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Runoff, Erosion and Sediment Control Best Management Practicesfor Yukon Placer Mining Operations

PREFACE

This report has been prepared for Fisheries and Oceans Canada (FOC) to assst in the development of
Best Management Practices (BMPs) for effective runoff, eroson and sediment control procedures within
the Yukon placer mining industry. The objectives of this report are to examine, discuss and document
runoff, eroson and sediment control practices as they relate to the physicd components of Yukon placer
operations.
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1.0INTRODUCTION

Soil eroson is a naurdly occurring process that plays many important roles in the development of
drainage basins, stream channel processes and aguatic habitats. Erosion rates are easly accelerated
when land is disturbed by natura events and human activities. Increased rates of soil erosion can impact
physcd and biologica equilibriums that have edablished over long periods of time within watersheds.
Once ggnificant impacts caused by excessve soil eroson have occurred, it can take many years before
natura conditions are reestablished. These impacts can have sgnificant consequences to the aquatic
environment and the fisheries resource, especidly when cumulative impacts over broad spatid and
tempora scdes are congdered.  The importance of minimizing and preventing impacts to aguatic
environments during the extraction or development of natural resources cannot be overstated due to the
socid, economic and intrinsic values of aguatic resources.

Large areas of soil disurbance are often associated with the mining industry as mining involves the
direct extraction of ores and minerds from the eath. Pacer mining is no exception.  Sgnificant
quantities of dluvid maerids are excavated across large surface areas, often located adjacent to or
within riparian areas. The need to implement effective runoff, eroson and sediment control practices
throughout al operations of placer mining, from grass roots exploration to find dte redamation, is
imperative to the protection of aguatic resources from unnecessary degradation.

2.0 EROSION, SEDIMENT AND SEDIMENTATION
2.1 Definitions

Soil erosion is defined as the process through which soil particles become detached from a surface by
ice, wind or water. Once eroded, soil particles are defined as sediment when they become suspended in
water or wind. Sedimentation occurs when sediment fdls out of suspenson and is concurrently
deposited onto a surface.

The magority of soil eroson associated with ice is through glacid processes, but some can occur in
streams when ice flows are present.  Wind eroson can be a sgnificant factor contributing to soil loss in
areas with unvegetated, or poorly vegetated soils that are exposed to prolonged high wind events and is a
ggnificant concern with respect to topsoil loss in the agriculture indudtry.  Although soils that are
exposed during placer mining activities can be susceptible to wind eroson, it is of much less concern
than soil erosion caused by water. As water is a necessary component of placer mining operations, and
as placer mining typicadly occurs within, or adjacent to, naturd water bodies, the concern for negative
impacts crested by hydraulic eroson and the potentid for associated sedimentation is high with respect
to aguatic communities and their habitats. Due to the force of gravity, soils eroded and transported
down dopes by water, often end up in water bodies when not obstructed in some way.

As placer is, by definition an dluvid depost, it is typicdly adjacent to or beneath existing water bodies
dong or near vdley and gully bottoms. Placer mining typicdly involves the remova of large quantities
of topsoil and vegetation, termed overburden, to access the paydirt below. Pacer mining aso requires
the use of water in the duicing process, which serves to separate and sort the soil particles in the paydirt.
These attivities typicdly involve the use of heavy machinery. As such, the need for controlling and
minimizing the introduction of sediment into the naturd water bodies from both the duicing process and
from exposed soils from adjacent areas isimperative during placer mining operations.

EDI Project #105-01 EDI Environmental Dynamics|nc. 1
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2.2 Typesof Erosion

In generd, there are five types of hydraulic soil eroson, each of which is described below (and
illugtrated in Fgure 1).

Splash (raindrop) erosion is the detachment of soil particles resulting from the impact of
raindrops faling directly onto a soil surface.

Sheet erosion is defined as the uniform remova of thin layers of soil from unchanndized weater
flowing across adoped surface.

Rill erosion occurs when soil is removed by water flowing through short-lived, discontinuous,
shallow channels or streamlets that have formed across adoped soil surface.

Gully erosion is an advanced stage of rill erosion that occurs when rills become enlarged and
form gullies, which are longer-lived, deeper channds.

Stream channel erosion includes the remova of soil dong channd banks and riparian aress, as
well as the scouring of sediment from the channel bed.

Raindrop Erosion
Sheet Erosion

Rill Erosion

Gully Erosion ,

Channel Ercsion

§s§ g

Frey

Figure 1. Types of hydraulic soil eroson (Colorado Department of Highways. 1978).
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The precise definition of sheet eroson rarely occurs, as it requires a uniform, flat surface that water can
pass over without forming rills. The definition of $eet eroson is useful to describe the stage of erosion
that occurs immediatdly after splash eroson and prior to rill eroson. Water associated with snow melt
typicaly darts at the sheet eroson stage of the eroson process. Rill eroson is a more common form of
il eroson. Vey andl rills typicdly form immediatdly downhill from the top of a dope where only
gplash and sheet eroson occur. Once formed, sediment-laden runoff has become somewhat channelized
and the water's velocity and erosvity potentids have increesed. Mogt of the rainfdl-induced erosion
occurs through the process of rill eroson. As rills grow in sze, depth and continuity, they may cause
the formation of intermittent channds, or gullies Gullies can dso form without the prior development
of rills when large volumes of runoff are discharged onto steep dopes with erodible soils.  Gully eroson
is often responsible for mass wasting events (e.g. land dides and debris torrents).

Stream channd erosion should be consdered separate from direct rainfall associated processes described
above, as the varidbles that govern the processes are quite different. Fluvid geomorphology processes
are numerous and not only determine whether sediment is eroded or deposited within an area, they
determine the width, depth, shape and longitudina profile of a stream.

From a runoff, eroson and sediment control perspective, the order in which these five types of soil
eroson caused by water are lisged corresponds to the difficulty of controlling these processes.  Splash
eroson is the eadest and most effective eroson process to manage, while channd erosion is the most
difficult and leest effective.

KEY CONCEPTS

. From a runoff, erosion and sediment control perspective the order in
which these five types of erosion are listed corresponds to the
difficulty in which they are controlled.

. Splash erosion is the easiest to control effectively and channel
erosion is the most difficult.

EDI Project #105-01 EDI Environmental Dynamics|nc. 3
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3.0VARIABLESTHAT INFLUENCE RUNOFF, EROSION AND SEDIMENTATION

There ae saveard interrdated and interacting naturd factors that influence soil loss within any given
geographica area. The most important of these include precipitation/climate, soil type, topography and
vegetation.

3.1 Precipitation/Climate

Climate is one of the most important factors that influence the potentid for soil eroson in an aea. Over
a broader timescde, climate plays a role in the deveopment of soil and vegetation, while climate
immediately determines the quantity of precipitation. The dimatic conditions determine how much,
how often, and what type of precipitation occurs over a given area.  While the other factors mentioned
above are dso very important, climate can be viewed as the firs step in determining the potential for
soil eroson as it quantifies the amount and intengty of the erosve agent (water, wind or ice).  Higher
rates of precipitation and snowmet will increase the potentid for soil erosion to occur no matter what
the other conditions may be.

All of Canada is clasdfied into severa ecozones that describe the spatial extent of severa generd
landscgpe and dimate characterisics.  The Yukon Territory contains five different ecozones. the Pecific
Maritime, the Bored Cordillera, the Taiga Cordillera, the Taiga Plains and the Southern Arctic. Each
ecozone is further divided into ecoregions based on more specific environmenta characterisics.  The
description and location of Canadas ecozones and ecoregions are avalable online a  Environment
Canada s website (http://www.ec.gc.ca/soer-ree/English/Framework/NarDesc/canada._e.cfm).

Mog of Yukon lies within the Bored Cordillera and Taiga Cordillera ecozones. Eleven of the twelve
ecoregions of the Bored Cordillera Ecozone are present within the Yukon Teritory. The Bored
Cordillera Ecozone is characterized by long, cold winters and short, warm summers with mean annud
temperatures ranging from 1°C to 5.5°C (Environment Canada Website 2003). Precipitation ranges
from approximately 300 mm a lower devations to up to 1500 mm a higher devations (Environment
Canada Website 2003).

The Taga Cordillera Ecozone contans seven ecoregions, dl of which are present within the Yukon
Teritory. This ecozone is dso characterized by long cold winters and short, warm summers.  Average
annuad temperaures range from -10°C in the north to -4.5°C in the south and precipitation ranges from
300 to 700 mm (Environment Canada Website 2003).

The long, cold winters that occur in Yukon are associated with the presence of permanently frozen
ground, known as permafrogt, in many areas. The presence of permafrogt is an important factor with
respect to soil erodibility, and will be discussed further in the subsequent section.

The erosve power of ran can be a very dgnificant contributor to soil eroson on hilldopes (olash
eroson). Randrops possess a condderable amount of kinetic energy, which is derived from ther mass
and velocity (momentum). Large quantities of soil can be removed as a result of this process. It has
been edimated that 37 tonneshectare (100 tons/acre) can be splashed into the ar during a heavy
rangorm on bare, flat soil (Ellison 1948). Didodged particles can move more than 0.6 m verticdly and
15 m laterdly on alevd surface (Gray and Sotir 1996). On a doped surface, this splashing will cause a
net movement of soil downhill, as didodged paticles are able to move further in the downhill direction.
The ability of rain to cause soil eroson is atributed to the Size of the raindrops and the rate of rainfall.

EDI Project #105-01 EDI Environmental Dynamics|nc. 4
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Another way in which splash eroson contributes to increased rates of eroson is the ability to decrease
the soils permesbility. Soil particles didodged by ranfdl can fill the interditid spaces within the soil
surface causng the surface to become less permesble, and in extreme cases, entirdly impenetrable. A
less permeable soil present on a doped surface leads to increased runoff and the formation of rills as
precipitation rates can easily exceed infiltration rates.

ACTION ITEM

. Determine which Ecozone and or Ecoregion the development is
located in, to get a general understanding of which climatic factors
will affect erosion potential.

EDI Project #105-01 EDI Environmental Dynamics|nc. 5
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3.2 Soil Characteristics

Soil characteridtics that determine the erodibility of the soil as wdl as the soils permesbility and water
holding capacity are extremey important factors in determining the potentia for soil eroson.

Soil texture is the primary factor that determines soil erosvity. Fine textured soils are smdler and more
eadly trangported by water, than coarse textured soils. Soil coheson, however, is a factor that
determines how eadly the soil is detached from a surface. Cohesive soils with fine textures, such as
clays, are often very stable and do not erode eadly. Fine textured soils that have low cohesion are the
most erodible. Coarse textured soils are only erodible a high water velocities. Uncompacted sandy
soils are often the most erodible as the texture isfine, but cohesion isrelatively low.

Once eroded from a surface, sediment particle Sze is an important factor in terms of how long it will
reman in sugpenson. The coarser the sediment texture, the more easly it will fal out of suspenson and
be deposted. Once in suspension, sits and clays can remain in sugpension for extremely long periods of
time, as thar smdl paticle Sze requires condderable time in very dow moving or 4ill water to fdl out

of sugpension.

Fgure 2 describes the reaionship between particle sze and waer veocity. This rddionship is
important in understanding the water velocities required to erode, transport and deposit various particle
gzes.

1000 T

"-..h‘__ Erosian __ﬂ:,.r:":

™A

0 e
Transgporiation
Depasition

1 S

/|

Mk} o 1 1 o 100

Velocity (cm/s)

Particle size (mm)

Figure 2. Diagram of the relaionship between particle Sze and water velocity (adapted from
Hjulstrom 1935).

Soils can have the ability to absorb large quantities of precipitation. Water immediately absorbed by the
s0il means that little or no water will move down dope as surface runoff.  Soil permesbility is the
measure of a soils ability to absorb water. A soil’s permesbility is directly proportiond to its porosity.

Soils that are not compacted and have spaces or pores located throughout the soil matrix dlow for the
movement of water. The amount of water that a unit of soil can contain is known as its water holding
capacity. Soils that are saturated have reached their water holding capacity. Once this occurs, or once
the infiltration rate is exceeded by the rate of precipitation, any additiond input of water to the soil

EDI Project #105-01 EDI Environmental Dynamics|nc. 6
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surface will pool on flat surfaces or runoff on doped surfaces. The top layer of soil is the most
important layer with respect to the soils ability to prevent runoff. If water cannot penetrate the soil
aurface, the soils water holding capacity, porosity and permeability beneath the surface become
irrelevant with respect to the prevention of runoff.

Permafrogt, which is present sporadicaly throughout most of Yukon and continuoudy throughout the
northern parts of the territory, is an important soil characterisic that has many implications in terms of
0il eroson. Permafrogt is a zone of permanently frozen ground that can extend down severd meters
and is usudly covered by a reatively thin layer of materid (15 cm to 5 m), known as the active layer,
that freezes and thaws on a seasond bass. Frozen soils are more stable and less susceptible to erosion
than unfrozen soils. Frozen water present within the soil binds the soil particles into a solid mass.  As
s0il pores are filled with ice, frozen soils are much less permeable and water tends to only flow adong
fractures present within the soil.  The reduced permeability can lead to increased runoff and dope falure
as the frozen soil has avery limited (liquid) water holding capeacity.

lce rich soils dso known as black muck are made up of finer graned materids and become very
ungtable when meting occurs.  When mdting of this materia occurs dong a dope, mass wadting often
results. Mdting of frozen soils can occur when the soil is exposed for sufficient lengths of time as a
result of some kind of disurbance. The active layer acts as an insulator and its removd can cause
accdlerated rates of permafros mdting. It is very important to minimize disturbance to frozen soils
whenever possible.

ACTION ITEMS

. Determine soil types present and their associated erodibility.

- lIdentify high hazard areas (steep slopes, permafrost etc.).

EDI Project #105-01 EDI Environmental Dynamics|nc. 7
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3.3 Topography

The length and angle of a dope have a mgor bearing on the potential for the occurrence of soil eosion.
The longer and steeper the dope, the more susceptible to erosion it will be. Longer dopes promote
higher runoff velocities by prolonging the acceeration of water due to the force of gravity. As water
accelerates, it becomes more erosve. The distance traveled by eroded sediment increases proportionaly
with dope gradient. Without some sort of a bresk in the dope, surface eroson develops into rill erosion,
which can then progress into gully erosion and the formation of channels.

ACTION ITEM

. ldentify steep and long slopes that may be susceptible to erosion.

3.4 Vegetation

Vegddion provides severd extremey important functions in the prevention of soil eroson. Vegetation
provides a protective layer over the soil surface that absorbs the impact of precipitation. This function,
known as interception, can sgnificantly reduce splash eroson. Interception can aso reduce the amount
of water that reaches the soil surface due to absorption and evaporative losses. However, water that tes
been intercepted and subsequently fdls from a mature forest canopy can be more erosive than the
origind raindrops. This is due to the increased Sze of water droplets that can occur during reduced
fdling veocities a waer droplet’s maximum potentid Sze is inversdy proportiond to its veocity.
Low-lying vegetative cover tha intercepts water fdling from a higher canopy above is, therefore, very
important in the interception process. As such, a well-established, dense layer of vegetation present
immediately above the soil surface can be very effective a preventing the erosve effects of direct
ranfal and water fdling from the forest canopy.

The presence of vegetation on dopes can provide a great ded of dtability to the dope, both on the
surface and deep within the soil matrix. The remova of vegetation from a dope can lead to increased
rates of erosion and/or dope falure. Roots, which can extend to consderable depths within the soil can
provide mechanical reinforcement of the dope, which increases its dructurd integrity and shear
grength. Roots aso adhere to soil particles preventing them from easily eroding.

Roots dso play an important role in increesng soil permesbility and its infiltretion capacity.  Roots
provide avenues that water can follow aong to penetrate the depths of the soil.  Roots penetrate the soil,
breaking it up and leaving behind pores that may not otherwise have been present. The increased
porogity increases the soil’ s water holding capacity.

Vegddion dong a doped surface provides surface roughness that acts to dow the velocity of surface
runoff. Sowing the water vadly reduces its erogvity. A dense vegetdive cover can virtudly stop
eroson caused by runoff. Sowed runoff velocities dso dlow the water to make its way into the soil
rather than continuing to flow aong the soil surface, thus directly reducing runoff amounts.

EDI Project #105-01 EDI Environmental Dynamics|nc. 8
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Vegetation aso consumes soil water through the process of evepotranspiration. This can be an
important process where dgnificant amounts of water are present in the soil. Saturated soils on dopes
can often become ingtable due to the increased weight and decreased soil cohesion provided by the
excess water. When vegetation is present to effectively reduce the amount of water present in the soil,
dope stability concerns are reduced.

The presence of vegetation dso increases the incorporation of organic matter into the soil, resulting in
better structural and water-holding qudities in the soil.  Vegetation aso provides suitable conditions for
other biota to inhabit the area, which incresses the potentid amount of organic matter content within the
s0il.  Increased faund and biologica activity, leads to better soil structure with respect to porosity and

water holding capecity.

ACTION ITEM

- Identify areas where vegetation should not be removed (where
possible limit the area of clearing).

- Where vegetation clearing is required, identify areas where the
understory and organic layer can be left intact (where possible limit

the area of grubbing).

EDI Project #105-01 EDI Environmental Dynamics|nc. 9
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40 THE IMPACTS OF EROSION AND SEDIMENTATION

Eroson and sedimentation occurring as a result of natural resource development and extraction activities
have many important implicaions in tems of ther environmentd and financid impacts.  Increased
sediment causes changes in channd shape and form (morphology), stream subdtrates, the dructure of
fish habitats, and the dructure and abundance of fish populations. Although the cods of implementing
effective runoff, erodon and sediment control measures can be expensive, the costs of not meeting the
requirements can be even more expengve in the long term.

4.1 Environmental | mpacts
4.1.1 Physical Impacts

Increased rates of eroson and the resulting sedimentation can have many sgnificant effects on the
physica characteristics of a watercourse. A subgtantid introduction of sediment can result in changes to
sream channed morphology as an adjusment of the baance between depostion (aggradation) and
depletion (degradation) of stream substrates is forced to occur.

Increased sedimentation will lead to increased sediment depostion in lower gradient stream reaches.
Over time, as portions of the stream channd continue to fill in with deposted sediments, the channd
mus widen in order to accommodate its norma seasond flow levels. Bank scour and falure are
common results of a widening stream channd. Bank falure often leads to a reduction in the channd’s
laerd dability, which, in combination with continued sedimentation could lead to further aggradation.
Bank falure can be especidly high when coupled with a loss of riparian vegetation, which would have
otherwise provided substantid bank sability. In areas where severe aggradation has occurred, water
may flow etirdy benesth the aggraded materid during low flow periods, which has serious
implications to fish passage.

4.1.2 Biological Impacts

Physcd dream channd characteridtics dictate the types and abundance of aguatic habitats available for
dl aguatic organigms. Sight changes in dream channd characterisics can have sgnificant biologica
implications. As described above, increasing the rates of erosion in a drainage basn results in direct
changes to the physcad characteridics of stream channels. Stream channds that have widened and
aggraded have often logt alot of habitat complexity.

Increased turbidity caused by an increase in suspended sediment concentrations can decrease primary
production within streams. Primary producers such as adgee and agudic plants obtain energy from
aunlight for photosynthess.  Increased turbidity can dragticdly reduce the amount of sunlight that
penetrates the water, which may dow primary production.

Increased sediment levels can reduce the presence of some invertebrate species. The reduced numbers
of invertebrates can be caused by increased invertebrate drift, as invertebrates move downstream to
more favorable conditions, and lethal effects of high sediment levels. Increased invertebrate drift can be
caused by a reduction of light, which is caused by increased turbidity, and by depostion of fine
sediments over preferred coarser substrates. In a study conducted on placer-mined dreams in Alaska,
macroinvertebrate densty and biomass decreased dgnificantly in mined dreams, as compared to
unmined control streams (Wagener and LaPerriere 1985). Sediment deposited on stream bottoms,
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affects the benthic or bottom dwdling invertebrate community by directly dtering the benthic
environment they inhabit.

Obvioudy, a reduction of invertebrate species will directly affect the fisheries resource in terms of
decreased food availability. Severa other well-documented effects of sedimentation on fishes may dso
occur.

Changes to the physicd characterigics of the stream channd directly affect the type and abundance of
fish habitat. The man concern with respect to loss of fish habitat has to do with spawning habitat as it is
often the most sendtive to disturbance and has the grestest bearing on the survivd of fish socks.
Reduced spawning potentid directly affects the reproductive success of fish.  Many sediment/fish
rdated studies are focused on the impacts of sedimentation of the spawning gravels of samonids.
Sdmonids typicdly spavn over gravel to cobble szed subsrates, which are reaively clean (free of
finer szed patices). Incubating eggs and newly emerged devins, which are present within the
spawning subgtrate, require a continud flow of water from which they obtain oxygen. If the flow of
water is hindered by the accumulation of fine sediments overlying and within the interditid spaces of
the spawning subdrate, survival is reduced accordingly. The accumulation of excessve amounts of
sediment over spawning areas can cause the areato no longer be suitable for spawning.

Fish are adapted to tolerate fluctuating levels of water turbidity and sediment concentrations as they
occur naturdly to some extent in dl dreams. However, excessve levels of sediment beyond
background levels for prolonged periods of time can be detrimentd to the hedth of fish and if high
enough can even directly cause mortdity. Severa sudies have been conducted that document the
effects that sediment has on fish. Some sudies have dso been conducted that document these effects
occurring as a result of placer mining activities (for example see Liber 1992, Pentz and Kostaschuk
1997).

Sediment concentrations required to kill fish are quite high and do not often occur in prisine or
disturbed streams. The concentrations required depend on the species tolerance a a given life stage and
the length of exposure time; they typicaly vary from hundreds to thousands of mg-L™ over a standard 96
hour exposure period (Birtwell 2000). Concentrations required to harm fish or dter their behaviord
patterns are much less, ranging from tens to hundreds of mg-L™ (Birtwell 2000).

In addition to the physicad harm eevated sediment concentrations can have on fish, there are dso severd
indirect effects that may occur. Examples of these effects include decreased feeding ability and predator
avoidance. These responses are largely due to the reduced vighility that occurs as a result of increased
turbidity levels. However, there is speculation that these effects may dso be due to devated leves of
stress experienced by the fish in these higher levels of suspended sediment.

Fish dso avoid areas of high turbidity or suspended sediment concentration as the abrasve nature of the
oftenrangular shgped il paticles can ham fish gl filaments ~ Avoidance of aeass with high
concentrations of suspended sediment can effectively mean that the habitat is no longer suitable until
levels go back down. If the sediment source is chronic, important habitat can be lost. This can have
dggnificant effects on fish species when occurring during crucid lifecycle sages such as migration and

spawvning.
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4.2 Financial Impacts

Runoff, erodon and sediment control measure can add Sgnificant codts to placer mining operations.
These measures must be implemented in order to prevent degradation of the natura environment and
impects to the financidly sgnificant fisheries resource.  The financid cods are likdy to be minimized if
time is spent upfront doing extensve planning before mining operations begin.  Not unlike the old
adage, “an ounce of prevention is worth a pound of cure’, time and money invested in preventative
measures will be less codly in the end. Eroson and runoff control measures are the chegpest to
implement and are the most effective, often preventing unnecessary eroson and sedimentation from
occurring.

Prevention of excessve dte degradation throughout the duration of the mining activities will likey
reduce some of the costs associated with reclamation. For example, leaving vegetative buffers around
sendtive areas is much better than trying to reestablish vegetation, and minimizing erodible soil
exposure times is more effective than dealing with the erosion that may otherwise result.

If improper placer mining practices with regpect to limiting eroson and sedimentation result in
dggnificant environmentd damage, the mining operation can incur pendties. Payment of fines and/or
litigation costs can be very expensive to the operation. Avoiding fines and litigation by ensuring Best
Management Practices (BMPs) ae adhered to will likely be less codly in the end, and will offset
negative public opinion of an operation and of placer mining in generd.

Lowering of public trus and negaive public opinion of placer operdtions can have ggnificant
implications for the future of placer mining.  If public opinion of placer mining becomes negative due
to the lack of effort by the industry to conduct proper practices, it will inevitably lead to more rigid
regulation of the industry. Efforts made to follow guiddines and regulaions will gain public support for
the industry and will ensure the future of placer mining, while minimizing future policy changes tha
would likely increase operating costs.
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5.0 RUNOFF, EROSION AND SEDIMENT CONTROL

5.1 Defining Runoff, Erosion and Sediment Control

To implement effective runoff, eroson and sediment control measures requires a comprehensve
underganding of the processes occurring as well an understanding of the differert control objectives of

these measures.

Runoff Control:

The god of runoff control is to mitigate for the erosve and sediment trangport forces of water. This is
done by limiting the concentration of water flow, decreasng water veocities and diverting runoff water
to less erodible areas.  Through the effective implementation of runoff control messures, the need for
eroson and sedimentation control measures can be dradticdly reduced and in some case entirey
avoided. By diminishing the drength of the erosve agent, and by redirecting it to less erosive aress,
runoff control can be viewed as a primary preventative measure.

Erosion Control:

Eroson control measures are designed to prevent the detachment of soil particles by wind or water. The
god of erosion control measures is to avoid excessve eroson of soil from a ste. Once runoff control
measures have been implemented to reduce the effectiveness of the erosve agent, eroson control
measures are employed to decrease the erosivity and, concurrently, increase soil gability. The retention
of natura vegetation for erosion control can be viewed as a primary preventative measure.

Sediment Control:

Sediment control involves the implementation of measures that dlow sediment to sdtle out of
suspenson 0 tha the introduction of sediment-laden water to aquatic habitats is minimized. Sowing
runoff velodties or impounding sediment-laden water for gppropriate lengths of time can retan
sediment.  Both of these measures dlow for the time required for the force of gravity to act on
suspended fine sediments and bring them out of suspenson. Sediment control does not involve the
filtering of water, as there is no cost effective, feasble way in which to filter fine sediments from
sediment-laden weter.

KEY CONCEPTS

- Retaining as much natural vegetation as possible is the most
effective erosion control BMP.

. Runoff and erosion control should be done first and sediment
control last.
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5.2 Stepsfor Effective Runoff, Sediment and Erosion Control

The objectives of preventing and minimizing eroson and sedimentation can be met by adhering to the
following eeven principles, which can be gpplied to any type of devdlopment. Each of these principles
is discussed with respect to specific agpects of Y ukon placer mining.

ELEVEN PRINCIPLES TO MINIMIZE EROSION AND SEDIMENTATION

Fit the development to the terrain

Time clearing and construction to minimize soil exposure
Retain existing vegetation whenever feasible

Vegetate & mulch exposed soils

Divert runoff away from exposed soils

Minimize slope length & steepness

Keep runoff velocities low

Prepare drainage ways & outlets to handle concentrated or
increased runoff

9. Trap sediment before it enters aquatic habitat

10. Inspect & maintain control measures

11. Installation of appropriate drainage crossing structures

NG~ WNE

Fit the development to theterrain:

A wdl thought out devdopment plan is paamount to minimizing potentid environmenta impects By
taking into condderation the physcd and biologica characterigtics of a Ste during the planning process,
the best possible gpproach can be taken from the start. Rather than trying to mitigate for impacts caused
by eroson and sedimentation after they occur, preventative measures should be implemented from the
gat and throughout the duration of the operation. Sendtive areas should be identified and avoided
whenever possble  Things to congder with respect to runoff, eroson and sediment control include
dope lengths, dope gradients, water drainage patterns and soil type to name afew.

Time clearing and construction to minimize soil exposure:

As placer mining in Yukon is restricted to only a few months of the year due to climatic varigbles, there
is not a great ded of choice with respect to planning for the timing of operations. Reviewing ecoregion
characteridics may asss in determining gppropriate timing for clearing and condruction activities.
Clearing and heavy earthworks should be avoided during times of intense precipitation. Whenever
possble, timing of clearing should be done so as to minimize the time in which soils will be exposed.
Conducting periodic reclamation activities throughout the duration of the placer mining operation rather
then peforming al the reclamation activities when the mining operaion is complete can dso minimize
s0il exposuretime.
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Retain existing vegetation whenever feasible:

Remova of vegedion from al areas, especidly within the riparian area, should be minimized whenever
possble. Vegetation that must be removed from a Ste during clearing of overburden should be sat asde
and used to revegetate areas where mining activities are complete.  Vegetation can be temporarily
planted and stored in an area when a long period of time is anticipated before remediation of a dSte is due
to commence. Vegetation removed during access road congruction can be set asde and promptly
replanted dong sendtive areas of the road such as a dream crossngs when road congruction is
complete. Note: much of the revegetation work identified above can be completed with an excavator.

Vegetate & mulch exposed soils:

It is important to vegetate and mulch exposed soils that are not within an active area Grass seed is an
inexpensve way to propagae the growth of vegetation on exposed soils. Various types of seed are
avalable for many different gpplications and dimatic zones. Mulching soils with draw, hay or other
organic maerids is another affective means of preventing eroson as it protects the soil surface from
gplash eroson. Vegetating and mulching should occur as soon as possible after soil exposure, especidly
aong doped surfaces.

Divert runoff away from exposed soils:

One of the mogt effective ways to prevent eroson of exposed soils is to limit the exposure of the soil to
the erosve agent. Diverting runoff away from more erodible to less erodible areas is an important
preventative measure.  This principle is especidly effective when runoff occurring on dopes can be
diverted away from the exposed soils into soils that are adequately protected by a vegetative cover.

Minimize slope length & steepness:

All talling piles and exposed side dopes should be contoured to reduce dope length and Stegpness.
Slope steepness should be reduced to grades that are suitable to the erodibility of the soil materid. For
example, well-drained soils made up of coarser material and ice rich soils can be left a Steeper grades
than poorly drained materids. Recommended dope grades for various soil characteristics (Table 1)
have been adapted from Handbook of Reclamation Techniques in the Yukon (Indian and Northern
Affairs Canada 1999).
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Table 1. Recommended dope grades for various soil characteristics.

Slope Soil Characteristic Recommended Procedures
Icerich soil Leave verticd.
Undercut vegetative layer so it will fall and cover exposed dope.
%— Less than 5% frost Grade dopeto lessthan 2:1.
4 Round off top of dope.
.'(‘7-"3 Coarse, well-drained soils Grade dopeto less than 2:1.

Bench dopeif over 15 m high.

Fine, poorly-drained soils Grade dopeto less than 3:1.

Coarse, well-drained soils Grade dopeto lessthan 2:1.
Round off top of pile.

Rle

Fine, poorly-drained soils Grade dopeto less than 3:1.
Round off top of pile.

Creating steps, or terraces, along the length of long (i.e, over 15 m high) dopes can effectivey
minimize the dope length. The placement of terraces, dso known as benching, dlows gradients of the
dopes between the terraces to be left somewhat Steeper as the erosvity of the entire dope has been
decreased.

Keep runoff velocities low:

Sowing the veocity of runoff occurring over exposed soils is important in reducing the potentia for
eroson to occur. Reducing the veocity of runoff minimizes its erosve potentid. Sowing runoff
velocities can be achieved through severa different methods, esch of which ether reduces the dope
length or steepness, or increases the roughness at the soil surface. Terracing of dopes described above
is one way in which runoff velocities are minimized. Other ways indude:

Revegetation of exposed soils.

Placement of check dams adong drainage ditches.

Tracking dopes with heavy machinery.

Spreading of organics on dopes (e.g. woody debris).

Prepar e drainage ways & outletsto handle concentrated or increased runoff:

Ensuring that drainage ways and outlet aress will be able to withstand the amounts of flow they may
receive is vitd to ensuring that water will not flow beyond the limits of the dranage and into places
where it may cause erosdon and/or sedimentation. It is important that drainage channds and channd
diversons not be congructed in perched locations as this will lead to the ease in which water may
ecape the channd. In addition, it is important that that the drainage ways are $able enough that they
are not sgnificantly eroded by increased flows. As such, they should be armored with gppropriately
gzed subdrates depending on the amount and velocity of water the drainage will receve. Drainage
ways and outlet areas, therefore, should be of sufficient Sze and durable enough to handle dl discharge
levelsthat they may receive.

Proper drainage ways and outlets are very important issues with respect to placer mining as they often
involve substantia changes to naurd drainage patterns. Extensve channd and drainage diversons are
often involved. The location and design of these drainages are important factors in minimizing the
potentia for excessve erosion and sedimentation.
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Trap sediment before it enters aquatic habitat:

Pacer mining methodology involves the implementation of this important sep through the use of
stling ponds.  As the generation of sediment-laden water is inevitable when paydirt is washed in the
duicing process, it is important to trgp the sediment before the water is reintroduced downstream. The
desgn and maintenance of settling ponds is important so they function properly. Recommended design
criteria are described in the Placer Mining Design Handbook (Nordin & D. Latoski 1989). Severd
ettling ponds are often required to reduce the levels of sediment in the water to desired concentrations.

Recyding of duice waer has been found effective a reducing suspended solids without decreasng the
effectiveness of the duicing process (Johnson, JH. Chapman, et d. 1987). In combination with proper
settling pond design, sediment input into the receiving aguetic environment can be effectively reduced.

Inspect & maintain control measures:

Inspection and maintenance of control mesasures is essentid to ther long-term effectiveness.  Sediment
control structures require the highest amount of maintenance, as sediment that has setled out of
suspenson must be removed periodicaly throughout the lifespan of the control measure. If sediment
control messures, such as glt fencing and settling ponds, are not cleaned out while ill in use, the
accumulation of sediment will cause the dructure to not function properly and may even cause stored
sediment to be washed into naturd aguatic areas downdream. Failing sediment control Structures can
cause dgnificant damage to the aguatic community when falure results in a large, adrupt discharge of
fine sediments into the recaiving environment.

I nstallation of appropriate drainage crossing structures:

Ingalation of gppropriste crossng dructures is very important in terms of minimizing eroson and
sedimentation and ensuring fish passage on fishhbearing streams.  All crossings have the potentid to
modify naturad drainage patterns and affect eroson processes. Rvorly designed and constructed crossing
dtructures can lead to chronic erosion and impact fish passage. The Sze and type of crossng structures
should be carefully chosen on the basis of bankfull channd width, stream gradient, fish species, habitat
present, sengtivity of the site and length of time the crossing is expected to be used.

Crossing dructure condruction/remova may require Ste isolation, which can be achieved by pumping
water around the Ste or some other means of temporarily diverting the water flow around the ste.  Site
isolation alows the instream work to be conducted in isolated conditions so that sediment generation is
minimized during congruction/remova activities

5.3 Runoff, Eroson and Sediment Control M ethods

Proper site planning is the firg and most important step to ensure that eroson, sedimentation and other
forms of environmenta degradation are minimized during placer mining operations. Once sufficient dte
planning with the god of minimizing disurbance to sendtive areas has been conducted runoff, erosion
and sediment control concerns should be addressed.

Controlling runoff can be viewed as a preventative measure that can negate the need of future eroson
and sedimentation control measures.  Runoff control measures are, therefore, much more efficient at
preventing eroson and sedimentation and ae often the chegpest to implement. Eroson control
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meesures are often more expendve to implement and usudly require inspections and in some cases
maintenance to ensure their continued effectiveness  As sediment control messures are the most
expendve and least effective a keeping sediment out of aguatic environments, they should be left as the
last approach consdered during the development of an Erosion and Sediment Control Plan.

| Planning a New
Mine Development

!

[dentify sensitive areas (inclading
drainage locations, steep slopes,
areas of permafrost and areas of

highly erodable soils).

'

Determine which areas must be
cleared for the mining operation.
o Do these include any sensitive Yes
areasy

Proceed with project and Can runoff and erosion control
implement munoff, erosion and methods be implemented to
sediment control methods az Ho prevent sediment introduction Yeg
requited during operations. into sensitive areas?

Can munoff, erosion and sediment Proceed with project and
control methods be implemented implement runoff, erosion and
to prevent sediment introduction Yes sediment control methods as
into sensitive areas? recuited during operations.

Redesign the development. [ Ne

Proceed with project and
inplement runoff], erosion and
sediment control methods as
requited during operations.

Figure 3. Planning a new mine development: runoff, eroson and sediment control flow chart.

The following sections describe the various runoff, eroson and sediment control meesures that are
gpplicable to the Y ukon placer mining industry.
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5.3.1 Runoff Control
Swales or Out-take Ditches

These gtructures are drainage ditches that are used to direct water away from streams and erodible areas
and into naturad vegetation or caich basns. These dructures are typicdly used aong roadways to
convey accumulated ditch water into forested areas. This prevents road drainage problems by limiting
the concentration of water in a ditch. Use of these dructures can prevent road washouts caused by
excessve ditch water. They are dso very useful a limiting amounts of ditchwater entering dreams at
road crossings.

In addition to their use aong roads, swaes or take-out ditches can dso be used in any area where
exposed soils occur.  In relaion to placer mining this measure can be used in floodplain aress to divert
concentrated runoff into well-vegetated areas away from the riparian area.

Natura topography should be consdered when constructing these sructures so that water is drained
away from the roads or highly erodible stes Stable natural depressions or vegetated areas should be
used to receive the ditch water. These structures are associated with most well designed road networks,
but are often overlooked for other gpplications and on smal, privately owned and maintained dirt roads.

5.3.2 Erosion Control
Surface Roughening

Roughening of exposed soil surfaces is often overlooked and misunderstood. Exposed dopes are often
left smoothly graded and compacted. This practice leads to increased runoff velocities causng the
formation of rillsgullies and the associated increase in eroson rates.  Roughening of the dope reduces
runoff velocities, reduces soil compaction, increases <oil infiltration rates and provides micro sStes that
promote vegetation establishment.

Surface roughening can be accomplished by tracking dopes with machinery or smply placing logs and
woody debris on the dope.  Tracking is very effective & minimizing runoff and eroson and promoting
vegetation, however, it must be done in the proper direction. The grooves left by the tracks must be
horizontal (perpendicular to the dope direction), as verticd grooves would accelerate the runoff and
increase the eroson. Michad Harding, CPESC from San Diego State Universty has found that
sediment yield from dopes can be reduced by 55% following tracking with machinery (Pers. Comm.
2002).
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Figure 4. Proper tracking procedures. (Cdifornia Regional Water Quality Control Board 1999).
Slope Benching

Slope benching involves the creation of flat surfaces, or benches, dong the length of a dope. Sope
benching provides many of the same benefits on a macro scde that are provided by surfacing
roughening on a micro scde.  Sope length and gradient are dgnificantly reduced through this
procedure, which, as previoudy described, reduces runoff velocities and prevents eroson.  Benching can
dso enhance infiltration, as dowed water will have time to percolate into the soil. Benches can be
condructed to divert runoff into adjacent vegetated aress by dlowing for a dight gradient dong the
length of the bench. This method can be used if there is concern about initiating a dope falure & the
bench as a result of excessve water accumulation. In most cases, benches congructed horizontaly
(with no gradient) are very dfective a trapping sediment that that has eroded from the dope above, with
minima risk of dopefailure

Grass Seeding

Grass seeding is an excdlent, cost effective method of rapidly establishing vegetation on exposed soils.
Spreading grass seed over exposed soils that have the potentia to erode into streams is easy and
inexpensve. Grasses will provide protection to exposed soils from splash erosion; they will dso reduce
eroson by dowing runoff veocties, enhancing infiltration, trgpping sediment and providing sructurd
support for the soil. Grasses are typicdly effective over the short-term (five to ten years), as they will
eventudly die off. The god is to provide this short-term remedy in the hopes that it will assst with the
long-term god of naturd Ste revegetation.
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Severd varieties of grass seed are avalable that are suited for specific soil conditions and climatic
regimes. It is important to pick the agppropriate grass mixture for the desred god and specific dte
conditions. Grass seeding should be done as soon as possible after works are complete in a given area
Although establishment success may depend on the time of year the seed was gpplied, it can usudly be
goplied a any time of year with at least some success. Grass seed can even by applied over show. The
best times of year to apply seed are late fal and early soring. The least amount of success occurs when
seed is gpplied during very dry periods and in the late summer when seeds will dart to germinate, then
die from exposure to frost.

Ferilizer may be necessary to promote establishment of the grasses when soil nutrients are limiting.
Mulching (described below) is another way to promote establishment of grass as it provides direct cover
and awarmer, wetter growing ste.

Mulching

Mulching condsts of gpreading some type of materid over exposed soils.  Different types of mulch
include straw, hay, woodchips, rock or hydroseed mulch. Mulch provides short-term protection of soil
from splash eroson and should be done in conjunction with grass seeding. Note: grass seeding should
be completed prior to the application of mulch.

It is important to sufficiently cover the soil surface with mulch, however; too much mulch can be
detrimentd. Straw/hay mulch should not be applied more than five centimeters deep for severd
reesons. Excessve thickness can be detrimenta to the establishment of vegetation as it can trgp too
much moisture, block sunlight and provide habitat for rodents. High moisture conditions combined with
alack of sunlight promote the growth of mold, which can prevent the growth of vegetation.

Hydroseeding

Hydroseeding is an effective way to goply seed and mulch to large areas.  Hydroseeding involves the use
of a portable tank and pump that are used to spray the hydraulic mulch onto the ste. Hydroseeding can
include fertilizer to propagate rapid plant growth and teckifier to bind the components of the hydroseed
mixture. Once gpplied, the tackifier binds the mulch fibers together, forming a net hat protects the soil
surface and the hydroseed materid itself from splash, sheet and rill erosion.

Vegetation Planting

In addition to gpplications of grass seed, planting of larger, woody vegetation will ad in reestablishing
vegetation on disturbed stes. The easest, and most natural way of doing this is to set asde vegetaion
such as immature deciduous and coniferous species that are removed from a dte during the clearing of
overburden. The length of time it will take to replant the vegetation will determine what care is required
to ensure surviva of stockpiled vegetation. It may be necessary to plant high dengties of good quality
vegetdion in a specified nursery area if it will be severd months before vegetation can be replanted in
its find location. Note the roots of the vegetation must not dry out or the survival rate a the
rehabilitated stes will be poor.
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Bioengineering

Bioenginering is the use of live plant materid to dSabilize dope surfaces and prevent eroson.
Bioengineering vegetation reduces eroson and acts as a sediment trgp.  Severa different bioengineered
sructures can be indaled to gtabilize dopes and channd banks. Some more labor-intensive, aggressive
dructures, such as brush layers and wattle bundles, can ke used to dabilize very ungtable dtes or Stes in
which eroson or mass wasting has aready occurred. Probably the most broadly suitable and often
implemented biocengineering method is live seking.  This is the mog smplisic type of bioengineering
as it amply involves the insertion of live dakes into the soil matrix. While some structurd support is
immediately provided by the stakes, support will increase rapidly when the roots become established.

All types of bioengineering gpplications involve the use of live cuttings of certain varieties of deciduous
vegetation. In the Yukon, willow and basam poplar ae the species typicdly used and are usudly
readily available in most areas. When a nearby source of these species is not available, bioengineering
may not be feasble. Note bioengineering usng live cuttings must be conducted while vegedion is
dormant.

Rolled Erosion Control Products

Eroson control products that can be purchased in rolls such as geosynthetic matting, eroson control
blankets and open-weave textile meshes are very effective for the prevention of surface eroson. There
ae sved dffeent products avalable for severd different gpplications. These products are typicdly
made from draw, coconut fiber or synthetic materid that is enveloped in plastic or biodegradable
netting. They are wdl suited for long-term reclamation objectives as wdl as for temporary dte
dabilization.  Severa of the products are especidly useful on steep dopes and stream banks that are
very susceptible to erosion or dow to revegetate. Due to their effectiveness, these products are often
used on dopes that are adjacent to senditive areas such as streams.

For the full effectiveness of these products to be redized, proper inddlation procedures are very
important. For example, prior to inddlation of eroson control blankets the surface upon which they are
to be indaled should be seeded as wel as physicdly prepared to remove surface irregularities and
reduce roughness. When lad out, the blankets must have uniform contact with the soil so that rill and
gully erosion does not occur benegth the blanket. The blankets should then be well staked or stapled to
the surface, ensuring that the stakes/'staples are eft flush with the surface.

Rock

The use of rock is very effective in terms of sediment and eroson control, but can hinder the return of
naturd conditions to the dte, as vegetation will only establish in any gaps left between the rocks. Uses
of rock include:
. Covering of dopesthat are difficult to revegetate.

Lining of erodible ditches.

Weighing of the toe of dopes to prevent rotationd dope failure.

Protection of stream crossing structures.

Scour protection at outlet areas such as culverts and drainage ditches.

Streambank protection.
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The minimum rock size required to armor an area must be determined prior to use to ensure that the rock
used will not wash avay. Larger flows and faster water velocities will require large rock szes to ensure
the effectiveness of the armoring.

5.3.3 Sediment Control

KEY CONCEPTS

. Unlike erosion and runoff control, sediment control involves removal
of sediment in suspension. It is much easier and cost effective to
prevent suspended sediment from being entrained in water by
implementing proper erosion and runoff control measures.

- All sediment control activities require frequent inspection and
maintenance.

. Sediment control devices must be installed in locations that are
easily accessible for maintenance and situated for the proper
removal of the accumulated sediment.

Silt Fence

Silt fence condsts of a woven geotextile fabric fastened to wood stekes. Silt fence is used to dow water
veocities and dlow sediment to settle out of sugpenson.  Silt fence is most effective a capturing
sedimernt that is being transported down a dope via sheet flow.

Silt fence is often mistakenly used as a means to filter sediment out of water, which is not its
intended purpose. It is dso not meant for placement across flowing water in ditches or channds. Itis
desgned for inddlation dong a horizontal contour dong a dope or a the toe of a dope s0 that
sediment is retained at the dope and will not move to sendtive areas.  Properly indtdled gt fence can
dlow dgnificant amounts of sediment to sdttle out and accumulate.  As such, it is important to regularly
ingoect and maintain St fence and remove accumulated sediment. St fencing should be used as a
temporary sediment control measure due to the high maintenance requirements of it fencing over the
long term.  The following points describe proper st fence ingtalation:

The post must be on the downdope sde of the fabric so that accumulated sediment does not
push the fabric off the post.

The fabric must be placed within a 15 cm trench (located on the updope sde of the fencing),
which is then backfilled and compacted (Figure 5).

If possble, glt fence should be located gpproximatdy 2 m away from the toe of a dope (to
alow space for the sediment to settle out and collect).

St fence must be constructed dong the contour of the dope (Figure 5).
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Figure 5. Proper st fence ingdlation (Cdifornia Regional Water Qudity Control Board 1999).

For Yukon placer mining activities dlt fence is useful in retaining sediment within - stockpiled
overburden areas as well as at the base or across any erodible exposed dopes. Silt fence should not be
used as a part of thefina reclamation measures due to its maintenance requirements.

Straw/Hay Bale Dikes

In addition to sit fence, straw/hay bae dikes can be used aong the toe of dopes to trgp sediment by
dowing water veocities. In contragt to Sit fence, bae dikes can be placed across flowing water in
ditches. Bdes mug be ingdled properly to function efficiently. The following criteria should be met
for proper ingdlation:

They mugt be placed in arow with ends tightly abutted.

They must be embedded in the soil at least 10 cm.

Each bale should be anchored to the ground with two wood or rebar stakes that are driven to a
depth of gpproximatey 0.5 m.

Ralls of organic materiad such as a rolled up erosion control blanket or round burlap bags filled with
organics can dso be used in the same applications as the straw/hay bde dike. As with st fence, the
dikes reguire frequent inspection and maintenance. Trapped sediment should be removed when a depth
of 0.2 misreached.
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Check Dams

Check dams are congtructed in drainage ditches to dow water velocity and reduce ditch eroson. They
can be condructed of rocks, logs, sand bags, straw baes or other materids. Check dams will alow
some of the larger suspended sediments to settle out, so they must be properly maintained. Congtruction
of check dams must ensure that water will not flow under or around the check dam. Water should only
flow over the check dam without causng eroson of the banks of the ditch. As such, the center of the
dam must be lower than its edges, which must be lower than the road surface.

Catch Basins

Catch basins are excavated pits designed to dow water velocity and settle out larger sediment particles.
They are often condructed in the vicinity of cross drain culverts or near streams where there is a risk of
ditchwater draining directly into a dream. Catch basns can be lined with fabric when constructed
within permesble soils 0 that sediment-laden water does not leach out of the basin. Basic basin design
should ensure that the basin is gpproximately three times longer than its width and is gpproximately 0.6
m in depth. Sediment accumulations must be removed on a periodic bass to ensure the basn's
effectiveness.

Settling Ponds

Setling ponds ae the most important sediment control  structures in the placer mining indudtry.
Extremey high sediment concentrations are present in placer mining effluent. Much of the coarser
sediment can be removed by pre-settling pond sediment remova sructures, but fine sediments can only
be removed from the effluent through the use of properly designed and congructed settling ponds.
Settling ponds ae designed to dow water veocities enough that fine sediments will fal out of
suspenson so that water quality objectives of discharge into the receiving water can be met. Severd
settling ponds arranged in series are sometimes required to meet the water quality objective.

In addition to removing sediment from mining effluent, sediment ponds can dso be used to dean
sediment-laden runoff from excavated or dripped aress.  Settling pond design guidebooks should be
accessed to determine specific design criteria (for example see Nordin 1989, Rundquist et a. 1986 and
others).

Pre-settling Pond Sediment Removal

Removd of sediment from effluent before it reaches the seitling ponds can sgnificantly reduce sediment
concentretions in the effluent and increase the lifespan and effectiveness of sdtling ponds.  Sediment
removad prior to settling ponds can be accomplished by forcing effluent through coarse talings and/or
usng pre-setling ponds. Pre-settling ponds are basically catch basins (described above) that are
congructed dong the talrace (the channd that discharges effluent to the settling pond). Severd pre-
stling ponds can be congtructed dong a talrace to further decrease sediment levels and ensure that
ponding continues if one or more of the ponds are not cleaned out before they become filled in. Pre-
settling ponds, however, retain only coarser sediment sizes (fine to coarse sands).

Forcing effluent through coarse tallings can remove up to 97 percent of sediment present in effluent,
while pre-settling ponds can reduce the amount by approximately one haf (Nordin and Latoski 1989).
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The use of both methods will be very effective a sediment remova before effluent reaches the sditling
pond.

6.0 CONCLUSION: RUNOFF, EROSION AND SEDIMENT CONTROL IN YUKON

Many of the aforementioned eroson and sediment control methods have been used to date in Yukon.
Some of the more aggressve measures, such as dope benching, grass seeding, hydroseeding
goplications, and extensve rock armoring have been used on highway and municipd projects. These
agoressive, long-term measures are gpplicable to large projects that clear large areas due to the long-
term nature of public infrastructure.

Specidized techniques have been used during projects that are located in sendtive areas such as stream
cossings.  These techniques include use of eroson control blankets, glt fence, planting of rooted
vegetation, bioengineering and grass seeding. It should be noted that these techniques, as well as many
others, are common practice in other jurisdictions and are becoming more commonly used in Yukon
over the past few years. For example, with varying levels of success, a number of smdl projects
involving the use of bioengineering techniques have recently been conducted in Yukon. In 2003, there
are plans for a number of larger Yukon projects involving bioengineering techniques. The success of
these projects will likely set the stage for the future use of these methods in Y ukon.

The Yukon placer mining industry has used severd types of eroson control methods such as settling
ponds, and run-off control (ditching) as necessary components of day-to-day operations. In addition,
miners are required to stockpile organic materid from dl cearing works for use in reclamation. This
organic materid has been used during reclamation activities to cover dopes and exposed soils, thus
preventing erosdon. Other eroson control techniques used during reclamation include revegetation,
bioengineering and re-contouring of dopes.

The mog effective type of eroson and sediment control that can be conducted by the placer mining
community is planning. Generdly, mining operations that conduct their works in a drategic manner
have more success controlling eroson and reducing sediment inputs. Concepts that placer operations
have used and should continue to develop during proper planning include;

1. Avoidance of sensitive areas.
2. Reduction of the area that is to be cleared at one time.

3. Reduction of the amount of time that areas are exposed to erosive forces by
conducting reclamation of these areas as soon as possible after clearing.

It is important to redize that specific Ste conditions will determine which methods are appropriate and
when they should be implemented. Proper planning is the essentid ingredient in the prevention and
avoidance of unnecessry environmental  degradation. Once properlly planned, much of the
environmental  degradation often associated with placer mining operations can be avoided by
implementing a variety of runoff, eroson and sediment control methods throughout the duration of the
placer mining operdtion. Preventative methods will reduce the overdl impact of the mine, improve
public support of placer mining and reduce costs associated with reclamation activities.
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One of the key concepts of runoff, eroson and sediment control is that there are often many different
methods to achieve smilar results.  Obvioudy, as placer mining is often located in remote aress of the
Yukon with difficult access, it is likdy that many conventiond methods such as hydroseeding will often
not be practicd. As such, placer miners are encouraged to use the runoff, eroson and sediment control
concepts to develop innovative techniques of contralling eroson and sediment.  As more emphass is
placed on eroson and sediment control in Yukon, people involved with on-dte works will likey
develop new technology and techniques. Innovative approaches in conjunction with existing techniques
will form the bass of best management practices for placer mining in Yukon. As placer mining
necessarily involves the disurbance of land that is often dtuated in sendtive riparian aress, efforts
towards continud improvement of placer mining activities should continue to ensue that the best
possible management practices are being implemented.
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