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1. Executive Summary and Recommendations
1.1 Summary
Placer mining has been a cornerstone of the Yukon’s economy and modern culture since the
great Klondike Gold Rush of 1898. Currently there are over 100 family based placer mines with a
combined gross revenue in excess of $70 million annually. All Yukon placer mines are privately financed
operations. Placer mining is especially vital in the Yukon’s small communities. Placer mining disturbs the
ground due to the removal of overburden with heavy equipment, the diversion of streams and the
construction of roads (section 4 & figure 1). Some placer mines are located on wetlands and the
disturbance or destruction of these wetlands usually cannot be avoided.
Wetlands are lands that are saturated with water or covered in shallow water. Wetlands are
recognized as very important ecosystems and are highly valued. The five classes described by the
Canadian Wetland Classification System (bogs, fens, marshes, swamps and shallow open water) are
distributed throughout the Yukon (section 5, table 1 & figures 2 & 3). The broad goal of wetland
reclamation after placer activity is to re-establish the appropriate saturation and/or flooded conditions,
soils and topography to allow the natural establishment of a self-sustaining marsh or shallow water
wetland habitat (section 7 & figure 4). Marsh and shallow water complexes are by far the most
significant wetlands in terms of wildlife diversity (National Wetlands Working Group, 1988).
Reclaiming wetland areas into a variety of wetland and upland habitats is preferable. Most
species require a mix of wetland and uplands which are often more productive. Some swamps, bogs and
fens will form opportunistically (without active reclamation); however this is most likely over extremely
long timeframes. Semi-designed wetlands involve minor topographic and reclamation features added
during landform construction. Due to the limited finances of privately funded placer mines and their
relatively small footprint, this report offers recommendations to develop semi-designed wetlands and
encourage their natural reclamation to marshes and shallow water wetlands.
A lot of literature regarding wetland construction is available, but most of it relates to the
exacting restoration of specific types of wetlands which have not been excavated to mineral soils and not
to the general reclamation of heavily disturbed sites (section 9). There is very limited information
regarding the restoration of northern wetlands, particularly those in permafrost areas. Most of the
relevant research has come from the restoration of mega oil sands mining projects in Northern Alberta
where complex peat land bogs and fens have been reclaimed to much simpler marshes and shallow
water wetlands at a staggering cost of between $50,000 to $114,000 per hectare.
The establishment of wetlands will take in the order of 10 to 15 years. At that point, the system
should be well covered with succession vegetation and be “free to evolve.” Reclaimed wetlands should
not require long-term maintenance and management. It is also possible that the habitat will not evolve
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exactly in the way it was expected. Adjustments may be required from time to time to the best
management practices to ensure the success of the re-development of wetlands.
One of the authors, Anne Chevreux (2014) completed the most relevant and recent local studies
of birds and mammals in the wetlands in the Indian River valley near Dawson City, Yukon (section 7.5).
The landscape had changed from flat peat forming wetlands in permafrost to shallow ponds and nearby
mounds covered in pioneer species of deciduous trees which were not in permafrost. Chevreux found
that mining activity had increased the number of ponds and water surface available for waterfowl
populations. Her study indicated that post placer mined areas had developed without any deliberate
restoration activities into a mosaic of different wetland and upland habitats with extensive species
abundance and diversity that included several threatened species.
The Yukon has placer mining land use regulations and a guidebook for mitigation measures but
currently has no legislation or guidance that directly addresses wetland conservation (section 8.1).
British Columbia also has guidebooks but there currently is no policy for placer mined wetland
reclamation. However B.C. is actively involved in protecting and rehabilitating wetlands and is
developing a wetland mitigation and compensation strategy (section 8.2).
Officially about 1/3 of the State of Alaska is considered to be “wetlands” (section 8.3). Most
placer miners in Alaska operate under a US Corps of Engineers newly revised General Permit which has
less stringent regulations for miners who operate with less than 5 acres (2 ha) of “rolling” disturbance
and less than 1500 feet (457 m) of stream diversions. The General Permit contains suggestions for the
reclamation of mine sites and the creation of wetlands in depressions. The few larger Alaskan placer
mines must apply for an individual permit with obligations to restore or create wetlands and/or fund
improvements to wetlands in other areas.
The majority of surface mines in the US have been reclaimed as grasslands. American mining
companies are now required to reclaim mined lands to equal the original productivity of the land and as
a result of this, very few new surface mine impoundments have been created.

1.2 Placer Mine/ Wetland Reclamation Recommendations
Wetland restoration is new and evolving in the Yukon and placer miners should be offered a
generous phase in period to adopt any new best management practices or new regulations. Any placer
mine reclamation plan is constrained by the location of economic pay gravels and other uncertainties
inherent in placer mining. A generalized plan with some best management practices can be developed,
but it should be a living document that will be modified along with the mining activity. A wide range of
topographic features should be incorporated into the reclamation landscape including small hills, small
depressions and undulating topography (section 10). Shallow depressions can be excavated or left
unfilled on flat areas or gentle slopes to create wetlands.
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Progressive reclamation is recommended to allow the reclamation to start in areas that are no
longer required for mining while mining is still continuing in other areas. The grading and re-contouring
of tailing piles and steep excavated slopes should be completed while mining activity is taking place or at
least by the end of each mining season unless these areas are required for mining in the near future.
Upland slopes should be less than 2:1 (horizontal to vertical) or benched (section 10.5 & table 2).
Where practical, patches of natural vegetation should be left in or near the operating area,
preferably along travel corridors or adjacent to streams and water bodies. Topsoil, black muck and other
organic materials and fine soils should be separated from overburden and conserved to be spread out
later over disturbed areas. After spreading fine soils on the re-contoured slopes, the land surface may
require roughening by running tracked vehicles up and down the slope, or by back blading with a
toothed bucket horizontally along the slope, or by placing logs or woody debris on the slope.
Keeping wetlands wet is the most important part of developing wetlands. Water enters wetlands
via stream flows, runoff, precipitation and up from the groundwater table (section 11.1 & figure 7).
Wetlands lose water to other waterways, into groundwater and through evapotranspiration. The period
of time during which a wetland is covered by water is unique for each wetland type and will determine
the type of wetland created.
The most reliably saturated or wetted ground will occur in low areas near or below the natural
ground water table. Low areas will also be easier for to fill with water. It is not advisable to completely
backfill the mining pit if the natural ground surface is well above the ground water table. It would be
better to backfill the pit to level near to or up to 2 m below the actual ground water table. Then the
sides of the pit wall should be sloped to very shallow angles (from 3:1 to 5:1) by excavating the walls
(figure 12) and/or pushing overburden in from the sides of the pit. Shallow shoreline slopes attract water
birds, reduce turbidity and promote revegetation.
If overburden is required for backfilling, it should be located not too far from the pit wall in a
place where it can be easily pushed back over the mined area or into the pit. Overburden and fine soils
will flow at very shallow angles when placed in water. Use caution when pushing with a bulldozer to
prevent sinking into the muck. Small gravel piles should be placed along some shoreline areas for
shorebirds. Some areas can have steeper stable banks for beavers and muskrats (figure 16).
If the wetland is situated in a higher area, it may be necessary to try to seal the bottom of the
pond with fine soils and/or connect the wetland with the closest stream to keep it saturated and/or
under water. Fine tailings from settling ponds or fine overburden soils can be used to seal the bottoms
of mine pits. Any connections with streams should be made at right angles to the direction of flow and
the junctions should be armored with boulders or coarse cobbles to prevent erosion.
Where the ground water table is very low and/or if there is insufficient surface runoff or
precipitation to keep water in the wetland, the pond may have to be dammed, drainage ditches blocked,
and/or a crude spillway constructed. Dam and dike construction activities by beavers may increase the
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depth of the ponds and help maintain water levels in perpetuity long after placer miners have left the
area. Variations in the water depth or saturation level are normal. In fact, spring drawdown and reflooding by 15-45 cm (6 to 18 inches) enhances waterfowl habitat and germination of emergent plants.
Shallow water wetlands are less than 2 meters deep and recommended for waterfowl habitat.
Water depths greater than 2 m (7 feet) or shallower depths with flowing water are recommended for
open water habitat, to oxygenate the water, allow aerobic decomposition (with oxygen) and allow overwintering by fish, muskrat and beaver. It is recommended to construct ponds between 0.2 and 5 ha in
area with as complex shapes as practical, and with irregular bottoms on the ponds to enhance habitat
diversity (figure 9). Wetlands should be interconnected to facilitate the exchange and movement of
aquatic animals. Shallow mounds should separate the various wetland depressions to allow for species
of water fowl which seek their own territory.
The infilling the mined-out pit with re-handled material may be preferred for reclaiming
wetlands. However, if the mining method and equipment is not set up for infilling pits it can be very
costly and could have some environmental impacts, especially if out-of-pit material storage areas have
already been reclaimed. Even in mining systems set up to backfill pits, the last pit is not backfilled as
there is often no material to fill it with.
When it is not practical to back fill a pit, it is important to provide “littoral zones” (section 12,
figures 10, 11, 12, 13 & 17) for very deep (>4 m) water bodies. These zones are the shallow, nutrient-rich
areas of the perimeter of lakes where plants can grow, and fish and waterfowl can find refuge and
habitat. The littoral zones should have shallow slopes to promote emergent vegetation. They should
represent more than 10% of the surface area where practical. These shallow zones can be created by
cutting back the final pit walls or pushing overburden over the edges of the pond to create gentle slopes
that could become littoral zones. This process can also be used to create irregular shorelines (figure 8).
Piles of logs and broken-up logs, smaller pieces of debris such as roots, twigs, and branches can
be kept after the clearing activity and placed on the bottom and on the slopes of the pond. It is better
to leave natural dead standing trees in the reclaimed landscape (section 11.8).
The establishment of wetlands will take in the order of 10 to 15 years. At that point, the system
should be well covered with succession vegetation and be “free to evolve.” Reclaimed wetlands should
not require long-term maintenance and management. It is also possible that the habitat will not evolve
exactly in the way it was expected. Adjustments may be required from time to time to the best
management practices to ensure the success of the re-development of wetlands.
Monitoring should be conducted to ensure that erosion has been limited, revegetation of
disturbed areas has occurred, and that the reclaimed wetlands are saturated and/or under water
(section 14). Table 3, provides some potential problems and adaptive management solutions with
constructed wetlands.
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2. Abstract
Most Yukon placer gold deposits occur under or beside streams which may be located in
wetlands. Therefore, typical wetland avoidance strategies found in other kinds of mining activity are
completely impractical for this industry. Yukon placer mining activities involve the stripping of surface
vegetation, the thawing of overlying permafrost soils and gravels and the recovery of free gold from pay
gravels lying above bedrock. These surface mining activities significantly alter or destroy wetlands until
they have been reclaimed.
Wetlands are considered to be important ecosystems and most areas of the developed world
have permanently altered or destroyed a large proportion of their wetlands through the construction of
subdivisions, industrial parks, marinas, farms and a variety of other developments. However, the Yukon
appears to have vast areas of intact wetlands and the proportion of areas impacted by industrial activity
(principally human occupation, placer mining and oil/gas exploration) is very low.
Wetland reclamation is a new and evolving science with many unknowns especially in Canada’s
north where permafrost is a significant factor affecting drainage, plants and animals. Permafrost has not
yet been addressed in other reclamation guides. Winter ice on standing water in the Yukon also often
exceeds 2 meters in thickness. Yukon reclamation techniques need to consider various limitations such
as the lack of previous experience and models, the complexity of wetlands, the difficulty to predict the
success of reclamation and the limited financial resources of placer miners. Placer miners will need
sufficient time (at least 2 years) to adjust their mining methods and equipment to match any new
requirements.
This report provides practical and affordable guidelines and recommendations for reclaiming
placer mined wetlands in the Yukon. It is based on recent local field research by the authors and an
extensive literature review of wetland reclamation from various industries. The restoration of the water
saturation levels, shallow shoreline and hillside slopes and the regrowth of vegetation are the most
important components for successful wetland reclamation. Other wildlife enhancements are included as
well for upland areas because the wildlife in wetlands generally uses both types of habitats.

3. Objective
The objective of this report is to assist placer mining operators with advice regarding reclamation
techniques in wetland areas so that the mined areas will be left in a state conducive to the natural reestablishment of wetland and supporting upland habitats. This should assist impact assessors and
regulators and help to ensure consistency and fairness in their assessments and resulting permit
conditions.
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4. Introduction - Placer Mining
Placer mining has been a cornerstone of the Yukon’s economy and modern culture since the
great Klondike Gold Rush of 1898. Placer mining is responsible for the accelerated early development of
northwestern Canada. Much of the Yukon’s transportation infrastructure can be attributed to early
placer mining. The industry has been the Yukon’s most reliable generator of economic wealth and has
continued unabated through the great depression of the 1930’s and recent economic recessions. In
recent years, placer mines have often been the only operating mines in the Yukon.
Currently there are over 100 family based placer mines with a combined gross revenue in excess
of $70 million annually. Spin off benefits to the local economy are in the order of 2.5 times that amount
with local labor, purchases of fuel, equipment, parts, groceries and other supplies. Placer mining is
especially vital in the Yukon’s rural areas including Dawson, Mayo and Haines Junction. Most of the
recent hard rock exploration “gold rush” (2010-2012 with total annual exploration at $150 to $300
million) to explore for lode gold mines was based on the presence of placer mining in those areas.
All Yukon placer mines are privately financed operations. Typical placer mines range from small
family operations to those employing a dozen workers and several of the largest available sizes of heavy
equipment. Placer mines are heavy equipment intensive resource industries. The next greatest
concentration of large scale heavy equipment (D10-D11 size bulldozers) would be found several
hundreds of kilometers southeast in the Alberta oil sands mega projects.
Placer mining disturbs the ground due to the removal of overburden with heavy equipment, the
diversion of streams and the construction of roads. Some placer mines are located on wetlands and the
disturbance or destruction of these wetlands usually cannot be avoided.
Several methods for placer mining exist depending on the shape of the valleys, the depth of
overburden, and the operator’s mining equipment. The extraction of the gold is usually done by stripping
off the surface vegetation and soils, ripping or allowing permafrost soils and overburden to thaw,
removing the overburden with bulldozers or excavators and trucks, and then processing the gold-bearing
gravels in sluiceboxes. Sluicebox tailings are processed in settling ponds in old mine pits or low areas.
Vegetation and overburden are removed and stockpiled on the side. Depending on the mining method,
equipment and site limitations, the overburden is put in a previous mining pit (panel mining, figure 1) or
left on the sides of the pit, recontoured, stabilized and covered with topsoil to enhance re vegetation.
The distribution of permafrost varies from less than 25% in southern Yukon to continuous in
areas north of Dawson City. Most of the placer mining is located within 100 km of Dawson City and
almost all of the placer mined areas and all wetland areas are underlain by permafrost. To mine
permafrost areas, the overburden and the pay gravels must be thawed by stripping in layers, exposing to
sunlight and by ditching around the area to dewater the melting permafrost. Wide areas must be
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stripped at once to ensure that the soils are thawed quickly. Then, the thawed pay gravel is processed in
a sluicebox that uses gravity and water for recovering the gold. Sluiceboxes use a large amount of water
which is clarified with settling ponds before returning to the natural environment.
Figure 1 - Panel mining operation in a narrow floodplain (R. Clarkson)

Note: The stream has been diverted to the right side of the figure 1, overburden has been thawed,
stripped and pushed to either side of the valley. Mining is progressing upstream with active mining and a
sluicebox in the center of the photo, coarse tailings and fine sluicebox tailings deposited in a downstream
previously mined pit to the lower left of the photo, and with stripping and thawing occurring upstream in
preparation for mining in the upper center of the photo.
Yukon mining land use regulations presently require the overburden piles to be recontoured and
covered in fine soils to enable natural revegetation. Water use regulations require the settling of
sluicebox effluent (in this case in a downstream settling pond off the photo) and a stable stream
diversion with reclaimed stream side areas and fish habitat features.
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5. Introduction - Wetlands
Wetlands are lands where the ground area is saturated with water or covered in shallow water.
Wetlands are recognized as very important ecosystems and are highly valued by traditional land users
such as subsistence hunters, trappers and fishers, as well as food and plant gathering for medicinal
purposes. Wetlands can generate very productive ecosystems and they provide many environmental
services to humans such as carbon storage, flood reduction, water supply and purification (Olewiler,
2004). Their conservation is considered a high priority worldwide.
The five classes described by the Canadian Wetland Classification System (bogs, fens, marshes,
swamps and shallow open water; National Wetlands Working Group, 1997; figure 3) are distributed
throughout the Yukon. Their exact location depends on local climate, landform, hydrology, fauna,
vegetation, soil and the existence of permafrost. However, a systematic inventory of Yukon’s wetlands
has not yet been developed to clarify the location and types of wetlands in the Yukon.
Peat forming, wetlands such as bog and fens, that have more than 40 cm (16 inches) of an
organic top layer (peat; figure 2) and are often associated with streams and lakes or are isolated at
higher elevations. Their water level is stable. Peatlands often occur on the landscape as “complex peat
lands,” the complexity due to the occurrence of both bogs and fens.
a)
Bogs are able to receive their water, nutriments and minerals only from precipitation and are
limited to areas where the precipitation exceeds evaporation and the water table is at or near the
surface. The water is generally acidic and low in nutrients and located in hummocks and hollows. Bogs
usually support a black spruce forest but may also be treeless. They are usually covered with sphagnum
and feather mosses and with ericaceous shrubs (shrubs that thrive in acidic soils).
b)
Fens have a high water table that is usually at or above the surface. The waters are mainly
nutrient-rich and can be acidic or alkaline. They receive their water, nutriments and minerals from
precipitation, surface runoff and groundwater. The vegetation consists of extensive leveled carpets and
lawns mostly composed of sedges, grasses, reeds and brown mosses, with some shrub cover and
sometimes trees.
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Figure 2 - Peat

Mineral wetlands such as marshes, swamps or shallow open water areas do not have as much
peat accumulation.
c)
Swamps are wooded wetlands that are in ongoing contact with water in either mineral or
shallow peat soils (Smith et al., 2007). The water table is usually at or near the surface and nutrient-rich.
The waters stand or gently flow in pools and channels. If peat is present, it is mainly well decomposed.
Their thin peat layer is primarily composed of decomposing wooded material (shrubs and trees) rather
than the Sphagnum or sedge-dominated peat in fens and bogs. The vegetation is characterized by a
dense cover of coniferous or deciduous trees, tall shrubs, herbs and some mosses. The canopy coverage
is greater than 50%. Swamps are not well known habitat and the ability of reclaiming these systems is
limited.
d)
Marshes are a mineral or a peat-filled wetland dominated by reeds, rushes and sedges
(herbaceous water plants) rather than mosses or trees. They are periodically inundated by standing or
slowly moving water, and are neutral to alkaline. The surface water levels may fluctuate seasonally, with
declining levels exposing drawdown zones of matted vegetation or mud flats. The waters are nutrientrich. They receive their waters from ground and surface.
e)
Shallow-water wetland ponds are distinguished from marshes by having at least 75% of the total
surface area in open water during the summer but they have similar chemical characteristics. Water
depth is an important characteristic: in deeper wetlands, nutrients are diluted resulting in lower
phosphorus concentration and a reduced phytoplankton presence (Cobbaert et al., 2014). However
deeper ponds are less likely to freeze to the bottom in winter and therefore can provide habitat for
beavers, muskrats and other aquatic life. They are often embedded in fen/bog complexes or surrounded
by marshes or upland forests (Bayley and Prather, 2003; Halsey et al., 1997). An absence of fish in most
of these ponds increases the abundance of aquatic organisms to the benefit of water fowl (CEMA, 2014).
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Figure 3 - Wetland types
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Table 1 - Summary of the general wetland type characteristics
Wetland Class

Form

Soil
With > 40 cm of
accumulated organics,
generally micro relief with
hummock and depressions

Bog

Wooded
(coniferous);
shrubby; open

Fen

Wooded
(coniferous);
shrubby; open

With > 40 cm of
accumulated organics

Open

With <40 cm of
accumulated organics

Marsh

Swamp

Shallow open water

Trees (≥ 10m high)
Wooded
(coniferous)
Wooded (mixed
wood)
Wooded
(deciduous)
Shrubby (≥ 2m
high).
General canopy
coverage ≥ 50%
Submersed and/or
floating aquatic
vegetation
Unvegetated

Water
Acid and low
in nutrients
Acid or
alkaline,
nutrient-rich
Neutral to
basic pH,
nutriment rich

The water table is generally 40 to 60 cm below
the peat surface, water from precipitation, no
major fluctuation in water level
Water table near the peat surface (approximately
0.2 m below peat surface), Dominated by runoff,
precipitation and seepage, no major fluctuation
in water level
0.2 to 1 m water depth, seasonal water level
fluctuations, high amounts of water flow, and
influenced by ground and surface waters,
Commonly associated with shallow open water
wetlands

Plants/trees
Oligotrophic species of
Sphagnum, feather mosses
ericaceous shrubs, and
lichens, black spruce
Sedges, brown or sphagnum
mosses,
shrubs, and trees
(Tamarack)
Emergent forbs, rushes,
reeds, sedges and grasses
Submerged and floating
aquatics

With < 40 cm of
accumulated organics
mineral soils, but
some peat present,
(Hummocks)

Alkaline,
nutrient-rich

water table is usually at or near the surface,
strong seasonal water level fluctuations, gently
flowing waters or stagnant

Deciduous or coniferous
trees (Black spruce,
Tamarack), shrubs, herbs

With < 40 cm of
accumulated organics

Alkaline,
nutrient-rich

1-2 m water depth in persistent open water
zone, at least 75% of total surface area in open
water during the summer

Emergent vegetation,
Submerged and floating
vegetation or algae

The marsh and shallow water complexes are by far the most significant wetlands in term of wildlife diversity (National Wetlands Working
Group, 1988).
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6. Reclamation versus Restoration
It is important to understand the difference between “reclamation” and “restoration”. The
intent of “restoration” is that the habitat has to be identical to the natural conditions that existed prior
to modification whereas reclamation means the return of a site disturbed by mining or exploration to a
condition where it will be able to re-establish a suitable productive environment but one that is not
necessarily identical to the one disturbed. Reclamation is also considered successful if native species
grow in the reclaimed site.
Alberta Environment (2008) defines wetland reclamation as the creation of wetlands on
disturbed land where they did not formerly exist or where their previous form was entirely lost.
Reclaimed wetlands could take decades, even centuries to become indistinguishable from natural ones.
It is important to stress that the goal of wetland reclamation after placer activity is not
restoration. Most reclamation plans include a varied landscape, incorporating several ponds and lakes,
wetlands, and interconnected drainage systems within a vegetated landscape (Westcott & Watson,
2007).
The broad goal of the wetland reclamation after placer activity is to re-establish the appropriate
saturation and/or flooded conditions, soils and topography to allow the development of a self-sustaining
wetland habitat with one of the five wetland classes’ characteristics. The reclaimed habitat should meet
the criteria of natural wetland and re-establish a suitable environment for culturally important species,
such as moose and beaver for Aboriginal peoples.
Moreover, reclaiming wetland complexes is more preferable than focusing on one wetland type.
A mix of shallow-water wetlands, marshes, and fens, is more productive. Some swamps, bogs and fens
will form opportunistically regardless of intent, however this is most likely over extremely long
timeframes. Guidance for constructing shallow-water wetlands, marshes, and fens is well documented,
although for fens there is more uncertainty about the details of the ecosystem that will evolve.
Semi- designed wetlands involve minor topographic and reclamation features added during
landform construction largely or entirely in the field. The amount of design and field effort is less than
with fully designed wetlands (CEMA, 2014). Opportunistic or spontaneous wetlands form in response
to hydrological conditions in the landscape without any design or intervention to enhance reclamation
(CEMA, 2014). Some of the best wetlands in reclaimed areas are opportunistic (Oil Sands Wetlands
Working Group, 2000). They may form in reclaimed areas that have: active seepage discharge; low areas
left behind by construction or reclamation; low areas formed by settlement of fills; and beaver dams.
These wetlands are generally small and develop in marshes or fens.
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Due to the limited finances of privately funded placer mines and their relatively small footprint,
this report offers recommendations to develop semi- designed wetlands.

7. Types of wetlands that can be reclaimed
In theory all five classes of wetlands can be reclaimed to a type of wetland that depends on the
depth of the depression (area lower than the surrounding landscape, and usually less well drained; figure
4). However, the wetlands that are reclaimed usually result in marshes or shallow open water wetlands.
Reclaimed areas with different types of wetlands are preferred. Wetland can either be designed, semidesigned or even develop spontaneously.
Figure 4 - Wetland types in the reclaimed landscape depending on the depth of the depression (CEMA, 2014)
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7.1 Bogs & Fens
Peat forming wetlands are formed over hundreds of years and are usually extremely difficult to
reclaim. In North America, peat-forming wetlands (bogs and fens) have been widely impacted mainly for
horticultural purposes (as growing substrates) or disturbed by forestry and drilling for petroleum
(Turetsky & St. Louis, 2006). The restoration of peat forming wetlands has been well studied in Eastern
Canada, through the work of the Peatland Ecology Research Group (PERG) on sites harvested for
horticultural supplies of peat. Generally peat forming wetlands impacted for horticultural purposes are
easier to reclaim as long as the mineral soil has not been disturbed and a bottom layer of peat remains
intact.
The relatively wet climate of eastern Canada and the undisturbed lower layers of peat make it
easier to regain saturation and reclaim peat forming wetlands than in drier northern climates and where
the mineral soil has been exposed (through mining and construction). Twenty eight harvested peatlands
with residual peat across Canada and in Minnesota, USA were restored. The harvested fens revegetated
remarkably fast (50%-70% vegetation cover) when there was a high water table and a thin layer of
residual peat. However, Carex and Sphagnum moss, which are dominant in undisturbed fens did not
recolonize the fens.
After mining and construction, both bogs and fens have been restored but the process is
extremely complex and costly. It involves the flattening of the landscape, the construction of cross-valley
dikes to flood the area, and/or the blocking of drainage ditches, the placement of mulch and fertilizer,
and the harvesting and transplanting of nearby plants/mosses. The restoration of ground saturation is
the main factor for peat land restoration success.
The spontaneous reclamation of fen is possible whereas bog reclamation would need plant
transplantation (Graf, Rochefort & Poulin, 2008; figure 5). Some fens revegetate spontaneously over
time except for those with Sphagnum and Carex dominant in undisturbed states. One major difference
between fen and bog restoration is the presence of spontaneous vegetation on abandoned fens. Many
wetland plants have established themselves on sites over time without active reintroduction. However,
reintroducing vegetation increases vegetation cover and species richness.
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Figure 5 - Diagram of a reclaimed fen (CEMA, 2014)

7.2 Swamps
Swamps are typically situated between a fen and a drier upland environment. There have been
no attempts so far to reclaim swamps in the oil sands but research is ongoing to have a better
understanding of natural boreal swamps in order to propose reclamation techniques in the future. No
other literature was found regarding the reclamation of swamps.
7.3 Marshes and shallow open water wetlands
Knowledge regarding the restoration of prairie potholes in Alberta and Saskatchewan is now well
advanced. Many projects in these wetlands were focused on recovering waterfowl habitat and there is
detailed data regarding the habitat requirements of ducks and geese, including the germination of seeds
during drawdown in the critical near-shore emergent zone. The intensity of disturbance and the relative
size of the projects could be comparable to placer mining.
Many small marshes and ponds have been constructed on reclaimed landscapes, and others
have appeared during slope failures or due to dike seepage. They often begin as open water wetlands;
however, as wetland vegetation establishes, several wetlands have become more marsh-like in form
within five years. A general finding of the wetland reclamation experience is that robust wetland plant
species will establish opportunistically in marsh and shallow water systems constructed with overburden,
peat, soft tailings and process-affected water (figure 6).
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Figure 6 - Opportunistic Marsh and shallow open water in the Indian River Valley, May 2015

7.4 End Pit Lakes
In general, placer mining activities create deep pits which fill with water if the ground water
table is near surface. Some placer (panel) mining systems are able to move their processing plants
frequently and use old pits for settling ponds and/or fill old pits with overburden. Other mining systems
create large pits using trucks or conveyors to transport pay gravels to a more permanent processing
area. It is generally very costly and impractical to fill large pits or the last pit of a panel mining system.
The filling of pits could also be counterproductive where the filled level is above the ground water level
and result in dry land forests instead of wetlands. Pits with water levels exceeding 2 meters would not
usually freeze to the bottom in winter and would allow habitat for fish, beavers and muskrats. These
deeper pits are common hydrologic features found in post-mining landscapes. They appear after oil
sand, coal, precious metal, uranium, iron and lignite mining. They are often referred to as “End Pit lakes”
(EPL).
CEMA (2012) produced a guidance document on creating EPL. They describe the difference
between EPL from the different industries. Hard rock mine pit lakes in precious metal mine ore bodies
tend to be very deep (20 to 380 m) with relatively small surface areas (0.01 to 1.9 km2). Oil sands end pit
lakes will tend to be shallow (6 to 55 m deep) with relatively large surface areas (0.6 to 13 km2). EPLs
may or may not contain tailings associated with mining and tailings operations. They are situated at the
end of the mining operations. They are found at the lower elevation on the mine site. End pit lakes are
features that have been proposed as well in the final reclaimed landscape after oil sand activities.
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The objectives of these end pit lakes are to manage the water flow, ensure an acceptable water
quality, store tailings, provide a sustainable aquatic ecosystem and support other economic, ecological,
and societal uses. The ultimate objective is to reach a self-sustaining aquatic ecosystem that serves as
habitat for wildlife, particularly fish species. It is widely understood that a healthy and sustainable
aquatic ecosystem can be characterized by the successful colonization of species at upper trophic levels,
such as large fish and waterfowl (CEMA, 2012).

7.5 Northern Wetland Research
In a 2003 report on placer stream restoration in the Yukon, the authors noted that: “mining
excavations frequently replace pre-existing valley bottom channels with a diverse range of pits, presettling ponds, settling ponds and spoil piles. In some locations, riparian and wetland habitats suitable
for wildlife, waterfowl and possibly fish are developing around these excavations” (M. Miles and
Associates LTD., 2003).
One of the authors, Chevreux (2014) carried out a bird study on post- mined and unmined
wetlands in the Indian River Valley which is located about 40 km southeast of Dawson City. The Indian
River Valley is a wide low gradient valley with a high ground water table and abundant depths of organic
soil (black muck). The mined areas were about 25 years old and had reclaimed spontaneously without
the benefit of any attempts at reclamation. The mine pits filled with ground water and increased the
surface area of open water from 4 to 20%. The landscape had changed from flat peat forming wetlands
in permafrost to shallow ponds and nearby mounds covered in pioneer species of deciduous trees
(balsam poplar, birch, willow and aspen) which were not in permafrost. Chevreux found that mining
activity had increased the number of ponds and water surface available for waterfowl populations.
Chevreux focused her study on songbirds, waterfowl and raptors as indicators of ecosystem
health. She found 52 species of birds in unmined and post-mined areas and half of the bird species were
similar in both areas. The study showed that post-mined and adjacent natural wetlands hosted a
comparable richness. Nevertheless, species abundance and diversity appeared to be more extensive in
post-mined sites. Some species specialized in wetlands were found in post-mined areas. The post-mining
landscape offered a mosaic of different habitats. This habitat heterogeneity increases species richness
and diversity (Šálek, 2012).
Other recent studies have shown evidence that post-mined sites constitute refuges for a great
variety of species even endangered (Brenner, 2007). The Indian River Valley breeding surveys showed
the same number of species of conservation concern in unmined and post-mined areas. The Rusty
Blackbird, a species whose population has seen a drastic decline over the last 40 years, was found on
both areas with the same abundance. The post-mined areas were hosting several very threatened
species such as the Common Nighthawk and the Bank Swallow. Horstman, Nawrot, and Woolf, (1998)
mentioned that post-mining ponds possibly help to compensate for the loss of natural wetlands.
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In May 2015, a brief field survey to determine the depth and water quality (Dissolved oxygen,
conductivity, pH, temperature and turbidity) was carried out by Chevreux on 25 post-mined ponds on
the Indian River Valley. The objective was to determine if these man-made water bodies evolved with
the same characteristics of natural wetlands after 30 years. However, it is difficult to compare with
natural wetlands of the Yukon, especially open shallow wetlands as there has not been any extensive
study of these wetlands. All the literature on boreal shallow water wetlands comes from research led in
Alberta.
Similar to natural shallow open water wetlands, the post-mined ponds had a neutral to basic pH
(pH ranging from 6.78 to 8.4). Dissolved oxygen refers to the level of free oxygen present in the water. It
is an important parameter in assessing water quality because of its influence on the organisms living
within a body of water. A dissolved oxygen level that is too high or too low can harm aquatic life and
affect water quality 1. Dissolved oxygen in the post-mined ponds ranged from 7 to 14 ppm and averaged
9 ppm. The water temperature was relatively warm ranging from 15 to 25 °C and averaging 19 °C. The
turbidity ranged from 1 to 18 NTU and averaged 3 NTU.
One major characteristic of shallow open water wetlands is the depth - less than 2 m. This depth
allows the submergent vegetation and microscopic organisms to grow. The study showed that the
depths of the ponds sampled ranged up to 4.9 m but averaged 1.2 m. Both submergent vegetation and
emergent vegetation (cattails) were frequently observed. There were several beaver dams and lodges as
well as muskrats and northern pike. Many ponds including the deepest ponds had been dammed by
beavers. Cumulatively, about 82% of the total water area in all of the ponds was less than 2 m in depth.
In Alaskan restoration projects, the revegetation of the gravel sites was generally successful
(McKendrick et al., 1992). Some plants such as graminoids and mosses (Sphagnum sp.) were
reintroduced (Shirazi et al., 1998). The application of two to six feet (0.6-1.8 m) of overburden improved
regeneration success by increasing moisture retention and aeration for seed establishment (McKendrick
et al., 1992).

8. Reviews of Wetland / Reclamation Policies
No documentation has been found on specific wetland reclamation after placer mining. In
general, placer mining activities create deep pits which fill with water if the ground water table is near
the surface. In the Yukon, British Columbia and Alaska where the main placer activities occur,
reclamation techniques concern mainly erosion control, regrading, recontouring, and spreading topsoil
for natural revegetation and revegetation techniques. Guidance is given as well for seeding and
transplanting.

1

http://www.fondriest.com/environmental-measurements/parameters/water-quality/dissolved-oxygen/
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8.1 Yukon Wetland / Reclamation Policy
There is currently no legislation or policy that directly addresses wetland conservation in the
Yukon. The Yukon Placer Mining Land Use Regulations (PMLU) focuses on miners creating the conditions
that will lead to successful revegetation by native plants. It requires the conservation of organics,
smoothing and recontouring and spreading fine soils over disturbed areas to create a sustainable habitat
that is revegetated and stable. It does not address wetland reclamation in particular. However, the
Yukon government has been working on a policy for wetland conservation for several years.
The Handbook of reclamation techniques in the Yukon (Minister of Indian Affairs and Northern
development, 1999) offers recommendations for controlling erosion and encouraging revegetation.
Application of seed (native species) and fertilizer, or "assisted" revegetation, is required only in areas
unsuited to natural revegetation. There are other recommendations concerning slope contouring to
control erosion.
The Guidebook of Mitigation Measures for Placer Mining in the Yukon (Yukon Placer Secretariat,
2010), gives various recommendations for protecting and mitigating fish habitat. Some of the
recommendations also apply to the reclamation of wetlands. For example, it describes two general
strategies to control erosion: use the coarsest available materials (rock) to control the force of water;
and, actively use plant growth in combination with machine work to control erosion. The first strategy
may include the use of rock for: covering slopes that are difficult to re-vegetate; lining ditches that might
easily erode; weighing the toe (bottom) of slopes to prevent slope failure; protecting outlet areas such as
culverts and drainage ditches from scour.
The guidebook also addresses the unique requirements of mining on permafrost and the
importance of careful reclamation: “The mining plan must account for management of permafrost soils.
Rates of erosion and of re-vegetation are quite different among the mining districts depending on the
amount of permafrost and climactic characteristics. The approach to erosion control and re-vegetation
are different as well. For example, wet decomposing permafrost soil might respond well to natural revegetation methods in the Klondike, (but in the drier districts, a different approach might be needed
(Kotler, 2003).
Hydrology in permafrost soil is quite different and an important factor to consider. “Water can
only flow under, within, or above it in unfrozen zones. When the active layer (the top layer of soil that
thaws each year) is frozen in winter and spring, sub-permafrost water is sometimes forced to the surface
in the form of springs and forms aufeis (thick ice known locally as glaciers or overflow)” (Yukon Placer
Secretariat, 2010).
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8.2 A Review of British Columbia Wetland / Reclamation Policy
British Columbia’s placer mining industry is very small compared to that of the Yukon with most
of the gold production coming from the Atlin area where most of the placer mined streams are
“deregulated” and have much more lenient discharge standards than the rest of the province. There
currently is no policy for placer mined wetland reclamation in B.C. However, since 1969 placer miners in
B.C. are legally required to reclaim disturbances caused by mining activities under the Mines Act, the
Health, Safety and Reclamation Code for Mines in British Columbia (the Code), and under site specific
permit conditions in their mines operating permit.
Placer miners are required to post a reclamation security bond with the Ministry of Forests,
Lands and Natural Resource Operations prior to mechanized work at any site. The amount of this
security is based on the operator’s estimate of how much it would cost to clean up a mine site if it were
to revert to the Crown. Securities are returned to proponents once they have completed the
appropriate measures.
The Atlin Placer Mining Best Management Practices Guidebook was developed recently by B.C.,
the Taku River Tlingit First Nation and the Atlin Placer Miner’s Association (2014). It has the following key
reclamation components: re-establishment of natural drainage patterns; erosion control; de-compaction
(where needed); re-contouring; replacement of growth medium (where available) and appropriate revegetation.” Various recommendations are also provided for reclaiming settling ponds.
The province provides some best management practices through the document called “Wetland
Ways”. British Columbia is actively involved in protecting and rehabilitating wetlands and is developing a
wetland mitigation and compensation strategy such as in Alberta, that supports no net loss (and where
appropriate, net gain) of wetlands where wetland losses from development have resulted in impaired
watershed hydrology (Cox & Cullington, 2009).
Reclamation research and information exchange has existed in British Columbia for more than
three decades through the Technical and Research Committee on Reclamation. The members are from
the Ministry of Energy and Mines, the Ministry of Environment, mining companies, the Mining
Association of British Columbia, Association for Mineral Exploration in BC, Natural Resources Canada, the
University of British Columbia and Thompson Rivers University (Ministry of Energy and Mines, 2013).

8.3 A Review of Alaskan Wetland Reclamation Policy
Prior to 1981 and the introduction of new water quality regulations (1982), litigation by the
Sierra Club (1984 & 1986) and the enforcement of EPA regulations (1989) Alaskan placer gold production
was much greater than in the Yukon. However by 2001, Alaskan placer gold production had dropped to
15% of 1981 levels and Alaskan placer employment had dropped to 8 % of previous levels (Clarkson,
2003). Recently there has been an upsurge in the Alaskan placer industry due to the popularity of TV
reality shows (Gold Rush Alaska and Yukon Gold), an economic recession in the United States and the
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less onerous General Permit from the Corps of Engineers for miners with less than five acres of “rolling”
disturbance”. Currently there are an estimated 297 operations producing over double the amount of
placer gold produced by the Yukon industry (Athey, Freeman, Harbo & Lasley, 2014).
Officially, Alaska wetlands represent about 130 million acres (53 million hectares) or one third of
the State 2 because all of the tundra is considered to be “wetlands”. Since 1977, the Corps of Engineers is
responsible for protecting wetlands as part of the water protection under the Clean Water Act (1972) of
the United States 3. The Corps of Engineers General Permit has authorized small mechanical placer
mining operations on wetlands in Alaska since 1988 4. The new (May 2015) general permit has tightened
the maximum area of disturbance from 10 acres to 5 acres (2 ha) and the maximum length of stream
diversions from 2000 to 1500 feet (457 m). However a “rolling footprint” is allowed as long as an
operator is engaged in concurrent reclamation (GP-2014-55 General Permit). All existing general
permits have been extended for one more year and most suction dredging and temporary mining roads
(less than 3 year use) are exempt from the Corps’ regulations.
The reclamation requirements from the new General Permit from the Corps of Engineers (May
2015) include among others, backfilling mining pits, reshaping and regrading to conform to the adjacent
landforms, using all materials for reclamation. The document provides some suggestions for mitigations
including: incorporation of swales; application of topsoil on the depressions; and the creation of
wetlands in depressions. It also suggests that wetland depressions be lined with at least 2 to 6 inches (1
-2.5 cm) of topsoil . That they be constructed at an elevation that intercepts the water table so that
saturation is within 12 inches (0.3m) of the water table or have surface water for at least 14 days of the
growing season. It also offers guidance to construct shallow ponds from settling ponds with less s than
3 feet (1 m) depth at the center.
5

In cases where a mine site does not fit into these general permit restrictions, they can apply for
the Standard Individual Permit where environmental baseline studies and more stringent compensatory
mitigations may apply. The few largest placer mines operating with greater than 5 acres of a ”rolling
footprint” of disturbance have the obligation to mitigate the destruction of the wetland by restoring,
creating a new wetland or giving funding to a mitigation bank system. Within that mitigation plan, is a
mandatory monitoring and maintenance schedule for any area that is part of wetland reclamation or
mitigation. The monitoring and maintenance period generally extends to 10 years with performance
standards applied to each year.
A reclamation bond is required for disturbance over 5 acres in size (U.S. Department of the
Interior, Bureau of Land Management (BLM) Alaska, 2014). This requirement may be satisfied if the
mining operator participates in Alaska Department of Natural Resources ‘(ADNR) Bond Pool program

2

http://dec.alaska.gov/Water/wwdp/wetlands/index.htm
http://www.poa.usace.army.mil/Missions/Regulatory.aspx
4
http://www.poa.usace.army.mil/Portals/34/docs/regulatory/specialpns/General%20Permit%20%28GP%29%20PO
A-2014-55,%20Fact%20Sheet.pdf
5
General Permit (GP) POA-2014-55
3
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which requires a deposit of $150/acre. The reclamation bond is refunded when the reclamation has been
approved.
Satisfactory reclamation emphasizes three major objectives (US Department of the Interior,
2013):
1. The productivity of the reclaimed land should at least equal that of the pre-mined surface. This does
not necessarily mean that the site must be restored to an approximation of its original condition, or that
surface uses after mining will be the same as those that existing before mining. As an example, an area
used for marginal grazing prior to mining may be reclaimed to a useful and attractive recreational
complex or perhaps a housing area.
2. Satisfactory reclamation should leave the mined area in a condition that will not contribute to
environmental degradation, either in the form of air or water-borne materials or from chemical
pollution.
3. The reclaimed area should be esthetically acceptable and safe for intended uses
In the manual from BLM (U.S. Department of the Interior Bureau of Land Management, 1992),
the goal of reclamation of riparian/wetland sites is to minimize disturbance and to restore and preserve
the beneficial functions of those wetlands. Several of these functions are: containing flood events and
reducing erosion; filtering of sediments and pollutants carried with overland flow; storage of water;
stabilization of stream banks through roots development; and maintenance of habitat with functional
ecosystems. The report emphasizes minimizing the impacts to the wildlife and fisheries habitat.
Revegetation should provide a diversity of plants. Buffer zones of native vegetation are
recommended to promote the re-establishment of native species. Other practices include: incorporating
diverse landforms such as slopes, surface undulations, minor depressions, swales, rock or brush piles and
convoluted drainage, direct topsoil replacement, shrub and trees transplant. The manual does not
encourage pond creation unless it is planned and engineered for a specific purpose which is compatible
with the reclamation goals. A paragraph is addressed specially for pit backfilling. Pit reclamation can
result in complete backfilling, partial pit backfilling, high wall slope reduction or a combination of these.

9. Previous Experiences in Wetland Reclamation in Other Industries
A lot of literature regarding wetland construction is available, but most of it relates to
restoration, not reclamation. There is extensive literature on wetland restoration which offers guidance
for existing natural (or impacted by agriculture) watersheds or the construction of highly engineered
water treatment wetlands. There is limited information available on wetland reclamation in a mining
context or in northern climates. Most of the (sparse) mining reclamation wetland literature has focused
on bioremediation of acidic-rock/heavy-metal drainage.
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Placer miners in the Yukon face different challenges (wetlands on permafrost and peat-forming
wetlands) that have not been addressed in other reclamation guidance. However, Alberta has been quite
advanced in wetland reclamation research due to oil sand mining. Oil sand mining operates on a much
larger scale than placer mining and it faces water contamination by chemicals and petroleum products
which do not occur in placer mining. Oil sand companies are also very large publically-traded companies
and spend about $50,000 (Foote, 2012) to $114,000 per ha (Grant, Dyer & Woynillowicz, 2008) to
reclaim wetlands.
Extensive literature exists on reclamation after surface mining such as coal mining, bentonite,
sand, gravel and quarry mining. They all offer recommendations for improving wildlife habitat, especially
waterfowl. In general, the landforms that are created on the post-mining landscape are expected to
differ from the original distribution of habitat types (Harris et al., 2006). For example, a shift from peat
forming wetland-dominated systems to areas with increased amounts of upland, non-peat forming
wetlands, and lakes is expected (Johnson and Miyanishi, 2008). These ecosystems will have different
attributes in terms of hydrology, soil properties, etc. to those that existed previously (Richardson et al.,
2010).
Many studies indicate that the ponds created after mining activities provide valuable fish and
wildlife habitat, especially breeding and migrating waterfowl (Carrozino et al., 2011; Harabiš et al., 2013;
Hortsman et al., 1998; Nawrot & Klimstra, 1989; Rumble, 1989; Uresk & Severson, 1988). These postmined areas are important not only for waterfowl but other wildlife as well: moose, muskrat, beavers
(Chevreux, 2014, Eaton et al., 2013), dragonflies (Harabiš et al., 2013), reptiles and amphibians (Brenner
& Hofis 1990; Fowler et al. 1985). They are often considered as possible replacements for wetlands
destroyed in other locations (“wetland banking”). For instance, in Wyoming wetland creation is a
valuable management technique and many natural resource agencies use it to improve, create and
mitigate wildlife habitat (McKinstry et al., 2001).
Complexes that involve different types of wetlands are preferred. Wetland reclamation can
either be designed, semi-designed or occur without any intervention. Reclaiming wetland complexes is
more preferable than focusing on one wetland type. A mix of shallow-water wetlands, marshes, and
fens, is more productive. Some swamps, bogs and fens will form opportunistically regardless of intent,
but most likely only over extremely long timeframes. Literature regarding the reclamation of swamps
was not found by the authors.

9.1 Oil Sands Wetland Reclamation Experience
These past few years, many studies and reports document wetland reclamation and
performance in oil sands in Alberta. Oil sands are surface mines which involve the removal of
overburden and the creation of open pits. The Oil Sands Industry is mining mainly on peat-forming types
of wetlands. Disturbances created by the oil sand mining activity lead to destruction of habitat, changes
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to hydrology caused by drainage of water and compaction of soil, and contamination from hydrocarbon
spills or mineral/clay soils used for construction (Graf, 2009).
In particular oil sands wetland reclamation generally involves the reconstruction of the entire
watershed (CEMA, 2014) due to the large scale of mining. The construction of wetland ecosystems starts
with the establishment of appropriate and sustainable water supply due to a water deficit which is
characteristic of the drier oil sands region of northern Alberta. Oil sand companies are typically very large
publically-traded companies and spend about $50,000 (Foote, 2012) to $114,000 per ha (Grant, Dyer &
Woynillowicz, 2008) to reclaim the previous peat forming wetlands to simpler marsh and shallow open
water wetlands.
Many wetlands have already been reclaimed on oil sand disturbed areas, but mostly to marshes
or shallow open water wetlands. Peat forming wetlands are particularly difficult to reclaim. These
wetland types must develop over long periods of time and may be difficult to initiate. Peat formation
also requires the presence of a specific vertical structure and more specific chemical conditions. The
restoration of saturated soils is the main factor in peatland restoration success. In some cases fens can
revegetate spontaneously except for mosses such as Sphagnum and Carex dominant undisturbed fens.
Other types of wetlands, such as marshes or shallow open water wetlands are likely to be more
common in the post-mining landscape than they were previously, as these types are relatively easy to
create.

9.2 Coal Mining Reclamation Experience
There has been considerable research done regarding reclamation practices associated with coal
mining in the eastern United States. Coal mining involves both underground and surface (strip) mining
methods. In the 1990’s, wildlife habitat became a common and acceptable post-mining land use and
many papers deal with wildlife habitat enhancement recommendations. The use of wetlands in the
reclamation process has also been widely studied (Brenner & Hofis, 1990; Buehler & Percy, 2012; Fowler,
Hill & Fowler 1985) but most of these wetlands were reclaimed for water treatment. The majority of
surface mines in the eastern United States have been reclaimed as grasslands.
Prior to the Surface Mining Control and Reclamation Act of 1977 (P.L. 95-97) miners were not
required to back fill mining pits. Mining companies are now required to reclaim mined lands to equal the
original productivity of the land and as a result of this, very few new surface mine impoundments have
been created (Rumble, 1989). Rumble had in his paper that well designed impoundments should be an
alternative for reclaiming areas where mining has destroyed existing wetlands. They represent
opportunities for improving the quantity and quality of wildlife and fish habitats (McKee, 2007).
In their Handbook of methods to reclaim wildlife habitat on surface mines in Wyoming, Parrish
and Anderson (1994) offer a wide variety of reclamation techniques after coal mining, including wetland
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reclamation. Parkhurst (1994) studied waterfowl use of coal ponds formed by strip mining in eastern
Oklahoma (25 ponds). The average depth of ponds was 5 meters.

9.3 Sand, Gravel and Quarry Mining Reclamation Experience
Numerous reports and guidelines are available about wetland reclamation following sand, gravel
and quarry mining. All of the reports focus on pond reclamation and offer design recommendations to
reclaim these as an ideal wildlife habitat. Michalski et al., 1987 offer reclamation techniques for creating
ponds after quarry mining. Pit depth is variable but generally does not exceed 5 to 7 m (Green et al.,
1991). Matter & Mannan (1988) offer design recommendations for creating or enhancing wetland
habitat in flooded sand and gravel pits in or near riverine systems in the southwestern United States.

9.4 Bentonite Mining Reclamation Experience
McKinstry et al. (2001), studied wetlands created from bentonite mining. The ore is mined near
the surface and the overburden is almost nonexistent. Pits were formed and filled with runoff or
intercept groundwater. They are typically small (average 12 ha) and shallow (<3m) and look like prairie
potholes in function and structure. The paper explains that non reclaimed ponds from mining activities
developed the soil and vegetative characteristics of wetlands as defined by the US Army Corps of
Engineers. They offer recommendations for designing the ponds.

10. Guidance for the Construction of Reclaimed Wetlands
10.1 General Reclamation
It is important to recreate a complex of various wetlands and uplands which will support a wide
diversity of wildlife species, especially threatened species during and after mining. The layout of
reclaimed wetlands is constrained by the mining activity and the uncertainties inherent in placer mining.
The amount, location, and types of wetlands will be dictated by the mining methods, materials, the local
hydrology and soil.
Best management practices can be developed but it must be a living document that will be
modified along with the mining activity. It should identify general methods to reclaim areas and assure
that wetlands are kept moist and/or covered in water. It should create a diversity of habitats with
wetlands to increase the biodiversity (a great variety of living components). Protecting some of the
remaining intact wetlands over uneconomic pay gravel areas is very important as they will contribute to
habitat diversity and will help to revegetate the constructed wetlands.
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10.2 Progressive reclamation
Progressive reclamation is recommended to allow the reclamation to start in areas that are no
longer required for mining while mining is still continuing in other areas. This progression creates
patches with more mature reclamation at one end and early pioneer vegetation at the other end. It also
shortens the time period required for achieving closure objectives and provides valuable experience on
the effectiveness of reclamation measures on an ongoing basis. Progressive reclamation can also reduce
the financial liability of the site and as equipment and employees are on site throughout the mining
cycle, the cost of reclamation can be reduced considerably.
The grading and recontouring of tailing piles and steep excavated slopes should be completed
while mining activity is taking place, preferably at the conclusion of each pit but at least by the end of
each mining season provided these areas are not required for mining in the future. Slopes should be 2:1
(horizontal to vertical) or less. A wide range of topographic features should be incorporated into the
reclamation landscape, including small hills, small depressions and undulating topography. Shallow
depressions can be excavated on flat areas or gentle slopes.

10.3 Reclamation material
Reclamation stockpiles should be left in stable piles and protected from erosion caused by
streams, snow melt and precipitation. They should be situated not too far from the mine pit if required
for backfilling. Topsoil, black muck and other organic materials should be separated from overburden
and conserved in windrows parallel to the slope in a convenient place to be spread out later. Topsoil
with specific vegetation types should be segregated where practical. Mixing overburden with either
topsoil or subsoil reduces greatly its value (Michalski et al., 1987). However, any fine soils will capture
and retain moisture and thus improve the speed and success of revegetation. The topsoil should be
redistributed as soon as possible to limit erosion, aeration and the composting of wetland plant seeds.
About 30 to 100 cm (1 to 3 feet) of topsoil should be applied on mined areas where it is available.

10.4 Revegetation
Revegetation is a major element of wetland reclamation. Placer miners are required to leave the
ground surface in a state conducive to successful revegetation by plant species native to the area
(natural revegetation). Seeding, fertilizing or “assisted” revegetation is rare because of the presence of
fertile organic (black muck) layer overlying the gravels that help natural revegetation and the risk of
introducing invasive species. However, in case seeding or planting is necessary, “The Yukon
Revegetation Manual” (Matheus, & Omtzigt, 2013) or “Natural Vegetation and Sustainable Reclamation
at Yukon Mine and Mineral Exploration Sites” (Whiters, 1999) should be consulted as guidelines for
revegetation in the Yukon.
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Where practical, leave patches of natural vegetation in or near the operating area, preferably
along travel corridors or adjacent to streams and water bodies (Parrish & Anderson, 1994). These
patches will provide food and cover for wildlife and provide seeds for the reclaimed area. The land
surface may require roughening by running tracked vehicles up and down the slope, or by back blading
with a toothed bucket horizontally along the slope, or by placing logs or woody debris on the slope.
Ensure that the grooves are made horizontally across the slope to reduced runoff and erosion.
Polster (2013) proposes a technique called “rough and loose” that provides an effective way to
control erosion and create conditions that promote the revegetation of the site. This technique
encourages equipment operators to make rough and loose surfaces that provide ideal microsites for
seeds to lodge in and for seedlings to grow. Moisture-loving species will establish in the bottoms of the
holes while species that favor dry sites will be found on the tops of the mounds. This species diversity
enhances ecosystem resilience. Do not use your neatest heavy equipment operator for reclamation!

10.5 Slope benching
Slope benching provides many of the same benefits on a macro scale that are provided by
surface roughening on a micro scale. Slope length and gradient are reduced and this prevents
erosion by slowing down water runoff. Benching can also enhance infiltration because the slowed
water will have time to percolate into the soil. Benches can be constructed to divert runoff into
adjacent vegetated areas by constructing a slight gradient along the length of the bench. In most
cases benches are constructed level (with no gradient) and are very effective at trapping
sediment that has eroded from the slope above, with minimal risk of slope failure.
Table 2 - Recommended slop grades for soil types (Yukon Placer Secretariat, 2010)

Fine textured soils erode easily and require more attention than coarse soil. As water
accelerates, it becomes more erosive. Without some sort of a break in the slope, surface erosion
develops into rill erosion, followed by gully erosion and channel erosion.
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 Terraces or benching allows the gradient of the slope between the terraces to be left steeper.
 Reducing water velocity over exposed soils reduces the potential for erosion by reducing the
slope length or steepness.
 Increasing the roughness at the soil surface also reduces the potential for erosion. Controlling
runoff on the placer mine with a good layout of ditches, drains, and diversions is the key.
Prevention is easier and less expensive than corrective measures. Controlling sediment should
be left as the last thing to do in the mine plan to limit sedimentation off site (Yukon Placer
Secretariat, 2010).

11. Constructing Shallow Water and Marshes Wetlands
Mining activities can result on the creation of excavations that often eventually will fill with
water naturally through precipitation or ground water infiltration. Pond design is constrained by the
mining configuration and the characteristics of the ore body deposit. However, there are several
parameters which miners can use to meet the final reclamation objectives. The goal of this section is to
recommend approaches that will help the operators to leave the habitat in a way that it will evolve in a
self-sustaining marsh or shallow open water wetland.

11.1 Keeping Wetlands Wet
Keeping wetlands wet is the most important control on wetland ecosystems and will often
dictate whether the reclamation achieves its objectives (CEMA, 2014). Water enters wetlands via
stream/river/lake flows, runoff, precipitation and up from the groundwater table. Wetlands lose water
to other waterways, into groundwater and through evapotranspiration (figure 7). The period of time
during which a wetland is covered by water is unique for each wetland type and will determine the type
of wetland created.
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Figure 7 - Schematic diagram of water input and output in a wetland (Oil Sands Wetlands Working Group, 2000)

Mining usually thaws permafrost areas, often disrupts patterns of groundwater flow, and may
change the surface water balance. Topography and drainage patterns can also be altered by mining and
reclamation activities (CEMA, 2012). However, the most reliably saturated or wetted ground will occur in
low areas near or below the natural ground water table. Low areas will also be easier to fill with water. It
may not be advisable to completely backfill the mining pit if the natural ground surface is well above the
ground water table. It would be better to backfill the pit to level to near or up to 2 m below the actual
ground water table.
If the wetland is situated in a higher area, it may be necessary to try to seal the bottom of the
pond with fine soils and/or connect the wetland with the closest stream to keep it saturated and/or
under water. Fine tailings from settling ponds or fine overburden soils can be used to seal the bottoms
of mine pits. Any connections with streams should be made at right angles to the direction of flow and
the junctions should be armored with boulders or coarse cobbles to prevent erosion.
Where the ground water table is very low and/or if there is insufficient surface runoff or
precipitation to keep water in the wetland, the pond may have to be dammed, drainage ditches blocked,
and/or a crude spillway constructed. Water should fill up to a level at or slightly below the outlet or
spillway elevation. Spillways are not preferred as they often require long term maintenance. However,
dam and dike construction activities by beavers may increase the depth of the ponds and help maintain
water levels in perpetuity long after placer miners have left the area.
Variations in the water depth or saturation level are normal. In fact, spring drawdown and reflooding by 15-45 cm (6 to 18 inches) enhances waterfowl habitat (Taft et al., 2002; Kaminski et al. 2006)
and germination of emergent plants (Alberta Environment, 2008).
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11.2 Backfilling Mine Pits
If the depth of ground water is low and fills the bottom of the pit to a maximum of 2 m, the mine
pit may not require backfilling but the sides should be sloped to allow habitat for shore birds. The
infilling the mined-out pit with re-handled material may be preferred for reclaiming wetlands. Locate
the overburden not too far from the pit in a place where you can more easily push it back over the mined
area or into the pit. If the mining method and equipment is not set up for infilling pits it can be very
costly and could have some environmental impacts, especially if out-of-pit material storage areas have
already been reclaimed. Even in mining systems set up to backfill pits, the last pit is not backfilled as
there is no material to fill it with. When it is not practical to back fill a pit, follow the recommendations
for ponds and deeper excavations (section 12).
11.3 Size and shape of the pond
Ponds between 0.2 and 5 ha in area and with as complex shapes as practical should be
constructed. Biodiversity can be increased by creating a complex wetland shape that maximizes the
length of shoreline per unit of surface area (figure 8). This provides more habitats for more wetland
species and minimizes bank erosion resulting from wave action (Attum et al., 2008). The rectangular
shape of most placer mine pits can be made more irregular by pushing material in from the sides of the
pit. Where practical, pits should be filled progressively with mining and material pushed into them from
the sides. Caution should be exercised to ensure the bulldozer does not sink into the muck.
Figure 8 - Natural shallow open water and marsh wetland shapes in Alberta (CEMA, 2014)

11.4 Connectivity
Connections between wetlands facilitate the exchange and movement of aquatic animals and
plants among wetlands (Bancroft et al., 1994). Wetlands are also connected to the surrounding uplands
(Attum et al., 2008). Shallow mounds should separate the various depressions to allow for species of
water fowl which seek their own territory. These areas would be covered with fine soils to promote
natural re-vegetation. The wetlands may be connected to the stream if there is not enough groundwater
or precipitation to keep the pond filled.
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11.5 Depth
The depth of the water in the wetland affects the type and amount of available vegetation for
waterfowl. Shallow waters allow the sunlight to reach the bottom of the pond, thus allowing various
plants and animals to develop there (Ma et al., 2010; Michalski et al., 1987). Shallow water wetlands are
less than 2 m deep and recommended for waterfowl habitat (in southern jurisdictions).
Water depths greater than 2 m (7 feet) or shallower depths with flowing water are
recommended for open water habitat, to oxygenate the water, allow aerobic decomposition (with
oxygen) and allow over-wintering by fish, muskrat and beaver. Shallow still water ponds less than 3 m in
depth will often freeze to the bottom and result in anaerobic decomposition (deprived of oxygen) with
large amounts of hydrogen sulphide that kill fish, muskrats and beavers.
The construction of irregular bottoms on the ponds enhances habitat diversity (figure 9).

Figure 9 - Irregular bottom (Michalski et al., 1987)

11.6 Slopes
Wetlands can be divided into different zones (figure 10). The littoral zone is the area filled with
water. The vegetation can be submerged (under the water), floating or emergent (plants rising above the
water surface). The slopes are submerged as well. The shoreline (riparian area) is the fringe of land at the
edge the water. The upland area is situated higher than the water level and covered by natural
vegetation.
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Figure 10 - Pond zones (CEMA, 2012)

Submerged slopes are recommended for emergent (above water) plants (Steiner & Freeman,
1989). Breeding waterfowl require significant amounts of emergent vegetation. Around 30-90 % of
emergent vegetation cover is preferred by waterfowl for nesting and brood rearing habitat (Wiacek et
al., 2002). However, limited areas of steep high banks should be constructed or left standing for winter
denning by muskrat and for beaver lodge construction (maximum slope of 5:1 and less than 2 m high,
(Wiacek et al., 2002). Macrophytes (pondweed) and floating plants (yellow pond lily roots) are highquality summer foods for moose (Garibaldi, 2006; Wiacek et al., 2002).
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Figure 11 - Example of slope ratio (Michalski et al., 1987)

The outer edges of the ponds should have shallow slopes. Shallow slopes attract shorebirds,
reduce turbidity and promote emergent vegetation (Erwin et al., 1994; Hoffman et al., 1994). Scalet and
Modde (1984) recommended that shoreline banks be sloped to a 3:1 ratio and should not exceed 1:5
slope (figure 12). The ponds should be bordered by natural vegetation for duck nesting habitat. Place
gravels along some shoreline areas for shorebirds. Overburden and fine soils will flow at very shallow
angles when placed in water. Use caution when pushing with a bulldozer to prevent sinking into the
muck.
Figure 12 - Slope ration 3:1 (Prunuske, 1987)
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Figure 13 - Cross section of a shallow pond with marsh and riparian areas (CEMA, 2014)

Note: Figure 13 illustrates the ideal situation with a very gentle slope from the reclamation material to
the bottom of the pond going progressively with stepping berms.
11.7 Marsh
Marshes are often associated with open shallow wetlands. Marshes will appear in depressions and
shallow slopes between 0.2 and 1 meter (8 inches to 3 feet) deep (figure 15). There should be shallow
slopes to create marsh areas. The mining cut should be backfilled until there is depression less than 1
meter (3 feet) deep.
Figure 14 - Marsh area in a post-mined pond in Indian River Valley in May 2015

11.8 Woody Debris
In natural ponds, trees and branches often fall into the water from the streamside area. Coarse
woody debris provides habitat for small aquatic insects (Alsfeld et al., 2009), which are important prey
items for wildlife species and important to wetland function. They are important habitat for fish which
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provides protection for spawning substrate (loose gravels), and an area with greater food availability.
Place some logs and woody debris in the bottom and on the slopes of the pond.

11.9 Fish and aquatic organisms
The presence of fish alters wetland dynamics. Predatory species of fish will eat the aquatic
insects and vegetation necessary for waterfowl (Gould, 2000). Fish should not be actively added to
reclaimed wetlands, however fish should be allowed to colonize these systems naturally, after the
wetland system develops and can sustain natural colonization (CEMA, 2014).
The introduction of natural wetland soil can be used to introduce aquatic organisms (Brady et al.
2002) but is preferable to do so when the submerged vegetation has already grown. Transplanting 6-7
cm (2-3 inches) of organic soil from natural marsh enriches the vegetation with native species (Brown
and Bedford, 1997). For ensuring root penetration a 20 cm (8 inch) depth of organic soil is optimal at
water depths less than 45 cm (18 inches, Brown & Bedford, 1997). However, it is important to ensure
that you are not introducing any invasive species.
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Figure 15 - Diagram of a reclaimed shallow water wetland (CEMA, 2014)
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11.10 Beavers and Muskrats
Beavers (Castor Canadensis) will inevitably invade the reclaimed landscape and they will have an
impact on vegetation. Beaver control is not a long-term option at present, given the requirement for
self-sustaining landscapes and the fact that beavers are an important part of boreal forest ecology and
important to First Nation communities. Beavers must be anticipated and accommodated. They will build
lodges and canals and they will dam creeks, outlets of wetlands and ponds (Eaton et al., 2013; figure 17).
Beavers will modify the reclaimed wetlands and create their own marshes and shallow water wetlands:
 Wetlands will be enlarged and water depths increased by damming (1 to 2 meters, 3 to 7 feet)
 Marshes and shallow-water wetlands can be expected to form in areas constructed as
watercourses and fens
The presence of muskrats (Ondatra zibethicus) alters wetland dynamics as well. Muskrats can
produce channels through marshes and affect the proportion of shallow water through grazing (Eaton et
al., 2013).
Figure 16 - Beaver dam in a post-mined pond in Indian River Valley, May 2015
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12. Deeper excavations
Placer miners mine pay gravels at different depths with various types of heavy equipment. The
infilling of the mined-out pit with re-handled material may be preferred for reclaiming wetlands. It is
preferable to locate the overburden not too far from the pit in a place it can easily be pushed back over
the mined area or into the pit. If the mining method and equipment is not set up for infilling pits it can
be very costly and could have some environmental impacts, especially if out-of-pit material storage areas
have already been reclaimed. Even in mining systems set up to backfill pits, the last pit is not backfilled
as there is no nearby material to fill it with. For example, for a 100 x 100 m and 6 m deep excavation
would cost approximately $250,000 to excavate and about the same price to back fill it (Peterson, 1993).
An average operation would consist of six pits, therefore the reclamation costs would average of about
$1,350,000 (not possible for privately financed placer miners). In comparison, contouring overburden
and spreading topsoil would average about $25,000 for each pile.
In some cases, miners will create deeper excavations where there is a high ground water table
and the ponds cannot be backfilled. In “End Pit Lake guidance document”, CEMA (2012) insists that it is
important to provide “littoral zones” (figure 18) for very deep water bodies. These zones are the shallow,
nutrient-rich areas of the perimeter of lakes where plants can grow, and fish and waterfowl can find
refuge and habitat.
The littoral zones should have shallow slopes to promote emergent vegetation. They should
represent more than 10% of the surface area where practical. Littoral zones can be built by cutting back
the final pit walls or pushing overburden over the edges of the pond to create gentle slopes that could
become littoral zones. This process can also be used to create irregular shorelines. The shoreline of
these deeper ponds should be irregular. The bottom of the lake should be irregular as well. Topsoil
should be placed on the slopes to promote revegetation.
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Figure 17 - Littoral zones (CEMA, 2012)

13. Other Wildlife Enhancements
One of the objectives of wetland reclamation is to create a habitat that will support a great
diversity of wildlife. Wildlife species usually do not use just one habitat type and uplands are often as
important as wetlands.
The Bank Swallow (Riparia riparia) breeds in a wide variety of natural and artificial sites with
vertical banks. The Bank Swallow is listed as Threatened by COSEWIC (2013). Sand-silt substrates are
preferred for excavating nest burrows (COSEWIC, 2013). Banks cut from mining waste piles are used by
Bank Swallows for nesting (Chevreux, 2014; figure 19). Some mining cuts with steep faces that could be
suitable for Bank Swallows should be left alone and the banks that host active Bank Swallow nesting sites
should not be removed.
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Figure 18 - Mining cut with Bank Swallow nests on Ruby Creek, May 2014

Gravel piles can provide various habitat functions including perch sites, shelter, concealment,
escape cover, nest sites, and den sites. Mining tailing piles provide nesting habitat for the Common
Nighthawk (Chordeiles minor) (COSEWIC, 2007). This species is listed as threatened by COSEWIC (2007),
at risk by the CESCC and is included on schedule 1 of SARA, due to steep population declines. Gravels
can also be redistributed in ponds, along shorelines, and on pit floors, rather than discarded or buried
under constructed landforms (Michalski et al., 1987). Some shallow gravel piles should be left in the
reclaimed landscape for wildlife habitat
Piles of logs and broken-up logs, smaller pieces of debris such as roots, twigs, and branches can
be kept after the clearing activity. Properly constructed and located (hillsides, bottoms…), they afford
nesting sites and cover for wildlife (Benson, 2002). They are important for small mammals, reptiles,
amphibians and invertebrates as well. They also provide a source of nutriments, shade and moisture for
revegetation, control erosion and enhance diversity (Pyper & Vinge, 2012).
Brush piles need very little maintenance and they will benefit wildlife for several years. They
eventually decompose, however shelter is provided until the natural vegetation develops. A variety of
logs should be kept intact as much as possible and placed flat on the ground (Pyper & Vinge, 2012).
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Figure 19 - Bald Eagle on a dead tree (R. Lake)

Snags or dead standing trees provide a wide range of wildlife uses: cavity nesting, raptor perches and
nesting, and food for insectivorous birds and mammals (figure 21). Natural dead standing trees should
be left standing in the reclaimed landscape (Eaton et al., 2014).
Figure 20 - Snag (Eva Paulson)

Wetland Reclamation for Placer mining

45

14. Monitoring
The establishment of wetland will take in the order of 10 to 15 years. At that point, the system
should be well covered with succession vegetation and be “free to evolve.” Reclaimed wetlands should
not require long-term maintenance and management (Oil Sands Wetlands Working Group, 2000). It is
also possible that the habitat will not evolve in the way it was intended and a few former wetlands may
have to be reclaimed as dry lands. Monitoring should be conducted to see if adjustments need to be
made to the Best Management Practices from time to time. This monitoring information should be used
to gauge restoration success and not to justify tearing up and re-reclaiming former wetland areas.
Monitoring should be conducted by mines inspectors to ensure that erosion has been limited,
revegetation of disturbed areas has occurred, and that the reclaimed wetlands are saturated and/or
under water.
What needs to be monitored?
Table 3 shows the various reclaimed areas to monitor and the maintenance needed to guide the habitat
in its early years on track toward the reclamation goal (re-establishment of one of the five wetland
classes).
Revegetation
The growth rates and succession of vegetation species should be surveyed. For poorly vegetated areas it
may be necessary to use seeds and/or fertilizer. The propagation of non-native or undesirable species
should be monitored.
Ponds
The reclaimed wetlands must be saturated and/or under water. Erosion and the stability of the edges
should be controlled.
Tailing piles and overburden
Erosion should be controlled.
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Table 3 - Potential problems with constructed wetlands and adaptive management strategies
Problem
Water loss / drying
Water gain / flooding
High rate of infilling
with sediments

Shoreline erosion

Indicators
Exposed soil area
Salts present
Higher Water Level
Aquatic Vegetation
Diminishing
Increased Turbidity
Reduced Aquatic
Plant Growth
Excess Sediments
Around Edges
Decreased
Vegetation on
Shoreline

Lack of vegetation

Bare areas

Low plant diversity

All the same

Low aquatic organism
diversity

Less use by water
birds - less clear

Adaptive Management Strategies
-Convert drier areas from wetland habitat to upland habitat
-Change height of discharge structure (if present)
-Change height of discharge structure (if present)
-Add more soils if available and not already reclaimed
-Remove beavers by trapping and remove dam (if present)
-Allow habitat for beavers and muskrats to develop
-Check for and correct any erosion Issues
-Block off access to silty water
-Change height of discharge structure (if present)
-Install rip-rap or coarse aggregate on eroded area
-Cover shoreline with timber and woody debris
-Plant willow cuttings on shoreline
-Check for loss of organic soils
-Replace as necessary and reduce soil losses by erosion
-Transplant willows or pods of vegetation
-Increase connections with other wetlands
-Control invasive species (if present)
-Eliminate or reduce predatory fish population (go fishing!)
-Create more shallows on edges of ponds
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