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[bookmark: Start]This memo summarizes the results of our site investigation at the Mount Nansen mine site from a reclamation and landform perspective. The purpose of this site investigation was to gather baseline information to support the development of a successful reclamation plan, and provide input to landform engineering for Mount Nansen. Information is required to determine limitations to reclamation, options for landform engineering, and baseline conditions prior to disturbance based on the adjacent undisturbed areas. 

Methods 
On September 12, 13 and 14, Summit Environmental Consultants Inc. (Summit) and Associated Engineering (AE) completed an overview survey of the disturbances and adjacent undisturbed areas at the mine site. Our small crew consisted of:
Katarina Glavas, a Summit soil scientist, 
Gene Mazza, an AE landform specialist, and 
Melanie Piorecky, a Summit vegetation ecologist and the reclamation and restoration lead.

Background Information Review
Prior to the trip to Mount Nansen, we reviewed the Mount Nansen Reclamation Terrain Mapping and Materials Search completed by EBA Engineering Consultants (2009). The terrain mapping was completed at 1:20,000 scale over a broad regional study area to identify potential borrow sources for reclamation. 

Also prior to going to the mine site, we obtained the vegetation species lists for areas around the Mount Nansen disturbance documented by Ecological Logistics & Research Ltd. (ELR). This information was collected by ELR to be used in the ecosystem classification of the surrounding landscape.

Melanie attended the Conservation and Land Reclamation Association conference in Whitehorse in September 2013. This was timely as it provided a background about what reclamation approaches and research is being done in the Yukon.  

Site Inspection Methods
The landform engineering component of the site investigation was at both a landscape scale (10 km or all you can see from one vantage point) and a landform scale (1 km). The reclamation component was at a landform scale. The site investigation included the following components:
· Site orientation,
· Survey of disturbance, 
· Survey of undisturbed areas, and
· Trial planting assessment.

Once onsite, the crew oriented themselves by hiking up the hill to the north of the camp for a landscape view, and to observe landforms within the small valley. Dominant vegetation cover was documented in the high elevation areas.  

After getting an overview of the site, we surveyed the following disturbance areas within the Order in Council (OIC) boundary:
1. Dome Creek, 
2. Tailings Pond and Dam,
3. Brown-McDade Pit,
4. Waste Rock Dump,
5. Mill Complex,
6. Mine Camp,
7. Roads, 
8. Exploration Lines, and 
9. Victoria Creek Wellhouse.

Our survey of disturbance documented existing site conditions of the areas listed above, including:
· various soil substrates found throughout the disturbed areas (% and size of coarse fragments), 
· the extent of disturbance, and 
· naturally occurring revegetation to identify species adaptation and success of re-colonization. 

Surveys of undisturbed areas were at a reconnaissance level, documenting vegetation, terrain and soil characteristics. The undisturbed areas assessed are adjacent to the mine and will provide information on baseline soil and vegetation conditions in the area. A total of four new soil plots were hand-dug to a depth of 1 m. Numerous hand-augered holes were also drilled to identify parent material, coarse fragment content, soil depth and depth to permafrost. Site, vegetation and soil conditions were described at each plot using the Field Manual for Describing Ecosystems in the Field data sheets (BC Ministry of Forests and Range and BC Ministry of Environment, 2010) and Soil Classification System of Canada (Soil Classification Working Group, 1998). We also referenced the ELR species lists from plots completed the areas assessed. A specific system of ecosystem classification does not currently exist for the Yukon; however ELR is in the process of completing ecosystem classification for the area. 

In addition to this, Melanie and Katarina conducted reconnaissance level vegetation, terrain and soil survey of potential fine-grained soil borrow sources approximately one hour east of the OIC along the Mount Nansen Road. This site is also undisturbed.  

Three previous trial plantings installed by EDI Environmental Dynamics Inc. (2008) were assessed. They are located north-west of the mill site, south of the tailings dam, and along the cleared bank at Back Creek. The sites were assessed for percent planting survival and photo-documented, also noting substrate compositions and evidence of ground preparation for planting. 

Results

From a landform perspective, the focus of the Mount Nansen project is to restore the natural landform, which in turn leads to natural function. Topographic mapping shows original contours of Dome Creek through the valley. The areas adjacent to the other disturbances have remnant edges and interrupted landforms that provide a clue to the landform prior to disturbance, as do the loess deposits located in the valley bottom near Dome Creek and the tailings. These can provide a picture of what the natural landform was prior to mining disturbance.

Survey of Disturbance
In the disturbed areas within the OIC the level and timing of disturbance varies, but the common theme is: in areas where topsoil was removed, the vegetation has very limited success in becoming re-established. Naturally occurring revegetation in disturbed areas range from 0% to 20% cover. The waste rock and overburden surfaces are mainly comprised of compacted, coarse rock containing very little fines (typically less than 30%). This material generally does not support vegetation growth. The areas where vegetation has become established is when a microsite has been created, usually resulting from a depression. Vegetation becoming established in depressions is due to moisture collecting, seeds becoming trapped, and germinating, growing and decomposing, which initiates nutrient cycling. Nutrient cycling eventually supports more complex plant communities.   

On the exploration lines, soils and subsoils have been side-cast with depths below ground surface measuring over 1 m, exposing the nutrient poor substrates. Many of these exploration lines have become preferential paths for water courses, which has resulted in formation of minor erosion rills. Vegetation growth is generally very poor in the troughs; however, willow growth on side cast material is vigorous.

Undisturbed areas
The slopes of the Dome Creek Valley are north and south facing with aspects with slopes ranging from 25 to 35%. The natural vegetative cover of the north and south facing slopes are markedly different, this is primarily due to depth of a permafrost table.

The dominant vegetation on North facing slopes consists of dwarf birch (Betula nana), willow (Salix sp.), sedges (Carex sp.) and extensive moss cover. The presence of these hydrophilic species is primarily due to the presence of a permafrost table that is approximately 30 to 60 cm below ground surface. The permafrost table results in a perched water table and poorly drained soils. The soils are comprised of approximately 20 cm of fibric (poorly decomposed) material over eolian sand. 

The dominant vegetation on the south facing slopes are white spruce (Picea glauca) in the overstory, willow and Labrador tea (Ledum groenlandacum) in the understory, and crowberry (Empetrum nigrum), caribou lichens (Cladina spp.), and red-stemmed feather moss (Pleurozium schreberi) as the ground cover. Based on the size of the trees, the short growing period and limited soil nutrient availability, the trees are likely at least 200 years old, although tree cores were not taken but a fallen tree was found and tree rungs counted. There is no permafrost on these south facing slopes, resulting in much drier soil condition. Soils are generally comprised of 10 cm of forest duff, over approximately 13 cm of tephra (volcanic ash). This is underlain by colluvial material consisting of a thin topsoil layer (2 cm) of dark brown sandy clay loam with approximately 10% angular coarse fragments. This is underlain by 13 cm of dark olive brown sandy clay loam with 10% coarse fragments grading to weathered bedrock with approximately 70% coarse fragment. Soils are considered moderately well drained. 

On the tops of the Tors, which are distinctive features of non-glaciated mountain tops outside of the OIC, there is little vegetation cover. What vegetation cover becomes established would be considered pioneer species, and is dominated by dryas (Dryas spp.), a nitrogen fixing plant. 

The potential fine-grained borrow soils located one hour east of the OIC is comprised of silty clay loam glaciolacustrine sediments located in the western margins of the Pleistocene glaciation. A permafrost table was encountered at approximately 40 cm below ground surface. The location of this material is approximately 800 m from the Mount Nansen road, through undulating terrain. This area was forested as well, with trees that are upwards of 200 years (again based counting tree rings on a fallen tree). 

The trial plantings observed were unsuccessful. The percent survival is approximately 5% or less at all sites. The exposed hill side above the mill is a convex surface, with no microsites, and it is very hard packed. This is consistent with the trial planting near Back Creek, except for the one site where the substrate was mounded, loosening the soil and allowing a space for the cuttings to develop roots. The plantings in the area south of the mine tailings were stuck into organic substrate that is blackened due to overflow from the tailings. The cuttings were inserted horizontally, but none of them were observed to have survived. 

Reclamation Planning

[bookmark: _GoBack]Although the overarching goals for Mount Nansen remediation and reclamation have been determined, the objectives or small steps to reach those goals have not. For instance, the goal of reclaiming the landscape to reflect its original form, traditional and pre-mining land use, and natural appearance in a way that protects the environment, could mean re-establishing berry picking areas, restoring the natural aesthetic, creating caribou habitat or all three. Once more detailed objectives are determined, options for reclamation can be better defined. The objectives make it possible to include measurable targets in the reclamation plan that would be assessed to determine success.

Reclamation options will consider the natural vegetation cover and landscape, natural ecology of the surrounding area, potential soil amendments and their sources, appropriate vegetation species, seed sources, potential seed increaser programs, and macro and micro landform engineering, and other factors as they are determined. Based on this information and the costing of the suggested options, the most desirable option will be chosen.

It is our understanding that soil tests are being completed of material found at the Mount Nansen site. We recommend that the soil samples should be taken within disturbed and undisturbed areas. The samples should be tested to determine general fertility status (as a potential soil amendment source). Soil testing should include:
· pH,
· Electrical Conductivity,
· Sodium Absorption Ratio, 
· Cation Exchange Capacity, 
· Total metals,
· Particle size analysis (using USDA soil classes and not the Unified soil classes – e.g. Sandy loam vs. silty sand, loamy sand vs. clean sand),
· Cyanide (as needed),
· Estimated volumes of material, and
· For the organics, characterize decomposition using the Von Post scale. 
After the landscape has been reformed, an additional landform site investigation will be necessary in order to complete a detailed reclamation plan, including reclamation prescriptions specific to the newly created sites.  

Summary

From our reclamation and landform site investigation we are able to understand the main limitations to reclamation currently existing at the Mount Nansen site. Limitations from a revegetation perspective include soil nutrient availability, drainage, available growing days, local or regional seed sources, topsoil sources and detailed objectives for the end land use. From a landform perspective, available pre-disturbance landform information can be interpreted so will direct the end landform design. 

Reclamation success of the Mount Nansen site will be dependent on creating appropriate macro landforms, and micro-sites within those landforms, i.e. the landform engineering aspect working with the reclamation planning aspect. In general, based on observations landforms should not be made convex and they should not be compacted, because both of these cause water to shed. Rough and loose surfaces are essential for revegetation success. 

The reclamation of the Mount Nansen site will require a creative approach and patience.   
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