, ATV, and truck. Fuel will also be used for deep drilling, and will be provided by and arranged for by the drilling contractor. Fuel will also be used by a boat (if required) and will be provided by and arranged for by a local outfitter.

6.2. Petroleum storage, inventory & transfer:

Jerrycans will used for transportation of fuel if necessary. No fuel will be stored within 30m of the high water limit of any body of water.

7. Spill contingency plan

See annex A at the end of this document

8. Waste and disposal methods

No or little waste will be generated by this project; all waste will be disposed of at a local municipal waste facility. 

9. Methods of transportation

In town, travel will mostly occur by truck or ATV. Outside of town, transportation modes will include truck, ATV, snowmobile and boat. Travel to outpost camps will be supported by Twin or Turbo Otter on tundra tires, chartered and logistically organized by another group (Government of Nunavut, department of Economic Development and Transportation). 
10. Components of the environment
The general area is known to support major habitats for caribou, gyrfalcon, peregrine falcon, and polar bear. None of the Rankin Inlet study area is within a caribou protected area or calving grounds and there are no migratory bird sanctuaries (except near Meliadine Lake). However, Caribou transit through the Rankin Inlet area, and the entire region is a “Critical Wildlife Area” and an “Inuit Harvest Area” and much of the area is within a GN Wildlife Area of Special Interest for falcons. The Meliadine River esker area is an ecological site. The entire region is within the polar bear distribution area, but there are no denning grounds nearby. The entire region is short-eared owl habitat. There are no Canada goose or snow goose nesting grounds in the study area. None of the outpost camp sites lies within a caribou calving ground. 
Several archeological sites containing structures such as tent rings and inuksuit are known to exist within the proposed map area. All archeological sites will be avoided. Should such a site be encountered it is to be flagged, protected from disturbance and reported immediately to KIA, IHT and Culture Language and elders and youth (CLEY) department of the government of Nunavut. 

KIA (867) 645-5725
IHT (867) 979-0731

CLEY - Territorial archeologist at (867) 934-2040

	


11. Predicted environmental impacts and proposed mitigation measures

Environmental impact is estimated to be very low, and no long-term environmental impacts are expected. Installed permafrost instruments are small and any land owner permission will be acquired. The proposed work will not have any important impact on the wildlife itself or on the major habitats that support the wildlife.

No temporary camp will be installed. Study sites will be finalized during the first week of field work. Deep drilling locations will be established in conjunction with local the authorities (Hamlet, GN, KIA).

Specific impact related to the usage of machines:

-Light Drilling machine: Disturbance to the surrounding vegetation will be minimized by laying plywood and/or a tarp on the ground surface. Shallow drilling sometimes requires the use of water, but all water is returned to the ground and nothing is added to the water. 
-Drill: the same drill (Air Track drill) used in town (see Rankin Inlet area polygon) for construction work (pile installation) will be used to install monitoring sensors down to 15 m depth. The drill does not require water to run. Drilling sites will be limited to places accessible to the drill machine (in town, close to roads). Disturbance to the surrounding vegetation would be minimized by laying plywood and /or a tarp on the ground surface. Drilling may cause vegetation disturbance from the drill machine tracks. Some sensors cannot be retrieved from the borehole, but do not contain any hazardous chemicals.

For light and deep drillings, light PVC and ABS casing is placed in the holes and sticks up approximately 50 cm above the ground (instrumented to monitor the ground). Casing is filled with water (for water and thaw tube measurements) or food-grade silicon oil (for thermistors cables – ground temperature) to prevent freezing. No harmful chemicals will be placed down the holes. Boreholes may be instrumented with inactive sensors connected to temporary power sources and data loggers at the surface. Data loggers will be removed after the duration of the study. Some sensors cannot be retrieved from the borehole, but do not contain any hazardous chemicals.

- Ground geophysics: These surveys are conducted by one to three people walking over the land either carrying instrumentation, or laying cables and electrodes on the ground.  There is no disturbance to the land.
12. Proposed reclamation plan

Boreholes tubes will be cut to the land surface after the project is complete. Unless the local and territorial governments want to continue the monitoring of the ground, sensors from inside the casing data loggers and power sources will be removed after the duration of the study. If the casing and sensors cannot be removed, they will remain in place, but do not contain any hazardous chemicals.
13. Community consultation and Inuit hiring

Personnel from the Kivalliq Inuit Association, the Hamlet, and the Rankin Inlet Hunters and Trappers Association were consulted in Spring and Summer of 2015, and a community workshop was held in Rankin Inlet in February 2016. We will continue to inform stakeholders as the project develops.

Each year we are seeking to hire one field assistant from the Nunavut Arctic College, as well as a wildlife monitor and a local services as required. We will also be purchasing goods and services from local businesses and using local accommodations while in transit to the field.

14. Quantity of water involved

No water usage is implied specifically for this project. Shallow drilling sometimes requires use of small quantities of water, but all water is returned directly to the ground with nothing added.
15. Water rights of existing and other users of water

The project will not affect the quality, quantity, or flow of water in the area. 

16. Inuit water rights

The project will not affect the quality, quantity, or flow of water flowing through Inuit Owned Lands.
Annex A
7.1. Risk assessment and mitigation of risk:

7.1.1 Petroleum products and other fuels

7.1.1.1. Fuel containers: Leaks or ruptures could affect plastic jerry containers holding gasoline at

fueling locations. Fueling will be performed at commercial filling station whenever possible.
7.2. Responding to failures and spills:

Spill response training will be provided to all field members, with particular attention to those individuals who will regularly be handling fuels. The training will include a presentation, mock spill,

review of spill kit contents and their use, and reporting.

7.2.1 Spill response contact list

24 hour Spill Report Line

(867) 920-8130

gov.nu.ca/environment

AANDC Water Resources Inspector

Iqaluit, NU

(867) 975-4295

Environment Canada

Iqaluit, NU

(867) 975-4644

24-hour pager (867) 766-3737

Government of Nunavut – Department of Environment

(867) 975-7700

Manager of Pollution Control and Air Quality

(867) 975-7748

Kivalliq Inuit Association

Lands Department

P.O. Box 340

Rankin Inlet, NU X0C 0G0

Phone: (867) 645-5725

Fax: (867) 645-2348

7.2.2 Basic steps – Spill Procedure

In the case of any spill or other environmental emergency, it is necessary to react in the most

immediate, safest, and environmentally responsible manner. No spill or incident is so minor that it

can be ignored and every spill must be reported.

The basic steps of the spill response plan are as follows:

1. Ensure the safety of all persons at all times.

2. Identify the spill substance and its source, and, if possible stop the process or shut off the source

of the flow.

3. Inform the on-site coordinator or his /her designate at once, so that he/she may take the

appropriate actions. Appropriate action includes the notification of the spill to the 24-hour Spill line

and AANDC Water Resource Officer, a copy of the Spill Report can be found in Addendum I.

4. Contain the spill or environmental hazard, as per its nature, and as per the advice of the Spill

Line and the AANDC Water Resource Officer as required.

5. Implement any necessary cleanup and/or remedial action.

7.2.3 Basic Steps – Chain of Command

1. Immediately notify and report to the 24-hour Spill Line at (867) 920-8130, and the

Water Resource Officer at (867) 975-4295, Environment Canada personnel at (867) 766-

3737, Kivalliq Inuit Association Land Use Inspector at (867) 645-5735

2. A Spill Report Form (Addendum 1) is filled out as completely as possible before or after contacting

the 24 hour Spill Line.

7.2.4 Other contacts for spill response/assistance and further reporting

Nunavut Water Board.................................................................................... (867) 360-6338

Fisheries and Oceans Canada, Habitat Impact Biologist……….............................. (867) 979-8007

Government of Nunavut, Department of Environment....................................... (867) 975-5910

Kivalliq Inuit Association, Land Use Inspector.................................................... (867) 645-5735

7.3. Taking action:

7.3.1 Spill Response Actions for Gasoline and Jet B Aviation Fuel

Take action only if safety permits. Stop the source flow if safe to do so and eliminate all ignition

sources. Never smoke when dealing with these types of spills.

On Land:

Build a containment berm using soil material or snow and place a plastic tarp at the foot of the berm

for easy capture of the spill after all vapors have dissipated.
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Remove the spill by using absorbent pads or excavating the soil, gravel or snow.

Remove spill splashed on vegetation using particulate absorbent material.

Contact regulatory agencies for approval before commencing with the removal of any soil, gravel or

vegetation.

On Muskeg

Do not deploy personnel and equipment on marsh and vegetation.

Remove pooled gasoline or Jet B with absorbent pads and/or skimmer.

Flush with low pressure water to herd oil to collection point.

On advice from regulatory agencies, burn only in localized areas e.g., trenches, piles or windrows.

Do not burn if root systems can be damaged (low water table)

Minimize damage caused by equipment and excavation.

On Water

Contain spill as close to release point as possible.

Use containment boom to capture spill for recovery after vapors have dissipated

Use absorbent pads to capture smaller spills.

Use skimmer for larger spills.

On Snow and Ice

Build a containment berm around spill using snow.

Remove the spill using absorbent pads or particulate absorbent material.

The contaminated ice and snow must be scraped and shoveled into plastic buckets with lids, 205 liter

drums, or polypropylene bags.

Storage and Transfer

All contaminated water, ice, snow, soil, and clean up supplies will be stored in closed, labeled

containers. All containers will be stored in a well-ventilated area away from incompatible materials.

Disposal

Any contaminated material will be shipped to an appropriate and approved facility. The Department

of Environment monitors the movement of hazardous wastes from generators, carriers to receivers,

through a tracking document (Waste Manifest). A waste manifest will accompany all movements.

7.4. Spill Equipment:

Spill kits will be on site at all designated refuelling stations. Spill kits consist of:

particulate absorbent

petroleum absorbent pads

2 pairs of pvc gloves

2 pairs of safety goggles

disposable bags

1 shovel

7.5 Permits and Licences:

The applicant has applied for all necessary Land Use and scientific research permits and licences under the current Nunavut Planning commission procedure. These will include the Nunavut Research Institute, the Nunavut Impact review board, the Kivalliq Inuit association (current) and the Nunavut Water board.

7.6 Contact:

Project Proponent:

Greg Oldenborger
Geological Survey of Canada
601 Booth Street
Ottawa, ON
K1A 0E8
(613) 943-4288
greg.oldenborger@canada.ca
