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Teck met with the ACFN IRC on February 6, 2014 to discuss the Frontier Project. ACFN
expressed the following concerns at the meeting:

 the safety of transporting bitumen by both rail and pipeline

 cumulative industrial water withdrawals in the region, indicating water is a valuable resource

 snow-pack contamination from current oil sands operators

 ACFN explained that the watershed is important to the community and to the people in Fort
Chipewyan; concerns regarding effects to the Peace Athabasca Delta

 ACFN explained that in-stream flow needs (IFN) must be established for the Athabasca
River, and that the ACFN has done considerable work to protect the exercise of treaty rights
by suggesting IFN limits for the Athabasca River

 the pace of development is too fast in the oil sands region and that the community’s culture is
connected to the land

 Federal and Provincial governments (the Crown) are largely absent in the process of
consultation with the community and that treaty rights are being ignored

 some of the ACFN’s concerns are unmitigatable, and are concerns that the Crown must
address

 knowledge gaps with respect to the Frontier Project, including potential effects to ACFN
traditional uses in the area

 Teck has expressed a high level of confidence in reclamation technologies and approaches
that have yet to be proven effective in the oil sands region

 regulatory review timeframes (ACFN believes that regulatory changes only help project
proponents). For example, Aboriginal communities are given timeframes and deadlines to
review SIRs and provide comment whereby proponents do not have a deadline to respond to
SIRs. ACFN feels that projects are ‘rubber stamped’.

 upsetting the [Ronald Lake bison herd] will also upset the ACFN

 ACFN has a lack of faith in the ESRD process to manage the Ronald Lake bison herd

 the amount of work being done on the Frontier Project file is increasing, and capacity from
Teck has not increased



Frontier Oil Sands Mine Project
Integrated Application
Supplemental Information Request, Round 3

AER Responses
Appendix 2b.2: ACFN Elders Meeting Notes

from May 15, 2014

October 2014

Appendix 2b.2 ACFN Elders Meeting Notes from May 15, 2014



Frontier Oil Sands Mine Project
Integrated Application
Supplemental Information Request, Round 3

AER Responses
Appendix 2b.2: ACFN Elders Meeting Notes

from May 15, 2014

October 2014 AER Page 2b.2-1

Teck held a meeting with ACFN Elders on May 15, 2014. ACFN expressed many concerns at
the meeting, which are summarized in point-form notes below and represent only Teck’s
understanding of what Teck heard:

 ACFN raised concern about Pine Point, a former Teck Cominco project, including tailings
pond reclamation at the Pine Point site

 lengthy reclamation timeframes

 the government does not prove to the community that water withdrawals are actually
complying with permitted amounts

 Feedback and information provided by ACFN Elders included:

 Muskeg filters our water, destroying muskeg destroys our water

 Waste water from mining operations stays in the ground for thousands of years, and
water quality is damaged

 When surface water from the Athabasca River is gone, groundwater is all that will be left,
and groundwater is contaminated

 The land and water are our last resort – where does it leave us when you take those away?

 The government will give you permission anyway

 The area south of Fort Chipewyan is all destroyed

 The water in the river is the same water we use, and we know the water is polluted by the
mines

 [Fort Chipewyan’s] water treatment plant can’t be trusted, we buy bottled water for our
families to drink and to cook with

 What will you do for us to have safe water?

 How will we know that you’re telling us the truth – we won’t know until you’re all done
and by then you’ll be long gone and we’ll still be here

 We want to monitor your water use while you’re operating to make sure you’re telling
the truth

 We need to concern ourselves with stopping this [Frontier] project

 We are the government of this land and any policy you follow should meet our
expectations

 Our food is polluted from exposure to tailings

 Mercury exists in the land, but when you disturb and drain the land, the mercury ends up
in our water and our air

 No more muskrats in the area, sea gulls are dying, and it is because of the water being
polluted

 Once the water is polluted, you can’t fix it
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 Trappers are bringing bottled water into the woods with them

 Nobody is looking after our [ACFN] interests

 Bitumen is heavier than water, so when it spills, it sinks below the surface and still flows
to the lake

 We’ve seen spills into the Athabasca River too many times

 We can’t trust our taps and we can’t trust government or industry

 Everybody has ignored us since day one of the oil sands

 Mercury accumulates from all the mines in the water and the air from the stacks and then
it falls in snow and rain on us

 Farmers, pulp mills, and cities damage the Athabasca too

 What if the Athabasca River flowed the other way, would these mines get approved if
cities and farms were expected to use this water?

 How do we [ACFN] stop this Project? We [ACFN] must work with the five bands in the
area to stop permits from being issued

 There are spills happening in Cold Lake that can’t be cleaned up and the government and
companies said it would never happen

 SAGD can’t be trusted

 Teck and other companies need to be shut down the minute anything like a spill happens

 You [Teck] say we’re your concern, but you will still go for permits even after we share
with you [Teck] that we don’t want you here. How can we [ACFN] be your concern
then? It’s a slap in the face to hear that.

 We don’t need outsiders to tell us our problems, we live here and we know

 Don’t tell us everything is safe out there and ok for us – it’s not ok that we’re being
ignored still today

 We [ACFN] do not approve, and we will never approve

 What is the need for this mine? Why don’t you spend your money on clean energy?

 Why can’t we all leave the dirty oil alone, it just gets shipped overseas anyways

 Community environmental monitors should be used because we don’t believe what
industry says

 If you want ACFN’s approval of the Project, the ACFN should monitor the mine and be
included in all of your plans

 Community based monitoring is underfunded

 Culture is too important to us to give up
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 ACFN is a unique community – we have a lot of land users and we are very active in the
bush still – some communities have given up their culture and sold out to industry

 Not one application for an oil sands mine has been denied

 Leave us alone. It’s our duty to protect our land and make sure that there is something of
the land left for future generations

 We don’t need money if there’s nothing worth living for

 Where will our kids go to hunt and practice their culture?

 Industry is putting us on a reserve again – taking up our lands until there is nothing left
and nowhere for us to go

 When you break the land, you break our spirit
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Teck met with the ACFN IRC on July 10, 2014 to discuss the Frontier Project. ACFN expressed
the following concerns at the meeting:

 Concerned about health of our lands and our people; people are avoiding the land

 Disagree with the No Net Loss Lake/compensation lake—don’t want the removal of fish or
fish habitat

 [Teck is] affecting ACFN’s right to practice traditional rights and use (Poplar Pt. reserve)

 Concerns over water quality & quantity; loss of livelihood, loss of land, loss of resources,
loss of traditional life

 Concern for bison

 We know that bison are there but we don’t have any information from Teck on how they
have been or are being affected by exploration work

 There have been impacts to the herd already—increased access and hunting; again, Teck
does not have enough information about the bison and how Teck will impact them

 How do you fill information gaps without creating more impacts? Helicopters are scattering
the herd and the bull can’t keep the herd together

 Removal of habitat

 Concern over capacity of staff to coordinate and undertake additional studies

 The project has negative impacts

 Compensation lake offsetting framework and alternatives to lake like funding for additional
studies—how are traditional users going to continue to dry fish (replace fish habitat with
studies/$)? What is the mitigation for loss of traditional use/habitat? Would additional studies
actually help?

 There was not enough information provided at the Fisheries meeting—for example, on
methyl mercury

 Biomonitoring (health study)—why are foreign metals so high?

 There is too much development in traditional lands

 Concern about connection between development on lands, consumption of traditional
food sources and deteriorating community health

 Practice of treaty rights

 Disagree with “no net loss”

 Mitigation for ACFN is not developing the Frontier Project

 The Project’s proximity to Poplar Point further erodes ability to hunt, trap, fish

 Teck has not addressed concerns. There is a difference between responding and addressing
concerns
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 How will ACFN pass down traditional knowledge on a project that is 40 years+?

 The bison herd is scattered

 Pollution concern—what will the bison taste like?

 Concern that the way consultations are presented at hearings, etc., gives the impression that
proponents are trying to work things out. The project is approved but the point is missed. We
don’t want any development north of the Firebag River
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Teck met with an MCFN advisory committee on February 7, 2014 in Fort Chipewyan. After the
meeting, and in addition to concerns related to water and water quality, human health, bison,
Aboriginal rights including hunting and gathering, sharing traditional knowledge and cumulative
effects, the following specific concerns were expressed:

 Our water is already crappy— how will we live through this project (question from one of
the youth)?

 We are concerned about any pipeline from your project – we are concerned about possible
spills and even more impacts to habitat and water from the pipeline

 Is there anything in the EA that speaks to our Treaty Rights?

 If this project goes through there will be two huge tailing ponds. That is a big concern.

 We are concerned about impacts if the tailing ponds are breached. We are concerned about
leakages from the ponds because the project is on muskeg and there are always under-
streams below the tailing ponds.

 Your project area is in our kitchen, we treat that area like most people would treat a fridge -
what will you do when it's gone?

 What problems have you had with your mining projects in BC?

 What are all of the waterways that may be impacted?

 We are concerned you don't have enough information about the bison herd because you
haven't been doing studies.

 We are concerned you are pushing the bison off their natural area and habitat.

 Will there be bison in your project area? How many bison are there? Is there a calving area
for the bison in your mining area? Can MCFN do anything to help with the ongoing bison
work?

 Stream diversions don't just affect water, they affect animals and habitat. We are concerned
about the animals in the streams you're diverting – like the beavers and other animals.

 We are concerned that Teck isn't spending more time with our ‘scientists’– our traditional
knowledge keepers

 We are concerned that the project will impact our ability to access this area and other areas.
The project could also impact our ability to access Fort Chip if you use the winter road with
your trucks and equipment

 We are concerned about reclamation- we know you can't put the land back when the mining
is done.
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1. INTRODUCTION

This document outlines the process used and presents the results on the development and application of

habitat suitability index (HSI) models for fish occurring in the Alberta Oil Sands Region. These models

were developed during a series of workshops between 2004 and 2008 by experts from the University of

Alberta, Fisheries and Oceans Canada (DFO), Alberta Sustainable Resource Development (ASRD) and

Golder Associates (Golder) and were based on available scientific literature and the experts’ experience.

Models developed during workshop sessions in 2004, and guidelines for their application, were described

in an earlier document (Golder 2005). This document includes all of the models described in Golder

(2005) plus additional models developed during workshop sessions held in 2007 and 2008.

A Habitat Evaluation Procedures (HEP) type of approach (U.S. Fish and Wildlife Service 1980, 1981)

was used to develop the models on fish habitat quality. Habitat quality was defined by Habitat

Suitability Indices (HSI), which rank the importance of available habitat for particular species and life

stages of fish. Under HEP-type analysis procedures, an HSI value (between 0 and 1) is determined for

each species by evaluating the suitability of various characteristics of specific types of habitat for that

species. This value is sometimes further broken down by life stages, (e.g., spawning, embryo, fry,

juvenile, adult).

Habitat suitability index models were developed for 23 fish species, including lake chub, brassy minnow,

pearl dace, emerald shiner, spottail shiner, northern redbelly dace, finescale dace, fathead minnow,

flathead chub, longnose dace, longnose sucker, white sucker, northern pike, lake whitefish, mountain

whitefish, Arctic grayling, trout-perch, burbot, brook stickleback, slimy sculpin, spoonhead sculpin,

yellow perch and walleye. Table 1 provides the common and scientific names for these fish.

When available for the species of interest, previously published HSI models were used as a basis for

determining HSI values. Some modifications to these models were made to address issues related to

regional habitat characteristics and data availability. In cases where previously developed HSI models

did not exist, suitability index (SI) ratings for evaluation of various habitat components were developed

to construct HEP-type HSI models for the species of interest. These HSI models and the criteria for

assigning SI values for each variable in the models were developed using information from published

literature, fisheries survey data, comparisons to habitat requirements of sympatric fish species from

published HSI models, and the professional knowledge and experience of fisheries scientists and



technicians. It is anticipated that the models presented in this document may be modified or refined from

time to time as new information becomes available through ongoing fish and fish habitat monitoring and

HSI model validation efforts in the Alberta Oil Sands Region for oil sands developments.

Table 1
Fish Species Common and Scientific Names

Family Species Common Name Species Scientific Name

Cyprinidae lake chub Couesius plumbeus

brassy minnow Hybognathus hankinsoni

pearl dace Margariscus margarita

emerald shiner Notropis atherinoides

spottail shiner Notropis hudsonius

northern redbelly dace Phoxinus eos

finescale dace Phoxinus neogaeus

fathead minnow Pimephales promelas

flathead chub Platygobio gracilis

longnose dace Rhinichthys cataractae

Catostomidae longnose sucker Catostomus catostomus

white sucker Catostomus commersoni

Esocidae northern pike Esox lucius

Salmonidae lake whitefish Coregonus clupeaformis

mountain whitefish Prosopium williamsoni

Arctic grayling Thymallus arcticus

Percopsidae trout-perch Percopsis omiscomaycus

Gadidae burbot Lota lota

Gasterosteidae brook stickleback Culaea inconstans

Cottidae slimy sculpin Cottus cognatus

spoonhead sculpin Cottus ricei

Percidae yellow perch Perca flavescens

walleye Sander vitreum
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2. DEVELOPMENT AND APPLICATION OF HSI MODELS

Background

The HSI models were developed, as noted in Section 1, based on a HEP type of approach (U.S. FWS

1980, 1981). The premise of the HEP approach is that an area of aquatic habitat can be composed of a

variety of habitat types (e.g., deep pools, shallow riffles) and that these habitat types will have differing

levels of suitability for species that may occur in that habitat area.

The HSI models were constructed to quantify the habitat suitability by determining what measurable

biological, chemical or physical characteristics of habitat are required by the species of interest

throughout its life cycle (i.e., the life requisites for the species). The life requisites for fish are the

biological, chemical or physical characteristics of the habitat that provide suitable food, cover, water

quality and reproduction.

The HEP manuals published by the U.S. FWS in 1980 and 1981 provide guidelines and parameters for

the development of HSI models for use in HEP analysis. Recommended steps to perform a HEP analysis

include definition of the study area, delineation of cover types, selection of evaluation species,

calculation of total area of available habitat, and the calculation of a habitat suitability index for available

habitat.

It is important to determine the potential distribution of a species within a watershed before applying HSI

models. The models quantify habitat suitability, based on habitat variables included in the model, but do

not address potential effects of other factors, not included in the models, on the distribution of particular

species. For example, headwater areas may appear to have suitable habitat for a particular species, based

on application of the HSI model, but the species may not be found there due to other factors (e.g.,

barriers to movement, proximity to overwintering habitat).

The HSI models presented in this document are intended to be applied in the Alberta Oil Sands Region

for the purpose of planning habitat compensation to achieve no net loss of the productive capacity of fish

habitats. Application of the HSI models is used to quantify habitat losses that result from habitat

disturbances and to quantify habitat gains from development of compensation projects. A HEP type of

approach (U.S. FWS 1980) is used as an accounting system to document habitat quality and quantity.



Habitat quality is defined by the HSI values, as determined by application of the HSI models, which rank

the importance of available habitat on a scale from 0 to 1. Habitat quantity is represented by surface

areas, determined from stream channel length and width measurements or from area measurements for

lakes and waterbodies.

Multiplication of the habitat quality (as represented by the HSI) by the habitat quantity (surface area

expressed in units of m2) results in the derivation of Habitat Units (HUs). The HU represents the overall

value of the habitat for fish species that are present or that could reasonably be expected to be present.

Comparison of the HUs lost as a result of habitat disturbance with the HUs gained through development

of compensation habitats allows assessment of the degree to which the no net loss principle is achieved.

Further information on the development of the HSI models is provided in the following sections of this

report.

Application of Published Models

Published HSI models were available for seven of the 21 species under study: Arctic grayling (Hubert et

al. 1985); longnose dace (Edwards et al. 1983); longnose sucker (Edwards 1983); northern pike (Inskip

1982); walleye (McMahon et al. 1984); white sucker (Twomey et al. 1984); and yellow perch (Krieger et

al. 1983). These models were reviewed during the experts workshops for their applicability to the habitat

conditions within the Oil Sands Region (see Section 2.4, HSI Model Revisions) and modifications were

made as deemed necessary by workshop attendees. Details of modifications made to the published

models are described in Section 3 of this report.

Development of New Models

There were no published HSI models for 14 of the 21 fish species under consideration, (i.e., brassy

minnow, brook stickleback, burbot, fathead minnow, finescale dace, flathead chub, lake chub, lake

whitefish, northern redbelly dace, pearl dace, slimy sculpin, spoonhead sculpin, spottail shiner and trout-

perch). The HSI models developed for these species were designed based on the approach, methods and

criteria provided in the U.S. FWS HEP documents published in 1980 and 1981. The HSI models were

developed using the following sources of information:
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 a literature review of published data for information on the distribution and abundance of the

fish species of interest;

 a literature review of published data for information on the habitat requirements, preferences

and tolerances of the fish species of interest;

 a review of fisheries survey data for information on the distribution and abundance of the fish

species of interest;

 a review of fisheries survey data for information on the habitat characteristics of areas where

the fish species of interest were captured or observed;

 consideration of habitat requirements, preferences and tolerances for the same species in other

areas of its distribution;

 comparisons to habitat requirements, preferences and tolerances of sympatric fish species from

published HSI models and other data sources; and

 where data gaps were identified, discussions with Golder fisheries technicians and scientists,

and workshop participants having first-hand knowledge and experience with the fish species

of interest and their habitat requirements to determine appropriate habitat suitability criteria

and ratings.

Selection of Habitat Variables

The selection of habitat variables for inclusion in models developed for this analysis was driven by three

factors: knowledge and availability of information on the riverine and lacustrine habitat characteristics

that affect and determine fish species assemblages in aquatic environments; the availability of published

data on the habitat requirements, preferences and tolerances for each of the fish species of interest; and

the information available from habitat survey data collected within the Oil Sands Region.

The typical habitat characteristics used in the HSI models include depth, substrate for cover and feeding,

substrate for spawning, velocity (riverine models), temperature, percent cover, type of channel unit

(riverine models) and dissolved oxygen levels. These characteristics were selected based on professional

knowledge of habitat characteristics typically associated with habitat used by the species of interest, and

a thorough review of literature on these aquatic habitat characteristics (e.g., Gormann and Karr 1978;

Wetzel 1983; Matthews 1987; Newbury and Gaboury 1993; Hauer and Lamberti 1996; Stauffer and

Goldstein 1997; United States Department of Agriculture (USDA) Federal Interagency Stream

Restoration Working Group 1998; Lammert and Allan 1999).



A literature review was conducted to obtain published information on the use and suitability of habitat

variables that were identified as important to the fish species of interest. Due to the limited amount of

published information available for most of the fish species, additional information for the HSI models

was obtained from fisheries survey data in the Oil Sands Region, comparisons to habitat requirements of

sympatric fish species from published HSI models and other data sources, and the professional

knowledge and experience of fisheries scientists and technicians.

To complete development of the HSI models, the quantitative values or qualitative descriptors obtained

for each of the selected habitat variables were compiled and ranked using the ordinal ranking system

described in Section 2.3.2. The HSI models developed for brassy minnow, brook stickleback, burbot,

fathead minnow, finescale dace, flathead chub, lake chub, lake whitefish, northern redbelly dace, pearl

dace, slimy sculpin, spoonhead sculpin, spottail shiner and trout-perch were developed in a tabular

format based on the ordinal ranking system.

Development and Application of SI and HSI Categories

The published HSI models provided Suitability Index (SI) curves, for each variable, that rate the relative

suitability of the habitat, in a range from 0 to 1.0, with 1.0 being the optimal habitat characteristic for the

variable. The SI values for the newly developed HSI models were also ranked from 0 to 1.0; however,

due to the limited amount of data available for many of the species, SI curves could not be readily

developed. Therefore, an ordinal ranking system was used to qualify the SI values and provide habitat

descriptors. The ordinal ranking system assigned a rank of “excellent”, “above average”, “average”,

“below average” or “none” to describe the quality of the habitat for different values or qualitative

descriptions for each variable included in a model. These rank categories correspond with SI values of

1.0, 0.75, 0.5, 0.25 and 0, respectively.

To assist in development of new models for some species, information was reviewed from published

models for other, sympatric fish species that were considered to have similar habitat requirements. In

those cases, the SI curves from the published HSI models were also divided into comparable ranges of

values that corresponded to each of the ordinal ranks for the developed models, to enable better

comparison of published SI curves to the ordinal ranking system created for the developed models.

Table 2 shows the correspondence between values from published SI curves and the ordinal ranking

system used to provide the SI and HSI values for the models presented in Section 3 of this report.
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Table 2
SI and HSI Ordinal Ranking System Used in HSI Models

SI/HSI Value Rank Used
for Developed Models

Range of SI/HSI Values
From Published Models

Variable/
Habitat Descriptor

1.0 >0.9 to 1.0 Excellent

0.75 >0.6 to 0.9 Above average

0.5 >0.3 to 0.6 Average

0.25 >0 to 0.3 Below average

0 0 None

Based on this system, SI values >0.9 from the published SI curves would be assigned a SI rank value of

1.0 and categorized as “excellent”, SI values from >0.6 to 0.9 in the published SI curves would be

assigned a rank value of 0.75 and categorized as “above average”, SI values from >0.3 to 0.6 in the

published SI curves would be assigned a rank value of 0.5 and categorized as “average”, SI values from

>0 to 0.3 in the published SI curves would be assigned a rank value of 0.25 and categorized as “below

average”, and SI values of 0 in the published SI curves would be assigned a rank value of 0 and

categorized as “none”.

In cases where available information enabled a clear definition of habitat suitability, all five HSI ranking

categories were developed. However, for certain habitat variables, fish species and life stages, there was

insufficient information for a detailed categorization of the relative suitability of habitat among the

ranking categories. Consequently, some of the HSI values presented in this document have fewer

categories (e.g., three categories consisting of above average [HSI = 0.75], average [0.5] and below

average [0.25]).

HSI Model Revisions

A series of expert workshops were held to review the HSI models for fish species included in the Oil

Sands Region, including both published models and newly developed models, and reach consensus

among workshop attendees on the variables to be included in the models, criteria for assigning SI values

for each variable, and procedures to be used in the application of the models. The workshops were

typically attended by representatives from DFO, ASRD, Golder and the University of Alberta.



For each HSI model, the model variables, the criteria for assigning SI values for each variable and

procedures for application of the model were reviewed and revised as deemed necessary by workshop

attendees, using the following process:

 Review of model and model variables.

 Round table discussion on applicability of each model variable to the fish species within the

study area (i.e., within the Athabasca River watershed in the northern Alberta boreal region).

 Introduction of any additional published data sources (e.g., published data from Roberge et al.

2002 and Evans et al. 2002).

 Introduction of additional experience and knowledge from the workshop attendees on the

habitat requirements of the fish species within the study area.

 Introduction of additional professional judgment from the workshop attendees on the

assessment of relative suitability of habitat characteristics and criteria for assigning SI values

for each habitat variable within the study area.

 Round table discussion on variables to be included, added or deleted from the model.

 Round table discussion on the criteria for assigning SI values for each of the variables to be

included in the model.

 Round table discussion on procedures for application of the model within the Oil Sands

Region.

 Agreement among workshop attendees on variables to be included, criteria for assigning SI

values for each variable, and procedures for application of the model in the Oil Sands Region.

This process was used to reach consensus on HSI model structure and application for each of the fish

species HSI models and to finalize the models for application in determining habitat losses and

compensation habitat gains for developments in the Oil Sands Region. There are very few published data

sources available that provide information on life history requirements and habitat suitability specific to

many of the fish species under assessment within the Athabasca River watershed. Therefore, consensus

on the model variables, criteria for assigning SI values for each variable and procedures for applying the

models within the Oil Sands Region relied heavily on a series of reviews specific to the life history

characteristics of Canadian fish species (e.g., Bradbury et al. 1999; Lane et al. 1996; Langhorne et al.

2001; Portt et al. 1999; Richardson et al. 2001) and the professional experience, knowledge and judgment

of the workshop attendees.
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Where there were insufficient field data, SI values were assumed to be either non-limiting in cases where

there was an absence of data and therefore assigned a value of 1.0, or at least partially limiting in cases

where the available data was insufficient to assign an SI=0. In the latter case, the SI was assigned a value

of 0.5. This approach was applied as a measure of conservatism in light of instances where data was

absent or insufficient and to account for variability in the habitat requirements of fish species at different

life stages. For example, many of the models specify a particular substrate composition as a spawning

habitat requirement. In the absence of the correct size and ratio of substrate types, the habitat would be

assigned as having no value (i.e., SI=0). To offset this effect, the habitat was assigned an SI value that

would account for potential use by fish for other life history requirements (i.e., SI=0.5).



3. HABITAT SUITABILITY INDEX MODELS

The following sections provide descriptions of the riverine and lacustrine HSI models for species present

in the Oil Sands Region, as well as explanations of the rationale used in the development of suitability

criteria for some variables in the models and notes on application of the models within this area. The

order of presentation of the models is taxonomically, by family, and alphabetically, by genus and species

names, within each family group.

FAMILY CYPRINIDAE

Lake Chub, Couesius plumbeus

Riverine

A published riverine HEP model is not available for lake chub. The model described in Table 3 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Matuszek et al. 1990; Gibbons et al. 1996; Lane et al. 1996; Bradbury et al. 1999, Portt et

al. 1999; Langhorne et al. 2001; Richardson et al. 2001.), comparisons to habitat requirements of other

small-bodied fish species from published HSI models, capture data for lake chub in Alberta, and the

professional knowledge and experience of attendees at the expert workshops. The HSI is set equal to the

lowest of the SI values for the variables included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of in the corresponding channel unit categories. More specifically, if SI of 1 represented

50% of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented

10% and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The

same approach is used for other variables when the same type of data is available (e.g., substrate).
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Table 3
Lake Chub Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, C, R, G -- S, CS, Bd -- --

V2 instream cover

R, C, Bo,
vegetation, woody
debris,
submergent and
emergent plants

-- -- -- --

V3 channel unit runs, flats, pools -- riffles -- rapids

V4 % instream cover >20 to 50
>10 to 20;
>50 to 65

>5 to10;
>65 to 75

0 to 5;
>75 to 100

--

V5
late winter dissolved
oxygen (mg/L)

(b) 1 <1

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

Lacustrine

A published lacustrine HEP model is not available for lake chub. The model described in Table 4 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Ahsan 1966; Brown 1969; McPhail and Lindsey 1970; Matuszek et al. 1990; Spangler and

Collins 1992; Reebs et al. 1995; Scott and Crossman 1998), comparisons to habitat requirements of other

small-bodied fish species from published HSI models, capture data for lake chub in Alberta, and the

professional knowledge and experience of attendees at the expert workshops. The HSI is set equal to the

lowest of the SI values for the variables included in the model.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented



20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

Table 4
Lake Chub Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, C, R, G -- S, CS, Bd -- --

V2 cover

R, C, Bo,
vegetation, woody
debris, submergent
and emergent
plants

-- -- -- --

V3 depth (m) ≤2 >2 to 5 -- >5 -- 

V4 % littoral zone cover >20 to 50
>10 to 20;
>50 to 65

>5 to 10;
>65 to 75

0 to 5;
>75 to 100

--

V5
late winter dissolved
oxygen (mg/L)

(b) >2 1 to 2 -- -- <1

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths
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during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

Brassy Minnow, Hybognathus hankinsoni

Riverine

A published riverine HEP model is not available for brassy minnow. The model described in Table 5 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Matthews 1985; Scott and Crossman 1998; Langhorne et al. 2001; Ripley 2001),

comparison to similar, syntopic small-bodied fishes and the professional knowledge and experience of

attendees at the expert workshops. The HSI is set equal to the lowest of the SI values for the variables

included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Lacustrine

A published lacustrine HEP model is not available for brassy minnow. The model described in Table 6 is

a HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Matthews 1985; Scott and Crossman 1998; Langhorne et al. 2001; Ripley 2001),

comparison to similar, syntopic small-bodied fishes and the professional knowledge and experience of

attendees at the expert workshops. The HSI is set equal to the lowest of the SI values for the variables

included in the model.



Table 5
Brassy Minnow Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S and CS C and R Bd, Bo

V2
instream
cover

submergent
and emergent
plants

woody
debris, rock

V3 spawning

quiet,
shallow, well
vegetated
areas

-- -- --
no suitable
material

V4 channel unit
pools,
backwater
areas, flats

runs riffles
rapids,
chutes, falls

V5
% instream
cover

>50 >30 to 50 >20 to 30 >0 to 20 0

V6

late winter
dissolved
oxygen
(mg/L)

(b)

2 <2

V7 pH 6 to 9 5.5 to < 6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.
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Table 6
Brassy Minnow Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S and CS C and R Bd, Bo

V2 cover
submergent
and emergent
plants

woody
debris, rock

V3 spawning

quiet,
shallow, well
vegetated
areas

-- -- --
no suitable
material

V4 depth (m) ≤10  >10   

V5
% littoral
zone cover

>50 >30 to 50 >20-30 >0-20 0

V6

late winter
dissolved
oxygen
(mg/L)

(b)

2 <2

V7 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.



Pearl Dace, Margariscus margarita

Riverine

A published riverine HEP model is not available for pearl dace. The model described in Table 7 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Nelson and Paetz 1992; Ford et al. 1995; Lane et al. 1996; Scott and Crossman 1998;

Bradbury et al. 1999; Portt et al. 1999; Langhorne et al. 2001; Richardson et al 2001), comparisons to

habitat requirements of other small-bodied fish species from published HSI models, capture data for pearl

dace in Alberta, Saskatchewan and Manitoba, and the professional knowledge and experience of

attendees at the expert workshops. The HSI is set to the lowest of the SI values for the variables included

in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Lacustrine

A published lacustrine HEP model is not available for pearl dace. The model described in Table 8 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Nelson and Paetz 1992; Ford et al. 1995; Lane et al. 1996; Scott and Crossman 1998;

Bradbury et al. 1999; Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001), comparisons to

habitat requirements of other small-bodied fish species from published HSI models, capture data for pearl

dace in Alberta, Saskatchewan and Manitoba, and the professional knowledge and experience of

attendees at the expert workshops. The HSI is set equal to the lowest of the SI values for the variables

included in the model.
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Table 7
Pearl Dace Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S, CS -- R, C Bo, Bd --

V2
instream cover vegetation, woody

debris, submergent and
emergent plants

-- R, C Bo, Bd --

V3 channel unit pools ,runs, flats -- riffles -- rapids

V4 % instream cover >20 to 50
>10 to 20;
>50 to 65

>5 to 10;
>65 to 75

0 to 5;
>75 to 100

--

V5
late winter dissolved
oxygen (mg/L)

(b) 1 - <1 -- --

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.



Table 8
Pearl Dace Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S, CS -- R, C Bo, Bd --

V2 Cover
submergent and
emergent vegetation

-- R, C Bo, Bd --

V3 depth (m) ≤2 m -- >2 to 5 m >5 m -- 

V4 % littoral cover >20 to 50
>10 to 20;
>50 to 65

>5 to 10;
>65 to 75

0 to 5;
>75 to 100

--

V5
late winter dissolved
oxygen (mg/L)

(b) 1 <1

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

Emerald Shiner, Notropis atherinoides

Riverine

A published riverine HEP model is not available for emerald shiner. The model described in Table 9 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (McPhail and Lindsey 1970; Lee et al. 1980; Jude and Pappas 1992; Nelson and Paetz

1992; Jenkins and Burkhead 1993; Mayo et al. 1998; Scott and Crossman 1998; Bradbury et al. 1999;

Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001; Franzin et al. 2003), comparisons to
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habitat requirements of other small-bodied fish species from published HSI models, capture data for

emerald shiner in Alberta, Saskatchewan and Manitoba, and the professional knowledge and experience

of attendees at the expert workshops. The HSI is set equal to the lowest of the SI values for the variables

included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Lacustrine

A published lacustrine HEP model is not available for emerald shiner. The model described in Table 10

is a HEP-type model developed on the basis of information on habitat requirements obtained by a review

of the literature (McPhail and Lindsey 1970; Lee et al. 1980; Jude and Pappas 1992; Nelson and Paetz

1992; Jenkins and Burkhead 1993; Mayo et al. 1998; Scott and Crossman 1998; Bradbury et al. 1999;

Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001; Franzin et al. 2003), comparisons to

habitat requirements of other small-bodied fish species from published HSI models, capture data for

spottail shiner in Alberta, Saskatchewan and Manitoba, and the professional knowledge and experience

of attendees at the expert workshops. The HSI is set equal to the lowest of the SI values for the variables

included in the model.



Table 9
Emerald Shiner Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V3 channel unit flats, pools -- runs riffles rapids

V5
late winter dissolved
oxygen (mg/L)

(a) >4 -- 2 to 4 -- <2

V6 pH >6.5 to 8.5 --
>6.0 to 6.5,
>8.5 to 9.5

-- ≤6 or >9.5

(a) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.
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Table 10
Emerald Shiner Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V3 depth (m) >3 -- >1 to 3 >0 to 1

V5
late winter dissolved
oxygen (mg/L)

(a) >4 -- 2 to 4 -- <2

V6 pH >6.5 to 8.5 --
>6.0 to 6.5,
>8.5 to 9.5

-- ≤6 or >9.5

(a) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

Spottail Shiner, Notropis hudsonius

Riverine

A published riverine HEP model is not available for spottail shiner. The model described in Table 11 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (McPhail and Lindsey 1970; Lee et al. 1980; Jude and Pappas 1992; Nelson and Paetz

1992; Jenkins and Burkhead 1993; Mayo et al. 1998; Scott and Crossman 1998; Bradbury et al. 1999;

Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001; Franzin et al. 2003), comparisons to

habitat requirements of other small-bodied fish species from published HSI models, capture data for

spottail shiner in Alberta, Saskatchewan and Manitoba, and the professional knowledge and experience

of attendees at the expert workshops. The HSI is set equal to the lowest of the SI values for the variables

included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%



and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Table 11
Spottail Shiner Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S, CS, algae -- Bo, Bd, R, C -- --

V2 instream cover
vegetation, woody debris,
submergent and
emergent plants

-- - -
R, C,
absence
of cover

--

V3 channel unit flats, pools runs, riffles Rapids

V4 % instream cover >20 to 50
>10 to20;
>50 to 65

>5 to 10;
>65 to 75

0 to 5;
>75 to 100

--

V5
late winter dissolved
oxygen (mg/L)

(b) >4 -- 2 to 4 <2 --

V6 pH >6.5 to 8.5
>6.0 to 6.5,
>8.5 to 9.5

 ≤6 or >9.5

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

Lacustrine

A published lacustrine HEP model is not available for spottail shiner. The model described in Table 12

is a HEP-type model developed on the basis of information on habitat requirements obtained by a review

of the literature (McPhail and Lindsey 1970; Lee et al. 1980; Jude and Pappas 1992; Nelson and Paetz

1992; Jenkins and Burkhead 1993; Mayo et al. 1998; Scott and Crossman 1998; Bradbury et al. 1999;

Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001; Franzin et al. 2003), comparisons to

habitat requirements of other small-bodied fish species from published HSI models, capture data for

spottail shiner in Alberta, Saskatchewan and Manitoba, and the professional knowledge and experience

of attendees at the expert workshops. The HSI is set equal to the lowest of the SI values for the variables

included in the model.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake
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size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen).

Table 12
Spottail Shiner Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S, CS, algae -- Bo, Bd, R, C -- --

V2 cover
vegetation, woody
debris, submergent
and emergent plants

-- --
R, C
absence
of cover

--

V3 depth (m) ≤2 >2 to 5  >5  

V4 % littoral zone cover >20 to 50
>10 to 20;
>50 to 65

>5 to 10;
>65 to 75

0 to 5;
>75 to 100

--

V5
late winter dissolved
oxygen (mg/L)

(b) >4 -- 2 to 4 -- <2

V6 pH >6.5 to 8.5 --
>6.0 to 6.5;
>8.5 to 9.5

-- ≤6 or >9.5

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

For these variables, computation of weighted average SI values will require information on lake

bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen. In

some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.



In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

Northern Redbelly Dace, Phoxinus eos

Riverine

A published riverine HEP model is not available for northern redbelly dace. The model described in

Table 13 is a HEP-type model developed on the basis of information on habitat requirements obtained by

a review of the literature (Das and Nelson 1990; Schlosser 1995; Scott and Crossman 1998; Schlosser

and Kallemeyn 2000; Langhorne et al. 2001; Richardson et al. 2001; Stasiak 2006), comparison to

similar, syntopic small-bodied fishes, and the professional knowledge and experience of attendees at the

expert workshops. The HSI is set equal to the lowest of the SI values for the variables included in the

model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of in the corresponding channel unit categories. More specifically, if SI of 1 represented

50% of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented

10% and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The

same approach is used for other variables when the same type of data is available (e.g., substrate).
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Table 13
Northern Redbelly Dace Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S and CS Bo, C, R Bd

V2
instream
cover

submergent
and emergent
plants, woody
debris,
inundated
vegetation

R, C Bo, Bd

V3 channel unit

flats, pools
and
backwater
areas

runs riffles
rapids,
chutes, falls

V4
% instream
cover

>50 >30 to 50 >20 to 30 >0 to 20 0

V5

late winter
dissolved
oxygen
(mg/L)

(b)

1 <1

V6 pH 6 to 9 5.5 to <6 <5.5 or > 9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

Lacustrine

A published lacustrine HEP model is not available for northern redbelly dace. The model described in

Table 14 is a HEP-type model developed on the basis of information on habitat requirements obtained by

a review of the literature (Das and Nelson 1990; Schlosser 1995; Scott and Crossman 1998; Schlosser

and Kallemeyn 2000; Langhorne et al. 2001; Richardson et al. 2001; Stasiak 2006), comparison to

similar, syntopic small-bodied fishes, and the professional knowledge and experience of attendees at the

expert workshops. The HSI is set equal to the lowest of the SI values for the variables included in the

model.



In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

Table 14
Northern Redbelly Dace Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S and CS Bo, C, R Bd

V2 cover

submergent
and emergent
plants, woody
debris,
inundated
vegetation

R, C Bo, Bd

V3 depth ≤2  >2 to 5 >5  

V4
% littoral
zone cover

>50 >30 to 50 >20 to 30 >0 to 20 0

V5

late winter
dissolved
oxygen
(mg/L)

(b)

1 <1

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.
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In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

Finescale Dace, Phoxinus neogaeus

Riverine

A published riverine HEP model is not available for finescale dace. The model described in Table 15 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Das and Nelson 1990; Scott and Crossman 1998; Schlosser et al. 1998; Langhorne et al.

2001; Richardson et al. 2001; Stasiak and Cunningham 2006), and comparison to similar, syntopic small-

bodied fishes, and the professional knowledge and experience of attendees at the expert workshops. The

HSI is set equal to the lowest of the SI values for the variables included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Lacustrine

A published riverine HEP model is not available for finescale dace. The model described in Table 16 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of



the literature (Das and Nelson 1990; Scott and Crossman 1998; Schlosser et al. 1998; Langhorne et al.

2001; Richardson et al. 2001; Stasiak and Cunningham 2006), comparison to similar, syntopic small-

bodied fishes, and the professional knowledge and experience of attendees at the expert workshops. The

HSI is set equal to the lowest of the SI values for the variables included in the model.

Table 15
Finescale Dace Riverine Habitat Suitability Model(a)

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(b)

G, S and CS Bo, C, R Bd

V2 instream cover

submergent
and emergent
plants, woody
debris,
inundated
vegetation

R, C Bo, Bd

V3 channel unit
flats, pools
and backwater
areas

runs riffles
rapids, chutes,
falls

V4 % instream cover >50 >30 to 50 >20 to 30 >0 to 20 0

V5
late winter dissolved
oxygen (mg/L)

(c) 1 <1

V6 pH 6 to 9 5.5 to <6 <5.5 or > 9
(a) Guideline for application of model: if finescale dace are not present downstream of known distribution but there is a required

migratory route, then assign a suitability of 0.25. This species is highly migratory compared with other species for which it
coexists (e.g., fathead minnow).

(b) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(c) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar
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proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

Table 16
Finescale Dace Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S and CS Bo, C, R Bd

V2 cover

submergent
and emergent
plants, woody
debris,
inundated
vegetation

R, C Bo, Bd

V3 depth ≤2  >2 to 5 >5  

V4 % littoral zone cover >50 >30 to 50 >20 to 30 >0 to 20 0

V5
late winter dissolved
oxygen (mg/L)

(b) 1 <1

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.



Fathead Minnow, Pimephales promelas

Riverine

A published riverine HEP model is not available for fathead minnow. The model described in Table 17

is a HEP-type model developed on the basis of information on habitat requirements obtained by a review

of the literature (Nelson and Paetz 1992; Abrahams 1996; Lane et al. 1996; Scott and Crossman 1998;

Bradbury et al. 1999; Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001), comparisons to

habitat requirements of other small-bodied fish species from published HSI models, capture data for

fathead minnow in Alberta, Saskatchewan and Manitoba, and the professional knowledge and experience

of attendees at the expert workshops. The HSI is set equal to the lowest of the SI values for the variables

included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Lacustrine

A published lacustrine HEP model is not available for fathead minnow. The model described in Table 18

is a HEP-type model developed on the basis of available information on habitat requirements obtained by

a review of the literature (Nelson and Paetz 1992; Abrahams 1996; Lane et al. 1996; Scott and Crossman

1998; Bradbury et al. 1999; Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001),

comparisons to habitat requirements of other small-bodied fish species from published HSI models,

capture data for fathead minnow in Alberta, Saskatchewan and Manitoba, and the professional

knowledge and experience of attendees at the expert workshops. The HSI is set equal to the lowest of the

SI values for the variables included in the model.
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Table 17
Fathead Minnow Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S and CS -- Bo, C, R Bd --

V2 instream cover
submergent and
emergent plants

--
other, e.g.,
woody
debris, rock

-- --

V3 spawning material
underside of rocks,
logs, debris,
broadleaf vegetation

--

vertical
surfaces of
emergents
(stems)

--
no suitable
material

V4 channel unit
pools, backwater
areas, flats

runs riffles
rapids,
chutes, falls

V5 % instream cover >50 >30 to 50 >20 to 30 >0 to 20 0

V6

late winter
dissolved oxygen
(mg/L)

(b)
1 <1

V7 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.



Table 18
Fathead Minnow Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S and CS -- Bo, C and R Bd --

V2 cover
submergent and
emergent plants

--
other, e.g.,
woody debris,
rock

-- --

V3 spawning material

underside of
rocks, logs,
debris, broadleaf
vegetation

--
vertical surfaces
of emergents
(stems)

--
no suitable
material

V4 depth (m) ≤2 -- >2 to 5 >5 -- 

V5 % littoral zone cover >50 >30 to 50 >20 to 30 >0 to 20 0

V6
late winter dissolved
oxygen (mg/L)

(b) 1 <1

V7 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

Flathead Chub, Platygobio gracilis

Riverine

A published riverine HEP model is not available for flathead chub. The model described in Table 19 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of
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the literature (Scott and Crossman 1998; Langhorne et al. 2001; Rahel and Thel 2004; Welker and

Scarnecchia 2004; Welker and Scarnecchia 2006), comparison to similar, syntopic small-bodied fishes,

and the professional knowledge and experience of attendees at the expert workshops. The HSI is set

equal to the lowest of the SI values for the variables included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).



Table 19

Flathead Chub Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S, CS C, R Bd, Bo

V2
instream
cover

no cover woody debris all others

V3 channel unit runs, riffles
pools,
backwater
areas, flats

rapids,
chutes, falls

V4

average
transparency
(Secchi depth
in cm) during
summer

≤30   >30  

V5

late winter
dissolved
oxygen
(mg/L)

(b)

2 <2

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

Longnose Dace, Rhinichthys cataractae

Riverine

A HEP model for longnose dace has been published by Edwards et al. (1983). However, upon review by

the workshop experts, a HEP-type model was re-developed that was more suitable for longnose dace

habitat requirements in the Oil Sands Region. The model described in Table 20 is a HEP-type model

developed on the basis of information on habitat requirements obtained by a review of the literature (Das

and Nelson 1990; Scott and Crossman 1998; Schlosser et al. 1998; Langhorne et al. 2001; Richardson et

al. 2001; Stasiak and Cunningham 2006), and comparison to similar, syntopic small-bodied fishes, and

the professional knowledge and experience of attendees at the expert workshops. The HSI is set equal to

the lowest of the SI values for the variables included in the model.
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In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Table 20
Longnose Dace Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, R, C G S CS

V2 instream cover Bo, Bd, R, C
woody
debris

submergent
and emergent
plants,
inundated
vegetation

V3 channel unit riffles rapids runs flats, pools chutes, falls

V4 % instream cover >25 to 75
>10 to 25;

>75 to 90

>5 to 10;

>90 to 100
0 to 5

V5
late winter dissolved
oxygen (mg/L)

(b) 2 <2

V6 pH 6 to 9 5.5 to <6 <5.5 or > 9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

Lacustrine

A lacustrine HEP-type model for longnose dace was not developed for this report since the

distribution/abundance of this species is limited in the Oil Sands Region. Thus, the likelihood of

establishing a viable, self-sustaining lake population for compensation is considered low and will likely

not be considered for present developments.



FAMILY CATOSTOMIDAE

Longnose Sucker, Catostomus catostomus

A HEP model for assessment of the quality of riverine and lacustrine habitats for use by longnose sucker

was published by Edwards (1983). The model includes variables for riverine and lacustrine

environments that are believed to be of general importance in determining habitat suitability for longnose

sucker and represents all life stages (spawning, embryo, fry, juveniles and adults). Edwards (1983) notes

that the model is applicable throughout the native range of longnose sucker in North America.

Riverine

The USFWS riverine model utilizes a life-stage approach and consists of only an embryo component

(Edwards 1983). The lacustrine model applies variables for percent cover for fry, and variables for water

temperature and water quality for juveniles and adults. Water temperature is considered to be the most

important limiting factor for longnose suckers, with a summer temperature of 12°C cited as optimal and

having a SI value of 1.0 (Edwards 1983). Therefore, the variables for percent cover, summer dissolved

oxygen concentrations, pH and mean summer water temperature were included in the riverine model for

fry, juvenile and adult longnose sucker. The variables included in the model correspond to variables

numbered V1 to V7 and V11 to V13 in the published model.

The Edwards (1983) model was used as a framework during the workshops discussions to determine an

approach for quantifying existing longnose sucker habitat in the study area. Modifications to the

variables and to the SI criteria for the variables were considered and discussed during the workshops.

Some clarifying guidelines were also developed during the workshops regarding how the model should

be applied in the study area and how SI values should be assigned for specific variables. In the

descriptions of model variables below, modifications and clarifying guidelines developed during the

workshops are included in italics. Variable V14 was added to the model following workshop discussions.

The habitat variables for quantifying riverine longnose sucker habitat are as follows:

V1 Spawning location. [If any riffle areas are present and substrate is suitable for

spawning, assign SI = 1. If any riffle areas are present and there is no suitable substrate

for spawning (e.g., bedrock or rubble), assign SI = 0.5. If no riffle areas are present,

assign SI = 0.5.]
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V2 Depth of riffle for spawning. [If any riffle areas are present and substrate is suitable for

spawning, assign SI = 1.0. If any riffle areas are present and there is no suitable

substrate for spawning (e.g., bedrock or rubble), assign SI = 0.5. If no riffle areas are

present, assign SI = 0.5.]

V3 Current velocity within spawning habitat. [If any riffle areas are present and substrate

is suitable for spawning, assign SI = 1.0. If any riffle areas are present and there is no

suitable substrate for spawning (e.g., bedrock or rubble), assign SI = 0.5. If no riffle

areas are present, assign SI = 0.5.]

V4 Mean water temperature during spawning and incubation.

V5 Percent riffles in spawning streams. [V5 was removed from the model because its

parameters were covered in V1-3.]

V6 Substrate type. [This is part of the embryo component of the model and represents

substrate in spawning areas. In reaches where the HSI value would be less than 0.5 due

to this variable, but there is potential use other than spawning, assign SI = 0.5.]

V7 Percent cover in the form of vegetation, boulders or rubble in shallow edge or shoreline

areas (May - July). [SI graph was modified as described and indicated in the figures

below. For streams with mean channel width up to 10 m, SI = 1 for the range from 15 to

75 % cover for the entire stream width. For streams greater than 10 m in mean channel

width, SI = 1 for the range from 10 to 75 % cover. This modification was required

because the field measurement of percent cover was based on entire stream width.

Average widths are based on a weighted average of width data that includes ponded

areas.]
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V11 pH range during the summer.

V12 Dissolved oxygen during the summer.

V13 Mean water temperature during the summer. [The mean water temperature during July

and August. The SI graph was modified as described and indicated in the figure below.

For the temperature range from 12 to 20 °C, SI = 1; use published graph for

temperatures from 0 to 12 °C; use linear trend from SI = 1 at 20 °C to SI = 0 at 28 °C.]

V14 Channel units. For pools and runs, SI = 1; for riffles, SI = 0.75; for flats, SI = 0.5; for

rapids, SI = 0.25.

Edwards (1983) provides graphs for determining suitability index (SI) values for each of the model

variables. For determination of the HSI, these variables are grouped into three life-stage components:

embryo (CE), fry (CF), and juvenile-adult (CJ-A). The suitability index for the embryo component (CE) is

computed as:

CE = (V1 x V2 x V3 x V4
2 x V6)

1/6

Except, if any variable is <0.7, CE equals the lowest value of any variable in the above equation.

For the purpose of this riverine model, the fry component is computed as:
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CF = V7

The juvenile-adult component is computed as:

CJ-A = V11 + V12 + 2V13 + V14

5

If V13 is <0.7, CJ-A equals the lowest of V13 or the above equation.

The HSI is then computed as follows:

HSI = (CE
2 x CF x CJ-A)1/4

If CE is <0.7, the HSI equals the lowest of CE, or the HSI rating from the above equation.

Lacustrine

A published HEP model is available for lacustrine longnose sucker (Edwards 1983). The lacustrine

model includes riverine habitat used by lacustrine populations, as longnose suckers that live in lacustrine

environments enter riverine habitat to spawn or overwinter (Edwards 1983). The lacustrine model

consists of the embryo, fry, juvenile and adult components of the model presented by Edwards (1983).

This model was used as a framework during the workshop discussions to determine an approach for

quantifying existing longnose sucker habitat in the study area. Modifications to the variables and to the

SI criteria for the variables were considered and discussed during the workshops. Some clarifying

guidelines were also developed during the workshops regarding how the model should be applied in the

study area and how SI values should be assigned for specific variables. In the descriptions of model

variables below, modifications and clarifying guidelines developed during the workshops are included in

italics. The habitat variables for quantifying lacustrine longnose sucker habitat are as follows:

V1 Spawning location. [If any riffle areas are present and substrate is suitable for

spawning, assign SI = 1.0. If any riffle areas are present and substrate is not suitable



for spawning (e.g., bedrock or rubble, assign SI = 0.5. If no riffle areas are present,

assign SI = 0.5.]

V2 Depth of riffle for spawning. [If any riffle areas are present and substrate is suitable for

spawning, assign SI = 1.0. If any riffle areas are present and substrate is not suitable

for spawning (e.g., bedrock or rubble, assign SI = 0.5. If no riffle areas are present,

assign SI = 0.5.]

V3 Current velocity within spawning habitat. [If any riffle areas are present and substrate

is suitable for spawning, assign SI = 1.0. If any riffle areas are present and substrate is

not suitable for spawning (e.g., bedrock or rubble, assign SI = 0.5. If no riffle areas are

present, assign SI = 0.5.]

V4 Mean water temperature during spawning and incubation.

V5 Percent riffles in spawning streams. [V5 was removed from the model.]

V6 Substrate type. [This is part of the embryo component of the model and represents

substrate in spawning areas. In areas where the HSI value would be less than 0.5 due to

this variable, but there is potential use other than spawning, assign SI = 0.5.]

V7 Percent cover in the form of vegetation, boulders or rubble in shallow edge or shoreline

areas (May - July). [To be applied within the littoral zone in late summer. SI graph was

modified as described and indicated in the figure below. SI = 1.0 for the range from 15

to 75 % cover within the littoral zone.]

V8 Fluctuation in water level in mid-summer (reservoirs).
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V9 Maximum depth. [The SI graph was modified as described and indicated in the figure

below. At 3 m, SI = 0; at 10 m, SI = 1; from 10 m to 100m, published graph was

followed.]

V10 Average turbidity (Secchi disk) during the growing season. [Assumed to be not limiting;

assign SI = 1.0.]

V11 pH range during the summer.

V12 Dissolved oxygen during the summer. [To be interpreted as the average mid-day

dissolved oxygen concentration within the epilimnion during July and August.]

V13 Mean water temperature during the summer. [To be interpreted as the mean water

temperature within the epilimnion during July and August. The SI graph was modified

as described and indicated in the figure below. For the temperature range from 12 to 20

°C, SI = 1; use published graph for temperatures from 0 to 12 °C; use linear trend from

SI = 1 at 20 °C to SI = 0 at 28 °C.]
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Edwards (1983) provides graphs for determining suitability index (SI) values for each of the model

variables. For determination of the HSI, these variables are grouped into three life-stage components:

embryo (CE), fry (CF), and juvenile-adult (CJ-A).

The suitability index for the embryo component (CE) is computed as:

CE = (V1 x V2 x V3 x V4
2 x V6)

1/6

Except, if any variable is <0.7, CE equals the lowest value of any variable in the above equation.

The suitability index for the fry component (CF) is computed as:

CF = V7 + V8

2

The suitability index for the juvenile-adult component (CF) is computed as:

CJ-A = V9 + V10 + V11 + V12 + 2V13

6

If V13 is <0.7, CJ-A equals the lowest of V13 or the above equation.

The HSI is then computed as follows:

HSI = (CE
2 x CF x CJ-A)1/4
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If CE is <0.7, the HSI equals the lowest of CE, or the HSI rating from the above equation.

White Sucker, Catostomus commersoni

A published HEP model is available for assessment of the quality of riverine and lacustrine habitats for

the white sucker (Twomey et al. 1984). This model includes habitat variables that represent habitat

quality for all life stages of white sucker. Twomey et al. (1984) note that the model is applicable

throughout North America where white suckers occur. The standard of comparison for each individual

variable SI is the optimum value that occurs anywhere within this geographic range.

This model was used as a framework during the workshop discussions to determine an approach for

quantifying existing white sucker habitat in the study area. Modifications to the variables and to the SI

criteria for the variables were considered and discussed during the workshops. Some clarifying

guidelines were also developed during the workshops regarding how the model should be applied in the

study area and how SI values should be assigned for specific variables. In the descriptions of model

variables below, modifications and clarifying guidelines developed during the workshops are included in

italics.

Riverine

The riverine model provides a measure of habitat suitability for white sucker on the basis of the

following 10 habitat variables:

V1 Maximum monthly average turbidity during the year (JTU). [Assume that turbidity is

not limiting and assign SI = 1.0.]

V2 Weekly average pH during the year under stable conditions. [Establish background

levels using available regional data or base on site-specific monitoring; if data are not

available, assume not limiting and assign SI = 1.0.]

V3 Minimum dissolved oxygen levels (mg/L) during May through August in areas of most

suitable water temperature. [Assume not limiting and assign SI = 1.0.]

V4 Average of mean weekly water temperatures (°C) during July and August (for adults and

juveniles).



V5 Average of mean weekly water temperatures (°C) during July and August (for fry).

V6 Average of mean weekly water temperatures (°C) during spawning and incubation (April

through July).

V7 Average riffle velocity (cm/s) during spawning and incubation. [If any riffles with

suitable spawning substrates are present, assign SI = 1; if no riffles with suitable

spawning substrates are present, assign SI = 0.5.]

V8 Average riffle depth (cm) during spawning and incubation. [If any riffles with suitable

spawning substrates are present, assign SI = 1; if no riffles with suitable spawning

substrates are present, assign SI = 0.5.]

V9 Percent instream and overhanging shoreline cover.

V10 Percent pools during average summer flows.

Graphs for determining SI values, corresponding to each of these 10 variables are included in Twomey et

al. (1984). For determination of the HSI, the above variables are grouped into three components (water

quality, reproduction and cover). The suitability index for the water quality component (CWQ) is the

lowest SI for V1, V2, V3 and V4. The suitability index for the reproduction component (CR) is the lowest

SI for V5, V6, V7 and V8. For the cover component (CC), suitability is the average of the SI for V9 and

V10.

The HSI for riverine habitats is then computed as follows:

HSI = (CWQ x CR x CC)1/3

If either CWQ or CR is less than or equal to 0.4, the HSI equals the lowest of CWQ, CR and the HSI from

the above equation.

Lacustrine

The lacustrine model is based on some of the same variables as the riverine model (V1, V2, V3, V4, V5

and V6) plus one additional variable (V11), which represents composition of littoral spawning substrates.

The lacustrine model provides a measure of habitat suitability for white sucker on the basis of the

following seven habitat variables:
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V1 Maximum monthly average turbidity during the year (JTU). [Assume that turbidity is

not limiting, and assign SI = 1.0.]

V2 Weekly average pH during the year under stable conditions. [Establish background

levels using available regional data or base on site-specific monitoring; if data are not

available, assume not limiting and assign SI = 1.0.]

V3 Minimum dissolved oxygen levels (mg/L) during May through August in areas of most

suitable water temperature. [Assume not limiting and assign SI = 1.0.]

V4 Average of mean weekly water temperatures (°C) during July and August (for adults and

juveniles).

V5 Average of mean weekly water temperatures (°C) during July and August (for fry).

V6 Average of mean weekly water temperatures (°C) during spawning and incubation (April

through July).

V11 Littoral spawning substrate. [The SI criteria were revised from the published model.

For boulder, cobble and gravel, SI = 1; for sand, SI = 0.5; for clay/silt or bedrock, SI =

0.05.]

For determination of the HSI, these variables are grouped into two components (water quality and

reproduction). The suitability index for the water quality component (CWQ) is the lowest SI for V1, V2,

V3 and V4. When spawning occurs in a lake, the suitability index for the reproduction component (CR) is

the lowest SI for variables V3, V5, V6 and V11. When spawning occurs in inlet streams, the suitability

index for the reproduction component is calculated as:

CR = [(lowest of V1, V2, V3, V4) x (lowest of V5, V6, V7, V8)]
1/2

where all CR variables are measured in the inlet stream.

The HSI is then computed as follows:

HSI = (CWQ x CR)1/2

If either CWQ or CR is less than or equal to 0.4, the HSI is the lowest of CWQ, CR and the HSI rating from

the above equation.



FAMILY ESOCIDAE

Northern Pike, Esox lucius

A published HEP model is available for assessment of the quality of riverine and lacustrine habitats for

northern pike (Inskip 1982; Casselman and Lewis 1996). The model includes variables that are believed

to be of general importance in determining habitat suitability for northern pike and represents all life

stages (spawning, embryo, fry, juveniles and adults). Inskip (1982) notes that the model is applicable to

lakes, reservoirs, rivers and streams throughout North America.

This model was used as a framework during the workshop discussions to determine an approach for

quantifying existing northern pike habitat in the study area. Modifications to the variables and to the SI

criteria for the variables were considered and discussed during the workshops. Some clarifying

guidelines were also developed during the workshops regarding how the model should be applied in the

study area and how SI values should be assigned for specific variables. In the descriptions of model

variables below, modifications and clarifying guidelines developed during the workshops are included in

italics. Variable V10 was added to the model following workshop discussions.

Riverine

The riverine model evaluates the suitability of habitats for northern pike based on the following ten

variables:

V1 Ratio of spawning habitat area to summer habitat area. [This ratio was determined

based on the estimated proportion of the area that would be less than 1 m deep during

spring and with aquatic vegetation or debris.]

V2 Drop in water level (m) during embryo and fry stages [Defined as the period from

spawning through to the end of June.]

V3 Percent of midsummer area with emergent or submergent aquatic vegetation.

V4 Log10 of total dissolved solids concentration in surface waters during midsummer.

V5 Least suitable pH in spawning habitat during embryo and fry stages.

V6 Average length of the frost-free season (days).
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V7 Maximal weekly average temperature (°C) of surface waters. [Using the warmest week

(7 days) of the year, take the average of the 7 daily peak temperatures during that

period.]

V8 Area of backwaters, pools or standing water (< 5 cm/s) during summer, as a percent of

the total surface area. [The habitats with velocities less than 5 cm/s will be assumed to

include 100% of the areas of all backwaters, pools, flats and impoundments plus 20% of

the area of runs (to represent low-velocity stream margins within run habitats). If

insufficient data are available, assign SI = 1.0.]

V9 Stream gradient (m/km). [Assume reaches with gradients >5m/km have no habitat

suitable for northern pike.]

V10 Late winter dissolved oxygen (DO). If DO is greater than 2 mg/L, SI = 1; if DO is less

than 2 mg/L, SI = 0.5. Late winter DO criteria are based on the assumptions that if

measured late winter DO is greater than the indicated concentration, DO is not limiting

at any time of year, and if measured late winter DO is less than the indicated

concentration, DO may be limiting in winter but not during the open-water period. In

addition, since DO is not measured in all areas within a watercourse or waterbody,

there may exist some local areas where late winter DO is greater than the measured

concentrations.

Inskip (1982) provides a series of graphs for determining suitability index (SI) values, corresponding to

each of the variables V1 to V9, for the habitat being assessed. The HSI for riverine habitats is set equal to

the minimum suitability value corresponding to habitat variables V1 to V10.

Lacustrine

The lacustrine model for northern pike applies the same variables as the riverine model, with the

exception of variables V8 and V9. These two variables are not included in the lacustrine model as they

are not applicable to lentic environments. The HSI for lacustrine habitats is set equal to the minimum

suitability of habitat variables V1 to V7 and V10.

V1 Ratio of spawning habitat area to summer habitat area. [This ratio was determined

based on the estimated proportion of the area that would be less than 1 m deep during

spring and with aquatic vegetation or debris.]



V2 Drop in water level (m) during embryo and fry stages. [i.e., during the period from

spawning through to the end of June].

V3 Percent of midsummer area with emergent or submergent aquatic vegetation.

V4 Log10 of total dissolved solids concentration in surface waters during midsummer.

V5 Least suitable pH in spawning habitat during embryo and fry stages.

V6 Average length of the frost-free season (days).

V7 Maximal weekly average temperature (°C) of surface waters. [Using the warmest week

(7 days) of the year, take the average of the daily peak temperatures during that period.]

V10 Late winter dissolved oxygen (DO). If DO is greater than 2 mg/L, SI = 1; if DO is less

than 2 mg/L, SI = 0.5. Late winter DO criteria are based on the assumptions that if

measured late winter DO is greater than the indicated concentration, DO is not limiting

at any time of year, and if measured late winter DO is less than the indicated

concentration, DO may be limiting in winter but not during the open-water period. In

addition, since DO is not measured in all areas within a watercourse or waterbody,

there may exist some local areas where late winter DO is greater than the measured

concentrations.

FAMILY SALMONIDAE

Lake Whitefish, Coregonus clupeaformis

Lacustrine

A published lacustrine HEP model is not available for lake whitefish. The model described in Table 21

is a HEP-type model developed from information on habitat requirements obtained by a review of the

literature (Nelson and Paetz 1992; Ford et al. 1995; Lane et al. 1996; Scott and Crossman 1998; Begout

Anras et al. 1999; Bradbury et al 1999; Edsall 1999a, b; Portt et al. 1999; Langhorne et al. 2001;

Richardson et al. 2001), capture data for lake whitefish in Alberta, Saskatchewan and Manitoba, and the

professional knowledge and experience of attendees at the expert workshops. The HSI is set equal to the

lowest of the SI values for the variables included in the model.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for
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proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

Table 21
Lake Whitefish Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1

spawning materials (NB:
assumes depth of >1 to 5 m and
exposure to wind and wave
action)

(a)

Bo, C, R,
G

-- S CS
Bd, mud,
detritus; soft
substrate

V2
late winter dissolved oxygen
levels (mg/L)

(b) >7 >5 to 7 >4 to 5 >3 to 4 ≤3 

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.



Mountain Whitefish, Prosopium williamsoni

Riverine

A published riverine HEP model is not available for mountain whitefish. The models described in Tables

22 to 24 are HEP-type models developed on the basis of information on habitat requirements obtained by

a review of the literature (Nelson and Paetz 1992; Scott and Crossman 1998; Northcote and Ennis 1994;

Siefert et al. 1974), capture data for mountain whitefish in Alberta, and the professional knowledge and

experience of attendees at the expert workshops.

The HSI for each life stage is set equal to the lowest of the SI values for the variables included in the

model for each life stage. The overall HSI for the species is calculated as the arithmetic mean of the

HSIs for all life stages.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Table 22
Mountain Whitefish Riverine Habitat Suitability Model - Rearing

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

R, C, G CS, S Bo Bd

V2 channel unit Pools, flats Runs, riffles Rapids chutes, falls

V3

late winter
dissolved
oxygen levels
(mg/L)

(b)

7 5 to <7 4 to <5 3 to <4 <3

V4

summer
average
maximum
temperature
(°C)

(c)

≤17   >17 to 25 >25 
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V5
% instream
cover

>30 >20 to 30 >10 to 20 >0 to 10 0

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

(c) Average summer temperature is average water temperature in July and August.

Table 23
Mountain Whitefish Riverine Habitat Suitability Model - Feeding

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

R, C, G Bo CS, S Bd

V2 channel unit runs, riffles pools, flats rapids chutes, falls

V3

late winter
dissolved
oxygen levels
(mg/L)

(b)

7 5 to <7 4 to <5 3 to <4 <3

V4

summer
average
maximum
temperature

(c)

≤17   >17 to 25 >25 

V5
% instream
cover

>20 >10 to 20 >0 to 10 0

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

(c) Average summer temperature is average water temperature in July and August.



Table 24
Mountain Whitefish Riverine Habitat Suitability Model – Spawning/Incubation

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

R, C, G Bo CS, S Bd

V2 channel unit runs, riffles rapids pools, flats chutes, falls

V3

late winter
dissolved
oxygen levels
(mg/L)

(b)

7 5 to <7 4 to <5 3 to <4 <3

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

Arctic Grayling, Thymallus arcticus

Riverine

A published HEP model is available for assessment of the quality of riverine habitats for Arctic grayling

(Hubert et al. 1985). The model is based on 10 habitat variables and includes variables that are believed

to govern spawning success and embryo survival, as well as variables that influence the quality of habitat

for juvenile and adult life stages. This model was used as a framework during the workshop discussions

to determine an approach for quantifying existing Arctic grayling habitat in the study area.

Modifications to the variables and to the SI criteria for the variables were made after due consideration

by the workshop participants. Some clarifying guidelines were also developed during the workshops

regarding how the model should be applied in the study area and how SI values should be assigned for

specific variables. In the descriptions of model variables below, modifications and clarifying guidelines

developed during the workshops are included in italics. The habitat variables for quantifying Arctic

grayling habitat are as follows:

V1 Average of maximum daily water temperatures (C) during the warmest period of the

year. [Use July 15 to August 15 as the warmest period or determine through monitoring

what the warmest 30 day period is. Application of this variable is not to be limited to

spawning streams, as was the case in the original model.]
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V2 Average minimum dissolved oxygen (mg/L) during the late summer, low-flow period.

[The late summer low-flow period was defined as the last two weeks of August.

Application of this variable is not to be limited to spawning streams, as was the case in

the original model.]

V3 Percent of substrate in spawning areas composed predominantly of gravel and rubble

(1.0 to 20.0 cm diameter). [If any riffle areas are present, assign SI = 1.0; if no riffle

areas are present, assign SI = 0.5 to account for areas that may not provide suitable

spawning habitat, but may still provide habitat for other life stages.]

V4 Percent of fines (< 3 mm diameter) in spawning areas and downstream riffle areas during

spawning and embryo development period. [If insufficient data are available, assign SI

= 1.0 to be conservative.]

V5 Average velocity (cm/s) over spawning areas during the spawning and embryo

development period. [If insufficient data are available, assign SI = 1.0 to be

conservative.]

V6 Percent of the spawning areas and nursery areas downstream from the spawning areas,

that consists of backwater and side channel areas with a current velocity less than 0.15

m/s. [The habitats with velocities less than 0.15 m/s will be assumed to include 100% of

the areas of all backwaters, pools, flats and impoundments plus 20% of the area of runs

(to represent low-velocity stream margins within run habitats). If insufficient data are

available, assign SI = 1.0 to be conservative.]

V7 Average maximum water temperature (C) during the warmest period of the year in

streams inhabited by adults. [Variable not used; assign SI = 1.0 in all cases.]

V8 Average of minimum daily dissolved oxygen (mg/L) during the late summer, low-flow

period. [The late summer low-flow period was defined as the last two weeks of August.

Application of this variable is not to be limited to streams inhabited by adults, as was the

case in the original model.]

V9 Annual frequency of early spring access to tributary spawning streams within 150 km of

wintering areas. [If insufficient data are available, assign SI = 1.0.]

V10 Occurrence of winter habitat (deep pools with current velocities of less than 0.15 m/s).

[If stream access exists to overwintering habitat somewhere in the system, assign

SI = 1.0.]



V11 Late winter dissolved oxygen (DO). If DO is 6 mg/L, SI = 1; if DO is 4 and <6 mg/L,

SI = 0.75; if DO is 3 and <4 mg/L, SI = 0.50; if DO is 2 and <3 mg/L, SI = 0.25; if

DO is <2 mg/L, SI = 0. Late winter DO criteria are based on the assumptions that if

measured late winter DO is greater than the indicated concentration, DO is not limiting

at any time of year, and if measured late winter DO is less than the indicated

concentration, DO may be limiting in winter but not during the open-water period. In

addition, since DO is not measured in all areas within a watercourse or waterbody,

there may exist some local areas where late winter DO is greater than the measured

concentrations.

Hubert et al. (1985) provide a series of graphs for determining SI values, corresponding to each of these

10 variables, for the habitat being assessed. The HSI is set equal to the minimum value of suitability

indices SI1 to SI11, corresponding to habitat variables V1 to V11.

Lacustrine

The HSI model developed by Hubert et al. (1985) for Arctic grayling was limited to riverine areas, and

no other published model is available for Arctic grayling in lacustrine habitats. The model described in

Table 25 was developed on the basis of information provided in the description of the riverine model

(Hubert et al. 1985) and review of other relevant literature (Stewart et al. 2007). The HSI is set equal to

the lowest of the SI values for the variables included in the model.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.
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In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

Table 25
Arctic Grayling Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

R, C, G S CS Bd, Bo

V2 depth (m) >0-4 >4-10 >10

V3

access to
spawning
streams

Spawning
streams
accessible

Spawning
streams not
accessible

V4

average
maximum
water
temperature
during the
warmest
period of the
year (C)

>7 to 17
>17 to 20;
4 to 7

>20 or <4

V5
percent littoral
zone cover

>30 >20 to 30 >10 to 20 0 to 10

V6

average
minimum
dissolved
oxygen (mg/L)
during late
summer

6 4 to <6 3 to <4 2 to <3 <2

V7

late winter
dissolved
oxygen
(mg/L)

(b)

6 4 to <6 3 to <4 2 to <3 <2

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value



may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

FAMILY PERCOPSIDAE

Trout-Perch, Percopsis omiscomaycus

Riverine

A published riverine HEP model is not available for trout-perch. The model described in Table 26 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Nash 1950; Becker 1983; Page and Burr 1991; Scott and Crossman 1998; Langhorne et al.

2001; Richardson et al. 2001) and the professional knowledge and experience of attendees at the expert

workshops. The HSI is set equal to the lowest of the SI values for the variables included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Lacustrine

A published lacustrine HEP model is not available for trout-perch. The model described in Table 27 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Nash 1950; Becker 1983; Page and Burr 1991; Scott and Crossman 1998; Langhorne et al.

2001; Richardson et al. 2001) and the professional knowledge and experience of attendees at the expert

workshops. The HSI is set equal to the lowest of the SI values for the variables included in the model.
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Table 26
Trout-Perch Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S, CS C, R Bd, Bo

V2 channel unit Run, flat
pools,
backwater
areas

riffles,
rapids,
chutes

V3
% instream
cover

0 >0 to 20 >20 to 30 >30 to 50 >50

V4

late winter
dissolved
oxygen
(mg/L)

(b)

2 <2

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved



oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

Table 27
Trout-Perch Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

G, S, CS C, R Bd, Bo

V2 depth (m) >0 to 7 m >7 to 15 m >15 m

V3
spawning
material

Sand, gravel
with
vegetation

Sand, gravel,
vegetation
absent

Bedrock,
Boulder,
vegetation
absent

V4

late winter
dissolved
oxygen
(mg/L)

(b)

3 <3

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

FAMILY GADIDAE

Burbot, Lota lota

Riverine

A published riverine HEP model is not available for burbot. The models described in Tables 28 to 30 are

HEP-type models developed on the basis of information on habitat requirements obtained by a review of

the literature (Morrow 1980; Ford et al. 1995; Billard 1997; Scott and Crossman 1998; Bradbury et al.

1999; McPhail and Paragamian 2000; Taylor and McPhail 2000; Fisher 2000; Paragamian 2000;



Fish HSI Models - 61 - Version 2.0
Alberta Oil Sands Region October 2008

Golder Associates

Langhorne et al. 2001; Richardson et al. 2001; Hoffman and Fischer 2002) and the professional

knowledge and experience of attendees at the expert workshops.

The HSI for each life stage is set equal to the lowest of the SI values for the variables included in the

model for each life stage. The overall HSI for the species is calculated as the arithmetic mean of the

HSIs for all life stages.

Table 28
Burbot Riverine Habitat Suitability Model - Rearing

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, C, R, G S CS detritus

V2 channel unit
snye, pools,
backwater
areas

flats runs riffles chutes, falls

V3

late winter
dissolved
oxygen levels
(mg/L)

(b)

6 -- 2 to <6 -- <2

V4

summer
average
maximum
temperature

(c)

<12 12 to 15 >15 to 18 >18

V5
% instream
cover

>30 to 50
>20 to 30;

>50 to 65

>10 to 20;

>65 to 75

>0 to 10;

>75 to 100
0

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

(c) Average summer temperature is average water temperature in July and August.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%



and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Table 29
Burbot Riverine Habitat Suitability Model - Feeding

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, C, R, G S CS detritus

V2 channel unit
snye, pools,
backwater
areas

flats, runs riffles chutes, falls

V3

late winter
dissolved
oxygen levels
(mg/L)

(b)

7 5 to <7 2 to <5 1 to <2 <1

V4

summer
average
maximum
temperature

(c)

<12 12 to 15 >15 to 18 >18

V5
% instream
cover

>30 to 50
>20 to 30;

>50 to 65

>10 to 20;

>65 to 75

>0 to 10;

>75 to 100
0

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

(c) Average summer temperature is average water temperature in July and August.
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Table 30
Burbot Riverine Habitat Suitability Model - Spawning

Variable
Excellent
(SI=1.0)

Above
Average
(SI=0.75)

Average
(SI=0.5)

Below
Average
(SI=0.25)

None
(SI=0.0)

V1 substrate
(a)(b)

G, S, CS Bo, R, C Bd, detritus

V2 channel unit
snye, pools,
backwater
areas

flats runs riffles chutes, falls

V3

late winter
dissolved
oxygen levels
(mg/L)

(c)

6 -- 2 to <6 -- <2

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 mm to 256 mm, rounded), R = rubble (> 64 mm to 256 mm, angular),
G = gravel (> 2 mm to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 
1999). The distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material
in the same size range, but with sharp angular corners.

(b) Spawning substrate categories from McPhail and Paragamian (2000).

(c) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

Lacustrine

A published lacustrine HEP model is not available for burbot. The models described in Tables 31 to 33

is a HEP-type model developed on the basis of information on habitat requirements obtained by a review

of the literature (Morrow 1980; Ford et al. 1995; Billard 1997; Scott and Crossman 1998; Bradbury et al.

1999; McPhail and Paragamian 2000; Taylor and McPhail 2000; Fisher 2000; Paragamian 2000;

Langhorne et al. 2001; Richardson et al. 2001; Hoffman and Fischer 2002) and the professional

knowledge and experience of attendees at the expert workshops.

The HSI for each life stage is set equal to the lowest of the SI values for the variables included in the

model for each life stage. The overall HSI for the species is calculated as the arithmetic mean of the

HSIs for all life stages.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth



category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78.

Table 31
Burbot Lacustrine Habitat Suitability Model - Rearing

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, C, R, G S CS detritus

V2

late winter
dissolved
oxygen levels
(mg/L)

(b)

7 5 to <7 2 to <5 1 to <2 <1

V3

summer
average
maximum
temperature

(c)

<12 12 to 15 >15 to 18 >18

V4 % littoral cover >30 to 50
>20 to 30;

>50 to 65

>10 to 20;

>65 to 75

>0 to 10;

>75 to 100
0

V5 depth (m) >0 to 2 >2 to 3 >3 to 5 >5
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

(c) Average summer temperature is average water temperature in July and August.

Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.
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Table 32
Burbot Lacustrine Habitat Suitability Model - Feeding

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, C, R, G S CS detritus

V2

late winter
dissolved
oxygen levels
(mg/L)

(b)

7 5 to <7 2 to <5 1 to <2 <1

V3

summer
average
maximum
temperature

(c)

<12 12 to 15 >15 to 18 >18

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

(c) Average summer temperature is average water temperature in July and August.

Note: Prey density is likely an important factor in burbot adult feeding habitat use. Although not captured as a variable in the
model, it would be an important consideration when designing a lake to support this species.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.



Table 33
Burbot Lacustrine Habitat Suitability Model - Spawning

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)(b)

C, G, S Bo, R CS, detritus

V2

late winter
dissolved
oxygen levels
(mg/L)

(c)

7 5 to <7 2 to <5 1 to <2 <1

V3 depth (m) 1 to 3 >3 to 5 >5 to 7 >7 to 10 >10 or <1
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Spawning substrate categories drawn from McPhail and Paragamian (2000).
(c) Late winter dissolved oxygen (DO) criteria are based on the assumption that if measured late winter DO is greater than the

indicated concentration, DO is not limiting at any time of the year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentration.

FAMILY GASTEROSTEIDAE

Brook Stickleback, Culaea inconstans

Riverine

A published riverine HEP model is not available for brook stickleback. The model described in Table 34

is a HEP-type model developed on the basis of information on habitat requirements obtained by a review

of the literature (Smiley 1972; Moodie 1986; Nelson and Paetz 1992; Abrahams 1996; Lane et al 1996;

Scott and Crossman 1998; Bradbury et al. 1999; Portt et al. 1999; Langhorne et al. 2001; Richardson et

al. 2001), comparisons to habitat requirements from published HSI models for other small-bodied fish

species, capture data for brook stickleback in Alberta, Saskatchewan and Manitoba and the professional

knowledge and experience of attendees at the expert workshops. The HSI is set to the lowest of the SI

values for the variables included in the model.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%
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of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Table 34
Brook Stickleback Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below Average
(SI = 0.25)

None
(SI = 0.0)

V1 substrate
(a)

G, S and CS -- Bo, Bd, C and R --

V2 nesting materials
algae,
submergent
plants

emergent
plants

inundated
vegetation

other, e.g.,
woody debris

none

V3 channel unit
flats, pools,
backwater
areas

runs riffles
rapids,
chutes, falls

V4 % instream cover >50 >30 to 50 >20 to 30 >0 to 20 0

V5

late winter
dissolved oxygen
(mg/L)

(b)
1 <1

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

Lacustrine

A published lacustrine HEP model is not available for brook stickleback. The model described in Table

35 is a HEP-type model developed on the basis of information on habitat requirements obtained by a

review of the literature (Smiley 1972; Moodie 1986; Nelson and Paetz 1992; Abrahams 1996; Lane et al.

1996; Scott and Crossman 1998; Bradbury et al. 1999; Portt et al. 1999; Langhorne et al. 2001;

Richardson et al. 2001), comparisons to habitat requirements of other small-bodied fish species from

published HSI models, capture data for brook stickleback in Alberta, Saskatchewan and Manitoba and

the professional knowledge and experience of attendees at the expert workshops. The HSI is set equal to

the lowest of the SI values for the variables included in the model.



In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.
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Table 35
Brook Stickleback Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1
(a)

substrate
(a)

G, S and CS --
Bo, Bd, C
and R

--

V2 nesting materials
algae,
submergent
plants

emergent
plants

inundated
vegetation

other, e.g.,
woody
debris

none

V3 depth (m) ≤2  - >2 to 5 >5 -- 

V4 % littoral zone cover >50 >30 to 50 >20 to 30 >0 to 20 0

V5
late winter dissolved
oxygen (mg/L)

(b) 1 <1

V6 pH 6 to 9 5.5 to <6 <5.5 or >9
(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =

gravel (> 2 mm to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  
The distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the
same size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

FAMILY COTTIDAE

Slimy Sculpin, Cottus cognatus

Riverine

A published riverine HEP model is not available for slimy sculpin. The model described in Table 36 is a

HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Nelson and Paetz 1992; Ford et al. 1995; Gibbons et al. 1996; Lane et al. 1996; Scott and

Crossman 1998; Bradbury et al. 1999; Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001),

comparisons to habitat requirements of other small-bodied fish species from published HSI models,

capture data for slimy sculpin in Alberta, Saskatchewan and Manitoba, and the professional knowledge

and experience of attendees at the expert workshops. The HSI is set equal to the lowest of the SI values

for the variables included in the model.



In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).

Table 36
Slimy Sculpin Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, R, C, G; lay
eggs on underside
of rock or logs

-- S, CS ---

V2
instream cover R, C, Bo, woody

debris
-- vegetation --

absence of in-
situ cover, (e.g.,
rock or logs)

V3 channel unit runs, riffles, rapids -- -- flats, pools --

V4

% instream cover as
suitable substrate
i.e., %R, C, Bo,
woody debris

>30 >20 to 30 >10 to 20 >0 to 10 0

V5
late winter dissolved
oxygen (mg/L)

(b) 2 -- <2 -- --

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

Lacustrine

A published lacustrine HEP model is not available for slimy sculpin. The model described in Table 37 is

a HEP-type model developed on the basis of information on habitat requirements obtained by a review of

the literature (Nelson and Paetz 1992; Ford et al. 1995; Gibbons et al. 1996; Lane et al. 1996; Scott and

Crossman 1998; Bradbury et al. 1999; Portt et al. 1999; Langhorne et al. 2001; Richardson et al. 2001),

comparisons to habitat requirements of other small-bodied fish species from published HSI models,
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capture data for slimy sculpin in Alberta, Saskatchewan and Manitoba, and the professional knowledge

and experience of attendees at the expert workshops. The HSI is set equal to the lowest of the SI values

for the variables included in the model.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be

0.78.

Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.



Table 37
Slimy Sculpin Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a) Bo, R, C, G; lay eggs on

underside of rock or logs
-- S, CS --

V2

% cover as suitable
substrate i.e., R, C,
Bo, woody debris

>30 >20 to 30 >10 to 20 >0 to 10 0

V3 depth (m)  ≤2  >2 to 5 >5  -- 

V4
late winter dissolved
oxygen (mg/L)

(b) 2 -- <2 -- --

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

Spoonhead Sculpin, Cottus ricei

Riverine

A published riverine HEP model is not available for spoonhead sculpin. The model described in Table

38 is a HEP-type model developed on the basis of information on habitat requirements obtained by a

review of the literature (McPhail and Lindsey 1970; Lee et al. 1980; Jude and Pappas 1992; Nelson and

Paetz 1992; Selgeby and Hoff 1996; Scott and Crossman 1998; Bradbury et al. 1999; Portt et al. 1999;

Langhorne et al. 2001; Franzin et al. 2003), comparisons to habitat requirements of other small-bodied

fish species from published HSI models, capture data for spoonhead sculpin in Alberta, Saskatchewan
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and Manitoba, and the professional knowledge and experience of attendees at the expert workshops. The

HSI is set equal to the lowest of the SI values for the variables included in the model.

Table 38
Spoonhead Sculpin Riverine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, R, C, G; lay
eggs on
underside of rock
or logs

-- S, CS
absence of
rock

V2 instream cover
R, C, Bo, woody
debris

-- vegetation --

absence of in-
situ cover,
(e.g., rock or
logs)

V3 channel unit
runs, riffles,
rapids

-- -- flats, pools --

V4

% instream cover
as suitable
substrate i.e., R, C,
Bo, woody debris

>50 >30 to 50 >20 to 30 >0 to 20 0

V5

late winter
dissolved oxygen
(mg/L)

(b)
2 -- <2 -- --

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In assigning SI values for some variables, when the available data consists of proportions of a stream

reach that are in more than one category of the variable, a weighted mean approach is used. For

example, the SI for channel unit is the weighted average of the SI values for the five SI categories (i.e.,

the values 1.0, 0.75, 0.5, 0.25 and 0.0), with each SI value weighted by the percent of the stream reach

area in each of the corresponding channel unit categories. More specifically, if SI of 1 represented 50%

of the stream area, SI of 0.75 represented 20%, SI of 0.5 represented 20%, SI of 0.25 represented 10%

and SI of 0 was 0%, then the weighted average of SI values for channel unit would be 0.78. The same

approach is used for other variables when the same type of data is available (e.g., substrate).



Lacustrine

A published lacustrine HEP model is not available for spoonhead sculpin. The model described in Table

39 is a HEP-type model developed on the basis of information on habitat requirements obtained by a

review of the literature (McPhail and Lindsey 1970; Lee et al. 1980; Jude and Pappas 1992; Nelson and

Paetz 1992; Selgeby and Hoff 1996; Scott and Crossman 1998; Bradbury et al. 1999; Portt et al. 1999;

Langhorne et al. 2001; Franzin et al. 2003), comparisons to habitat requirements of other small-bodied

fish species from published HSI models, capture data for spoonhead sculpin in Alberta, Saskatchewan

and Manitoba, and the professional knowledge and experience of attendees at the expert workshops. The

HSI is set equal to the lowest of the SI values for the variables included in the model.

Table 39
Spoonhead Sculpin Lacustrine Habitat Suitability Model

Variable
Excellent
(SI = 1.0)

Above
Average

(SI = 0.75)
Average
(SI = 0.5)

Below
Average

(SI = 0.25)
None

(SI = 0.0)

V1 substrate
(a)

Bo, R, C, G; lay
eggs on underside
of rock or logs

-- S, CS
absence
of rock

V2

% cover as suitable
substrate i.e., R, C, Bo,
woody debris

>50 >30 to 50 >20 to 30 >0 to 20 0

V3 depth (m) >5 1 to 5 <1 --

V4
late winter dissolved
oxygen (mg/L)

(b) 2 -- <2 -- --

(a) Bd = bedrock, Bo = boulder (> 256 mm), C = cobble (> 64 to 256 mm, rounded), R = rubble (> 64 to 256 mm, angular), G =
gravel (> 2 to 64 mm), S = sand (> 0.06 to 2.0 mm) and CS = clay/silt (≤ 0.06 mm) includes detritus (Bradbury et al. 1999).  The 
distinction between cobble and rubble is that cobble material has a smooth rounded shape while rubble is material in the same
size range, but with sharp angular corners.

(b) Late winter dissolved oxygen (DO) criteria are based on the assumptions that if measured late winter DO is greater than the
indicated concentration, DO is not limiting at any time of year, and if measured late winter DO is less than the indicated
concentration, DO may be limiting in winter but not during the open-water period. In addition, since DO is not measured in all
areas within a watercourse or waterbody, there may exist some local areas where late winter DO is greater than the measured
concentrations.

In assessing habitats for lakes, where warranted and where appropriate data can be obtained, the SI value

for a given variable should be based on a weighted average calculation using the proportions of the lake

size within each suitability category as weighting factors. An example of a weighted average for

proportionate depth data is: if the depth category with SI of 1 represented 50% of the lake area, the depth

category with SI of 0.75 represented 20% of the lake area, the depth category with SI of 0.5 represented

20% of the lake area, the depth category with SI of 0.25 represented 10% of the lake area, and the depth

category with SI of 0 was 0% of the lake area, then the weighted average SI value for depth would be
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0.78. Similar weighted average SI values should be computed for any model variable for which similar

proportionate distribution information can be provided (i.e., depth, substrate, temperature, dissolved

oxygen). For these variables, computation of weighted average SI values will require information on

lake bathymetry, proportions of substrate size classes, and profiles for temperature and dissolved oxygen.

In some cases (e.g., cover, spawning material), the relevant percent values will be percent of littoral zone

rather than percent of the entire lake.

In computing weighted average SI values for dissolved oxygen variables, a depth-integrated value can be

used to represent the dissolved oxygen in a particular lake surface area for which the vertical dissolved

oxygen profile data is applicable. In situations where dissolved oxygen concentration is very low or zero

near the bottom, but more suitable in other parts of the water column, some adjustment to the SI value

may be appropriate, depending on the water depth at that point (e.g., deep areas may be considered more

suitable than shallow areas in this case). For winter dissolved oxygen under ice cover, areas with depths

during the open-water period that are less than or equal to the typical ice thickness would not provide

suitable winter habitat.

FAMILY PERCIDAE

Yellow Perch, Perca flavescens

A published HSI model is available for assessment of the quality of riverine and lacustrine habitats for

yellow perch (Krieger et al. 1983). The model includes habitat variables believed to be important in

limiting distribution, abundance and survival of yellow perch and represents all life stages. Kreiger et al.

(1983) note the models are applicable throughout the 48 contiguous United States.

This model was used as a framework during the workshop discussions to determine an approach for

quantifying existing yellow perch habitat in the study area. Modifications to the variables and to the SI

criteria for the variables were considered and discussed during the workshops. Some clarifying

guidelines were also developed during the workshops regarding how the model should be applied in the

study area and how SI values should be assigned for specific variables. In the descriptions of model

variables below, modifications and clarifying guidelines developed during the workshops are included in

italics. Variable V10 was added to the lacustrine model following workshop discussions.



Riverine

The riverine model is based on the following seven variables:

V2 Percent pool and backwater areas during average summer flow.

V3 Percent cover during summer within pools and backwater areas.

V4 Most suitable water temperature within the water column during midsummer (adult,

juvenile and fry).

V5 Most suitable water temperatures within pools and backwaters during spawning and

embryo development.

V6 Minimum dissolved oxygen level at the two locations selected for the most suitable

temperature for variables V3 and V4.

V7 Degree-days (between 4 and 10oC) from Oct. 30 to April 1. [Not relevant in the region;

assign SI = 1.0.]

V8 pH range during the year. [As yellow perch have high acidity tolerance, assume not

limiting and assign S I= 1.0.]

Variable V7, which presents a criterion related to gonad development, does not apply to populations in

northern environments. Therefore, V7 should be given a suitability of 1 for all areas in the region to

neutralize this habitat variable.

Graphs for determining the SIs for each of the remaining six variables are presented in Krieger et al.

(1983). The HSI is set at the minimum SI value for habitat variables V2 to V8.

Lacustrine

The lacustrine model is based on the following nine variables:

V1 Percent littoral area during summer.

V3 Percent cover during summer within littoral areas.

V4 Most suitable water temperature within the water column during midsummer (adult,

juvenile and fry).

V5 Most suitable water temperatures within littoral areas during spawning and embryo

development. [Take several measurements throughout the lake and average them.]
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V6 Minimum dissolved oxygen level at the two locations selected for the most suitable

temperature for variables V4 and V5.

V7 Degree-days (between 4 and 10oC) from Oct. 30 to April 1 [Not relevant in the region;

assign SI = 1.0.]

V8 pH range during the year. [As yellow perch have high acidity tolerance, assume not

limiting and assign S I= 1.0.]

V9 Trophic status of lake or lake section.

V10 Late winter dissolved oxygen (DO). Should be measured at the deepest location in the

lake. If DO is greater than or equal to 3 mg/L, SI = 1; if DO is >1 and <3 mg/L, SI =

0.5; if DO is less than 1 mg/L, SI = 0.

As noted for the riverine model, variable V7 should be excluded from the analysis by assigning a SI value

of 1.0 in all cases. Graphs for determining the SIs for each of the remaining variables (except V10) are

included in Krieger et al. (1983). The HSI is set at the minimum SI value for habitat variables V1 and V3

to V10.

Walleye, Sander vitreum

A published HEP model is available for assessment of the quality of riverine and lacustrine habitats for

walleye (McMahon et al. 1984). The model includes habitat variables believed to be important in

limiting distribution, abundance and survival of walleye and represents all life stages. McMahon et al.

(1984) note that the model is applicable throughout the range of walleye in North America.

This model was used as a framework during the workshop discussions to determine an approach for

quantifying existing walleye habitat in the study area. Modifications to the variables and to the SI

criteria for the variables were considered and discussed during the workshops. Some clarifying

guidelines were also developed during the workshops regarding how the model should be applied in the

study area and how SI values should be assigned for specific variables. In the descriptions of model

variables below, modifications and clarifying guidelines developed during the workshops are included in

italics.



Riverine

The riverine model evaluates the suitability of habitats for walleye based on the following 13 variables:

V1 Average transparency (Secchi depth) during summer. [Assume not limiting in the

region; assign SI = 1.0.]

V2 Relative abundance of small forage fishes during spring and summer (mg of prey/m3).

[Use density estimates from RAMP studies or other data, if available; otherwise, assume

that it is not limiting and assign SI = 1.0.]

V3 Percent of waterbody with instream cover and adequate dissolved oxygen during the

spring and summer.

V4 Least suitable pH during the year.

V5 Minimum dissolved oxygen level in pools and runs, or above the thermocline, in

summer.

V6 Minimum dissolved oxygen level during summer and fall along shallow shoreline areas.

V7 Minimum dissolved oxygen level measured in spawning areas during spring.

V8 Mean weekly water temperature in pools, or above the thermocline, during summer.

[The SI graph was modified as described and indicated in the figure below. For the

temperature range from 15 to 24 °C, SI = 1; use a linear trend from SI = 1 at 15 °C to SI

= 0 at 12 °C; for temperatures above 24 °C, follow the shape of the descending limb of

the published graph, shifted to the left by 0.5 °C.] (Hokanson 1977; McMahon et al.

1984; Christie and Regier 1988; KGS Group 1992; Ford et al. 1995)

Walleye SI Graph for V8
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V9 Mean weekly water temperature in shallow shoreline areas during late spring-early

summer. [Assume not limiting, and assign SI = 1.0.]

V10 Mean weekly water temperature during spawning in spring. [The SI graph was modified

as described and indicated in the figure below. For the temperature range from 8 to 15

°C, SI = 1; use a linear trend from SI = 1 at 8 °C to SI = 0 at 5 °C; for temperatures

above 15 °C, follow the shape of the descending limb of the published graph, shifted to

the left by 3 °C.]

V11 Degree days between 4 and 10 C from October 30 to April 15. [Criterion not

applicable for Alberta; assign SI = 1 for all streams in the region.]

V12 Spawning Habitat Index = (proportion of riffle or littoral areas) x (substrate index),

where substrate index = 2 (% gravel/rubble) + (% boulders/bedrock) + 0.5 (% sand) +

0.5 (% vegetation). [Do not use this calculation. If any riffles are present, assign SI =

1; if no riffles are present, assign SI = 0.5.]

V13 Water level during spawning and embryo development. [Assume not limiting, and

assign SI = 1.0.]

McMahon et al. (1984) provide a series of graphs for determining suitability index (SI) values,

corresponding to each of these 13 variables, for the habitat being assessed. For determination of the HSI,

the 13 variables are grouped into four components (food, cover, water quality and reproduction). The

suitability index for the food component (CF) is the average of the SIs for V1 and V2. The suitability

index for the cover component (CC) is calculated as a weighted average of the SIs for variables V1 and

Walleye SI Graph for V10
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V3, with V1 weighted three times greater than V3. For the water quality component (CWQ), the suitability

index is lowest of the SIs for V4, V5, V6, V8 and V9. The suitability index for the reproduction component

(CR) is the lowest of the SIs for variables V7, V10, V12 and V13. The HSI for riverine habitats is then set

equal to the minimum value of the suitability indices for CF, CC, CWQ and CR.
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MAR 6 MARgl 2 BMTzr 2 Eolian Eolian Glaciofluvial 20 No

MAR 5 MARgl 3 BMTzr 2 Eolian Eolian Glaciofluvial 20 No

MAR 6 MARgl 2 BMTzr 2 Eolian Eolian Glaciofluvial 20 No

MAR 6 MARgl 2 BMTzr 2 Eolian Eolian Glaciofluvial 20 No

MAR 5 MARgl 3 BMTzr 2 Eolian Eolian Glaciofluvial 20 No

MAR 5 MARgl 3 BMTzrpt 2 Eolian Eolian Glaciofluvial 20 No

MARgl 4 MAR 4 BMTzr 2 Eolian Eolian Glaciofluvial 20 No

MAR 6 MARgl 4 Eolian Eolian 20 No

MAR 8 MARgl 2 Eolian Eolian 20 No

MAR 7 MARgl 3 Eolian Eolian 20 No

MAR 8 MARgl 2 Eolian Eolian 20 No

MAR 8 MARgl 2 Eolian Eolian 20 No

MAR 6 ASTpt 2 ASTxs 2 Eolian Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

20–35 No

MAR 8 ASTxs 2 Eolian Fluvial or Lacustrine
overlying glaciofluvial
or eolian

20–35 No

MARgl 8 ASTxs 2 Eolian Fluvial or Lacustrine
overlying glaciofluvial
or eolian

20–35 No

MAR 6 BMTzr 2 MARgl 2 Eolian Glaciofluvial Eolian 20 No

MAR 6 BMTzr 2 MARgl 2 Eolian Glaciofluvial Eolian 20 No

MAR 6 BMTzr 2 MARgl 2 Eolian Glaciofluvial Eolian 20 No

MAR 6 BMTzr 2 MARgl 2 Eolian Glaciofluvial Eolian 20 No

MAR 8 BMTzr 2 Eolian Glaciofluvial 20 No

MAR 7 BMTzr 3 Eolian Glaciofluvial 20 No

MAR 6 BMTzr 4 Eolian Glaciofluvial 20 No

MAR 8 BMTzr 2 Eolian Glaciofluvial 20 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MAR 8 BMTzr 2 Eolian Glaciofluvial 20 No

MAR 9 BMTzr 1 Eolian Glaciofluvial 20 No

MAR 7 BMTzr 3 Eolian Glaciofluvial 20 No

MAR 9 BMTzr 1 Eolian Glaciofluvial 20 No

MAR 9 BMTzr 1 Eolian Glaciofluvial 20 No

MAR 7 MIL 3 Eolian Glaciofluvial 20 No

MAR 7 MIL 3 Eolian Glaciofluvial 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MAR 10 Eolian 20 No

MMYgl 8 MMW 2 Fluvial Fluvial 35 No

MMYgl 5 ASTco 3 MILxt 2 Fluvial Fluvial or Lacustrine Glaciofluvial overlying
till

20–35 No

MMW 6 AST 4 Fluvial Fluvial or Lacustrine 35 No

MMW 6 AST 4 Fluvial Fluvial or Lacustrine 35 No

MMW 7 ASTpt 3 Fluvial Fluvial or Lacustrine 35 No

MMYgl 6 BMTzr 4 Fluvial Glaciofluvial 20–35 No

MMYgl 8 BMTzr 2 Fluvial Glaciofluvial 20–35 No

MMYgl 8 BMTzr 2 Fluvial Glaciofluvial 20–35 No

MMYgl 8 ZZZ 2 Fluvial N/A 0–35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MMYgl 8 ZZZ 2 Fluvial N/A 0–35 No

MMW 10 Fluvial 35 No

MMW 10 Fluvial 35 No

MMW 10 Fluvial 35 No

MMW 10 Fluvial 35 No

MMYgl 10 Fluvial 35 No

MMYgl 10 Fluvial 35 No

MMYgl 10 Fluvial 35 No

MMYgl 10 Fluvial 35 No

MMYgl 10 Fluvial 35 No

NAMgl 8 MAR 2 Fluvial or Lacustrine Eolian 20–50 No

ASTco 8 MMW 2 Fluvial or Lacustrine Fluvial 35 No

ASTco 8 MMYgl 2 Fluvial or Lacustrine Fluvial 35 No

NAMglco 7 MMW 3 Fluvial or Lacustrine Fluvial 35–50 No

NAMglco 6 MMW 4 Fluvial or Lacustrine Fluvial 35–50 No

NAMglco 6 ASTco 2 MMW 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial 35–50 No

NAMglco 6 ASTco 2 MMW 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial 35–50 No

AST 4 ASTco 3 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 ASTpt 2 ASTco 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 6 ASTpt 2 ASTco 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 6 ASTpt 2 ASTco 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 6 ASTpt 2 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 6 ASTpt 2 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 6 ASTpt 2 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 6 ASTpt 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 ASTpt 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 ASTpt 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

AST 6 ASTpt 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 4 ASTpt 4 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 ASTpt 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 ASTpt 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 ASTpt 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 4 NAMgl 4 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 4 NAMgl 4 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

ASTco 6 ASTcopt 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 6 AST 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

ASTpt 6 AST 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

ASTpt 6 AST 2 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

ASTpt 4 ASTco 4 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35 No

NAMgl 6 AST 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 5 AST 3 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 5 ASTco 3 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 NAMglco 2 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 6 NAMgl 2 ASTco 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 ASTpt 2 ASTxs 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

AMgl 5 AST 3 EYM 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial, Lacustrine or
Glaciolacustrine

35–50 No

NAMgl 5 AST 3 EYM 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial, Lacustrine or
Glaciolacustrine

35–50 No

NAMgl 5 AST 3 EYM 2 Fluvial or Lacustrine Fluvial or Lacustrine Fluvial, Lacustrine or
Glaciolacustrine

35–50 No

AST 6 ASTpt 3 ZZZ 1 Fluvial or Lacustrine Fluvial or Lacustrine N/A 0–35 No

AST 6 ASTpt 3 ZZZ 1 Fluvial or Lacustrine Fluvial or Lacustrine N/A 0–35 No

AST 6 ASTpt 3 ZZZ 1 Fluvial or Lacustrine Fluvial or Lacustrine N/A 0–35 No

AST 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

AST 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

AST 6 NAMglco 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

ASTco 7 ASTcopt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTco 7 ASTcopt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTco 8 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ASTco 8 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTco 8 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTco 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTco 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTcopt 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTcopt 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTcopt 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTcopt 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTcopt 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTcopt 7 NAMglco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

ASTcopt 8 NAMglco 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ASTpt 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 8 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 8 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 8 ASTcopt 2 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 6 ASTcopt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 6 ASTcopt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTpt 6 NAMgl 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ASTpt 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

ASTpt 8 NAMgl 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 AST 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 8 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 7 ASTpt 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMgl 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

NAMgl 6 ASTpt 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 7 AST 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 6 ASTco 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 6 ASTco 4 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 7 ASTco 3 Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

NAMglco 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 50 No

NAMglco 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 50 No

NAMglco 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 50 No

NAMglco 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 50 No

NAMglco 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 50 No

NAMglco 7 NAMgl 3 Fluvial or Lacustrine Fluvial or Lacustrine 50 No

ASTpt 6 ASTxs 2 AST 2 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

AST 6 ASTxs 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 No

AST 6 ASTxs 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 No

NAMgl 6 ASTxs 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35–50 No

NAMgl 6 ASTxs 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35–50 No

NAMgl 6 ASTxs 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

NAMgl 6 ASTxs 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35–50 No

NAMgl 6 ASTxs 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35–50 No

NAMgl 6 ASTxs 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35–50 No

AST 6 ASTxt 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

AST 6 ASTxt 2 ASTpt 2 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

AST 7 ASTxt 3 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 No

AST 6 ASTxt 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 No

AST 6 ASTxt 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 No

AST 7 ASTxt 3 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 No

AST 7 ASTxt 3 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 No

AST 6 ASTxt 4 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 No

AST 7 ASTxt 3 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 No

AST 7 ASTxt 3 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 No

NAMgl 6 KME 2 MMYgl 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial 35–50 No

NAMgl 6 KME 2 MMYgl 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

NAMgl 6 KME 2 MMYgl 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial 35–50 No

NAMgl 5 KME 3 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 5 KME 3 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 5 KME 3 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 5 KME 3 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 5 KME 3 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 5 KME 3 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 KME 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 KME 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 KME 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 KME 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 7 KME 3 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

35–50 No

NAMgl 8 KME 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

35–50 No

NAMgl 8 KME 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

35–50 No

NAMgl 8 KME 2 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

35–50 No

NAMgl 7 KME 3 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

NAMgl 7 KME 3 Fluvial or Lacustrine Fluvial, Lacustrine,
Glaciolacustrine

35–50 No

AST 6 EYM 2 NAMgl 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

AST 6 EYM 2 NAMgl 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

AST 6 EYM 2 NAMgl 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 7 EYM 2 AST 1 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 7 EYM 2 AST 1 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 AST 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 7 EYM 2 AST 1 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

NAMgl 6 EYM 2 SRTaafi 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Till 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

NAMgl 6 EYM 2 SRTaafi 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Till 35–50 No

NAMgl 6 EYM 2 SRTaafi 2 Fluvial or Lacustrine Fluvial, Lacustrine, or
Glaciolacustrine

Till 35–50 No

AST 8 ZZZ 2 Fluvial or Lacustrine N/A 35 No

AST 8 ZZZ 2 Fluvial or Lacustrine N/A 35 No

NAMgl 5 HRR 3 ASTpt 2 Fluvial or Lacustrine Till Fluvial or Lacustrine 35–50 No

NAMgl 5 HRR 3 ASTpt 2 Fluvial or Lacustrine Till Fluvial or Lacustrine 35–50 No

AST 8 SRTaafigl 2 Fluvial or Lacustrine Till 35 No

NAMgl 7 HRRgl 3 Fluvial or Lacustrine Till 35–50 No

AST 10 Fluvial or Lacustrine 35 No

AST 10 Fluvial or Lacustrine 35 No

AST 10 Fluvial or Lacustrine 35 No

AST 10 Fluvial or Lacustrine 35 No

AST 10 Fluvial or Lacustrine 35 No

AST 10 Fluvial or Lacustrine 35 No

AST 10 Fluvial or Lacustrine 35 No

ASTco 10 Fluvial or Lacustrine 35 No

ASTcopt 10 Fluvial or Lacustrine 35 No

ASTcopt 10 Fluvial or Lacustrine 35 No

ASTcopt 10 Fluvial or Lacustrine 35 No

ASTpt 10 Fluvial or Lacustrine 35 No

ASTpt 10 Fluvial or Lacustrine 35 No

ASTpt 10 Fluvial or Lacustrine 35 No

ASTpt 10 Fluvial or Lacustrine 35 No

ASTpt 10 Fluvial or Lacustrine 35 No

ASTpt 10 Fluvial or Lacustrine 35 No

NAMgl 10 Fluvial or Lacustrine 50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

NAMgl 10 Fluvial or Lacustrine 50 No

ASTxs 7 MARgl 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Eolian 20–35 No

ASTxs 6 ASTpt 2 BMTzr 2 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine Glaciofluvial 20–35 No

ASTxs 7 AST 2 ZZZ 1 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine N/A 35 No

ASTxs 6 AST 4 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ASTxs 6 AST 4 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 7 AST 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 6 AST 4 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 6 AST 4 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 7 ASTpt 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 8 ASTpt 2 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 7 ASTpt 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 7 ASTpt 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 7 ASTpt 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 7 ASTpt 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 35 No

ASTxs 6 BMTzr 4 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Glaciofluvial 20–35 No

ASTxs 7 BMTzr 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Glaciofluvial 20–35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ASTxs 10 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 No

ASTxs 10 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 No

ASTxs 10 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 No

ASTxs 10 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 No

ASTxs 10 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 No

ASTxt 4 AST 4 ASTpt 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTxt 6 ASTpt 2 AST 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Fluvial or Lacustrine 35 No

ASTxt 6 ASTpt 2 ELSpt 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Till 35 No

ASTxt 6 ASTpt 2 ELSpt 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Till 35 No

ASTxt 8 AST 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 6 AST 4 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 8 AST 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 8 AST 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 8 ASTpt 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ASTxt 6 ASTpt 4 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 8 ASTpt 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 7 ASTpt 3 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 7 ASTpt 3 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 7 ASTpt 3 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 6 ASTpt 4 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 6 ASTpt 4 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 No

ASTxt 6 HRRgl 4 Fluvial or Lacustrine
overlying till

Till 35 No

ASTxt 6 HRRgl 4 Fluvial or Lacustrine
overlying till

Till 35 No

ASTxt 10 Fluvial or Lacustrine
overlying till

35 No

KME 4 NAMglco 4 AST 2 Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

KME 4 NAMglco 4 AST 2 Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

KME 4 NAMglco 4 AST 2 Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

KME 7 NAMgl 3 Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

KME 7 NAMgl 3 Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

KME 7 NAMgl 3 Fluvial, Lacustrine,
Glaciolacustrine

Fluvial or Lacustrine 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

EYM 6 NAMgl 2 AST 2 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 6 NAMgl 2 AST 2 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 4 NAMgl 3 AST 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 2 AST 1 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 2 AST 1 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 6 NAMgl 2 AST 2 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 2 AST 1 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 2 AST 1 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 2 AST 1 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 2 AST 1 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 2 AST 1 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 2 AST 1 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine Fluvial or Lacustrine 35–50 No

EYM 8 AST 2 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35 No

EYM 7 AST 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35 No

EYM 7 NAMgl 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

EYM 7 NAMgl 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

EYM 7 NAMgl 3 Fluvial, Lacustrine, or
Glaciolacustrine

Fluvial or Lacustrine 35–50 No

BMTzr 6 MAR 4 Glaciofluvial Eolian 20 No

BMTzr 6 MAR 4 Glaciofluvial Eolian 20 No

MIL 7 MAR 3 Glaciofluvial Eolian 20 No

MIL 6 MAR 4 Glaciofluvial Eolian 20 No

BMTzr 6 ASTxs 2 ASTpt 2 Glaciofluvial Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Fluvial or Lacustrine 20–35 No

BMTzr 4 BMTzrpt 4 ASTxs 2 Glaciofluvial Glaciofluvial Fluvial or Lacustrine
overlying glaciofluvial
or eolian

20–35 No

MILgl 5 MIL 3 BMTzr 2 Glaciofluvial Glaciofluvial Glaciofluvial 20 No

BMTzr 7 BMTzrpt 3 Glaciofluvial Glaciofluvial 20 No

BMTzrcb 9 RUTzz 1 Glaciofluvial Glaciofluvial 20 No

BMTzrpt 7 MILgl 3 Glaciofluvial Glaciofluvial 20 No

MIL 8 BMTzr 2 Glaciofluvial Glaciofluvial 20 No

MIL 8 BMTzr 2 Glaciofluvial Glaciofluvial 20 No

MIL 6 BMTzr 4 Glaciofluvial Glaciofluvial 20 No

MIL 7 BMTzr 3 Glaciofluvial Glaciofluvial 20 No

MIL 8 BMTzr 2 Glaciofluvial Glaciofluvial 20 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MIL 8 BMTzrpt 2 Glaciofluvial Glaciofluvial 20 No

MIL 8 BMTzrpt 2 Glaciofluvial Glaciofluvial 20 No

MIL 7 BMTzrpt 3 Glaciofluvial Glaciofluvial 20 No

MIL 7 BMTzrpt 3 Glaciofluvial Glaciofluvial 20 No

MIL 7 BMTzrpt 3 Glaciofluvial Glaciofluvial 20 No

MIL 8 MILgl 2 Glaciofluvial Glaciofluvial 20 No

MIL 8 MILgl 2 Glaciofluvial Glaciofluvial 20 No

BMTzrpt 7 BMTxtpt 3 Glaciofluvial Glaciofluvial overlying
till

20 No

BMTzr 10 Glaciofluvial 20 No

BMTzr 10 Glaciofluvial 20 No

BMTzrcb 10 Glaciofluvial 20 No

BMTzrcb 10 Glaciofluvial 20 No

BMTzrcb 10 Glaciofluvial 20 No

BMTzrcb 10 Glaciofluvial 20 No

BMTzrcb 10 Glaciofluvial 20 No

BMTzrcb 10 Glaciofluvial 20 No

BMTzrcb 10 Glaciofluvial 20 No

BMTzrcb 10 Glaciofluvial 20 No

BMTzrpt 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

MIL 10 Glaciofluvial 20 No

RUTzz 10 Glaciofluvial 20 No

RUTzz 10 Glaciofluvial 20 No

RUTzz 10 Glaciofluvial 20 No

RUTzz 10 Glaciofluvial 20 No

RUTzz 10 Glaciofluvial 20 No

RUTzz 10 Glaciofluvial 20 No

BMTxtpt 10 Glaciofluvial overlying
till

20 No

BMTxtpt 10 Glaciofluvial overlying
till

20 No

BMTxtpt 10 Glaciofluvial overlying
till

20 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ZZZ 8 BMTzr 2 N/A Glaciofluvial 0–20 No

DL 10 N/A 0–50 No

DL 10 N/A 0–50 No

DL 10 N/A 0–50 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

ZZZ 10 N/A 0 No

SRTaafi 6 NAMgl 2 SRTaafig
l

2 Till Fluvial or Lacustrine Till 35–50 No

SRTaafi 6 NAMgl 4 Till Fluvial or Lacustrine 35–50 No

SRTaafi 7 NAMgl 3 Till Fluvial or Lacustrine 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

SRTaafi 8 NAMgl 2 Till Fluvial or Lacustrine 35–50 No

SRTaafi 7 NAMgl 3 Till Fluvial or Lacustrine 35–50 No

SRTaafi 7 NAMgl 3 Till Fluvial or Lacustrine 35–50 No

SRTaafi 7 NAMgl 3 Till Fluvial or Lacustrine 35–50 No

SRTaafi 7 NAMgl 3 Till Fluvial or Lacustrine 35–50 No

SRTaafi 7 NAMgl 3 Till Fluvial or Lacustrine 35–50 No

SRTaafi 7 NAMgl 3 Till Fluvial or Lacustrine 35–50 No

ELSpt 6 ASTxt 4 Till Fluvial or Lacustrine
overlying till

35 No

HRRgl 7 ASTxt 3 Till Fluvial or Lacustrine
overlying till

35 No

SRTaafi 6 EYM 2 AST 2 Till Fluvial, Lacustrine or
Glaciolacustrine

Fluvial or Lacustrine 35 No

SRTaafi 6 EYM 2 AST 2 Till Fluvial, Lacustrine or
Glaciolacustrine

Fluvial or Lacustrine 35 No

SRTaafi 6 EYM 2 AST 2 Till Fluvial, Lacustrine or
Glaciolacustrine

Fluvial or Lacustrine 35 No

HRR 6 WNF 2 MIL 2 Till Glaciofluvial overlying
till

Glaciofluvial 20–35 No

HRR 6 WNF 2 MIL 2 Till Glaciofluvial overlying
till

Glaciofluvial 20–35 No

HRR 7 WNF 3 Till Glaciofluvial overlying
till

35 No

HRR 7 WNF 3 Till Glaciofluvial overlying
till

35 No

HRR 7 WNF 3 Till Glaciofluvial overlying
till

35 No

HRR 7 WNF 3 Till Glaciofluvial overlying
till

35 No

SRTaafi 5 SRTaafigl 3 NAMgl 2 Till Till Fluvial or Lacustrine 35–50 No

SRTaafi 5 SRTaafigl 3 NAMgl 2 Till Till Fluvial or Lacustrine 35–50 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

SRTaafi 5 SRTaafigl 3 NAMgl 2 Till Till Fluvial or Lacustrine 35–50 No

SRTaafi 5 SRTaafigl 3 NAMgl 2 Till Till Fluvial or Lacustrine 35–50 No

HRRgl 5 HRR 3 ASTxt 2 Till Till Fluvial or Lacustrine
overlying till

35 No

HRR 6 SRTaafi 2 HRRgl 2 Till Till Till 35 No

HRR 6 SRTaafi 2 HRRgl 2 Till Till Till 35 No

HRR 6 SRTaafi 2 HRRgl 2 Till Till Till 35 No

HRR 6 SRTaafi 2 HRRgl 2 Till Till Till 35 No

HRR 6 SRTaafi 2 HRRgl 2 Till Till Till 35 No

HRR 6 SRTaafi 2 HRRgl 2 Till Till Till 35 No

ELSpt 6 HRRgl 4 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 7 HRRgl 3 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 6 HRRgl 4 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 7 HRRgl 3 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRR 7 HRRgl 3 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

HRR 8 HRRgl 2 Till Till 35 No

HRR 6 HRRgl 4 Till Till 35 No

HRR 8 HRRgl 2 Till Till 35 No

HRRgl 6 ELSpt 4 Till Till 35 No

HRRgl 8 ELSpt 2 Till Till 35 No

HRRgl 7 ELSpt 3 Till Till 35 No

HRRgl 6 ELSpt 4 Till Till 35 No

HRRgl 8 HRR 2 Till Till 35 No

HRRgl 6 HRR 4 Till Till 35 No

SRTaafig
l

7 SRTaafi 3 Till Till 35 No

SRTaafig
l

7 SRTaafi 3 Till Till 35 No

HRR 10 Till 35 No

HRR 10 Till 35 No

HRR 10 Till 35 No

HRRgl 10 Till 35 No

HRRgl 10 Till 35 No

SRTaafi 10 Till 35 No

MARgl 5 BMTzrpt 3 ALBxs 2 Eolian Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

MARgl 5 BMTzrpt 3 ALBxs 2 Eolian Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

MARgl 5 BMTzrpt 3 ALBxs 2 Eolian Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

MAR 8 ALBxs 2 Eolian Organic over
glaciofluvial or eolian

20 Yes

AST 5 ASTpt 3 ALBxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

AST 6 ASTpt 2 ALBxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

AST 6 ASTpt 2 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

AST 6 ASTpt 2 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

AST 6 ASTpt 2 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTcopt 7 ASTpt 2 MLDxc 1 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTcopt 7 ASTpt 2 MLDxc 1 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 6 AST 2 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 5 AST 3 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 6 AST 2 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 5 AST 3 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 5 AST 3 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 6 AST 2 MUSxm 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 5 AST 3 MUSxm 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 6 AST 2 MUSxm 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 5 ASTcopt 3 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 5 ASTcopt 3 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 5 ASTcopt 3 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 5 ASTcopt 3 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 6 ASTxs 2 MLDxc 2 Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Organic over mineral 35 Yes

ASTpt 4 ASTxt 4 MUSxm 2 Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

Organic over mineral 35 Yes

ASTpt 6 MLD 4 Fluvial or Lacustrine Organic 35 Yes

ASTpt 6 MLD 4 Fluvial or Lacustrine Organic 35 Yes

AST 6 MUSxm 2 NAMgl 2 Fluvial or Lacustrine Organic over mineral Fluvial or Lacustrine 35–50 Yes

AST 6 MUSxm 2 NAMgl 2 Fluvial or Lacustrine Organic over mineral Fluvial or Lacustrine 35–50 Yes

AST 6 MUSxm 2 NAMgl 2 Fluvial or Lacustrine Organic over mineral Fluvial or Lacustrine 35–50 Yes

ASTpt 6 MLDxc 2 AST 2 Fluvial or Lacustrine Organic over mineral Fluvial or Lacustrine 35 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ASTpt 5 MUSxm 3 AST 2 Fluvial or Lacustrine Organic over mineral Fluvial or Lacustrine 35 Yes

ASTpt 5 MUSxm 3 AST 2 Fluvial or Lacustrine Organic over mineral Fluvial or Lacustrine 35 Yes

ASTpt 6 MLDxc 2 ASTxs 2 Fluvial or Lacustrine Organic over mineral Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 Yes

ASTpt 6 ALBxc 3 ZZZ 1 Fluvial or Lacustrine Organic over mineral N/A 0–35 Yes

AST 8 MLDxc 2 <Null> <Null
>

Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 7 ALBxc 3 Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 7 ALBxc 3 Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 8 MLDxc 2 Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 7 MLDxc 3 Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 7 MLDxc 3 Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 7 MLDxc 3 Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 7 MLDxc 3 Fluvial or Lacustrine Organic over mineral 35 Yes

ASTpt 7 MLDxc 3 Fluvial or Lacustrine Organic over mineral 35 Yes

NAMgl 7 MRN 3 Fluvial or Lacustrine Organic over mineral 50 Yes

ASTxs 7 MLD 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Organic 35 Yes

ASTxs 4 MLDxs 3 BMTzrpt 3 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Organic over
glaciofluvial or eolian

Glaciofluvial 20–35 Yes

ASTxs 6 MLDxc 4 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Organic over mineral 35 Yes

ASTxs 8 MLDxc 2 Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Organic over mineral 35 Yes

ASTxt 5 ASTpt 3 MLDxc 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Organic over mineral 35 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

ASTxt 5 ASTpt 3 MLDxc 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Organic over mineral 35 Yes

ASTxt 5 ASTpt 3 MLDxc 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Organic over mineral 35 Yes

ASTxt 6 ASTpt 2 MLDxc 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Organic over mineral 35 Yes

ASTxt 6 ASTpt 2 MLDxc 2 Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine Organic over mineral 35 Yes

BMTzrpt 4 MARgl 3 MUSxm 3 Glaciofluvial Eolian Organic over mineral 20 Yes

BMTzrpt 6 BMTzr 2 ALBxs 2 Glaciofluvial Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

BMTzrpt 6 MLD 4 Glaciofluvial Organic 20 Yes

BMTzr 5 ALBxs 3 MARgl 2 Glaciofluvial Organic over
glaciofluvial or eolian

Eolian 20 Yes

BMTzr 5 ALBxs 3 MARgl 2 Glaciofluvial Organic over
glaciofluvial or eolian

Eolian 20 Yes

BMTzr 5 ALBxs 3 MARgl 2 Glaciofluvial Organic over
glaciofluvial or eolian

Eolian 20 Yes

BMTzr 5 ALBxs 3 MARgl 2 Glaciofluvial Organic over
glaciofluvial or eolian

Eolian 20 Yes

BMTzr 5 ALBxs 3 MARgl 2 Glaciofluvial Organic over
glaciofluvial or eolian

Eolian 20 Yes

BMTzr 5 ALBxs 3 MARgl 2 Glaciofluvial Organic over
glaciofluvial or eolian

Eolian 20 Yes

BMTzr 4 MLDxs 4 ASTxs 2 Glaciofluvial Organic over
glaciofluvial or eolian

Fluvial or Lacustrine
overlying glaciofluvial
or eolian

20–35 Yes

BMTzr 4 MLDxs 4 ASTxs 2 Glaciofluvial Organic over
glaciofluvial or eolian

Fluvial or Lacustrine
overlying glaciofluvial
or eolian

20–35 Yes

BMTzr 4 MLDxs 4 ASTxs 2 Glaciofluvial Organic over
glaciofluvial or eolian

Fluvial or Lacustrine
overlying glaciofluvial
or eolian

20–35 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

BMTzrpt 6 MLDxs 2 BMTzr 2 Glaciofluvial Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

BMTzr 6 ALBxs 2 ALB 2 Glaciofluvial Organic over
glaciofluvial or eolian

Organic 20 Yes

BMTzr 6 ALBxs 2 ALB 2 Glaciofluvial Organic over
glaciofluvial or eolian

Organic 20 Yes

BMTzr 6 ALBxs 2 ALB 2 Glaciofluvial Organic over
glaciofluvial or eolian

Organic 20 Yes

BMTzr 6 ALBxs 2 ALB 2 Glaciofluvial Organic over
glaciofluvial or eolian

Organic 20 Yes

BMTzr 6 ALBxs 2 ALB 2 Glaciofluvial Organic over
glaciofluvial or eolian

Organic 20 Yes

BMTzrpt 6 MLDxs 2 ALBxs 2 Glaciofluvial Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

20 Yes

BMTzr 7 MLDxs 3 Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

BMTzr 6 MLDxs 4 Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

BMTzr 6 MLDxs 4 Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

BMTzr 7 MLDxs 3 Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

BMTzr 4 MUSxm 4 MILgl 2 Glaciofluvial Organic over mineral Glaciofluvial 20 Yes

BMTzr 6 MUSxm 2 MILgl 2 Glaciofluvial Organic over mineral Glaciofluvial 20 Yes

BMTxtpt 7 HLY 3 Glaciofluvial overlying
till

Organic over mineral 20 Yes

ZZZ 8 MLD 2 N/A Organic 0 Yes

MUS 4 BMTzrpt 4 MLDxs 2 Organic Glaciofluvial Organic over
glaciofluvial or eolian

20 Yes

ALB 8 MLD 2 Organic Organic 0 Yes

ALB 6 MLD 4 Organic Organic 0 Yes

MKWaa 7 MUS 3 Organic Organic 0 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MKWaa 7 MUS 3 Organic Organic 0 Yes

MLD 8 ALB 2 Organic Organic 0 Yes

MUS 5 ALB 5 Organic Organic 0 Yes

ALB 5 ALBxs 3 BMTzr 2 Organic Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

ALB 5 ALBxs 3 BMTzr 2 Organic Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

ALB 6 ALBxs 2 BMTzr 2 Organic Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

ALB 6 ALBxs 2 BMTzr 2 Organic Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

ALB 6 ALBxs 2 BMTzr 2 Organic Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

ALB 6 ALBxs 2 BMTzr 2 Organic Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

MLD 6 MLDxs 3 BMTzr 1 Organic Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

ALB 6 MLDxs 4 Organic Organic over
glaciofluvial or eolian

0 Yes

MLD 7 MLDxs 3 Organic Organic over
glaciofluvial or eolian

0 Yes

MLD 7 MLDxs 3 Organic Organic over
glaciofluvial or eolian

0 Yes

MLD 4 MLDxc 4 ALB 2 Organic Organic over mineral Organic 0 Yes

MLD 5 MLDxc 3 ELSpt 2 Organic Organic over mineral Till 35 Yes

MLD 6 MLDxc 4 Organic Organic over mineral 0 Yes

MLD 7 MLDxc 3 Organic Organic over mineral 0 Yes

MUS 7 MRN 3 Organic Organic over mineral 0 Yes

MUS 6 MRN 4 Organic Organic over mineral 0 Yes

MUS 6 MRN 4 Organic Organic over mineral 0 Yes

MUS 7 MRN 3 Organic Organic over mineral 0 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MUS 8 MRN 2 Organic Organic over mineral 0 Yes

MUS 7 MRN 3 Organic Organic over mineral 0 Yes

MUS 7 MRN 3 Organic Organic over mineral 0 Yes

MUS 6 MRN 4 Organic Organic over mineral 0 Yes

MUS 8 MRN 2 Organic Organic over mineral 0 Yes

MUS 7 MRN 3 Organic Organic over mineral 0 Yes

MUS 6 MRN 4 Organic Organic over mineral 0 Yes

MUS 6 MRN 4 Organic Organic over mineral 0 Yes

MUS 6 MRN 4 Organic Organic over mineral 0 Yes

MUS 6 MRN 4 Organic Organic over mineral 0 Yes

MUS 6 MRN 4 Organic Organic over mineral 0 Yes

MUS 8 MRN 2 Organic Organic over mineral 0 Yes

MUS 7 MUSxm 3 Organic Organic over mineral 0 Yes

MLD 7 MLDxt 3 Organic Organic over till 0 Yes

MLD 7 MLDxt 3 Organic Organic over till 0 Yes

MLD 6 MLDxt 4 Organic Organic over till 0 Yes

MLD 6 MLDxt 4 Organic Organic over till 0 Yes

MLD 6 MLDxt 4 Organic Organic over till 0 Yes

MLD 6 MLDxt 4 Organic Organic over till 0 Yes

MLD 7 MLDxt 3 Organic Organic over till 0 Yes

MLD 7 MLDxt 3 Organic Organic over till 0 Yes

MLD 7 MLDxt 3 Organic Organic over till 0 Yes

ALB 10 Organic 0 Yes

MUS 10 Organic 0 Yes

MUS 10 Organic 0 Yes

MUS 10 Organic 0 Yes

MUS 10 Organic 0 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MUS 10 Organic 0 Yes

MUS 10 Organic 0 Yes

MUS 10 Organic 0 Yes

MLDxs 6 MARgl 2 BMTzr 2 Organic over
glaciofluvial or eolian

Eolian Glaciofluvial 20 Yes

MLDxs 6 MARgl 2 BMTzr 2 Organic over
glaciofluvial or eolian

Eolian Glaciofluvial 20 Yes

MLDxs 6 BMTzr 2 ZZZ 2 Organic over
glaciofluvial or eolian

Glaciofluvial N/A 20 Yes

MLDxs 6 BMTzr 2 MLD 2 Organic over
glaciofluvial or eolian

Glaciofluvial Organic 20 Yes

MLDxs 4 BMTzr 3 MLD 3 Organic over
glaciofluvial or eolian

Glaciofluvial Organic 20 Yes

ALBxs 6 BMTzr 4 Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

MLDxs 7 BMTzr 3 Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

MLDxs 6 BMTzr 4 Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

MLDxs 6 BMTzr 4 Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

MLDxs 6 BMTzrpt 4 Organic over
glaciofluvial or eolian

Glaciofluvial 20 Yes

MLDxs 6 MLD 2 BMTzr 2 Organic over
glaciofluvial or eolian

Organic Glaciofluvial 20 Yes

MLDxs 8 MLD 2 Organic over
glaciofluvial or eolian

Organic 0 Yes

MLDxs 7 MLD 3 Organic over
glaciofluvial or eolian

Organic 0 Yes

MLDxs 6 MLD 4 Organic over
glaciofluvial or eolian

Organic 0 Yes

MLDxs 7 MLD 3 Organic over
glaciofluvial or eolian

Organic 0 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MLDxs 7 MLD 3 Organic over
glaciofluvial or eolian

Organic 0 Yes

MLDxs 6 MLD 4 Organic over
glaciofluvial or eolian

Organic 0 Yes

MLDxs 8 MLD 2 Organic over
glaciofluvial or eolian

Organic 0 Yes

ALBxs 8 MLDxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

ALBxs 8 MLDxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

ALBxs 8 MLDxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

ALBxs 8 MLDxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

ALBxs 8 MLDxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

ALBxs 8 MLDxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

ALBxs 8 MLDxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

MLDxs 8 ALBxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

MLDxs 8 ALBxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

MLDxs 8 ALBxs 2 Organic over
glaciofluvial or eolian

Organic over
glaciofluvial or eolian

0 Yes

ALBxs 10 Organic over
glaciofluvial or eolian

0 Yes

ALBxs 10 Organic over
glaciofluvial or eolian

0 Yes

MLDxs 10 Organic over
glaciofluvial or eolian

0 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MLDxc 6 ASTpt 2 ASTxs 2 Organic over mineral Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 Yes

MUSxm 4 ASTpt 4 ASTxs 2 Organic over mineral Fluvial or Lacustrine Fluvial or Lacustrine
overlying glaciofluvial
or eolian

35 Yes

MLDxc 5 ASTpt 3 ASTxt 2 Organic over mineral Fluvial or Lacustrine Fluvial or Lacustrine
overlying till

35 Yes

ALBxc 7 ASTpt 3 Organic over mineral Fluvial or Lacustrine 35 Yes

ALBxc 7 ASTpt 3 Organic over mineral Fluvial or Lacustrine 35 Yes

MLDxc 6 AST 4 Organic over mineral Fluvial or Lacustrine 35 Yes

MLDxc 6 ASTpt 4 Organic over mineral Fluvial or Lacustrine 35 Yes

MLDxc 6 ASTpt 4 Organic over mineral Fluvial or Lacustrine 35 Yes

MUSxm 7 ASTpt 3 Organic over mineral Fluvial or Lacustrine 35 Yes

MLDxc 5 ASTxt 3 ASTpt 2 Organic over mineral Fluvial or Lacustrine
overlying till

Fluvial or Lacustrine 35 Yes

MLDxc 6 ASTxt 4 Organic over mineral Fluvial or Lacustrine
overlying till

35 Yes

MRN 6 ASTxt 4 Organic over mineral Fluvial or Lacustrine
overlying till

35 Yes

MUSxm 5 BMTzr 3 MILgl 2 Organic over mineral Glaciofluvial Glaciofluvial 20 Yes

MLDxm 6 BMTzrpt 4 Organic over mineral Glaciofluvial 20 Yes

MUSxm 6 BMTzr 4 Organic over mineral Glaciofluvial 20 Yes

MUSxm 6 BMTzr 4 Organic over mineral Glaciofluvial 20 Yes

MUSxm 7 BMTzr 3 Organic over mineral Glaciofluvial 20 Yes

MRN 5 MUS 3 ELSpt 2 Organic over mineral Organic Till 35 Yes

MRN 5 MUS 3 ELSpt 2 Organic over mineral Organic Till 35 Yes

MLDxc 7 MLD 3 Organic over mineral Organic 0 Yes

MLDxc 7 MLD 3 Organic over mineral Organic 0 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MLDxc 6 MLD 4 Organic over mineral Organic 0 Yes

MLDxc 7 MLD 3 Organic over mineral Organic 0 Yes

MLDxc 7 MLD 3 Organic over mineral Organic 0 Yes

MRN 6 MUS 4 Organic over mineral Organic 0 Yes

MRN 6 MUS 4 Organic over mineral Organic 0 Yes

MRN 6 MUS 4 Organic over mineral Organic 0 Yes

MRN 7 MUS 3 Organic over mineral Organic 0 Yes

MRN 6 MUS 4 Organic over mineral Organic 0 Yes

MRN 7 MUS 3 Organic over mineral Organic 0 Yes

MRN 6 MUS 4 Organic over mineral Organic 0 Yes

MRN 6 MUS 4 Organic over mineral Organic 0 Yes

MRN 8 MUS 2 Organic over mineral Organic 0 Yes

MRN 8 MUS 2 Organic over mineral Organic 0 Yes

MRN 6 MUS 4 Organic over mineral Organic 0 Yes

MUSxm 8 MUS 2 Organic over mineral Organic 0 Yes

MUSxm 7 MUS 3 Organic over mineral Organic 0 Yes

MUSxm 7 MUS 3 Organic over mineral Organic 0 Yes

MUSxm 6 MUS 4 Organic over mineral Organic 0 Yes

MUSxm 7 MUS 3 Organic over mineral Organic 0 Yes

ALBxm 8 MLDxm 2 Organic over mineral Organic over mineral 0 Yes

ALBxm 8 MLDxm 2 Organic over mineral Organic over mineral 0 Yes

ALBxm 8 MLDxm 2 Organic over mineral Organic over mineral 0 Yes

ALBxm 8 MLDxm 2 Organic over mineral Organic over mineral 0 Yes

ALBxm 8 MLDxm 2 Organic over mineral Organic over mineral 0 Yes

ALBxm 8 MLDxm 2 Organic over mineral Organic over mineral 0 Yes

MLDxc 8 ALBxc 2 Organic over mineral Organic over mineral 0 Yes

MLDxm 8 ALBxm 2 Organic over mineral Organic over mineral 0 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

MLDxm 8 ALBxm 2 Organic over mineral Organic over mineral 0 Yes

MLDxm 8 ALBxm 2 Organic over mineral Organic over mineral 0 Yes

ALBxm 4 MLDxt 4 MLD 2 Organic over mineral Organic over till Organic 0 Yes

MRN 7 ELSpt 3 Organic over mineral Till 35 Yes

MRN 7 ELSpt 3 Organic over mineral Till 35 Yes

HLY 10 Organic over mineral 0 Yes

MRN 10 Organic over mineral 0 Yes

MUSxm 10 Organic over mineral 0 Yes

MLDxt 6 MLD 4 Organic over till Organic 0 Yes

MLDxt 7 MLD 3 Organic over till Organic 0 Yes

MLDxt 7 MLD 3 Organic over till Organic 0 Yes

MLDxt 6 MLD 4 Organic over till Organic 0 Yes

MLDxt 6 MLD 4 Organic over till Organic 0 Yes

MLDxt 7 MLD 3 Organic over till Organic 0 Yes

MLDxt 7 MLD 3 Organic over till Organic 0 Yes

MLDxt 7 MLD 3 Organic over till Organic 0 Yes

MLDxt 8 ELSpt 2 Organic over till Till 35 Yes

MLDxt 6 ELSpt 4 Organic over till Till 35 Yes

MLDxt 10 Organic over till 0 Yes

MLDxt 10 Organic over till 0 Yes

MLDxt 10 Organic over till 0 Yes

HRRgl 6 ASTpt 2 MUSxm 2 Till Fluvial or Lacustrine Organic over mineral 0 Yes

SRTaafi 4 MUSxm 3 NAMgl 3 Till Organic over mineral Fluvial or Lacustrine 35–50 Yes

ELSpt 6 MRN 4 Till Organic over mineral 35 Yes

HRR 8 MRN 2 Till Organic over mineral 35 Yes
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Table 45a.1-1 Topsoil Stripping Depths in the PDA by Map Unit (cont’d)

Soil 1 D1 Soil 2 D2 Soil 3 D3 PM 1 PM 2 PM 3

Topsoil Stripping
Depth
(cm)

Organic
Soil1

(Yes/No)

BMTzrpt 5 ASTxs 3 MLDxs 2 Glaciofluvial Fluvial or Lacustrine
overlying glaciofluvial
or eolian

Organic over
glaciofluvial or eolian

20–35 Yes

NOTES:
1 Organic soils will be salvaged to a depth determined by further site-specific data collection prior to construction. Current salvage depth prescriptions depend on series-specific

peat depths as described in the response to ESRD/CEAA Round 2 SIR 109c.

Soils are mapped as simple or compound units based on the presence of different soil series within a map unit to a maximum of three series per unit.

 Soil 1 is the dominant series; Soil 2 and Soil 3 are subdominant series.

 D1 is the decile of the dominant soil series (e.g., D1 indicates the dominant soil series occupies 50% of the specific soil map unit). D2 and D3 are deciles for the subdominant soil
series.

 PM 1 is the parent material on which the dominant soil series has formed; PM 2 and PM 3 are the parent materials on which the subdominant series have developed.

N/A = Not applicable
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Figure 48a.1-1:  PAI Exceedance at Base Case - Map 1 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-1:  PAI Exceedance at Base Case - Map 2 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-1:  PAI Exceedance at Base Case - Map 3 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-1:  PAI Exceedance at Base Case - Map 4 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-2:  PAI Exceedance at Application Case - Map 1 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.

Frontier Project - Response to Supplemental Information Request: Round 3 -- ESRD/CEAA

Reference Map

T103
R08W4

R09R10R11R12R13

T097

T098

T099

T100

T101

T102

Map
1

Map
2

Map
3

Map
4

0 500 1,000 1,500

Metres³
(Original page size: 36X48)
Author: CES Checked: IW

UTM Zone 12 NAD 831:20,000

PAI Isopleth (keq H+/ha/a)
0.17   
0.25   
0.5   
0.8   
1   
1.1   

Soil Critical Load (keq H+/ha/a)
0.5   
0.7   
0.8   
1   
1.1   

!( Soil Inspection Site

!( Soil Sample Site

Soil Map Unit

Terrestrial Local Study Area

Township

Defined Watercourse

Undefined Watercourse

Disturbance

Waterbody

 7 NAMgl 2 EYM 1 AST 
2

Dominant Soil Series Secondary Soil Series

Slope Class

Decile Tertiary Soil Series

Date: 20140617
File ID: 123511248-0064



!( !(

!(
!(

!(

!( !(!(!(!( !(
!(!(

!( !(

!(!( !(!( !( !(
!(!( !(!( !(!( !( !( !(

!(

!(!(
!( !(

!( !(!( !( !(
!( !(!( !(!( !( !(!( !( !(!( !( !(!(!( !( !(

!(!( !(!(
!( !(!(

!(!( !(

!( !(!(
!(!(!(

!( !(!(!( !( !( !( !(!( !( !( !( !( !(!( !(!(
!(

!(!(
!(!(

!(

!(!( !(
!(!(

!(

!( !( !(
!( !(!(!( !(!(!(

!(

!(
!(!( !(!( !(!(!( !(

!(
!( !( !( !( !(!(!(!( !( !( !(!( !(!(!(!( !(!( !(!(

!(
!(

!( !( !(

!(
!(

!( !(
!(

!(!(

!(

!(!(!(!(

!(!(!(
!( !( !(!(

!(!( !(!(!( !( !(
!( !(

!( !(!(
!( !( !(!(!( !(!(!( !( !(!( !(!(!(

!(

!(
!(

!(
!(!(

!(
!( !( !(

!(!(

!(!(!( !( !(!(!( !( !(!(!( !( !( !(!( !( !(!( !(!(!(

!(!(
!( !(!( !(

!(
!(

!(

!(
!(!(

!(!(!( !(
!(!( !(!( !(

!(!( !( !(!(!(
!(!(!(

!( !(!( !( !(!( !(!(!(!(!( !( !(!( !(!( !(!(!( !(!( !(
!( !( !(!( !(

!(

!(
!(

!(

!( !( !( !(
!(

!( !( !(!(!( !( !(!(

!( !(!( !(!(
!(!(

!(!(
!(!( !(

!(!( !(!( !(!( !(!( !(!( !(!( !(!( !(!(!( !(!(!(
!( !(!( !(

!( !( !(

!(

!(
!(

!(
!(

!(!( !(!( !(!(

!( !(!( !(!(!(
!(!( !(!( !(

!( !( !(
!( !(!(

!( !( !(
!(!( !(

!( !(!( !( !( !(!( !( !(!( !(!( !( !(!(
!( !(

!(!(!(
!( !(

!(
!( !(!( !(

!( !(
!(

!(
!(

!(
!(
!(!(

!(

!(

!(!(

!(
!(!( !(!(!( !(

!(!(!( !(!( !( !(

!( !(
!(

!(!( !(
!( !( !(!( !( !(!(

!( !(
!(!(

!(!( !(!(!( !(!( !(
!(!(

!(!( !(!( !(!( !(
!(!(

!(!(!(!(
!(!(!( !(

!(!(
!(!(!(!( !( !(

!(
!( !(

!(!( !(
!( !(!(!(

!( !(!( !(!(!(
!(!( !(

!(!(!( !( !(
!( !(!(!(

!( !(!( !(!(
!(

Athabasca
River

UTSFR607KD

UTSFR467KD
UTSFR401AS UTSFR470KD UTSFR471KDUTSFR469KD

UTSFR404KD UTSFR406KDKDS556BLS364

KDS558 KDS310

KDS557
BLS363

KDS562
KDS875

KDS560 UTSFR468KD
KDS880KDS879 BLS362 KDS884KDS883 KDS561 KDS877 KDS870

UTSFR472KD

KDS882
BLS361

KDS563
UTSFR480KD

KDS293 BLS360KDS292
UTSFR412KDKDS291

KDS881VLS868 KDS860KDS273

KDS871 UTSFR413KD

KDS274 KDS872

UTSFR414KD
BLS359

KDS874 KDS308
KDS873KDS559

UTSFR415KD UTSFR486KD

UTSFR485KDBLS355

UTSFR487KD
UTSFR481KD

KDS861 UTSFR484KDVLS869 UTSFR482KDBLS354

UTSFR483KD

BLS358
KDS406

KDS402

KD003-08

KD002-08
KD004-08

VLS344

VLS265

VLS341VLS343

VLS342

VLS340

VLS339 KDS403

VLS347 VLS346

VLS345

VLS338 VLS337

VLS336
BLS357

VLS348

VLS349

BLS356KD001-08
KDS588BLS351

BLS352

KDS589
VLS353

UTSFR479KD

UTSFR478KD

UTSFR477KD

UTSFR407KD

UTSFR476KD
UTSFR409KD

UTSFR474KD

UTSFR411KDUTSFR475KD

VLS366

VLS864
VLS862

KDS216

VLS863
KDS224

VLS866VLS367KDS267 VLS865
KDS296

VLS392

VLS398 VLS397

VLS401

VLS399

VLS395

KDS297 VLS368

VLS393 VLS400VLS394 VLS396VLS410

VLS409

KDS909 UTSFR229KDVLS408

KDS407

VLS376

KDS298
VLS411 VLS369 VLS390

VLS412
VLS389

VLS370 UTSFR230KD
VLS388KD005-08 KD006-08

VLS387

VLS536VLS386VLS371VLS413

UTSFR217KDVLS385
VLS414 VLS375 VLS857VLS384

VLS542

VLS383

VLS859

VLS858

VLS418

VLS372

VLS382
VLS415

VLS419

VLS420

VLS373

VLS377

VLS416 VLS538

VLS856VLS391VLS374
VLS381

VLS380

VLS378 VLS539 VLS541VLS537 VLS540VLS379
VLS417

UTSFR231KD

VLS547

UTSFR546KD

VLS548
VLS853

VLS851
VLS855VLS549

VLS532 VLS854
VLS852

VLS533

VLS517VLS515
KDS519

KDS520
VLS516VLS510

VLS514 VLS528

KDS521

VLS508 VLS509 VLS525 VLS526
VLS511

VLS522 VLS529VLS513 UTSFR216KDVLS524VLS523

VLS530
VLS841

VLS840
KDS512 KDS518

UTSFR543KD
VLS531

KDS850

VLS504
KDS594KDS593

VLS598
KDS595KDS592 VLS597

VLS505VLS596 VLS844

VLS842 VLS843VLS599
VLS282 VLS845VLS502

VLS488VLS283 VLS499

UTSFR227KD

VLS498

VLS482VLS483 VLS497VLS484

VLS492

VLS543VLS534
VLS486

VLS496

VLS491 VLS485

VLS487

VLS501VLS494VLS300 VLS493

VLS490

UTSFR215KD
VLS535

VLS489 VLS495
VLS299 VLS503

UTSFR228KD

UTSFR214KD

UTSFR544KD

BLS819 BLS818

BLS817

BLS816
KDS927

KDS914 KDS925

BLS820KDS928KDS544 KDS926
BLS815

KDS507

KDS915 KDS442

KDS913 KDS506
BLS311KDS919

BLS821KDS545
KDS918KDS912 KDS917

BLS312

KDS435
KDS440

BLS433

KDS441 BLS432KDS439

KDS438

KDS450

KDS446

KDS448

KDS911

KDS916

KDS449

KDS451

KDS445
KDS436

KDS447
KDS444

KDS907
KDS910 KDS333

VLS1

UTSFR212KDVLS318VLS315

VLS319
VLS707VLS464

VLS455
VLS316VLS456

VLS317
UTSFR550KD

VLS140 UTSFR547KD
VLS429VLS462

UTSFR549KD

VLS463 VLS320VLS454
VLS425

VLS708

VLS427

UTSFR548KD

VLS426

VLS321VLS453
VLS015 VLS134 VLS428

VLS424

VLS070 VLS322VLS227

VLS323VLS170
VLS332 VLS331

VLS325
VLS171

VLS330

VLS329

VLS326

VLS228 VLS327VLS226
BL022 VLS712

VLS713

VLS421VLS706
VLS056

VLS422

VLS423
VLS459

VLS710

VLS135 VLS465

VLS461
VLS709

VLS136
VLS335 VLS460

VLS705

UTSFR551KD

KDS137KD067
VLS473

VLS472

KD066
VLS725

KDS585KDS046
VLS474

VL724
BLS813BLS814

BLS812
KDS047 KDS586

KDS045
VLS722

VLS721
VLS467

BLS048

VLS723
BLS811 VLS466

UTSFR224KDKD065

BLS080
VLS720

BLS834
KD064 BLS049 UTSFR225KD

VLS468

BLS810
BLS833

VLS711KDS846
VLS719

BLS079 VLS714BLS050

KDS847BLS095
BLS832

BLS809
VLS718

VLS717
BLS805

BLS800
VLS716

BLS831

KDS903

BLS808BLS807
BLS301 KDS481

KDS920BLS830

BLS806BLS302KDS576 KDS479

BLS804
KDS575

BLS303
BLS829

BLS304 KDS476
BLS555

KDS475BLS828KDS924

KDS923

BLS554
BLS822KDS471

KDS578
BLS827

BLS801
KDS477

BLS553KDS577
BLS803 KDS587

BLS826 BLS823KDS470

KDS848

BLS825KDS922 KDS478

KDS469

KDS878

KDS309

VLS350

VLS365

UTSFR055KD

VLS527

UTSFR041KD

VLS500

KDS437

KDS430BLS434

KDS443

KDS431

VLS324

VLS328

VLS458

KDS044

KD068

VLS715

KD063

KDS480

KDS574

BLS802

KDS921

BLS824

Unnamed
Waterbody 12

Unnamed
Lake 29

0.17

0.17

0.17

0.17

0.25

0.5

Unnamed Creek 19

Unnamed Creek 16

Twp102
R10
W4M

Twp101
R10
W4M

Twp100
R10
W4M

Twp99
R10
W4M

Twp102
R9

W4M

Twp101
R9

W4M

Twp100
R9

W4M

Twp99
R9

W4M

Figure 48a.1-2:  PAI Exceedance at Application Case - Map 2 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-2:  PAI Exceedance at Application Case - Map 3 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-2:  PAI Exceedance at Application Case - Map 4 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-3:  PAI Exceedance at Planned Development Case - Map 1 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-3:  PAI Exceedance at Planned Development Case - Map 2 of 4 
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Figure 48a.1-3:  PAI Exceedance at Planned Development Case - Map 3 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Figure 48a.1-3:  PAI Exceedance at Planned Development Case - Map 4 of 4 
Acknowledgements: Base data: AltaLIS, LSI 2007, UTS 2007.  Hydrology ground truthed by Golder (2009), Soil Data: Stantec.
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Table 61a.1-1 Wildlife Siting Card Information

Incident
Number Location Easting Northing Date Time Details

3 Remote Sump 459258 6390802 7-Nov-13 3 Bison spotted alive.

4 Parking Lot of Creeburn 464391 6340055 23-Nov-13 8:00 AM 1 cougar spotted running through the trees by the parking lot.

5 Km 36 on White Road 455210 6399348 23-Nov-13 3 moose walking by the road on km 36.

6 Parking Lot of Creeburn 464973 6339685 23-Nov-13 8:00 AM 1 wolf walking through the parking lot.

9 Red Road Traffic station 447669 6351221 26-Nov-13 6:00 PM One fox crossed the road in front of us on the road leaving the
traffic station.

10 12-13-100-11- W4M 460584 6393153 10-Jul-13 1 Bison grazing along access road

11 12-10-100-11-W4M 457303 6391559 11-Jul-13 Bison grazing in old lease site

12 km 36 on river road 470212 6393660 1-Aug-13 Deer was grazing on a lease

13 lease 152 470212 6393660 4-Jul-13 1 bear on way flagging to lease 152

14 16-5-101-11-W4M 454130 6399697 10-Jul-13 2 black bears probably saw 3 cubs along access road, grazing
on vegetation

15 access to lease 1693 454130 6399697 24-Jul-13 Young bear followed us to other lease, followed us through
come muskeg and spruce trees.

16 lease 1550 447193 6351432 24-Jul-13 Bear coming towards us when leaving lease 1550

16 Red Road Traffic station 447193 6351432 2-Dec-13 8:00 PM One fox standing

17 lease 1669 464342 6339697 25-Jul-13 Moose was in clearing walking away from us

17 Creeburn Camp 464342 6339697 2-Dec-13 Wolf was walking across the road behind bunk A.

18 Clark Road km 2 461639 6364926 31-Jul-13 bear seen on Clark road about 2 km walking through bush

18 River Road @ Ice Bridge 461639 6364926 3-Dec-13 1 Large dark colored male wolf was seen on the River Road
near the Ice bridge. He was alone and sitting and watching.
Workers also saw wolf tracks around km 2 of the river road
alongside deer tracks and have seen the glimmer of the wolf's
eyes in the trees several times over the last few nights.

19 river road km 42 473969 6398687 31-Jul-13 Bear walking alone. Doing what bear does

19 Red Road km 8 473969 6398687 3-Dec-13 3:00 PM One coyote was seen crossing the road

20 river road km 37 470953 6394718 31-Jul-13 wolf walking down river road km 37ish

20 Creeburn Camp 470953 6394718 5-Dec-13 9:00 AM Wolf spotted in the Creeburn Camp parking lot (Shaune's first
animal sighting)
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

21 Creeburn Camp 464633 6339733 5-Dec-13 10:00
AM

Coyote spotted in Creeburn camp parking lot

22 North Road 12 km 433117 6363339 21-Aug-13 Black bear was spotted by crew of 3 people 100ft away on
sand esker. It was scared away with bear bangers; the crew
was extra alert while we finished work in the area.

22 Red Road Km 21 433117 6363339 5-Dec-13 12:00
AM

Timber Wolf spotted at 21km crossing the road

23 RRTS 462803 6363683 5-Dec-13 Female Moose at the RRTS (River Road Traffic Station)

25 Red Road km 16 436133 6357888 4-Dec-13 5:00 AM 1 Coyote hunting along the road side

26 Red Road 16.5 km 436874 6357306 6-Dec-13 1 Lynx spotted hunting along the roadside

29 Gate 3 and 4, River
Road

477606 6377392 6-Dec-13 1 wolf spotted on the highway outside the entrance to River
Road.

32 Red Road Traffic station 447034 6351485 8-Dec-13 7:30 AM Fox was running along the road

33 Km 6 of River Water
Intake Road

472858 6379637 7-Dec-13 2 male and 3 female moose feeding about 200m into the brush

34 RRTS Ice Bridge 461957 6364132 7-Dec-13 Wolf watching the ice bridge progress

35 HW 63 10 km west of
RRTS

470159 6372070 7-Dec-13 Deer spotted on the highway, the Northern Lights Traffic
station

36 White Road 455767 6380743 7-Dec-13 1 moose spotted feeding.

37 Creeburn Camp 464509 6340022 7-Dec-13 Coyote doing his rounds in the Creeburn parking lot.

40 Red Road km 1.2 445870 6351697 9-Dec-13 1 Coyote running across the road

41 Red Road km 28 435287 6369953 9-Dec-13 1 Coyote running across the road

42 Red Road km 25 434334 6366302 9-Dec-13 1 Coyote running across the road

43 Sump @ SE 2-100-11-
W4

459205 6390869 10-Dec-13 3 Bison standing and feeding

44 km 7 on RWIT 471614 6380629 10-Dec-13 1 Moose

46 km 26 434625 6367731 13-Nov-13 1 deer crossing right of way

46 km 26Red 434625 6367731 10-Dec-13 Deer crossing the road

55 km 28 on white road 455898 6392760 12-Dec-13 1 red fox seen running down road
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

56 km 16.5 on red road 434321 6367056 12-Dec-13 Ptarmigans seen on road and then flew into the tree

57 km 16 on red road 434546 6366924 12-Dec-13 Ptarmigan seen flying into tree

58 km 30 on gold road 452564 6382759 12-Dec-13 5 wolves observed walking around

59 km 0.5 Gold road 436708 6373312 12-Dec-13 1 lynx sitting on the road

60 km 12 Gold road 446809 6370112 12-Dec-13 1 female deer running

61 km 27 Gold road 452564 6379108 12-Dec-13 1 fox standing and approaching vehicles

62 km 27 Gold road
(Norwest Access)

452617 6378843 12-Dec-13 1 fox crossing access road

63 km 24 Red road 452696 6377176 12-Dec-13 1 young lynx sitting on road

64 km 2 Gold road 438594 6373155 12-Dec-13 1 lynx sitting on the gold road @ km 2

65 km 22 White road 454786 6387283 13-Dec-13 1 fox on white road @ km 22

66 km 34 White Road 455871 6397179 13-Dec-13 5 moose feeding in tall grass – white road @ km 34

67 Joslyn Road 455871 6397179 13-Dec-13 1 fox walking on Joslyn road

68 Creeburn Camp -
parking

464841 6339855 13-Dec-13 1 coyote walking in parking lot of Creeburn lodge

73 km 2.5 red road 445976 6351935 14-Dec-13 1 fox standing

74 green road @ km 22 447370 6401133 14-Dec-13 1 coyote ran across access road

75 green road @ km 36 439771 6406109 14-Dec-13 1 coyote walking across access road

76 along white road 454878 6386939 12-Dec-13 2 moose standing by white road, observed by helicopter

77 along white road 455194 6387898 12-Dec-13 2 moose standing by white road, observed by helicopter

78 along yellow road 458934 6395844 12-Dec-13 2 moose standing by yellow road, observed by helicopter

79 km 21 White Road 454337 6386252 16-Dec-13 4 wolves attacking one moose

81 km 20 on White Road 454390 6385378 16-Dec-13 1 silver fox walking

82 km 20 Gold Road 451945 6371301 16-Dec-13 1 deer walking

83 Norwest traffic station 447563 6351221 16-Dec-13 1 deer walking

84 Total road 433011 6350374 17-Dec-13 Fox running on the road to traffic station

85 Creeburn parking lot 464609 6340246 17-Dec-13 Coyote running in Creeburn parking lot
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

86 km 5 on inlet road 464609 6340246 12-Dec-13 6 moose - 2 male, 4 female, moose on km 5 of inlet road

87 bp security 436240 6357396 17-Dec-13 1 fox sitting watching

93 436240 6357396 17-Dec-13 5 deer

94 km 10 on White Road 456399 6378204 16-Dec-13 Not sure what kind of animal

95 km 20 454442 6385273 17-Nov-13 1 rabbit crossing road

95 km 20 on White Road 454442 6385273 17-Dec-13 1 rabbit crossing road

96 454442 6385273 17-Dec-13 Lynx

97 454442 6385273 17-Dec-13 Red Fox

101 km 18 Red Road 434546 6367651 19-Dec-13 1 lynx on road walking

102 km 20 Red Road 435869 6371012 18-Dec-13 White Rabbit running on road

103 km 1.5 on Gold Road 437540 6373286 18-Dec-13 1 lynx standing on road

104 km 31 on Red Road 435975 6371488 18-Dec-13 1 Lynx ran across road

105 km 15 on Red Road 434149 6366289 19-Dec-13 1 coyote walking

106 km 29 on Gold Road 452617 6380986 20-Dec-13 1 fox sitting

112 Km 8 on Red 441240 6352623 20-Dec-13 1 cow moose walking on the road

113 Km 28 on White 455902 6392545 20-Dec-13 1 cow moose walking on the road

114 Km 0.5 on Gold 436822 6373337 21-Dec-13 Bobcat (lynx) walking across the road

115 Km 16 on White 455382 6383209 23-Dec-13 1 Fox running along the road

116 Red Road Traffic station 447405 6351326 24-Dec-13 1 fox with dead rabbit in mouth

117 Km 18/19 on White 454284 6384082 24-Dec-13 Silver fox tootling down the road

118 Red Road 439573 6353179 24-Dec-13 Doe crossing road

119 Km 4 on Gold 440525 6372996 24-Dec-13 Wolf walking on road

120 km 29 on Gold Road 452643 6380748 25-Dec-13 Wolf on road

121 Km 22 on Red 433408 6363259 25-Dec-13 Wolf walking across road

122 Km 22.5 on Gold 452537 6374557 27-Dec-13 1 Lynx running across the road

123 Teck Camp Gate 454919 6400949 27-Dec-13 3 Moose

124 Km 25 on White 455765 6390141 27-Dec-13 1 fox
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

125 White Road 456739 6378206 28-Dec-13 6 Moose standing on side of road

126 km 1 gold road 437384 6373241 29-Dec-13 1 Bobcat

131 32.5km on Gold 452601 6383699 30-Dec-13 3 bobcats spotted - a mother running with 2 babies. The
mother is quite large.

132 Km 2 on Yellow 457194 6389665 29-Dec-13 2 Bison walking down the road

133 Km 27 on Red 434757 6367916 30-Dec-13 1 Wolf

134 Km 38 on White 454892 6400248 30-Dec-13 1 Bull moose standing

139 Km 25 on Gold 452432 6377732 31-Dec-13 1 wolf standing - ran into trees once noticed

140 Red/Gold junction 436451 6373393 30-Dec-13 1 Lynx standing

141 Km 22.5 on Gold 452220 6375033 1-Jan-14 1 Lynx running

142 Km 37.5 on White 455263 6395486 31-Dec-13 1 male moose, with 1 antler

146 Km 31 on White 455316 6395115 31-Dec-13 1 male and 1 female moose

150 Km 28 on Gold 452511 6379981 1-Jan-14 1 Coyote standing

151 Km 18 on White 455554 6382494 1-Jan-14 1 Moose standing

152 White/Todd intersection 455970 6399538 2-Jan-14 1 Moose

153 WS #67 455970 6399538 2-Jan-14 1 Great Grey Owl flying

154 Km 38 on White 454337 6400222 1-Jan-14 1 Male, 1 female moose running on road

155 Km 20 on Gold 452246 6372731 1-Jan-14 1 Coyote running across the road

156 Km 32 on Red Road 436080 6372625 2-Jan-14 1 Coyote crossing road

160 Km 2 on Yellow 457088 6389771 3-Jan-14 1 Bison running down the road

161 Km 11.5 on Center 467394 6394903 3-Jan-14 1 Fox running down the road

162 Remote Sump 458888 6390114 2-Jan-14 1 Bison

163 Km 1.5 on Gold 437625 6373121 2-Jan-14 1 Lynx walking into bush

167 Km 26 on Gold 452405 6378658 4-Jan-14 1 young female moose

168 Km 3 on Gold 437985 6373419 4-Jan-14 1 Lynx

169 By Oakley Lake 387631 6072917 4-Jan-14 1 Male 3/4 year old moose

170 Km 29 on White 456295 6392998 4-Jan-14 1 Wolverine!
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

171 Km 12.5 on Todd 461957 6399547 4-Jan-14 1 female and 2 young moose crossing the road

172 White/Todd intersection 455970 6399538 4-Jan-14 1 Moose

174 Km 14.5 on Yellow 458424 6399613 5-Jan-14 2:45am 8 Coyotes Standing

175 Km 30.5 on White 455951 6394639 5-Jan-14 1 Moose standing in trees

176 Km 13 on White 455726 6381516 5-Jan-14 1 Moose walking

184 Lease 1733 455726 6381516 6-Jan-14 1 Female moose feeding

185 RWIT 471984 6386992 6-Jan-14 5 Moose standing around

186 18.5 km on Gold 452326 6374353 6-Jan-14 2 Deer: 1 standing, 1 in cut line

187 Km 25 on Gold 452432 6377785 6-Jan-14 2 Female moose

188 KM 9 on Yellow 459020 6393832 5-Jan-14 I male moose standing

189 Line 5 459020 6393832 6-Jan-14 1 Large owl

190 Km 9 on Yellow 459073 6393792 5-Jan-14 1 larger lynx

202 38.5 KM on White 455092 6399692 6-Jan-14 1 Moose

204 Km 22 on White 454972 6387389 7-Jan-14 1 young male fox sitting and watching

205 Km 29 on White 456109 6393131 7-Jan-14 1 male moose milling around in bush

206 Km 0.5 on Purple 462182 6400076 7-Jan-14 2 female and 1 young Moose eating

207 Lease 1652 on White 462182 6400076 7-Jan-14 2 Moose standing

208 Km 5.5 on Kelly 462195 6398237 7-Jan-14 2 Male moose running

209 Km 35 on White 455898 6397655 7-Jan-14 2 Male moose running

210 Kelly Rd 464073 6398211 6-Jan-14 1 Male moose crossing road

211 km 37 on White 455501 6398872 7-Jan-14 1 young female moose running

225 15 km on White 455671 6381883 8-Jan-14 2 Moose

226 Lake Rd 462234 6388024 8-Jan-14 1 Owl flying

227 Km 31 and 27 on White 455739 6394718 8-Jan-14 3 Female moose feeding

250 Km 2 on Lake Road 462459 6393528 9-Jan-14 1 young fox running

251 Km 15 on River Road 463584 6374517 9-Jan-14 2 Lynx standing

252 Km 13 on White 455646 6380907 9-Jan-14 1 Marten running across road
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

270 Km 3 on Lake Road 464020 6391543 8-Jan-14 1 fox standing

271 Km 13 on Yellow 458808 6399150 9-Jan-14 1 Marten crossing road to the East

282 Lease Rd access to site
43

458808 6399150 9-Jan-14 1 Fox running and then standing just off the road

283 White Rd km 15 455729 6381187 10-Jan-14 1 young Fox standing

284 6-1-100-10-w4 470350 6389833 10-Jan-14 5 Bison feeding

285 White Road KM 455882 6379455 10-Jan-14 1 Wolf walking

286 White Rd km 13 455814 6380227 10-Jan-14 1 rabbit running

287 White Rd km 24 455737 6389143 10-Jan-14 1 Fox running

309 Center Road East of
Lake Road

462584 6394730 10-Jan-14 1 Fisher crossing road

310 Km 16 on Yellow 456586 6399507 11-Jan-14 1 Great Grey Owl sitting in a tree

311 Km 38-37 on White 455077 6400089 10-Jan-14 1 Fox walking down the road

312 Km 10 on Yellow 458932 6394972 14-Jan-14 1 Fisher running along road into woods

317 yellow road 9 Hill 457346 6389514 11-Jan-14 one coyote walking on the road

318 white road km 35.5 455187 6395335 11-Jan-14 one fox running on white road

319 highway 63 near RRTS 463160 6364166 11-Jan-14 one wolf standing

320 Todd road km 9 466042 6399496 11-Jan-14 one fox running on Todd road

321 yellow road km 4 458876 6389350 11-Jan-14 one fox standing on yellow road

331 center road 8-9 km 464453 6394716 10-Jan-14 1 young red fox running down the road

332 FRN 3 south of center
road @ km 5

464453 6394716 11-Jan-14 1 moose standing

338 1.25 km Lake Road 464179 6392760 10-Jan-14 female moose heading east across the road

339 3 km Lake Road 463910 6393058 10-Jan-14 red fox running with rabbit in mouth on the lake road at km 3

342 Kelly road (about 1 km
from Todd road)

466230 6397973 11-Jan-14 1 lynx running on the road

344 White Rd Km 4 461015 6375155 11-Jan-14 1 Lynx running along for 2 km

346 Lease 1027 461015 6375155 12-Jan-14 2 large dark birds perching in trees and sitting on drill shack
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

347 junction of white road
and yellow road

456056 6399536 12-Jan-14 1 fox crossing road

348 Kearl turn off on hwy 63 477397 6377661 12-Jan-14 1 fox running

349 white road km 4.5 460254 6376535 12-Jan-14 3 female deer running

350 between km 36 and 37 460254 6376535 12-Jan-14 1 moose crossing the road

351 site 1827 access 460254 6376535 11-Jan-14 1 fisher following rabbit seen at the same time

352 site 1827 access 460254 6376535 11-Jan-14 1 rabbit running

353 yellow road km 11.5 457413 6399535 3-Jan-14 1 fox running on the road

363 14.5 corner on yellow
road

458966 6399516 12-Jan-14 1 fox running across the road

364 Oak Road km 2 465555 6392443 12-Jan-14 3 moose

365 Oak Road km 4.7 467672 6391755 12-Jan-14 1 marten crossing road

366 Lake road km 4 463941 6391861 10-Jan-14 3 fishers crossing road

367 Todd road km7 467169 6398702 12-Jan-14 1 Great Grey Owl flying

382 Lease 1027 467169 6398702 13-Jan-14 1 fox running across lease

383 Yellow Road km 9.5 458959 6398611 13-Jan-14 1 red fox running

384 9.5 km on yellow 458959 6398611 13-Jan-14 1 red fox running

385 White Road km 25 455685 6389979 13-Jan-14 1 fox running

386 White road km 36 455649 6395672 13-Jan-14 1 Moose standing in trees

395 White Road 36.8 km 455918 6397061 14-Jan-14 2 moose crossing the road into the bush

396 intersection of center and
yellow

458738 6394731 14-Jan-14 1 fox running

399 White Road km 7 459368 6377643 14-Jan-14 1 great owl flying across road

410 Centre Road km9 460421 6376064 14-Jan-14 1 Fox running down the road

410 Line 2 north of Line 9 460421 6376064 14-Jan-14 Lynx crossing line

411 Kelly Road Km 6.5 461441 6398475 13-Jan-14 1 fox running in front of the truck

412 Blue Road Km 7.5 463913 6396667 13-Jan-14 1 fox running down blue road from 7.5 to 7

413 White Mile 32.5 454915 6400158 9-Jan-14 3 moose; 1 standing 1 running
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

414 White Road km 32.5 460981 6375248 10-Jan-14 3 moose; 2 standing, 1 running

415 white road km 4 460981 6375248 12-Jan-14 2 running moose

421 yellow road km 11.5 457361 6399538 15/1/2014 1 Fisher

422 Line 3 457361 6399538 15/1/2014 1 red fox

435 White road 24 km 455839 6389405 16-Jan-14 1 great owl standing in tree

487 N 57 40.017 WIII 44.144 455839 6389405 17-Jan-14 1 Fisher crossing road

488 N 57 42.551 WIII 41.3.42 455839 6389405 17-Jan-14 1 fox running around

489 White road km 11 456174 6378385 17-Jan-14 2 deer running

526 Line 3 456174 6378385 18-Jan-14 Red Fox

527 Boars Nest South 300m
and Lake Rd. km 1

462328 6394162 18-Jan-14 1 lynx at each location

530 Yellow Rd. km 458943 6397400 19-Jan-14 1 fox running across the road

531 White Rd. km 36 455970 6399538 19-Jan-14 1 coyote standing/running

532 Todd km. 1 469592 6393433 19-Jan-14 7 ptarmigans standing on the road

533 White rd. Km 11 463385 6409747 19-Jan-14 1 wolf standing

534 Km 36-37 on White Rd. 454972 6399983 19-Jan-14 1 Coyote running across on road

535 Km 16 on Yellow 456797 6399243 17-Jan-14 1 Moose browsing on brush

539 Km 37-38 on White 454522 6400354 19-Jan-14 1 Coyote

541 Between Km 14 & 15 on
Todd

460857 6399482 19-Jan-14 1 Moose running

542 Camp parking lot by
entrance to White

455516 6400631 19-Jan-14 1 Coyote running across parking lot / loitering

545 11 km on White 455927 6378931 20-Jan-14 1 female moose moseying

546 Km 11 Center Rd. 467700 6394739 12-Jan-14 1 Rabbit

547 Km 10 Yellow Rd. 458932 6394806 12-Jan-14 1 Fox running

548 Km 16 on Yellow Rd. 456533 6399534 9-Jan-14 1 Marten running

549 Km 0 on Nest Rd. 459417 6396636 6-Jan-14 1 Fox running

550 Km 35-35.5 on White 455951 6398237 19-Jan-14 1 Coyote on road
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

556 Km 3 on Lake 455554 6388474 19-Jan-14 1 Fox playing

557 Km 24.5 on White 463862 6391490 19-Jan-14 1 Fox walking

558 White Rd. km 30 455979 6394731 16-Jan-14 1 Red fox running

559 White Rd. Km 36 455970 6399538 21-Jan-14 1 fox running

560 km 4 hill River Rd. 461639 6365482 21-Jan-14 1 fox running

561 km 10.5 on White 456584 6378146 21-Jan-14 1 Moose walking

563 0.5 km on Zipper Rd. 467605 6394771 19-Jan-14 1 female and 1 young Moose walking through brush

563 Km 11 on Center 467605 6394771 21-Jan-14 1 Fox and 1 Lynx bonding

571 Line 2 467605 6394771 20-Jan-14 2 moose - 1 male, 1 female - feeding by creek

582 Km 10.5 on Yellow Rd. 458920 6394304 14-Jan-14 1 Red fox running

590 Yellow Rd. km 8 458908 6393728 21-Jan-14 1 Lynx

601 35.5 on White 455875 6397336 21-Jan-14 1 Moose

602 Site 456 460898 6397840 21-Jan-14 1 Great Grey Owl landed on a tree

603 White Rd. 36.5 455522 6399534 21-Jan-14 3 Moose; 1 male, 2 female standing on Rd.

639 Line 6 + Line 2 455522 6399534 22-Jan-14 1 Lynx

640 RRTS 462803 6363709 21-Jan-14 1 Fox standing

641 Fort Hills Gate # 9 455130 6400327 20-Jan-14 1 Fox running

647 4.5 on Yellow 458894 6390437 23-Jan-14 1 Lynx crossing the Yellow Rd.

648 Km 6.5 on Yellow Kelly
Rd.

459020 6392681 23-Jan-14 1 Great Grey Owl sitting in a tree

649 Km 30.25 on White Rd. 456056 6394798 23-Jan-14 2 Moose standing

650 Km 1 on Zipper 463359 6401187 23-Jan-14 1 Moose walking across open area

660 28.5 on White Rd. 455895 6394227 16-Jan-14 1 Marten

661 Km 15-16 on Yellow 457300 6399626 24-Jan-14 2 Moose socializing

662 Km 6.5 on Yellow & km 8
on White

463729 6394930 24-Jan-14 1 Lynx on White, 1 young Bison on Yellow

663 Km 6.5 on White Rd 460131 6376991 24-Jan-14 1 Lynx
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

664 km 13 on Yellow 458451 6399348 23-Jan-14 1 Fox running

665 Km 16 on Yellow 456718 6399613 24-Jan-14 1 Moose feeding In the bush

666 km 6.8 on Yellow 459126 6394163 24-Jan-14 2 Bison grazing along bush line

677 Km 1 on Lake Rd. 464119 6392225 23-Jan-14 2 Moose standing

678 Km 8 on Yellow 458755 6393475 23-Jan-14 1 Great Grey owl

679 Km 7 on Blue Rd. 462129 6396557 24-Jan-14 1 Great Grey Owl

680 km 6.8 on Yellow 458914 6393686 24-Jan-14 2 Bison feeding in meadow

681 Km 9.5 on Yellow 458961 6398849 24-Jan-14 Not sure what the animal was

682 458961 6398849 24-Jan-14 1 Moose

683 White Rd. km 29 455912 6394476 23-Jan-14 1 Fox running

684 Hive rd. km 1 459999 6393342 25-Jan-14 1 Lynx sitting

685 Km 15 to 17 on Yellow 457710 6399454 24-Jan-14 3 Moose standing

706 Lake Rd. km 2-3 457710 6399454 21-Jan-14 1 Fox following truck

708 Km 12.5 on Todd Rd. 462459 6399692 25-Jan-14 Hunter pulling moose out of bush with their truck

709 Km 1.5 & 2.5 on Hive
Rd.

460541 6393858 25-Jan-14 1 Lynx standing and walking

710 Km 12.5 on Todd 462473 6399388 25-Jan-14 Moose - gut pile

711 Km 6.8 on Yellow 459364 6393845 24-Jan-14 2 Male Bison feeding

712 Center Rd. Km 11 458911 6396974 25-Jan-14 1 Lynx walking on road

723 km 6 on Center Rd. 462221 6394745 25-Jan-14 1 Great Grey Owl perched on top of a tree

724 Km 16 on Yellow 456242 6399428 25-Jan-14 1 Cow moose

725 Todd Rd. 467836 6397768 25-Jan-14 1 Fox walking on road

736 Yellow Rd. km 458954 6398293 24-Jan-14 1 Great Grey Owl

737 Corner of Center and
Yellow

458932 6394806 24-Jan-14 1 male moose crossing road

738 White Km. 3 461135 6374749 25-Jan-14 1 Moose crossing the road
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758 Between km 34 and 35
on White

454833 6399825 26-Jan-14 1 Moose feeding

759 Km 14 on White 455898 6381277 24-Jan-14 2 White tail deer standing on the road

760 37.5 on White 455907 6398872 24-Jan-14 1 Marten chasing a squirrel across the road

761 White Rd. km 454495 6411863 23-Jan-14 3 Deer

775 Km 12 on White 455858 6378936 26-Jan-14 2 female moose standing

776 Yellow Rd. Km 6 458922 6392003 27-Jan-14 1 lynx running

784 RRTS 463174 6363683 27-Jan-14 1 Fox standing

785 Km 1.5 on Lake Rd. 464133 6392688 27-Jan-14 1 Female, 1 Young moose walking across access

786 Water Source 204 464133 6392688 26-Jan-14 2 Moose, 1 young, 1 Female standing

787 Km 12.5 on Todd 462393 6399507 26-Jan-14 1 fox feeding on gut pile

788 Km 34.7 on White 454839 6399719 26-Jan-14 1 Moose standing

789 Between km 11&12 on
Todd

463085 6399510 27-Jan-14 1 Fox eating guts on side of road

795 Rig 101 463085 6399510 27-Jan-14 1 young male bison

796 Km 14 on Todd 461150 6399587 28-Jan-14 1 Great Grey Owl flying across road and landing

797 Moose Rd (139) 461150 6399587 17-Jan-14 I Great Grey Owl being killed by a Raven

798 Km 23 River Road 467883 6381648 28-Jan-14 1 Male grouse

799 Moose Rd. km 467883 6381648 23-Jan-14 2 Moose, 1 young, 1 Female watching me work on Hoe for 20
minutes

800 Frontier Camp 454707 6400740 20-Jan-14 1 Marten crossing the road

801 Km 12 White Rd. 456030 6379571 21-Jan-14 1 Moose crossing the road

802 near Frontier Camp 454442 6400751 16-Jan-14 1 Great grey owl perched in tree

809 Km 14 White Rd. 455884 6380616 27-Jan-14 1 Moose running

810 Km 13 on Todd 462063 6399613 27-Jan-14 2 Fox eating guts on side of road

811 Access Rd. to Lease
1565

462063 6399613 26-Jan-14 1 Red fox sitting/watching

812 In trees around camp 454734 6400618 28-Jan-14 1 Marten
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821 White Rd. Km 21.5 454298 6385942 28-Jan-14 1 fisher crossing road

822 Km 10 Center Rd. 466036 6394746 28-Jan-14 1 Lynx strutting across the road

823 Km 17 on Yellow 456321 6399348 28-Jan-14 1 Fox

824 Easting 0467956.
Northing:6396427

467956 6396427 28-Jan-14 1 Moose walking across the Blue Rd.

825 Km 1.5 Lake Rd. 464127 6392508 28-Jan-14 1 fox running on road

829 KM 14 River Rd. 462989 6374491 27-Jan-14 1 lynx crossing the road

830 Km 26 River Rd. 467883 6384003 27-Jan-14 1 Deer crossing the road

831 Km 16 River Rd. 463835 6374676 28-Jan-14 1 lynx standing

832 Km 12.5 on Todd 462142 6399256 28-Jan-14 1 fox standing on side of road

833 Km 19 on the River Rd. 464946 6377414 28-Jan-14 1 Moose standing

834 Km 12.5 on Todd Rd. 462301 6399468 27-Jan-14 1 Red fox standing

835 Todd Rd. km 469108 6394716 28-Jan-14 1 fox feeding on gut pile

836 Todd km 468808 6395527 27-Jan-14 2 Foxes feeding on gut pile

837 km 12.5 on Todd 462380 6399666 28-Jan-14 1 fox eating a dead moose (gut pile)

838 1/2 mile from camp 454835 6401370 28-Jan-14 1 Moose running

859 Yellow Km 8 458922 6393817 29-Jan-14 1 Lynx walking

862 Access Rd. to lease 379
off Blue

458922 6393817 30-Jan-14 1 fox running on road

863 Km 5 on Kelly 462592 6398198 27-Jan-14 1 Fox

864 Km 30 on White 455951 6394877 25-Jan-14 1 Fox

865 Km 15 on Yellow 458054 6399415 29-Jan-14 1 Lynx

885 1/2 Mile NE of sump 459563 6390647 29-Jan-14 1 female, 1 Young moose running

886 Yellow Rd. km 6.5 458922 6392003 27-Jan-14 1 young lynx standing then running

887 Km 8 on Yellow Rd. 458927 6393316 29-Jan-14 1 Lynx headed West

897 Km 37.5 on White 454628 6399560 30-Jan-14 1 Marten crossing the road

898 Km 14.7 on White 455792 6380523 30-Jan-14 1 Marten standing on tree branch staring
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899 Km 12.7 on Yellow 456837 6399401 30-Jan-14 1 Female moose crossing the road

902 Lake Rd. km 3.5 463650 6391014 30-Jan-14 1 Female moose feeding

903 Center Rd. & Hive 464372 6394720 30-Jan-14 1 female, one young moose crossing Center Rd. @ km 8

906 Km 2 on South Rd 456744 6383288 30-Jan-14 1 Great Grey owl flying

907 Km 8 on Center Rd. 463412 6394917 30-Jan-14 1 Moose crossing Center Rd.

908 Km 36.5 on White 454601 6400089 28-Jan-14 1 Female moose standing

909 Purple Rd. 462909 6401597 29-Jan-14 1 Great Grey owl

910 Km 3.5 on Lake Rd. 463280 6389903 30-Jan-14 1 Antlerless moose walking swiftly

911 Km 5 hill on Todd 468624 6396068 30-Jan-14 1 Great Grey owl perched

912 Km 11.5 on Todd 462592 6399600 30-Jan-14 2 Foxes eating moose gut pile

924 Line 3 462592 6399600 21-Jan-14 1 red fox

929 Km 36.5 on White Rd. 454892 6399375 30-Jan-14 2 Wolves crossing the road

930 Site 220 455554 6393237 31-Jan-14 1 moose eating

931 Km 8 White Rd. 458424 6377838 29-Jan-14 1 Marten crossing the road

932 Km 26 on White Rd. 455871 6390644 28-Jan-14 2 Moose standing and feeding

933 Km 13 on Todd Rd. 461692 6399150 30-Jan-14 1 Fox eating gut pile

934 Km 27 on White Rd. 456162 6391914 29-Jan-14 1 Moose standing in forest

935 Km 1.5 on Lake Rd. 464238 6392419 31-Jan-14 1 Great Grey Owl sitting in a tree

936 Km 2.5 on Lake Rd. 462552 6393329 31-Jan-14 1 Male moose standing

953 Km 28 on White 455871 6392496 1-Feb-14 1 Fox

954 Km 3.5 on Center Rd. 459575 6394851 1-Feb-14 1 Fisher

958 Teck Lodge 455289 6400923 1-Feb-14 1 deer in the trees

959 Center Rd. km 10 466264 6394743 2-Feb-14 1 Moose running

960 White Rd. km 16.5 455573 6382970 31-Jan-14 1 Moose standing in road

961 Km 22.5 on White 454681 6386781 31-Jan-14 1 fox on side of road walking

976 Km 11 on Center Rd. 467778 6394779 2-Jan-14 1 lynx walking down road
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977 Line 3 @ km 0.5 on Hive
Rd.

467778 6394779 1-Feb-14 3 Moose walking and running

978 Km 0.5 on Hive Rd. 460607 6394163 1-Feb-14 2 Moose; 1 female, 1 young walking and running

979 Km 17 on White 455686 6382627 1-Feb-14 2 female Moose feeding

980 Km 4.5 on Clark Road 469312 6398211 28-Jan-14 1 Moose standing on road

981 Km 6 on Clark Road 469378 6397840 1-Feb-14 6 Bison standing on road

982 Km 6.9 on Yellow Road
clearing

458914 6394321 1-Feb-14 1 Lynx observing/wandering

989 Km 13 on Todd Rd. 461970 6399759 2-Feb-14 1 Fox eating moose carcass

990 Km 38 on White 454998 6399666 2-Feb-14 1 Lynx

991 Km 38 on White 454734 6400433 2-Feb-14 1 Lynx

995 Km 1.2 hill on Eastwood
Rd.

459880 6391993 2-Feb-14 1 Lynx walking through the trees

999 Km 36 on White 455765 6399322 3-Feb-14 1 Moose standing

1000 Km 2.5 on Eastwood 460197 6391742 3-Feb-14 1 Lynx

1016 Km 27 on White Rd. 455765 6391728 4-Feb-14 1 Moose standing

1017 Km 2.5 on Lake Rd. 462671 6393303 3-Feb-14 1 Marten standing

1018 Km 2.5 on Lake Rd. 462856 6393422 3-Feb-14 1 Fisher bouncing along side of road

1023 Km 1 on Moose Road 462856 6393422 3-Feb-14 1 Moose feeding

1025 Km 5.3 on Lake Rd. 463002 6389731 4-Feb-14 3 White tail deer - 1 male, 2 female - standing in windfalls

1026 Km 11 on Center Rd. 467876 6394716 4-Feb-14 1 Great Grey owl

1027 Km 19.5 on White 457018 6378249 3-Feb-14 2 Moose in bushes staring at me

1028 Km 12 on Yellow Rd. 459020 6397774 4-Feb-14 1 Black Wolf running

1029 Km 8 on Center Rd. 463663 6394890 4-Feb-14 1 Female moose walking

1030 Km 27 on White Rd. 456056 6391755 4-Feb-14 1 Marten

1031 1 mile west of Sump 457206 6389958 2-Feb-14 2 Bison standing in an open swamp

1032 Drill site 360 461853 6395261 4-Feb-14 1 Fox - had a hurting back foot/leg - trotting

1042 14-19-100-10-W40 461853 6395261 4-Feb-14 1 Fox running
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1068 Km 5 on Lake Rd. 463333 6390644 2-Feb-14 1 Fisher

1069 Km 1 Moose Rd. 463333 6390644 2-Feb-14 1 Female moose standing

1075 Lease 361 463333 6390644 6-Feb-14 1 Great Grey owl

1081 3 - 3.5 on purple 462972 6401921 6-Feb-14 1 moose

1087 km 5 lake road 462671 6389056 5-Feb-14 1 owl sitting on a tree

1088 white road at km 11 456006 6378569 7-Feb-14 2 moose running and standing on the white road at km 11

1104 km 2-3 on East Road 456006 6378569 7-Feb-14 Sm. to med. size animal. Not sure what kind. Crossing the
road

1131 yellow road km 9 458954 6398293 7-Feb-14 1 white weasel running on the yellow road @ km 9

1132 km 37 on white 455474 6399322 8-Feb-14 1 marten scurrying across the white road @ km 37

1133 yellow road km 8, 15, 9 458880 6389724 8-Feb-14 1 grouse flying at the yellow road at kms 8,9,15

1134 yellow road km 13 458381 6399523 8-Feb-14 1 grouse feeding at km 13 on yellow road

1135 yellow between 9.5 and
10 km

458934 6395388 8-Feb-14 1 lynx crossing the road between km 9.5 and 10

1136 Centre road km 11 467181 6394725 8-Feb-14 1 lynx sitting and running on the road at km 11 on center road

1137 km 6 yellow road 458623 6392363 8-Feb-14 1 moose walking @ km 6 yellow road

1138 km 3 purple 462168 6401492 8-Feb-14 1 moose feeding @ km3 on purple

1139 Todd road km 12 461788 6399513 8-Feb-14 1 red fox eating on gut pile on Todd road @ km 12

1140 461788 6399513 8-Feb-14 1 lynx running

1141 km 12 & 13 on Todd
Road

461864 6399679 8-Feb-14 1 fox feeding on gut pile between km 12 & 13

1142 white road at km 39 448749 6392993 7-Feb-14 1 moose walking on white road at km 39

1144 km 11 yellow rd. 455898 6398158 8-Feb-14 1 lynx crossing the yellow road @ km 11

1145 km 13 Todd Rd. 461811 6399520 8-Feb-14 1 Fox eating gut pile

1146 km 35 white rd. 455792 6397417 9-Feb-14 2 moose running - km 35 white rd.

1147 km 1.7 Lake rd. 464113 6392016 9-Feb-14 1 lynx crossing the road to the south - lake road 1.7 km

1148 km 3 lake rd. 463915 6391437 8-Feb-14 1 lynx running. Lake road km 3

1149 km 9 yellow rd. 459099 6392707 8-Feb-14 1 lynx standing. Yellow road km 9
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1150 km 27 white rd. 455871 6392311 9-Feb-14 2 moose browsing in clearing. White rd. km 27

1151 km 32 white rd. 463385 6409747 9-Feb-14 1 moose running across road. Km 32 white road

1161 km 6 center rd. 461771 6394665 9-Feb-14 1 great owl perched in tree. Km 6 center road

1162 1-10-101-10-4N 470419 6399545 9-Feb-14 1 bison standing and foraging

1178 Todd Road 460250 6399524 10-Feb-14 1 moose standing on Todd Road

1179 km 34 white rd. 455501 6396253 10-Feb-14 1 moose standing and watching. Km 34 white road

1180 km 35 white rd. 455713 6397814 10-Feb-14 2 moose @ km 35 on white

1181 km 35 white rd. 455739 6398131 10-Feb-14 2 moose

1182 km 37 on white 464245 6394665 10-Feb-14 1 lynx

1183 yellow road 458936 6396630 8-Feb-14 1 lynx walking across the yellow road

1184 camp 455111 6400971 9-Feb-14 1 marten running @ camp

1185 km 11 yellow rd. 458821 6397113 9-Feb-14 1 lynx walking and standing @ km 11 on yellow road.

1186 km 26 white road 455792 6390749 10-Feb-14 1 moose feeding @ km 26 white road

1187 km 7 River Road 460382 6368802 11-Feb-14 1 lynx crossing river road @ km 7

1188 km 9 white road 458253 6378116 11-Feb-14 2 moose (1 male, 1 female) standing, possibly courting @ km
9 white road

1228 km 10.5 Centre rd. 466964 6394727 7-Feb-14 1 marten playing on center road @ km 10.5

1229 KM 36 White rd. 454866 6399692 10-Feb-14 1 moose standing on the side of the road at km 36 white road

1230 km 4.5 river road 461904 6364794 12-Feb-14 1 moose running across road. Km 4.5 river road

1231 km 8 yellow rd. 458888 6393329 12-Feb-14 1 moose running. Km 8 @ yellow road

1280 Lease 1761 458888 6393329 13-Feb-14 1 Moose running

1281 Km 14.5 on Yellow 458120 6399547 13-Feb-14 1 young moose

1282 Km 26 on White Rd. 455686 6390564 12-Feb-14 1 Moose walking in woods

1283 Km 26 on White Rd. 456004 6390617 12-Feb-14 1 female Moose standing

1284 Km 15.5 on Yellow Rd. 457247 6399388 13-Feb-14 1 young moose standing on side of road

1285 13-13-100-11-W4 460181 6393158 13-Feb-14 1 lynx walking

1286 Km 5.5 on Yellow Rd. 458914 6391226 13-Feb-14 1 Lynx running
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1297 Km 7 on Blue Rd. 461798 6396769 14-Feb-14 1 Great Grey owl hooting

1300 Km 6 on Zipper 467301 6400962 14-Feb-14 1 Bison running

1301 Km 36 on White 455765 6398819 14-Feb-14 2 Moose

1303 km 2 on River 462063 6365138 14-Feb-14 1 Moose standing

1304 Lease 181 462063 6365138 14-Feb-14 1 Lynx strutting it's stuff as if no one was around

1305 km 14.5 on Yellow 457869 6399626 14-Feb-14 1 Great Gray Owl

1306 Km 15.5 on Yellow Rd. 457618 6399666 14-Feb-14 2 Moose - 1 female, 1 young

1307 km 38.5 on White Rd. 455183 6400407 14-Feb-14 1 Gray Wolf trotting alongside my truck - watched me go by

1308 Km 14.5 on White Rd. 455911 6380881 14-Feb-14 1 Fox standing

1309 Km 4 on White Rd. 460978 6374504 14-Feb-14 1 Fox running

1310 Km 15.5 on Todd Rd. 459615 6399640 12-Feb-14 1 Moose standing

1328 1.6 km East of Sump 460608 6389711 14-Feb-14 1 Female Moose walking into brush

1329 East side of Ice Bridge 462289 6365474 14-Feb-14 I Female Moose walking away from road

1346 South of Ice Bridge 462063 6363921 15-Feb-14 Wolf pack of six playing

1347 Km 7 on Yellow 458922 6392003 16-Feb-14 1 Lynx walking around on lease

1348 Km 29.5 on White 455871 6392998 15-Feb-14 1 Bunny hopping

1357 Between km 7 & 8 455871 6392998 14-Feb-14 2 Moose cow and young bull

1366 Km 7.6 hill on Yellow 459073 6396041 15-Feb-14 1 Lynx crossing road. Stopped to look at me

1367 Center/Yellow intersect. 459094 6394729 15-Feb-14 1 fox travelling along the road

1368 Km 27.5 on White Rd. 456083 6392628 16-Feb-14 1 Moose crossing White Rd

1369 Km 4.5 on Clark Rd. 469206 6398052 16-Feb-14 4 Moose staring into my soul while standing on the road

1376 Near Hole 1774 469206 6398052 16-Feb-14 1 female moose standing in a bush

1384 Km 4.5 on Clark 469312 6398211 17-Feb-14 1 Moose standing and eating

1385 Km 10 on Center 466378 6394787 17-Feb-14 4 Lynx running

1386 Site 181 459417 6393078 17-Feb-14 1 Lynx on road

1387 1774 459689 6397258 17-Feb-14 1 Moose walking

1388 Lease 1735 459689 6397258 16-Feb-14 2 Moose grazing - 1 young, 1 female
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1396 Todd road km 3&4,
Center Road km 1.5

468221 6397144 15-Feb-14 25-30 Partridges - 3 flocks of them

1397 Km 5.5 on Center Rd. 460660 6394639 17-Feb-14 1 Great Grey Owl sitting in a tree

1398 Km 2.7 on Lake Rd/ 462658 6393144 17-Feb-14 1 Male moose standing

1399 Km 8.5 on Center 463346 6394917 17-Feb-14 1 Great Grey Owl hanging out in a tree

1400 Km 34 on White 455845 6396491 18-Feb-14 1 Lynx sleeping on road bank

1408 1774 A 459663 6397239 18-Feb-14 1 Moose grazing along road

1409 Km 4.5 on Clark 469312 6398052 18-Feb-14 2 Moose eating - 1 male, 1 female

1410 Km 5 on Lake Rd. 462975 6389360 18-Feb-14 1 black and white Woodpecker

1411 Km 13.5 on White 455911 6380193 18-Feb-14 1 Moose going into brush

1412 Between km 6 & 7 on
Center

462755 6394646 14-Feb-14 1 Coyote standing

1434 Km 5 on White 460925 6375642 19-Feb-14 1 Lynx walking on road

1438 Km 37.25 on White 454945 6399798 19-Feb-14 Moose crossing road

1471 Km 37.5 on White 454707 6400063 19-Feb-14 1 Moose hanging out

1472 RWIT 2nd light tower 471535 6387257 17-Feb-14 1 Wolf walking

1473 RWIT 471561 6387389 15-Feb-14 3 Wolves feeding

1474 RWIT 471640 6386807 16-Feb-14 2 Moose Travelling

1475 RWIT 471455 6387045 15-Feb-14 4 Wolves

1476 Km 10 N of TS 470013 6372136 16-Feb-14 1 Marten climbing a tree

1477 RWIT 2nd light tower 471826 6386701 17-Feb-14 1 fox running

1478 RWIT on km 12 on River 473016 6386331 16-Feb-14 1 Marten inspecting plywood and trailer

1497 Km 41 on River 473334 6397761 20-Feb-14 1 Great Grey Owl sitting and flying

1498 Km 18 Center of White 455580 6383156 20-Feb-14 1 ptarmigan standing in middle of road - had to drive around

1499 Center Rd 461565 6394728 20-Feb-14 1 lynx standing in the middle of the road

1500 Site 596 458200 6389162 19-Feb-14 1 Lynx walking/stretching

1501 Km 2.5 on Yellow 457379 6389559 19-Feb-14 1 Great Grey Owl flew across and landed in tree
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1505 Km 10 on Yellow 458920 6394304 20-Feb-14 1 Moose running

1506 Zipper Rd. 465304 6401134 20-Feb-14 Woodpecker in a tree

1512 465304 6401134 11-Feb-14 1 young lynx standing

1513 km 2 on Suzanne Rd 465304 6401134 20-Feb-14 1 Lynx walking on road

1522 Km 28 on White 456136 6392734 19-Feb-14 1 Lynx walking

1523 Km 15 on Todd 459337 6399547 21-Feb-14 2 Moose - 1 male, 1 female - walking in bush

1524 Hive lease 222 460422 6393766 21-Feb-14 2 lynx - 1 male, 1 female - hanging out on road

1525 Km 8.5 on Center 463293 6394996 21-Feb-14 1 Great Grey Owl

1527 Km 31 on White 455236 6394983 19-Feb-14 Red fox crossing road

1528 Km 8 on River 460329 6369040 19-Feb-14 Red fox crossing road

1534 Turn off to RRTS 462380 6363233 20-Feb-14 1 Fox running

1535 Km 12 RWIT road 471191 6383712 18-Feb-14 1 Lynx

1536 RWIT Ice bridge 471058 6387204 18-Feb-14 1 Fox standing

1537 RWIT 471349 6387019 17-Feb-14 1 Fox on road

1538 RWI ice pad 472011 6387310 17-Feb-14 1 fox walking across ice pad

1539 RWI BH7 472196 6387125 19-Feb-14 Fox eating what seems to be vomit

1555 Km 10 on White Rd. 456584 6378146 22-Feb-14 1 Wolf running on road - tried to steal my camera

1563 Km 9 on White 457895 6377997 22-Feb-14 1 Coyote walking down the road

1564 Hive Road @ km 1.5 460369 6393078 20-Feb-14 1 White rabbit crossing the road

1566 Km 6.5 on Joslyn Rd. 460369 6393078 21-Feb-14 1 Moose running

1567 Km 26 on White Rd. 455818 6390935 23-Feb-14 2 Wolves feeding

1568 Km 11 on White 455854 6380003 22-Feb-14 2 Moose

1569 Km 13 on White 455646 6381000 23-Feb-14 1 lynx

1570 Km 27 on White 455924 6391464 23-Feb-14 2 Wolves

1571 Intersection of Moose
and Lake

464088 6393095 23-Feb-14 1 Lynx crossing road

1576 Km 26 on White Rd. 455713 6390591 23-Feb-14 2 Wolves
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1588 Km 21 on White 456162 6378684 25-Feb-14 1 female moose eating on side of road

1589 Km 7.5 on Lake 463848 6390591 25-Feb-14 2 Bison standing

1590 Km 0 on River 462894 6364019 23-Feb-14 1 Lynx walking/sitting

1591 Km 12 hill on Yellow 458861 6393475 24-Feb-14 1 Wolf standing

1592 Km 11 on Yellow 458768 6397007 24-Feb-14 1 Moose standing

1593 Km 0.5 on Blue 467632 6396663 25-Feb-14 1 Lynx

1594 Km 10 on Blue 460343 6397986 25-Feb-14 1 Wolf crossing road

1595 Km 8 on Lake 463121 6390048 25-Feb-14 1 Lynx standing

1596 RRTS 462777 6363233 22-Feb-14 1 Fox walking around RRTS

1597 Km 9.7 on White 458031 6377961 23-Feb-14 1 Lynx walking down road

1598 Km 7.3 on Center 465251 6394745 24-Feb-14 2 Moose walking across road

1639 Small Sandy Road 465251 6394745 26-Feb-14 2 Deer running

1640 RWIT Bridge 471614 6387098 24-Feb-14 1 moose meandering

1641 RWIT road 472593 6386225 24-Feb-14 2 Moose walking

1642 RRTS 463068 6363286 24-Feb-14 1 Fox walking

1657 Km 1 on Suzanne 463068 6363286 27-Feb-14 1 Lynx strutting on road

1670 Lease 1527 off River
Road

463068 6363286 27-Feb-14 1 male moose standing

1672 Between km 30 and 31
on White

455969 6399218 1-Mar-14 2 Moose standing

1674 Lake Rd. 462248 6387998 27-Feb-14 1 Lynx standing

1679 Km 31 on White 455130 6395036 2-Mar-14 1 Moose

1680 Km 8.5 on White 457776 6378010 1-Mar-14 1 fawn running on road

1681 Km 4.5 on River 461851 6365138 1-Mar-14 1 Moose Standing

1682 RWIT km 10.5 471984 6385590 2-Mar-14 1 Marten feeding

1694 Km 6.7 on Yellow 459152 6393078 3-Mar-14 Lynx crossing the road

1701 Km 22 on White 454813 6386887 3-Mar-14 1 Marten
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Table 61a.1-1 Wildlife Siting Card Information (cont’d)

Incident
Number Location Easting Northing Date Time Details

1702 Between 4 and 5 on
Todd

468464 6396475 3-Mar-14 1 Moose moving west across road

1703 Km 5 on Yellow 458782 6391173 3-Mar-14 1 male lynx

1705 Km Green/White
intersection

452598 6384157 2-Mar-14 1 Lynx sitting in sun, walking around

1706 Km 10 on Green 450594 6394506 4-Mar-14 1 Lynx standing

1707 Km 11 on Yellow 459139 6396954 4-Mar-14 1 Coyote came up to truck and looked at driver in the eyes.
Very domesticated

1710 Intersection of Center
and Lake

462417 6394633 4-Mar-14 1 Fox standing - seemed to be looking for handouts

1711 Km 21 on White Rd 454337 6386040 4-Mar-14 1 Bull moose walking

1712 Camp under the building 455190 6400592 5-Mar-14 1 Marten looking for a room

1713 Center Rd - Hive Rd 464839 6394723 4-Mar-14 1 Coyote heading east on Center walking

1714 Km 0.5 on Suzanne 464839 6394723 4-Mar-14 1 young moose crossing road

1715 Km 5 on Zipper 466957 6401161 5-Mar-14 3 Bison

1716 Km 33 on White 455713 6396041 5-Mar-14 1 male moose standing

1717 Km 34 on River 469339 6392072 5-Mar-14 1 female, 2 young Bison standing

1718 Buckton 447934 6413821 5-Mar-14 1 Moose

1725 Clark Road 470688 6398264 6-Mar-14 7 Bison standing in an open meadow

1726 Clark Road 471058 6398158 6-Mar-14 1 Great Gray Owl flying

1727 37.5 White Road 455907 6398872 10-Mar-14 1 male moose standing

1728 15 Yellow Road 458922 6392003 9-Mar-14 1 Great Grey Owl sitting in a tree

1729 33 White Road 455900 6395821 6-Mar-14 2 Moose Feeding

1730 20.5 White Road 454253 6385274 11-Mar-14 1 Moose Feeding

1731 Lease 1600 454253 6385274 6-Mar-14 1 deer running through woods

1732 km 1 at south fork 454253 6385274 6-Mar-14 1 male lynx

12, 472393E, 6387557N 472393 6387557 17-Aug-13 Young bear on Dalkin Island, saw us and started to climb tree
but instead ran off.
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1.0 INTRODUCTION 

Teck Resources (Teck) retained Golder Associates Ltd. (Golder) to complete a remote camera monitoring 

program for wood bison proximate to their Frontier Oil Sands Mine Project (Frontier  Project) area from October 

2013 to October 2014. The Frontier Project is a proposed bitumen mine about 110 kilometers north of Fort 

McMurray and overlaps with the southern portion of the range of the Ronald Lake bison herd (RLBH). The 

Frontier Project therefore has the potential to impact wood bison. 

Shell Canada Limited (Shell) also has an interest in the results of the bison monitoring program because they 

are in the process of permitting their Pierre River Mine Project (PRM Project), which is located immediately south 

of the Frontier Project. Bison are also a species of concern for PRM. In accordance with a data sharing 

agreement between Shell and Teck, Shell has requested a preliminary analysis and summary of the data 

collected to date to support Shell’s PRM environmental assessment and permitting process.  

Both the Frontier and PRM Projects are currently in the exploration and permiting phases. Concerns were raised 

by regulators and Aboriginal stakeholders about the potential adverse effects on the herd during the Frontier 

drilling program planned for winter 2013/2014, and with Shell during its PRM regulatory review. The primary 

purpose of the remote camera program is to evaluate bison response to the Frontier drilling program, and a 

secondary objective is to evaluate bison use of existing disturbance (e.g., well pads, linear features). 

This interim report presents the preliminary results of the monitoring program following the first retrieval of 

camera data.  

2.0 METHODS 

2.1 Study Area 

The Frontier Project footprint overlaps 18,597 hectares (12%) on the RLBH range, which covers approximately 

152,948 ha, based on an approximate minimum convex polygon enclosing all radio telemetry locations collected 

between March 2013 and January 2014. The landscape is dominated by boreal forest and associated peatlands. 

The study area includes a fluvial fan associated with the Birch Mountains and a vegetated dune complex 

 DATE April 28, 2014 PROJECT No. 13-1346-0001/5900/5919 
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identified by Environmentally Significant Area 692. Existing disturbances include well pads, seismic lines, 

pipeline rights-of-way, forestry cutblocks and exploratory boreholes. 

2.2 Study Design 

A Before-After Control-Impact (BACI) sampling design was developed to assess whether bison were displaced 

by drilling activities. The BACI design requires data to be collected at control and impact sites before and after 

the impact occurs. Forty remote cameras were placed within the RLBH range. Twenty cameras were placed in 

an experimental area near proposed winter drilling activity (i.e., “impact” cameras) within the Project Disturbance 

Area (PDA) boundary and portions of Townships 101 and 102 of Range 10 west of the 5
th
 meridian (Figure 1) 

and 20 cameras were placed in a control area about 5 kilometres north of the experimental area outside the PDA 

in Township 102 Range 11 west of the 5
th
 meridian and away from proposed human disturbance (i.e., “control” 

cameras; Figure 2). 

Bison habitat suitability mapping conducted by Stantec with Aboriginal input was used to inform remote camera 

locations (Table 1). The goal was to place cameras in areas that bison are likely to frequent to maximize 

probability of detection, but also to place some cameras in previously disturbed areas (e.g., existing well pads, 

linear features) within suitable habitat types to determine bison use of these features.  

Wood bison are obligate grazers and in general habitat suitability improves as graminoid biomass increases, 

though other habitat types may offer some suitability for cover and seasonal foraging (Lartner and Gates 1991, 

Jensen 2005). Bison tend to avoid areas dominated by forests, but will use these areas in late summer and fall 

when forage quality becomes more homogenous across the boreal landscape and lichens represent a 

substantial portion of their diet (Lartner and Gates 1991). Clearcuts provide suitable summer habitat, but 

graminoid biomass is insufficient to create high-quality winter habitat for bison (Redburn et al. 2008). Efforts 

were made to match habitat and disturbance types between control and impact sites to the extent possible to 

reduce environmental variability; however, few disturbances were present in the control area.   

Table 1: Remote Camera Locations by Habitat and Existing Disturbance Type 

Habitat/Existing Disturbance Type 
Treatment 

Control Impact 

undisturbed blueberry jack pine-aspen 2 1 

undisturbed burned upland 6 1 

well pad burned upland 0 5 

clearcut - cutblock  0 1 

undisturbed graminoid fen 5 2 

undisturbed shrubby fen 2 2 

seismic line wooded fen 0 1 

well pad wooded swamp 1 1 

undisturbed lichen jack pine 3 3 

well pad lichen jack pine 0 1 

right-of-way lichen jack pine 0 1 

undisturbed Labrador tea-mesic jack pine-black spruce 1 0 

Total undisturbed, all habitat types 19 10 

Total disturbed, all habitat and disturbance types 1 10 
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2.3 Remote Camera Deployment and Data Retrieval 

Remote cameras were deployed in October 2013. Camera placement locations were accessed by helicopter.  

Cameras were mounted to trees and generally orientated in a northerly direction to prevent backlighting of the 

animal and to minimize the potential for cameras to be inadvertently triggered by sunlight. Each camera was 

contained within a security enclosure. The camera model used was the Reconyx PC800 HyperfireTM 

Professional high output digital camera. The PC800 model uses an infrared illuminator that does not disturb 

wildlife and is effective at documenting diurnal and nocturnal activity of a wide range of medium- to large-sized 

carnivores, ungulates and furbearers. Each camera was labeled with a unique identifier. The location (i.e., UTM 

coordinates) of each helicopter landing site and camera location were recorded. 

A second field visit was conducted in January 2014 to replace memory cards and batteries, and test the 

functionality of the cameras. Data from the retrieved memory cards were uploaded upon return to the office.  The 

data collected between October and January are presented in this report. 

2.4 Data Management and Analysis 

The number of individuals of each wildlife species was determined by visually inspecting the photos uploaded 

from the retrieved memory cards and counting the number of separate detections of that species. Multiple 

photographs taken of the same animal or group of animals within a one-hour period were classified as a single 

detection. A bison detection rate index was calculated for each camera by dividing the number of bison 

detections by the number of days the camera was active. The resulting index value represented the number of 

bison observed per camera day for each camera. 

Preliminary analyses were conducted using the bison detection rate index to determine whether:  

1) bison used the control and impact sites equally before the onset of drilling; 

2) bison used existing disturbed and undisturbed sites equally prior to drilling; and  

3) bison use of undisturbed habitat where photos of bison were obtained differed between the control and 

impact sites.   

Each analysis was conducted using two-sample, two-tailed t-tests using Microsoft Excel (Microsoft 2010). 

3.0 RESULTS AND DISCUSSION 

3.1 Bison Observations 

Bison were recorded at 19 of 40 camera locations (10 control and 9 impact) and used both disturbed and 

undisturbed sites (3 disturbed and 16 undisturbed; Appendix A; Appendix B, Plate 1). However, undisturbed 

sites were used approximately three times more often than disturbed sites (Table 2). Bison detections per 

camera day were significantly higher in the control site than in the impact site and in undisturbed locations than 

in disturbed locations (Figure 3; Table 2). When only undisturbed locations where bison were detected were 

compared, bison detections per camera day continued to be significantly higher in the control site (Table 2). 
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Table 2: Bison Detections by Treatment and Existing Disturbance Prior to Onset of Drilling 

Analysis Sample Size Mean (Standard Deviation) P 

Control vs. Impact – all locations 

Control 20 0.067 (0.089) 
0.025 

Impact 20 0.019 (0.027) 

Control vs. Impact – undisturbed locations with bison photographs only 

Control 10 0.130 (0.081) 
0.029 

Impact 6 0.050 (0.026) 

Undisturbed vs. Disturbed – all locations 

Undisturbed 28 0.059 (0.078) 
0.024 

Disturbed 12 0.018 (0.012) 

 

The landscape was less disturbed in the control area than in the impact area (Figure 3). All but one of the control 

cameras were located within undisturbed locations, whereas 10 impact cameras were in disturbed locations.  

This suggests that the difference in bison use of the control and impact sites could be due to selection for 

undisturbed habitat. Alternatively, it is possible that bison habitat is of higher quality generally (e.g., available 

forage, suitable shelter) in the control area or is reflective of seasonal migration patterns.  

Activities relating to the drilling program, such as road clearing and construction traffic were recorded as early as 

December 1
st
 at some of the impact camera locations (Appendix B, Plate 2), which may also have affected bison 

use of impact sites. Fortin et al. (2009) reported that bison avoid roads during winter.  In a study in Prince Albert 

National Park, bison frequently ran from humans or vehicles when approached at distances up to 265 m (Fortin 

and Andruskiw 2003). These observations suggest that bison might be expected to respond negatively to drilling 

and associated activities, and this may also explain reduced bison detections at impact cameras. 

However, impact cameras continue to obtain images of bison and bison were recorded by drilling staff, indicating 

that bison have not abandoned the area during initial construction prior to the drilling program. Of 36 wildlife 

observation cards filled out by employees identifying bison, 29 included behavioural information.  Of those 29, 

only six identified “running” behaviour, of which one was “running away” from disturbance (Appendix C). These 

data suggest that bison in the area of the drilling program may be habituated to disturbance associated with 

drilling activities. the following growing season. Caution needs to be exercised when interpreting these 

preliminary results, given the small sample sizes. Full results concerning the response of bison to the drilling 

program will be available in the final report. 

Some factors that influence bison habitat use were not evaluated in this analysis. For example, the age and 

successional stage of the existing disturbances were not measured, and photos depicted variability in these 

measures of disturbance (Appendix B, Plate 3). Bison may be using disturbed areas unequally due to structural 

differences related to age of disturbance. Anthropogenic disturbances that return the landscape to earlier, 

graminoid-dominated successional stages could benefit bison in the boreal region (Gates et al. 2001); however, 

human disturbance resulting from increased access associated with linear disturbance could reduce bison use of 

disturbed areas (Fortin et al. 2009). Longer-term effects of disturbance may result from changes in predator-prey 

dynamics (e.g., increase in predator populations in conjunction with increased linear disturbance; Whittington et 

al. 2011); however, these types of effects are unlikely to be apparent within the short time frame of this study. 

Incidental observations of other wildlife species captured on cameras are listed in Appendix C. 
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3.2 Study Design 

BACI designs are commonly used in environmental impact assessments and, when appropriately applied, are 

effective at detecting changes due to anthropogenic disturbances (Ellis and Schneider 1997). Preliminary 

indications of this study suggest that bison were using the control and impact sites unequally prior to the onset of 

drilling. The control treatment will be valuable in controlling for environmental variation that continues to be 

present following the onset of drilling. For example, a decline in bison use of the general study area, including 

both impact and control sites, could be misinterpreted as an effect of drilling if only the impact site was assessed. 

The preliminary analysis assessed differences in bison habitat use between the treatments prior to the onset of 

drilling. A complete analysis will be conducted once all the data are available. That analysis will assess both the 

main effects and interactive effects of drilling (i.e., control, impact) and time (i.e., before, after) using an analysis 

of variance (ANOVA). 

The BACI design is not ideal for assessing broader bison habitat selection patterns; however, this was not the 

intent of this study. Alberta Environment and Sustainable Resource Development is currently collecting GPS 

telemetry data for the RLBH with support from Teck and Shell. A GPS telemetry dataset is ideal for evaluating 

habitat selection patterns. Collared animals were detected on several cameras during the program (Appendix B, 

Plate 4). 

4.0 RECOMMENDATIONS 

Two impact cameras may have been destroyed following clearing of the areas in which these cameras were 

located at the onset of the drilling program. Teck reported tree felling in these areas, so the cameras are 

assumed to have been mulched. It is recommended that Teck confirm activity in the impact locations and 

investigate sites where cameras may have been destroyed. Golder can provide the camera location coordinates 

or can conduct the investigation on behalf of Teck. It is recommended that any destroyed cameras are replaced 

during the next field visit. 

Bison were observed using disturbed sites, though at significantly lower frequency than undisturbed sites. The 

current habitat suitability index model for wood bison that Golder has developed for Shell classifies all industrial 

disturbances except cutblocks as non-habitat and applies substantial zone of influence buffers. Results of this 

preliminary analysis suggest that, although disturbed habitats may be used less frequently than undisturbed 

habitats, the probability of use is greater than zero because winter access across sedge meadows does not 

materially affect their value as high quality winter grazing habitat the following winter. In addition, clearing the 

forest canopy associated with winter access results in increased graminoid cover the following year, a food 

source for bison.  In this case, photo indices for bison at disturbed sites were one-third of those at undisturbed 

sites. These findings should be considered when evaluating the level of certainty and conservatism incorporated 

into future habitat modelling and impact assessments for bison. 
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5.0 CLOSURE 

We trust the above meets your present requirements. If you have any questions or require additional details, 

please contact the undersigned. 

GOLDER ASSOCIATES LTD. 

Report prepared by: Report reviewed by: 

Barbara Bleho, M.N.R.M. Martin Jalkotzy, M.E.Des., P.Biol. 
Wildlife Ecologist Principal, Senior Wildlife Ecologist 

ORIGINAL SIGNED BY ORIGINAL SIGNED BY
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Table A1: Bison Observations 

Camera Map Code Ecosite Phase/Wetland Type Existing Disturbance Bison/Day 

TCC01 FONG graminoid fen undisturbed 0.23 

TCC02 FONG graminoid fen undisturbed 0 

TCC03 BUu burned upland (lichen jack pine) undisturbed 0.13 

TCC04 BUu burned upland (blueberry jack pine-aspen) undisturbed 0.08 

TCC05 FONG graminoid fen undisturbed 0 

TCC06 FONG graminoid fen undisturbed 0 

TCC07 a1 lichen jackpine undisturbed 0.25 

TCC08 b1 blueberry jack pine-aspen undisturbed 0.05 

TCC09 BUu burned upland (blueberry jack pine-aspen) undisturbed 0.25 

TCC10 c1 Labrador tea-mesic jack pine-black spruce undisturbed 0 

TCC11 STNN wooded swamp well pad 0 

TCC12 FONS shrubby fen undisturbed 0 

TCC13 BUu burned upland (blueberry jack pine-aspen) undisturbed 0 

TCC14 b1 blueberry jack pine-aspen undisturbed 0 

TCC15 BUu burned upland (lichen jack pine) undisturbed 0.11 

TCC16 a1 lichen jackpine undisturbed 0 

TCC17 a1 lichen jackpine undisturbed 0 

TCC18 FONS shrubby fen undisturbed 0.14 

TCC19 FONG graminoid fen undisturbed 0.06 

TCC20 BUu burned upland (blueberry jack pine-aspen) undisturbed 0.05 

TCE01 FONS shrubby fen undisturbed 0 

TCE02 BUu burned upland (lichen jack pine) well pad 0 

TCE03 a1 burned upland (lichen jack pine) well pad 0 

TCE04 BUu burned upland (lichen jack pine) well pad 0 

TCE05 a1 lichen jackpine right-of-way 0 

TCE06 FONS shrubby fen undisturbed 0.03 

TCE07 BUu burned upland (lichen jack pine) well pad 0.03 

TCE08 b1 blueberry jack pine-aspen undisturbed 0.01 

TCE09 a1 lichen jackpine undisturbed 0 

TCE10 STNN wooded swamp well pad 0.00 

TCE11 DIS clearcut cutblock 0.00 

TCE12 BUu burned upland undisturbed 0.06 

TCE13 d2 lowbush cranberry white spruce seismic line 0.00 

TCE14 a1 lichen jackpine well pad 0.00 

TCE15 BUu burned upland (lichen jack pine) well pad 0.01 

TCE16 FONG graminoid fen undisturbed 0.00 

TCE17 a1 lichen jackpine undisturbed 0.05 

TCE18 FONG graminoid fen undisturbed 0.07 

TCE19 FTNN wooded fen seismic line 0.02 

TCE20 a1 lichen jackpine undisturbed 0.08 

Note: TCC = control camera; TCE = impact camera. 
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Plate 1: Bison using existing well pad (top) and seismic line (bottom). 
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Plate 2: Construction vehicle plowing winter road access for drilling program at an impact camera 
location on December 15, 2013. 
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Plate 3: Examples of burned lichen jack pine upland well pad camera locations. 
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Plate 4: Collared bison at a control camera location on October 30, 2013. 
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Table 3: Wildlife Observation Cards Identifying Bison 

Card # Date Behaviour Location 

Summer 2013 - 2013 07 10 10-Jul-2013 Grazing along access road 12-13-100-11 W4M 

Summer 2013 - 2013 07 11 11-Jul-2013 Grazing in old lease site 12-10-100-11 W4M 

November 2013 - 3 7-Nov-2013 - remote sump 

November 2013 - 3 7-Nov-2013 - remote sump 

November 2013 - 3 7-Nov-2013 - remote sump 

December 2013 - 43 10-Dec-2013 Standing, feeding and running sump at SE 2-100-11-W4 

December 2013 - 43 10-Dec-2013 Standing, feeding and running sump at SE 2-100-11-W4 

December 2013 - 43 10-Dec-2013 Standing, feeding and running sump at SE 2-100-11-W4 

December 2013 - 132 29-Dec-2013 Walking down road Yellow Road km 2 

December 2013 - 132 29-Dec-2013 Walking down road Yellow Road km 2 

January 2014 - 162 2-Jan-2014 - Sump  

January 2014 - 160 3-Jan-2014 Running down road Km 2 Yellow Rd. 

January 2014 - 284 10-Jan-2014 Feeding 6-1-100-10-w4 

January 2014 - 284 10-Jan-2014 Feeding 6-1-100-10-w4 

January 2014 - 284 10-Jan-2014 Feeding 6-1-100-10-w4 

January 2014 - 284 10-Jan-2014 Feeding 6-1-100-10-w4 

January 2014 - 284 10-Jan-2014 Feeding 6-1-100-10-w4 

January 2014 - 711 24-Jan-2014 Feeding km 6.8 on Yellow Road 

January 2014 - 711 24-Jan-2014 Feeding km 6.8 on Yellow Road 

January 2014 - 680 24-Jan-2014 feeding in meadow km 6.8 on Yellow Road 

January 2014 - 680 24-Jan-2014 feeding in meadow km 6.8 on Yellow Road 

January 2014 - 662 24-Jan-2014 Feeding, sitting km 6.5 on White Road 

January 2014 - 666 24-Jan-2014 grazing along bush line km 6.8 on Yellow Road 

January 2014 - 666 24-Jan-2014 grazing along bush line km 6.8 on Yellow Road 

January 2014 - 795 27-Jan-2014 Running across lease Rig 101 

February 2014 - 981 1-Feb-2014 standing Clark Road around 6 km 

February 2014 - 981 1-Feb-2014 standing Clark Road around 6 km 

February 2014 - 981 1-Feb-2014 standing Clark Road around 6 km 

February 2014 - 981 1-Feb-2014 standing Clark Road around 6 km 

February 2014 - 981 1-Feb-2014 standing Clark Road around 6 km 

February 2014 - 981 1-Feb-2014 standing Clark Road around 6 km 

February 2014 -1162 9-Feb-2014 standing/foraging 1-10-101-10-4 

February 2014 -1300 14-Feb-2014 running away 
km 6 on Zipper Road by Wildlife 
Camera 9 

March 2014 - 1715 5-Mar-2014 - 5 Zipper Road 

March 2014 - 1715 5-Mar-2014 - 5 Zipper Road 

March 2014 - 1715 5-Mar-2014 - 5 Zipper Road 
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Table 4: Detection Rates for Wildlife Species Observed Incidentally During the Bison Camera 
Monitoring Program 

Camera Species Detections/Day 

TCC01 no incidental observations ― 

TCC02 
moose 0.02 

white-tailed deer 0.02 

TCC03 no incidental observations - 

TCC04 
grey wolf 0.11 

white-tailed deer 0.01 

TCC05 white-tailed deer 0.01 

TCC06 no incidental observations ― 

TCC07 red fox 0.01 

TCC08 no incidental observations ― 

TCC09 white-tailed deer 0.01 

TCC10 
grey wolf 0.04 

moose 0.17 

TCC11 moose 0.07 

TCC12 moose 0.01 

TCC13 red fox 0.01 

TCC14 no incidental observations ― 

TCC15 no incidental observations ― 

TCC16 
moose 0.01 

white-tailed deer 0.02 

TCC17 no incidental observations ― 

TCC18 moose 0.04 

TCC19 moose 0.06 

TCC20 
black bear 0.01 

white-tailed deer 0.01 

TCE01 no incidental observations ― 

TCE02 

grey wolf 0.02 

mammal sp. 0.01 

red fox 0.01 

TCE03 
human 0.01 

white-tailed deer 0.01 

TCE04 no incidental observations ― 

TCE05 grey wolf 0.12 

TCE06 
mammal sp. 0.01 

red fox 0.06 

TCE07 

black bear 0.01 

deer sp. 0.01 

grey wolf 0.02 

TCE08 red fox 0.01 

TCE09 black bear 0.01 

TCE10 moose 0.11 
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Table 4: Detection Rates for Wildlife Species Observed Incidentally During the Bison Camera 
Monitoring Program 

Camera Species Detections/Day 

TCE11 
deer sp. 0.01 

moose 0.07 

TCE12 moose 0.15 

TCE13 

Canid sp. 0.01 

grey wolf 0.07 

white-tailed deer 0.04 

TCE14 grey wolf 0.10 

TCE15 
grey wolf 0.02 

white-tailed deer 0.02 

TCE16 no incidental observations ― 

TCE17 
grey wolf 0.01 

moose 0.01 

TCE18 no incidental observations ― 

TCE19 
grey wolf 0.15 

moose 0.05 

TCE20 moose 0.01 
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Teck Resources Limited 
Suite 1000, 205—9th Avenue SE 
Calgary, AB Canada  T2G 0R3 
 
+1 403 767 8500 Tel 
+1 403 265 8835 Fax 
www.teck.com 

SilverBirch Energy Corporation 
Suite 1500, 202—6th Avenue SW 
Calgary, AB Canada  T2P 2R9 
 
+1 403 538 7030 Tel 
+1 403 538 7033 Fax 
www.silverbirchenergy.com 
 

January 17, 2012 
 
 
Fort McKay First Nation  
Sustainability Department 
PO Box 5360 
Fort McMurray, AB   
T9H 3G4 
 
Attention: Dan Stuckless (Manager, Environmental Affairs) 
 
Dear Mr. Stuckless, 

 
In March 2011, Ann Garibaldi, on behalf of the Fort McKay First Nation requested that Teck and SilverBirch 
consider odour, acoustics and air quality impacts of the Frontier Project on Mr. Jerry Boucher’s cabin, located 
approximately 6.8 kilometers south west of Project’s South Development Area. During the course of working with 
Fort McKay and Ann Garibaldi in addressing the Fort McKay First Nation TEK Best Practices, the parties agreed 
that Teck and SilverBirch would follow up with a specific memo regarding impacts to Mr. Boucher’s cabin.  

Find enclosed a memo outlining odour, acoustics and air quality impacts of the Frontier Project on Mr. Jerry 
Boucher’s cabin, based on the results of the environmental impact assessment, submitted to the ERBC and 
Alberta Environment, on November 25, 2011.  

We look forward to continuing to work with the Fort McKay First Nation Sustainability Department and community 
at large as we proceed through the regulatory phase of the Frontier Project.    

Please do not hesitate to contact us if you have any additional questions. 

 
Sincerely, 
 

 

 

Ian Mackenzie  Janais Turuk  
Regulatory Manager Community Relations 
Teck Resources Limited  Teck Resources Limited 
Suite 1000, 205—9th Avenue SE                           Suite 1000, 205—9th Avenue SE                            
Calgary, AB  T2G 0R3 Calgary, AB  T2G 0R3 
+1 403 767 8697 Tel +1 403 767 8743 Tel 
+1 403 265 8794 Fax +1 403 265 8794 Fax 
  

 
Cc/ Alvaro Pinto (Director, Fort McKay First Nation Sustainability Department) 
 Ann Garibaldi (Integral Ecology Group) 



 
 
 
 
 
 
 
  
 
 

Teck Resources Limited 
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Suite 1500, 202—6th Avenue SW 
Calgary, AB Canada  T2P 2R9 
 
+1 403 538 7030 Tel 
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This memorandum, prepared by Stantec, summarizes the results of acoustic, air quality and 
odour modelling at Mr. Jerry Boucher’s cabin as was requested in March 2011 by Ann 
Garibaldi, representing the Fort McKay First Nation Sustainability Department. Mr. Boucher’s 
cabin is located approximately 6.8 km south of the Frontier Project area, South Development 
Area (see Figure 1).  
 
Acoustic, air quality and odours results for Mr. Boucher’s cabin are consistent with data 
presented in the acoustics and air quality assessments prepared as part of the Integrated 
Application for the Frontier Project. 
 

ACOUSTICS 

Assessment Approach 

Increased sound levels from industrial activities typically occur within 1.5 km of a noise source. 
The acoustics assessment for the Frontier Project focused primarily on locations within 1.5 km 
of the Frontier Project boundary, but also considered more distant locations such as Mr. 
Boucher’s cabin (shown as location R8 in Figure 2).  
 
The acoustics assessment considers the overlap of the Frontier Project and the planned Pierre 
River Mine project, the only other nearby noise source. Noise sources for these two projects 
were identified and quantified, and the CADNA/A acoustical model was used to predict 
potential sound levels. The assessment was conducted in accordance with Energy Resource 
Conservation Board (ERCB) 2007 Directive 038: Noise Control. 

Assessment Results 

Sound levels are expressed in decibel (dBA) units that account for the manner by which the 
human ear perceives sound. Due to the fact that Mr. Boucher’s cabin is located in a remote 
area, existing sound levels would be based on natural background considerations (e.g., wind, 
leaves rustling, and birds chirping).For the purposes of assessment, the ERCB assumes that 
the nighttime ambient sound level for rural areas is 35 dBA. ERCB Directive 038 requires that 
operational noise from planned facilities meet a nighttime sound level limit of 40 dBA at a 
distance of 1.5 km from the facility fenceline.  
 
The predicted sound levels associated with the Frontier and Pierre River Mine projects were 
added to the average background rural nighttime sound level of 35 dBA. The predicted sound 
contours for these two projects are shown in Figure 2; the corresponding sound level at Mr. 
Boucher’s cabin is 21 dBA. Because the decibel scale is logarithmic, predicted project-related 



 
 

sound levels and background sound levels cannot be arithmetically added. However, the 
results indicate that the Frontier Project is not predicted to result in perceptible changes to 
sound levels at Mr. Boucher’s cabin.  
 
Sound levels generated by air traffic associated with the Frontier Project were also assessed. 
Depending on the flight path, sound levels generated by air traffic are predicted to be 
perceptible at Mr. Boucher’s cabin. To limit the potential noise effects from flyovers, the pilot 
will select a flight path that avoids human dwellings in the area to the extent feasible. 
 
For additional discussion relating to the acoustics assessment, see Section 2 (Volume 4) of the 
Integrated Application.  
 

AIR QUALITY 

Assessment Approach 

Ambient concentrations of emissions vented to the atmosphere from existing and planned 
upgraders, mines and in situ bitumen extraction facilities were predicted for a 110 km x 110 km 
region centered on the Frontier Project. This region includes the community of Fort McKay and 
Mr. Boucher’s cabin.  
 
Predictions are based on the CALPUFF air quality simulation model; this model has been used 
for other industry applications, and by both the Cumulative Environmental Management 
Association and Wood Buffalo Environmental Association multi-stakeholder organizations. The 
model was applied according to guidance from Alberta Environment. Four scenarios that 
represent the existing condition and three future cases were examined: 
 

• The Existing Condition is based on all developments that were operating as of 2011.  
• A Base Case includes existing developments, developments, developments that have 

been approved and are not yet operating, and other developments that are likely to be 
approved in the near future. 

• An Application Case includes all developments indicated in the Base Case plus the 
Frontier Project. 

• A Planned Development Case (PDC) includes all developments identified in the 
Application Case plus other planned developments that are reasonably foreseeable.  

These scenarios also consider emissions from communities and major highways in the region.   
 
Mine fleet emissions are one of the source types considered in the assessment. Emissions 
from mine vehicles are subject to regulatory controls that will reduce future emissions from 
these vehicles. The existing vehicles meet the current “Tier I or Tier II” emission standards; 
future mine fleets will be expected to meet the more stringent “Tier IV” emission standards. For 
the three future cases (i.e., Base Case, Application Case and PDC), the air quality assessment 
assumes that the vehicles would meet a combination of existing emission standards and the 



 
 

future emission standards. This is expected to be a conservative assumption as all vehicles 
are expected to meet the more stringent Tier IV emissions standards when maximum 
emissions are expected from the Frontier Project. For this reason, the assessment also 
assumes that all mine fleets will meet the Tier IV standards. This assumption was evaluated in 
the context of NOX and PM2.5 emissions. For additional discussion relating to the assumptions, 
see Section 3 (Volume 4) of the Integrated Application.  
 
The simulation model was used to predict 1-hour, 24-hour and annual average ambient air 
concentrations. These concentrations were compared to the respective Alberta Ambient Air 
Quality Objectives (AAAQO) and the Alberta Ambient Air Quality Guidelines (AAAQG). The 
assessment examined criteria air contaminants (CAC), hydrocarbon (HC) compounds, 
reduced sulphur compounds (RSC) and metals. Section 3.6.4 of the air quality assessment 
(Volume 4 of the Integrated Application) provides ambient air quality predictions for these 
chemicals for different averaging periods at the three main communities in the region: Fort 
Chipewyan, Fort McKay and Fort McMurray. The purpose of this letter is to provide similar 
predictions at Mr. Boucher’s cabin, and to compare these predictions to the relevant AAAQO 
and AAAQG. 

Assessment Results 

The maximum predicted concentrations at Mr. Boucher’s cabin are provided in a series of 
tables. The tables and the results are as follows: 
 

• Table 1 lists predicted maximum NO2, SO2, PM2.5 and CO concentrations (i.e., CACs) 
at Mr. Boucher’s cabin for the four scenarios. The three future cases are based on a 
combination of existing and Tier IV mine fleets. The results indicate: 

o Predicted maximum NO2, SO2 and CO concentrations at Mr. Boucher’s cabin 
are less than the respective AAAQO for all assessment scenarios. 

o The predicted maximum PM2.5 concentration is less than the respective 
AAAQO/AAAQG for the existing condition. 

o The predicted maximum PM2.5 concentration is greater than the respective 
AAAQO/AAAQG for the Base Case, Application Case and the PDC. The Frontier 
Project does not contribute to the high PM2.5 levels that are predicted to occur at 
Mr. Boucher’s cabin. 

• Table 2 lists predicted maximum NO2 and PM2.5 concentrations at Mr. Boucher’s cabin 
for the four scenarios. The three future cases are based on all mine fleets meeting the 
Tier IV standards. The results indicate: 

o The predicted maximum NO2 concentrations are less than those depicted in 
Table 1, and the maximum values are less than the AAAQO. 

o The predicted maximum PM2.5 concentrations are less than those depicted in 
Table 1, and the maximum values are less than the 30 µg/m3 AAAQO and are 
slightly greater than the 80 µg/m3 AAAQG. The Frontier Project does not 



 
 

contribute to the high PM2.5 levels that are predicted to occur at Mr. Boucher’s 
cabin. 

• Table 3 lists predicted maximum HC concentrations (i.e., acetaldehyde, benzene, 
benzo(a)pyrene, ethylbenzene, formaldehyde, hexane, styrene, toluene and total 
xylenes) at Mr. Boucher’s cabin for the four scenarios. The results indicate: 

o The predicted maximum hydrocarbon compounds are all less than the respective 
AAAQO. 

• Table 4 lists predicted maximum metal concentrations (i.e., arsenic, chromium, lead, 
manganese and nickel) at Mr. Boucher’s cabin for the four scenarios. The results 
indicate: 

o Predicted maximum metal concentrations are all less than the respective 
AAAQO. 

The chemical compounds listed in these tables are the compounds that are expected to be 
emitted by the Frontier Project and for which there are either AAAQO or AAAQG. Additional 
discussion relating to the model predictions (e.g., prediction confidence) can be found in 
Section 3.6.4 of the air quality assessment.  
 
ODOUR 

Assessment Approach 

Odours are typically associated with reduced sulphur compounds and they are also associated 
with short-term peak concentrations that are less than 1-hour in duration. Maximum 
concentrations of reduced sulphur compounds (i.e., hydrogen sulphide (H2S), carbon 
disulphide (CS2), mercaptans, thiophenes and total reduced sulphur (TRS) were predicted at 
Mr. Boucher’s cabin for the four scenarios. Model predictions were adjusted to account for the 
short-term peaks, and these peaks are compared to the respective odour thresholds.  

Assessment Results 

The results are shown in Table 5 and they indicate: 
 

• Predicted maximum H2S concentrations at Mr. Boucher’s cabin are less than the 
respective AAAQO and the odour threshold for all assessment scenarios. The Frontier 
Project does not contribute to the high H2S levels that are predicted to occur at Mr. 
Boucher’s cabin. 

• Predicted maximum CS2 concentrations at Mr. Boucher’s cabin are much less than the 
respective AAAQO and the odour threshold for all assessment scenarios. 

• Predicted maximum mercatan concentrations at Mr. Boucher’s cabin are much less 
than the odour threshold for all assessment scenarios. 

• Predicted maximum thiophene concentrations at Mr. Boucher’s cabin are much less 
than the odour threshold for all assessment scenarios. 



 
 

• Predicted maximum TRS concentrations at Mr. Boucher’s cabin are provided for interest 
purposes; no AAAQO or odour thresholds exist for TRS. 

The predicted maximum H2S concentration is about 55% of the odour threshold and the 
predicted maximum TRS concentrations are relatively large.  The two key interpretations 
relative to these findings are:  
 

• Existing and planned oil sands developments need to closely manage these emissions 
to preclude odours from occurring. 

• The Frontier Project is not a substantive contributor to the maxima at Mr. Boucher’s 
cabin. 

Note that this assessment assumes typical operating conditions associated with the existing 
and planned developments. It does not include short-term, intermittent upset events that can 
occur in the region. These upset events are typically associated with more complex operations 
(e.g., upgraders) that can result in flaring and other bypass operations, both of which have the 
potential to produce odours.  
 
Based on historical events, there may be continuing potential for odours in the region because 
of upset events associated with upgrader operations in the region. We do not foresee similar 
upset events from mining/extraction-only operations such as the Frontier Project. The results 
indicate that no increased potential for odours to occur at Mr. Boucher’s cabin as a result of the 
Frontier Project. 
 
Additional discussion relating to the model predictions (e.g., prediction confidence) can be 
found in Section 3.6.4 of the air quality assessment. 
 



 
 

 
 

Figure 1  Location of Mr. Boucher’s cabin relative to the Frontier Project 

 



 
 

 
 

Figure 2  Predicted Noise Contours   

 

 

 

 

 

 

 

 

 

 

 



 
 

Table 1 Maximum Predicted Criteria Air Contaminants (CAC) at Mr. Boucher’s Cabin 
Based on a Combination of Existing and Tier IV Mine Fleet Vehicles 

 

CAC Statistic Existing Case Base Case 
Application 

Case PDC Case AAAQO 

Nitrogen Dioxide 
(µg/m3) 

1st Highest 1-h 99 132 132 133 - 
9th Highest 1-h 83 117 117 118 300 
1st Highest 24-h 42 81 81 83 - 
2nd Highest 24-h 39 79 79 80 - 

Annual 5 11 12 13 45 

Sulphur Dioxide 
(µg/m3) 

1st Highest 1-h 109 88 88 88 - 
9th Highest 1-h 56 67 67 68 450 
1st Highest 24-h 31 43 43 43 - 
2nd Highest 24-h 19 25 25 25 125 

Annual 1 2 2 2 20 

PM2.5   
(µg/m3) 

1st Highest 1-h 73 213 213 214 - 
9th Highest 1-h 39 146 146 146 80 
1st Highest 24-h 13 41 41 42 - 
2nd Highest 24-h 12 41 41 42 30 
8th Highest 24-h 8 22 22 23 - 

Annual 1 3 4 4 - 

Carbon Monoxide 
(µg/m3) 

1st Highest 1-h 71 173 173 177 - 
9th Highest 1-h 50 126 126 130 15,000 
1st Highest 8-h 47 130 130 134 8,000 
2nd Highest 8-h 43 106 107 111 - 
1st Highest 24-h 28 83 83 86 - 
2nd Highest 24-h 25 58 61 62 - 

Annual 2 8 10 10 - 
NOTES: 
The 1-hour PM2.5 criterion is an AAAQG. All other criteria are AAAQO. 
Predicted values larger than an AAAQO or an AAAQG are shown in bold face font. 

 

Table 2 Maximum Predicted Criteria Air Contaminants (CAC) at Mr. Boucher’s Cabin 
Based on Tier IV Mine Fleet Vehicles for the Future Year Base Case, Application 
Case and PDC 

CAC Statistic Existing Case Base Case 
Application 

Case PDC Case AAAQO 

Nitrogen Dioxide  
(µg/m3) 

1st Highest 1-h 99 117 117 118 - 
9th Highest 1-h 83 105 105 105 300 
1st Highest 24-h 42 69 69 71 - 
2nd Highest 24-h 39 66 66 66 - 



 
 

Annual 5 9 11 11 45 

PM2.5 
 (µg/m3) 

1st Highest 1-h 73 118 118 122 - 
9th Highest 1-h 39 86 86 93 80 
1st Highest 24-h 13 26 26 27 - 
2nd Highest 24-h 12 24 24 26 30 
8th Highest 24-h 8 12 12 13 - 

Annual 1 2 2 2 - 
NOTES: 
The 1-hour PM2.5 criterion is an AAAQG. All other criteria are AAAQO. 
Predicted values larger than an AAAQO or an AAAQG are shown in bold face font. 

 

Table 3 Maximum Predicted Hydrocarbon (HC) Compound Concentrations at Mr. 
Boucher’s Cabin 

HC Compound Statistic Units 
Existing 

Case 
Base 
Case 

Application 
Case 

PDC 
Case AAAQO 

 Acetaldehyde  

1st Highest 1-h 

(µg/m3) 

1.01 4.32 4.32 4.41 - 
9th Highest 1-h 0.79 3.29 3.29 3.36 90 
1st Highest 24-h 0.39 1.86 1.87 1.89 - 
2nd Highest 24-h 0.35 1.33 1.33 1.39 - 

Annual 0.03 0.15 0.16 0.17 - 

 Benzene 

1st Highest 1-h 

(µg/m3) 

1.26 2.70 2.70 2.70 - 
9th Highest 1-h 0.91 1.97 1.97 1.98 30 
1st Highest 24-h 0.43 0.97 0.97 0.98 - 
2nd Highest 24-h 0.35 0.80 0.80 0.80 - 

Annual 0.04 0.08 0.08 0.08 - 

 Benzo(a)pyrene  

1st Highest 1-h 

(ng/m3) 

0.05 0.07 0.07 0.07 - 
9th Highest 1-h 0.03 0.04 0.04 0.04 - 
1st Highest 24-h 0.01 0.02 0.02 0.02 - 
2nd Highest 24-h 0.01 0.02 0.02 0.02 - 

Annual 0.001 0.001 0.001 0.001 0.3 

 Ethylbenzene  

1st Highest 1-h 

(µg/m3) 

1.47 2.38 2.38 2.38 - 
9th Highest 1-h 0.98 1.62 1.62 1.62 2000 
1st Highest 24-h 0.40 0.69 0.69 0.69 - 
2nd Highest 24-h 0.32 0.55 0.55 0.55 - 

Annual 0.03 0.05 0.05 0.05 - 

 Formaldehyde  

1st Highest 1-h 

(µg/m3) 

0.59 2.39 2.39 2.44 - 
9th Highest 1-h 0.46 1.77 1.77 1.80 65 
1st Highest 24-h 0.25 1.01 1.02 1.06 - 
2nd Highest 24-h 0.21 0.75 0.75 0.78 - 

Annual 0.02 0.09 0.09 0.10 - 
 Hexane  1st Highest 1-h (µg/m3) 14 36 36 36 - 



 
 

HC Compound Statistic Units 
Existing 

Case 
Base 
Case 

Application 
Case 

PDC 
Case AAAQO 

9th Highest 1-h 11 27 27 27 21000 
1st Highest 24-h 5 13 13 13 - 
2nd Highest 24-h 5 12 12 12 7000 

Annual 0.5 1.2 1.4 1.4 - 

 Styrene  

1st Highest 1-h 

(µg/m3) 

0.0045 0.0045 0.0045 0.0045 - 
9th Highest 1-h 0.0031 0.0031 0.0031 0.0031 215 
1st Highest 24-h 0.0011 0.0011 0.0011 0.0011 - 
2nd Highest 24-h 0.0006 0.0006 0.0006 0.0006 - 

Annual 0.00004 0.00004 0.00006 0.00006 - 

 Toluene  

1st Highest 1-h 

(µg/m3) 

5.0 8.8 8.8 8.8 - 
9th Highest 1-h 3.3 6.1 6.1 6.1 1880 
1st Highest 24-h 1.4 2.8 2.8 2.8 - 
2nd Highest 24-h 1.1 2.2 2.2 2.2 400 

Annual 0.1 0.2 0.2 0.2 - 

 Xylenes  

1st Highest 1-h 

(µg/m3) 

8.5 13.0 13.0 13.0 - 
9th Highest 1-h 5.6 8.6 8.6 8.6 2300 
1st Highest 24-h 2.2 3.7 3.7 3.7 - 
2nd Highest 24-h 1.8 2.9 2.9 2.9 - 

Annual 0.2 0.3 0.3 0.3 - 

 

Table 4 Maximum Predicted Metal Concentrations at Mr. Boucher’s Cabin 

Metal Statistic Units 
Existing 

Case 
Base 
Case 

Application 
Case 

PDC 
Case AAAQO 

 Arsenic  

9th Highest 1-h 

(ng/m3) 

0.13 0.18 0.18 0.18 - 
1st Highest 24-h 0.06 0.11 0.11 0.12 100 
2nd Highest 24-h 0.06 0.10 0.10 0.11 - 

Annual 0.004 0.011 0.011 0.012 10 

 Chromium  

1st Highest 1-h 

(ng/m3) 

2.90 3.70 3.70 3.70 - 
9th Highest 1-h 1.94 2.76 2.76 2.76 1000 
1st Highest 24-h 0.91 1.42 1.42 1.42 - 
2nd Highest 24-h 0.67 1.08 1.08 1.08 - 

Annual 0.04 0.06 0.06 0.07 - 

 Lead  

1st Highest 1-h 

(ng/m3) 

1.77 4.85 4.86 5.01 - 
9th Highest 1-h 1.19 4.04 4.05 4.15 1500 
1st Highest 24-h 0.90 2.70 2.71 2.85 - 
2nd Highest 24-h 0.78 2.57 2.57 2.72 - 

Annual 0.06 0.18 0.19 0.20 - 

 Manganese  
1st Highest 1-h 

(ng/m3) 
0.23 0.31 0.32 0.35 - 

9th Highest 1-h 0.16 0.23 0.23 0.24 2000 



 
 

1st Highest 24-h 0.07 0.13 0.13 0.13 - 
2nd Highest 24-h 0.06 0.11 0.11 0.11 - 

Annual 0.005 0.011 0.012 0.013 200 

Nickel  

1st Highest 1-h 

(ng/m3) 

5.23 6.38 6.38 6.40 - 
9th Highest 1-h 3.59 4.73 4.73 4.75 6000 
1st Highest 24-h 1.59 2.44 2.44 2.45 - 
2nd Highest 24-h 1.30 1.98 1.98 2.02 - 

Annual 0.08 0.13 0.13 0.14 50 
 

Table 5 Maximum Predicted Reduced Sulphur Compound (RSC) Concentrations at Mr. 
Boucher’s Cabin 

RSC Compound Statistic Units 
Existing 

Case 
Base 
Case 

Application 
Case 

PDC 
Case 

Odour 
Threshold/ 

AAAQO 

Hydrogen sulphide 

Peak 

(µg/m3) 

2.55 6.40 6.40 6.42 11.5 
1st Highest 1-h 0.98 2.46 2.46 2.47 - 
9th Highest 1-h 0.76 1.87 1.87 1.88 14 
1st Highest 24-h 0.41 0.99 0.99 1.00 - 
2nd Highest 24-h 0.31 0.76 0.76 0.77 4 

Annual 0.03 0.07 0.07 0.07 - 

 Carbon disulphide  

Peak 

(µg/m3) 

5.82 9.18 9.18 9.44 495 
1st Highest 1-h 2.24 3.53 3.53 3.63 - 
9th Highest 1-h 1.52 2.58 2.58 2.63 30 
1st Highest 24-h 0.68 1.21 1.21 1.23 - 
2nd Highest 24-h 0.59 0.98 0.98 1.01 - 

Annual 0.05 0.10 0.12 0.12 - 

 Mercaptans  

Peak 

(µg/m3) 

0.0042 0.013 0.013 0.013 0.8 
1st Highest 1-h 0.0016 0.0050 0.0050 0.0050 - 
9th Highest 1-h 0.0013 0.0038 0.0038 0.0038 - 
1st Highest 24-h 0.0007 0.0025 0.0025 0.0026 - 
2nd Highest 24-h 0.0005 0.0016 0.0016 0.0017 - 

Annual 0.0000 0.0002 0.0002 0.0002 - 

 Thiophenes  

Peak 

(µg/m3) 

3.38 6.24 6.24 6.27 486 
1st Highest 1-h 1.30 2.40 2.40 2.41 - 
9th Highest 1-h 0.87 1.67 1.67 1.68 - 
1st Highest 24-h 0.38 0.76 0.76 0.77 - 
2nd Highest 24-h 0.32 0.64 0.64 0.64 - 

Annual 0.03 0.06 0.06 0.06 - 

Total Reduced 
Sulphur  

Peak 

(µg/m3) 

11.49 21.35 21.35 21.45 none 
1st Highest 1-h 4.42 8.21 8.21 8.25 - 
9th Highest 1-h 3.05 5.68 5.68 5.80 - 
1st Highest 24-h 1.40 2.79 2.79 2.82 - 



 
 

2nd Highest 24-h 1.19 2.25 2.25 2.29 - 
Annual 0.11 0.23 0.25 0.26 - 

NOTE: 
 The odour threshold in indicated on the “Peak” row. 
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Teck Wildlife Mitigation Program 

Teck Resources Limited (Teck) understands that its proposed 2014 winter drilling program is located 

entirely within a Key Wildlife and Biodiversity Zone (KWBZ).  According to Environment and 

Sustainable Resource Development (ESRD) KWBZ Land Use Guidelines, no activity should take place 

between January 15 and April 30, 2014. 

Teck intends to begin its activities as early as possible, but is restricted by the nature and location of the 

planned winter Oil Sands Exploration (OSE) and geotechnical programs, and the need for frozen ground 

conditions to access the area and minimize ground disturbance. A specific challenge that Teck faces is 

accessing the program area in the KWBZ on winter roads on the west side of the Athabasca River.  Our 

main access to the roads will be along a 1.1 km ice bridge that will built from November to mid-January.  

This leaves very little time prior to the out-date of January 15.  Teck is therefore requesting an extension 

to work beyond the KWBZ out-date.  

As such, Teck is proposing the following wildlife mitigation program to reduce the potential impacts of 

the 2014 winter drilling program on wildlife. 

Potential Effects 

Potential effects of the winter drilling program include: 

 Potential loss of or adverse effects to ungulate winter range, barred owl breeding habitat, and 

over-wintering toad habitat as a result of forest clearing until after reclamation;  

 Creation of bison grazing habitat as a result of forest clearing until forest maturation;  

 Temporary loss of or adverse effects to ungulate winter range and barred owl breeding habitat as 

a result of sensory disturbance during the program; and 

 Potential direct and indirect mortality of ungulates associated with increased access for hunters 

and predators and of overwintering toads due to freezing in access roads. 

Mitigation Objectives 

In general, the five objectives of the mitigation program are to:  

1. Minimize the extent of new clearing associated with access to drilling locations to reduce losses 

to ungulate winter range and overwintering toad habitat;  

2. Minimize sensory disturbance to reduce indirect habitat loss during the program; 

3. Minimize the amount of anthropogenic and other disturbance (e.g., predator access) during and 
after the completion of the drilling program to reduce direct and indirect mortality;  

4. Optimize the sequencing of drilling wells to minimize effects to wildlife; and 

5. Develop reclamation activities concurrently with operations to promote vegetation recovery. 
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New habitat loss and other potential adverse impacts associated with the exploration activity will be 

minimized using the mitigation measures listed below.  

 Teck intentionally designs OSE and geotechnical programs together to maximize efficiencies and 

minimize disturbance.  In addition, the programs are designed to re-use existing disturbance 

wherever possible.  The 2014 winter drilling program will take place on 269.72 ha of land.  Teck 

was successful in planning the program to re-use existing disturbance for 164.67 ha.  In addition, 

the OSE and geotechnical programs overlap on 90.38 ha.  This means that by pre-planning, and 

executing the programs together, Teck has achieved land use efficiencies on 95% of the program 

areas. 

 Teck has and will continue to use an Integrated Land Management (ILM) approach to designing 

access for the drilling program. Teck continues to work with adjoining disposition and oil sands 

lease holders to re-align access to share common corridors to reduce and manage cumulative 

impacts and footprints. This is currently being done for Teck’s planned 2014 winter drilling 

program with various industry counterparts including: Shell, SilverWillow Energy, BP Canada 

Energy and Northlands Forest Products.  

 Access for the drilling program will incorporate existing linear disturbances (e.g., hand cut 

seismic or survey lines) into our winter road design.  

 New clearing will be limited to locations where drilling will occur.  

 No new clearing is planned for salvage timber log decks; only existing clearing will be used by 

Teck for such.  

 Barriers to ungulate movement (i.e., berms created by snow plowing or windrowing), that exceed 

0.75 metres in height will have 10 m long breaks incorporated in them every 400 m and at the 

timbered edges of each open or treed muskeg to reduce potential adverse effects on ungulate 

movement.  

 Creek crossings will be located on existing access roads where possible. If new crossings are 

required, Teck will minimize the disturbance footprint associated with the crossing location.  

 Teck will remove log spans, rig mats, or snow fills upon completion of operations or before 

spring break-up to minimize effects of surface water flows and therefore, aquatic resources.  

 Teck has a strict non-interference with wildlife policy. Teck will continue to work closely with 

ESRD and any other oil sand developers in the vicinity of the winter drilling program to control 

access during drilling and then close off access once drilling has been completed, as has been 

accomplished during previous programs. Local trappers have been, and will continue to be, 

consulted regarding access so designated trapping trails will not be blocked by debris or snow.  

 Teck will adhere to an “early-in, early-out” policy. This means starting activities immediately 

after freeze-up with the intent of completing all approved work within the zone as early as 

possible including all clearing, construction, drilling and equipment moves out of the KWBZ. The 

drilling program will likely be initiated at the beginning of January, ground conditions permitting, 

and will be completed by March 15, 2014.  
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Project Sequencing and Execution within the KWBZ: 

Teck recognizes that working within the KWBZ requires special attention be given to the scheduling and 

sequencing of drilling program activities. A sequencing pattern to minimize impacts to wildlife was 

assessed using bison, caribou, moose, and barred owls as indicators.  The amount of high quality habitat 

within a 100m buffer of each well pad was identified for bison, moose, and caribou and high quality 

habitat within a 500m buffer was identified for barred owls. The amount of high suitability habitat varied 

by drilling location and by species at each drilling location (Appendix 1).   

Bison 

 Drilling locations associated with the highest proportion of high suitability bison habitat are 

found in the northern portion of the drilling program area (Figure 1).  To minimize adverse 

effects to bison, which may preferentially use these habitats during late winter, drilling should 

proceed from north to south so that the highest quality bison habitat is less affected by sensory 

disturbance in late winter.  

Barred Owl 

 High suitability barred owl habitat follows the opposite pattern, with more high suitability 

breeding habitat in the southern portion of the drilling area than in the north (Figure 2).  However, 

because drilling will be completed by March 15 at the latest, and barred owl courtship and nesting 

begins in March and extends through to the beginning of May, effects of sensory disturbance of 

the drilling program on barred owl nesting habitat should be small.  Clearing of drilling locations 

within 500 m of high quality barred owl nesting habitat will be completed prior to January 15. 

Caribou 

 The winter drilling program does not occur within designated caribou ranges, caribou have not 

been documented in the vicinity of the drilling program and little high suitability habitat is 

present (Figure 3).  

Moose 

 Few drilling locations were associated with high suitability moose habitat, and drilling sites with 

high suitability habitat within 100m were dispersed throughout the drilling program area 

(Figure 4).  

In addition, Western and Canadian toad visual encounter surveys have been conducted in and around 

permanent water bodies within 100 m of proposed winter drilling locations. One young-of-the-year 

Canadian toad was recorded and the associated proposed drilling location was moved.  

Taking into account the distribution of high quality habitat described above, the following activities will 
be conducted to ensure that:  

1) priority is placed on completing work in the most sensitive areas early; 

2) duration of activities and overall disturbance are minimized; and  

3) ESRD is informed of all activities and decisions made to minimize impacts within the most 

sensitive areas of the KWBZ 

Teck will report drilling activities weekly to the forest officer.  Included in this report will be a discussion 

of activities in sensitive areas including maps of current and upcoming planned activities.  Also included 

will be a status update on where we have been working, and a look-ahead to the activities planned for 

next week 
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With respect to the KWBZ out date of January 15
th
 and the request to work past this date, the overall goal 

is to do the work required as safely and quickly as possible.  As with the program last year, to complete 

the planned program on or prior to March 15
th
 Teck will: 

 Complete all of our clearing before January 15th (weather dependent), focusing on all sensitive 

areas with a priority on identified Bison habitat (northern area).  Teck will also complete the 

majority of our construction activity before January 15
th
. This will minimize construction 

equipment use (the noisiest and highest traffic piece of the program) during the timeframes of the 

KWBZ. 

 The camp size, equipment use, and construction/drilling capacity have been optimized to balance 

the level of activity intensity with the need to complete the activities as early and as safely as 

possible.  

 If there is a particularly warm winter – Teck will selectively prioritize activities to ensure that we 

open up only the areas we are certain to drill and that we complete all activities by March 15th. 

Teck can provide estimated start and completion dates for each phase of the program.  Note that these 
dates are dependent on weather and on the sequence of obtaining necessary approvals. 

 
 Access construction: beginning week of November 18 and ending January 15 (This includes 

freezing in existing LOC’s, freezing in creek crossings, ice bridge construction). 
 

 Clearing: January 1
st
 to end of February (includes clearing and freezing in of individual drilling 

leases and new cutlines. all attempts will be made to clear sensitive habitat areas prior to January 
15) 
 

 Drilling: January 2 to March 15  (this encompasses both the core hole program and the 
geotechnical program as these programs are integrated bysharing common access, log decks, 
water sources etc…) 

 

Teck’s general drilling philosophy is to progress in a manner that reduces overall disturbance.  This 

would include moving from the north to the south and east to west concurrently.  Further considerations 

include: 

 For the geotechnical portion of the program, we will use auger rigs (only 12-hour drilling days) in 

more sensitive areas.  This provides a refractory period for sensitive wildlife in these areas when 

drilling is not occurring. 

 For the OSE portion of the program, we will execute auger and core rig operations in close 

succession to minimize the spatial extent of drilling operations. 

 Water sources will be used based on proximity to water users to reduce travel distances and 

overall equipment use (noise and continued disturbance reduction). 

 Only the main LOC roads will remain open for the duration of the program.  This is for safety and 

emergency purposes. All other roads will be rolled back as soon as work is completed in that 

area. 

 The 2D seismic work has been planned for the southern portion of the Project area only and has 

been designed to utilize helicopter support to shorten the work schedule. Clearing for the seismic 

program will be completed by January 15. The current planned completion date for all seismic 

activity is January 20
th
. Teck recognizes that this date is 5 days outside of the January 15

th
 KWBZ 

out date.  This work is part of the overall 2014 Program activities and will follow the same 

KWBZ mitigation strategies outlined in this plan. 
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 Weather controls a large portion of the program execution.  As mentioned above, prioritization of 

the program will ensure that all constructed areas are drilled as soon as the access and sites are 

prepared. 

 Through Teck’s wildlife monitoring program, Teck will direct drilling operations away from 

areas where sensitive wildlife are observed – such as the northeast for bison and the southern 

parts for barred owl. 

In addition to reducing effects of the winter drilling program by sequencing activities, Teck will: 

 Cease work in any specific areas if key wildlife species are observed at these specific sites (e.g., if 

bison are observed feeding on a well site).  Work will resume only after the wildlife have left the 

site. 

 In the event that a bear den is disturbed during clearing, activities should be immediately halted. 
A 100m buffer should be placed around the site where the bear was disturbed.  No further 
activities should occur within the 100m buffer until the bear has left its den in the spring. 
 

 Reduce traffic volume and frequency by focusing on vehicle pools to shuttle crews in and out of 

the KWBZ.  

 Continue to implement a sign placement program at all primary entry points to the operating area 

to curtail superfluous public and commercial traffic within the KWBZ. The sign designation will 

read as follows:  

o ACCESS RESTRICTED: Key Wildlife Biodiversity Zone, authorized personnel only;  

o Work in progress, no firearms allowed; and  

o Construction access only, no exit.  

 Apply a variety of additional access control measures to minimize access to the KWBZ including:  

o rolling back snow and woody debris to limit vehicular access into areas as soon as 

possible after the completion of any drilling or sampling to control and minimize 

disturbance and avoid any unnecessary vehicle movement;  

o woody debris roll back will be moved as necessary to be concentrated (e.g., 400 m long 

treatment areas) at intersections and single entry points to maximize its effectiveness; 

o avoiding the creation of loop roads to reduce traffic not related to the drilling program;  

o only snow plowing required access along existing trails/seismic lines to allow for access 

to the operating area; and 

o implementing doglegs on new access, highway crossings and seismic lines to reduce the 

continuous lines-of-sight along linear disturbance.  

 Limit use of snowmobiles and all-terrain vehicle use as much as possible, restricting use to 

work-related activities in designated locations only; no recreational use will be permitted.  

 Reduce vehicular traffic speed to a maximum of 30 km/hr to reduce potential for collisions with 

wildlife.  

 Prohibit hunting and fishing activities by Teck staff or contractors.  

 Prohibit the possession of firearms by Teck staff or contractors.  

 Prohibit the possession of pets by Teck staff or contractors.  
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 Continue to follow the Bear-Human Conflict Management Plan for Camps, although black bears 

will be hibernating during the winter drilling program
1
. 

 Wildlife awareness, including bears, will be included as part of on-site orientation.  

 Remove log spans, rig mats, or snow fills upon completion of operations or before spring 

break-up, whichever comes first, to reduce unauthorized traffic into the KWBZ.  

The following activities will be developed concurrently with operations to promote vegetation recovery.  

 Drilling activities will be confined to frozen ground conditions. Coarse mulching techniques will 

be implemented and monitored on all sites and access to enhance vegetation recovery. Mulch will 

be less than approximately five centimetres deep and spread over entire site or access.  

 Teck will monitor the mulch particle size and aim to achieve a coarser, longer particle size that 

will not inhibit the vegetative process.   

 Teck will limit mulching on upland sites in order to keep the root zone intact.  

 Drilling sites will be field scouted to minimize any soil disturbance, particularly within 100 m of 

wetlands. Guidelines for managing soil disturbance are outlined in the OSE application, as per the 

code of practice for exploration operations.  

 Reclamation initiated immediately after drilling activities are complete through use of rollback.  

Seeding may be required a few years after abandonment if regrowth isn’t occurring as quickly as 

anticipated.  

 Native seed mixtures will be reviewed with ESRD prior to their use to ensure compatibility.  

Wildlife Education and Monitoring  

All Teck personnel on site will be informed of the KWBZ and Teck’s commitments. All traffic 

stations/security gates will be used as educational/orientation zones to inform Teck personnel and 

contractors of the importance of wildlife management and habitat protection.  

 

Teck has undertaken multiple wildlife surveys since 4006; wildlife studies have included both early and 

late winter airborne ungulate observations within the KWBZ. Teck also has an active wildlife sighting 

card program. Wildlife sighting cards have been and will continue to be an integral part of Teck’s 

exploration and drilling programs. Sighting card completion and the appropriate FWMIS random 

observation load forms will be submitted to Fish and Wildlife at the end of the season. All wildlife data 

have helped Teck better predict and understand potential effects of the drilling program on wildlife 

distribution and abundance in and around the OSE program.  

  

                                                      
1
 http://www.srd.alberta.ca/RecreationPublicUse/AlbertaBearSmart/BearsIndustrialWorkers.aspx 
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Water Proximity Mitigation Program 

The following outlines the water proximity mitigation measures for the 2014 winter drilling program.   

Teck has conducted field verification to finalize the location of facilities, winter roads, remote sumps and 

well sites relative to water courses and wetlands. Mapped locations that impinge on setbacks for water 

courses and wetlands based on field verification, locations will be mitigated in the following manner:   

o Construction under frozen ground conditions only 

o No on site remote sumps 

o All drilling fluids tanked and hauled off site 

o Snow / ice berm around lease, especially on downhill or watercourse side 

o Emergency response plan in place 

o Spill kits in vehicles and on site 

Teck will follow all appropriate setback guidelines from water features, as determined by the forest 

officer.   

All water course crossings will be constructed in accordance with the Code of Practice for Water Course 

Crossings.  
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Appendix 1: Proportion of High Suitability Habitat within Drilling Pad Buffers 

Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

72 0% 0% 0% 85% 

74 0% 0% 1% 74% 

81 4% 0% 0% 77% 

85 0% 0% 0% 68% 

105 0% 0% 5% 75% 

118 6% 0% 3% 2% 

119 0% 0% 0% 0% 

119 0% 0% 0% 0% 

123 19% 0% 0% 5% 

139 7% 0% 30% 44% 

140 21% 0% 0% 15% 

142 15% 0% 0% 6% 

145 23% 0% 0% 10% 

146 0% 0% 0% 9% 

152 15% 0% 0% 15% 

154 69% 0% 0% 8% 

157 0% 0% 0% 26% 

162 0% 0% 0% 25% 

168 54% 0% 0% 32% 

180 47% 0% 0% 32% 

195 4% 0% 0% 37% 

230 0% 0% 0% 11% 

253 0% 0% 0% 0% 

280 0% 0% 0% 9% 

291 0% 0% 0% 0% 

306 47% 0% 0% 1% 

312 0% 0% 0% 0% 

316 0% 0% 0% 8% 

340 57% 0% 0% 0% 

360 20% 0% 0% 0% 

361 33% 0% 0% 0% 

376 100% 0% 0% 0% 

377 57% 0% 0% 2% 

379 100% 0% 0% 2% 

395 86% 0% 0% 27% 

439 3% 0% 0% 0% 

445 0% 0% 0% 0% 

457 11% 0% 0% 0% 

557 32% 0% 0% 20% 

572 0% 0% 0% 0% 

598 0% 0% 0% 25% 

1003 6% 0% 0% 39% 

1022 37% 0% 1% 13% 

1024 29% 0% 0% 7% 

1026 85% 0% 0% 0% 

1027 0% 0% 0% 21% 

1028 0% 0% 0% 75% 
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Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1031 0% 0% 0% 1% 

1034 100% 0% 0% 0% 

1075 0% 0% 0% 0% 

1500 0% 0% 21% 60% 

1501 0% 0% 0% 41% 

1502 0% 0% 0% 0% 

1503 0% 0% 0% 19% 

1504 10% 0% 0% 14% 

1505 0% 0% 0% 9% 

1506 0% 0% 0% 0% 

1507 44% 0% 0% 15% 

1508 0% 0% 0% 2% 

1509 0% 0% 0% 35% 

1510 0% 0% 0% 15% 

1511 0% 0% 0% 15% 

1512 0% 1% 3% 30% 

1513 0% 0% 0% 25% 

1514 0% 0% 0% 15% 

1515 0% 0% 0% 36% 

1516 0% 0% 0% 28% 

1517 13% 0% 0% 65% 

1518 35% 0% 24% 42% 

1519 0% 0% 0% 22% 

1520 0% 0% 0% 24% 

1521 0% 0% 4% 34% 

1522 0% 0% 0% 0% 

1523 0% 0% 0% 28% 

1524 0% 0% 0% 18% 

1525 0% 0% 0% 21% 

1526 0% 0% 0% 0% 

1527 0% 0% 0% 0% 

1528 0% 0% 0% 21% 

1529 0% 13% 0% 84% 

1530 0% 0% 0% 14% 

1531 0% 0% 0% 3% 

1532 0% 0% 0% 17% 

1533 20% 0% 0% 26% 

1534 0% 0% 0% 20% 

1535 1% 0% 26% 0% 

1536 0% 0% 8% 24% 

1537 0% 0% 0% 9% 

1538 0% 0% 0% 15% 

1539 0% 0% 0% 12% 

1540 0% 0% 0% 0% 

1541 0% 0% 0% 52% 

1542 0% 0% 0% 1% 

1543 25% 0% 20% 4% 

1544 0% 0% 0% 2% 

1545 0% 0% 0% 2% 
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Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1546 0% 0% 2% 0% 

1547 8% 0% 0% 0% 

1548 0% 0% 0% 73% 

1549 0% 0% 0% 21% 

1550 29% 0% 0% 4% 

1551 0% 32% 0% 21% 

1552 0% 0% 0% 0% 

1553 12% 0% 0% 0% 

1554 10% 0% 0% 20% 

1555 0% 0% 0% 19% 

1556 0% 0% 2% 8% 

1557 0% 0% 0% 0% 

1558 0% 0% 0% 20% 

1559 12% 0% 0% 1% 

1560 0% 0% 0% 26% 

1561 0% 0% 0% 36% 

1562 18% 0% 0% 47% 

1563 10% 0% 0% 16% 

1564 50% 0% 0% 1% 

1565 0% 0% 0% 4% 

1566 0% 0% 0% 27% 

1567 0% 0% 0% 45% 

1568 0% 0% 0% 57% 

1569 0% 0% 0% 95% 

1570 0% 0% 0% 62% 

1571 0% 0% 0% 40% 

1572 0% 0% 0% 0% 

1573 0% 0% 0% 52% 

1574 0% 0% 0% 71% 

1575 0% 0% 0% 59% 

1576 0% 0% 0% 69% 

1577 20% 0% 0% 77% 

1578 0% 0% 0% 94% 

1579 0% 0% 0% 83% 

1580 0% 0% 0% 0% 

1581 0% 0% 0% 75% 

1582 0% 0% 0% 61% 

1583 0% 0% 0% 10% 

1584 0% 0% 0% 66% 

1585 0% 0% 0% 27% 

1586 0% 0% 9% 27% 

1587 0% 0% 0% 89% 

1588 0% 0% 0% 0% 

1589 3% 0% 0% 65% 

1590 0% 0% 0% 85% 

1591 0% 0% 0% 74% 

1592 0% 0% 0% 10% 

1593 0% 0% 0% 28% 

1594 0% 0% 0% 40% 
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Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1595 0% 0% 0% 47% 

1596 0% 0% 0% 44% 

1597 0% 0% 0% 22% 

1598 0% 0% 0% 88% 

1599 0% 0% 0% 0% 

1600 0% 0% 12% 0% 

1601 0% 0% 2% 75% 

1602 0% 0% 0% 0% 

1603 0% 0% 0% 0% 

1604 0% 0% 0% 0% 

1605 0% 0% 0% 1% 

1606 0% 0% 0% 2% 

1607 0% 0% 0% 29% 

1608 10% 0% 0% 14% 

1609 0% 0% 0% 0% 

1610 0% 0% 0% 0% 

1611 0% 0% 0% 0% 

1612 0% 0% 0% 0% 

1613 0% 0% 0% 32% 

1614 0% 0% 0% 0% 

1615 0% 0% 0% 0% 

1616 0% 0% 0% 88% 

1617 2% 0% 0% 42% 

1618 0% 0% 0% 0% 

1619 0% 0% 45% 16% 

1620 0% 0% 0% 15% 

1621 0% 0% 0% 0% 

1622 0% 0% 28% 51% 

1623 0% 0% 0% 0% 

1624 0% 0% 0% 0% 

1625 0% 0% 0% 0% 

1626 0% 0% 0% 0% 

1627 0% 0% 0% 0% 

1628 0% 0% 0% 0% 

1629 0% 0% 0% 0% 

1630 0% 0% 5% 52% 

1631 0% 0% 0% 2% 

1632 0% 0% 0% 1% 

1633 0% 0% 0% 1% 

1634 0% 0% 0% 6% 

1635 0% 0% 0% 0% 

1636 5% 0% 0% 6% 

1637 0% 0% 0% 22% 

1638 0% 0% 0% 0% 

1639 0% 0% 0% 0% 

1640 0% 0% 0% 24% 

1641 0% 0% 0% 8% 

1642 0% 0% 0% 6% 

1643 0% 0% 0% 3% 
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Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1644 0% 0% 0% 8% 

1645 0% 0% 0% 7% 

1646 0% 0% 0% 6% 

1647 0% 0% 0% 1% 

1648 0% 0% 0% 1% 

1649 0% 0% 0% 3% 

1650 0% 0% 0% 0% 

1651 0% 0% 0% 4% 

1652 0% 0% 0% 83% 

1653 12% 0% 0% 12% 

1654 80% 0% 0% 0% 

1655 23% 0% 0% 0% 

1656 0% 15% 0% 8% 

1657 0% 0% 0% 3% 

1658 11% 0% 0% 1% 

1659 15% 0% 0% 0% 

1660 44% 4% 3% 31% 

1661 0% 4% 0% 8% 

1662 0% 0% 0% 7% 

1663 0% 0% 0% 0% 

1664 0% 9% 0% 5% 

1665 0% 0% 0% 1% 

1666 0% 0% 0% 5% 

1667 0% 54% 0% 8% 

1668 33% 0% 0% 0% 

1669 0% 0% 0% 0% 

1670 2% 0% 0% 0% 

1671 0% 0% 0% 7% 

1672 0% 12% 0% 7% 

1673 0% 41% 0% 8% 

1674 0% 60% 0% 8% 

1675 0% 83% 0% 8% 

1676 0% 0% 0% 3% 

1677 0% 85% 0% 6% 

1678 0% 0% 0% 1% 

1679 0% 0% 0% 0% 

1680 31% 0% 0% 13% 

1681 0% 0% 0% 0% 

1682 25% 0% 0% 0% 

1683 10% 0% 0% 15% 

1684 51% 0% 0% 0% 

1685 0% 67% 0% 6% 

1686 0% 0% 0% 0% 

1687 15% 33% 0% 25% 

1688 76% 0% 0% 0% 

1689 0% 95% 0% 8% 

1690 0% 86% 0% 7% 

1691 0% 0% 0% 2% 

1692 9% 22% 1% 36% 
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Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1693 0% 31% 0% 7% 

1694 0% 0% 0% 0% 

1695 0% 0% 0% 0% 

1696 0% 0% 0% 0% 

1697 0% 0% 0% 0% 

1698 0% 6% 0% 4% 

1699 0% 10% 0% 6% 

1700 2% 0% 0% 29% 

1701 6% 0% 0% 0% 

1702 12% 0% 0% 0% 

1703 0% 0% 0% 0% 

1704 41% 0% 0% 0% 

1705 0% 0% 0% 2% 

1706 0% 15% 0% 5% 

1707 14% 2% 0% 0% 

1708 0% 15% 0% 3% 

1709 0% 0% 0% 0% 

1710 29% 0% 0% 0% 

1711 0% 0% 0% 0% 

1712 0% 0% 0% 0% 

1713 0% 0% 0% 0% 

1714 0% 0% 0% 0% 

1715 0% 0% 0% 0% 

1716 0% 0% 0% 35% 

1717 0% 0% 0% 1% 

1718 0% 1% 0% 1% 

1719 0% 2% 0% 1% 

1720 1% 0% 0% 0% 

1721 0% 0% 0% 0% 

1722 0% 0% 0% 1% 

1723 0% 0% 0% 1% 

1724 0% 0% 0% 1% 

1725 0% 0% 0% 0% 

1726 0% 0% 0% 0% 

1727 0% 0% 0% 0% 

1728 7% 0% 0% 38% 

1729 0% 0% 0% 0% 

1730 0% 0% 0% 0% 

1731 0% 0% 0% 0% 

1732 34% 0% 0% 4% 

1733 0% 0% 0% 80% 

1734 0% 0% 0% 3% 

1735 48% 0% 0% 16% 

1736 5% 0% 0% 19% 

1737 0% 0% 0% 9% 

1738 0% 0% 0% 8% 

1739 0% 5% 0% 0% 

1740 86% 0% 0% 39% 

1741 0% 0% 0% 34% 
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Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1742 84% 0% 0% 41% 

1743 0% 0% 0% 11% 

1744 0% 0% 0% 0% 

1745 0% 0% 0% 0% 

1746 0% 0% 0% 0% 

1747 0% 0% 0% 0% 

1748 66% 0% 0% 0% 

1749 0% 0% 0% 0% 

1750 86% 0% 0% 0% 

1751 1% 10% 0% 34% 

1752 0% 0% 0% 0% 

1753 0% 0% 0% 4% 

1754 0% 5% 0% 5% 

1755 0% 0% 25% 67% 

1757 0% 1% 0% 17% 

1758 0% 0% 0% 54% 

1759 0% 0% 0% 12% 

1760 0% 0% 0% 56% 

1761 0% 0% 0% 36% 

1762 0% 0% 0% 48% 

1763 0% 0% 0% 56% 

1764 0% 0% 0% 73% 

1765 51% 0% 0% 3% 

1766 0% 0% 0% 11% 

1767 0% 0% 0% 7% 

1768 2% 0% 0% 0% 

1769 0% 0% 0% 83% 

1770 0% 0% 0% 28% 

1771 0% 0% 0% 8% 

1772 0% 0% 0% 40% 

1773 0% 0% 3% 0% 

1774 0% 0% 0% 67% 

1775 0% 0% 0% 62% 

1776 0% 0% 0% 4% 

1777 0% 0% 0% 26% 

1778 0% 0% 0% 59% 

1779 0% 0% 0% 11% 

1780 0% 0% 0% 0% 

1781 0% 0% 0% 89% 

1782 0% 14% 0% 30% 

1783 92% 0% 0% 0% 

1784 0% 0% 0% 28% 

1785 0% 0% 0% 95% 

1786 0% 0% 0% 0% 

1787 0% 0% 58% 37% 

1788 0% 0% 0% 0% 

1789 91% 0% 0% 1% 

1790 0% 0% 0% 0% 

1791 0% 0% 0% 0% 
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Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1792 0% 0% 0% 0% 

1793 0% 0% 0% 0% 

1794 0% 0% 0% 0% 

1795 0% 0% 0% 0% 

1796 0% 0% 0% 0% 

1797 0% 0% 0% 0% 

1798 0% 0% 0% 0% 

1799 19% 0% 0% 0% 

1800 41% 0% 0% 4% 

1801 61% 0% 0% 3% 

1802 0% 0% 0% 56% 

1803 0% 0% 0% 0% 

1804 0% 0% 0% 0% 

1805 0% 0% 0% 26% 

1806 0% 0% 0% 81% 

1807 32% 0% 0% 2% 

1808 0% 0% 0% 21% 

1809 12% 0% 0% 0% 

1810 0% 0% 0% 15% 

1811 7% 0% 55% 3% 

1812 0% 0% 0% 0% 

1813 0% 0% 37% 27% 

1814 0% 0% 0% 23% 

1815 12% 15% 0% 0% 

1816 0% 0% 0% 0% 

1817 0% 0% 0% 0% 

1818 0% 0% 0% 1% 

1819 0% 0% 0% 0% 

1820 0% 0% 0% 0% 

1821 0% 0% 0% 3% 

1822 0% 0% 0% 0% 

1823 0% 0% 0% 0% 

1824 0% 0% 0% 0% 

1825 0% 0% 0% 0% 

1826 0% 0% 0% 0% 

1827 1% 0% 0% 0% 

1828 18% 0% 0% 0% 

1829 15% 24% 0% 0% 

1830 0% 0% 0% 0% 

1831 39% 0% 0% 0% 

1832 0% 100% 0% 1% 

1833 10% 0% 0% 5% 

1834 0% 0% 0% 0% 

1835 1% 0% 0% 9% 

1836 0% 0% 0% 5% 

1837 20% 4% 0% 2% 

1838 0% 0% 0% 5% 

1839 45% 0% 6% 0% 

1840 52% 0% 0% 3% 
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Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1841 32% 0% 0% 0% 

1842 34% 0% 61% 0% 

1843 99% 0% 1% 0% 

1844 17% 0% 0% 5% 

1845 0% 0% 0% 0% 

1846 98% 0% 0% 7% 

1847 15% 21% 0% 2% 

1848 0% 0% 0% 0% 

1849 100% 0% 0% 0% 

1850 0% 7% 0% 40% 

1851 0% 13% 0% 0% 

1852 0% 0% 0% 0% 

1853 35% 0% 0% 20% 

1854 62% 0% 0% 0% 

1855 40% 0% 0% 30% 

1856 0% 0% 0% 0% 

1857 2% 0% 0% 11% 

1858 98% 0% 0% 0% 

1859 10% 0% 0% 14% 

1860 0% 0% 0% 38% 

1861 0% 1% 0% 17% 

1862 5% 2% 0% 34% 

1863 61% 0% 0% 13% 

1864 0% 9% 0% 25% 

1865 21% 0% 0% 33% 

1866 100% 0% 0% 0% 

1867 0% 0% 0% 0% 

1868 34% 0% 0% 0% 

1869 0% 0% 0% 0% 

1870 0% 0% 0% 0% 

1871 96% 0% 0% 6% 

1872 86% 0% 0% 21% 

1873 59% 5% 0% 4% 

1874 0% 0% 0% 14% 

1875 0% 0% 0% 0% 

1876 21% 0% 0% 8% 

1877 100% 0% 0% 0% 

1878 81% 0% 0% 0% 

1879 6% 0% 0% 0% 

1880 0% 0% 0% 0% 

1881 0% 0% 0% 0% 

1882 0% 0% 0% 0% 

1883 0% 0% 0% 22% 

1884 0% 0% 0% 0% 

1885 0% 0% 0% 0% 

1886 0% 0% 0% 0% 

1887 0% 0% 0% 0% 

1888 0% 0% 0% 0% 

1889 0% 0% 0% 1% 



 

21 

Well 

Number 

High Suitable Habitat for 

Bison  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Caribou  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for 

Moose  
(% of Pad and 100 m Buffer) 

High Suitable Habitat for Barred 

Owl  
(% of Pad and 500 m Buffer) 

1890 0% 0% 0% 9% 

1891 0% 0% 0% 0% 

1902 0% 0% 0% 42% 

1903 0% 0% 0% 50% 

1904 0% 0% 0% 0% 

1905 0% 0% 0% 0% 

1906 7% 0% 0% 0% 

1907 0% 0% 0% 0% 

1910 0% 0% 35% 21% 

1911 34% 0% 0% 13% 

1912 0% 0% 0% 0% 
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1.0 INTRODUCTION

1.1 Project Location

1.2 Purpose

This section will explain the overall purpose and scope of the land access management plan. The intent is
to manage all aspects of land access through an area that is being developed to maintain public and
worker safety. This requires that the Mineral Surface Lease have site security provisions in place.

2.0 PLAN DEVELOPMENT – CONSIDERATIONS AND CONSULTATION

This section will describe engagement and consultation activities and will summarize the results of
relevant studies and outcomes related to the access management plan.

2.1 Government

2.2 Industry

2.3 Aboriginal Communities

2.4 Registered Fur Management Areas (RFMAs)

2.5 Forest Management Agreement (FMA) Holders

3.0 EXISTING SITE ACCESS AND FEATURES

This section will describe existing access by all land users in the area and the site features that are
frequented. Information collected during consultation activities will be captured in this section.

3.1 Existing Access, Land Use and Features

3.1.1 Roads

3.1.2 Cutlines and Pipelines

3.1.3 RFMAs

3.1.4 Traditional Trails

3.1.5 Watercourses and Waterbodies

3.1.6 Cabins

3.1.7 Hunting Areas

3.1.8 Other Traditional Use Areas

3.2 Management and Mitigation

3.2.1 Feature Protection

3.2.1 Access and Feature Effects Reduction

3.2.3 Access Strategies
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4.0 ACCESS WITHIN THE MINERAL SURFACE LEASE (MSL)

This section will describe how access will change with mine advance, who will be granted access, and
how access will be granted throughout the life of the mine. Information collected during consultation
activities will be captured in this section.

4.1 Mine Progress and Changes in Access

4.2 Site Access Procedures

4.2.1 Workers

4.2.2 Visitors

4.2.3 Traditional Land Users

5.0 ACCESS THROUGH THE MSL

This section will describe procedures for access through the MSL throughout the life of the mine. Access
through an MSL for the purpose of accessing RFMAs and traditional land use areas is the most common
type of access supported by an access management plan.

6.0 SHARED INDUSTRIAL ACCESS

This section will describe what access will be shared (i.e., with other developments or land uses) and how
such access will be managed.

6.1 Pierre River Mine

6.2 Other Oil and Gas and Mineral Operations

6.3 Forestry

6.4 Utility Corridors

6.5 Birch Mountain Airstrip

6.6 Government

7.0 DRUG AND ALCOHOL POLICY

This section will describe Teck’s drug and alcohol policy, how it relates to the access management plan,
and requirements for workers and those requesting access to and through the MSL.

8.0 HUNTING AND FIREARMS POLICY

This section will outline when and where hunting and firearms will be permitted and under what
circumstances they will not be allowed.

9.0 MAINTAINING AND UPDATING THE PLAN

This section will describe how Teck plans to maintain and update the access management plan for the
Project.
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Executive Summary 
The brochure "More Than 40 Years of Reclamation Research at the Teck's Coal 
Mines", following, developed to parallel the findings described in this report, also 
functions as an executive summary for this document. 
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Disclosure Statement 
This report is limited to use by Teck Coal Limited. It was developed to document 
historical reclamation research activities performed at Teck Coal's mines over the 
past forty years and to discuss approaches to future reclamation challenges. It 
shall not be reproduced, disseminated or published, either in whole or part, by 
any third parties, except by the express written consent of Teck Coal Limited. 
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Statement of Limitations 
This document was intended to capture and distill findings from 40 years of 
reclamation research reporting from Teck Coal's nine mine sites, and this 
objective has been fulfilled to the best of the authors' abilities. However, there are 
two primary limitations of this approach and its results that should be 
acknowledged: 

• Despite substantial efforts, it was not possible to locate and retrieve all 
reports from all operations that represent the entirety of the body of work 
on this subject. Thus, it is possible that some reports were missed, and 
thus are not included in this work. 

• Throughout development of this document, the authors' intent was to 
maintain fidelity to the work and conclusions of the original sources. Only 
results and interpretations derived from the summarized reports were 
included, and findings or knowledge not found in these reports are not 
included. The limitation here is that there is the potential for information in 
this report to be inconsistent with, or even contradict, observations or 
knowledge of current reclamation practitioners, and indeed, examples of 
this have been highlighted during review of preliminary drafts of this 
document. We feel that the best approach is simply to be clear that this is 
the case, rather than to attempt any revision or re-interpretation of original 
results, as this would potentially do a disservice to those who came before 
us. Where there are instances of inconsistency between current 
knowledge and results documented in this report, it is incumbent upon 
those who note these inconsistencies to document alternate conclusions 
through research, so that these can be included in later syntheses. 

We have tried to reconcile some differences between the historical research 
record and future strategies guided by shifting expectations in Section 6, "Going 
Forward". 
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PURPOSE 

Teck Coal Limited (Teck Coal) owns five operating metallurgical coal mines in 
the Elk Valley of southeast B.C.: Fording River, Greenhills, Line Creek, Elkview, 
and Coal Mountain Operations; and one operating mine in Alberta: Cheviot. In 
addition, Teck Coal has three currently non-operating mines: Quintette and 
Bulimoose in northeast B.C., and Luscar in Alberta 1 . Teck Coal's operating mines 
make the company the second-largest exporter of seaborne metallurgical hard-
coking coal in the world. 

Reclamation and reclamation research has been conducted on some of these 
sites since the beginning of modern mine development in the late 1960s.   Teck 
Coal's mines have reclaimed almost 7,000 ha of land, approximately 1,200 ha in 
Alberta, 3,000 ha in northeast B.C. and 2,700 ha in southeast B.C. In Alberta, 
Teck Coal's reclamation represents approximately 10% of all coal-mine 
reclamation completed to date in the province, and a higher proportion of all 
mountain coal-mine reclamation. In B.C., Teck Coal's reclaimed land area 
represents almost 1/3 of the total coal mining disturbance footprint in the 
province, and over 2/3 of the reclaimed coal mining lands. Over the course of this 
history of reclamation and reclamation research, a vast quantity of data and 
knowledge on successful reclamation techniques has been generated. The 
purpose of this report is to complete a "knowledge synthesis", to ensure that 
these advances are documented by the organization and integrated where 
possible and appropriate into operational practice. 

In 2010, Teck Coal launched a project to compile data and interpretations on 
reclamation research conducted to date on their B.C. and Alberta operations. The 
intent of this compilation was to produce a synthesized summary of Teck Coal's 
current state of knowledge with respect to reclamation techniques. This summary 
focuses on the following two key questions: 

• What has Teck Coal learned in over 40 years of reclamation at its southeast 
B.C. operations, 40 years in Alberta and 20 years in its northeast B.C. 
operations, based on reclamation research conducted to date at these sites? 

• What are the future challenges and path forward with respect to reclamation 
research and practice? 

The rationale and objectives for this reclamation research synthesis project are 
as follows: 

• to compile in one document (and associated digital appendices) the 
majority of the reclamation research that has been conducted at the Teck 
Coal properties, for safekeeping and ease of access. This document is 
electronically set up as a "baseline" document that will be periodically 
updated based on findings from future reclamation research; 

1 Together, the Cheviot and Luscar mines comprise Teck Coal's Cardinal River Operations. 
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• to synthesize key findings of this research to date, and to provide this 
synthesis in a single reference, for the purposes of integrating and 
documenting the knowledge of current and past reclamation practitioners 
on the Teck Coal mines, and to provide information for new practitioners; 

• to support successful reclamation of all of Teck Coal's sites, by clearly 
articulating reclamation research findings to date, and assisting in the 
identification of optimum reclamation practices. This process will support, 
refine or modify current reclamation practices applied operationally on 
Teck Coal's mines; and 

• to focus future reclamation and monitoring efforts on identified remaining 
challenges or outstanding issues of high priority. This will ensure that Teck 
Coal's history of using research to improve reclamation outcomes is 
continued, and that this research is adapted to focus on the emerging 
challenges faced by Teck Coal's mines. 

• to stimulate discussion and assimulate the path foeward for future 
research. 

This document presents the results of this compilation and synthesis. Two more 
aspects of the intent of this synthesis should be recognized: 

• It was not intended as a critical evaluation or scrutiny of work done to 
date. A foundational principle of this work was that the authors were 
building on the work of accomplished predecessors, and, as per the above 
Statement of Limitations, re-interpretation of their work based on current 
belief and/or biases was avoided. It further follows that this work does not 
necessarily reflect the authors' views on how reclamation should be 
conducted, but is intended solely to synthesize reclamation research 
conducted to date on Teck Coal's sites. 
It is expected that this document will be periodically updated based on 
ongoing reclamation research. In this way, it is anticipated, even assumed, 
that changes will be made, conclusions scrutinized and overturned, and 
that the updated work will represent Teck Coal's continued progress and 
successes in the field of mountain coal-mine reclamation, including where 
these progresses and successes differ from the practices documented in 
this work. 
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STRUCTURE 

This report presents a synthesis of the 40+ years of reclamation research and 
monitoring across Teck Coal's sites, with the ultimate objective of answering 
these reclamation questions: 

• What have we learned? 
• What do we need to know? 

A rigorous and systematic approach to summarizing the knowledge collected to 
date requires multiple levels of synthesis and interpretation, from collected raw 
data (typically summarized in primary reports produced by or for the individual 
mining operations) to answers to the summary questions posed above. Figure 1 
presents the multi-level synthesis process applied in this project. 

Figure 1: Synthesis approach (adapted from Barbour et al., 2007) 

What have 
we learned 

Report Sections 6 - 
"Going Forward" 

What do we 
need we to 
know? 

Report Sections 4, 5 /lntegratioi 

Report Section 3/ Syntheses 
/ 	By Topic 

'1 
Increasing degree of 
synthesis, decreasing 
length /# of reports 

Appendices VI-VIlI / 	Report Summaries 

Appendices Ill-V / 	 Reports 

Raw research trial and monitoring data 

In this report, the bottom three layers represented in Figure 1 (the "less"-
synthesized information) are either not presented (raw data), or are presented in 
Appendices Ill-VIll. The report summaries contained in Appendices VI-VIll were 
synthesized by topic in Section 3 of this report. These syntheses were integrated 
in Section 4 of the report, to answer the question, "What have we learned?" 
based on the present state of reclamation knowledge and research. These 
sections, as noted above, are based on increasing synthesis, but not re- 



interpretation, of documented findings from Teck Coal's reclamation research 
reports. 

Section 5, 'What do we need to know?" is based on identified needs stemming 
from the research summarized and integrated in the previous sections, and on 
emerging issues of interest. This section is primarily based not on the historical 
record of reclamation research, but on interpretation of the knowledge gaps in 
this record by the senior authors, and on emerging issues requiring attention. 

Section 6, "Going Forward", prioritizes issues identified in Sections 4 and 5 to 
propose strategic direction for future reclamation research efforts. 
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1. TECK COAL OPERATIONS 

1.1 Overview 
Teck Coal's business unit includes six mines in British Columbia and Alberta making 
us one of the world's largest exporters of seaborne metallurgical hard-coking coal to 
the global steel industry. The Coal Mountain, Elkview, Fording River, Greenhills, and 
Line Creek mines are located in southeastern British Columbia, approximately 1,100 
kilometres from the ports near Vancouver, British Columbia. Cardinal River is 
located in west-central Alberta, near the town of Hinton. These mines employ more 
than 3,000 people and have reserves in excess of 600 million tonnes. Teck Coal 
also owns two non-operating coal mines in northeast British Columbia, Quintette and 
Bullmoose near the town of Tumbler Ridge. See Figure 2 for locations. 

Our mines employ conventional open-pit truck and shovel mining methods and coal 
preparation plants. Following mining, the coal is washed using a variety of 
conventional techniques and conveyed to dryers for drying. The coal preparation 
plants are all conventional wash plants using standard technology of cycloning and 
heavy media flotation. 

Clean coal is shipped mainly by rail to Westshore Terminals and Neptune Terminals 
near Vancouver, British Columbia for shipment to overseas customers and either 
directly by rail or by rail and ship to Thunder Bay Terminals in Ontario to customers 
in eastern North America. 

Our Code of Ethics affirms our commitment to uphold high moral and ethical 
principles and specifies the basic norms of behaviour for those conducting business 
on our behalf. While our business practices must be consistent with the business 
and social practices of the communities in which we operate, there is a belief that 
honesty is the essential standard of integrity in any locale. We are committed to 
improving the understanding of the local First Nations people, and strengthening ties 
with them. 

All six of our operating mines have certification under both the ISO 9001:2008 and 
IS014001 :2004 international standards providing the ground rules for both Quality 
Management and Environmental Management Systems. 

1-1 



Figure 2: Teck Coal Limited Minesite Locations 
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1.1.1 Reclamation Award Achievements 

In Alberta, we have received the following awards for our Cardinal River Operations: 
• In 1982, our Luscar mine received the first Reclamation Certificate for a 

surface mining operation in the Eastern Slopes, for lands reclaimed between 
1969 to 1973; 

• In 1990, Teck Coal Limited,(formerly Cardinal River Coals) received the Order 
of the Bighorn Award by the Alberta Government for its contribution to wildlife 
conservation through land reclamation efforts, particularly in regard to bighorn 
sheep habitat; 

• In 1994, we received a citation from Alberta Chamber of Resources in 
recognition of the company's quality of submission for Mine Permit 
Application and Environmental Impact Assessment for the 50-A-8 pit 
development. 

• In 2006 Cardinal River Operations received the Alberta Chamber of 
Resources Major Reclamation Award for Sphinx Lake reclamation work. 

In B.C., between 1976 and 2009, we have received 47 awards by the B.C. Technical 
and Research Committee on Reclamation (TRCR) for outstanding reclamation 
achievements at our coal mines. Six of our mines have received the B.C. Mine 
Reclamation Award (Jake MacDonald Trophy) 11 times collectively and the Coal 
Mining Citation at all sites collectively, 31 times. In addition, exploration reclamation 
has been recognized five times at these mines. 

Table 1: Reclamation Award Summary to the End of 2009 - Teck Coal Limited - B.C. Sites 
B.C.Mine 

Reclamation Award 
Coal Mine 

Citation 
Exploration 

Citation 
Fording River Operations 3 8 3 
Greenhills Operations - 3 
Line Creek Operations 2 7 1 
Coal Mountain 
Operations  1 2 

Elkview Operations 3 6 
Quintette 1 4 1 
Bullmoose 1 1 

1.2 Site Histories 

Teck Coal's mines have a history that goes back as early as 1900 in both B.C. and 
Alberta. Each site history is unique, from inception to its current operating practices. 
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1.2.1.1 Cardinal River Operations 
Cardinal River Operations has two distinct mines, the Luscar and the Cheviot mines, 
both of which have rich histories. 

The Luscar mine has an extensive coal mining history. The area includes 
abandoned underground and open pit mines and the former town site of Luscar, 
where mining first started in 1921. In these early decades, most of the coal was 
extracted using conventional underground methods. Surface mining was introduced 
in the late 1940's, during which time production peaked. Operations at the Luscar 
mine were terminated in 1956 when the demand for coal was supplanted by diesel 
and natural gas. 

Interest in the area's coal reserves was rekindled in the late 1960's with the rise in 
demand for metallurgical coal. To meet this demand, the Luscar mine was re-
opened by Cardinal River Coal Ltd. in 1970 as a joint venture of Luscar Ltd and 
Consolidated Coal Company. By 2001, remaining coal available for production at 
the mine was close to exhaustion. CRC spent 10 years of planning to develop the 
Cheviot mine to replace the exhausted Luscar mine, but in 2001 further planning on 
the Cheviot mine was suspended and CRC announced pending closure of the 
Luscar mine. 
From 2001 to 2003, as mine production at the Luscar mine was winding down, 
ownership of the mine changed from Luscar Ltd. to Elk Valley Coal Corporation 
(EVCC). In late 2003, with coal markets rebounding, EVCC refined mine 
development plans for the Cheviot mine and in early 2004 announced their intention 
to proceed with development of that project. Approvals were received to proceed 
with development of the first pit sequences in the Cheviot Creek Pit and construction 
of a private haul road to access the reserves. The first load of coal was hauled to the 
Luscar mine's existing processing plant in October of 2004. The last coal was 
produced from the Luscar mine in mid-2004. 

The Cheviot mine has an extensive coal mining history. The area includes the 
abandoned mine and former town site of Mountain Park, where mining first started in 
1911. In these early decades, most of the coal was extracted using conventional 
underground methods. Surface mining was introduced in the late 1940's, during 
which time production peaked. Operations ended in 1950 when the railways 
switched to diesel to fuel the railroad industry. The mining town of Mountain Park, 
which had reached a population of 1,500 residents, also closed at that time. 
Interest in the area's coal reserves were rekindled in the late 1960's with the rise in 
demand for metallurgical coal. To meet this demand, the Luscar mine was re-
opened by Cardinal River Coal Ltd. in 1969, and concurrently a coal exploration 
program was initiated at the Cheviot property. Between 1969 and 1971, 450 holes 
were drilled to evaluate the Cheviot property, and with subsequent drilling, resources 
were further defined. In 1976, with a downturn in world coal markets, CRC 
determined that a second coal mine in the area would not yet be feasible, and 
further exploration was put on hold. 
In the 1980's, the results of CRC's long-range planning indicated a need to develop 
replacement coal resources for the Luscar mine, and a Preliminary Disclosure 
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document was submitted to the Province for the Cheviot project. This document was 
accepted in principle in 1985. The identification of other coal reserves near the 
Luscar mine allowed the mine to temporarily defer development of the Cheviot mine 
until 1991, at which point intensive drilling programs and preliminary environmental 
and engineering studies were initiated. 
After extensive regulatory and stakeholder involvement, CRC submitted an 
application for a provincial Mine Permit and federal Canadian Environmental 
Assessment Act (CEAA) approval in 1996. A Joint Federal/Provincial Review panel 
was formed and, later in 1996 and early 1997, public hearings were held. In late 
1997, the Cheviot mine was given conditional approval and CRC began detailed 
planning to commence development of the first pits in the Cheviot and 
Harris/McLeod area. The Alberta Environmental Protection and Enhancement Act 
(EPEA) Approval #46972 was received in September 1998. At the same time an 
appeal to federal courts by a coalition of environmental groups fundamentally 
opposed to the project was successful and the mine permit approval was withdrawn. 
CRC submitted a second application in 1999 to address deficiencies noted in the 
federal court's decision. In 2000, the Cheviot application was heard a second time 
by the Joint Review Panel and a second approval was issued later that year. 
However, by this time, world coal markets and the company's situation was such 
that further planning on the Cheviot mine was suspended and CRC announced 
pending closure of the Luscar mine. 

From 2001 to 2003, as mine production and employment at the Luscar mine was 
winding down, ownership of the mine also changed hands from Luscar Ltd. to Elk 
Valley Coal Corporation (EVCC). In late 2003, with coal markets rebounding, EVCC 
refined mine development plans for the Cheviot mine, and in early 2004 announced 
their intention to proceed with development of that project. Approvals were received 
to proceed with development of the first pit sequences in the Cheviot Creek Pit and 
construction of a private haul road to access the reserves, and the first load of coal 
was hauled to the Luscar mine processing plant in October of 2004. In 2006, EPEA 
approvals were amended to include the Prospect development and associated 
infrastructure. Since mining commenced in 2004, CR0 has produced 7.4 million 
clean tonnes of coal (CT) and has moved 69.9 million bank cubic meters (BCM) of 
waste rock (to the end of 2007), all from the Cheviot Creek Pit. 

1.2.2 Northeast Coal Block 

1.2.2.1 Bullmoose Operations 
The Bullmoose Operating Corporation was formed by the Teck Corporation (51%), 
Lornex (39%), and Nissho lwai (10%) in 1982. The Bullmoose mine operated from 
October 1983 until April 2003. Standard open pit mountain mining techniques were 
utilized to extract metallurgical coal over a period of twenty-one years. Western 
Canadian Coal opened the Dillon mine using the infrastructure from the Bullmoose 
mine. 
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1.2.2.2 Quintette Operations 
The Quintette Coal Limited (QCL) was formed by a partnership between Denison 
Mines (50%), Mitsui Mining (20%), Tokyo Boeki (20%), and other smaller firms, and 
began operations in October 1982. Standard open pit mountain mining techniques 
were utilized to extract metallurgical coal over a period of eighteen years. World coal 
prices began to decline in the early 1980s   and the Japanese consortium requested 
reduced prices. After the Supreme Court ruled that the coal prices must be reduced, 
the QCL filed for court protection from its creditors which allowed Teck Corporation 
to take over management in 1992 and form Quintette Operating Corporation. New 
contracts with the Japanese consortium, signed 1997, moved production to the 
lower cost Builmoose Mine and Quintette closed on August 31, 2000. The mine 
disturbance totaled 3,739 hectares, with 1,714 hectares requiring reclamation at the 
time of the announcement of closure March 1, 2000. The Quintette mine ceased 
operations and was permanently closed on August 31, 2000. A final closure plan 
was submitted to the Ministry of Energy, Mines and Petroleum Resources in 
February 2001. 

1.2.3 Elk Valley Coal Block 

1.2.3.1 Coal Mountain Operations 
Historical mining started in 1905. And large open pit mining started in the 1940's. 
Mining activity at Coal Mountain Operations began in 1908 by the Corbin Creek and 
Coke Company and continued until 1935. In 1943, Consolidated Mining and 
Smelting Company acquired the mine. Mining activity at Coal Mountain Operations 
(CMO) began in 1908 with the Corbin Coal and Coke Company. A rail link with the 
Canadian Pacific Railway (CPR) was constructed and operations continued until 
1935 when the mine was closed due to a protracted labor dispute. The rail link was 
dismantled in 1938 and no activity occurred until 1943 when Consolidated Mining 
and Smelting Company (COMINCO) acquired the mine. COMINCO operated the 
mine from 1943 to 1948 producing coal for use in its smelting operation in Trail, 
British Columbia. This period marked the beginning of surface development as 
previous mining operations were all underground. The coal was hauled by truck to 
the CPR mainline at the McGillivray Loop. There was a 26 year period of inactivity at 
CMO after COMINCO shut down mining operations. Byron Creek Collieries acquired 
the rights to 2 coal leases and the railway right of way in 1972 and commenced 
mining activity in 1 974.Coal was once again hauled by truck to the McGillivray loop 
.Long term contracts were secured with Ontario hydro and a major expansion was 
completed in 1979 which included a preparation plant loadout facilities and 
reconstruction of the rail link. Esso resources Canada Limited purchased the mine in 
1981 and another major expansion took place with the addition of a heavy media 
wash plant and new maintenance facilities. After downsizing and near closure and 
the mine by Esso Resources Canada Limited, Byron Creek Collieries was 
purchased by Corbin Creek Resources Limited in late 1992. 
Fording Coal limited purchased the assets of Byron Creek Collieries from Corbin 
Creek Resources Limited in the fall of 1994 and renamed the mine Coal Mountain 
Operations. Fording Coal limited made significant capital investments in new mining 
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equipment and in upgrading the processing plant to ensure the CMO is an efficient, 
cost competitive coal producer for the world market. In 2003 in the Elk Valley Coal 
Corporation (EVCC)was launched as a joint venture between Fording Canadian 
Coal Trust and Teck Cominco Limited comprising of 5 mines in the Elk Valley and 
Cardinal River Operations near Hinton Alberta. In late 2008 Teck Cominco Limited 
changed its name to Teck and Elk Valley Coal Corporation became Teck Coal 
Limited. 

1.2.3.2 Elkview Operations 
In 1842, the first European to find coal in the Elk River Valley was Father de Smet. 
In 1889 the Crow's Nest Coal and Mining Company was established in the Elk River 
Valley. The first coal was extracted at Coal Creek in late 1897. Coal mining has 
occurred on the present day Elkview Operations property for over 100 years with 
large scale surface coal mining since the late 1960's. 
Around the turn of the century, the first mine in this location was an underground 
operation started by the Crowsnest Coal Company at Michel-Natal near Sparwood. 
This mine produces domestic and industrial stream coals as well as coke for the 
growing smelting industry. The Michel-Natal mines continued to carry on through the 
First World War and the Great Depression and kept working through the 1950's and 
into the 1960's when the Crowsnest Coal Company was successful in developing a 
coking coal market in Japan. 
In 1968 J. Edgar Kaiser negotiated a deal to take over a large portion of the 
Crowsnest Coal Company's property and developed a large strip mine on Harmer 
Ridge above Michel-Natal known as Balmer. Kaiser Resources Ltd. was the first to 
progress to large scale open pit mining in the Elk Valley. A new coal preparation 
plant and large scale equipment supplemented with an underground conveyor 
running through the mountain marked the beginning of a new era in coal mining in 
the Crowsnest Coalfields. 
In 1980, the mine changed ownership when B.C. Resources acquired all the Kaiser 
property and renamed the mine B.C.CoaI. In 1983 the mine was again renamed, to 
Westar mining. After the Westar bankruptcy in 1991, Teck Cominco acquired the 
property and restarted the Westar Balmer Mine at Sparwood renaming it Elkview 
Coal Corporation. In 2003, in a solidifying step, the five mines in the Elk Valley, as 
well as Cardinal River Operations near Hinton, Alberta, consolidated into one entity 
known as Elk Valley Coal Corporation. EVCC represented a partnership between 
the Fording Canadian Coal Trust and Teck Cominco Limited. In late 2008, Teck 
Cominco purchased Fording Canadian Coal Trust and formed Teck Coal Limited. 
To this day, Elkview Operations, Teck Coal Limited, continues to produce high 
quality metallurgical and thermal coals for national and international markets. 

1.2.3.3 Line Creek Operations 
Construction of the Line Creek mine commenced in 1980 under the ownership of 
Shell Canada! Crowsnest Resources Limited. The open pit mine was commissioned 
in July 1981 and the first coal was shipped in February 1982. The mine was 
purchased by Manalta Coal Limited in 1991 and operated by Manalta until 1998. 
During Manalta's operation of the mine, the Cable Belt was commissioned improving 
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the delivery of raw coal from the pits to the Plantsite. Between 1998 and 2003, Line 
Creek Operations experienced numerous ownership changes (Luscar to Consol to 
Sherritt) until the mine became the property of Elk Valley Coal Corporation in March 
of 2003 as a joint venture between Fording Canadian Coal Trust and Teck Corninco 
Limited. In October, 2008 Teck Cominco Limited purchased the Fording Canadian 
Coal Trust. Teck Corn inco Limited changed its name to Teck and Elk Valley Coal 
Corporation became Teck Coal Limited. 

1.2.3.4 Greenhills Operations 
The Greenhills mine produces coking coal which is used in blast furnaces at steel 
mills around the world. The mine was opened in 1981 as a joint venture between 
Westar Mining and POSCO. Upon bankruptcy in 1992, the Westar portion was 
purchased by Fording Coal Limited until the merger into Elk Valley Coal Corporation 
in March of 2003 as a joint venture between Fording Canadian Coal Trust and Teck 
Cominco Limited. In October, 2008 Teck Cominco Limited purchased the Fording 
Canadian Coal Trust. Teck Cominco Limited changed its name to Teck and Elk 
Valley Coal Corporation became Teck Coal Limited. Greenhills is operated under a 
joint venture agreement (the "Greenhills Joint Venture Agreement") among Teck 
Coal, POSCO Canada Limited ("POSCAN") and POSCAN's parent, POSCO. 
Pursuant to the agreement, Teck Coal has an 80% interest in the joint venture while 
POSCAN has a 20% interest. 

1.2.3.5 Fording River Operations 
In September 1969, Fording Operation ("Fording") entered a joint venture with 
Canadian Pacific Investments Limited and Cominco Limited (Cominco") and 
the first reclamation permit was issued in June 1970. In 1979 Cominco 
released Fording Operation who then changed their name to Fording Coal 
Limited. In 2002 Fording Coal Limited purchased the Greenhills Mine formerly 
owned by Westar, and in March of 2003 the Elk Valley Coal Corporation was formed 
as a joint venture between Fording Canadian Coal Trust and Teck Cominco Limited. 
In October, 2008 Teck Cominco Limited purchased the Fording Canadian Coal 
Trust. Teck Cominco Limited changed its name to Teck and Elk Valley Coal 
Corporation became Teck Coal Limited. 

1.3 Site Locations and Coal Reserves 

1.3.1 Alberta 
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Figure 3: Alberta Locations 
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1.3.1.1 Cardinal River Operations 
Cardinal River Operations is located approximately 42 kilometres south of Hinton, 
Alberta, and consists of the Luscar and Cheviot mines. Prior to 2003 the Luscar 
mine was owned by Luscar and CONSOL, each of which retain a net revenue 
royalty of 2.5 percent based on any coal mined from the Cheviot pit and certain other 
former Luscar properties. 
In 2005, Teck Coal completed the development of the Cheviot Creek pit located 
approximately 20 kilometres south of the Cardinal River coal plant. Coal mined at 
Cardinal River is primarily metallurgical coal, although a small amount of thermal 
coal is also produced. The current annual production capacities of the mine and 
preparation plant are 2.0 and 3.0 million tonnes of clean coal, respectively. 
At 2009 production rates, Cardinal River is expected to have a mine life of 
approximately 27 years. 

1.3.2 Northeast Coal Block 

1.3.2.1 Bullmoose 
The Bullmoose Operating Corporation mine is located in the northeast region of 
British Columbia, approximately 87 km southeast of Chetwynd and 100 km 
southwest of Dawson Creek. The operation is situated east of the Rocky Mountain 
Cordillera and west of the Alberta Plateau in the Rocky Mountain Foothills 
physiographic region. The mine is located within the Engelmann Spruce - 
Subalpine Fir moist very cold (ESSFmv2), Engelmann Spruce - Subalpine Fir moist 
very cold (ESSFmvp2) parkiand and Alpine Tundra (AT) biogeoclimatic 
zones/variants. The Bullmoose property consists of 4,144 hectares of coal lands of 
which approximately 789 hectares have been disturbed. The Bullmoose Mine is 
currently closed and has undergone extensive reclamation. 
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Figure 4: Northeast Coal Block Locations 
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1.3.2.2 Quintette 
The Quintette Operating Corporation mine is located in the northeast region of 
British Columbia, approximately 27 km southwest of Tumbler Ridge. The operation 
is situated east of the Rocky Mountain Cordillera and west of the Alberta Plateau in 
the Rocky Mountain Foothills physiographic region. Three biogeoclimatic zones 
occur within the existing operations of Quintette. The Alpine Tundra (AT) zone is 
found at high elevations, the Engelmann Spruce - Sub-alpine Fir (ESSFmv2) 
biogeoclimatic zone is located between lower mid-slopes to upper slopes, and the 
BWBSwk1 zone is restricted to lower elevations. The Quintette property consists of 
8,786 hectares of coal lands of which approximately 3,739 hectares are currently 
being mined or are scheduled for mining. Quintette is currently a non-operating mine 
with feasibility studies being conducted to determine future mining opportunities. 

1.3.3 Elk Valley Coal Block 

1.3.3.1 Coal Mountain Operations 
The Coal Mountain mine is located 30 kilometres southeast of Sparwood in 
southeastern British Columbia. The mine site is comprised of 3,836 hectares of coal 
lands of which approximately 1,016 hectares are currently being mined or are 
scheduled for mining. 
Coal Mountain produces both metallurgical and thermal coal. The current annual 
production capacities of the mine and preparation plant are 2.7 and 3.5 million 
tonnes of clean coal, respectively. 
Proven and probable reserves at Coal Mountain are projected to support mining at 
2009 production rates for a further 9 years. 

1.3.3.2 Elkview Operations 
The Elkview mine is an open pit coal mine located approximately three kilometres 
east of Sparwood in southeastern British Columbia. Teck Coal has a 95% 
partnership interest in the Elkview mine. The remaining 5% is held equally by Nippon 
Steel Corporation and POSCO, a Korean steel producer, each of which acquired a 
2.5% interest in 2005 for US$25 million. 
The mine is comprised of 27,054 hectares of coal lands of which 3,599 hectares 
have been mined or are scheduled for mining. 
The coal produced is a high-quality mid-volatile hard coking coal. Lesser quantities 
of lower grade hard coking coal are also produced. The mine has a current 
production capacity of approximately 5.6 million tonnes of clean coal and the 
preparation plant has a capacity of 6.5 million tonnes per year of clean coal. 
At 2009 production rates, the Elkview mine is estimated to have a remaining reserve 
life of approximately 55 years. 
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Figure 5: Elk Valley Coal Block Locations 
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1.3.3.3 Line Creek Operations 
The Line Creek mine is located approximately 25 kilometres north of Sparwood in 
southeastern British Columbia. Line Creek supplies metallurgical and thermal coal to 
a variety of international and domestic customers. 
The Line Creek property consists of 8,183 hectares of coal lands of which 
approximately 2,267 hectares are currently being mined or are scheduled for mining. 
The current annual production capacities of the mine and preparation plant are 2.5 
and 3.5 million tonnes of clean coal, respectively. At 2009 production rates Line 
Creek has an estimated remaining reserve life of approximately 10 years. 

1.3.3.4 Greenhills Operations 
The Greenhills mine is located eight kilometres northeast of the community of 
Elkford, in southeastern British Columbia. The mine site is comprised of 11,806 
hectares of coal lands of whjch approximately 2,265 hectares have been mined or 
are scheduled for mining. 
Coal mined at Greenhills is primarily metallurgical coal, although a small amount of 
thermal coal is also produced. The current annual production capacities of the mine 
and preparation plant (on a 100% basis) are 4.0 and 4.5 million tonnes of clean coal, 
respectively. 
Production is derived from the Cougar South pit. Proven and probable reserves at 
Greenhills are projected to support mining at 2009 production rates for a further 25 
years. 

1.3.3.5 Fording River Operations 

The Fording River mine is located 29 kilometres northeast of the community of 
Elkford, in southeastern British Columbia. The mine is comprised of 20,304 hectares 
of coal lands of which 4,263 hectares have been mined or are scheduled for mining. 
Coal mined at Fording River is primarily metallurgical coal, although a small amount 
of thermal coal is also produced. The current annual production capacity of the mine 
is 8.0 million tonnes of clean coal and the preparation plant is 10 million tonnes of 
clean coal. 
The majority of current production is derived from the Eagle Mountain pit. Proven 
and probable reserves at Fording River are projected to support mining at 2009 
production rates for a further 41 years. Fording River's reserve areas include Eagle 
Mountain, Greenhills Ridge, Turnbull, Henretta, and Castle Mountain. 
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2. REGULATIONS 

2.1 Alberta Operations 
In Alberta, the operation of mines is regulated primarily by the Coal Conservation Act 
and Environmental Protection and Enhancement Act. 
Alberta was the first province of Canada to legislate land reclamation practices. The 
province of Alberta generally defines specific reclamation requirements within individual 
project approvals rather than provincial acts and regulations. The following section 
presents applicable legislation in a timeline from 1963 to present. 

1963 - Surface Reclamation Act 

This act generally dealt with pipeline and wellsite reclamation concerns. The act 
required mined areas to be levelled and contoured similar to pre-disturbance. The 
Land Conservation and Reclamation Council (LCRC) were responsible for 
enforcing department standards. 

1973- Land Surface Conservation and Reclamation Act 

The act required operators to submit plans for conservation and reclamation and 
obtain approval from the LCRC prior to the development of a project. This act had 
a major impact on the approach to reclamation in Alberta, and introduced the 
need for conservation and planning on site. To obtain approvals for projects and 
manage on-site environmental projects, operators began to hire environmental 
staff. 

1976- Coal Development Policy for Alberta 

Provincial lands were classified into four categories for coal exploration and 
development. Categories designate sensitivity of lands and whether coal 
development or exploration would be allowed within areas. 

1977 - Guidelines for the Reclamation of Lands Aftected by Surface 
Disturbance 

This guideline was formed by the LCRC. 

1978 - Land Surface Conservation and Reclamation Act (revision) 

The act was amended to legally require conservation methods such as 
stripping topsoil to use for future reclamation. 

1981- Proposed Soil Quality Criteria in Relation to Disturbance and 
Reclamation (ASAC 1981) 

A guideline committee was created by the Alberta Soils Advisory Committee to 
assist in land reclamation. Adoption of this document provided a standardized 
approach for industry to measure the suitability of undisturbed and reconstructed 
soils. The criteria rated reclamation materials as Good, Fair, Poor or Unsuitable 
according to the most limiting property of each soil horizon. The document was 
revised in 1987. 
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1987- Soil Quality Criteria Relative to Disturbance and Reclamation (AAFRD 1987) 

This guideline contains the revisions used to rate the suitability of soils for 
reclamation in the Eastern Slopes Region. 

1993 - Environmental Protection and Enhancement Act (EPEA) and 
Conservation and Reclamation Regulation 

These two legislative requirements were formed to replace the Land Surface 
Conservation and Reclamation Act. Both are monitored by Department of 
Environment and Department of Agriculture, Food and Rural Development. 
Project development, construction, operations, changes to plans and 
abandonment are monitored by the government of Alberta. Descriptions are 
as follows: 

EPEA 
The Minister is free to develop objectives, standards, practices, codes of 
practice, guidelines or methods to meet goals or purposes toward which the 
Government's environmental protection efforts are directed, including, without 
limitation: standards, practices, codes of practice, guidelines, objectives or 
methods of monitoring, analysis and predictive assessment. Part six of the 
EPEA specifies regulations specific to Conservation and Reclamation 
Regulation. Under the act operators are required to conserve, reclaim, and 
obtain reclamation certificates in respect to the conservation and reclamation 
of specified lands. Reclamation and conservation must be carried out in 
accordance with the terms and conditions of any Approvals applicable to the 
specific project, any environmental protection orders regarding conservation 
and reclamation of the project, directions of the Director, and the EPEA. Upon 
the issuance of a reclamation certificate operators can still be held liable for 
future issues with the specified land according to the terms of the EPEA. 

Conservation and Reclamation Regulation 

"The objective of conservation and reclamation of specified land is to return 
the specified land to an equivalent land capability". Operators are required to 
conserve and reclaim specified land in accordance to standards, criteria and 
guidelines established by the Director (project specific Approvals serve as a 
primary form of such information). Operators must apply for a reclamation 
certificate to turn over specified land. If certification is not granted, the 
inspector may provide further direction in respect to conservation or 
reclamation, specify an additional waiting period to allow for further evaluation 
of the conservation or reclamation, issue an environmental protection order 
(section 140 of the Act), or refuse to issue a reclamation certificate. 

While Alberta Government Acts and Regulations outlined guiding principles and 
basic requirements for reclamation practices, specific project approvals granted to 
operators contained the most detailed specifications of operational practices to be 
used for reclamation. The removal of organic and mineral material deemed 
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suitable for reclamation was required in approvals of the late 1970s,   without 
specifying salvage depths. Later in the 1980s and 1990s approvals defined 
average soil placement depth requirements, leaving soil salvage practices to be 
dictated by soil volumes required for reclamation. 

Coal Conservation Act 
Administered under the Provincial government ministry's Alberta Energy by 
the Conservation and Resources Board. This Act applies to all coal 
development or abandonment of coal operations. It requires a performance 
bond to guarantee proper operations and abandonment in Alberta. There are 
several purposes to the Act but the ones most pertinent to CRO's reclamation 
are: 
To effect conservation and to control pollution, to ensure conservation in the 
development of coal resources and to prescribe the manner in which land and 
bodies of water disturbed by mine site development must be reclaimed or 
restored. 

Although all 9 Parts to the Act are pertinent, more specific to reclamation or 
abandonment is Part 3 "Powers and Duties of the Board" to make regulations; 
Part 4 "Development, Operation and Abandonment of Mines"; Part 5 
"Operation and Abandonment of Coal Processing Plans"; Part 8 "Register, 
Record, and Reports". 
Under these Parts, all companies are required to apply to the Board (used to 
be the Energy Utilities Board) but is now the AB Conservation & Resources 
Board: 

o Permit (prior to conducting any exploration or developing a coal mine 
including any processing). 

o License for operations (each pit or spoil must have a license before 
operations begin) 

o Each permit or license application must include a scheme for 
reclamation of all land that may be disturbed 

o Requires abandonment mine or seam plans. 

Coal Conservation Regulation 
Administered under Alberta Energy by the Conservation and Resources 
Board 
Although all 8 Parts to the regulation are pertinent, the Parts listed below are 
more specific to reclamation and/or abandonment: 
Part 1 Certain Applications; Part 2 Environment Conservation; Part 4 
Records and Reports; Part 8 Performance Bonds and Fees. 
These above sections in the regulation require more detailed information than 
the Coal Conservation Act about reclamation and abandonment. The 
regulations prescribe the type of permit/license application along with 
reclamation and/or abandonment plans; reporting required for reclamation 
including further 10 year plans or long range plans; and the amount of 
security required each year. 
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2.1.1 Certification 
Under the Alberta Environmental Protection and Enhancement Act, operators are 
required to conserve, reclaim, and obtain reclamation certificates in respect to the 
conservation and reclamation of specified lands. Currently, Cardinal River 
Operations holds reclamation certificates for 72 hectares. 

2.2 B.C. Operations 
Prior to the early 1960's, mining in British Columbia was largely confined to small 
underground operations. As a result of the development of large open pit mines in 
the early 1960's and the commencement of open pit coal mining in 1968, legislation 
governing mine reclamation was introduced in 1969. Any land disturbed by mining 
prior to April1969 is exempt from the legislation. Legislation was covered under 
Section 8, Coal Mines Regulation Act, and Section 11, of the Mines Regulation Act, 
directing that reclamation would be dealt with on a site specific basis, rather than by 
a set of regulations or legislation. Recognizing the varied geographic and 
environmental conditions that prevail across the province, the approach taken in 
formulating the legislation was to avoid setting any firm regulations until investigation 
and research had been carried out by each mining company to determine what 
could and must be done to adequately reclaim the disturbed land. 

In 1973, there were changes to the legislation involving the addition of exploration, 
placer mines, sand and gravel pits and quarries. In March, 1984, the Mine 
Reclamation Guidelineswere issued and were developed to establish the level of 
reclamation to be achieved. The guidelines stated, "The surface of the land and 
watercourses shall be reclaimed to a land use that considers the potential use of the 
land having regard to its best and fullest use." The land use objectives were 
negotiable on a project by project basis. 

Although the legislation had slowly evolved through a series of amendments, the 
intent of reclamation legislation remained relatively constant and was in place in 
British Columbia for 27 years. Until 1996, reclamation legislation was covered under 
Sections 7, 8, 9, 10 and 11 of the Mines Act. The legislation required continual and 
progressive reclamation over the life of the mine and an annual submission of a 
report of the progress of reclamation research and operations. The Mining 
Regulation Act stated "that the land and watercourses must be reclaimed to the 
satisfaction of the Minister". 

The British Columbia Mines Act was revised in 1996, requiring a mine owner to file a 
plan outlining the details of the proposed work and a program for conservation of 
cultural heritage resources and protection of land, watercourses and cultural 
heritage resources affected by mining. Today operation of mines is regulated by the 
Mines Act and the Health, Safety and Reclamation Code for Mines in British 
Columbia (HSRC).Both documents are on a CD in Appendix II. 

The Act and Code require the Manager of a mine to ensure compliance and to 
generally develop systems to ensure that the mine is operated safely, and to carry 
out a program of environmental protection and reclamation. Any land disturbed by 
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mining, prior to April1969 and has remained inactive, is exempt from the 
revegetation provisions of the current legislation. 

Reclamation legislation is driven by specific clauses form the Health, Safety and 
Reclamation Code for Mines in British Columbia under section 10.7. including: 

• "On all lands to be re-vegetated, land shall be re-vegetated to a self- 
sustaining state, using appropriate plant species." 

• "The land surface shall be reclaimed to an end land use approved by the 
chief inspector that considers previous and potential uses". 

• "Excluding lands that are not to be reclaimed, the average land capability 
to be achieved on the remaining lands shall not be less than the average 
that existed prior to mining, unless the land capability is not consistent with 
the approved end land use". 

• When required, vegetation shall be monitored for metal uptake". 
• "Land, watercourses and access roads shall be left in a manner that 

ensures long-term stability". 
• "On all lands to be re-vegetated, the growth medium shall satisfy land use, 

capability, and water quality objectives. All surf icial soil materials removed 
for mining purposes shall be saved for use in reclamation programs unless 
these objectives can be otherwise achieved". 

Before the commencement of any work in or about a mine, the owner, agent, 
manager or person acting on behalf of the company must hold a permit issued by 
the Chief Inspector of Mines (pursuant to Section 10 of the Mines Act).As a condition 
of Mines Act permits, the permittee must post financial security in an amount and 
form acceptable to the Chief Inspector of Mines. This security is held by the 
government until the Chief Inspector is satisfied that all reclamation requirements for 
the operation have been fulfilled. Before any work on a new mine site can 
commence, the company or individual doing the work must post a security which is 
held in trust by the Ministry of Energy, Mines and Petroleum Resources (MEMPR). 
This security is returned only once the mine site is reclaimed to a satisfactory level 
and there is no ongoing monitoring or maintenance requirements. If a mine site is 
not reclaimed properly, the security money may be used by the Ministry to complete 
the remediation work. 

2.2.1 Closure 
Upon closure of a mine in B.C. the operator will be released from obligations as per 
section 10.7.31 of the Health, Safety and Reclamation Code for Mines in British 
Columbia, which states: 

"If all conditions of the act, code and permit have been fulfilled to the 
satisfaction of the chief inspector and there are no on-going inspection, 
monitoring, mitigation or maintenance requirements, the owner, agent or 
manager will be released from all further obligations under the Mines Act". 
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3. TECK COAL SITES RECLAMATION RESEARCH 

3.1 Introduction 
The focus of this section of the report is to take a systematic approach to incorporate 
the reclamation research work that Teck Coal Limited has conducted in the past 
forty years. In order to do this, the operations have been divided into three 
geographic areas - the Elk Valley (southeast B.C.), the northeast B.C. coal block, 
and Alberta. This division also corresponds to differences generated by different 
legislative requirements for the two provinces (see Section 2). Table 2, below, 
depicts the numbers of reports that were reviewed as part of this project, and the 
study summaries that were developed from those reports. The reports are provided 
on CDs in Appendices Ill, IV and V. The study summaries area contained in 
Appendices VI, VII and VIII. 

Table 2: Material Reviewed for Teck Coal Limited Reclamation Research Analysis 

Area Operation Study Summaries Reports Reviewed 

Elk Valley 

Coal Mountain Operations 9 

129 

14 

122 
Elkview Operations 14 39 
Line Creek Operations 14 22 
Greenhills Operations 18* 16* 

Fording River Operations 93  47  
North East 
Coal Block 

Bullmoose 8 
63 

4 
2  4 

Quintette 55 20 
Alberta Cardinal River Operations 39 39 45 45 
Total 1  232 191 

* Studies and reports for Greenhills Operations are synonymous with Fording River 
Operations work and not added into totals. 

The study summaries were further categorized into the following descriptions to 
assist the synthesis process: 

• Pre-production Baseline 
• Evaluation of Substrates and Landform Configuration 
• Revegetation of Disturbed In-situ Soil 
• Revegetation of Mine Waste 
• Revegetation at High Elevations 
• Fertilization Studies 
• Reclamation for Wildlife Habitat Establishment 
• Riparian Reclamation 
• Reclamation Sustainability 
• Elemental Content in Reclaimed Vegetation 
• End Pit Lakes 
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It should be noted that with the number of mine sites, reclamation projects and 
reports covered by this document, it is inevitable that there will be occasional 
examples of divergent results. The intent of this document is to present a synthesis 
of reclamation research results from across Teck Coal's operations based on the 
overall weight of evidence from reclamation research programs, not to summarize 
the results of every individual project. Thus the reader should note that individual 
reports or project summaries reproduced in this report's appendices may not always 
be entirely consistent with synthesized findings contained in the body of this report. 
Nor does this report claim to have retrieved all the reports done by Teck Coal on 
reclamation research. 

It should further be noted that the information contained in this report is biased 
towards the Elk Valley of southeast B.C., and particularly to Fording River, and to a 
lesser extent Greenhills Operations. This bias reflects simply the number of reports 
available for synthesis, and not any prioritization or valuation of information from this 
area or these operations. It is hoped that future updates of this report will incorporate 
additional knowledge from other areas, particularly Teck Coal's other operating 
mines in Alberta and the Elk Valley, such that this bias will be removed over time, 
and that results will truly be reflective of findings and practice across all Teck Coal's 
operations. 

3.2 Alberta Studies 
Following the enactment of the Land Surface Conse,vation and Reclamation Act in 1973 
numerous studies on the effectiveness of various reclamation techniques were initiated 
in the mines of Alberta's mountain region. Research goals reflected the various 
reclamation objectives of their time. Reclamation research in the 1970's generally 
focused on vegetation establishment for erosion control while later projects focused on 
native species establishment, trajectories towards natural ecosystems, wildlife habitat 
creation, and the reclamation of water bodies in conjunction with terrestrial landscapes. 
Earlier reclamation efforts relied heavily on agronomic species and fertilizer applications, 
while the importance of native vegetation growth and self-sustaining ecosystems 
became more important as reclamation knowledge moved forward. 

The commencement of reclamation for the Luscar Mine site dates back to 1971 and 
reclamation at the Cheviot Mine site dates back to 2007. Noteworthy findings of 
reclamation research studies specifically related to Cardinal River Coals Ltd. Operations 
are described below. The reference documents used in category summaries are listed at 
the end of the associated section. Electronic copies of the Alberta research reports 
reviewed for this summary are listed in Appendix Ill, and summaries of the research 
reports are in Appendix VI. 

Note that the research work conducted by T.M. Macyk on the Grande Cache mine in 
Alberta under the Alberta Research Council, was not reviewed and included in this 
summary document. References to these studies are listed in the report 
"Comprehensive Report on Operational Reclamation Techniques in the Mineable Oil 
Sands Region", Macyk, T.M., Drozdowski, B.L. 2008 contained in Appendix III. The 
book "Reclamation of Drastically Disturbed Lands" complied by the American 
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Society for Surface Mining and Reclamation, is another source for papers on 
research work done by T.M. Macyk. (Paper numbers and titles: #21 "Reclamation of 
Alpine and Subalpine Lands", #22 "Reclamation of Surface Mined Coal Lands in 
Western Canada" and #30 "Reclamation of Oil Sands Mining Areas") 

32.1 Pre-production Baseline 

Pre-disturbance Soil Conditions and Quality 

In 1981 the Proposed Soil Quality Criteria in Relation to Disturbance and 
Reclamation for root zone material in the Eastern Slopes Region (ASAC 1981) was 
introduced to standardize soil quality ratings across the province. In 1987 the 
document was revised and remains as it is used today (AAFRD 1987). 

Soil survey results of the Plant East Area of Luscar Mine (Harron and Brocke 1981) 
yielded a majority of Poor-rated soils while later surveys yielded more favourable ratings. 
This is likely the result of depth and strict coarse fragment criteria first set out in the 1981 
Soil Quality Criteria (ASAC 1981). The 1987 Revision of the criteria removed the depth 
criteria and relaxed the coarse fragment criteria. 

Common limitations to soil quality were high and low pH values and high coarse-
fragment content. Shallow material depths, excessive soil wetness and steep slopes 
often prevented salvage of Good quality materials. Early soil surveys reported minimal 
suitable soils available for salvage as reclamation material. Sufficient suitable material 
but obstacles preventing salvage were cited in later years. Later recommendations 
included the salvage of peat materials to increase organic matter content in reclamation 
materials in the Cheviot Mine Pit Development, which excluded the need for regolith to 
be salvaged and used as surface reclamation material. 

Reference documents: 

Natural Vegetation and Ecology of Abandoned Coal-Mined Land, Rocky 
Mountain Foothills Alberta Canada. Can. J. Bot. 64: 1286-1298 Russel, W.B. 
and La Roi, G.H. 1986 

• Minesoil and Landscape Reclamation of the Coal Mines in Alberta's 
Mountains and Foothills. Report No. RRTAC 87-2. Pedocan Land Evaluation 
Ltd. Fedkenheuer, A. W., Knapik, L.J. And Walker, D. G. 1987. 

• Cheviot Mine Project Application - Volume 1. Part E. Reclamation Plan. 
Prepared for: Alberta Environment. Cardinal River Coals Ltd. 1996. 
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3.2.2 Evaluation of Substrates and Landform Configuration 

Evaluation of Soils and Recolith Materials 

Reclamation operations at all sites, including CR0 Luscar and Cheviot Mine require 
detailed knowledge of reclamation material characteristics to successfully meet end 
objectives. Factors such as salvaged soil types, material handling practices, level of 
compaction, soil nutrient levels and topographical design affect reclamation success. 

At CR0 Luscar and Cheviot Mine topsoil is defined as the upper layer of fine soil 
including surf icial organics and slash. Regolith, which has been used both as a subsoil 
material and a direct rooting medium on site is defined as deeper material (between 
topsoil and consolidated bedrock) that meets suitability criteria (e.g., coarse fragment 
content, fine-fraction texture, pH) established by Alberta Agriculture (Soil Quality Criteria 
Relative to Reclamation and Disturbance, 1987). 

Observations of reclamation materials throughout the operation of Luscar Mine have led 
to a variety of generalizations on the use of various soil materials on site. Knowledge of 
how various materials should be used in reclamation has also evolved with time and 
experience. From the late 1970's to mid 1980's the use of topsoil was not considered 
necessary for the establishment and maintenance of vegetation. In later years, the value 
of topsoil placement in reclamation operations was recognized and topsoil materials 
were applied more regularly during reclamation. Regolith materials commonly had a 
lower fine soil content and higher pH and CaCO3 values than topsoil materials, which 
could hinder reclamation efforts. 

Soil Nutrient Status 

Nutrient status of reclamation materials has always been a concern for reclamation at 
Luscar and Cheviot Mines. Plot monitoring studies have determined that reclaimed lands 
can achieve equivalent nutrient status to nearby natural areas with only minimal 
fertilization efforts upon initial seeding (Neufeld et al. 2010). The effect of nutrient status 
on reclamation will be described further in section 3.2.3 where the relationship between 
vegetation and soils is discussed. 

Re-slopinci 

Standard practice at both the Luscar and Cheviot mines is to regrade all slopes to less 
than 270 , to ensure slope stability and to allow equipment access for soil placement. 

Selenium Release from Mine Wastes 

The release of selenium (Se) from mined rock into the surrounding environment of CR0 
mines has been of particular concern in recent years. Research studies are currently 
underway to identify the geologic materials responsible for Se release. 
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Reference documents: 

• Detailed Soil Survey of the Cardinal River 51-C Baseline Area. 	Brocke, 
L.K. 1977 

• Detailed Soil Survey of the Cardinal River Mine Site and Interpretations for 
Reclamation. Brocke, L.K. 1977 

• Detailed Soil Survey of the Luscar Freehold Area and Interpretations for 
Reclamation Brocke, L.K. 1978. 

• Detailed Soil Survey of the Plant East Area and Interpretations for 
Reclamation. Harron, W. and Brocke, LX. 1981 

• Detailed Soil Survey of 50-A Baseline Mining Extension (1989). 	Leskiw, 
L.A. 1989 

• Detailed Soil Survey Up-Date of Southern Part of 50-A Baseline Mining 
Extension (1993). Leskiw, L.A. 1993. 

• Soil Investigation of 51-B- 3% External Dump Regolith, September 1993, 
Leskiw, L.A. 1993 

• Characteristics and Quality of Minesoil Landscapes and Minesoil Profiles at 
the Luscar Mine. Knapik, L.J., Hammermeister, A.M. And Walker, D.G. 
1995. 

• Detailed Soil Survey and Reclamation Suitability Evaluation for the Cheviot 
Shop/Office-Plant Site and Cadomin By-Pass . Chernipeski, B.M. and 
Knapik, L.J. 1997. 

• Vegetation Analysis of Recently Reclaimed Sites on the Luscar Mine. Strong, 
W.L. 1999. 

• Detailed Soil Survey and Soil Handling Plan for Cardinal River Coals Ltd. 's 
Proposed PQ2 Mine Extension. Leskiw, L.A. And Sansom, J.J. 2001. 

• Detailed Soil Survey and Soil Conservation Plan for the Prospect 
Development Area. Leskiw, L.A. And Waterman, L. 2006. 

• Soil Reclamation Assessment of the Luscar Mine (50-A 8 pit and dump, 50-B-
5 north dump and 51-C-1 terrace dump).Arregoces, C.J., Leskiw, L.A. And 
Boorman, S.M. 2006. 

3-5 



• Bighorn Sheep Selenium Exposure Study 2006 Luscar and Gregg River Mines, 
Alberta: Preliminaiy Investigation. MacCallum, B., Feder, C., Godsalve, B. and 
Johnson, C. 2008. 

• Comprehensive Report on Operational Reclamation Techniques in the Mineable 
Oil Sands Region. Macyk, T.M., Drozdowski, B.L. 2008 

3.2.3 Revegetation of Mine Waste 

In the late 1970's, Alberta's mountain coal mine operators were confronted with the 
challenge of making reclamation decisions with little to no previous information on 
how to reclaim land within harsh mountain climates. Reclamation research studies 
and observations of previous reclamation efforts were needed to fill knowledge gaps. 
The majority of reclamation research studies at CR0 and other mines seek to 
explore the relationships between soil quality and vegetation establishment/growth. 
Understanding such relationships enables operators to use available soil materials in 
the creation of suitable reclaimed profiles to meet a variety of end-goals. 

Vegetation Response to Cover Materials 

Various studies have documented vegetation response to topsoil vs. regolith 
planting. Early reclamation research focused on the effects of applying topsoil in 
"islands". The first few years after seeding, a large benefit of seeding in topsoil in 
comparison to regolith could be seen. Three years after seeding, vegetation cover 
on topsoil islands ranged from 106 - 161 %, while cover on regolith ranged from 13 - 
87%. Furthermore, tree and shrub species preferred topsoiled sites over regolith. It 
was also noted that seeded legumes germinated on regolith while seeded grasses 
dominated cover on topsoil. Seven years after reclamation, regolith sites had poor 
floristic richness in comparison to topsoiled sites. Approximately 20 years after 
reclamation, however, reclaimed regolith sites produced higher yields than topsoiled 
areas. It was hypothesized that this was because legume growth slowly improved 
regolith soil nutrient content until regolith and topsoil held equivalent nutrient status, 
and because legumes produce greater biomass than the grass species predominant 
on topsoil. 

Vegetation Response to Surface Preparation and Microsite Creation 

The effect of reclamation material application techniques on Luscar Mine was also 
researched, as topsoil materials were applied at reclamation sites using a variety of 
practices. In early years, topsoil was applied in islands and was either rough-graded 
or smoothed by bulldozer packing. Many early studies observed that vegetation 
germination and establishment was more successful in depressional microsites 
created in rough-graded soils, although some work found that grass growth was 
more successful on rough-graded surfaces while legume growth was more common 
on bulldozer-packed soil. It was also observed that native seed mixes established 
similarly in rough-graded and packed topsoil while agronomic seed mixes 
established better in rough-mounded soils. In the year 2000, topsoils were replaced 
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using a rough-mounded technique where bulldozers would push topsoil across a 
surface, leaving uncompacted mounds and woody material such as tree stumps at 
the top of the pile. Later monitoring reports observed that this rough-mounding 
technique was very effective in promoting vegetation growth and reducing erosion 
on site, to the extent that aggressive seed mixes were not needed for erosion 
control. It was also concluded that the direct placement of topsoil was preferential to 
stockpiling. 

It was quickly realized that microclimate effects had a major impact on revegetation 
success in the extreme climates of Luscar and Cheviot Mines. Many studies and 
observations on Luscar Mine noted decreased vegetation growth on exposed, south-
facing slopes, where soil moisture deficiency and wind exposure were common 
problems. It was observed that vegetation cover following reclamation was greater 
on protected slopes (north-east to east aspect) than on exposed areas (south aspect 
slopes and flat areas). In addition, it was recorded that soI conditions at slope 
bottoms were more favourable for vegetation growth due to soil moisture inputs from 
upslope. Microsites are created through the rough-mounding topsoil placement 
technique, and when stumps and rocks in topsoil material come to the surface 
during placement. These microsites are then targeted as tree-planting locations, due 
to increased moisture and decreased competition from other vegetation in these 
locations. 

Establishment of Non-Woody Species 

A variety of seed mixes have been used at Luscar and Cheviot Mines. From early 
research it was determined that only grasses and legumes established and 
germinated in significant numbers from seed and that seeding of other vegetation 
types would not be successful. Red fescue species were the most successful plant 
in terms of percent ground cover on reclaimed sites, even when it was not seeded 
as a dominant species. Red fescue was useful in preventing erosion, but did not 
allow native species into reclaimed areas. This species also caused problems when 
forage yields for wildlife were a reclamation goal, because red fescue out-competed 
other grasses and reduced yields. Overall, a mixture of grasses and legumes 
provided the greatest ground cover and biomass yields on site. In later years more 
effort was made to include native species into seed mixes. Following observations of 
northern wheatgrass and alpine bluegrass invading rock dumps on Luscar Mine, 
these two native species were incorporated into seed mixes. In 1998 it was 
recognized that regolith and topsoiled areas supported different species groups so 
different seed mixes were prepared for each area. By 2006, CR0 began to use seed 
mixes with short-lived ryegrass to provide immediate cover and native or slow-
growing/non-competitive agronomic grasses in areas where erosion was not a 
concern. Ryegrass died out after one or two years and provided space for potential 
native species ingress into reclaimed areas. 

Establishment of Woody Species 

Due to difficulties in establishing trees and shrubs in a harsh climate, research was 
performed to maximize seedling growth on reclaimed landscapes of Luscar Mine. 
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Early reclamation research indicated that commercial forest production was not 
viable on high-altitude sites on the Luscar Mine, with later research stating that the 
re-establishment of trees for commercial forest production should not be attempted 
on exposed sites with elevations greater than 1620 m. Nevertheless, efforts were 
still made to establish woody species and maintain diversity on site. In the early 
years of reclamation it was realized that seedling establishment success decreased 
with increasing slope grades and that direct seeding of woody species should be 
avoided. Tree and shrub success was observed to be greatest in the most protected 
sites and when planted into topsoil rather than regolith. Reforestation research 
recommended that lodgepole pine be planted at lower altitudes on the mine and 
Engelmann spruce at higher altitudes. Lodgepole pine showed stronger initial growth 
but was much more sensitive to exposure and grazing damage than spruce. It was 
later recommended that woody species should be planted after ground cover was 
already established to provide protection, but seedlings should not be established in 
overly competitive groundcover. Adequate snow cover in the winter was also 
recognized as a key factor for the survival of woody species in exposed areas of the 
mine. 

Native Plant Colonization of Reclaimed Areas 

The ingress of native plants from nearby undisturbed areas is highly desirable 
following reclamation, and has been very low at Luscar Mine. In 1982, native ingress 
comprised less than 2% of vegetation cover. In 1983, native species comprised 15-
25% cover on topsoil islands and less than 5% cover on regolith. Monitoring 
recorded only 5-7% cover by native species seven years following reclamation on 
Luscar Mine. When native plant re-establishment was desired the use of red fescue 
was discouraged because the plant was very persistent. In contrast, annual ryegrass 
dies out after one year, and slender wheatgrass dies out after one to several years, 
creating space for native species ingress into reclaimed areas. The use of these two 
species in seed mixes at Luscar and Cheviot Mine was increased in recent years for 
this reason. Invasion of seeded competitive agronomic species into nearby natural 
areas was also of concern, but minimal establishment of seeded species in natural 
areas has been observed, suggesting that the issue is not a concern unless native 
areas become disturbed. However, ingress of seeded agronomics into native-
seeded or unseeded (left for natural regeneration) reclaimed areas has been 
observed, and remains a concern. 

Vegetation Establishment for Erosion Control 

Erosion control has been a serious issue at some sites on the Luscar mine, 
particularly on sites not treated with the rough-mounding site preparation technique. 
In the early years of reclamation it was recommended to use fast-growing and 
persistent plants to control erosion. In later years seeding such species was avoided 
to promote the re-establishment of native species onto reclaimed areas. It was 
determined that the rough-mounding topsoil technique was very effective in 
preventing erosion, by promoting vegetation growth through microsite development 
and by physically decreasing runoff-water velocity. 
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Comparison to Undisturbed Ground 

From 2001-2008, soil and vegetation monitoring plots were established to observe 
differences between soil and vegetation characteristics on reclaimed and 
undisturbed (natural) sites. Three sets of monitoring plots (six reclaimed and three 
natural plots in total) were established. It was determined that soil quality ratings 
were similar on reclaimed and natural soils with the exception of elevated pH and 
CaCO3  levels in reclaimed soils. In reclaimed soils, pH levels were on average 1.5 to 
2.0 units higher than in natural soils. Both soil types exhibited similar nutrient status, 
soil structure and soil consistence. Vegetation cover was greater in natural plots 
than in reclaimed plots in all cases, even nine years after seeding. Reclaimed plots 
were dominated by grasses, and did not support moss or lichen species. Additional 
monitoring on the plots is required to document patterns in vegetation cover, 
diversity and native species establishment. 

Reference documents: 

• Surface Reclamation Procedures Employed by Cardinal River Coals Ltd. At 
Luscar, Alberta, Canada. Kiassen, W. 1974 

• Species Selection, Seedling Establishment and Early Growth on Coal Mine 
Spoils at Luscar, Alberta. Lesko, G.L., Etter, H.M. and Dillon, T.M. 1975. 

• Physical Environment of an Abandoned Strip Mine near Cadomin, Alberta. 
Root, J.D. 1976. 

• An Assessment of Woody Species Plant Establishment and Growth at the 
Cardinal River Mine. Brinker, C. 1992 

• Review of Vegetation on Reclaimed Rock Dumps at Luscar, Alberta. Strong, 
W.L. 1994. 

• 2001 Baseline Results from the Long-Term Soil And Vegetation Plots At 
Cardinal River Coals Ltd. Leskiw, L.A. And Pollard, J.S. 2002. 

• 2003 Baseline Results from the Long-Term Soil and Vegetation Plots at 
Cardinal River Coals Ltd. Leskiw, L.A., Pollard, J.S. And Brown, J. T. 2003. 

• Project Summai'y 1994-2004 Soil Reconstruction & Revegetation 
Demonstration Trials: Cheviot Mine Project. Walker, D. G. 2005. 

• Long-Term Soil and Vegetation Plots Program at Cardinal River Operations: 
First-Year (2007) Results. Arregoces, C., Craig, N. and Leskiw, L. 2008. 

• Elk Valley Coal Corporation Luscar Mine: Results of 2007 Forest 
Regeneration Surveys, 50-A8 South, 51-C6 North Dump and 51-C1 Terrace 
Dump. Brinker, C. 2008. 
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Comprehensive Report on Operational Reclamation Techniques in the Mineable 
Oil Sands Region. Macyk, T.M., Drozdowski, B.L. 2008 

• Long-Term Soil and Vegetation Monitoring Plots Program at Cardinal River 
Operations: 2009 Results. Prepared for Teck Coal Ltd. 	Neufeld, C., 
Craig, N. and Leskiw, L.A. 2010. 

3.2.4 Fertilization Studies 
In earlier years of reclamation at Luscar Mine fertilizers were used heavily. By the 
1980s,   however, with the advent of topsoil placement, it was noted that positive 
effects of fertilization were more evident on overburden and regolith than on 
topsoiled areas, and use of fertilizer on topsoil reclamation areas was discouraged. 
It was also observed that native grasses responded more positively to low 
fertilization treatments than more intensive ones, indicating that native species are 
less well-adapted to high-nutrient regimes. 

Reference documents: 

• The Cadomin Reclamation Research Project Second Year Results (1979). 
ENR Report No.155. Alberta Energy and Natural Resources and Forest 
Service. Takyi, S.K. And Russell, W.B. 1980. 

Reclamation Monitoring at the Luscar Open Pit Mine 1982 Report. 
Hardy Associates. 1983. 

3.2.5 Reclamation for Wildlife Habitat 

The CR0 submitted one of the first reclamation plans for wildlife habitat. . Acott 
(1983) reported that CRO's reclamation strategy of creating 40% forested area and 
60% open area was optimal for wildlife use. This goal was to be reached through the 
use of topsoil islands, with trees and shrubs planted in topsoil islands and forage in 
all other areas (regolith). It was determined that a minimum 1.5 m tree height and 60 
to 70 % crown closure would provide concealment and thermal protection to wildlife. 
Treed topsoil islands were also to be developed to interrupt open sightlines of 1 km 
or greater. 

Research has shown that reclamation at the Luscar and Gregg River mines 
expanded the range and increased the density of bighorn sheep in the region, and 
also provided habitat for other species. Bighorn sheep immediately colonized the 
area upon reclamation at the two mines. The reclaimed landscapes are not only 
used as a winter range, but also for lambing. The presence of escape terrain (cliffs 
or cliff-like terrain) is a common feature of the bighorn range in North America. 
Exposed cut-faces left in reclaimed landscapes created escape for sheep from 
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predators, with 75 % of all bighorn sheep observations at the Luscar Mine within 300 
m of exposed cut-faces. In addition to the benefits of cliffs walls for escape-terrain, 
the variety of grasses and legumes in reclamation seed provides good-quality 
forage, and seepage on pit walls provides mineral licks for ungulates. Between 
1985 and 2009 the bighorn sheep population on the Luscar Mine grew by 6.7 % per 
year. By 2009, the bighorn sheep population at the Luscar and Gregg River mines 
was 1126 individuals, one of the largest herds in North America. The sheep 
population in 1979 was a mere 37 animals. (Personal communication, Dave Ryder, 
Teck Resources) 

The presence of bighorn sheep and the lack of human activity contributed to 
carnivore activity in the Luscar and Gregg River mines. In 1997, wolves regularly 
inhabited and hunted within the mine. Additionally, in the 2001/2002 and 2002/2003 
winter seasons a grizzly bear sow denned within Luscar mine's reclaimed area. High 
numbers of small mammals have been documented in the reclaimed areas of Luscar 
mine. Raptors and owls also use the areas as hunting grounds. 

As part of the Cheviot Mine Selenium Management Plan, a study was conducted on 
Se levels in bighorn sheep at the Luscar and Gregg River Mines in 2006. It was 
determined that Se concentrations in sheep hair and liver tissues were within normal 
ranges, but serum and whole blood samples had slightly higher Se levels than 
normal. There were no clinical signs of Se toxicity in the sheep at either mine, but a 
study of potential exposure pathways on the mines was explored. No significant 
difference between natural alpine and mine soil Se levels was recorded, but 
significantly more Se in minesite forages than natural alpine forages was detected - 
as in the Elk Valley,(further discussed in Section 3.4.10) these elevated levels are 
statistically significant, but likely not biologically significant. Also, Se levels were 
particularly high in sainfoin, although this particular plant species does not grow in 
large amounts on site. There was no difference in Se levels in mineral licks on 
minesites and alpine soils. 

Reference documents: 

• Bighorn Sheep Selenium Exposure Study 2006 Luscar and Gregg River Mines, 
Alberta: Preliminaty Investigation. MacCal/urn, B., Feder, C., Godsalve, B. and 
Johnson, C. 2008. 

• Principles of Surface Coal Mine Reclamation: A Study of Initial Re vegetation 
Activities at Luscar, Alberta. Horstmann, K.N. and Bachrnann, P. 1975. 

• Reclamation to Wildlife Habitat in Alberta's Foothills. MacCallum, B. 

3.2.6 End Pit Lake Studies 

At Cardinal River Operations numerous end-pits have been reclaimed to lakes with 
the goal of creating recreational fishing sites. Lac Des Roches was the first lake 
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constructed on Luscar Mine. The lake was created in 1988 and connected to natural 
waterways in the region via its outlet stream. Lac Des Roches had limited fish 
production capabilities, but did not require restocking as it was colonized by native 
fish and the outlet stream was being utilized as a spawning habitat by rainbow trout. 
It was possibly the first constructed mountain lake in Alberta to be colonized by 
native fish. Research reported that the growth of Lac Des Roches rainbow trout 
populations met or exceeded rainbow trout growth in other natural mountain lakes of 
Alberta. Brook and bull trout populations had similar growth rates as species in other 
natural mountain lakes. In later years Sphinx Lake was constructed at Luscar Mine 
with outlet connections to the nearby watershed. Rainbow and bull trout colonized 
the lake within two years of the lake filling. Trout populations in both Lac Des 
Roches and Sphinx Lake were considered adequate to sustain sport fishing. 

Lake construction at the Luscar Mine not only attracted local fish populations, but 
also brought populations of water-oriented bird species into the mine. Following the 
development of Lac Des Roches, 20 additional bird species were observed at 
Luscar Mine, all of which were water-oriented birds. 

To promote development of a healthy aquatic ecosystem, the establishment of 
riparian and littoral zones is recommended around lakes of Luscar Mine. In the 
riparian zones, willow is planted to provide shade to aquatic species, and provide 
habitat for food species. The littoral zone (the near-shore area less than 3 m deep) is 
developed to provide shallow, warmer-water habitat capable of sustaining aquatic 
vegetation and higher densities of aquatic organisms. 

Observing water quality in constructed lakes is an essential part of reclamation 
monitoring at Luscar Mine. High nitrate levels are consistently found in Lac Des 
Roches and other mine discharge points; however, these levels decrease over time. 
Elevated levels of sodium, sulphate, bicarbonate and dissolved solids were found in 
some newly constructed lakes, which were generally expected after lakes were 
recently filled with groundwater. In 2005, low-level phosphorus exceedances were 
observed in Sphinx Lake. No physical, chemical or biological factors were identified 
which could adversely affect sport fishery development in the lake. Erosion 
monitoring surrounding constructed lakes was recommended to detect 
sedimentation issues in lakes and allow early mitigation. In 2008 sedimentation was 
minimal following the seeding of slopes surrounding Sphinx Lake. 

Elevated selenium levels found in initial monitoring of Lac Des Roches prompted 
further examination of selenium at Cardinal River Operations. Alberta Environment 
responded by requiring Teck Coal Ltd. to provide a Selenium Management Plan as 
part of its operations approval. In the document Teck Coal Ltd. recognized Alberta 
Environment's management objective of less than 1 ig/L of Se in the minesite 
waters. Coal mining can accelerate the release of Se from waste rock due to 
oxidation and leaching of rock material. The increased surface area of blasted rock 
significantly increases the surface area available for selenium release and leaching. 
Teck Coal Ltd. presented a management system to monitor Se contamination on 
site and the following recommendations were made to prevent Se release: 

3-12 



• increase in-pit waste rock disposal to maximize sub-aqueous disposal of 
waste rock (to minimize oxidation); 

• avoid construction of external rock drains when possible; 
• use durable rock that is resistant to weathering in construction of rock drains; 
• divert clean water around disturbance footprints; 
• minimize disturbance footprint; 
• use high quality topsoil for reclamation to maximize vegetation growth and 

minimize infiltration of water into the rock below; and 
• establish dendritic drainage on reclaimed surfaces to minimize infiltration and 

contact between waste rock and precipitation. 

Reference documents: 

• Development of Sport Fisheries in Lakes Created By  Coal Mining Operations 
in the Eastern Slopes: Final Report 	Luscar Ltd., Luscar-Sterco Ltd., 
Cardinal River Coals Ltd., Pisces Environmental Consulting Services Ltd. And 
Bighorn Environmental Design Ltd. 1994. 

• Fish Populations, Biomass and Growth in Lac Des Roches, Alberta. 
Schwartz, T. 2002. 

• Limnological Surveys of Five End Pit Lakes on the Cardinal River Operations 
Mine Lease, 2005-2006. Boorman, R.L. 2006. 

• Sphinx Lake Monitoring in 2008. Pisces Environmental Consulting Services 
Ltd. 2009. 

3.3 Northeast Coal Studies 
The end land-use objective for reclamation at the Bulimoose Operating Corporation 
(BOC) and Quintette Operating Corporation (QOC) mines was primarily wildlife habitat 
re-creation. To fulfill these objectives, focused research programs were implemented to 
provide site-specific information for reclamation planning, with a number of trials 
established in the 1980s. Reclamation research and monitoring was conducted by 
Bulimoose personnel in consultation with and with guidance from consultants whereas 
reclamation research at Quintette was conducted, for the most part, by on-site staff, 
independent of consultants. The reference documents used in category summaries are 
listed at the end of the associated section. Electronic copies of the NE Coal research 
reports are listed in Appendix IV, while summaries of research reports are in Appendix 
VII. 

3.3.1 Pre-production Baseline 
Comprehensive baseline studies were completed as part of the Bullmoose 
Operating Corporation and Quintette Operating Corporation Environmental Impact 
Assessments (EIA5). The studies relevant to reclamation planning and end land-use 
objectives included soils, vegetation (ecosystems and forestry), and wildlife habitat. 
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Reference documents: 
• Natural Revegetation of Disturbances in the Peace River Coal Field. 

Meidinger (1979 and 1981) 

• Selection of Native Species for Alpine Reclamation, Northeast Coal Block, 
British Columbia. Willey (1982 and 1983) 

• Native Species Seed Collection Trial QCL-RP-880901). Quintette Operating 
Corporation (1989 - 1999) and Smyth (1995 and 1996) 

• Re-assessment of the British Columbia Ministry of Energy, Mines and 
Petroleum Resources Trials (QCL-RP-89 1001) Quintette Operating 
Corporation (1990) and Bulimoose Operating Corporation (1990) 

• Microclimate Research (QCL-RP-91 1001.Quintette Operating Corporation 
(1991 - 1995) 

• Native Species Nursery Production Trial (QCL-RP-900402) Quintette 
Operating Corporation (1991 - 1995) and Smyth (1995 and 1996) 

• Native Species Seed Multiplication Trial (QCL-RP-910301). Quintette 
Operating Corporation (1992 - 1995) and Smyth (1995 and 1996) 

. Review of Operational Native Species List. Smyth (2000) 

3.3.2 Evaluation of Substrates and Landform Configuration 
Rest oping 

Relatively few resloping/land-shaping studies were conducted at BOC or QOC. A 
dozer resloping study was conducting at Quintette to examine productivity and costs 
for reclamation. Full and partial resloping was examined for waste rock dumps with 
varying lift heights. A combination of sloping cut and horizontal cut resloping 
techniques were required to efficiently reslope high waste dumps. Both methods 
proved to have several advantages and disadvantages depending on the dump 
height, equipment used and location. Equipment, operator skill and experience, 
weather, daylight hours, material density and fragment sire, and the reclamation 
method used all are factors required in predicted dozer productivity. 

In a separate resloping study, vegetation establishment was greatest on the partial 
resloped and level areas. Slope angle and percentage rock surface correlated 
strongly with vegetation cover. Typically, vegetation cover was greatest on crest 
and level slope positions. Slope aspect did not appear to influence vegetation 
establishment and persistence. Vegetation cover is related to the amount of 
"biological space" or surface area of mineral soil; surface area of mineral soil was 
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greatest on partial resloped and level areas. Standing crop production was typically 
greatest on partial resloped and level areas. 

Site Preparation 

Site preparation techniques were studied, and, as a result, operational practices 
such as harrowing, ripping and shaping were 'customized' at each mine. Deep 
ripping is an important activity on dump plafforms to reduce compaction. In general, 
crusting and therefore, reduced seedling establishment occurred when site 
preparation occurred too far in advance of seeding. In some instances, crusting and 
erosion was problematic on till covered waste rock dump slopes. 

Soil Physical and Chemical Properties 

Overburden, waste rock, coarse refuse, and tailings materials as well as developing 
minesoils were assessed for physical and chemical properties at both mines. 
Soil physical and chemical analyses were conducted between 1987 and 1996 at 
Quintette, and between 1992 and 1997 at Bullmoose. Growth-media textures 
(<2 mm fraction) were typically sands or loamy sands. Coarse fragment contents 
(>2 mm fraction) ranged from 35-75%. Soil reaction ranged between 6.5 and 8.0, 
while organic matter levels ranged between 3.6% and 6.6%. Total nitrogen ranged 
from 0.1% to 0.7%, while carbon nitrogen (C: N) ratios ranged from 55-85. The 
low total nitrogen percentages and high carbon: nitrogen ratios indicate that nitrogen 
availability is low and that nitrogen fertilization supplementation is required. 
Phosphorus, potassium and magnesium values were all within the range of "normal" 
soils, although often at the lower end of this range. 

Reference documents: 

• Bulimoose Operating Corporation— Direct Seeding of the Coarse Refuse 
Disposal Area. Bullmoose Operating Corporation (1988 - 1990) 

• 1765 m Wolverine North Waste Rock Dump Trials (QCL -RP-8 70801). 
Quintette Operating Corporation (1988 - 1995) and Smyth (1995 and 1996) 

• Coarse Refuse Capping Trial (QCL -RP-8 70101). Quintette Operating 
Corporation (1988 - 1995) and Smyth (1995 and 1996) 

• Shikano Road Ripping/Harrowing - Agronomic Seed Mix Trial (QCL-RP-
9 10503). Quintette Operating Corporation (1991, 1992, and 1995) and 
Smyth (1995 and 1996) 

• North Till Borrow Pit Tailings Fertilizer Trial (QCL-RP-910201). Quintette 
Operating Corporation (1991 - 1995) and Smyth (1995 and 1996) 

• Tailings Agronomic Individual Species Trial (QCL-RP-900201). Quintette 
Operating Corporation (1991 - 1995) and Smyth (1995 and 1996) 
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• Coarse Refuse Hydroseeding Operational Trial (QCL-RP-910101m). 
Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 1996) 

• Shikano Centre Dump Hydroseeding Operational Trial (QCL-RP-910505m). 
Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 1996) 

• North Till Borrow Pit/Tailings Conifer Transplant Trial (QOC-RP-920202). 
Quintette Operating Corporation (1993 - 1995) and Smyth (1995 and 1996) 

• Quintette Operating Corporation: An Assessment of Dozer Reclamation 
Operations. Quintette Operating Corporation (2002) 

33.3 Revegetation of Mine Waste 
Direct Seeding 

A number of seeding trials were undertaken at Bullmoose and Quintette. Based on 
the results of these studies, seeding rates should range between 50 and 75 kg/ha, 
depending on the growing material, elevation, and the presence of tree and shrub 
transplants. Because of observed dense establishment of agronomic forage species, 
it was recommended at Bullmoose that the lower end of the above seeding 
application range be used on more favourable sites, to encourage greater agronomic 
diversity and native species ingress. 
Seed application by both fixed- and rotary-wing aircraft proved successful at both 
mines. Hydroseeding has limited value because of cost and access to water issues. 

Native Species Establishment 

Several native woody species trials were conducted at both mines. At low and mid-
elevations, species such as wolf-willow, lodgepole pine, balsam poplar, northern 
black currant, prickly rose, and Mackenzie's willow performed well. 

Agronomic Species Establishment 

Several agronomic grasses and forbs were studied at both mines and are 
considered suitable for different elevations and material types. Agronomic grasses 
such as Canada bluegrass, creeping red fescue, sheep fescue, slender wheatgrass, 
and timothy appear to be suitable for all locations while others have more site-
specific requirements. Agronomic legumes such as alfalfa, birdsfoot trefoil, cicer 
milkvetch and sainfoin are suitable for low- and mid-elevation sites but do not persist 
at higher elevations. 

When available, new cultivars of high-elevation species should be introduced or 
should replace some of those currently in use. Specifically, the alpine milkvetch 
cultivar under development (Alberta Environment Vegreville) should be introduced to 
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the high-elevation seed mix as soon as it is available. More local varieties of slender 
wheatgrass (AEC Highlander) and alpine bluegrass (Blueridge) should replace the 
varieties currently in use (Revenue and Common, respectively). If not used currently, 
Rocky Mountain Fescue should be included in high-elevation seed mixes. 

Reforestation 

Although several conifer establishment trials were conducted over the years at BOC 
and QOC, the results appear inconclusive. Survival and growth measurements were 
recorded. With the exception of tailings and coarse rejects studies, earlier 
"operational" conifer establishment at QOC was poor while BOC conifer 
establishment was more favorable. Later studies at QOC were somewhat more 
favorable. 

Post-closure monitoring of reclamation plantations on the Bullmoose mine and 
Quintette Shikano/Plantsite mine area indicate mean stand densities from 50-1025 
stems per hectare, with higher densities on tailings sites and lower densities on 
waste rock dumps. These values indicate re-establishment of open forests or 
unevenly distributed forest patches—it is expected that these features will provide 
species and structural diversity to vegetation on reclaimed sites, and provide wildlife 
habitat attributes such as visual cover and shelter. Low stand densities observed on 
these sites are attributable in part to high seedling mortality caused by excessive 
competition with agronomic ground-cover species. 

Reference documents: 

• Builmoose Operating Corporation– Agronomic Species Trials. Bullmoose 
Operating Corporation (1986 - 1992) 

• Bullmoose Operating Corporation– Seed Mix Trials. Builmoose Operating 
Corporation (1988 - 1990) 

• Wolverine South Dump Resloping Trial (QCL-RP-860801). Quintette 
Operating Corporation (1987– 1996) and Smyth (1995 and 1996) 

• 1660 m Dump Failure Trial (QCL-RP-870601). Quintette Operating 
Corporation (1988 - 1995) and Smyth (1995 and 1996) 

• Shikano 920 m Dump Hydroseeding Operational Trial (QCL-RP-910506m). 
Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 1996) 

• Shikano Agronomic Seeding Rate Trial (QCL-RP-9 10504). Quintette 
Operating Corporation (1991 - 1995) and Smyth (1995 and 1996) 

• Shikano Centre Dump Agronomic Individual Species Trial (QCL-RP-900501). 
Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 1996) 

3-17 



• Shikano Centre Dump Agronomic Seed Mix Trials (QCL-RP-900502. 
Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 1996) 

• 1660 m Dump Failure Agronomic Seeding and Transplant Trial (QCL-RP -
9 10603). Quintette Operating Corporation (1992 - 1995) and Smyth (1995 
and 1996) 

• Conifer Plantation Growth Assessments. Quintette Operating Corporation 
(1995 - 2000) 

• Assessment of Operational Waste Dump Resloping at Quintette Operating 
Corporation. Smyth (2000) 

3.3.4 Fertilization Studies 
Fertilizer Application 

Research trials and monitoring activities at both Builmoose and Quintette indicated 
that maintenance application of fertilizer is required for several years following initial 
seeding. The number of annual fertilizer applications is thought to be in the range of 
3 - 5 depending on substrate. However, the actual number of maintenance fertilizer 
applicatidns required can be more accurately determined by annually monitoring the 
nutrient status of the vegetation growing on the site. When the nutrient status of the 
vegetation has stabilized at approximate "normal" conditions, applications of 
additional fertilizer can be discontinued. To ensure the nutrient status of the site 
continues at a self-sustaining level, follow-up monitoring of the nutrient status in 
vegetation should occur every 2 - 3 years or until it is evident the nutrient levels 
have stabilized. 

The fertilizer trials have demonstrated that a maintenance program in which 
application alternates every other year is appropriate for inorganic granular fertilizer. 
However, various formulations of organic-based fertilizers may provide benefits in 
terms of reduced application frequency. The use of liquid fertilizer may also be 
beneficial and cost effective. In an observation consistent with the literature, native 
species typically do not respond to fertilizer supplementation to the same degree as 
agronomic species. In general, native species have lower relative growth rates. 

Reference documents: 

• Builmoose Operating Corporation— Fertilizer Trial. Bullmoose 
Operating Corporation (1988 - 1994) 

• Alpine Fertilizer and Re vegetation Trials Tailings Dyke Revegetation 
Trials. BP Canada Incorporated (1980) and Poister and Redgate 
(1982) 
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• BXL Fertilizer Application Trial (QCL-RP-90 1002). Quintette Operating 
Corporation (1991) 

• Shikano Native Species Mix Fertilizer Trial (QCL-RP-910501). 
Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

• Shikano Agronomic Species Fertilizer Mix Trial (QCL-RP-9 10502). 
Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

• 1660 m Dump Failure Agronomic Species Mix Fertilizer Trial (QCL-RP-
9 10602). 	Quintette Operating Corporation (1991 - 1995) and 
Smyth (1995 and 1996) 

• Wolverine South Dump Agronomic Species Mix Fertilizer Trial (QCL-
RP-9 10803). Quintette Operating Corporation (1991 - 1995) and 
Smyth (1995 and 1996) 

• 1850 m Wolverine South Dump Native Species Fertilizer Trial (QCL-
RP-9 10807). Quintette Operating Corporation (1991 - 1995) and 
Smyth (1995 and 1996) 

• 1850 m Wolverine South Dump Native Species Fertilizer Trial (QOC-
RP-92080310CL-RP-86080 1). Quintette Operating Corporation (1991 - 
1995) and Smyth (1995 and 1996) 

• Shikano South Dump Failure Conifer Transplant Trial (QOC-RP-
92050 1).Quintette Operating Corporation (1993 - 1995) and Smyth 
(1995 and 1996) 

• Coarse Refuse Conifer Fertilizer Trial (QOC-RP-950101). Quintette 
Operating Corporation (1996 - 1999) 

3.3.5 Vegetation Establishment at High Elevations 
Reproduction 

Seed production by agronomic species established at low- to mid-elevation sites has 
been observed at both mines but seed production appears limited at high elevation 
(>1700 m). At present, the magnitude and frequency of viable seed production by 
these species at high elevations is not known. Two agronomic species, hard fescue 
and sheep fescue (Common and Nakiska varieties), are known to produce seed at 
elevations greater than 1700 m. Creeping red fescue appears to be maintaining 
itself via vegetative (asexual) reproduction at high elevations. Consistent with the 
literature, no agronomic legumes reproduced viable seed at high elevations although 
some flowered in favorable microsites. Based on recruitment observations, most 
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native species that have established at high elevations produce viable seed and/or 
vegetative propagules. 

Native Species Establishment 

Several native woody species trials were conducted at both mines. At high 
elevations, kinnickinnick, scrub birch, entire-leaved mountain-avens, arctic willow 
and creeping willow performed well. 

In general, transplanting rather than direct seeding is the preferred establishment 
method for shrubs and trees. Transplant survival is greatest with at least 1+0 
nursery stock that has well developed good root structure. For high-elevation 
nursery stock, erect growth habits were "corrected" to horizontal to reduce vertical 
shoot loss. All seedlings that have symbiotic relationships must be inoculated either 
in the greenhouse or via the use of inoculum pellets during the transplanting 
process. 

Transplant establishment at high elevation is best accomplished by clustered or 
aggregated planting. Clustered or aggregated planting (manipulated facilitation) 
within the patches facilitates persistence and growth. Facilitation is the dominant 
succession process at high elevations. 

Several native grasses, sedges, and forbs perform well at high elevations. These 
species are as follows: common yarrow, Indian milkvetch, alpine milkvetch, arctic 
poppy, bearded wheatgrass, alpine fescue, and Patterson's bluegrass have 
excellent potential at high elevation, showy locoweed, pendant pod locoweed, and 
silky locoweed. Indian milk vetch is desirable as well but it is difficult to find this 
species in adequate amounts. The best "all round" legume performer was showy 
locoweed (Oxytropis splendens). (Some species of milkvetch can be selenium 
accumulators therefore caution should be exercised in their use in reclamation. See 
"Selenium Accumulating and Non-accumulating Plants: The Potential Relevance to 
Elk Valley Coal Fording River Operations Reclamation. C. E. Jones and Associates 
Ltd. November2000 in Appendix V).The native legumes that established 
successfully at high elevations are promiscuous with respect to rhizobium 
inoculation and do not appear to require inoculation. Although the majority of these 
species were established via nursery stock production and transplantation into 
"islands", most of these species can be establish via direct seeding. Ingress by 
native species from undisturbed areas onto mining disturbances is strongly 
influenced by donor population proximity and mode of seed dissemination. 

Biodiversity 

Studies that focused in biodiversity were not conducted specifically as part of the 
Northeast Coal Block research projects. However, it does appear that the better 
functioning high elevation native species islands at Quintette Operating Corporation 
were those with species richness greater than 15 - 20 species, and in particular 
those with some structural (i.e., vertical and horizontal) diversity. 
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Reference documents: 

• 1850 m Wolverine South Dump Individual Agronomic Species Trial QCL-RP -
9 10802). 	Quintette Operating Corporation (1991 - 1995) and Smyth 
(1995 and 1996) 

• Wolverine South Dump Native Island Seeding Trial (QCL-RP.-9 10804). 
Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 1996) 

• 1850 m Wolverine South Dump Native Transplant Trial (QCL-RP-910801). 
Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 1996) 

• 1765 m Wolverine North Dump and Wolverine South Dump 1850 m 
Transplant Trial (QOC-RP-920701). Quintette Operating Corporation (1992 - 
1995) and Smyth (1995 and 1996) 

• 1850 m Wolverine South Dump Native Aspect Trial (QCL-RP-9 10805). 
Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 1996) 

• 1765 m Wolverine North Agronomic Reproduction/Seed Germination Trial 
(QOC-RP-930801). Quintette Operating Corporation (1993 - 1995) and 
Smyth (1995 and 1996) 

• 1765 m Wolverine North Dump Native Grass and Ecovar Reproduction/Seed 
Germination Trial (QOC-RP-930802). Quintette Operating Corporation (1993 
- 1995) and Smyth (1995 and 1996) 

• 1765 m Wolverine North Dump Native Legume Seeding Trial (QOC-RP-
920802). Quintette Operating Corporation (1993 - 1995) and Smyth (1995 
and 1996) 

3.3.6 Elemental Content in Reclaimed Vegetation 

Metals Uptake 

Monitoring of metal concentrations in soils and vegetation has been part of the 
protocols of assessment at BOG and QOC since the early 1990s. Elevated levels of 
cadmium, chromium, nickel and selenium have been recorded in foliar tissues of 
agronomic legumes, grasses, and native woody species. A comprehensive review of 
elemental levels in reclaimed and adjacent reference-site vegetation at Bullmoose 
indicated that Se in reclaimed vegetation was not significantly different than in the 
reference sites, and that in fact reference-site mean Se concentrations were higher 
than those on reclaimed sites. All other elements were comparable between 
reclaimed and references sites or are within published dietary tolerances for 
ruminants. This study concluded that consumption of vegetation growing on 
reclaimed sites on the Bullmoose mine is extremely unlikely to have any adverse 
impacts on local wildlife. 
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Reference documents: 

• North Till Borrow Pit Tailings Toxicology Trial (QOC-RP-920201). Quintette 
Operating Corporation (1993 - 1995) and Smyth (1995 and 1996) 

2001 Vegetation Metals Uptake Assessment. Smyth (2002) 

3.4 Elk Valley Studies 

Reclamation research in the Elk Valley began with the development of modem surface 
coal mining in the 1960s.   The reclamation research carried out by the Elk Valley mine 
sites over the past 40 years has made a substantial contribution to the development of 
mine reclamation practices in British Columbia. The reference documents used in 
category summaries are listed at the end of the associated section. Electronic copies of 
the Elk Valley research reports are listed in Appendix V, while summaries of research 
reports are in Appendix VIII. 

In addition to these studies, there were extensive Stage I & II Environmental Impact 
assessments done in 1979-1982 prior to the start up of the Greenhills and Line Creek 
mines that provide pre-production conditions on soils, vegetation and wildlife. In 1983 
Norecol conducted the Eagle Mountain Stage I &Il EIA for the Fording River mine. These 
volumes are available in the engineering libraries of the respective mines. 

3.4.1 Pre-production Baseline 

Pre-production conditions 

Prior to commencing development and production of modern surface mining, 
surveys were undertaken at all Elk Valley mine sites, to gather information on 
conditions that would form the long-term targets for reclamation. These surveys 
indicate that the mine site cover three biogeoclimatic zones: Montane Spruce (MS), 
Engelmann Spruce-Subalpine Fir (ESSF, including subalpine parkland), and Alpine 
Tundra (AT). In general, these sites are predominantly forested with mature timber 
consisting mainly of Engelmann (hybrid) spruce, lodgepole pine and subalpine fir. 
In the subalpine parkland (open forest), immature or scrub lodgepole pine and 
subalpine fir are dominant, with whitebark pine and subalpine larch (Larix lyallii, also 
commonly called alpine larch) also observed. 

Pre-production surveys have included a focus on habitats supporting ungulate 
populations, particularly elk winter-range habitat. The surveys indicated that these 
grasslands are fire-initiated ecosystems that occur on shallow soils developed on 
colluvial sandstone and shale deposits (not dissimilar from coal waste rock), and are 
comprised primarily of grass and herbaceous species, with small stands of immature 
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lodgepole pine and subalpine fir. In these systems, frequent fire-return intervals limit 
the establishment of continuous forest cover. 

Pre-production grassland productivity 

The study of pre-production ecosystems included the characterization of above-
ground biomass and forage quality of xeric and mesic grasslands, in order to provide 
information on pre-disturbance productivity and capacity as ungulate habitat. 
Biomass production was sampled on selected sites over a number of years, and 
ranged from approximately 400 to over 650 kg/ha of annual production on the xeric 
sites, and from approximately 400 to over 800 kg/ha on the mesic sites, with grass 
species, predominantly rough fescue, accounting for 60% of this biomass production 
(mean annual production measured over three years was 640 kg/ha and 789 kg/ha, 
for xeric and mesic grasslands, respectively). Factors influencing biomass 
production on these meadow sites included differences in soil and parent materials 
(primarily texture and depth), as well as typical slope gradients and wind speeds, 
with more sheltered, gentle sites with finer and deeper soil materials producing high 
forage biomass. 

Total Digestible Nutrients (TDN) and crude protein were measured in sampled 
forage species on these native grasslands, and were found to exceed the suggested 
50% digestible nutrients (native grasses averaged 54% TDN and 6.8% crude protein 
at late September sampling periods). Digestible nutrients and crude protein of 
grasses was found to decrease with time during late fall and winter, sometimes to 
less than the threshold maintenance levels. This work suggested that elk are able to 
maintain dietary crude protein levels in the critical winter period by increasing 
consumption of woody shrubs, particularly Saskatoon, rose, willow, kinnickinnick, 
and buffaloberry. 

Native nitrogen-fixing forbs (e.g., lupine, locoweed) were found to contain the 
highest levels of crude protein and digestible nutrients; however, winter biomass of 
these species was reduced to a very low level by early fall grazing by elk. Silky 
lupine was identified as a preferred food species for elk that can be heavily utilized in 
winter. 

Pre-production forest productivity 

Productivity surveys were also conducted for pre-production forested ecosystems - 
post-harvest juvenile conifer stands adjacent to the Fording River, Greenhills, and 
Line Creek mines (on the Greenhills range, and in the Ewin and Todhunter 
drainages) have been surveyed and sampled for growth characteristics and nutrient 
status, in order to provide benchmark data for reclamation. This survey work was 
begun in the mid 1980s, and continued until the early 2000s. Site indices were 
calculated from age-height information using SiteTools Version 3.2i software 
developed by the B.C. Ministry of Forests (calculations based on growth-intercept 
height equations developed by Nigh, 1997). Current results indicate mean site 
indices (projected heights to 50 years breast-height age) on these stands range from 
approximately 16 - 19 for lodgepole pine and 17 - 22 for spruce. Results of foliar 
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nutrient sampling indicate severe nitrogen deficiencies for all stands (0.88 to 1.14 
percent), as well as isolated possible phosphorus, potassium, boron, copper and 
magnesium deficiencies, in comparison to provincial standards. These data suggest 
that nutritional deficiencies may be endemic to the Fording/Elk River area, which 
nonetheless supports diverse and productive plant communities and ecosystems. 

Reference documents: 

• Native Seed Trials on the Line Creek Mine Waste Dump. Crows Nest 
Resource Limited, October 1985 

• Ungulate Habitat Evaluation and Impact Assessment of Byron Creek 
Collieries Extension. Delta Environmental Management Group Ltd. Calgary 
AB, October 1990 

• Comparative Inventory of Vegetation and Soils Surrounding Teck Coal Ltd's 
Coal Mountain Operations. Tipi Mountain Native Plants Ltd., 2009 

• "Use of Native Plant Species in Reclamation of Wildlife Habitat at the Fording 
River Operations: Phase 1 - Review of Food Habits" Norecol, January 1984 

• Range Productivity Project- Analysis of 1982 Data. Taesco Consultants 
Limited, May 1983 

• Line Creek Biophysical Inventories Volume 2- Vegetation. Taesco 
Consultants Limited, January 1985 

Specific Research Studies: 

• FC- 1-78 	Germination of Native and Commercially Available Plant 
Species Collected at High Elevation at Fording Coal 

• FC- 1-69 	Effect of Fertilizer on Forage Productivity and Quality on Mesic 
Grassland on Turnbull Mtn. 

• FC-2-69 	General Survey of Natural Soil and Vegetation Fording Valley 

• FC-2-70 	Effect of Fertilizer on Yield and Quality of Alpine Grassland 
Forage 

• FC-3-70 	Adaptability of Grassand Legume Species to Fording River 
Valley Climate Conditions 

• FC- 1-85 	Regeneration Performance Assessment of Natural Engelmann 
Spruce and Lodgepole Pine at Fording Coal 
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• FC-2-85 	Assessment of Elk Winter Range Productivity 

• FC-3-85 	Review of "Preferred Food Species" for Wildlife 

. FC- 1-99 	Productivity of Adjacent Second-growth Forest Stands 

3.4.2 Evaluation of Substrates and Landform Configuration 
In 1994, a comparative study was conducted by C. E. Jones and Associates Ltd. to 
determine the applicapability of the reclamation research work done at the Fording River 
mine since 1969 to the Greenhills mine. (See Section 9 of the report "1994 Annual 
Reclamation Research Report"in Appendix V) Similarly, in 2005, C. E. Jones and 
Associates Ltd. completed a study review of all reclamation research work previously 
conducted at the Line Creek mine which confirmed that this site could adopt the principles of 
research conducted at both Greenhills Operations and Fording River Operations. (See 
report "LCO Reclamation Research Review" in Appendix V). The similarities between these 
three sites in regard to material types, validates the summaries in the sections following. 

Coal Waste Rock as a Growth Medium 

Due to the need to revegetate substantial areas of coal waste materials 
(predominantly consisting of coal waste rock, but also including coarse coal rejects), 
a number of trials have been conducted at various operations to test the use and 
potential limitations of coal waste as a growth medium. This work has shown that 
satisfactory germination and growth of grasses and legumes and native woody 
species can be achieved in coal waste rock with the addition of nitrogen and 
phosphorus fertilizers. In addition, no phytotoxic elemental concentrations have been 
identified in waste rock. 

Use of Amendments and Cover Materials 

Reclamation research has been conducted to test the use of various available 
amendment materials (including overburden, cover soil, overburden-sand mixes, 
runoff fines collected from interceptor ditches, limestone, coal reject fines) for 
capping of coal waste or incorporation into this waste. Comparisons of waste rock to 
potentially available overburden materials (primarily glacial till) indicate higher 
organic matter contents in coal waste, due to residual coal, and lower phosphorus 
and potassium levels in coal waste, indicating the need for fertilization of these 
nutrients. Test applications of cover materials on coal waste rock and coarse coal 
rejects at multiple operations have generally indicated no significant longer-term 
differences (2-10+ years) in cover and biomass production of agronomic grass-
legume mixes between treatments (included non-covered controls), and have shown 
erosion of cover materials (and corresponding downslope sediment delivery) at 
slopes of 260  and greater. In one study at Fording River Operation, covering coal 
waste rock with glacial till overburden was found to increase growth and vigour of 
agronomic grasses in the short term, but was rejected as a standard practice due to 
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the noted erosion challenges, and the logistical difficulties and costs of addressing 
these challenges on an operational scale. The conclusion from these studies has 
been that use of cover materials or incorporation of soil amendments was not 
necessary to obtain acceptable growth on coal waste. Exceptions to this finding 
include: 

It is current standard operational practice on the Elk Valley mines to cover 
warm-aspect (southeast-southwest-facing) coarse coal rejects with a thin 
cover soil layer, to increase albedo (reflectivity), and thus mitigate against 
high growing-season temperatures potentially harmful to vegetation; 
There is one trial that demonstrates longer-term benefits of incorporation of 
soil amendments into coal waste: in 1983, a trial was installed at Coal 
Mountain Operations in which unconsolidated runoff fines collected from 
interceptor ditches were applied and incorporated into the surface of a coal 
waste-rock dump slope. After three growing seasons, biomass production and 
cover of agronomic grasses and legumes were observed to be significantly 
higher on the incorporated trial plots in comparison to adjacent unamended 
control plots, and this effect was confirmed by re-survey of these sites in 
2000, 17 years later. 

Waste Dump Slope Gradients 

Testing of coal waste rock slope configurations has indicated no instability or 
erosion on slopes from 24-34 0 . Based in part on this work, it is now standard 
practice to re-slope the majority of waste dumps at operations in the Elk Valley to 
a slope angle of approximately 26-27 0 . However, there are some instances 
where, due to spatial constraints, dumps are left either non-resloped, or are 
treated using combination re-sloping, in which dump toes are left at angle-of-
repose (approximately 37 0), but with fines from the upslope area pushed down to 
cover coarser materials at the toe. This practice has been evaluated through 
extensive monitoring work covering multiple operations - this work has found that 
productive forage stands can establish and persist on these slope configurations 
over the long term (observations cover a period up to -20 years following 
establishment) without application of maintenance fertilizer. Biomass production 
and cover in these stands is similar to that measured on similarly sloping native 
grasslands or open forest, but differs in species composition, with the reclaimed 
stands dominated by agronomic grasses and legumes, while the reference sites 
are dominated by native grasses and forbs. 

Specialized Techniques for Angle-of-Repose Coarse Reiect Dumps 

Newer trials at Coal Mountain Operations have focused on testing methods for 
establishing vegetation and minimizing erosion on steep coarse-reject dump 
slopes. These trials have tested various techniques including coversoil 
application, compaction, use of different hydroseed mulch materials, and 
inclusion of mycorrhizal inocula in hydroseeding applications. Although results 
are preliminary and inconclusive at the time of this report writing, they indicate 
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benefits of "bonded fiber matrix" hydroseeding applications including mycorrhizal 
inocula, and of compaction and seedbed preparation of slopes with a 
"sheepsfoot" roller. 

Reference documents: 

• Information Summary from Reclamation Studies; 1984-1985 and 
Information from Reclamation Studies; 1986. Byron Creek Collieries, 
February 1986 and 1987 

• A Review and Vegetation Assessment of the Unconsolidated Fines 
Incorporation and the Lodgepole pine Competitive Trials at Coal Mountain 
Operations. Interior Reforestation Co. Ltd. March, 2001 

• A Review of Coal Refuse Pile Reclamation at Fording Coal Ltd., Coal 
Mountain Operations. Interior Reforestation Co. Ltd., March 2001 

• 1994 Annual Reclamation Research Report. C. E. Jones and Associates 
Ltd. 1995 

• LCO Review of Reclamation Research Studies. C. E. Jones and 
Associates Ltd. 2005 

Specific Research Studies: 

• FC-1-70 	Growth Chamber Evaluation of Waste Rock as a Growth 
Medium for Plants 

• FC-4-73 	Chemical and Physical Properties of Mines and Mine Waste 

• FC-6-73 	Growth Chamber EvalUation of Preparation Plant Coarse 
Refuse and Tailings as a Growth Medium for Plants - Plant Nutrients Limiting 
Growth 

• FC-5-77 	Effect of Slope Angle, Aspect and Surface Material on 
Establishment of a Grass Legume Mixture on Waste Dump Slopes 

• FC-6-77 	Survival of Lodgepole Pine Planted on Waste Rock and Glacial 
Till Overburden Covering Waste Rock 

• FC-2-81 	Effect of Growth Medium on Grass-Legumes Vegetation on 
Coarse Reject Disposal Area Slopes 

• FC-2-90 	Productivity of Vegetated 37° Coal Spoil Slopes 

• EVC-3-05 Assessment of Combination re-sloping techniques 
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• TC- 1-08 	Hydroseeding Trial at Coal Mountain 

	

TC- 1-09 	Sheep's-foot compaction trial at Coal Mountain 

3.4.3 Revegetation of Disturbed In-Situ Soil 

Reveqetation of Disturbed In-Situ Soil 

Early reclamation research included work to determine techniques to reclaim 
shorter-term disturbances, including road cut and fill slopes, and disturbances 
around buildings and plant sites. This work showed that hydroseeding was an 
effective technique for reclamation of loose, fill-slope materials at steep slope 
angles, but that use of hydroseeding on compacted cut slopes was ineffective, due 
to plastering of seeds on the compacted cut-slope "pavement", and the subsequent 
inability of germinants to access any moisture in these conditions. 

Evaluation of reclaimed disturbed soils from Plantsite and other construction 
disturbances indicated that best short-term results were obtained following spring 
seeding, but that in the longer-term, poorer initial performance on fall-seeded plots 
was erased due to invasion of these sparser plots by native species from adjacent 
undisturbed ground. Factors influencing native species invasion included proximity 
to seed source, and cover of agronomics, particularly legumes, as higher covers 
limited invasion by native species. Legumes, however, were a dominant component 
of biomass where present, particularly on sites that did not receive maintenance 
fertilizer. 

Overall results from these trials indicate that lower seed delivery rates (<100 kg/ha) 
were more effective for all applications, with higher seeding rates (up to 225 kg/ha) 
causing excessive competition and subsequent reduced vigour and growth. Species 
that were most successful for revegetation of the most severely disturbed soils 
included timothy, creeping red fescue, hard fescue, brome, intermediate and 
pubescent wheatgrasses, and alfalfa, with a wider range of species successful on 
less severe disturbances. 

Long-term (20+ years) monitoring of high-elevation exploration road disturbances 
has tracked vegetation patterns on reclaimed roads versus undisturbed adjacent 
ecosystems, and indicates the following: 
• Over time, the cover and number of native species on the reclaimed 

disturbances has increased, due to ingress from adjacent ecosystems. 

• Over time, the cover and number of agronomic species on the reclaimed 
disturbances has decreased, as "ecological space" is increasingly occupied by 
re-colonizing native species. An example of this is evident at the Harmer Knob at 
the Elkview Operations where an area seeded mainly with agronomic species 
30+ years ago is now supporting native species including: Alpine bluegrass (Poa 
alpina), Spike trisetum (Trisetum spicatum), Awned wheatgrass (Elymus 
trachycaulum), Fireweed (Epilobium angustifolium), Yarrow (Achillea 
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millefolium), Bourgeau's milkvetch (Astragalus bourgovii) and Umber pussytoes 
(Antennaria umbrinella) 

• Egress of agronomic species into the adjacent native ecosystems has been very 
low, indicating that these species are not invasive and are not compromising the 
ecological integrity of undisturbed ecosystems. 

Specific Research Studies 

• FC-1-71:1 	Stabilization and Erosion Control of Road Embankments - 
Grass Legume Evaluation 

• FC-1 -71:2 Stabilization and Erosion Control of Road Embankments - 
Hydroseeding Techniques and Materials 

• FC-1 -71:3 Stabilization and Erosion Control of Road Embankments - 
Maintenance Fertilizer Requirements 

• FC-6-72 :1 In Situ Evaluation of Grass and Legume Species and Seeding 
Techniques for Revegetation of Plant Site and Associated Disturbed Surf icial 
Glacial Deposits 

• FC-6-72 :2 In Situ Evaluation of Grass and Legume Species and Seeding 
Techniques for Revegetation of Plant Site and Associated Disturbed Surf icial 
Glacial Deposits 

• FC-6-72 :3 In Situ Evaluation of Grass and Legume Species and Seeding 
Techniques for Revegetation of Plant Site and Associated Disturbed Surf icial 
Glacial Deposits 

3.4.4 Revegetation of Mine Waste 

Approximately half of the 129 reclamation research projects that have been 
conducted in the Elk Valley involve investigation of techniques to revegetate mine 
waste, as this is the central task of reclamation. Discussion of this work, below, is 
presented by three separate categories: revegetation with woody native species; 
revegetation with other native species; and revegetation with agronomics. 

Revegetation of Mine Waste Using Woody Native Species 

It should be noted that a large part of the work that has been done on revegetation 
of woody native species has focused on conifer species, as these are the dominant 
components of the forested ecosystems of the Elk Valley. However, much of the 
results of this research, particularly with respect to establishment techniques, are 
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directly applicable to other woody native species, including deciduous trees and 
shrubs. 

Establishment 

Early work on establishment of native woody species on coal waste on a number of 
Elk Valley mines showed poor results, with low survival rates for planted seedlings 
(e.g., <30% after two growing seasons). Attempts at establishment of conifers and 
native shrub species through direct seeding were even less successful - despite 
tested germination rates of 30-50%, few to no seedlings were established on waste 
rock using this method. One primary reason identified for this poor performance was 
competition from agronomic ground-cover species - establishment of ground cover 
in planted areas is desirable for erosion control and enhancement of soil nutrients 
and biological activity, but vigorous ground covers can result in excessive 
competition with seedlings for light, moisture, and nutrients. Reclamation research 
directed at identifying the primary causes of mortality in container seedlings showed 
mean seedling survival of less than 5% when seedlings were planted into waste rock 
sites vegetated with agronomic grasses and legumes (vegetation cover from 40-
80%), but survival above 90% when seedlings were planted into unvegetated waste 
rock. However, because of erosion-control objectives, early reclamation practice had 
been either to plant seedlings into sites already vegetated with ground-cover 
species, or to co-establish these species with planted seedlings. After identifying 
ground-cover competition as a primary factor in low seedling survival rates, 
reclamation research moved to methods for reducing competition-induced mortality, 
either through the use of scarification or herbicides to reduce ground-cover growth at 
planting locations, or through planting seedlings after withdrawal of maintenance 
fertilizer on seeded areas. However, this work indicated that such treatments were 
ineffective at controlling growth of ground-cover species and that higher herbicide 
rates had no effect in significantly increasing seedling survival rates. 

In a critical piece of reclamation research, a series of comprehensive trials were 
initiated to examine the effects of introducing a seeding delay into conifer 
plantations, so that conifers were planted into bare waste, with ground covers 
established subsequent to planting. These trials indicated that conifer survival could 
be substantially improved when seeding delays were employed, with delays of 2-5 
years increasing long-term survival from <30% to >90%. Evaluation of a range of 
ground-cover species, including fall rye and a number of agronomic legumes, 
indicated that establishment of legume ground covers was preferable, due to the 
potential for biomass production and nitrogen additions (enhanced by symbiotic 
nitrogen fixation) from these species. This research indicated that 1250-1750 kg/ha 
of organic matter and 35-55 kg/ha of nitrogen could be added to reclaimed sites 
through growth, senescence and decomposition of legume ground cover species, 
while maintaining high conifer survival through delayed ground-cover establishment. 
Although delays longer than two years were not demonstrated to have negative 
effects on conifer survival and growth performance, the outcome of this work was 
the development of an operational reclamation practice of establishing birdsfoot 
trefoil at a broadcast rate of 55 kg/ha, applied in the spring two growing seasons 
after seedling planting, with broadcast fertilization at the time of seed application of 
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400 kg/ha of 11-55-0 fertilizer. Birdsfoot trefoil was chosen as the optimum species 
for this treatment, as it provides substantial nitrogen-fixation benefits, but was found 
to be less competitive than other agronomic legumes such as alfalfa. This optimum 
treatment has been applied as a common practice on many lower-elevation (below 
approx. 1900 m a.s.l.) sites at Fording River and Greenhills Operations since its 
development in the mid 1980s. 

Research into conifer establishment has typically shown lower survival on south to 
west aspects than on other slope orientations, presumably due to desiccation from 
decreased snowpack/increased exposure in winter conditions, and increased solar 
radiation and moisture stress in summer conditions. Prevailing winds from the SW 
can also contribute to the drying out of non protected plants in the winter months. 
This reduced survival is not a substantial obstacle for site reclamation, as south to 
west facing slopes are typically candidate sites for reclamation to ungulate winter-
range habitat, where conifers can be established at low densities as structural 
habitat components, rather than as fully stocked stands with relatively uniform 
spacing. 

Planting window research has indicated that conifer planting can be conducted 
through the entire growing season, but that best results are achieved with spring and 
fall planting. On challenging sites, research has shown that hot-lift conifer seedlings 
grown and shade-housed on site, and not cold-stored, have highest survival, but hot-
lifts can be logistically challenging when delivered from off-site nurseries, and this 
conclusion may not extend to off-site stock. 

Additional findings from reclamation research on woody native species 
establishment, is presented in Section 3.4.7 for species with value as components of 
wildlife habitat. 

Growth Performance - Conifers 

Monitoring of the interseed delay trials indicated not only that survival was 
significantly enhanced by interseeding delays, but that the nutritional benefits 
summarized above were also manifested in increased height growth of interseeded 
conifers, in comparison to non-seeded controls. Continued long-term monitoring of 
these trials (up to 20 years after establishment) has indicated that the advantages of 
interseeding are still discernible, with total height of pine and spruce interseeded 
with nitrogen-fixing legume ground covers significantly higher than that of non-
interseeded trees (total height of interseeded conifers after 20 years ranges from 
approximately 3.2 to 4.2 m, while that of non-interseeded conifers ranges from 2.5 to 
3.2 m, with a difference of 0.5-1.5 m). This height advantage is largely due to greater 
growth in earlier years (reflected in a longer age to breast height for non-interseeded 
trees), as site indices do not vary significantly between seeding treatments. 

Monitoring of operational tree plantations is conducted across all Elk Valley mine 
sites, from establishment for the first two growing seasons, when the majority of 
mortality occurs, and every five years thereafter. This monitoring shows that the 
majority of plantations have stocking and diversity that should allow their 
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development into coniferous forest stands or mixed-woods. Free-to-Grow 
assessments are conducted on plantations where a moderate- or limited-yield 
commercial forestry end land use is desired, primarily at Fording River Operations - 
these plantations have all been treated with birdsfoot trefoil interseeding on a two-
year delay. These assessments have now been conducted on 120 ha of reclaimed 
land, with approximately 70% of this area meeting Free-to-Grow status for presence 
of acceptable species, stocking, and minimum height. Limiting factors preventing 
successful achievement of Free to Grow status include poor substrate materials and 
conditions (including coal waste with low fines content and weathering-resistant 
rock, compacted surfaces), excessive competition with ground-cover species, and 
subsurface coal waste combustion. 
Typical site indices (minimum 12 years since planting and 3 years past breast 
height) on sites with a forestry end land use range from approximately 17 - 24 for 
hybrid spruce, and 13 - 19 for pine. For comparison, typical site indices for adjacent 
post-harvest regeneration at similar elevations in the Fording River valley are 17 - 22 
for spruce and 16— 19 for pine, indicating very close equivalency in growth rates on 
mine waste and non-mined reference sites. 

Paired coal waste rock-forest soil plots at Fording River Operations have shown 
equal growth of spruce and pine on coal waste rock, that all coal waste rock plots 
meet Free-to-Grow standards, that spruce growth is equivalent or slightly greater on 
coal waste in comparison to forest soil, but that pine growth on coal waste lags 
behind that on forest soil sites. Although these findings are derived from only three 
trial locations, they, along with the documented lower end of the pine site index 
range on coal waste cited above, suggest that the early height growth advantages 
that pine has on typical forest soil settings are not replicated on coal waste rock. 

On all monitored conifer plantations, there is no sign to date in any monitoring or 
research trials of degradation in site indices over time, indicating that growth 
performance equivalent to pre-disturbance settings and adjacent reference sites is 
being sustained over the long term. 

Nutritional Status - Conifers 

Visual symptoms of nutrient deficiencies (e.g., leaf chiorosis) are commonly 
observed in conifer foliage in reclaimed stands. However, comprehensive analysis of 
foliar nutrient levels has indicated that although levels of many nutrients, particularly 
nitrogen, would be classed as "deficient" or "severely deficient" in relation to 
provincial standards, they are directly comparable to levels measured in off-site 
reference stands. The mean foliar nitrogen concentration in conifer foliage on 
reclaimed coal waste across all monitored Elk Valley mine sites is 1.09%, versus a 
mean of 1.01 % in off-site reference stands. Overall, trees grown on reclaimed sites 
have demonstrated similar foliar nitrogen concentrations to trees planted on native 
soils, and similar growth performance, which indicates that nitrogen levels are 
sufficient to sustain growth rates typical of local high-elevation forest stands. 
Although nitrogen levels may limit conifer growth performance on mine waste, this 
limitation is common to forest stands throughout the region, and is not particular to 
reclaimed sites. 

3-32 



Analysis of foliar samples from the conifer interseeding trials shows that, even 20 
years after establishment, foliar nitrogen levels are significantly higher in interseeded 
plots, with an average concentration of 1.07%, compared to a mean concentration of 
0.83% in non-interseeded plots. If anything, this advantage is increasing as these 
plots age, indicating that the effects of legume interseeding and fertilization are 
incorporated into long-term site nutrient cycling. 

Revegetation of Mine Waste Using Non-Woody Native Species 

In contrast to the work on the establishment of woody native species, which is the 
topic that has received the most attention in reclamation research to date in the Elk 
Valley, relatively little work has been conducted to date on revegetation of non-
woody native species. Success in the trials that have been conducted has been low, 
likely due to the limited knowledge on propagation and establishment of the majority 
of these species. Findings to date on reclamation using non-woody native species 
are as follows: 

• An early reclamation trial attempted establishment of Indian ricegrass 
(Oiyzopsis hymenoides) through direct seeding, but with very poor 
establishment. 
Work on re-establishment of Bourgeau's milkvetch (Astra ga/us bourgouvii) on 
high-elevation reclamation sites attempted both direct seeding and planting of 
container grown seedlings. Germination from the direct-seeding trial was non-
existent, while outplanted seedlings persisted for a few growing seasons, but 
did not thrive or spread, and had very low longer-term survival rates. 
A trial designed to evaluate establishment of nitrogen-fixing species on coal 
waste rock included some native species; however, of these, only silky lupine 
and timber milkvetch established and survived for two growing seasons. Work 
on non-woody native species establishment was not pursued, due to 
difficulties with successful seed collection, germination and propagation. It 
was recognized that more efficient seed collection and propagation programs 
would be needed to make revegetation with native species feasible on an 
operational or even large-trial level. Note that of the two species that were 
successful in this work, one, silky lupine, has been highlighted in a number of 
instances in this report as a species worthy of further reclamation research 
and testing. The second, timber milkvetch, is a species that causes both 
acute and chronic toxicity in ungulates, and has caused significant losses in 
range livestock in B.C., so is likely not a favourable candidate species for use 
in reclamation programs in the Elk Valley. Ongoing research continues to 
identify native species that will be commercially available and provide 
characteristics supportive of the approved end land use objective. 
Research on riparian reclamation identified sedges, including beaked sedge, 
as a successful species for revegetating coal waste under seasonally flooded 
conditions. Plants were established both as transplants from on-site wetlands 
and as nursery-propagated container seedlings, with high survival rates. 
Sedges were subsequently used in operational reclamation of riparian habitat 
around the Henretta Creek diversion at Fording River Operations. 
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• Work on reclamation for high-elevation ungulate habitat at Fording River and 
Greenhills Operations evaluated the use of 5 native grass species/sub-
species developed to commercial availability by the Alberta Research Council 
- note that these provenances are native to the Canadian Rocky Mountains, 
but not necessarily to the Elk Valley. This work showed successful 
establishment and persistence of four species: alpine bluegrass (var. AEC 
Glacier), slender wheatgrass (AEC Highlander), awned slender wheatgrass 
(AEC Hillcrest), and broad-glumed wheatgrass (AEC Mountaineer), as well as 
failure to establish for the fifth, violet wheatgrass. Established species had 
above-ground biomass production ranging from approximately 50-350 kg/ha, 
which is comparable to grass biomass in native reference-site grasslands. 

• Coal Mountain Operations has recently conducted work on vegetation 
surveys in reference sites adjacent to the mine, in order to enumerate species 
and identify candidate native species for reclamation purposes. This work has 
identified 67 species for further development and testing, including 50 that are 
grasses, forbs, and woody species that have not been previously used in 
reclamation programs on the Elk Valley mine sites. 

Revegetation of Mine Waste Using Agronomics 

Substantial early reclamation research at all Elk Valley mine sites focused on 
optimum methods (seeding dates, seeding rates, candidate species) for 
establishment of agronomic ground covers on mine waste, as this was the principal 
reclamation technique following introduction of reclamation regulations in the late 
1960s. This research has tended to yield variable results, as success of any 
individual seeding program is highly dependent on current and antecedent weather 
conditions at the time of seed application. Nevertheless, a number of common 
findings emerge from this work: 

• A variety of agronomic grasses and legumes can be successfully established 
on reclaimed coal waste. Examples of species mixes developed from 
reclamation research and currently used in operational reclamation in the elk 
Valley are provided in Section 3.4.7. 

• Agronomic species can be successfully established directly on waste rock, 
and on waste rock covered with glacial till overburden. As noted in Section 
3.4.2, although results have been variable, the general conclusion has been 
that use of overburden cover materials is not necessary for the successful 
establishment and growth of agronomic forage stands on waste rock. 

• Agronomic species can be successfully established through broadcast 
seeding. Seed incorporation techniques, such as raking or tilling, have been 
shown to be beneficial for some species (particularly Cicer milkvetch and 
sainfoin), but are logistically challenging on an operational scale, and are not 
required. Similar to work on disturbed in-situ soil, evaluation of different 
seeding rates has shown that very high rates (>100 kg/ha) are detrimental to 
vegetation establishment and growth, due to excessive competition, and that 
greatest biomass production is achieved with lower seeding rates (as low as 
40 kg/ha, when large-seed species such as sainfoin are not present in the 
seed mix). A current operational seeding rate for single-species applications 
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such as birdsfoot trefoil (for conifer interseeding) and for mixes is 55 kg/ha. 
Seeding can be conducted in either spring (May-June) or fall (mid-September 
to mid-October) with acceptable results, but success, particularly in fall 
applications, is very dependent on weather. A fall seeding followed by 
relatively warm, wet weather can result in pre-snow germination of some 
species, particularly legumes - as these germinants do not have time to 
develop frost tolerance prior to the onset of colder weather, these 
circumstances can result in the loss of one or multiple species from a seed 
mix. 
Broadcast application of fertilizer at the time of seeding has been shown to be 
beneficial to agronomic establishment and growth, but testing of maintenance 
fertilization in subsequent years has indicated that this additional fertilization 
is not necessary to sustain acceptable growth. 
Similar to work done on conifer interseeding with legumes, reclamation 
research has demonstrated the benefits of use of grass-legume mixes. 
Evaluation of grasses growing in close association with legumes, in 
comparison to those growing in isolation, has shown that nitrogen nutrition is 
enhanced for the grasses near legumes. 

Reference Documents: 

• "Review of Byron Creek Collieries Reclamation Plant" HBT AGRA Limited, 
April 1992 

• Field Inspection of Conifer Nutrient Status at Fording River Operations. C. E. 
Jones and Associates Ltd. November 1996 

• Reclamation Research on the West Line Creek Dump: Biomass, Cover, and 
Species Diversity. Environmental Insight, March 1996 

1997 Legume Evaluation. Interior Reforestation Co. Ltd., February, 1998 

Specific Research Studies: 

• FC- 1-73:1 	Survival and Growth of Coniferous Tree Species on Waste 
Rock- Nursery Production of Conifer Seedlings. 

• FC-1-73:2 	Survival and Growth of Coniferous Tree Species on Waste Rock 
- In Situ Evaluation of Conifer Species. 

• FC-1-73:3 	Survival and Growth of Coniferous Tree Species on Waste Rock 
- Germination, Survival and Growth of Conifers Seeded Directly on Waste Rock 
Dumps. 

• FC-2-73: 1 	Survival of Native and Introduced Shrub Species on Waste 
Rock - Nursery Propagation of Trembling Aspen from Hardwood Cuttings. 
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• FC-2-73:2 	Survival of Native and Introduced Shrub Species on Waste 
Rock- Propagation of Trembling Aspen from Root Cuttings. 

• FC-2-73:3 	Survival of Native and Introduced Shrub Species on Waste 
Rock. 

• FC-3-73: 1 	Introduced Deciduous Tree and Shrub Species for Revegetation 
of Waste Dumps - In Situ Evaluation of Arnot Bristly Locust on Waster Rock 
Dumps. 

• FC-3-73:2 	Survival of Native and Hybrid Poplar on Waste Rock. 

• FC-3-73:3 	Introduced Deciduous Tree and Shrub Species for Revegetation 
of Waste Dumps - In Situ Evaluation of European Alder and Black Locust on 
Waster Rock Dumps. 

• FC-5-73: 1 	Effect of Seedlings Rates, Fertilizer Program and Elevation on 
Establishment and Growth of Grass and Legume Mixtures Seeded on Waste 
Rock. 

• FC-5-73:2 	Effect of Seedlings Rates, Fertilizer Program and Elevation on 
Establishment and Growth of Grass and Legume Species Seeded Individually on 
Waste Rock. 

• FC-5-73:3 	Effect of Seeding Rate and Fertilizer Program on Establishment 
and Growth of a Grass-Legume Mixture Seeded on Waste Rock. 

• FC-5-73:4 	Effect of Seeding Date, Seeding Rate and Fertilizer Program on 
Establishment and Growth of a Grass-Legume Mixture Seeded on Waste Rock. 

• FC-1-77 Effect of Seeding Rates and Incorporation on Establishment of Four 
Legume-Grass Mixtures on Waste Rock and Glacial Till. 

• FC-4-77 Effect of Seeding Date on Establishment of Native and Introduced 
Nitrogen-Fixing Plant Species on Waste Rock and Glacial Till Overburden. 

• FC-5-79 Survival and Growth of Tree and Shrub Species on Revegetated 
Greenhills Mine Waste - Effect of Legume Competition. 

• FC-6-79 Survival and Growth of Tree and Shrub Species on Revegetated 
Greenhills Mine Waste - Effect of Competition. 

• FC- 1-80 Alternative Planting Sequences for Establishing Tree and Shrub 
Species on Revegetated Mine Waste. 
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• FC-2-80 Survival and Growth of Indigenous Woody Plants Suitable for 
Commercial Forest and Wildlife Habitat Rehabilitation on Waste Rock. 

• FC- 1-82 Establishment of Commercial Forest Species on Mine Waste 
Revegetated with Grass and Legumes. 

• FC-2-82 Establishment of Commercial Forest Species on Mine Waste 
Revegetated with Grass and Legumes-Alternate Techniques for Minimizing 
Herbaceous Competition. 

• FC- 1-83 Conifer Establishment on Revegetated Turnbull Waste Rock Slopes. 

• FC-2-83 Alternative Seeding Plantations- Herbicide Application Sequences for 
Vegetation Control in Conifer Plantations on Revegetated Mine Waste. 

• FC-2-83 M 	Pre-planting Herbicide Application for Conifer Establishment on 
Revegetated Mine Waste. 

• FC-1-84 Assessing Establishment of Conifer-Legume Vegetation on Low 
Elevation Waste Rock Dumps. 

• FC-2-86 Effect of Cover Crops on Establishment of Conifers Planted in Coal 
Spoil. 

• FC-3-86 Effect of Container Size, Age of Planting Stock and Planting Data on 
Survival and Growth of Conifers on Coal Spoil. 

• FC-4-86 Effect of N-fixing Legumes on the Survival and Growth of Conifers on 
Coal Spoil. 

. FC-5-86 Survival and Growth of Conifers and N-Fixing Shrubs Planted in 
Association on Re-Sloped Coal Spoil. 

• FC- 1-89 Extended Planting Season for Conifers on Coal Spoil. 

• FC- 1-90 Time Delay for lnterseeding Conifers with Legumes. 

FC-3-90 Operational Afforestation Survival and Growth Assessment. 

• FC- 1-91 Interplanting Commercial Conifers with Indigenous Nitrogen Fixing 
Shrubs. 

• FC-2-91 Indian Ricegrass Assessment on Low and High Elevation Coal Spoil 
Slopes. 

• FC- 1-97 Conifer Growth on Waste Rock vs Forest Soil. 
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FC-1-98 Growth of Operationally Planted Conifers. 

. EVC-2-05 Conifer Interplanting Trials. 

3.4.5 Revegetation at High Elevations 
In the Elk Valley, high-elevation sites can generally be defined as those above 1900 
m a.s.l.). Reclamation of these sites largely focuses on establishment of forage 
species and trees and shrubs as components of wildlife habitat. This section can be 
viewed as a complementary subset of the preceding section on Revegetation of 
Mine Waste, as it addresses mine waste reclamation techniques specific to high-
elevation sites - work on high-elevation non-mine waste disturbances (e.g., 
exploration roads) is covered under Section 3.4.3, Revegetation of In-Situ Soil. As 
with the preceding section, this discussion is organized by three separate 
categories: revegetation with woody native species; revegetation with other native 
species; and revegetation with agronomics. 

Revegetation at High Elevations Using Woody Native Species 

Reclamation research has been conducted to evaluate use of different conifer 
species to provide structural/cover elements of wildlife habitat on reclaimed sites. 
This research has tested use of locally collected hybrid spruce, lodgepole pine, 
subalpine larch, and subalpine fir, and of provincial seedlot-sourced Douglas-fir. 
Ten-year results indicate best overall survival for locally propagated and grown fall-
planted (hot-lift) spruce seedlings, followed by fall-planted pine. Spring-planted 
spruce, pine, larch and fir have similar long-term survival rates of approximately 
50%.Douglas-fir survival has been lower, but the provenance of these seedlings was 
a lower-elevation stand, as local high-elevation seed was not available. This work 
has shown that conifer species can be established as components of wildlife habitat 
on high-elevation sites, but not as fully stocked stands. Seedling growth on this trial 
has been extremely limited over ten years, with surviving trees still generally less 
than 0.5 m in height. 

Reclamation research on techniques to enhance conifer survival at high elevations 
has demonstrated the importance of micro-site creation through site preparation 
(dozer ripping), and the importance of microsite selection during planting. Seedlings 
planted in ripped sites had an average 2-year survival of approximately 85%, in 
comparison to survival of less than 50% on unripped sites. This work suggests that 
conifer survival on exposed high-elevation sites can be maximized through creation 
of microtopography, and through planting seedlings in least exposed areas, at the 
bottoms of ripping furrows and/or in the lee of larger waste fragments. 

Reclamation research has also been conducted to adapt legume interseeding 
techniques developed for lower-elevation sites to high-elevation settings. This work 
has confirmed the use of birdsfoot trefoil as a preferred agronomic species - trials 
show that this species generally produces lower biomass than alfalfa and clover, but 
is less susceptible to severe removal through grazing, and thus has more long-term 
capacity to contribute to site nutrient pools through growth, decomposition and 
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nitrogen fixation. High-elevation conifers grown with birdsfoot trefoil ground covers 
were shown to have greater total height growth than non-seeded controls, while 
those grown with alfalfa or clover interseed treatments showed reduced height 
growth in comparison to controls, likely because of increased competition from these 
more vigorous species. 

The greatest amount of reclamation research directed to establishment of non-
coniferous woody species has been the preferred elk browse species work 
discussed in detail in Section 3.4.7. This work has shown that the following species 
can be successfully established: aspen, saskatoon, dogwood, willow, rose, 
chokecherry, kinnickinnick, Douglas maple, snowberry, wolf-willow, cottonwood, 
buffaloberry, and spirea. In addition, observations of high-elevation reclamation trials 
have observed ingress of grouseberry. 

Revegetation at High Elevations Using Non-Woody Native Species 

As at lower elevations, research into reclamation using non-woody native species on 
high-elevation sites has been more limited, and has had more limited success than 
research into use of woody native species. However, through this work, the following 
species have been tested in seed mixes, and found to have potential for reclamation 
use: 

• Slender wheatgrass (including subspecies violaceus), sheep fescue, spike 
trisetum, bluebunch wheatgrass, hairy wildrye, alpine bluegrass, northern 
awnless brome, fowl bluegrass, blue wildrye, fireweed, and yarrow. 

In addition, fireweed and strawberry blight have been commonly observed colonizing 
high-elevation reclamation areas. 

As noted in previously in Section 3.4.4, reclamation research in the Elk Valley has 
included work on re-establishment of Bourgeau's milkvetch on high-elevation 
reclamation sites, both from direct seeding and planting of container grown 
seedlings. No successful germinants resulted from the direct seeding trial, while 
container seedlings persisted for a few growing seasons, but did not thrive or 
spread, and had very low longer-term survival rates. 

Also discussed in Section 3.4.4 was reclamation research testing the use of native 
grass species/sub-species, including alpine bluegrass and slender wheatgrass 
subspecies/varieties. This work showed that all tested species could establish and 
persist on high-elevation waste rock sites, producing above-ground biomass ranging 
from approximately 50-350 kg/ha, which is comparable to grass biomass in native 
reference-site grasslands, but lower than that typically observed in agronomic forage 
stands at similar elevations. 

Reclamation at High Elevations Using Agronomic Species 

The following agronomic species have been shown to be most successful at 
establishment, persistence, and biomass production on high-elevation sites: 
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• Grasses - creeping red fescue, timothy, smooth brome, orchardgrass, 
Kentucky bluegrass, Canada bluegrass, meadow foxtail, red top, bluestem 
(western) wheatgrass, tall wheatgrass, tall fescue, crested wheatgrass, and 
perennial ryegrass. 

• Legumes - alfalfa, white clover, red clover, alsike clover, birdsfoot trefoil, 
cicer milkvetch, and sainfoin (although because of its larger seed, sainfoin 
requires higher seeding rates for establishment at adequate densities). 
Further findings on establishment of agronomic legumes at high elevation: 

o Most species can establish successfully from fall or spring broadcast 
seeding at rates as low as 20 kg/ha, although sainfoin requires 40 
kg/ha or more. 

o If the primary objective is legume establishment (e.g., for plantation 
interseeding), then application should be single-species or a legume-
only mix - even the presence of small amounts of other species such 
as creeping red fescue seeded at 10 kg/ha limited legume 
establishment. 

o As noted above, in most high-elevation legume trials, alfalfa and 
clovers outperformed birdsfoot trefoil in terms of biomass production, 
but caused reductions in growth of woody species when used for 
interseeding, and tended to be much more heavily grazed. For these 
reasons, birdsfoot trefoil was selected as a preferred species for 
inte rseed i ng. 

o Evaluation of alfalfa varieties has shown that many varieties can be 
successfully established, but that northern varieties (e.g., Anik) 
consistently perform better in terms of biomass and cover production. 
Despite this finding, the Anik variety is not used in reclamation seed 
mixes at high elevations. 

In mixes, agronomic species have been documented to produce biomass at rates of 
500 to 1500+ kg/ha on high elevation sites, as compared to typical forage production 
values of 400-800 kg/ha on pre-production grasslands. Fertilization of agronomic 
mixes at high elevation has been demonstrated to stimulate above-ground 
production and litterlall (and thus forage production and nutrient cycling). 

Reference documents: 

• Evaluation of B.0 Research Plots, Line Ridge Sites -3 and 4 Crows Nest 
Resource Limited, October 1985 

• High Elevation Tree and Shrub Outplanting Trials 	Westar Mining Ltd. 
1986, 1987 and 1990. 1985, 1986 and 1989 Annual Reports and Proposed 
Program for 1986, 1987 and 1990. 

• Grass Plug Study Westar Mining Ltd. 1984, 1985, 1986 and 1987. 1983, 
1985, 1985 and 1986 Annual Reports and Proposed Program for 1984, 1985, 
1986 and 19987, 1987 and 1990. 
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• Comparative Performance of Seeded Native and Agronomic Grasses and 
Legumes. Kaiser Resources Ltd 1979. Annual Reclamation Report for 1978 
and Proposed Program for 1979. Westar Mining Ltd. 1983, 1984, 1985, 
1986 and 1987. 1982, 1983, 1984, 1985, and 1986 Annual Reports and 
Proposed Program for 1983, 1984, 1985, 1986 and 1987 

• Spring and Fall Agronomic and Native Species Seeding TrialKaiser 
Resources Ltd 1979. Annual Reclamation Report for 1978 and Proposed 
Program for 1979. 

• Ziemkiewicz. P.F. 1977 A Comprehensive Reclamation Research Program on 
Coal Mining Disturbed Lands. Westar Mining Ltd. 1983, 1984, 1985, 1986 
and 1987. 1982, 1983, 1984, 1985, and 1986 Annual Reports and Proposed 
Program for 1983, 1984, 1985, 1986 and 1987 

High Elevation Species Trials. Kaiser Resources Ltd 1974, 1975, and 1978. 
Annual Reclamation Reports for 1973, 1974 and 1977 and Proposed 
Programs. Ziemkiewicz. P.F. 1977 A Comprehensive Reclamation Research 
Program on Coal Mining Disturbed Lands. Westar Mining Ltd. 1983, 1984, 
1985, 1986, and 1987. 1982, 1983, 1984, 1985, and 1986 Annual Reports 
and Proposed Program for 1983, 1984, 1985, 1986 and 1987 

Vegetation Assessment of Representative Reclaimed Sites Kaiser 
Resources Ltd, 1975, 1978, and 1979. Annual Reclamation Reports for 1975, 
1977 and 1978 and Proposed Programs. Ziemkiewicz. P.F. 1977 A 
Comprehensive Reclamation Research Program on Coal Mining Disturbed 
Lands. Westar Mining Ltd. 1983, 1984, 1985, 1986, 1987 and 1990. 1982, 
1983, 1984, 1985, 1986 and 1989 Annual Reports and Proposed Program for 
1983, 1984, 1985, 1986, 1987 and 1990. 

• Ewin Ridge/Mount Banner Permanent Reclamation Sample Plots 
Assessments 1998 Myosotis Ecological Consulting, November 1998 

High Elevation Reclamation Monitoring - Ewin Ridge 2004 Assessments 
EBA Engineering Consultants Ltd. Engineering Consultants Ltd. March 

2005 

• Long-Term Monitoring of Permanent Reclamation Plots on High-Elevation 
Disturbances at Line Creek Mine EBA Engineering Consultants Limited, 2000 

Specific research studies: 

• FC-2-78 	Effect of Legume Seeding Rates and Grass Competition on 
Establishment and Growth of Four Legume Species Seeded in Fall on High 
Elevation Waste Rock. 
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• FC-1-79 	Establishment and Survival of Introduced and Native Plant 
Species on High Elevation West Rock Slopes. 

	

• FC-4-80 	Alfalfa Variety Comparison of High Elevation Mine Waste at 
Fording Coal. 

	

• FC-4-82 	Combined Conifer-N Fixing Species Planting as a Technique for 
Re vegetating High Elevation Waste Rock Dumps. 

	

FC-2-99 	High-elevation Conifer Trials. 

	

FC-3-99 	High-elevation Vetch Trials. 

	

FC-4-99 	Single Species Native Grass Trials. 

	

FC-1-02 	High Elevation Conifer Plantation Interseeding. 

. EVC- 1-07 Assessment of High Elevation Sheep Habitat. 

3.4.6 Fertilization Studies 

Fertilization, along with vegetation establishment, is one of the critical early 
management actions which can be used to influence the effectiveness of 
reclamation. Reclamation research directed at fertilization at Teck Coal's operations 
can generally be grouped into three categories: 

• Research into optimum formulations and rates of fertilizer application for 
grass and forb establishment on mine waste; 

• Research into optimum formulations and rates of fertilizer application for 
conifer establishment on mine waste; and 
Research into the effects of fertilization to enhance forage production and 
quality on non-mine-waste sites. 

These categories are discussed separately below. 

Development of Optimum Formulations and Rates of Fertilizer Application for Grass 
and Forb Establishment on Mine Waste 

Fertilization studies for grass/legume mixes and for native grasses and forbs have 
focussed largely on appropriate broadcast delivery rates for phosphorus (F) and 
potassium (K) fertilizer prills. Phosphorus is an element required for symbiotic 
nitrogen fixation in legumes, and over-delivery of nitrogen (N) in fertilizer applications 
can reduce the advantages of this fixation, which can both limit or eliminate the 
bacterial symbiont and limit the legume component of reclamation forage stands. 
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Tests of varying rates of P (as P205) application have found longer-term (3+ years) 
positive responses in soil P availability, plant growth response, and plant nutrient 
status to any P additions, at rates from 20-700 kg P/ha. P fertilizer application at 
rates above 40 kg/ha resulted in greater increases in vegetation cover, biomass 
production, and plant P content. Fertilizer P application was found to be an effective 
method for stimulating legume and overall vegetation production on reclaimed mine 
waste, and thus of adding organic matter and nitrogen to reclaimed ecosystems. 
Optimum delivery rate (as defined by analysis of relative costs and benefits) was 
found to be approximately 90 kg P/ha (200 kg/ha of P 205), applied as a single, pre-
seeding broadcast application. Application of P as maintenance fertilizer in years 
subsequent to seeding was found to be unnecessary for sustaining of satisfactory 
growth. 

Tests of varying rates of K (as K20) application have found that plant establishment 
and growth does not consistently respond to K application, but when it does, this 
response is maximized at K delivery rates of approximately 40 kg/ha (50 kg/ha K 20), 
applied as a single, pre-seeding broadcast application. 

Limited testing of N delivery rates has shown positive growth responses of 
agronomic grasses at an application rate of 60 kg/ha, but this positive response 
might entail a corresponding inhibition of legume growth, for reasons discussed 
above. 

Tests of fertilizer application on high-elevation reclamation sites showed that 
fertilizer increased total cover and litter production in plots seeded with agronomic 
species, but not in plots seeded with native species. This lack of or diminished 
response of native plants to chemical fertilizer application has been observed in 
multiple trials, and has implications for development of fertilization regimes where 
establishment of native species is a reclamation objective. 

Development of Optimum Formulations and Rates of Fertilizer Application for 
Conifer Establishment on Mine Waste 

Trials established on planted waste dumps have indicated that seedling fertilization 
in the form of a fertilizer tablet (10 g Agriform 20-1 0-5) placed in the planting hole 
increases seedling survival and growth in comparison to unfertilized controls. Use of 
fertilizer prills (16-20-0), either broadcast (300 kg/ha) or placed in the planting hole 
(12.5 g) substantially reduces survival to low levels. This reduction is thought to 
result from an increase in soluble salt concentrations in close proximity to plant roots 
(in the case of hole placement) or from increased competition with ground-cover 
species (in the case of broadcast application). 

Effects of Fertilization on Conifer Growth Pertormance 

Relatively little research has been directed at evaluating the effects of post-planting 
fertilization on conifer growth performance, but results from limited trials suggest that 
N fertilizer applied at rates of 50 and 100 kg ha 1  yr 1  in years 1, 2, 3, 6, and 7 
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subsequent to planting have measureable positive effects on height growth of both 
pine and spruce, with larger increases associated with the larger fertilizer doses. 

Effects of Fertilization to Enhance Foracie Production and Quality on Non-Mine-
Waste Sites 

A number of fertilization trials in a variety of non-mine-waste settings (undisturbed 
grasslands and post-harvest forest cutbiocks) have been initiated to investigate 
whether fertilizer additions can be used as a tool to increase yield and forage quality 
of these grasslands, and thus augment their value as ungulate habitat. These trials 
have had inconsistent results, but in synthesis have indicated the following: 

• Forage characteristics can be altered through fertilizer application, but this 
alteration is manifested as increased yield, rather than increasing foliar 
nutrient concentrations - a response typically observed in conditions of 
chronic nutrient deficiencies. In addition to promoting vegetative growth, 
fertilizer application also improved seed set of native alpine grassland 
species. 

• N was identified as the primary limiting element in native grasslands, with 
non-N fertilizer applications producing no or minimal growth responses. At low 
rates of delivery (30-50 kg/ha), N additions have been shown to have variable 
results, with some studies showing positive growth responses of native 
species, and some studies showing no response. Higher N delivery rates 
have been conclusively shown to produce yield increases - rates in excess of 
225 kg/ha (up to 450 kg/ha, in combination with other nutrients), produced no 
growth response, but increased regrowth after sampling, suggesting an ability 
to support higher utilization by wildlife. Maximum yield increases resulting 
from N fertilizer applications were as much 195% relative to unfertilized 
control plots (i.e., control value x 2.95), with the increase in crude protein 
production corresponding to this yield increase being 150%. Use of 
ammonium nitrate as the applied form of N overall yielded better results than 
urea. 

• Maximum yield increases were observed when all tested nutrients (N, P, K, S, 
plus secondary and micronutrients) were applied, with N application rates of 
225 kg/ha. 

Reference documents: 

Effect of Clearcutting and Fertilization on Improving Ungulate Habitat at 
Erickson Creek. Interior Reforestation Co. Ltd. 1996 and 1997. 1995 and 
1996 Operational Mitigation Monitoring Report: Erickson Creek and Michel 
Slopes. Consultants Report. 
Effect of Fertilization on Vegetative Biomass for Improving Ungulate Habitat 
at the Michel Slopes. Westar Mining Ltd. 1990. 1989 Annual Report and 
Proposed Program for 1990 

• Nutrient Movement through Growth Medium West Line Creek Dump. Interior 
Reforestation Co. Ltd., January 1999. 
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• Line Creek Reclamation Studies 1980 & Line Creek Reclamation Studies 
1981. B. C. Research April, 1980 and November 1981 

Specific research studies 

• FC-5-73:1 	Effect of Seedlings Rates, Fertilizer Program and Elevation on 
Establishment and Growth of Grass and Legume Mixtures Seeded on Waste 
Rock. 

• FC-5-73:2 	Effect of Seedlings Rates, Fertilizer Program and Elevation on 
Establishment and Growth of Grass and Legume Species Seeded Individually on 
Waste Rock. 

• FC-5-73:3 	Effect of Seeding Rate and Fertilizer Program on Establishment 
and Growth of a Grass-Legume Mixture Seeded on Waste Rock. 

• FC-5-73:4 	Effect of Seeding Date, Seeding Rate and Fertilizer Program on 
Establishment and Growth of a Grass-Legume Mixture Seeded on Waste Rock. 

• FC-2-77 Effect of Amount and Frequency of Phosphorus Application on 
Establishment, Growth and Phosphorus Use Efficiency of Legume-Dominated 
Vegetation on Waste Rock and Glacial Till. 

• FC-3-77 Effect of Amount and Frequency of Potassium Application on 
Establishment, Growth and Potassium Use Efficiency of Legume-Dominated 
Vegetation Grown on Waste Rock and Glacial Till. 

• FC-2-79 Effect of Amount and Frequency of Phosphorus Application on 
Establishment and Long-Term Survival of Legume- Dominated Vegetation on 
High Elevation Waste Rock. 

• FC-3-79 Effect of Amounts and Frequency of Potassium Application on 
Establishment and Long-Term Survival of Legume-Dominated Vegetation on 
High Elevation Waste Rock. 

• FC-4-79 Survival and Growth of Tree and Shrub Species on Revegetated 
Greenhills Mine Waste - Effect of Phosphorus Fertilizer. 

• FC-3-82 Techniques for Supplying Plant Nutrients to Conifer Seedlings Planted 
on Mine Waste. 
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3.4.7 Reclamation for Wildlife Habitat Establishment 

Identification of Preferred Browse and Forage Species 

Pre-disturbance conditions on mine sites in the Elk Valley included substantial areas 
providing valuable ungulate habitat, particularly habitat supporting elk and bighorn 
sheep. For this reason, reclamation of wildlife habitat has been and continues to be 
a primary focus of the reclamation research programs at all of Teck Coal's 
operations. 

Survey and review work undertaken during mine development in the Elk Valley 
identified the valuable species as present in the pre-disturbance environment, or 
capable of being established through reclamation. These species are presented in 
Tables 3 and 4. (Note that these tables are cross-referenced to the degree possible, 
although as Table 4 does not provide information on season of usage, some species 
could not be accurately inserted into Table 3). 

Note that studies reviewed for the Northeast BC and Alberta sites did not include 
data describing the actual seed mixes used and how they were developed. 

A variety of seed mixes have been used at Luscar and Cheviot Mines and from early 
research it was determined that only grasses and legumes established and 
germinated in significant numbers from seed and that seeding of other vegetation 
types would not be successful. (Lesko et al.1975). As reclamation practices evolved 
more effort was made to include native species into seed mixes. Following 
observations of northern wheatgrass and alpine bluegrass invading rock dumps on 
Luscar Mine, these two native species were incorporated into seed mixes. 

The seed mixes used at all these sites are included in the operational reclamation 
manual. 
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Table 3: Valuable Browse and Forage Species for Elk and Sheep 

Elk Sheep 
Native Grasses & Forbs Winter Spring Summer FaII 

Blue wildrye  

Idaho fescue  

Rough fescue 

Bluebunch wheatgrass 

Pinegrass 

Sheep fescue 

Arctic bluegrass 

Mountain brome  
I 	 I 

Silky lupine  

Fireweed  

Sedges  
I - 

Slender wheatgrass  

Naturalized/Introduced 
Grasses & Forbs 

Winter Spring Summer 
I 

Fall 
I 

Hard fescue 

Timothy 

Sweet Clover 

Canada bluegrass I  

Smooth brome 

Alfalfa  
I I 

Creeping red fescue  

Red clover  
I I 

Alsike clover 

Kentucky bluegrass  

Meadow foxtail  

Meadow fescue  

Native Shrubs Winter Spring Summer Fall 

Trembling aspen 

Saskatoon 

Chokecherry 
I I 

Willow  

Prickly rose  

Red osier dogwood 

B 

Highly valuable - plants avidly sought, which make up a major part of 
the diet or which are consumed far in excess of their proportional 
presence. 
Valuable - plants sought and readily eaten, but to a lesser extent than 
the above category. Such plants make up a moderate part of the diet. 
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I able 4: Potential Native Reclamation Species tor Wildlife Forage md Browse 
Species I Trees and Shrubs I Forbs and Grasses 

w 

CL a) a) 
-C 
Cl) 
C 
0 
ZM 
In 

I- 

a) 

a) 

Douglas maple 
Saskatoon 
Red-osier dogwood 
Trembling aspen 
Buffalobe rry 

Douglas maple 
Saskatoon 
Kinnickinnick 
Douglas-fir 
Willow 

Douglas maple 
Saskatoon 
Kinnickinnick 
Red-osier dogwood 
Trembling aspen 
Douglas-fir 

Bluebunch wheatgrass 
Pinegrass 
Blue wildrye 
Idaho fescue 
Sheep fescue 
Rough fescue 
Silky lupine 
Alpine timothy 
Timothy 
Spike trisetum 
Yarrow 
Bluebunch wheatgrass 
Northern wheatgrass 
Blue wildrye 
Hairy wild rye 
Fi reweed 
Idaho fescue 
Sheep fescue 
Rough fescue 
Silky lupine 
Bluebunch wheatgrass 
Arrowleaf balsam root 
Idaho fescue 
Timothy 
Common dandelion 

Reclamation of Preferred Forage (Grass and Forb) Species 

Having identified grass and legume species preferred by for forage, reclamation 
research proceeded to investigation of establishment of these species on mine 
waste materials. Work on establishing these species on waste rock indicated that 
the best establishment and persistence in the reclamation setting was achieved by: 

• Native Grasses and Forbs - bluebunch wheatgrass, sheep fescue, 
mountain brome, and slender wheatgrass; 

• Naturalized/Introduced Grasses and Forbs - hard fescue, Canada 
bluegrass, and creeping red fescue. 

The mean proportion of seed germination, even for successful species, is low, 
averaging 5%, with even the best performers only up to approximately 15%. This 
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Table 5: Seed Mixes Used in Elk Valley Reclamation 

SEED MIX #8 (elevations below 1900 meters) 

lntermedoteoe 	gross 

Species % of mix by wt. 

Alsike clover 10 

Boreal creeping red fescue 10 

Chinook orchard grass 

Meadow foxtail 5 

Hard fescue - 

Climax timothy 4 

Canada bluegrass 2 

Red top 2 

TOTAL: 100 

SEED MIX #9 (elevations above 1900 meters)  

Species % of mix by wt. 

Sainfoin 73 

Meadow foxtail 5 

Boreal creeping red fescue 5 

Al5ikOi ior..or 3 

Hard fescUe 5 

Climax timothy 3 

Canada bluegrass 2 

Rek 	p 2 

TOTAL: 
] 

100 

SEED MIX #10 (wildlife forage mix)  

--- 

Crested wheotqrass v. fairsav 

Species % of mix by wt. 

Mountain brome v. bromar (native) 25 

Sheep fescue (native) 6 

Hard fescue v. durar 6 

Canada bluegrass v. reubens 2 

Fowl Bluegrass (native) 

TOTAL: 

3 

100 

Indicates species identified as highly valuable for elk or sheep subsistence. 
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means, on average, that with a seed delivery rate of 2000 seeds/rn 2 , approximately 
100 germ inants will be present per m 2 . 

Comparison of "naturalized" versus native seed mixes indicated similar number of 
germinants and resultant vegetative cover for both types of mixes, but greater 
species diversity present in naturalized mixes, with native species mixes dominated 
by slender wheatgrass. 

Evaluation of timing of seed application yielded variable results, but overall fall seed 
applications had better or equal performance (in terms of resultant plant presence, 
cover and biomass) to spring applications. 

Seed mixes were formulated for use on the Elk Valley mine sites as a result of this 
research, and are shown below in Table 5, with high-value species colour coded as 
in the Table 3 above. 
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Reclamation of Preferred Browse (Tree and Shrub) Species 

Similar work as described above for evaluating reclamation using preferred forage 
species was also conducted for browse species. Indeed, due to the importance of 
tree and shrub species in providing structural and winter dietary components of 
ungulate habitat, substantial effort in reclamation research programs has been 
directed at techniques for successfully establishing these species on mine waste. 
This work has shown that all of the identified preferred browse species (aspen, 
saskatoon, dogwood, willow, rose, and chokecherry) can be successfully established 
on coal waste rock, including on challenging high-elevation winter-range sites, where 
long-term survival of approximately 50% can be achieved through use of optimal 
planting windows and plant protection. Additional species successfully established 
as part of ungulate habitat reclamation work include Douglas maple, snowberry, 
wolf-willow, cottonwood, pine, and spruce, with an average long-term survival of 
approximately 40%. Buffaloberry and spirea were two species that could not be 
successfully established, with long-term survival rates below 20%. 

Reclamation research has shown planting season to be an important factor in plant 
establishment and success - in general, deciduous species perform better after cold 
storage and spring planting, while locally grown conifer seedlings perform best after 
a hot-lift fall plant. Stock age and size (2+0 styro 45 seedlings versus 1+0 styro 77 
seedlings) were found not to have any significant influence on long-term survival, 
which is consistent with previous work. Economic considerations suggest that the 
smaller, younger seedlings confer the greatest reclamation benefit per unit cost. 

A critical aspect of the high-elevation ungulate habitat work was the use of physical 
plant protectors ("cones"), used both to protect seedlings from browse, and to 
reduce desiccation during periods of excessive drought and wind. Research on 
effects of plant-protector use showed that most deciduous species (with the 
exception of wolf-willow) showed increased survival resulting from plant protection - 
long-term survival of plants that had been protected for a period of their early 
establishment was approximately 3 times that of those planted without protectors. 
The optimum duration of protection for these species was found to be 3 years 
(growing seasons) following planting. Wolf-willow, spruce and pine showed no 
significant survival gains from protection, although, as noted above, conifer survival 
was significantly higher for fall-planted seedlings. Although effective at increasing 
plant survival, plant protectors are logistically difficult and costly to maintain for 3 
years in challenging conditions. For this reason, later research tested the use of 
chemical deterrents (applied directly to plant leaves to render them unpalatable) in 
place of physical protectors. Although limited in scope, this research generally 
indicated a survival decrease (approximately 10%) in plants treated solely with 
chemical deterrents, in comparison with those treated either solely with physical 
protectors, or with physical and chemical protection agents in conjunction. 

A common practice on the Elk Valley mines has been to treat tree and shrub 
plantations with legume (typically birdsfoot trefoil) interseeding, to establish ground 
cover and nutrient enrichment (through symbiotic nitrogen fixation and shoot and 
root growth and decomposition). The optimum delay of interseeding (application of 
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seed following planting) has been found to be 2 years for standard conifer 
plantations established at low-mid elevations. However, application of seed to plants 
with protectors was found to reduce survival, due to vigorous growth of legumes 
under protected conditions, and resultant competition with seedlings for moisture. 
Thus, ungulate habitat reclamation research has resulted in recommendations that 
the minimum interseed delay for protected plants be 4 years following plant 
establishment, or 1 year following protector removal. 

Forage Quality in Wildlife Habitat Reclamation Species 

Evaluation of a range of forage quality parameters (e.g., total digestible nutrients, 
crude protein, available protein) has indicated that both native and agronomic 
grasses and legumes exceed minimum dietary maintenance requirements for crude 
protein during the growing season, but that these levels and digestible nutrients 
decline during late fall and winter, sometimes to less than the threshold maintenance 
levels. Native grasses and forbs have been generally found to have higher protein 
levels than agronomic species, while agronomics have higher digestible energy. 
Native nitrogen-fixing forbs (e.g., lupine, locoweed) were found to contain the 
highest levels of crude protein and digestible nutrients; however, winter biomass of 
these species was reduced to a very low level by early fall grazing by elk. Silky 
lupine was identified as a preferred food species for elk that can be heavily utilized in 
winter. Of all studied species, only a woody species, aspen, was able to meet total 
digestible nutrient requirements of 50% over the winter season. Thus it is believed 
that woody species play a critical role in meeting nutritional requirements over the 
year, while the other species contribute to habitat through provision of protein. 

This work on forage quality suggests that ungulates are able to meet dietary 
requirements in the critical winter period by increasing consumption of woody 
shrubs, particularly aspen, chokecherry, dogwood, Saskatoon, rose, willow, 
kinnickinnick, and buffaloberry. On the reclaimed landscape, these winter protein 
needs can be met by ensuring that these woody species occur in adequate 
proportions. In addition, increasing legume content in agronomic stands, while not 
directly addressing winter dietary protein requirements, will provide surplus summer 
protein levels that can help animals prepare for winter protein deficits. 

Elemental Uptake by Vegetation on Reclaimed Sites 

In addition to evaluating establishment success and nutritional quality of vegetation 
on reclaimed sites, it is important to understand forage quality from the perspective 
of uptake of potentially undesirable elements, notably selenium and metals. 
Extensive sampling on all of the Elk Valley mine sites has been conducted to 
address this issue. Overall, this work indicates no (or marginal) differences between 
elemental concentrations on reclaimed sites and on adjacent, non-mined reference 
sites, and suggests that risks to animals consuming vegetation on reclaimed sites 
are minimal. For more discussion on this topic, see Section 3.4.10. 
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Wildlife Habitat Enhancement Techniques 

A number of sites, particularly Elkview Operations, have evaluated techniques to 
enhance adjacent wildlife habitat, to compensate for loss of habitat during mining. 
These techniques have primarily consisted of implementation of various forest 
harvest regimes designed to retain overstory species with habitat value but also to 
increase light and other resources available to understory species, and thus 
stimulate production of forage. Evaluation of these treatments has indicated variable 
responses, as follows: 

• Species composition - some sites show favourable responses to treatment, 
with shifts towards more preferred forage species. Other sites show the 
opposite trend, and some sites show no species composition response at all. 

• Forage production - half of the treatment sites tested showed no significant 
change in forage production following treatment, while the other half showed 
substantial and significant positive responses, with forage biomass increasing 
4-7 times over pre-treatment levels. These positive responses were observed 
in the second year following treatment, and were sustained for at least 10 
years. Sites that appear amenable to enhancement are: sites where conifer 
overstories are encroaching on native grasslands, deciduous-dominated 
stands, and moist conifer-dominated stands treated with patch-cut or group 
selection removal. 

Although the bulk of wildlife enhancement work in the Elk Valley has focussed on 
ungulate habitat, Elkview Operations has also evaluated habitat enhancement 
techniques for birds and small rodents, through placement of standing snags, nest 
boxes, log/brush piles, and tunnelling materials. This research has shown than use 
of these features can rapidly result in site usage by a variety of species: on their test 
site, Elkview has documented use by 20 bird species, as well as small rodents, 
snowshoe hare, and coyotes, and has observed successful reproduction by tree 
swallows and mountain bluebirds in multiple years. 

Reference documents: 

• Ungulate Winter Habitat Mitigation Plan and Enhancement Treatments-
Harmer West Slopes. Interior Reforestation Co. Ltd. 1994. 

• Ungulate Winter Habitat Mitigation Plan Phase 1 - Harmer West Slopes. 
Consultants Report prepared for Elkview Coal Corp. Interior Reforestation 
Co. Ltd. 1996, 1997 and 1998. 1995, 1996 and 1997 

• Ungulate Winter Habitat Mitigation Monitoring Report- Harmer West Slopes. 
Przeczek, John and Tom Baumandl, 2007. 2006 Vegetation and Soil 
Monitoring Report. 

• Diverse Wildlife Habitat Pilot Project at Harmer II. Westar Mining Ltd. 1983, 
1984, 1985, 1986 and 1987. 1982, 1983, 1984, 1985, and 1986 Annual 
Reports and Proposed Program for 1983, 1984, 1985, 1986 and 1987. 
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• Utilization of Agronomic Grass species by Wild Ungulates at a Reclamation 
Study Plot in SE British Columbia Crows Nest Resources, November 1980. 

• Forage Quality of Twelve Grass Species Sampled at Line Ridge. Crows Nest 
Resource Limited, October 1985 

Specific research studies: 

. FC-1 -86 	Reclamation Potential of Preferred Food Species for Elk. 

• FC-1 -88 	Pilot Scale Assessment of the Reclamation Potential of Grasses 
Identified as Preferred Food Species for Elk. 

• FC-2-89 	Reclamation Potential of Preferred Elk Browse Species and 
Shrub Survival. 

• FC-1 -95 	Preferred Elk Browse Species Shrub Trials. 

• FC-1-00 	Elemental Concentrations in Forage. 

EVC-2-07 	Comparison of Ungulate Deterrents. 

3.4.8 Riparian Reclamation 

Riparian reclamation research has focused on two primary zones: 
• A zone of fluctuating inundation, where plants are flooded for at least 

temporary periods (most typically during spring high-water levels); and 
• A terrestrial or stream-bank zone, which is typically not flooded, but 

experiences fluctuating water tables within the root zone. 

Information synthesis is provided by these different zones, below: 

Inundated Zone 
Testing of species suitability for periodically inundated riparian zones (e.g., gently 
sloping benches grading into littoral aquatic habitat) has shown great promise for 
use of native sedges as reclamation vegetation. Both research trials and operational 
reclamation for Fording River Operation's Henretta Creek reclamation project have 
demonstrated that sedges (including Carex rostrata) have great ability to colonize 
coal waste, both as transplants acquired from on-site wetlands, and as nursery-
grown seedlings. Other species showing ability to establish and persist under 
conditions of seasonal flooding include willow, cottonwood, and bog birch. 

Terrestrial Zone 
Evaluation of candidate vegetation in the terrestrial zone indicated that the species 
with the greatest ability to flourish in these conditions are aspen, spruce, 
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cottonwood, and willow, and that these species can establish very successfully. 
However, the research conducted in these zones indicates a number of potential 
limitations, primarily related to moisture availability and competition that can 
significantly reduce success in these areas, as follows: 

• At both Line Creek and Coal Mountain, seedlings/cuttings either planted into 
or co-established with agronomic grass-legume ground cover have shown 
high or complete mortality due to vigorous competition with these ground 
cover species. 

• In one riparian trial, waste rock materials adjacent to a habitat compensation 
waterbody were covered with high organic-matter-content overburden, to 
enhance vegetation establishment in this zone. Survival of riparian vegetation 
in this trial was lower for seedlings planted in areas: 

• with overburden cover thickness less than 15 cm; and 
• more elevated above the waterbody. 

In both cases, this lower survival was related to reduce moisture availability, either 
due to less substrate moisture retention (in the first case) or to greater distance to 
water table (in the second case). 

Reference documents: 

• Corbin Creek 'As Built" Monitoring. Westslope Fisheries Ltd., July 2002 

Specific research studies: 

• FC- 1-94 	Development of Riparian Habitat on Coal Spoil. 

EVC-4-05 Riparian Species Establishment Trial. 

3.4.9 Reclamation Success 

Clause 10.7.7 of the 2008 Health, Safety and Reclamation Code for Mines in British 
Columbia states: 

"On all lands to be re-vegetated, land shall be re-vegetated to a self-
sustaining state, using appropriate plant species." 

In order to document fulfillment of this obligation, the Elk Valley mines have 
undertaken a reclamation research program directed specifically at evaluating 
success of reclaimed vegetation communities. This program is discussed by topic 
area, below. 

Biomass Production 

Repeat biomass sampling is conducted annually at a reference site reclaimed with 
agronomic forage species at each of the five Elk Valley operations. The goal of this 
work is to aid in definition and documentation of self-sustaining reclamation, through 
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gaining an understanding of annual variations in forage production, and identification 
of relationships between these variations and potential causal factors (e.g., climate 
patterns). The ultimate objective is to allow normal variations from climatic 
fluctuation to be distinguished between real changes in site productivity over time, 
which might indicate departure from self-sustaining conditions. Over the four years 
that this work has been conducted to date, it has indicated that biomass production 
is very closely correlated to growing-season precipitation levels (with best 
relationships obtained between current-year biomass and current + antecedent 
growing-season precipitation), and that this production can vary by as much as 
approximately +1- 30%, with higher production occurring in wetter years, and lower 
production occurring in drier years. To date, this work suggests that variations of this 
magnitude are normal, and helps to define the concept of "self-sustaining" in relation 
to a productivity parameter. 

The repeat sampling work conducted at the Elk Valley mine sites has also included 
sampling of foliar nitrogen levels, to try to develop knowledge of how these levels 
fluctuate seasonally and annually, and whether they can provide any insight into 
nutrient cycling or trends on reclaimed sites. To date, this work has been 
inconclusive. 

Site-Wide Reclamation Assessments 

Over the period 2008-2009, site-wide assessments for areas reclaimed as forage 
stand were conducted at all five of Teck Coal's Elk Valley operations. In order to 
provide information across sites, remote-sensing technology was employed, using 
multi-spectral imagery to classify all seeded reclaimed areas into one of five forage 
productivity classes (ranging from very low-very high), based on spectral signatures 
of these classes. In total, through this program almost 2150 ha of reclaimed land 
were assessed, with approximately 60% of this area being classified in the 
moderate-very high productivity classes. The primary intent of this program is to 
allow tracking of site-wide reclamation trends over time, in order to evaluate and 
document the achievement of self-sustaining vegetation communities. Re-
conducting such assessments in the future will allow identification of reclaimed areas 
that are stable or improving from the standpoint of forage production, versus those 
that are degrading. These trends will be evaluated in concert with other trends, such 
as changing species composition and information on nutrient cycling in these stands. 

Soil Biology on Reclaimed Sites 

Re-establishment of functional nutrient cycling through active soil biological 
processes is one of the critical elements in achieving self-sustaining vegetation, as 
reclaimed ecosystems transition from being supported by initial fertilizer nutrient 
inputs to being sustained by the natural cycles of root uptake, photosynthetic 
production, senescence, litterlall, and decomposition. One aspect of soil biology is 
colonization of plant root systems by symbiotic fungi. These symbiotic associations 
are termed "mycorrhizae", and have been shown to play important roles in nutrient 
acquisition. A number of studies have been conducted on mycorrhizal associations 
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on the Elk Valley mines - these studies have generally shown the presence of 
mycorrhizae on evaluated conifer, grass, and legume root systems, regardless of 
whether or not plants have been inoculated with mycorrhizal species during nursery 
propagation. A study of conifer root systems showed that the majority of mycorrhizal 
associations present were those common to all nursery-grown seedlings, but there 
were some that are only observed under out-planted conditions. This finding 
suggests the following: 

'That mycorrhizal associations established on container seedlings are 
persisting over the long term (10+ years) in reclaimed settings, suggesting 
that these associations are playing a functional role in plant survival and 
growth; and 

'That there is evidence of mycorrhizal "succession", as nursery-generated 
mycorrhizal associations are replaced by species present in the undisturbed 
landscape adjacent to reclaimed mine sites. These species are typically 
introduced to rooting systems through movement and droppings of small 
animals (e.g. voles). 

It should be noted that in specific instances, inoculation may be necessary to 
support certain vegetation species, due to lack of inocula sources in coal waste or 
typical nursery growth media. An example of this is inoculation with the Frankia 
symbiont for alder and buffaloberry - reclamation research on propagation and 
establishment of these species has shown much higher success through use of 
inoculated seedlings. 

Another aspect of soil biology is the presence of soil fauna on reclaimed sites. A 
study at Elkview on the potential re-introduction of soil fauna through forest topsoil 
salvage and placement indicated presence of soil fauna (primarily mites, springtails, 
and predatory beetles) in reclaimed sites, particularly in moister and more sheltered 
sites (i.e., sites receiving seepage and retaining snow), but that inoculation with 
forest topsoil did not affect faunal presence on reclaimed sites, except in the 
transferred topsoil patch itself. Similarly, a trial looking at earthworm introduction at 
Elkview found that although the species Lumbricus rube//us was able to survive for 
three growing seasons on inoculated sites, by the fourth growing season there was 
no evidence of worm presence, activity or egg capsules. 

In synthesis, this reclamation research indicates: 
• Mycorrhizal fungi and soil fauna are capable of colonizing and persisting in 

reclaimed coal waste ecosystems. Their presence in these ecosystems is 
evidence that these species are filling a functional role in energy and nutrient 
cycling, and are contributing to overall production on these sites. 

• Soil biota may only be capable of establishment on reclaimed coal waste 
under conditions suitable for their survival. Much like vegetation communities, 
other soil biota can be viewed as having "successional pathways", with some 
species more suitable to the early seral stages of reclamation than others. 
The topsoil transplant and earthworm inoculation studies suggest that trying 
to artificially hasten introduction of later-seral soil biota may not be successful. 
However, presence of some non-nursery mycorrhizal species on conifer root 
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systems shows that, as conditions become favourable, native soil biota will 
re-colonize reclaimed habitats. 

Reference documents: 

• Reconnaissance Assessment of Mycorrhizal Colonization of Reclaimed Sites 
at Elkview Operations. Ponder, Jr., Felix. 1980. Rabbits and Grasshoppers: 
Vectors of Endomycorrhizal Fungi on New Coal Mine Spoil. USDA For. Serv., 
North Central Forest Experiment Station, Research Note NC-250. Przeczek, 
John and Tom Baumandl, 2007. 

• 2006 Vegetation and Soils Monitoring Report: Elkview Operations Sparwood, 
B.C. consultants report prepared for Elk Valley Coal. 

• Introduction of Soil Microfauna on a High Elevation Reclaimed Site. Westar 
Mining Ltd. 1986 and 1987. 1985 and 1986 Annual Report and Proposed 
Program for 1986 and 1987. 

• Earthworm Species Trial and Inoculation Study. Westar Mining Ltd. 1984 - 
1987. 1983-1986 Annual Report and Proposed Program for 1984- 1986. 

• Establishment and Growth of Mycorrhizal and Rhizobium Inoculated High-
Elevation Native Legumes on Line Creek Operations Coal Mine Spoils. C.R. 
Smyth, Myosotis Ecological Consulting, 1997 

• 1999 Reclamation Research Report C. E. Jones and Associates Ltd. 2000 
(Section 6) 

Specific research studies: 

• EVC-1 -05:2 Assessment of Reclamation Productivity and Sustainability 
Using Remote Sensing 

3.4.10 Elemental Content in Reclaimed Vegetation 
Reclamation research has been conducted in the Elk Valley to gather information on 
elemental content in vegetation on reclaimed sites, both to increase understanding 
of forage quality on these sites, and to fulfill potential obligations under clause 
10.7.25 of the Health, Safety and Reclamation Code for Mines in British Columbia, 
which states: 

"When required, vegetation shall be monitored for metal uptake". 

Sampling of vegetation and laboratory analyses have been conducted on all of the 
Elk Valley operations, and has indicated that for all analyzed elements, with the 
exception of selenium (Se) and molybdenum (Mo), concentrations are comparable 
to those found in adjacent non-mined reference sites and/or are below documented 
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dietary tolerance thresholds for potential toxicity, and thus pose no risk to animals 
consuming reclaimed vegetation as forage or browse. Molybdenum and selenium 
are discussed below. Note all reported concentrations are on a dry-weight basis. 

Molybdenum 

Mo concentrations in legume foliage on reclaimed sites have been reported in some 
cases to be above conservative dietary guidelines (NRC, 2005; Puls, 1994) for 
cattle, and domestic sheep (used as a proxy for wild ungulates, as these animals 
share ruminant digestive systems), and elevated relative to reference sites. The 
majority of observed elevated concentrations on these sites is in the range of 4-6 
ppm, and thus approaches or marginally exceeds the 4-5-ppm thresholds for "high" 
levels or maximum tolerance. Maximum reported concentrations in reclaimed foliage 
are 11-13 ppm. Although these concentrations are in the elevated range in 
comparison to published levels for domestic livestock dietary tolerances, studies 
evaluating molybdenosis (secondary copper deficiency caused by binding of copper 
by thiomolybdates in the digestive tract) risk in range cattle summer grazing on 
forage with elevated molybdenum concentrations have demonstrated much higher 
dietary tolerances of approximately 25-65 ppm (Gardner et al. 2003; Steinke et al. 
2004; Ward, 1994 in Highland Valley Copper, 2005). Since cattle are the most 
susceptible ruminants to molybdenum toxicity, dietary guidelines developed for cattle 
should be protective of wild ruminants (Highland Valley Copper, 2005). No Elk Valley 
sites approached, let alone exceeded, the field-based guidelines developed for 
Highland Valley Copper; thus, despite elevated Mo compared to published 
tolerances, it is unlikely that Mo concentrations in reclaimed forage on the Elk Valley 
mines pose any risk to grazing elk, bighorn sheep, moose, goats, and deer. 

Selenium 

Selenium (Se) is an element of particular interest in the Elk Valley, as it is present in 
coal-bearing rock, and is an observed product of weathering of this rock. Teck Coal 
has supported an "Elk Valley Selenium Task Force" to study Se issues in aquatic 
habitats for over a decade. Se concentrations in vegetation have been more 
extensively studied than any other element. 

Se uptake in plants varies widely based on species, growth stage, season, and 
ecological variables such precipitation and soil pH. Research demonstrates that 
plants have differing abilities to tolerate and/or accumulate concentrations of Se 
when grown on seleniferous soils, even in closely related taxonomic groups. While 
some plants will accumulate relatively high levels of Se, most are Se 
nonaccumulators. In addition, ecological parameters such as alkaline soils and and 
conditions facilitate Se accumulation in physiologically predisposed plants. Plants 
that uptake high levels of Se are referred to as Se accumulators; other species, 
known as secondary Se accumulators, accumulate moderate concentrations of Se, 
while Se nonaccumulators amass much lower concentrations of Se when found 
growing in similar soils (i.e., adjacent to Se accumulating plants). Table 6 presents 
information on Se accumulators relevant to plant species potentially found in the Elk 
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Valley. In reviewing this table, it is important to note that not all species in a listed 
genus will exhibit the same response to Se presence in soils. 

Table 6: Categories of Selenium Accumulation in Plants 1  
Category Se accumulators Secondary Se 

accumulators  
Se nonaccumulators 

Definition Plants that hyperaccumulate 
Se (100-10,000 ppm d.w.) 
when grown on seleniferous 
soils 

Plants that accumulate up to 
1,000 ppm Se when grown on 
soils with low-medium Se 
content 

Plants with <100 ppm Se 
when grown on seleniferous 
soils; <1 ppm when grown on 
non-seleniferous soils 

List Milkvetch, some species Aster, some species, 
including: 

Pacific 
Western_mountain  

Most forage and crop plants, 
and weed species, including 
wheatgrasses, alfalfa, barley 

Haplopappus 

Milkvetch, some species Salt-tolerant species such as: 
saltgrass, other saltbush 
species 

Nuttalls saltbrush 

Brassica 
B. juncea 
B. napus 

Indian paintbrush 

Bastard toadf lax 

G umweed 

Perennial ryegrass* 

Tansyaster 

Blazingstar 

White c lover* 

*Possjbly a Se non-accumulator 

Note that the majority of agronomic species used in reclamation in the Elk Valley, 
with the possible exceptions of white clover and perennial ryegrass, are identified as 
Se nonaccumulators, while some species, particularly milkvetch species, found in 
the local non-mined environment are defined as Se accumulators. 

A comprehensive review of Se concentrations in forage on sampled reclaimed sites 
at the five Elk Valley operations indicates a range of mean values from 0.9-4.0 ppm, 
with mean grass concentrations typically approximately 2 ppm and mean legume 
concentrations approximately 4 ppm. Maximum concentrations observed in single 
composite samples range from 1.8-9.4 ppm. Studies of co-located foliar and soil 
samples have indicated a roughly linear positive correlation between soil 
concentrations and foliar concentrations, with grasses accumulating Se at less than 
a 1:1 ratio with soils and legumes accumulating at greater than a 1:1 ratio. There is 
evidence of differing concentrations by site, with some waste rock dumps 
consistently showing higher soils and foliar concentrations than others. For example, 
Coal Mountain Operations repeatedly has the lowest waste-material and forage Se 
concentrations of all sites. 
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Published dietary tolerances for ruminant animals are presented in Table 7. A 
comparison of these values with reclaimed-site concentrations reported above 
indicates that all mean forage concentrations measured to date on reclaimed sites in 
the Elk Valley are in the "Normal" to "High/Maximum Tolerable" categories, but that 
individual composite samples show concentrations into the cited "Toxic/Excessive" 
range. Although this latter observation indicates potential for Se toxicity in ungulates 
consuming vegetation on reclaimed sites, these factors mitigate this potential: 

•The values cited in Table 7 are based on chronic, not acute, responses, and thus on 
mean concentrations of the total intake of ingested forage and soil materials, not 
on maximum levels. Mean concentrations measured in forage on the Elk Valley 
mine sites are not in the cited "Toxic/Excessive" range, and the maximum 
concentrations that are rarely observed. Mean soil Se concentrations are 
predominantly lower than the cited "Toxic/Excessive" range. 

•As with Mo, there is indication in external research that published dietary tolerance 
levels based primarily on domestic livestock are likely not applicable to ungulates 
utilizing the reclaimed Elk Valley mine sites for foraging. Studies of wild ungulates 
native to seleniferous areas indicates that these animals tolerate higher dietary 
levels of selenium than those cited in Table Y. Most relevantly, Raisbeck etal., 
(1996) found no evidence of selenium toxicity in pronghorn antelope fed a diet 
containing an average selenium concentration of 15 ppm (substantially higher 
than both the mean and maximum concentrations reported on reclaimed sites in 
the Elk Valley) for five months. The presence of elevated Se concentrations in 
foliar samples for non-mined reference sites in the Elk Valley (see below) 
suggests that wildlife in the area may be adapted naturally elevated Se 
concentrations. 

Table 7: Generalized Dietary Tolerances for Selenium (ppm) 

Animal 
Normal! 

Adequate 
High!Max. 
Tolerable 

Toxic! 
Excessive Reference 

Beef Cattle 

0.3 - 1 3 - 4  >5 - 20 Puls, 1994 

0.1 -- 8.5 
The Salt Institute, 

-- 5 -- NRC, 2005 
Grazing Cattle 0.1 1 - 5 -- Davis, 2001 
Growing/Finishing Cattle 
Gestating/Early 0.1 
Lactation Cows  

2 -- NRC, 1996 

Sheep -- 5 -- NRC, 2005 
Deer 0.1 - 1 -- -- Puls, 1994 

Mean foliar Se concentrations on adjacent non-mined reference sites in the Elk 
Valley range from 0.2-2.9 ppm, which is approximately 0.75-4 times lower than the 
values reported from reclaimed sites. It is worth noting that the highest Se 
concentration observed in an individual composite sample in the element-uptake 
studies in the Elk Valley is 14.7 ppm, from a reference-site sample on the Greenhills 
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range (field notes indicate presence of milkvetch species in this composite sample, 
with milkvetch being an identified Se accumulator (Table 6). This finding supports 
the premise of natural selenization in the Elk Valley pre-dating surface mining 
activities, and the probability that local wildlife populations are adapted to 
seleniferous conditions. It is interesting, given mean foliar concentrations on 
reclaimed and reference sites that mean concentrations in soil/growth-medium 
materials are roughly 6 times higher on reclaimed sites than reference sites (2.9 
ppm versus 0.5 ppm, respectively) - this finding may suggest that the native species 
present on reference sites accumulate Se slightly more than the agronomic species 
predominant on reclaimed sites. Nevertheless, Se concentrations in vegetation on 
reclaimed sites have marginally elevated Se concentrations in comparison to 
reference-site vegetation. 

On sites where foliar sampling has been conducted for Se analysis in multiple years, 
results show no evidence of Se concentrations changing (increasing) over time. 

In synthesis, the Se data collected from across the Elk Valley mine sites indicates 
that there is minimal risk of Se toxicity to animals consuming vegetation on 
reclaimed sites. 

Reference documents: 

• Trace Elements in Vegetation - Coal Mountain Operations (included in 2006 
Reclamation Report). Pryzm Environmental, January, 2007 

• Trace Elements in Vegetation and Soils Coal Mountain Operations (included 
in 2007 Reclamation Report) Pryzm Environmental, January, 2008 

• Elemental Concentration in Forage. C. E. Jones and Associates Ltd. July, 
2001 

• Selenium Accumulating and Non-accumulating Plants: The Potential 
Relevance to Elk Valley Coal Fording River Operations Reclamation. C. E. 
Jones and Associates Ltd. November2006 

Specific research studies: 

• EVC-1-05:1 Assessment of Reclamation Sustainability and Metals Uptake 
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4. SYNTHESIS OF CURRENT KNOWLEDGE - "WHAT WE 
HAVE LEARNED" 

The following subsections present synthesized information from Section 3 and 
underlying reports by topic area, with information presented in a question-and-
answer format. 

At the end of relevant discussions, comparisons across operations are made, with 
evaluation of applicability of findings across Teck Coal's sites. These comparisons 
displayed in italicises. 

4.1 Pre-production Baseline 
Reclamation research initiated in the pre-production phases established 
characteristics (species presence and productivity values) for pre-disturbance forest 
and grassland ecosystems, which provided guidance for selection of reclamation 
species, as well as benchmark values for reclamation success. 

What are the productivity and nutritional characteristics of native grasslands 
and how are they important as ungulate winter range? How do these compare 
to reclaimed winter and summer range sites? 
On high-elevation native grasslands important as elk winter range in the Elk Valley, 
preferred elk forage and browse species were identified, and the typical range of 
annual above-ground biomass production values was established as being 
approximately 400-800 kg/ha. Typical values in reclaimed forage stands at these 
elevations are lower when native grass species are used alone (approximately 50-
350 kg/ha on young native grass stands), and are higher when agronomic grass-
legume mixes are used (approximately 500-1500+ kg/ha). A study of forage quality 
on these sites showed that native grass and forb species meet required nutritional 
values into the fall, but then decline below dietary maintenance thresholds, with elk 
meeting these thresholds in the critical winter period by increasing their consumption 
of woody shrub species. 

The above in formation was generated from studies conducted in the Elk Valley, and 
primarily at Fording River. Comparable information from the Alberta and northeast 
B.C. operations was not available. Nevertheless, due to coarse similarities in pre-
disturbance conditions (substrates and vegetation species), it should be possible to 
apply these values for comparison across all operations. In northeast B.C., high-
elevation sites include large areas of upper subalpine and alpine areas - it is likely 
that pre-disturbance forage productivity in these areas was lower than the values 
cited above. Nutritional patterns are likely valid across sites, due to species 
similarities and to shared physiology of senescence or dormancy over winter. 

How do the characteristics of reclaimed vegetation communities differ from 
adjacent non-mihed communities? 
There is a diversity of answers to this question, as the characteristics of both 
reclaimed and native ecosystems cover extremely wide ranges. Nevertheless it can 
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be observed that, in general, forage biomass production rates are lower than on 
adjacent reference sites when native species are used in reclamation, and are 
equivalent or higher when agronomic species are used (although the species are 
obviously different). Monitoring of reclaimed versus reference sites at Cardinal River 
indicates that vegetation cover of reclaimed sites is lower, even over the long term, 
and that reclaimed sites lack moss and lichen species. However, observations from 
other sites show that cryptogams are frequently some of the first invading native 
species in reclaimed ecosystems. 

What are the productivity and nutrient conditions of non-mined forests? How 
do these compare to reclaimed forest stands? 
For forest stands, the typical ranges of site index values for lodgepole pine and 
hybrid (Engelmann) spruce (pine and spruce being the dominant forest overstory 
species) were established in the Elk Valley as being approximately 16-19 for pine 
and 17-22 for spruce - comparable values from reforested coal waste rock sites are 
13-19 for pine and 17-24 for spruce. Foliar nutritional sampling of these stands 
indicates severe nitrogen deficiencies for all sites (0.88-1.14% foliar N 
concentration), as well as isolated possible phosphorus, potassium, boron, copper 
and magnesium deficiencies. These data suggest that nutritional deficiencies may 
be endemic to the Elk Valley area - comparable values from reforested coal waste 
sites are 0.62-1.93% foliar N concentration. 

The site index values established in the Elk Valley are likely valid for sites at the five 
Elk Valley operations with elevations between approximately 1600 and 2000 m, but 
could be augmented by further data review or collection. Higher-elevation sites are 
likely to have reduced site indices (where the concept of site index is applicable), 
while lower-elevation sites could possibly support higher site indices. Pre-
disturbance site index values were not cited for operations in Alberta and northeast 
B.C., and extrapolation of Elk Valley values to these areas would not be advisable 
without some site-specific verification. 

In formation on pre-disturbance foliar nutrition is likely more broadly applicable, as 
these patterns change less by area. It is likely that pre-disturbance forest stands at 
all of Teck Coal's operations would be nitrogen-deficient according to published 
values, with concentrations in the range or very similar to the range cited above. 

How do agronomic grasses and legumes adapt to climatic and elevation 
conditions of the Elk Valley? 
Early work on the mine sites included testing agronomic grass and legume species 
for their ability to adapt to the climatic conditions and elevations of the Elk Valley 
mine sites. This work indicated that a number of species (brome, hard fescue, 
creeping red fescue, Kentucky bluegrass, red clover, alsike clover, alfalfa, birdsfoot 
trefoil, and cicer milkvetch) were able to successfully establish and persist. This work 
was used to formulate agronomic seed mixes for use in forage and interseeding 
reclamation programs. 

Experience and reclamation practice at all of Teck Coal's operations has indicated 
the ability to successfully adapt agronomic grass and legume species to 
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revegetation of mine waste, regardless of the desirability of this practice. In formation 
from the higher-latitude, high-elevation sites in northeast B.C. indicates that 
agronomic species may not be able to successfully reproduce in these settings. 

What are general pre-disturbance soil conditions? 
In the mountainous environments in which all of Teck Coal's mines are located, soil 
availability is often limited both by shallow soil depths and soil-quality restrictions 
(often by high coarse-fragment contents). Early soil surveys at Cardinal River 
Operations indicated minimal suitable soils available for salvage and use in 
reclamation, with later report citing logistical difficulties in salvage. Despite these 
limitations, soil salvage and replacement has become standard practice at Cardinal 
River and is a requirement of Alberta legislation. 

4.2 Evaluation of Substrates and Landform Configuration 
One of the primary tasks of reclamation research has been to investigate the 
suitability of coal waste materials as growth media, and to study the effects of waste 
landform configurations on reclamation. The classes of substrate for the following 
discussions are: 

• Coal waste - consisting of fractured rock resulting from pit stripping, and 
coarse coal rejects; 

• Regolith - consisting of unconsolidated B/C horizon soil and/or parent 
material overlying consolidated bedrock; and 

• Topsoil - consisting of A/B-horizon soil materials salvaged from 0-30 cm 
below ground surface. 

This section also contains a specific discussion on comparability of coal waste rock 
materials across operations; other factors relevant to extrapolation include the 
comparability of dominant vegetation species and the comparability of climatic 
regimes and discussed briefly below: 

• Vegetation - all sites are comparable at a coarse level, with dominant 
vegetation on the majority of the pre-disturbance landscape consisting of 
lodgepole pine and hybrid white spruce forests. However, predominant 
understory species, wildlife species, and habitat characteristics are different 
across the geographic areas, so vegetation findings are not directly portable 
without due consideration and possible adjustment. 

• Climate - as with vegetation, climate across the sites is generally similar, with 
short growing seasons featuring gentle to pronounced moisture deficits, and 
long dormant seasons where frost damage and winter desiccation are a risk. 
Chinook winds typical in the Alberta region may also have impacts on winter 
desiccation. At a finer scale, there are differences in climate which may lead 
to differential reclamation response. For example, growing-season 
precipitation is generally higher in northeast than southeast B.C., which may 
make some reclamation techniques more or less viable, e.g., summer hot-lift 
planting may be more likely to be successful in northeast B.C. than in 
southeast B.C. 
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Are coal waste rock materials similar across all sites? 
Waste rock materials generated during mining at the Elk Valley operations are 
generally comprised of sandstones, siltstones, and mudstones common throughout 
the mountainous terrain of the region. Testing of these materials between operations 
shows close similarity in properties influencing plant growth. Due to this finding, and 
to the similar climate of the sites, it is believed that most reclamation findings can be 
extrapolated across these sites. 

Comparable in formation on coal waste rock properties was not found for the Alberta 
and northeast B.C. operations, and so the same conclusions about extrapolation of 
findings cannot be made with the same confidence to these sites. However, 
anecdotal evidence suggests differences in coal waste rock composition and 
properties at these sites, particularly in northeast B.C., where conglomerates and 
other rock types are present in the waste materials. 

What landform and material properties most strongly affect reclamation? 
Regardless of material, the two properties most influential on reclamation success 
(all other factors being equal) are slope gradient and material physical properties: 

• Slope gradient - although steeper slopes can be successfully reclaimed, 
reclamation outcomes are generally more favourable on slopes of 26-27° or 
less. Vegetation cover and biomass production tend to be higher on these 
more gentle slopes, and erosion may be reduced. For this reason, and for 
ease of subsequent site preparation activities such as placement of topsoil or 
cover soil, all operations reslope waste deposits to 27 0  or less, where 
practicable. 

• Physical properties - coarse fragment content (and associated weathering 
rate in coal waste) is a strong determinant of vegetation success, with sites 
with higher coarse-fragment contents (>70%) typically supporting lower 
vegetation cover and biomass, and having higher seedling mortality rates. 
Compaction and "cementing" of spoil surfaces, as observed in the Quintette 
area can have very adverse effects on vegetation establishment. 

Can coal waste materials (coal waste rock and coarse coal rejects) support 
plant growth? What are the limitations to these materials as growth media? 
Numerous research trials, both as greenhouse assays and in situ tests, have 
confirmed that plants, including grasses, forbs, and woody species, can successfully 
establish, grow, and persist over long time periods with only coal waste in their 
rooting zones. Chemical analyses of coal waste materials in the Elk Valley have 
shown these to be deficient in nitrogen and phosphorus, so best reclamation results 
are obtained when these elements are applied as fertilizers at the time of vegetation 
establishment - see Section 4.6. No elements have been found at phytotoxic 
concentrations (levels limiting to plant growth) in coal waste materials. 

These findings on the successful establishment of vegetation directly on coal waste 
rock have been documented at all Teck Coal operations. Although in formation was 
not found in this review to comprehensively confirm this statement, it is likely that the 
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findings on nitrogen (and phosphorus) deficiencies, and lack of phytotoxicity in coal 
waste materials, is also applicable to all Teck Coal operations. 

How do coal waste materials and reclamation cover materials compare to 
growth media on adjacent reference sites? 
Coal waste tends to have higher coarse fragments contents (often >60%) than many 
native soil materials, although these contents would be comparable to most colluvial 
materials common on steeper slopes adjacent to the mine sites. Analyzed organic 
matter and total nitrogen contents in coal waste rock range from 4-10% and 0.1-
0.7%, respectively, compared to values of 0.8-5.5% for native-soil organic matter 
content and 0.06-0.82% for nitrogen content in comparable forest soils. Monitoring at 
Cardinal River also shows similar nutrient status of cover materials in comparison to 
adjacent "undisturbed" soils. Soil pH levels on all reclamation materials tend to be 
roughly 1 .5-2.0 units higher than those of native soils. However, other than soil 
reaction, these results demonstrate more similarity between reclamation and native 
growth media than might be otherwise supposed. 

Data on general nutrient status and pH above are gathered and applicable across 
the Teck Coal sites. The specific values for organic matter and total nitrogen content 
are from analysis of Elk Valley coal waste rock, and are likely specific to these 
materials - extrapolation to waste rock at the other operations should not be done 
without site-specific validation. 

How do amendments or cover materials affect reclamation performance? Are 
these amendments necessary for reclamation? 
Results of testing of different available cover materials have been variable. In the Elk 
Valley, where legislation allows the mines to demonstrate that end land uses can be 
met without the use of coversoils, tests of available sources of fine soil particles 
(overburden tills, runoff fines) have been conducted at multiple sites to assess the 
value of these materials in improving reclamation success. These tests have shown 
that amendments or covers are generally not necessary to achieve successful 
revegetation as defined by biomass production of agronomic species, and that most 
studies indicate no longer-term (10+ years) benefits of use of cover materials 
reflected in vegetation performance (vegetation cover and biomass production). 
Isolated trials have documented both short-term and more persistent positive effects 
of use of cover materials or amendments on vegetation performance, but have also 
indicated disadvantages to their use, primarily in the form of increased erosion and 
sediment delivery. On balance, the outcome of these studies has been that use of 
cover materials and soil amendments have not been adopted as typical practices in 
the Elk Valley, due to lack of demonstrated long-term benefits and to costs and 
logistical challenges associated with their placement and maintenance. One 
exception is that south-facing coarse reject dumps are typically covered with thin 
cover soil layers, to reduce growing-season surface soil temperatures. 

In Alberta, mine operators are required by legislation to salvage and replace soils by 
their operating approvals. Cardinal River Operations has conducted extensive 
evaluation of the use of topsoil/coversoil materials, and has found generally that 
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vegetation establishment is quicker and more extensive on topsoiled areas versus 
reclamation of regolith materials (and by extension coal waste rock), that woody 
species establish more readily on topsoiled areas, and that topsoiled vegetation 
communities are dominated by grasses, while those on regolith are dominated by 
legumes (suggesting more favourable nitrogen levels in topsoil). In addition, in 
young reclaimed sites with topsoil covers, native species cover is increased by 2-10 
times over that found on non-topsoiled sites. However, in the longer term (20+ 
years), it has been observed that reclaimed regolith sites have higher biomass 
production than topsoiled areas, with the hypothesis being that the legume-
dominated communities on regolith improve nitrogen supply in this material over 
time, ameliorating initial disadvantages, and that these legume-dominated 
communities tend to be more productive than the grass-dominated communities 
found on topsoil. Use of topsoil is still preferred at Cardinal River due to immediate 
vegetation growth (supplying both erosion prevention and forage production) and 
seed supply provided by salvaged topsoils. 

In northeast B.C., overburden materials were used as cover materials on some 
reclamation areas, but these materials are often difficult to distinguish from waste 
rock materials, and there is no cited information comparing effectiveness of 
reclamation with and without cover materials. 

Note that despite different answers to the posed question above, the question of 
whether cover materials are "necessary" is strongly influenced by definition of 
reclamation objectives. Where a primary objective is the vigorous establishment of 
native species, use of salvaged topsoil, particularly when directly placed, is likely to 
yield better results than other materials. Where reclamation success is defined by 
forage production, including production of agronomic species, substrate may be less 
important. Use of reclamation cover materials is discussed again in Section 6. 

How do slope angles affect reclamation performance? 
Reclamation research has shown no stability or erosion issues in coal waste rock 
contoured to final angles of 24-34°. Based in part on this research, and on 
operability considerations for cover placement, it is standard practice at most 
operations to reslope coal waste to final slope angles of 26-27 0 . In some cases, it is 
necessary to leave steeper slope angles, usually when confined by storage volume 
and spatial footprint constraints. Monitoring of reclamation conducted on angle-of-
repose slopes (-33-37 0) has shown that vegetation can successfully establish and 
persist on these sites, and that the cover and biomass production of these reclaimed 
communities is similar to adjacent reference (non-disturbed) native grasslands. 
Erosion can potentially be an ongoing challenge on these steep slopes, however, 
particularly when exacerbated by heavy ungulate use. 

These findings are valid across Teck Coal's operations. 

How do slope aspects affect reclamation performance? 



Effects of slope aspect are inconsistent, and likely act in concert with other site 
factors, with aspect perhaps being more influential on sites more exposed through 
other factors (elevation, exposure to wind), and less influential on less exposed 
sites. Long exposed S and SW aspect slopes pose greater challenges for growing 
trees due to wind desiccation, especially in winter. These sites are more suited to 
open range and potential for elk winter range if snow depth is less than 0.7m. North 
and east aspects seem to be best for growing trees as these aspects are less 
susceptible to wind desiccation and greater potential to retain moisture with 
increased snowloads.Some reclamation research conducted on this topic has shown 
that warmer slope aspects (south and southwest slopes) have reduced vegetation 
cover and seedling survival, due to growing-season and winter desiccation, while 
other studies show no significant aspect effect. It is acknowledged that aspect, 
through its effects on factors such as insolation and snow accumulation, has a 
strong influence on soil moisture regimes and associated plant communities. These 
influences are accounted for in reclamation planning, through selection of species 
appropriate to specific sites. 

These findings have been compiled from data across Teck Coal's operations. 

Are there any specialized techniques to assist in reclamation of angle-of-
repose coarse rejects slopes? 
Recent work at Coal Mountain Operations has focused on testing methods for 
establishing vegetation and minimizing erosion on steep coarse-reject dump slopes. 
Although results are preliminary and inconclusive at this time, they suggest that best 
results are obtained with "bonded fibre matrix" hydroseeding applications including 
mycorrhizal inocula, and, in a separate trial, with compaction of slopes with a 
"sheepsfoot" roller. 

These practices have to date not been tested at any other operations, but there is no 
reason that they would not be applicable to similar steep-slope reclamation areas 
incorporating use of cover materials. 

How does site preparation affect reclamation results? Can microsite creation 
be used as a reclamation technique to enhance vegetation establishment? 
Reclamation research at all of Teck Coal's operating and non-operating mines has 
highlighted the importance of site preparation in reclamation success. Deep ripping 
is critical for reduction of compaction on dump platforms or other previously 
trafficked surfaces. As demonstrated at the Quintette mine, site preparation too far in 
advance of revegetation can result in "crusting" or cementation of surface materials 
and subsequent substantially reduced revegetation success. Crusting/cementation 
and timing of site preparation can also be significant issues in placement of cover 
material, particularly less-weathered overburden materials like glacial till. 

Substantial work in Alberta and the Elk Valley has focused on various techniques for 
creating microsites on reclaimed areas, and the effects of these sites on vegetation 
development. This work has consistently found that seedlings planted in more 
protected sites - in hollows created by ripping or rough mounding (through dozer 
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mounding or the creation of "dozer basins"), or in the lee of larger rocks or coarse 
woody debris - consistently show higher survival rates than those planted in non-
roughened areas or in more exposed microsites. Seeded agronomic species also 
respond positively to roughened sites, but native seed mixes appear to be relatively 
insensitive to site roughness, although microsite creation has been observed to 
enhance germination of species in salvaged soil propagule banks. Site preparation 
that creates roughened surfaces has also been shown to be effective at reducing 
erosion, although it is also possible that these sites encourage net percolation, which 
may have implications for Se management. See Section 5.12 for further discussion. 

Findings above are applicable across all of the Teck Coal operations. 

4.3 Revegetation of Disturbed In-Situ Soils 
Although the primary task of surface coal mine reclamation is the reclamation of 
large waste material deposits, all operations also include need for reclamation of 
smaller disturbances and linear features, where typically the material needing 
reclaiming is disturbed soil and underlying parent materials. 

What reclamation techniques are best suited to reclamation of disturbed in-
situ soil? 
Forb (grass and legume) seed mixtures can be successfully established through 
broadcast (aerial or ground) or hydroseeding. These techniques work best on 
unconsolidated or uncompacted materials, where crevices provide microsites for 
seed entrapment and germination, and densities do not prohibit root penetration. On 
more compacted sites such as some road cut-slopes, these techniques are likely to 
be ineffective, and specialized techniques such as planting with willow whips may be 
required. 

Reclamation research in the Elk Valley has indicated that seed delivery rates, 
whether broadcast or hydroseed, should be maintained below 100 kg/ha, in order to 
avoid excessive interplant competition in seeded stands, and resultant reduced 
vigour and growth. Tested species that have been most successful for revegetation 
of the most severely disturbed in-situ soils include timothy, creeping red fescue, hard 
fescue, brome, intermediate and pubescent wheatgrasses, and alfalfa - many of 
these species are included in standard agronomic mixes used on the Elk Valley 
mine sites, and timothy, the fescues, brome, and alfalfa have all been identified as 
species having high value as ungulate forage. On less severe disturbances, a wider 
range of species can be successful. 

Findings on the use and limitations of hydroseeding, and on maximum seeding 
rates, are applicable across all of the Elk Valley operations. Results on successful 
species are applicable to current and historic seed mixes used in the Elk Valley - as 
in-situ disturbances are often relatively "easy" reclamation areas, there is no reason 
to think that a much broader range of species, including native species, could not be 
established on these sites. 



What role does native species invasion play in the revegetation of disturbed 
in-situ soil? 
One defining characteristic of reclamation of these linear or other disturbed-soil 
features is the typical close proximity of undisturbed ground and native seed 
sources. In these cases, successful establishment of vigorous agronomic stands 
may be counter-productive to long-term reclamation objectives, as reclamation 
research on these disturbances has shown that native invasion is encouraged on 
more sparsely vegetated plots, and is inhibited where denser covers are established, 
particularly when those covers include substantial legume components (due to the 
vigorous growth and site occupation by these species). It is recommended that 
objectives be carefully assessed prior to reclamation of disturbed in-situ soil 
features: where the primary objective is erosion control, a relatively dense seed 
application may be a preferred reclamation method (potentially combined with 
"mounding" to reduce erosion through topographic effects); where erosion is not a 
primary concern, it may be preferable to either seed very lightly or to not seed at all, 
with or without planting of native woody species, and to create conditions favourable 
to native species invasion. 

The longest-term monitoring project tracking species dynamics over time on in-situ 
disturbances in the Elk Valley has shown that: 
• Over time, the cover and number of native species on reclaimed disturbances 

increase, due to ingress from adjacent ecosystems. 
• Over time, the cover and number of agronomic species on reclaimed 

disturbances decrease, as ecological space is increasingly occupied by re-
colonizing native species. 

• Egress of agronomic species into adjacent native ecosystems has been very 
low, indicating that these species are not invasive and are not compromising the 
ecological integrity of undisturbed ecosystems. 

Findings and interpretations above have been gathered and are appilcable across all 
Teck Coal operations. 

4.4 Re vegetation of Mine Wastes 
This is the central task of mine reclamation. 

Is direct seeding a viable reclamation option? 
Reclamation research has demonstrated that agronomic grasses and legumes and 
native grasses can all be successfully established through direct broadcast or 
hydroseeding. To date, there are no results indicating any success establishing any 
other species (native trees, shrubs, or forbs) through direct seeding, despite multiple 
attempts to do so. This finding is applicable across all Teck Coal operations, and 
indeed is frequently observed across most reclamation sites in western Canada. 
However, the attraction of establishing a range of species through direct seeding is 
such that renewed attempts to do so should not necessarily be discouraged, 



particularly when these attempts include treatments potentially not tested to date 
(e.g. placement of pine slash containing seed cones on reclaimed surfaces). 

What seeding and fertilization practices can be used to optimize native 
species establishment? 
In the Elk Valley, use of delays of 2-5 years in interseeding ground cover species 
have been consistently shown to increase native species seedling survival from 
<30% to more than 90% (compared to interseeding at the time of planting). A series 
of comprehensive trials has demonstrated that optimum successful interseeding 
practice for promoting container seedling establishment and subsequent growth is to 
interseed birdsfoot trefoil (a nitrogen-fixing agronomic legume) at a broadcast rate of 
55 kg/ha, applied in the spring two growing seasons after seedling planting, with 
broadcast fertilization at the time of seed application of 400 kg/ha of 11-55-0 
(monoammonium phosphate). Other ground-cover techniques to promote native 
species establishment and ingress into reclaimed sites include increasing native 
species composition in seed mixes, and planting short-lived species (such as 
ryegrass and slender wheatgrass) which provide immediate cover to prevent erosion 
and protection of new seedlings, but eventually die out and allow ingress of nearby 
native vegetation. In addition, lower seeding rates for agronomic species, particularly 
creeping red fescue, and lower fertilizer application rates, are likely to favour native 
species invasion or native species included in reclamation seed mixes, by increasing 
the amount of ecological space available to these species. 

These findings are applicable across all Elk Valley operations. Use of agronomic 
legume delayed interseeding has been a successful technique for enhancing 
establishment of native conifer seedlings, and has been shown to have significant 
long-term beneficial effects on subsequent growth of these seedlings. This treatment 
may not be preferable where the reclamation objective is to reclaim solely with 
native species; however, there are currently no available native legumes capable of 
providing similar benefits; and the trefoil understory is likely to die out and be 
replaced by native species due to shading at crown closure. 

Which woody native species can be successfully established on mine waste? 
Reclamation research to date has demonstrated successful establishment of the 
following species: hybrid spruce, lodgepole pine, subalpine larch, subalpine fir, 
Douglas-fir, aspen, saskatoon, dogwood, willow, rose, chokecherry, kinnickinnick, 
Douglas maple, snowberry, wolf-willow, cottonwood, sitka alder, balsam poplar, 
northern black currant (in northeast B.C.), buffaloberry, and spirea. 

This finding has been compiled from literature reviews and thus are applicable to all 
Teck Coal operations, with the limitation that some species are not appropriate for all 
geographic areas; e.g. subalpine larch and cottonwood would not be found in the 
Teck mine locations in Alberta and northeast B.C. (although balsam poplar, which is 
closely related to cottonwood, would be found in the vicinity of these operations). 
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How do ground-cover seeding practices aftect establishment of woody native 
species, including conifers, shrubs, and deciduous trees? 
Reclamation research on all sites has shown that ground-cover species (typically 
agronomic grass-legume mixes) can provide substantial detrimental competition to 
establishing container seedlings, and result in high mortality and slow growth rates 
for these seedlings. Planting seedlings into established ground covers, or seeding 
ground covers at the time of planting, has extremely detrimental effects on seedling 
survival, due to competition for light, moisture, and nutrients. Attempts to reduce this 
competition through use of herbicides, spot scarification, or by delaying planting until 
withdrawal of maintenance fertilizer have proven largely unsuccessful. Reclamation 
research has conclusively shown that ground covers and container seedlings cannot 
be successfully established simultaneously, meaning that reclamation practitioners 
must be clear on their priority objectives, and determine whether the primary goal for 
a site is establishment of woody native species (typically for habitat, diversity, or 
forestry uses), or establishment of ground covers (typically for forage production or 
erosion control). Ground covers can be successfully co-established with native 
woody species using an interseeding delay - see below. Recommended practice at 
Cardinal River is to plant into established, but not overly competitive, ground cover, 
in order to provide protection for seedlings, but it is not clear if this recommendation 
is supported by research or monitoring results. 

What are the optimum planting windows for woody native species container 
seedlings? 
Planting window research in the Elk Valley has indicated that container seedling 
planting can be conducted through the entire growing season, but that best results 
are achieved with spring (May-June) and fall (September) planting. On challenging 
sites, research has shown that hot-lift seedlings grown and shade-housed on site, 
and not cold-stored, have highest survival, but hot-lifts are typically logistically 
challenging when delivered from off-site nurseries, and this conclusion may not 
extend to off-site stock, particularly from nurseries from different geographic areas 
(e.g., coastal B.C.). 

These findings are not confirmed by testing results from operations outside the Elk 
Valley; however, there are fundamental reasons that they should be broadly 
applicable: 

• fall-planting of properly hardened-off seedlings allows for root growth during 
that fall and the subsequent spring, prior to the evapotranspirative demands 
of shoot growth, which can result in seedling death from desiccation if root 
systems cannot meet shoot requirements; and 

• hot-lift summer planting is logistically challenging simply because 
metabolically active seedlings need to be kept moist and cool prior to 
planting, which is less of an issue for seedlings withdrawn from cold storage - 
this doesn't mean that summer hot-lift planting should never be done, just that 
it can be more difficult. 
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What other factors affect conifer establishment on mine waste? 
Observations across all Teck Coal mine sites indicate that lodgepole pine is 
susceptible to browsing and other forms of animal damage (e.g., elk antler rubbing), 
and may suffer higher mortality and growth suppression than spruce for these 
reasons. Spruce also appears to be more tolerant of challenging conditions such as 
high-elevation sites, where it consistently shows higher survival than pine. For these 
reasons, planting mixes should favour spruce on higher elevation sites, or where 
wildlife browse pressure is expected to be high. 

It is also observed that conifer seedlings show lower survival on south to west 
aspects than on other slope orientations, due to drier conditions in both summer and 
winter. This reduced survival is generally consistent with reclamation objectives, as 
south to west facing slopes are typically candidate sites for reclamation to ungulate 
winter-range habitat, where conifers can be established at low densities as structural 
habitat components, rather than as fully stocked stands with relatively uniform 
spacing. Conifer planting densities can be reduced if surrounding or adjacent areas 
already contain conifer stands. However, reclamation practitioners should recognize 
that survival levels of conifer seedlings are likely to be reduced on south to west 
aspects. 

These findings are applicable across all Teck Coal operations - even when ungulate 
winter range is not a feature of the pre-disturbance landscape or of mine closure 
planning, southwest facing sites would still typically be more xeric and have lower 
overstory densities. 

What is the demonstrated growth performance of conifers on reclaimed mine 
waste? Is this performance equivalent to that found pre-disturbance or on 
adjacent reference sites? 
This discussion will focus on conifer seedlings planted in fully stocked stands 
intended to fill moderate- or limited-yield commercial forestry objectives, as growth 
performance of conifers established as structural elements of wildlife habitat is less 
critical. Monitoring of eligible operational tree plantations on 120 ha of reclaimed 
land in the Elk Valley has shown approximately 70% of this area meeting provincial 
Free-to-Grow standards. Factors limiting successful achievement of Free to Grow 
status include poor substrate materials and conditions (including coal waste with low 
fines content and weathering-resistant rock, and compacted surfaces), excessive 
competition with ground-cover species, lack of nutrient cycling, poor establishment 
of interseed n-fixing legumes and subsurface coal waste combustion. 

Typical site indices, (project heights as breast height age 50 years), on reclaimed 
mine waste in the Elk Valley range from approximately 17 - 24 for hybrid spruce, and 
13 - 19 for pine. For comparison, typical site indices for adjacent post-harvest 
regeneration at similar elevations are 17 - 22 for spruce and 16 - 19 for pine, 
indicating very close equivalency in growth rates on mine waste and non-mined 
reference sites. However, the site index comparison, above, and results from paired 
coal waste/forest soil research plots, suggests that that the early height growth 
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advantages that pine has on typical forest soil settings are not replicated on coal 
waste rock. 

On all monitored conifer plantations to date, there is no sign of degradation in site 
indices over time, indicating that growth performance equivalent to pre-disturbance 
settings and adjacent reference sites is being sustained over the long term. 

These findings are applicable solely to the Elk Valley, at elevations between 
approximately 1 600-2000 m. Higher-elevation sites are likely not candidates for 
commercial forestry end land uses and site index measurements, while lower-
elevation sites could possibly support higher site indices. Monitoring for commercial 
forestry parameters is not reported from Cardinal River Operations, other than the 
statement that re-establishment of trees for commercial forest production should not 
be attempted on exposed sites at >1620 m elevation. In northeast B.C., mine 
reclamation has not been successful at re-establishing fully stocked forest stands on 
any sites. 

Are there demonstrated benefits of interseeding legume ground covers with 
plantations of woody native species? 
Long-term monitoring of the conifer interseed delay trials (up to 20 years after trial 
establishment) in the Elk Valley has indicated that the advantages of interseeding 
are still manifested in these plantations, with total height of pine and spruce 
interseeded with nitrogen-fixing legume ground covers significantly higher than that 
of non-interseeded trees (total height differences between interseeded and non-
interseeded conifers after 20 years ranges from 0.5-1.5 m). This height advantage is 
largely due to greater growth in earlier years (reflected in a longer age to breast 
height for non-interseeded trees), as site indices do not vary significantly between 
seeding treatments. Analysis of foliar samples from the conifer interseeding trials 
shows that 20 years after interseeding, foliar nitrogen concentrations in interseeded 
plots are 20% higher than on non-interseeded plots, and that this difference is 
maintained or is even increasing over time. 

Although this technique has not been used in any other geographic area other than 
the Elk Valley, there is no reason that the reported findings would not be applicable 
to these areas. This treatment may not be preferable where the reclamation 
objective is to reclaim solely with native species; however, there are currently no 
available native legumes capable of providing similar benefits; and the trefoil 
understory is likely to die out and be replaced by native species due to shading at 
crown closure. 

What is the nutritional status of conifers on reclaimed mine waste? 
Comprehensive analysis of foliar nutrient levels in conifers growing on mine waste 
has indicated that although levels of many nutrients, particularly nitrogen, would be 
classed as "deficient" or "severely deficient" in relation to published sufficiency 
ranges, they are directly comparable to levels measured in off-site reference stands. 
The mean foliar nitrogen concentration in conifer foliage on reclaimed coal waste 
across all monitored Elk Valley mine sites is 1.09%, versus a mean of 1.01% in off- 
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site reference stands. Overall, trees grown on reclaimed sites have demonstrated 
similar foliar nitrogen concentrations to trees planted on native soils, and similar 
growth performance, which indicates that nitrogen levels are sufficient to sustain 
growth rates typical of local high-elevation forest stands. Although nitrogen levels 
may limit conifer growth performance on mine waste, this limitation is common to 
forest stands throughout the region, and is not particular to reclaimed sites. 

This comparison has not been conducted in any geographic area other than the Elk 
Valley, and thus should not be extrapolated. However, the finding that nitrogen 
limitations are common to non-mined forest stands (either pre-disturbance or in the 
adjacent environment) is applicable to all geographic areas of Teck Coal's operation. 

What have we learned about the establishment on non-woody native species 
on mine waste? 
Most non-woody native species can be successfully established on mine waste; 
however, use of these species typically requires significant expenditure of resources 
(effort, money), as they are generally not available through commercial plant 
suppliers, and as information on their propagation and establishment requirements is 
limited. The native species slender wheatgrass, mountain brome, sheep fescue and 
fowl bluegrass have been used for years in operational seed mixes in reclamation in 
the Elk Valley, although these varieties are those that are commercially available, 
and are provenances native to western North America, not necessarily to the Elk 
Valley. Northern wheatgrass and alpine bluegrass have been used in seed mixes at 
Cardinal River. Additional work to date indicates that sedges, silky lupine, alpine 
bluegrass, and a variety of native wheatgrasses can be successfully established on 
mine waste, although their productivity is likely to be reduced in comparison to 
agronomic species. To date, these species, with the exception of sedges, have not 
been used on an operational scale. Recent work in the Elk Valley has included 
identification of 67 native species for further development and testing, including 50 
that are grasses, forbs, and woody species that have not been previously used in 
reclamation programs. 

Findings above are drawn from across Teck Coal's operations and are thus 
applicable to all sites. 

What have we learned about the ingress of native species into reclaimed 
sites? 
Although there are numerous observations of native species ingress into reclaimed 
sites, in general these colonization rates are low, and quantitative data are lacking 
on this subject, or are indicated in the absence of native vascular plants in the 
majority of surveyed/sampled reclaimed sites. Reclamation monitoring at Cardinal 
River shows that cover of native species ranges from 2-7% on the majority of 
reclaimed sites, but is increased to 15-20% on topsoil-covered areas. 
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Can agronomic grass and legume species be successfully established on 
mine waste? 
Reclamation research has shown that agronomic grasses and legumes applied 
either as single species or in mixes, can be successfully established on mine waste. 
Examples of species mixes developed from reclamation research and currently used 
in operational reclamation are provided in Section 3.4.6. Agronomic species can be 
established directly on coal waste rock, and on waste rock covered with glacial till 
overburden, on topsoil, and on regolith materials, although work in the Elk Valley 
suggests that application of cover materials is not necessary for acceptable 
germination and growth of these species. 

Findings above are drawn from across Teck Coal's operations and are thus 
applicable to all sites. 

What are the optimum techniques for establishment of agronomic grass and 
legume species on mine waste? 
Agronomic species can be successfully established through broadcast seeding. 
Seed incorporation techniques, such as raking or tilling, have been shown to be 
beneficial for some species, but are logistically challenging on an operational scale, 
and are not required. Evaluation of different seeding rates has shown that very high 
rates (>100 kg/ha) are detrimental to vegetation establishment and growth, due to 
excessive competition, and that greatest biomass production is achieved with lower 
seeding rates (as low as 40 kg/ha, when large-seed species such as sainfoin are not 
present in the seed mix). A current operational seeding rate in the Elk Valley for 
single-species applications such as birdsfoot trefoil (for conifer interseeding) and for 
mixes is 55 kg/ha. . Work in northeast B.C. has suggested that seeding rates should 
be lower (i.e. 50 kg/ha) on more favourable sites (i.e., finer substrates, more 
protected sites), and higher (e.g. 75 kg/ha) on less favourable sites. Seeding can be 
conducted in either spring (May-June) or fall (mid-September to mid-October) with 
acceptable results, but success, particularly in fall applications, is very dependent on 
weather, with spring seed applications likely yielding more consistent results. 

Broadcast application of fertilizer at the time of seeding has been shown to be 
beneficial to agronomic establishment and growth, but testing in the Elk Valley of 
maintenance fertilization in subsequent years has indicated that this additional 
fertilization is not necessary to sustain acceptable growth provided sufficient n-fixer 
component are used in the seed mixes coupled with low N and high P fertilizers in 
the initial trial application. 

What are the benefits of revegetation with agronomic grasses and legumes? 
The primary benefit of the use of agronomic grasses and legumes in reclamation is 
that these species are adapted for rapid establishment and vigorous growth. These 
traits contribute to the objectives of erosion control and provision of forage for 
wildlife. Typical biomass values of agronomic forage stands range from 500-1500+ 
kg/ha at high elevations, compared to native-grassland forage production values of 
400-800 kg/ha, and 500-3000+ kg/ha at lower elevations, which is comparable to 
native grassland forage production at these elevations. 
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In addition, similar to work done on conifer interseeding with legumes, reclamation 
research has demonstrated the benefits of use of grass-legume mixes to grass 
species in these mixes. Evaluation of grasses growing in close association with 
legumes, in comparison to those growing in isolation, has shown that nitrogen 
nutrition is enhanced for the grasses near legumes. This not only provides a direct 
nutritional benefit to grasses, but also enhances forage protein levels for wildlife 
consuming this vegetation. 

These findings are valid across all Teck Coal operations. 

What are the disadvantages of revegetation with agronomic grasses and 
legumes? 
Agronomic reclamation species can be very successful at establishing and 
maintaining vigorous growth, but this success can be detrimental to ingress of native 
species and eventual transition to native vegetation communities, which can be 
counter-productive to achievement of biodiversity objectives on reclaimed sites. This 
"exclusion" can be particularly pronounced when high seed application rates are 
used (>60 kg/ha), and with high fertilizer applications, as these fertilizer applications 
favour agronomic species. In addition, creeping red fescue has been identified as a 
very successful agronomic grass species for reclamation at all of Teck Coal's mine 
sites, but its overuse can lead to undesirable outcomes. Red fescue is a verysmall-
seeded, sod-forming species with limited above-ground growth that can 
nevertheless dominate seed mixes (in terms of proportional numbers of seeds) at 
relatively low percentages. When this occurs, red fescue can rapidly establish, 
dominate a site, and cause formation of a thick thatch which excludes native species 
ingress and inhibits growth of co-established agronomic species, to the extent that 
biomass production can be substantially reduced. For this reason, it is 
recommended that creeping red fescue be maintained at 10% or less of seed mixes 
by weight when it is used in reclamation. 

These findings are applicable across all Teck Coal operations, but are probably less 
relevant to Cardinal River Operations, where reliance on agronomic species in 
reclamation is reduced in comparison to the B.C. sites. 

Have agronomic species been observed to invade adjacent native 
ecosystems? 
As discussed previously in Section 4.3, evidence to date suggests that there is no or 
minimal invasion of agronomic species into adjacent native ecosystems, indicating 
that the majority of these species are not invasive, and are not compromising the 
ecological integrity of undisturbed ecosystems. However, observations at Cardinal 
River indicate the agronomic species in reclaimed areas will invade unvegetated 
adjacent reclaimed areas, which can be counter-productive to reclamation objectives 
when adjacent areas are topsoiled areas slated for revegetation with native species. 
In addition, crested wheatgrass is an agronomic grass species that is used in 
reclamation seed mixes on Teck Coal's operations, and is widely considered to be 
invasive. 

These findings are applicable across Teck Coal's operations. 
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4.5 Revegetation at High Elevations 

In the following discussion, high-elevation generally refers to mine areas above 
-1900 m in the Elk Valley, and above -1600-1700 m in Alberta and northeast B.C. 

What native overstory (tree) species can be established on coal waste at high 
elevations? 
Reclamation research has shown that the following conifer species can be 
established: hybrid spruce, lodgepole pine, subalpine larch, and subalpine fir. Long-
term survival of these species in the Elk Valley is approximately 50%, with 
substantially higher survival for fall-planted spruce. Species testing at high 
elevations also included evaluation of Douglas-fir, which showed lower survival 
rates, but was from a lower-elevation seed stock - it is probable that this species 
could also be established at the lower end of the high-elevation range (1900-2000 
m), if sourced from local, high-elevation stock. Growth of all high elevation conifers 
remains limited. The survival and growth data together suggest that conifer species 
can be established as components of wildlife habitat on high-elevation sites, but not 
as fully stocked stands, especially where there is difficulty in establishing 
interseeded N-fixing legumes. This is required to ensure sufficient N cycling. 

Species testing at high elevations has also included extensive planting of deciduous 
tree species - this work has shown that trembling aspen and cottonwood can both 
be established on high-elevation sites, with long-term survival levels similar to those 
of conifers. Survival and growth of these species appears to be largely limited by 
ungulate browsing, so prevention of this damage and growth restriction may 
enhance performance. See Section 4.7 for further discussion of seedling protection 
from browse damage. 

These findings are drawn primarily from work in the Elk Valley, specifically at 
Greenhills and Fording River Operations, but are consistent with general 
observations from Cardinal River Operations and northeast B.C., and thus should be 
applicable to these operations, with the exception of species not found in these other 
areas (e.g.., larch, cottonwood, Douglas-fir). 

What techniques optimize survival and growth of overstory species at high 
elevations? 
Reclamation research has demonstrated the importance of micro-site creation 
through site preparation (e.g., through dozer ripping, rough resloping, rough 
mounding, etc.), and the importance of microsite selection during planting, with 
seedlings planted in less-exposed hollows having substantially higher survival than 
seedlings planted in non-ripped and exposed sites. Tree survival on exposed high-
elevation sites can be maximized through creation of microtopography, and through 
planting seedlings in least exposed areas, at the bottoms of mound depressions, 
ripping furrows and/or in the lee of larger waste fragments. Note that these 
techniques were developed and evaluated particularly for high-elevation sites, but 
are applicable to reclamation of mine wastes at all elevations. 
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Interseeding high-elevation tree plantations with birdsfoot trefoil has also been 
demonstrated in the Elk Valley to contribute to soil and tree nutritional status, and to 
increase height growth of interseeded trees in comparison to non-seeded controls. 
When seeded on a 2-year delay, such interseeding treatments will not inhibit conifer 
survival. 

These findings are drawn from and are thus applicable across Teck Coal's 
operations. The applicability of the birds foot trefoil interseeding practice is 
dependent on whether site-specific reclamation objectives include establishment of 
agronomic legumes, but is applicable in principle. 

What native understory woody species can be established on coal waste at 
high elevations? 
Reclamation research in the Elk Valley has demonstrated the successful 
establishment of the following shrub species on high-elevation sites: saskatoon, 
dogwood, willow, rose, chokecherry, kinnickinnick, Douglas maple, snowberry, wolf-
willow, buffaloberry, and spirea. In addition, observations of high-elevation 
reclamation trials have observed ingress of grouseberry. 

In northeast B.C., trials have determined that kinnickinnick, scrub birch, entire —leaf 
mountain avens, arctic willow and creeping willow perform in reclamation at high 
elevations. Comparable information was not available from Cardinal River 
Operations, although undoubtedly there are some findings on native woody 
understory species success at the Luscar and Cheviot mines. In addition, the above 
species lists provide another source of information on species selection that is 
broadly applicable to the Alberta operations. 

Observations above on microsite planting, interseeding, and protection from browse 
apply equally to these species - see Section 4.7 for a more detailed discussion of 
establishment of these species at high elevation. 

Are there particular propagation practices suited for high-elevation 
reclamation? What about establishment practices? 
Research in northeast B.C. indicated that seedling survival is best with seedlings 
with well-developed root structures, and where erect growth habits are "corrected" in 
the nursery to encourage horizontal growth and reduce shoot loss after outplanting. 
This research has also shown that clustered planting of seedlings at high elevations 
facilitates persistence and growth, and that the most successful native-species 
islands were those in which more than 15-20 species were present, and in which 
planting established structural (vertical and horizontal) diversity. 

The findings on successful propagation techniques are likely applicable to container 
seedlings produced for high-elevation sites at all operations. Findings on clustered 
planting and species/structural diversity should be applicable to all sites where 
"native-island" approaches to reclamation are used. 
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What native understory non-woody species have been identified through 
reclamation trials as having potential for high-elevation reclamation? What is 
the expected biomass production of these species? 
In the Elk Valley, the following species have been tested in reclamation seed mixes 
on coal waste rock, and found to have potential for this application: slender 
wheatgrass (including subspecies violaceus), sheep fescue, spike trisetum, 
bluebunch wheatgrass, hairy wildrye, alpine bluegrass, northern awnless brome, 
fowl bluegrass, blue wildrye, fireweed, and yarrow. In addition, fireweed, shrubby 
penstemon and strawberry blight have been observed colonizing high-elevation 
reclamation areas. 

High-elevation native grass trials in the Elk Valley have shown biomass production 
of approximately 50-350 kg/ha - this production is similar to grass biomass in 
adjacent reference-site native grasslands, but lower than agronomic mixes at similar 
elevations (see below). 

In northeast B.C., the following species have been found to perform well in 
reclamation at high elevations: common yarrow, Indian milkvetch, alpine milkvetch, 
arctic poppy, bearded wheatgrass, alpine fescue, Patterson's bluegrass, showy 
locoweed, pendant pod locoweed, and silky locoweed. For legumes, best results 
were obtained with showy locoweed, and all legumes were shown to be capable of 
inoculation with Rhizobium bacteria following outplanting, and did not require 
nursery inoculation. 

A specific listing of successful non-woody native species at Cardinal River 
Operations was not available in the review of reported information, but a number of 
the species listed above for the Elk Valley are applicable and are used in Alberta, 
particularly slender wheatgrass and alpine bluegrass. As stated above for woody 
understoiy species, the above species lists provide another source of information on 
species selection that is broadly applicable to the Alberta operations. 

Biomass production information for high-elevation reclaimed grasslands in the Elk 
Valley are likely approximately applicable across Teck Coal's operations. 

What agronomic grasses can be used in high-elevation reclamation? 
Reclamation research has indicated that the following grass species have greatest 
success on high-elevation sites: creeping red fescue, timothy, smooth brome, 
orchardgrass, Kentucky bluegrass, Canada bluegrass, meadow foxtail, red top, 
bluestem (western) wheatgrass, tall wheatgrass, tall fescue, crested wheatgrass, 
and perennial ryegrass. 

In northeast B.C., seed production of agronomic species, and thus their ability to 
form self-sustaining communities, is limited at elevations above approximately 1700 
m. Some agronomic grasses (hard and sheep fescue) have been shown to produce 
seed at these higher elevations, while creeping red fescue appears to maintain itself 
via vegetative reproduction at these elevations. 
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Findings on successful species are applicable across all operations, with the finding 
on successful high-elevation reproduction from northeast B.C. likely directly 
applicable to the Alberta operations, and applicable at -2000+ m in the Elk Valley. 

What agronomic legumes can be used in high-elevation reclamation? What 
have we learned about agronomic legume establishment at high elevations? 
Reclamation research has indicated that the following legume species have greatest 
success on high-elevation sites: alfalfa, white clover, red clover, alsike clover, 
(potentially poisonous to horses) birdsfoot trefoil, cicer milkvetch, and sainfoin. Most 
species can establish successfully from fall or spring broadcast seeding at rates as 
low as 20 kg/ha, although sainfoin, because of its large seeds, requires 40 kg/ha or 
more. 

The presence of agronomic grasses in legume seed mixes has been shown to be 
competitive with legumes, even at low rates. On sites where legume establishment 
is the primary objective, these species should be seeded as single species or in 
legume-only mixes. 

Greatest cover and biomass is generally achieved through the use of alfalfa and 
clovers. While birdsfoot trefoil produces less biomass, it is not grazed, and has been 
demonstrated to be non-competitive with woody-species seedlings at high 
elevations. Thus, selection of legume species should depend on objectives: where 
the primary objective is establishment of a vigorous forage crop, alfalfa and/or 
clovers would be an appropriate choice; where the primary reclamation objective is 
soil enrichment combined with limiting competition for native species establishment, 
birdsfoot trefoil is a superior choice. 

Evaluation of alfalfa varieties has shown that many varieties can be successfully 
established, but that northern varieties (e.g., Anik) consistently pertorm better in 
terms of biomass and cover production. Rangelander variety of alfalfa is also used 
because of its ability to reproduce by rhizomes as well as seed. 

No agronomic legumes have produced viable seed on the Quintette and B u//moose 
mine sites at elevations above 1700 m. 

While the findings above are drawn primarily from research in the Elk Valley, they 
are broadly applicable across all operations. As with agronomic grasses, the finding 
on successful high-elevation reproduction from northeast B.C., is likely directly 
applicable to the Alberta operations, and applicable at -2000+ m in the Elk Valley. 

What biomass production values can be expected from agronomic species 
mixes on high-elevation reclaimed sites? 
In mixes, agronomic species have been documented in the Elk Valley to produce 
biomass at rates of 500 to 1500+ kg/ha on high elevation sites, as compared to 
typical forage production values of 400-800 kg/ha on pre-production grasslands. 
Fertilization of agronomic mixes at high elevation has been demonstrated to 
stimulate above-ground production and litterlall (and thus forage production and 
nutrient cycling). 
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These findings are broadly applicable to the Alberta and northeast B.C. operations, 
although biomass values of agronomics on upper high-elevation sites in these areas 
are likely to be reduced from values documented in the Elk Valley. 

4.6 Fertilization Studies 

What are the optimum fertilizer applications to enhance reclamation of mine 
waste using grass-forb species mixes? 
Fertilization practices differ substantially by geographic area. In Alberta, studies 
have indicated that nutrient status on reclaimed areas similar to adjacent or pre-
disturbance soils can be achieved with only minimal fertilization, and that fertilization 
generally favours agronomic species over native species. For these reasons, 
reliance on fertilization - both in terms of rate of application and number of 
applications - in reclamation is minimized. In contrast, reclamation trials in northeast 
B.C. have indicated that multiple fertilizer applications (up to 3-5 times), applied 
every other year, are required for successful reclamation. 

Reclamation research in the Elk Valley has generally shown that fertilizer 
applications with moderate nitrogen, high phosphorus, and low potassium delivery 
rates produces desirable results, and that fertilization of other macronutrients and 
micronutrients is not required. A typical current operational reclamation fertilizer is a 
single broadcast treatment applied at the time of seeding, with a formulation of 11-
55-0, and a rate of 400 kg/ha. Details of research leading to this practice are as 
follows: 

• Nitrogen - agronomic grass-legume mixes show growth responses to tested 
nitrogen applications up to 60 kg/ha. However, at the highest tested rates, 
response is primarily manifested in grass species, as these species, unlike 
legumes, do not have the capacity for symbiotic N fixation. A typical current 
operational reclamation N application rate is 45 kg/ha. 

• Phosphorus - vegetation responds positively to P application rates from 20-
700 kg/ha, with an optimum delivery rate of approximately 90 kg/ha. A typical 
current operational reclamation P application rate is approximately 220 kg/ha, 
higher than this optimum rate determined through reclamation research. 

• Potassium - results of K application trials have been variable, with some 
sites showing no response to K fertilization. When sites do respond 
favourably, this response has occurred at application rates of approximately 
40 kg K/ha. In typical current operation reclamation fertilization formulations, 
K is either not applied or is applied at very low doses (--10 kg/ha). 

• Application timing and form reclamation research has indicated that all 
desirable vegetation responses can be obtained with a single broadcast pre-
seeding application of fertilizer, and that application of maintenance fertilizers 
in years subsequent to seeding is not required to maintain satisfactory 
vegetation growth. 

Does substrate affect fertilizer use? 
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Specifically, work at Cardinal River has shown that the effects of fertilization are 
more evident on regolith materials and overburden than on topsoiled areas. A more 
general finding is that the delivery rate and number of fertilizer applications 
necessary to achieve desired reclamation results is likely inversely related to the 
quality of substrate being revegetated, which is why fertilization practices differ 
significantly by area of operation. Cardinal River Operations minimizes the use of 
fertilizer because it is not required to achieve successful reclamation, due to the 
practice of soil salvage and replacement. In the Elk Valley, conventional reclamation 
typically includes a single, high-dose fertilizer application, as most revegetation is 
conducted directly on coal waste rock. However, because these rocks are 
predominantly mudstones, siltstones and sandstones that weather rapidly, repeated 
fertilizer applications are not required. In northeast B.C., not only was soil salvage 
and replacement limited, but the more weathering-resistant coal waste rock is slow 
to release nutrients, and thus successful reclamation requires multiple fertilizer 
applications. 

Does response of native-species seed mixes differ from that of agronomics? 
Native species have a reduced or negligible response to fertilization in comparison 
to agronomics. Thus higher fertilization regimes tend to favour agronomics, to the 
extent that they might exclude native species, while lower fertilization regimes are 
more favourable to native species establishment. 

This effect has been recorded at all Teck Coal operations. 

What are the optimum fertilizer applications to enhance reclamation of mine 
waste using conifer species? 
Reclamation research in the Elk Valley has shown that seedling fertilization in the 
form of a fertilizer tablet placed in planting holes increases seedling survival and 
growth in comparison to unfertilized treatments. Use of fertilizer prills, either 
broadcast or placed in planting holes, substantially reduces survival to low levels, 
due to chemical "burning" when placed in planting holes or to stimulation of and 
increased competition with ground-cover species when broadcast. 

Although not operationally practiced at this time, reclamation research in the Elk 
Valley has indicated that broadcast delivery of nitrogen to reclamation conifer 
plantations at rates of 50-100 kg ha 1  y( 1  during early years after conifer planting has 
an immediate and measurable effect on seedling height growth, with larger 
increases in growth associated with higher application rates. (Note that interseeded 
operational conifer plantations typically receive a single high-dose fertilizer 
application at the time of ground-cover interseeding, two years after planting.) 

Although these findings are drawn from research conducted in the Elk Valley, they 
should be applicable across Teck Coal's operations, as nutrient-supply and 
competition issues affected by fertilization are common to all operations. 

How does fertilization affect production and nutritional characteristics of 
native grasslands? 
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Fertilization trials were initiated on native grassland in the Elk Valley to test the 
efficacy of fertilizer application in increasing biomass yield and/or foliar quality, and 
thus enhancing the value of these ecosystems as wildlife forage sites. This work 
indicated that total biomass yield (and thus total crude protein yield) could be 
increased with fertilizer application, with nitrogen identified as the primary limiting 
element. At low N delivery rates (30-50 kg/ha), responses are inconsistent, but 
higher rates, up to 225 kg/ha (as ammonium nitrate), were found to increase yields 
and improve seed set. Rates in excess of 225 kg/ha (up to 450 kg/ha) did not further 
increase yields, but were found to increase regrowth in subsequent years after 
sampling (and by extension capacity to re-grow after grazing). 

This finding is based solely on work conducted at Fording River Operations, but 
should be applicable across all Teck Coal sites. 

4.7 Reclamation for Wildlife Habitat 
Reclamation research focussed on re-establishment of wildlife habitat on post-
mining landforms has provided substantial information on techniques to re-introduce 
critical components of this habitat. 

What species (both native and agronomics with potential for reclamation use) 
are most valuable as preferred forage and browse for ungulate populations? 
The following species are rated as having high value as food for elk for at least one 
season of the year: 

• Native grasses and forbs: blue wildrye, Idaho fescue, rough fescue, 
bluebunch wheatgrass, pinegrass, sheep fescue, arctic fescue, mountain 
brome, silky lupine, fireweed, sedges, slender wheatgrass, alpine timothy, 
spike trisetum. 

• Native trees and shrubs: trembling aspen, saskatoon, chokecherry, willow, 
prickly rose, red-osier dogwood, Douglas maple, buffaloberry. 

• Naturalized/introduced grasses and forbs: hard fescue, timothy, sweet clover, 
Canada bluegrass, smooth brome, alfalfa, creeping red fescue. 

The above species lists are based solely on work conducted in the Elk Valley, as this 
is the only geographic area of operation in which elk are a primary wildlife species. 
(Elk do frequent the Cardinal River sites but not in large quantities.) 

The following agronomic species are rated as having high reclamation potential 
(high ability to establish and high utilization) for bighorn sheep habitat: 

• Timothy, Canada bluegrass, Kentucky bluegrass, creeping red fescue, 
meadow fescue, meadow foxtail, red clover, alsike clover. This list should be 
viewed as substantially incomplete, as it is missing: 

• information from Teck Coal's Alberta operations, which support large 
populations of sheep; and 

• information on native species, which are clearly important in sheep habitat, as 
they were the sole species in this habitat prior to the introduction of 
agronomic species. 
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These species have been incorporated into both tree and shrub planting programs 
and seed mixes used on the Elk Valley mine sites (see Section 3) as a result of this 
research. 

Can native and naturalized/introduced grass and forb species be used 
successfully in reclamation of wildlife habitat on coal mining waste materials? 
What are the advantages of each? 
Reclamation research has shown that both native and naturalized/introduced grass 
and forb species can be successfully established as part of reclamation programs - 
all naturalized species can be successfully established, and some native species 
can be successfully established. Both types of vegetation are capable of 
establishing, providing ground cover, and producing above-ground biomass that can 
be consumed by ungulate populations as forage. To date, research has shown that 
species diversity in areas seeded with "naturalized" mixes can be higher than those 
seeded with native mixes, as in the native mixes a small number of species that are 
adapted to rapid establishment tend to dominate resulting forage stands. However, it 
should be noted that this conclusion is somewhat counter-intuitive, and is an artefact 
of the specific trial from which results were drawn. With expanding availability of 
native seeds, and adoption of techniques that encourage native-species re-
establishment, such as soil salvage and replacement, it is likely that species 
diversity in areas revegetated with native species will exceed that in areas 
revegetated with agronomics. 

Advantages of use of naturalized/introduced species is that these species are bred 
for rapid and reliable establishment, and so can be more useful for reclamation 
objectives such as erosion control, while native species can take longer to establish. 
In addition, above-ground biomass production of agronomic (naturalized/introduced 
species) tends to be higher, which provides more forage for wildlife, which is an 
advantage if provision of maximum wildlife forage is a reclamation objective. 

Advantages of use of native species is that these species are appropriate for the 
region, and thus contribute to biodiversity objectives, and these species may be 
more adapted to local conditions (particularly for successful reproduction at high-
altitude, short growing-season sites), and thus may be more capable of long-term 
persistence than agronomic species. To date, no research trials have been 
monitored to show evidence of declining persistence or productivity of agronomic 
forage stands on reclaimed sites, which relates to issues of succession discussed 
above.( Observations of this declining persistence has been noted on Harmer Knob 
but not yet documented under a research trial.) 

Can native tree and shrub species be used successfully in reclamation of 
wildlife habitat on coal mining waste materials? What techniques optimize 
establishment and survival of these species? 
Extensive research in the Elk Valley has shown that all identified preferred elk 
browse species (aspen, saskatoon, dogwood, willow, rose, and chokecherry) can be 
successfully established on coal waste rock, including on challenging high-elevation 
winter-range sites, where long-term survival of approximately 50% can be achieved 
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through use of optimal planting windows and plant protection. Additional species 
useful in providing structural or minor browse components of habitat that can be 
successfully established include Douglas maple, snowberry, wolf-willow, 
cottonwood, pine, and spruce. Despite substantial effort, it has been shown that 
although both buffaloberry and spirea can be successfully propagated in the nursery 
to produce robust seedlings, they are difficult to establish on mine waste materials, 
and should not be included in planting programs without more research focussed on 
techniques for these two species. 
Techniques for improving establishment and survival of seedling of these species 
include: 

• Planting window, stock size and age - in general, deciduous species 
pertorm better after cold storage and spring planting, while locally grown 
conifer seedlings pertorm best after a hot-lift fall plant. Stock age and size 
were found not to have any significant influence on long-term survival. 
Economic considerations suggest that the smaller, younger seedlings (1+0 
styro 77 seedlings, equivalent to current 410-415 container sizes) confer the 
greatest reclamation benefit per unit cost. It should be noted that this finding 
was based solely on survival results, and not on growth performance of 
established seedlings, and might bear re-examination for different reclamation 
objectives other than obtaining maximum survival. For instance, in some of 
the seedling stock-size trials at Fording River, surviving plants from larger 
stock were still substantially larger than those established from smaller stock, 
even more than 10 years after planting. 

• Plant protection - use of some form of plant protection has been shown to 
be critical to increasing survival of seedlings on challenging, high-elevation 
wildlife-habitat sites. Extensive work has been directed at use of individual 
physical plant protectors, which provide some protection both against browse 
damage and against wind and cold desiccation. Research on use of these 
protectors has shown that their use increases the survival of most deciduous 
species (with the exception of wolf-willow) by approximately 3 times, in 
comparison to unprotected plants. The optimum duration of protection for 
these species was found to be 3 years (growing seasons) following planting. 
Wolf-willow, spruce and pine showed no significant survival gains from 
protection. Although effective, individual plant protectors are difficult and 
costly to maintain, and anecdotal observations suggest that the long-term 
survival of protected plants following protector removal may decline to levels 
similar to that of unprotected plants. Because of these limitations, later 
research and operational practice has focussed on the use of chemical 
browse deterrents and fencing. Although limited in scope, this research 
generally indicates a survival decrease (approximately 10%) in plants treated 
solely with chemical deterrents, in comparison with those treated either solely 
with physical protectors, or with physical and chemical protection agents in 
conjunction. No results on plant survival inside fenced areas, is included in 
reporting to date. 

• Legume interseeding - legume interseeding of tree and shrub plantations is 
a common practice on some Elk Valley mines. The optimum delay of 
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interseeding (application of seed following planting) has been found to be 2 
years for standard conifer plantations established at low-mid elevations. 
However, use of this practice with protected plants results in excessive 
competition inside the protector between the ground-cover species and the 
protected seedling. Thus, ungulate habitat reclamation research has resulted 
in recommendations that the minimum interseed delay for protected plants be 
4 years following plant establishment, or 1 year following protector removal. 

The findings above are based solely on research conducted in the Elk Valley. 
In formation on specific species should be applicable to other operating areas where 
these species are found, while information on other aspects of establishment and 
performance should be broadly applicable across all sites. 

What are the nutritional characteristics of tree, shrub, and introduced forb 
species used for reclamation of wildlife habitat? 
Evaluation of a range of forage quality parameters (e.g., total digestible nutrients, 
crude protein, available protein) in the Elk Valley has indicated that both native and 
agronomic grasses and legumes exceed minimum dietary maintenance 
requirements for crude protein during the growing season, but that these levels and 
digestible nutrients decline during late fall and winter, sometimes to less than the 
threshold maintenance levels. In general, only native woody species appear capable 
of providing adequate total digestible nutrient levels over winter. Thus, it is believed 
that ungulates are able to meet dietary requirements in the critical winter period by 
increasing consumption of woody shrubs, particularly aspen, chokecherry, dogwood, 
Saskatoon, rose, willow, kinnickinnick, and buffaloberry. 

These conclusions are based on work done in the Elk Valley - species 
recommendations are specific to the wildlife and vegetation found in this geographic 
area only, but the observed patterns in nutritional changes over time are likely valid 
across sites, due to species similarities and to shared physiology of senescence or 
dormancy over winter. 

What are the elemental concentrations of forage species on reclaimed sites in 
comparison to non-mined reference sites, and what implications does this 
have for provision of wildlife forage on reclaimed sites? 
Extensive sampling has been conducted on all of Teck Coal's mine sites to 
investigate vegetation elemental uptake, particularly of selenium and metals, to 
contribute to knowledge of reclaimed forage quality. Overall, this work indicates no, 
or marginal, differences between elemental concentrations on reclaimed sites and 
on adjacent, non-mined reference sites, and suggests that risks to animals 
consuming vegetation on reclaimed sites are minimal. Work at Cardinal River has 
shown Se concentrations in sheep hair and liver tissues to be within normal ranges, 
but that serum and whole-blood samples have slightly higher Se levels than normal. 
There have been no clinical signs of Se toxicity observed in sheep on the Cardinal 
River site. For a more detailed discussion of Se in vegetation and soils, see Section 
4.10. 
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How does reclaimed coal mine land perform as bighorn sheep habitat? What 
mine landforms enhance this habitat? 
The size of the bighorn sheep herd at Cardinal River operations is over 1100 
animals, making this one of the largest herds in North America. The presence of 
escape terrain created by exposed pit walls is critical to provision of this habitat, with 
over 75% of all sheep at Cardinal River being observed within 300 m of exposed cut-
faces. The size and success of the bighorn sheep population in Luscar Mine showed 
CR0 that vegetation seeded in reclaimed areas provided sufficient forage for 
bighorn sheep dietary needs. The experience also demonstrated the importance of 
leaving exposed cut faces in the reclaimed landscape to provide valuable escape 
and lambing terrain to sheep in the area. 

These findings are specific to Cardinal River Operations, although similar 
observations have been made about the importance of highwall escape terrain for 
goat habitat in northeast B.C. In addition, there are substantial elk herds (and to a 
lesser extent sheep) that utilize all sites in the Elk Valley, indicating the quality of 
these reclaimed habitats for ungulate use. 

What wildlife habitat enhancement techniques have proven successful? 
Selective forest harvest and burning can be used on certain adjacent habitat types to 
increase forage production, and thus oftset temporary loss of productive habitat 
during mining. In the Elk Valley, these treatments have shown positive results on 
native grassland ecosystems with conifer encroachment (where harvest is used to 
reduce encroaching overstory cover), on deciduous-dominated stands, and on mesic 
conifer-dominated stands where larger overstory patches are removed. On such 
sites, partial overstory removal has been shown to increase forage production by 4-7 
times pre-treatment levels, and that this effect is sustained for at least 10 years. 

Habitat enhancement work for birds and small mammals has also been tested 
through the placement of standing snags, nest boxes, log/brush piles, and tunneling 
materials. This work has shown that provision of such habitat structures can rapidly 
result in increased site usage and successful reproduction by a variety of birds and 
small mammals. 

4.8 Riparian Reclamation 
Reclamation of areas along constructed stream channels and other waterbodies 
(e.g., sediment ponds) is a small but important component of overall site 
reclamation, given the contribution of riparian vegetation to both aquatic and 
terrestrial habitat. 

Although this work has primarily been documented in the Elk Valley, most sites have 
employed habitat enhancement features, and conclusions about these, as well as 
off-site enhancement through clearing/burning, are applicable across all sites. 
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What vegetation species are most useful for reclamation of seasonally flooded 
riparian areas? 
Sedges, including beaked sedge (C. rostrata) have shown great promise as native 
species for reclamation of inundated and seasonally inundated riparian areas, both 
as transplants sourced from on-site wetlands, and as nursery-grown seedlings. 
Sedges have been so effective at colonizing riparian coal waste materials that after 
1-2 growing seasons it has often been difficult to continue survival monitoring, due to 
spread and reproduction of original seedlings/transplants. 

Other species showing favourable results for reclamation of seasonally flooded 
areas are willow, cottonwood/balsam poplar, and bog birch. 

These results are drawn from, and are applicable to, all Teck Coal operations. 

Other species showing favourable results for reclamation of seasonally flooded 
areas are: willow, cottonwood, and bog birch. 

What vegetation species are most useful for reclamation of terrestrial (raised) 
riparian areas? 
Aspen, spruce, cottonwood/balsam poplar and willow have all shown good results 
for streambank riparian reclamation under non-inundated conditions. 

What factors have limited vegetation success in riparian settings? 
No major limiting factors have been observed for reclamation of seasonally 
inundated areas. The most prominent limiting factor for establishment of riparian 
vegetation on raised areas is a limitation frequently observed in all reclamation 
settings: that of excessive competition with grass-legume ground-cover species, 
either when these species are seeded at the time of planting as part of reclamation, 
or when seedlings are planted into an existing mix as a reclamation enhancement. 
As with other scenarios where inter-species competition is a prevalent limitation, the 
key action is to clearly understand objectives, and match reclamation treatments to 
these objectives. In cases where the primary objective is erosion control, priority 
should be given to surface preparation techniques such as rough mounding, to 
establishment of vigorous ground covers (typically either agronomic or native grass-
legume mixes), and/or to more elaborate establishment of woody species in 
configurations intended to reduce erosion (e.g. wattle fences or other bio-
engineering structures). In cases where the primary objective is establishment of a 
diversity of native woody species (e.g., where large vegetation is required to provide 
shading of aquatic habitat), then this objective should be given priority, and ground 
cover should either be avoided or be established at very low seed delivery rates 
(generally below 25 kg/ha for mixes), and/or seeding should be delayed for a 
minimum period of two years, to reduce inter-species competition during the critical 
seedling establishment phase. Due to competition limitations, these two primary 
reclamation objectives may not be perfectly simultaneously compatible. Where the 
primary objective is erosion control, but a diversity of species is still desired, 
bioengineering and/or rough mounding techniques should be used, or small areas of 
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lesser erosion risk within the larger area should be identified and treated with woody 
species planting and reduced ground covers. Where the primary objective is woody 
species establishment, but some erosion reduction capacity is still required, 
bioengineering and/or rough mounding techniques should be used, or erosion 
should be addressed through strategic placement of rip-rap, large anchored woody 
debris, or other features designed to reduce water energy. 

These findings and recommendations should be applicable across all Teck Coal 
operations. 

4.9 Reclamation Success 
Reclamation success is a component of reclamation research, both to understand 
ecosystem dynamics, and to satisfy regulatory requirements. For instance, Clause 
10.7.7 of the 2008 Health, Safety and Reclamation Code for Mines in British 
Columbia, states: 

"On all lands to be re-vegetated, land shall be re-vegetated to a self-
sustaining state, using appropriate plant species." 

What measures can be used to assess whether reclaimed vegetation is in a 
"self-sustaining" state, and how do these measures change due to normal 
variations? 
One primary measure that can be used to assess self-sustaining status of reclaimed 
sites is biomass production. Although biomass production may not be the ultimate 
reclamation objective, it is a useful integrative measure (as opposed to single-
parameter measures such as soil NO 3  concentration), as it reflects a number of soil, 
climatic, and use factors in a single measurement. In general, biomass production 
on a self-sustaining site should be stable or increasing over time; particularly after 
termination of fertilizer applications (see Section 5.9 for a discussion of limitations of 
this premise). However, biomass production may also fluctuate substantially due to 
normal interannual climatic variations, and we do not want to mistake a reduction in 
biomass resulting from drier-than-usual conditions in a given year for evidence of 
lack of sustainability. For this reason, Teck Coal has initiated reclamation research in 
the Elk Valley to investigate normal interannual biomass fluctuations, and to link 
these to climate patterns. This research indicates that biomass production is very 
well correlated with growing-season precipitation, and fluctuates by as much as 
approximately -i-I- 30%, with higher production occurring in wetter years, and lower 
production occurring in drier years. These values can be used in evaluation and 
documentation of sustainable reclamation, to distinguish normal variation from real 
departure from self-sustaining conditions. 

These data on interannual variation are derived from sampling conducted primarily 
at three of the five Elk Valley operations, but are directly applicable to the other 
operations in this area, and should be broadly applicable to the Alberta and 
northeast B.0 operations, as the principles of vegetation response to climate are 
valid in these areas as well. 
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How can reclamation productivity and performance over time be evaluated on 
Teck Coal's large, diverse operating and non-operating mine sites, with 
substantial and growing reclaimed area? 
We know that reclamation, particularly of forage areas, can be successfully and 
cost-effectively assessed across multiple mine sites using multi-spectral remote 
imagery. In these programs, spectral signatures are used to classify forage stand 
productivity, supported by ground-truth sampling. To date, Teck Coal has conducted 
such assessments on almost 4100 ha of reclaimed land in the Elk Valley and 
northeast B.C. By conducting such assessments on a routine basis (e.g., every 5 
years), reclamation trends across sites can be tracked over time, by comparing 
current spectral signatures to archived ones. This kind of assessment has already 
been conducted twice for the closed Bullmoose mine, in preparation for application 
for reclamation release. 

What have we learned about soil biology on reclaimed sites? How does it 
contribute to reclamation sustainabil ity? 
The presence and persistence of both mycorrhizal associations and soil fauna 
communities in reclaimed coal waste has been documented through a variety of 
reclamation research studies. The presence of these biota in these ecosystems is 
evidence that these species are filling a functional role in energy and nutrient 
cycling, and are contributing to overall production on these sites. 

This information largely reflects work conducted in the Elk Valley, but should be 
broadly applicable across all Teck Coal operations. 

Are inoculation programs necessary to introduce soil biota to reclaimed sites? 
All reclamation research involving soil biota to date has shown the presence of these 
organisms, regardless of whether or not they have been introduced as inocula, 
either during nursery propagation or directly to coal waste. This research strongly 
suggests that inoculation treatments are not necessary to ensure the presence of 
these communities (except under specific conditions, see Section 3.4.9), and further 
may not be effective at introducing organisms that are not already present. Soil biota 
may only be capable of establishment on reclaimed coal waste under conditions 
suitable for their survival. Much like vegetation communities, other soil biota can be 
viewed as having "successional pathways", with some species more suitable to the 
early seral stages of reclamation than others. Reclamation research to date 
suggests that trying to accelerate introduction of later-seral soil biota may not be 
successful. However, presence of some non-nursery mycorrhizal species on conifer 
root systems shows that, as conditions become favourable, native soil biota will re-
colonize reclaimed habitats. 

As with the statement on soil biology, above, these findings are based primarily on 
research conducted in the Elk Valley, but again should be broadly applicable to all 
Teck Coal operations. 
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4.10 Elemental Content in Reclaimed Vegetation 

Are there elements that pose a dietary risk to wildlife consuming vegetation on 
reclaimed sites? 
No. Of all elements studied, only molybdenum and selenium have foliar 
concentrations approaching or exceeding published dietary toxicity thresholds. For 
Se, extensive research has shown that concentrations in both coal waste and 
reclamation vegetation exceed generally exceed soil and vegetation concentrations 
found in adjacent reference ecosystems. However, for both Mo and Se, mean 
foliage concentrations are below these thresholds, and there is published external 
research that indicates that dietary tolerances for wild ungulates are substantially 
higher than tolerance levels based on domestic livestock. Work at Cardinal River 
has shown that sheep hair and liver Se concentrations are within normal ranges, and 
that serum and whole-blood concentrations are slightly higher than normal ranges, 
but no symptoms of Se toxicity have been observed at any of Teck Coal's mine 
sites. At this time, there is no evidence to suggest that elemental concentrations in 
vegetation on reclaimed sites poses a dietary risk to wildlife consuming this 
vegetation, or that this risk will increase in the future. 
This information is compiled from work in all geographic areas of Teck Coal's 
operations, and thus is applicable across sites. 

4.11 End Pit Lakes 

Do end pit lakes provide suitable habitat for native fish populations? What 
other aquatic habitat/ecosystems effects of mining and reclamation need to be 
considered? 
Colonization of native fish into constructed Lac Des Roches at Cardinal River has 
shown that it is possible to create a lake capable of supporting sport-fishing activities 
without requiring artificial restocking to maintain populations. Experience from Lac 
Des Roches also shows it is possible to create riparian habitats where native fish will 
spawn and water-oriented bird species will utilize habitat. However, monitoring of 
these waterbodies has also shown that that there is a selenium-loading concern both 
in reclaimed end-pit lakes and in natural watersheds surrounding both Luscar and 
Cheviot Mines. 

Fording River operations has successfully converted the mined out Henretta pit into 
a lake with valuable fisheries resources. Cutthroat trout have colonized this lake and 
the creek channel within this reclaimed riparian area. 
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5. IDENTIFICATION OF INFORMATION GAPS - "WHAT WE 
NEED TO KNOW" 

5.1 Evaluation of Substrates and Landform Configuration 

Can we define and quantify thresholds of waste material properties that will 
allow successful reclamation? 
We know that reclamation success, particularly obtaining good survival of planted 
seedlings of native woody species, is influenced by substrate (growth media) 
material properties, specifically coarse-fragment content. Can we define a coarse-
fragment threshold for successful seedling establishment? 

If use of cover materials is desired or necessary, how can the use of these 
materials are optimized? How can the benefits of use of these materials be 
maximized? 
Availability of good-quality cover materials is limited at all mine sites, to the extent 
that placement of uniform, deep covers, or preferred placement techniques, (e.g., 
rough mounding) may be unachievable. Advancing knowledge on the following 
issues would improve use of capping materials and reclamation outcomes: 

• On sites where cover material is used (Cardinal River and Bullmoose), there 
should be a continued or increased focus on establishing and updating 
reclamation material balances, to ensure an adequate supply of materials for 
reclamation. In addition to overall material balance issues, the mine sites 
should also explore the placement of reclamation materials as close as 
possible to end destinations to avoid handling costs and damage to soil 
quality, which can be caused by over-handling, if direct placement is not 
possible. (Currently, Cardinal River does employs the direct placement 
technique) 

• The rough mounding topsoiling technique is currently the preferred topsoil 
application technique at Cardinal River Operations, but shortages of available 
topsoil material upon reclamation are still common. Research on minimum 
topsoil depths to maintain all the benefits of the method would allow 
application of topsoil materials to larger areas. Investigation of variable 
placement depths might also "stretch" this resource, while mimicking natural 
conditions. 

• Can use of cover materials be matched to particular objectives to identify 
candidate cover application areas, e.g.: 
• Use of cover materials could be targeted to areas where encouragement 

of biodiversity or limitation of net infiltration are priority objectives; 
• Use of cover materials could be limited or excluded on steeper slopes 

where loss of these materials to erosion is a concern. Instead, their use 
could be concentrated on dump platforms and benches, with reclamation 
tailored to erosion control and achievement of reclamation objectives 
through other techniques employed on dump slopes. 
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What are the long-term effects on reclaimed vegetation communities of the 
use of topsoil covers? 
Reclamation research at Cardinal River has found that vegetation establishment and 
growth, and cover of native species, is initially substantially greater on areas treated 
with topsoil versus areas of reclaimed regolith, but that in the longer term biomass 
production of vegetation communities on regolith surpasses those on topsoil. Little 
information is reported about the long-term species composition and diversity trends 
between these treatments, which might be more important than biomass production 
in assessing and defining optimum reclamation practices. 

In light of potentially changing reclamation objectives, do conclusions about 
the lack of need for use of cover material or amendments in the Elk Valley 
require re-evaluation? 
Work conducted in the 1970s   and 1980s   at most of the Elk Valley mine sites 
consistently and conclusively demonstrated that covering coal waste with 
overburden or other finer materials was not necessary for successful revegetation, 
and that in most cases, long-term results showed no vegetation differences between 
covered plots and untreated controls. These evaluations were framed primarily 
against the objective of successfully establishing and maintaining agronomic 
grass/legume forage stands. Where this objective remains, there is little reason to 
question the validity of these conclusions about the utility of cover materials. 
However, shifting reclamation objectives may warrant a re-examination of these 
conclusions. Although covering waste increases material handling costs, and may 
introduce erosion-control concerns, there are primary reasons why a re-
consideration of the use of cover materials in reclamation may be beneficial: 

• Where post-closure biodiversity may be a high-priority reclamation objective - 
provision of finer-textured materials at the surface increases moisture retention, 
and may provide more amenable conditions for establishment of a range of 
native species. This is particularly true where "topsoil" materials (the top -P15 cm 
of vegetation litter and mineral soil horizons) can be salvaged and directly 
placed (i.e., without stockpile storage) on reclamation areas. In such cases, the 
introduction of vegetation propagules (seeds, root fragments) is likely to be 
substantial, and may significantly increase species richness on reclaimed sites 
without any additional planting or seeding effort. 
• Where limiting net percolation may be a high-priority reclamation objective - 
use of cover materials will generally have the effect of slowing water infiltration 
into soil and waste profiles, through creation of textural discontinuities between 
overlying covers and underlying waste materials (provided that cover materials 
have different grain-size distributions than the covered waste). This effect may 
be important where there is a goal of limiting water movement and chemical 
weathering within waste dumps. 

Are there alternate techniques for microsite creation that would conserve 
topsoil resources and create effects similar to rough topsoil mounding? 
The creation of microsites greatly improves the establishment and growth of most 
vegetation species, including seeded agronomics and planted native seedlings. 
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Research should continue to explore alternate methods of creating such microsites 
to provide protection against not only climate, but also erosion and heavy grazing 
from wildlife. Placement of woody debris on the soil surface (especially south and 
southwest aspects) could protect vegetation against climate, erosion and grazing. 
The application of rock and rubble in windrows perpendicular to the predominant 
wind direction on exposed surfaces should also be explored to maximize protection 
for vegetation against climate extremes. 

Are there other amendments that could be applied to reclamation sites to 
improve outcomes? 
For example, application of wood chips, which may be readily available, can add a 
long-term source of soil carbon to support soil biological activity, and also help 
address objectives such as erosion control. More information is needed on the 
effects and optimum applications of these materials. 

5.2 Revegetation of Disturbed In-Situ Soil 
Can native species mixes or plantings be successfully used for reclamation of 
in-situ soil disturbances? 
Reclamation of in-situ soil disturbances such as road embankments and disturbed 

soil around Plantsites, buildings, and other construction areas has typically relied on 
similar techniques as used in other mine reclamation applications, primarily seeding 
of agronomic grass-legume mixes. However, areas of disturbed in-situ soil are prime 
candidates for the development and use of native species mixes, as they are 
typically in close proximity to undisturbed ground and existing seed sources, and as 
conditions for establishment and colonization are relatively favourable in comparison 
to coal waste materials. Optimum techniques for reclamation of these sites with 
native species could be as below. 

Can we develop guidelines for appropriate treatment of in-situ soil 
disturbances? 
A decision-support matrix could be developed to recognize the range of potential 
treatments of these disturbance features. Such as matrix could perhaps be based on 
identification of primary reclamation objective, as follows: 

Primary objective = erosion control - e.g., on steep or eroding slopes, or 
on road embankments upstream of watercourses - treat with agronomic 
grass/legume seeding, or with seeding with a developed native seed mix 
proven for rapid germination, establishment and growth 
Primary objective = diversity, habitat creation; erosion control 
secondary - e.g., more gentle slopes - consider the following options (note 
that some options may be used in combination): 

• Light seeding with agronomic or native grass/legume mix 
• Planting of native species, primarily woody species 
• "Leave for natural" treatment - allow invasion from adjacent native 

plant communities 
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Note that the above three options likely represent a range of possibilities 
along a spectrum of conditions, with the first two used more on larger 
disturbances more further removed from intact native seed sources, and the 
last more appropriate for smaller disturbances in direct proximity to intact 
vegetation communities. 

5.3 Revegetation of Mine Waste 

What are the native non-woody species of highest potential for development 
for use in reclamation programs? 
Impetus to enhance native species use in reclamation is increasing. Through 
reclamation research, we have already developed species selection options and 
establishment techniques for the use of native woody species, but have been much 
less successful in the use of native non-woody species in reclamation. Table 8 
presents a list of high- and moderate-potential non-woody native species for use in 
reclamation programs compiled during this review. High-potential species are those 
that have been specifically highlighted in reclamation research as having notable 
success in reclamation trials to date, and in some cases those that appear in 
multiple studies and/or in multiple geographic areas; moderate-potential species are 
those having favourable but reduced results in reclamation trials in comparison to 
high-potential species, or species of noted high wildlife value that have not yet been 
tested. 
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Table 8: High and Medium Potential Native Non-Woody Species for Use in 
Reclamation 

High Potential 
Geographic Area 

Species Elk Valley Northeast B.C. Alberta 

Slender wheatgrass* 

Alpine bl uegrass* 

Northern wheatgrass* 

Sheep fescue* 

Yarrow 

Sedges I  

Bluebunch wheatgrass  

Mountain Brome 

Silky lupine  

hairy wildrye  

northern awnless brome I 

fowl bluegrass  

blue wildrye  

fireweed 

idaho fescue 
rough fescue IL pinegrass  

spike trisetum 

Showy locoweed I  

rocky mountain fescue 

arctic poppy  
bearded wheatgrass  

alpine fescue 

Patterson 's bluegrass  

Moderate Potential 
Geographic Area 

Species Elk Valley Northeast B.C. Alberta 
arctic bluegrass  

alpine timothy  

field locoweed 

Indian milkvetch  

alpine milkvetch 

pendant pod locoweed 

silky locoweed  

Indicates applicability to the geographic area. 
* Indicates commercial availability of some varieties, and species that are 
currently used operationally on at least some of Teck Coal's sites. 



What are the changing factors/expectations in the use of agronomic versus 
native species? 
Pre-production studies documented species presence and productivity of 
ecosystems in the vicinity of the mine site, as well as evaluating potential species for 
use in revegetation. We know that we can successfully propagate and establish the 
majority of locally characteristic native tree and shrub species for reclamation use, 
and we know details of which species have better survival, and techniques to 
maximize this survival. We also know from this work, and from subsequent 
monitoring of reclamation, that through the seeding of agronomic grass/legume 
mixes, we can produce forage biomass equal to or in excess of that found in native 
grasslands, and that this biomass is a factor in thriving ungulate populations that use 
all of the mine sites. Agronomic species are used for reclamation forage sites 
because they are bred for rapid germination and establishment (which helps achieve 
critical reclamation goals such as minimizing erosion), because they are economic 
and available in sufficient quantities for reclamation, and because they have critical 
functional attributes such as provision of ungulate forage and addition of fixed 
atmospheric nitrogen to soil ecosystems (for legumes). However, there are 
increasing pressures (addition of biodiversity provisions to the Reclamation Code 
permits; changing stakeholder expectations) to increase use of native species in 
reclamation. What we need to know about the agronom ic/native species issue: 

• Can we develop candidate reclamation native grass and forb species (Table 
8) to the stage that they can be a useful and feasible/affordable component of 
reclamation seed mixes? Or are they commercially available from external 
sources? If so, are these species effective in achieving the functional 
objectives that led to use of agronomics? What would the costs and benefits 
(ecological/functional and economic) be of moving away from agronomics to 
use of more native species? 

• Are there species (e.g., crested wheatgrass, yellow sweet-clover) currently in 
reclamation seed mixes that are widely thought to be invasive, and thus pose 
risks to surrounding ecosystems? We know that the majority of agronomic 
species used in reclamation are not invasive (through work in the Elk Valley 
and Cardinal River that shows minimal egress from reclamation agronomics 
into adjacent native ecosystems, even 20 years after seeding), but perhaps a 
small number are. Should these species be removed from or replaced in 
current seed mixes? Can modified mixes be confidently used without testing? 

• There is much debate around the concept of succession. A fundamental 
assumption of mine reclamation with agronomics has long been that these 
species will play an important functional role early in reclamation, but will be 
gradually replaced by invading native species that are better adapted to local 
conditions. Other observers (e.g., some MEMPR inspections) have claimed 
that agronomic forage stands are successionally stagnant, and that they are 
biological deserts. Although we can conclusively prove that agronomic stands 
provide substantial ecologic and biologic value, and can say that native 
species are present only in very low proportions on young reclaimed sites, 
there are little data to solidly resolve the succession debate - can we 
establish successional trajectories and rates for agronomic stands, and 
indicate their transition to native ecosystems? What about successional rates 
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for reclaimed forest stands and wildlife-habitat shrub islands that are mixtures 
of native and agronomic species? 
There are some native species that have been shown to be dominant 
components and fill important roles in pre-disturbance, high-elevation 
grasslands, e.g., some fescues, fireweed, silky lupine, showy locoweed, 
silver-leafed phacelia, dwarf hawksbeard, foxtail barley. Can we develop 
these species to the stage that they can be a useful and feasible/affordable 
component of reclamation (i.e., as part of reclamation seed mixes, or plant as 
seedlings)? 

What is the role of anticipated climate change in selection of suitable 
reclamation species, both agronomic and native? 
Should reclamation consider use of species that are not currently local to the Teck 
Coal mine sites, but may be adapted to future local conditions? What would be the 
most suitable candidate species? 

Are there conifer species that might be better suited to reclamation of drier, 
south to west aspect slopes? 
Pine and spruce typically show reduced survival on south to west aspects in 
comparison to other slope orientations, due to drier conditions in both summer and 
winter. Use of species more adapted to xeric conditions, such as Douglas-fir and 
western larch, should be investigated. 

Are there novel techniques for establishment of woody species that might be 
successful? 
Despite findings to date on the success of direct-seeding programs for woody 
species, are there new techniques, such as hydroseeding of cottonwood that could 
be developed to be a successful component of reclamation practices. 

What further information do we require about the development of reclaimed 
mid-elevation fully-stocked forest stands on mine waste? 
We know that we are currently able to produce forest stands that grow at equivalent 
rates to those found in comparable, adjacent post-harvest regeneration, and that 
these stands have similar nutritional status, but we also know that these stands are 
very different, in terms of understory composition and substrate conditions. Further, 
we know that growth "stagnation" has been observed in densely planted pine and 
spruce on reclaimed coal waste rock in the past. What we need to know about coal 
waste rock reforestation: 

• Will current observed equivalent growth rates in reclaimed forest stands 
persist, and be maintained to site-index reference age? To rotation age? 

• What will be the rate and trajectory of a transition from an agronomic 
understory to a native understory, and how can we best evaluate and 
document that transition? 
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Can native nitrogen-fixing species be used to deliver the same benefits as 
seen with interseeding of conifer plantations with agronomic legumes? 
Reclamation research has conclusively documented the benefits of interseeding 
conifer plantations with birdsfoot trefoil - in increased survival, growth, and foliar 
nutrition. However, given desire and pressure to increase use of native species in 
reclamation, can these functions be replicated through use of native nitrogen-fixing 
species? Candidate methods/species would include interplanting an understory of 
nitrogen-fixing woody species (e.g., alder, buffaloberry), or interseeding native 
legumes. Interplanting nitrogen fixing woody species has been attempted, but 
success has been limited (due to planting in settled, compacted ground, and to high 
mortality from wildlife browse), and results to date would not replicate enhancements 
seen with birdsfoot trefoil. Interseeding of native legumes is an option, but will 
require development either by Teck Coal or by seed suppliers. The only native 
legume currently commercially available is American vetch, and its cost would make 
its use prohibitive on an operational scale. There are candidate species, such as 
silky lupine, that are native to mine areas, are nitrogen fixing, and have been shown 
to fill important roles as components of wildlife habitat - can we develop these 
species to the stage that they can be a useful and feasible/affordable component of 
reclamation (i.e., as part of reclamation seed mixes)? 

What are optimum seeding practices to meet objectives of erosion control, 
provision of wildlife forage, and transition to vegetation communities 
dominated by native species? 
Continued experimentation with various seed mixes to provide for these objectives is 
required to optimize revegetation practices on site. 

What are the long-term tree survival and growth trends in northeast B.C.? 
The Northeast Coal Block studies reviewed do not provide long-term data on tree 
survival and growth. Long-term monitoring of reforestation efforts, much like the 
program conducted at Fording River Operations in the East Kootenays should be 
implemented at the Teck Coal mines in northeastern British Columbia. 

What role does reclamation play in mine-site carbon balances? 
It is recommended that carbon sequestration rates of key reclamation prescriptions 
be assessed in order to identify differences between prescriptions and to minimize 
atmospheric carbon release due to mining activities. This research could be 
conducted through a combination of computer modeling and field verification. 

5.4 Revegetation at High Elevations 

Are there untested conifer species that could be used for reclamation at high 
elevations? 
Whitebark and limber pine (personal communication, Michael Keefer, Keefer 
Ecological Services Ltd) occur in proximity to many of Teck Coal's mines on high 
elevation sites, but to date their use in reclamation has not been tested. Some 
whitebark pine was germinated and grown in the Fording River Operations 
greenhouse but not in sufficient quantities to establish on waste dumps in order to 

5-8 



monitor growth. Both species have high value for wildlife habitat, and occur as 
pioneer species in high-elevation settings, including subalpine areas. 

What techniques can be used to improve establishment of native woody 
species and growth performance of overstory species (conifers and 
deciduous trees) on high-elevation reclaimed sites? 
Reclamation research conducted to date shows that establishment of a number of 
tree and other native woody species at high elevations is possible, but that growth of 
these species is extremely slow, in reference to adjacent undisturbed stands. 
Growth inhibition is primarily caused by summer desiccation, by winter desiccation 
for conifers, and by recurrent browse for pine and deciduous species. Reclamation 
research has also indicated the importance of protection in successful establishment 
of these species, and it is possible that techniques designed to reduce exposure of 
establishing seedlings and juveniles to climatic extremes and browse pressure could 
also improve growth performance. Such techniques could include: 

• Planting trees in mixed stands at greater densities than currently used, up to 
5,000-10,000 stems per hectare, likely as clumps rather than uniform stands. 
Planting at 10,000 stems per hectare has been shown to create 
competiveness within the plantations for conifers. 

• Establishing conifers or other native woody species as clumped stands 
through second-entry underplanting under dense deciduous stands - this 
suggestion is similar to the above, but based on the observation, particularly 
in northeast BC, that while planting conifers into coal waste rock alone results 
in low survival and slow growth, conifers established under naturally invading 
deciduous (poplar) overstories show much higher survival and growth rates. 
Such a technique would involve planting deciduous overstory species (aspen 
and cottonwood) at densities approaching 10,000 stems per hectare, again 
possibly as clumps rather than uniform stands, and evaluating native species 
ingress, including conifers, underneath these stands. If desired or necessary, 
conifers (or native woody understory species) could be established as a 
second-entry underplanting when the deciduous overstory reaches an age of 
approximately 10 years. Such a technique would likely require fencing to 
prevent browse damage to the developing deciduous overstory. 

• Planting into sites with pronounced microtopography - evaluation of the 
results of dozer ripping has demonstrated positive results of creation of and 
planting into less exposed sites, but topography created through ripping is 
relatively subdued. More pronounced topography has been created through 
the use of excavator mounding or "dozer basins" - this topography, by 
creating more protected conditions and encouraging snow retention, could 
help improve survival and growth of container-seedling species. 

It is likely that optimum results would be achieved by applying the techniques above 
in conjunction, i.e., through dense planting on sites with greater microtopography. 

5-9 



Can we further develop knowledge of the use of direct seeding of native 
species for high-elevation reclamation? 
More work is required on operational-scale high-elevation native species. Collection 
and broadcast seeding of native species seed should be undertaken. Species with 
identified potential for use in reclamation of high-elevation disturbances are 
discussed in Sections 3.4.5 and 4.5. 
Are high-elevation agronomic seed mixes truly optimized based on 
reclamation research results? 
In some Elk Valley operational seed mixes, alfalfa is replaced by sainfoin for high-
elevation applications,( greater than 1900 m a.s.l) yet there are no research results 
reviewed for this document that provide a rationale for this substitution. Alfalfa and 
clovers have consistently performed better than sainfoin at high elevations, and, 
because of their smaller seed sizes, require lower deliver rates. In addition, varieties 
of alfalfa developed specifically for northern climates (e.g., Anik) have also 
outperformed other varieties, yet these northern varieties are not used in operational 
reclamation seed mixes. 

5.5 Fertilization Studies 
What are the fertilizer requirements for reclamation of mine waste using native 
grass and forb species? 
Reclamation research to date has determined optimum rates of broadcast fertilizer 
application to support vigorous growth of agronomic grass-legume mixes. However, 
some of this work has also shown a much lower nutrient demand from native grass 
and forb species, and in general it is known that high fertilizer application rates tend 
to favour nitrophilic grasses, including agronomic grasses, at the expense of native 
species? If future research focuses on increased use of native grasses and forbs in 
mine-waste reclamation, optimum fertilization treatments for these species should be 
established. 

Should current operational P fertilization applications be adjusted to more 
closely reflect reclamation research? 
A synthesis of research into P fertilization of reclaimed sites has indicated that 
optimum P delivery rates are approximately 90 kg/ha (as P205), whereas current 
operational reclamation typically uses much higher rates, up to 220 kg/ha (as 
monoammonium phosphate). Are these higher application rates necessary due to 
use of a different form of P, or are we over-delivering phosphorus in current fertilizer 
applications? 

Is current fertilization timing truly optimized? 
Current practice at many of the Elk Valley mine sites is to provide a large broadcast 
dose of fertilizer (e.g. 400 kg/ha of 11-55-0) at the time of ground cover seeding. 
Some fertilization at the time of seeding may be necessary to ensure that new 
germinants have access to nutrients, yet the bulk of this fertilizer application that is 
not rapidly taken up by vegetation is likely either leached below the rooting zone (in 
the case of N, which is a highly mobile element), or fixed and made unavailable to 
plants (in the case of P). As new grass and legume germinants have very low 
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nutrient demand, this leaching loss or fixation may be the fate of the majority of the 
fertilizer delivered at the time of seeding. A low-dose application at the time of 
seeding, combined with a higher-dose in the following year (or later), when plants 
are more mature, might optimize uptake and subsequent cycling of these delivered 
nutrients. Although multiple applications would be costly, they might be more cost-
effective than delivering high fertilizer payloads that are primarily not incorporated 
into the reclaimed ecosystem. Although this reasoning might have validity from the 
perspective of optimizing agronomic response, it should also be considered in light 
of native species and successional expectations, as discussed above. 

Should broadcast fertilization of conifer plantations be considered as an 
operational reclamation practice? 
As discussed in Section 5.4, although results to date are positive, there is 
uncertainty about longer-term growth rates of reclamation conifer plantations, 
particularly with respect to moderate- and limited-yield forestry end land uses. 
Reclamation research has documented positive height growth responses to N 
fertilization in young conifer plantations. Should such fertilization practices be 
considered to enhance the nutrient capital of reclaimed forested ecosystems if 
monitoring results indicate declining performance, particularly as nutrient demand 
peaks in the period at and immediately following crown closure? 

Are there alternatives to use of conventional chemical fertilizers? 
The use of organic compost pellets as an alternative to fertilizer should be explored. 
Pellets could add organic matter to soils (increasing soil moisture retention) and 
provide a slow release fertilizer to benefit vegetation growth. 

5.6 Reclamation for Wildlife Habitat 
Do we have adequate information to determine the quantity or proportion of 
different reclamation vegetation components (e.g. cover versus forage) for 
creation of ungulate habitat? 
A common premise in reclamation of ungulate habitat in mountain coal mines is that 
wild ungulates require a ratio of 40% cover/forested areas to 60% forage/open 
areas. Cardinal River has adopted this criterion, and further developed the forested 
component by stating that in order to provide concealment and thermal protection, 
forested areas should have trees of a minimum of 1.5 m in height, with 60-70% 
crown closure, and that there should be no uninterrupted sightlines of 1 km or 
greater. Work in the Elk Valley has defined a number of difterent vegetation classes 
relative to wildlife habitat (e.g., open forest, open range) with the goal of defining 
specific criteria relative to these types, and to determine habitat opportunities on the 
reclaimed mine sites, particularly with reference to the values provided by adjacent 
non-mined forests. However, although wildlife use of all mine sites is high, the 
knowledge of the suite of habitat requisites and techniques for reclamation design of 
these, other than provision of forage and escape terrain, is relatively undeveloped. 
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How can we effectively evaluate overall success of reclamation of wildlife 
habitat? 
What constitutes reclamation success for wildlife habitat re-creation? Current 
reclamation practices start the process of recovery and essentially provide some of 
the ingredients for anticipated wildlife habitat with specified habitat suitability. Why 
do animals use the reclaimed landscape in the manner in which they do? Is it 
appropriate to extrapolate wildlife habitat use knowledge uncritically to reclaimed 
landscapes? 

Do we have adequate information to determine the quantity or proportion of 
ungulate browse shrub species required to provide high-quality winter-range 
habitat? 
We know that grass and forb species, both native and agronomic, degrade 
nutritionally in the late fall and winter to the point that they no longer meet dietary 
maintenance requirements for ungulates. It is thought that ungulates meet these 
requirements by shifting their consumption to woody shrubs during this critical 
period. If use of high-protein agronomic legumes (or potentially of native legumes 
such as silky lupine) can assist ungulates in preparing for winter conditions by 
providing surplus summer protein, what proportion of these species is required on 
the reclaimed landscape, and how does their presence affect requirement for woody 
shrub species? 

Are there other techniques that can replicate the benefits of individual plant 
protectors, without the effort/cost associated with their maintenance? 
Reclamation research has demonstrated that the use of individual physical plant 
protectors is critical to successful establishment of preferred browse tree and shrub 
species on high-elevation wildlife-habitat sites, through reduction in browse damage 
and wind/cold desiccation of plants. However, this research also highlighted the 
difficulty of maintaining these protectors over a large scale for the required duration 
of protection. Later work, both in the research and operational trial setting, has 
looked at use of other forms of browse protection, such as chemical deterrents and 
fencing. Although use of chemical deterrents requires frequent re-application to 
maintain effectiveness, and fencing requires substantial initial effort and expenditure, 
it appears that these protection methods may be more economic than use of 
individual plant protectors. However, we do not know if the browse protection 
provided by chemical deterrents or fencing is alone sufficient to enhance survival of 
tree and shrub seedling on high-elevation reclaimed sites, or whether some 
individual protection from desiccation is also required (note that this question should 
be evaluated on a result-per-unit-cost basis - e.g., even if overall survival rates are 
lower with fencing in comparison to use of individual protectors, it might be more 
cost-effective to achieve desired results by increasing planting densities in fenced 
areas, rather than by using plant protectors). If the former, it may be possible to use 
fencing instead of individual protectors for high-value wildlife habitat sites 
incorporating tree and shrub planting. If the latter, we do not know which sites have 
sufficient climatic limitations to require use of individual protectors. 
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5.7 Riparian Reclamation 
Are there unconventional reclamation techniques that could be successfully 
used for reclamation of seasonally flooded riparian areas? 
Sedges have shown great ability to rapidly colonize and spread on coal waste in 
riparian settings. Reclamation with these species to date has focused on planting 
either of transplanted individuals from on-site wetlands, or of nursery-grown 
seedlings. In general, direct seeding of native species has not been successfully 
used in coal reclamation, but it is possible that direct seeding of sedge species offers 
a rapid and cost-effective method for reclaiming seasonally flooded riparian areas. 

5.8 Reclamation Success 
As noted in Section 4.9, evaluation of reclamation trends over time is a component 
of reclamation research, both to enhance understanding of long-term dynamics of 
reclaimed ecosystems, and to satisfy regulatory requirements, which often reference 
the need for reclamation to be self-sustaining. 

What are the limitations to current measures of reclamation success? 
One primary goal of reclamation is that lands be revegetated to a self-sustaining 
state. One integrative measure of vegetation sustainability is biomass production 
over time, particularly in the absence of fertilizer application, the assumption being 
that stable or increasing biomass is indicative of a self-sustaining state, while 
decreasing biomass may be evidence of a departure from this state. However, a 
more complex assessment of this situation suggests that the above premise, though 
useful, may not entirely capture positive and"self-sustaining" processes on 
reclaimed landscapes. For instance, native grass and forb species frequently have 
lower biomass production values than agronomic species. If we desire a transition to 
native species on reclaimed sites, such a transition might generate data that, strictly 
from a biomass perspective, could be viewed as indicating a departure from a self-
sustaining state, when in fact it might rather indicate a transition to a more 
sustainable ecosystem. Clearly, we need to develop assessment methods that 
account for a variety of processes when evaluating reclamation success and 
sustainability. It is probable that these methods will combine integrative (functional) 
measures such as biomass production with specific measures of form, such as 
vegetation species composition. 

What are the most effective and efficient methods to assess and document 
site-wide reclamation success? 
A more holistic and integrated approach to evaluating reclamation success that 
integrates abiotic and biotic components is needed. Reclamation planners need to 
be able to make reliable predictions of trajectories to satisfy end land-use objectives. 
Appropriate and cost effective monitoring methods that integrate high-level remote-
sensed methods with on-the-ground ecosystem functioning and structure should be 
developed. 

This development should include identification of indicators and measures to 
determine and document reclamation success for reclamation release/certification. 
One suggested option would be to identify test sites at each operation that could be 
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monitored in conjunction with regulators to develop methods for reclamation 
evaluation and release/certification. 

5.9 Elemental Content in Reclaimed Vegetation 
What reclamation and revegetation techniques can be used to limit release of 
Se from mine wastes into receiving environments? 
Continued research is needed into how Se impacts terrestrial and aquatic 
ecosystems, and how the release of Se into these ecosystems can be reduced. 
Methods to mitigate the negative effects of selenium loading in the environment, 
such as planting forage species that uptake minimal amounts of Se into their tissues 
or managing reclaimed landscapes to minimize runoff of Se-containing water into 
watersheds need to be explored. 

How do different mine waste materials vary in their Se content and potential 
for vegetation uptake? 
Monitoring of Se content in reclamation vegetation has indicated relationships 
between concentrations and certain waste deposits, but we have no predictive 
knowledge on which material types or deposits might have higher or lower Se levels. 
Knowledge of metals uptake by vegetation on different mine "waste' is incomplete, 
with further studies warranted 

5.10 End Pit Lakes 
Are goals of establishing sustainable and healthy fish populations in end-pit 
lakes and associated water bodies compatible with Se issues in these 
habitats? 
Our reclamation research has identified challenges related to the creation of end pit 
lakes. Particularly, we have learned that the exposure of broken rock to atmospheric 
oxygen and subsequent leaching has created elevated selenium concentrations both 
in reclaimed end pit lakes and in receiving watersheds. We are conducting research 
to determine if pit lakes will remove selenium naturally through microbial reduction 
processes and ways that we can help make the process more effective. In addition, 
we are also conducting research to determine if self-sustaining fish populations in 
end pit lakes and associated water bodies are compatible with identified selenium 
issues in these habitats. 

5.11 Emerging Issues - Biodiversity 
Teck Coal has made multiple commitments to preservation and restoration of 
biodiversity, including incorporation of a biodiversity principle (to "integrate 
biodiversity conservation considerations through all stages of business and 
production activities") in the company's Code of Sustainable Conduct, developing 
corporate and operation-specific biodiversity strategies, and adhering to 
"conservation of biodiversity" commitments in the Mining Association of Canada's 
"Towards Sustainable Mining Guiding Principles". Under the biodiversity protocol, 
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Teck will report a self -assessment to MAC in 2012 and in 2013 external verification 
at facility levels will commence. 

Teck Coal's adopted definition of biodiversity states: 
Short for "biological diversity'ç the concepts of biodiversity includes the variety 
of living organisms, genetic diversity, habitat diversity and the processes that 
create and sustain variation in the environment. Different species –plant, 
animal, fun gal and microbial—interact with each other in a variety of ecological 
processes to form ecosystems. Biodiversity is valuable because the 
combination of a diversity of life forms has made Earth a uniquely habitable 
place for humans; it sustains human livelihoods and life itself. 

To elaborate, for the purpose of the following discussion on reclamation of Teck 
Coal's mines, biodiversity is taken to mean: 

• Biologic diversity occurring at the genetic, species, and ecosystem levels. 
Consequently, assessing biodiversity in: 

• genetic diversity of plants of the same species found on a reclaimed 
site, or across a reclaimed mine site (reclaimed mine sites); 

• diversity of species (fungal, plant, animal) present on a reclaimed site, 
across a reclaimed mine sites or groups of reclaimed mine sites, and 
across the broader landscape including reclaimed mine sites; and 

• diversity of ecosystems (including reclaimed ecosystems) across a 
landscape. 

• Biodiversity is also assumed to be concerned with the presence of 
"appropriate" or native species - thus, although use of agronomic species 
may actually increase species diversity at the local landscape level, from a 
broader perspective displacement of native species by ubiquitous agronomics 
may contribute to a reduction of global/continental biodiversity. Thus it is 
assumed that a biodiversity goal of reclamation is the revegetation of 
reclaimed sites with appropriate native vegetation, or the transition through 
vegetation succession of reclaimed sites to native plant communities. 

Although biodiversity issues are addressed above in various sections, and although 
biodiversity is an emergent property of all reclamation, it is increasingly becoming an 
explicit goal of reclamation, comparable to equivalent capability, provision of end 
land uses, and sustainability. 

What activities are currently carried out in the reclamation of Teck Coal's 
mines with biodiversity objectives in mind? 
There are a number of operational activities currently conducted on all mine sites 
which have as one of their express goals the contribution to reclamation biodiversity. 
Examples include: 

• landform design to encourage diversity in reclaimed sites and habitats; 
• creation of microsite habitats which encourage diversity of vegetation species 

establishment based on specific adaptations to moisture and exposure; 
• propagation and planting of native woody species, including major forest 

overstory species; 
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use of propagule-containing topsoil to encourage establishment of native 
species; 
use of less-aggressive species, seeding rates and fertilization rates in 
seeding programs, to allow more ecological space for colonization by native 
species; and 
introduction of native species into operational seed mixes. 

However, even with these activities, many reclaimed landscapes have low species 
structure and functional diversity compared to pre-disturbance conditions, and have 
a low component of native species. All of these attributes will naturally increase over 
time on reclaimed landscapes, but the predominance of use of agronomic species 
may slow these transitions, and we currently have little information on the rate of 
transition or vegetation succession trajectories. Biodiversity is an important and 
worthwhile goal in mine reclamation, but as a land manager, Teck Coal should be 
explicit as to whether it is a goal to be balanced with other reclamation goals, or 
whether it is an over-riding objective that takes precedence over other goals. 

What are the primary reclamation/functional objectives that must be met on 
each reclamation site? 
Some objectives, such as rapid vegetation establishment for erosion control or to 
limit net percolation, are more easily accomplished through use of agronomic 
species. In such cases, can higher-biodiversity reclamation treatments be reserved 
for other sites? Can we identify candidate sites for these treatments? In most cases, 
objectives more easily accomplished through use of agronomics (e.g. erosion 
control) may also be accomplished through use of native species, but frequently at 
higher cost or greater difficulty/less certainty. So there are "trade-off" decisions to be 
made. For example, in the case of erosion control, the following reclamation 
treatments might be used, alone or in combination: 

• Agronomic seeding - advantages are proven high success rates and low 
cost. Disadvantages are lack of native species establishment initially, and 
slow/limited native species re-colonization. 

• Bioengineering, in combination with native seeding - advantages are 
increased use of native species, and likely high success rates. Disadvantages 
are high cost of installation and slow implementation. 

• Surface roughening, in combination with native-species revegetation - 
advantages are increased use of native species. Disadvantages may include 
reduced surface run-off, and thus increased infiltration to underlying waste. 

How do we balance other reclamation objectives, such as the provision of forage for 
a wildlife-habitat end land use, versus native species/biodiversity considerations? 
Agronomic stands may produce superior forage in terms of quantity and nutrition, 
but may be less desirable from a biodiversity perspective. In such cases, a primary 
objective must be identified. Native-species revegetation programs, especially those 
focusing on use of a variety of native grasses and forbs, may produce lower forage 
biomass and may provide less nutritional enrichment to relatively undeveloped soils. 
Are the functional objectives of soil "building" and forage production more important, 
or are the "form" objectives of native species composition more important? Can 
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these objectives be balanced so that some are achieved on some sites, and some 
on others? Table 9 provides a suggested "biodiversity reclamation opportunities 
matrix" which attempts to identify and reconcile some of the primary relevant trade-
off decisions. 

Over what time frames and spatial scales should biodiversity be assessed 
on reclaimed mine sites? 
There are likely no right answers to these questions, but it would be beneficial for 
Teck Coal to define an internal approach to answering them. For instance, if a 
biodiversity goal is the return of native species to reclaimed landscapes, does the 
presence of these species (e.g. in totality, or as a proportion of species present in 
pre-disturbance or adjacent environments) have to be demonstrated, or is it 
sufficient to demonstrate a trajectory of return towards native vegetation 
communities? Over what time should species presence, and other biodiversity 
elements, be evaluated? Some attributes, such as structural diversity, are tied to 
the rate of forest development, and could take -100 years to develop, for 
attributes associated with mature forest ecosystems, or -150 years, for attributes 
such as snags associated with senescent mature trees. These time frames are 
generally longer than those anticipated for reclamation certification/release, and 
thus with Teck Coal's management of the reclaimed landscape. Should adjacent 
non-mined ecosystems be included in assessment of mine-site biodiversity? A 
suggested first approximation of an answer to this question is that diversity 
should be assessed over time from initial reclamation, with a final assessment at 
the time of application for reclamation certification/release, and that these 
assessments should identify both species presence and anticipated and 
demonstrable trajectories. Assessments of landscape-level diversity should 
include the reclaimed mine site plus a buffered adjacent area (e.g. mine-site 
footprint + 300 m). 

5-17 



Table 9: Matrix of Biodiversity Opportunities/Constraints in Reclamation 

Example 
Substrate 

sites Disturbed In-Situ Soil Topsoil Coal Waste/Regolith 

seed with aggressive seed seed with aggressive seed seed with aggressive seed 

mix, likely agronomic, with mix, likely agronomic, with mix, likely agronomic, with 
standard fertilizer standard fertilizer applications standard fertilizer applications applications 

Steeper or rough-mound in conjunction rough-mound in conjunction rough-mound in 
yes longer with heavy native-species with heavy native-species conjunction with heavy 

slopes seeding  seeding native-species seeding 

bioengineer with native bioengineer with native bioengineer with native 
species in conjunction with species in conjunction with species in conjunction with 

Erosion  native-species seeding native-species seeding native-species seeding 

Control a native species planting and/or native species planting and/or native species planting 
Primary 
Concern? 

seeding - seeding at reduced seeding - seeding at reduced and/or seeding - seeding 
with standard rates but  rates with reduced fertilizer rates with reduced fertilizer reduced fertilizer applications applications applications 

Platforms, rough-mound in conjunction rough-mound in conjunction 
no short gentle with native-species with native-species rough-mound in 

slope facets planting/seeding - seeding at planting/seeding - seeding at conjunction with native- 
reduced rates with reduced reduced rates with reduced species planting/seeding - 

fertilizer applications fertilizer applications seeding at standard rates 
with reduced fertilizer leave for natural where leave for natural where proximal native seed sources topsoil is direct-placed 
applications 

exist 

with reference to erosion with reference to erosion with reference to erosion  
Plantsites, control objectives, but favour control objectives, but favour control objectives, but 

favour treatments more large waste treatments more appropriate to treatments more appropriate appropriate to large areas 
dumps large areas such as to large areas such as such as widespread 

Size of 
widespread seeding/planting widespread seeding/planting seeding/planting 

Disturbance with reference to erosion with reference to erosion 

Roads, small 
with reference to erosion 
control objectives, but favour 

control objectives, but tavour 
treatments more appropriate control oblectives, but 

small waste treatments more appropriate to to small areas such as leave- favour treatments more
appropriate to small areas 

deposits small areas such as leave-for- for-natural where direct place, native-species planting or natural or light native-species light seeding seeding 

Sites in the With reference to above, but With reference to above, but With reference to above, 

far middle of the favour more aggressive favour more aggressive but favour more aggressive 
treatments such as heavier treatments such as heavier treatments such as heavier 

Proximity to ______ 
mine seeding or dense planting seeding or dense planting ______________  seeding or dense planting 

Native Seed Sites at mine With reference to above, but With reference to above, but With reference to above, 
source edges or favour treatments that leave favour treatments that leave but favour treatments that 

near near more ecological space, such more ecological space, such leave more ecological 
undisturbed as deciduous pianting or light as deciduous planting or light space, such as deciduous 

retugia seeding. or leave-for-natural seeding, or leave-for-natural planting or light seeding 

Longer-term Dense native-species 
disturbance, planting and/or heavier 

stockpiled Dense native-species planting Dense native-species native-species seeding 

use of legume-containing 
no 

topsoil or 
and/or heavier native-species planting and/or heavier 

Use of regolith/coal 
seeding native-species seeding seed mix, agronomic or 

Propagule- 
rich Surface waste native where available 

Material Short-term 
disturbances 

yes or direct- 
Leave-for-natural or native- Leave-for-natural or native- n/a 

placed 
species planting/light seeding species planting/light seeding 

topsoil  
Indicates higher-biodiversity options. 

Indicates lower-biodiversity, lower-cost options with probable high success 
rates. 
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What are the most effective ways to promote the development of diversity on 
reclaimed landscapes? 
There are likely many answers to this question, but some ideas based on this review 
document are presented below: 

• Salvage and direct-place topsoil materials - preservation and use of 
vegetation propagules in surface soils is likely the most efficient way of re-
establishing vegetation and soil biological diversity on reclaimed sites. 
Research in other reclamation settings (e.g., Alberta Environment, 2010) has 
demonstrated the benefits of surface soil salvage and direct placement on 
subsequent diversity of vegetation species on reclaimed sites. This research 
has also shown a rapid reduction in propagule viability with size and duration 
of stockpiling and storage. It is noted that on many of Teck Coal's current 
operations, opportunities for surface soil salvage and replacement are limited, 
due to limited soil resources in high-elevation environments, and to previous 
stripping practices which did not include retention of soil resources. 

• Lead with deciduous overstory species - tree-planted sites have high 
biodiversity value, as all planted species are native, Reclamation reforestation 
has typically focused on use of conifer species, as they are the dominant 
forest species in adjacent ecosystems, are the species most likely to have 
future economic value, provide important components of wildlife habitat, and 
in some cases are less vulnerable to damage through browsing, which can 
significantly limit tree growth on reclamation sites. However, deciduous 
species also have significant advantages, primarily their abundant production 
of more easily decomposed litter and thus enhancement of the soil-plant 
nutrient cycle, and their ability to provide protection without exclusion to 
understory species. It is suggested that a high-biodiversity reclamation 
treatment that could be attempted would be to plant deciduous tree species 
(primarily aspen and poplar/cottonwood, but perhaps also alder species) at 
densities of 5,000-10,000 stems per hectare. Post-fire aspen frequently 
established at densities of 10,000 stem/ha or greater, and these high 
densities would encourage rapid site occupation and crown closure, and 
maximize litterfall on young reclaimed sites. 

• Focus native non-woody species development efforts on the grasses 
and forbs listed in Table 10 - there has already been substantial 
reclamation research directed towards identification of native grasses and 
forbs with reclamation potential, and Table 10 lists those species already 
shown to be successful, and/or documented in multiple Teck Coal 
reclamation research sources. 

• Focus on development of native nitrogen-fixing species which can fill 
the functional role currently filled by agronomic legumes - currently 
agronomic legumes are used in reclamation seed mixes for their soil-building 
capacity and their ability to provide high-protein forage. Table 10 identifies a 
number of potential native replacements, with the highest-potential species 
being silky lupine in the Elk Valley and showy locoweed in northeast B.C. (no 
candidate species is identified in this work for Alberta, but review of research 
at Cardinal River could be used to identify an equivalent species). 
Development of native plants for seed mixes should focus on these species, 
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due to their identified forage value and capacity to fill an important functional 
role in reclamation. 

• Replace agronomic grasses with native grasses in seeded grass mixes 
or grass-legume mixes - as above, agronomic legumes are used for their 
nitrogen-fixing abilities, and we currently do not have adequate native-species 
replacements for this functional role. However, we do have candidate 
replacements (in many cases already in use) for agronomic grasses, 
particularly species marked with an asterisk in Table 10. These species could 
be used solely instead of agronomic grasses on appropriate reclamation 
sites, with seed mixes and fertilization regimes formulated to favour these 
species, while still maintaining legume presence (i.e., seed mixes should use 
less-aggressive agronomic legumes, with mixes balanced by seed number to 
allow proportional prevalence of native grasses; and fertilization should be 
low-dose, with a minimal N application to provide some nutrition to grass 
species, and adequate P for legume establishment, but not over-application 
of P). Candidate sites for these treatments would not include sites where 
erosion control is a primary objective, or where down-slope consequences of 
erosion are high, as native species will be slower to establish than 
agronomics. However, this treatment could be used successfully on many 
other sites. 

• Consider use of biodiversity "embellishments" such as diverse 
underplanting - reclamation research has identified a number of candidate 
native species for use in reclamation. Some, such as those listed in Table 8, 
have the potential for widespread and successful use in operational 
reclamation. However, such use is predicated upon successful development 
of direct seeding techniques, or the ability to produce large, robust container 
seedlings capable of relatively rapid growth after planting. Some identified 
species will not be suitable for widespread operational use as a dominant 
species, as they are not capable of wide site occupation or production of 
substantial biomass, but these species could be used, either seeded or 
planted, under appropriate established reclamation stands, as biodiversity 
additions. The deciduous stands discussed above would be good candidates 
for such treatments, as there are high-light growing-season windows under 
these stands. 
Consider use of biodiversity embellishments such as habitat features - 
most of the above discussion has focused on vegetation establishment, as 
this is one of the reclamation activities most directly controllable by 
practitioners. However, research on many of the mine sites has shown that 
habitat enhancements such as snags, nesting boxes, rockpiles, and tunneling 
habitats can be successful in rapidly encouraging use of reclaimed sites by a 
variety of wildlife species. 
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5.12 Emerging Issues - Selenium Management 

Selenium kinetics and release have been studied for years in Teck Coal's mines, but 
Se management is an issue that is emerging as a high priority, and environmental 
personnel are exploring various opportunities to control weathering of waste 
materials and subsequent release of Se to receiving environments. Although Se has 
primarily been studied as an aquatic issue, its emergence as a high reclamation 
priority has implications for terrestrial reclamation. Study of Se in Teck Coal's mine 
environments is a substantive issue. The discussion below is not meant to present a 
comprehensive summary, but focuses only on facets of this issue that are 
particularly relevant to the current document, particularly how terrestrial reclamation 
ecology might affect the Se issue. 

Are there reclamation techniques that could minimize net percolation through 
mine waste materials, and thus minimize Se loading to the receiving 
environment? How would these techniques affect other reclamation 
objectives? 
Reduction of net percolation or infiltration is an issue that involves a variety of 
technical and scientific disciplines. The following discussion assumes that design of 
remediation measures such as low-permeability or barrier covers is an engineering 
issue best addressed elsewhere. Thus, in terms of terrestrial reclamation ecology, 
Se management can be looked at through the perspective of store-and-release 
covers, where methods to increase soil storage, increase release, and decrease 
surface infiltration will minimize deep percolation through underlying waste materials, 
and thus Se loading to receiving environments. These three functions are discussed 
separately below. 

• Soil storage - increasing soil storage both minimizes total volumes (depths) 
of water available for subsequent infiltration, and maintains that water in 
rooting zones for longer periods, thus allowing more removal through 
evapotranspiration processes. Soil storage can be increased through use of 
finer textured cover materials in the rooting zone, and through presence of 
textural discontinuities in or at the base of the rooting zone. 

• Use of cover materials - on the majority of Teck Coal's mine sites, use of 
cover materials is atypical, with most reclamation conducted directly on mine 
waste materials (Cardinal River being the exception). With non-covered waste 
materials, infiltration can be defined as all water not removed through surface 
runoff or evaporation, although some infiltrating water will subsequently be 
removed through evapotranspiration. Use of non Se-enriched cover material, 
such as topsoil or regolith/overburden material, can provide a Se-benign layer 
for storage of water that can be subsequently evaporated or transpired, and 
thus reduce deep percolation through Se-enriched wastes. Although specifics 
depend on material properties, in general, cover thicknesses of less than 0.5 
m will have substantially reduced function for storage, thicknesses less than 1 
m will have reduced function for storage, and thicknesses in excess of 1 m 
are likely ineffective from a material balance perspective, as some water will 
be stored below the effective rooting zone (and thus unavailable for 
subsequent release). In addition, finer-textured cover materials will store more 
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water than coarse r-textu red materials, when used in a single-layer cover. Use 
of covers requires identification of suitable materials, salvage and 
transportation costs, and often stockpiling logistics and costs (which also 
entail re-handling costs), and placement logistics and costs. In addition, it 
may be difficult to identify sufficient volumes of suitable materials to provide 
covers across mine sites. The identification of high-Se mine waste would 
allow limited cover materials to be directed to higher-priority Se-management 
waste deposits. 

• Use of textural discontinuities - introduction of textural discontinuities into 
waste cover systems may not increase the amount of water that covers are 
capable of storing, but will increase the duration of storage prior to deep 
percolation. This longer duration in turn increases the potential for water to be 
released through evapotranspiration, and thus can indirectly reduce deep 
percolation. Even a single-layer cover will introduce a textural discontinuity at 
the cover-waste interface, provided that the physical materials of the cover 
are different than those of the waste (because coal waste materials are 
generally coarse textured, this, along with enhanced storage capacity, is 
another reason for use of fine-textured cover materials). Multi-layer covers will 
enhance this effect. Example potential multi-layer cover systems could 
include: 15 cm of topsoil on 85 cm of overburden on waste; 80 cm of 
overburden on 20 cm of coarse rejects on waste; etc. As textural 
djscontinuities are a feature of cover systems, they entail the same cost and 
logistical considerations as discussed above. It is possible that a cover 
system could be constructed without sourcing non-waste materials (e.g., 70 
cm of waste rock on 30 cm of coarse rejects on waste), but even these 
systems include increased handling costs. 

• Release - the objective of store-and-release systems is to maximize release 
through evapotranspiration. The primary release function that can be 
influenced by reclamation is the transpiration term. Transpiration is directly 
related to leaf area on reclaimed sites, thus rapidly established, maximal leaf-
area vegetation will "release" more water than more slowly establishing, slow-
growing vegetation. This introduces a potential trade-off decision in 
reclamation, as it may be that the goals of maximizing evapotranspirative 
release are to some degree in conflict with those of maximizing native species 
use in reclamation. Consider the following diagram, Figure 6, which provides 
a hypothetical schematic of leaf area development over time on reclaimed 
sites, for different vegetation communities. 



Figure 6: Leaf-area Development over Time on Reclaimed Sites 

Native 
Forest 
Species 

Leaf 	 IAgrnnomic 
Area 	 Species 

Native 
Grasses and 
Forbs 

Time 

Because agronomic species establish rapidly and display early vigorous 
growth, these species may provide maximum evaporation in years 
immediately following reclamation. Native grasses and forbs are generally 
slower to establish, and may produce less leaf area overall, so, although use 
of these species may meet a biodiversity objective, it may be less effective at 
maximizing water release. Native forest species are initially slower to develop 
than both agronomics and native grasses/forbs (depending on establishment 
densities), but over time probably develop the maximum leaf area that a given 
site is capable of supporting, and thus may be the treatment that has the 
minimum release over the short term, but the maximum release over the long 
term. 

This concept of different evapotranspirative releases for different vegetation 
communities at different times again emphasizes the need for explicit 
identification of primary reclamation objectives, and the need to tailor 
reclamation treatments to meet these objectives. The introduction of terrestrial 
Se management as a high-priority objective has the potential to alter 
development and evaluation of reclamation treatments, and may favour use of 
rapidly establishing, vigorous agronomic species. The ideal, of course, is to 
find the optimum balance of treatments for simultaneously meeting multiple 
objectives - e.g., dense planting of deciduous native overstory species 
combined with a delayed understory seeding might be an effective treatment 
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to maximize native species use and maximize both short- and long-term 
evapotranspirative release on reclaimed sites. 

Teck Coal has initiated research to examine Se and surface-soil water 
dynamics on reclaimed sites, including design of trials to evaluate different 
evapotranspiration contributions of different reclamation vegetation 
communities. 

• Reduction of surface infiltration - terrestrial reclamation may influence the 
amount of water that infiltrates soil or waste surfaces, and thus that is 
potentially available for deep percolation. Vegetation may intercept rain and 
snow, and thus reduce water reaching the ground surface (through 
evaporation and sublimation) or slow its delivery, in effect lessening 
precipitation intensity (which may reduce run-off and increase infiltration, 
and/or increase the duration over which soil moisture is available for 
subsequent release. In addition, reclamation surface preparation techniques 
may influence infiltration - for instance, many studies have found that creation 
of mounded microsites and associated depressions are very effective at 
increasing diversity and establishment of reclamation vegetation. However, 
such treatments may also encourage water ponding and infiltration. Thus this 
factor again introduces trade-off decisions into reclamation: perhaps rough 
mounding techniques are best used on materials with maximum 
storage/retention capacity (material depth, texture and layering) or on lower-
Se wastes, and best avoided where these conditions are less favourable. 

Teck Coal's emerging terrestrial Se management research is designed in part to 
address many of the issues and questions raised above - to examine possible 
optimum combinations of storage/retention and release functions, to identify 
optimum opportunities and techniques to simultaneously achieve multiple 
reclamation objectives, and to identify constraining conditions where decisions on 
priority objectives will have to be made. In addition, it is an express goal of this work 
to identify the extent to which vegetation and surface preparation management can 
actually influence deep percolation and Se release. 
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6. GOING FORWARD 

All scientific and applied scientific research, including Teck Coal's historical 
reclamation research, is grounded in a particular setting and time. The reclamation 
research discussed in this report was conducted to fulfill certain objectives relevant 
to the various mine sites at the time of implementation and evaluation. This research 
and its results in operational reclamation programs performed admirably in this 
regard. Teck's reclamation research and operational reclamation have supported 40 
years of mining and the return of productive ecosystems on mined land, and their 
success is manifested in the 25-year-old regenerating forest stands and thriving 
wildlife populations found across Teck Coal's mine sites. 

However, shifting objectives and expectations may call for changes to reclamation 
techniques and practices, and to the research that supports these. As discussed in 
Sections 5.11 and 5.12, there are two primary emerging issues that relate to shifting 
objectives and expectations for reclamation practice at Teck Coal's mines: 
biodiversity and selenium management. These two issues are discussed briefly, 
below. 

Biodiversity 
There are increasing expectations around biodiversity and mine reclamation 
throughout Teck Coal's operating areas. These expectations are generated from a 
variety of sources: internal, as evidenced in corporate commitments and the 
concerns of environmental personnel at individual operations; from regulators, as 
evidenced in inclusion of biodiversity concepts in permit discussions; and from other 
stakeholders, as evidenced in recently increased interest in the goals and outcomes 
of mine reclamation, centered for the moment on oil sands mine reclamation. 
Although biodiversity is a broad concept, we can examine two premises about the 
application of this concept to terrestrial/ecological aspects of Teck Coal's 
reclamation programs: 

• Concerns around biodiversity relate more to the goal of maintaining and/or 
restoring the presence of ecologically appropriate native species, including 
vegetation species, than to the goal of increasing diversity at the genetic and 
species level. That is, biodiversity is "shorthand" for a desire to have 
reclamation return species found in the pre-disturbance environment, in 
preference to introduced species such as agronomic grasses and legumes. 

• These biodiversity goals may be gaining precedence over productivity goals 
which have previously driven reclamation. That is, expectations seem to be 
changing such that it would be preferable to have "lower-productivity" 
ecosystems composed of native species on reclaimed sites than to have 
"higher-productivity" ecosystems composed of agronomic hay species and 
the ungulate species that they support. 

These emerging biodiversity-driven objectives have the potential to significantly shift 
reclamation expectations, such that techniques that have been tremendously 
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successful in the past may no longer be sufficient to meet new goals, and thus may 
no longer deliver outcomes that are judged to be successful. 

Selenium Management 
Observations over approximately the last 25 years have highlighted the Se release 
issue for all of Teck Coal's operations, and it has been recently recognized by the 
company as a significant environmental issue for its future operations. Selenium 
management considerations have the potential to substantially affect all aspects of 
reclamation, including the terrestrial/ecological aspects covered by this report. As 
with biodiversity but likely more strongly and more immediately, the objective of 
selenium management may change the context of reclamation and revegetation, 
such that options which were once judged not to be feasible or necessary (e.g., mine 
waste cover placement in the Elk Valley) will be re-evaluated. 

In light of these issues, and of the synthesis sections of this document, four priorities 
for reclamation research and practice going forward are proposed below: 

1. Research and re-evaluation of the benefits and optimum use of soil or 
other cover materials 

Use of cover materials, whether composed of surface soils (topsoils), subsoils, or 
other materials such as suitable overburden, have the potential to improve outcomes 
both for biodiversity and selenium management, for reasons discussed in Sections 
5.11 and 5.12. In addition, where surface soils (i.e., soils from ground surface to a 
depth of 15-30 cm) can be salvaged and directly placed (i.e., placed on available 
reclamation areas without the need for stockpiling and re-handling), further benefits 
to biodiversity through preservation of vegetation propagules will be significant. 
Research is needed at all the active operations to: 

• Evaluate and document the benefits of use of covers, including 
surface-soil covers, to reclamation vegetation outcomes. This 
evaluation should cover both species presence, to allow examination 
of results through a biodiversity lens, and production, to allow relation 
to objectives such as provision of wildlife habitat (see research priority 
#3, below). 

• Evaluate optimum use of limited cover materials, in terms of depth of 
placement, use and configuration of islands of placement, and surface 
preparation such as rough mounding. As above, evaluation should 
include both vegetation species presence and production. 

• Evaluate the contribution of cover systems to site water balances and 
net percolation rates - see research priority #4, below. 

2. Research into non-woody native species propagation and establishment 
For reclamation areas both with and without soil covers, additional work is required 
to reduce reliance on introduced agronomic species by developing native forbs as 
reliable and practical alternatives. This work is particularly critical for sites where 
opportunities for soil salvage and replacement are limited (e.g., due to historic mine 
planning and development decisions), as propagules for these species will have to 
be introduced through artificial means (seeding or seedling planting), rather than 
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through soil placement. It is recommended that work focus on high-potential species 
such as those listed in Table 8 of this report, or those identified through other 
projects, and should include species known to fill important functional roles in pre-
disturbance ecosystems (and have the potential to also support reclamation 
objectives) such as silky lupine (see Section 5.3). 

1. Research and documentation of trends in vegetation and other key 
indicators on reclaimed sites over time 

Despite the quantity of reclamation research conducted over the last 40 years, we 
have limited evidence to conclusively document trends in species presence over 
time, and thus to provide quantitative evidence to inform the reclamation-succession 
debate. There are a number of sites with a historical record of monitoring results that 
could be built on to assemble these needed data, including the long-term soil and 
vegetation plots at Cardinal River, and repeat sampling plots in the Elk Valley. 
However, ideally monitoring sites would be established at the time of first 
revegetation with the express purpose of monitoring vegetation community 
composition over time. It is recommended that Teck Coal consider implementation of 
a monitoring network across at least its active sites. Aspects of such a monitoring 
network should include, at the minimum: 

• Monitoring methods designed primarily to address vegetation diversity 
(biodiversity) issues through ability to track species composition over time, 
and particularly presence and abundance of native species. 

• Consistent methods established across all participating sites, to increase the 
number of datapoints and allow assembly of a collective database, and to 
allow comparison of results between sites and over time. 

• Monitoring sites established on different substrates, aspects and treatments, 
to allow information to be gathered about how different reclamation conditions 
and decisions affect vegetation composition over time. 

One option for implementing such a monitoring network would be to use circular 100 
m2  plots with nested subplots as necessary, and to record species presence and 
ocular estimates of abundance (% cover) within the plot/s. Although this method 
introduces some observer error into the monitoring network, less subjective methods 
such as line transects or use of frames typically cover far less area, which can limit 
species capture. Circular 100 m 2  plots can be used for other purposes (e.g. 
regeneration and mensuration assessments), and have no bias in terms of edge 
orientation. Additional time-bounded surveys outside the plot but within the 
reclamation polygon of interest could be conducted to capture additional species. 
Plots could be established based on either: 

• stratification of factors such as landform topography, substrate, surface 
preparation and revegetation treatment, to develop discrete strata which 
would then be sampled as available; or 

• installation on a grid system with a pre-determined intensity. For example, 
sampling at an intensity of 1 plot per 100 reclaimed ha would result in a grid 
point spacing of 1 x 1 km, and theoretically yield approximately 12 plots on 
the Cardinal River mines, 27 plots on the Elk Valley mines, and 30 plots on 
the northeast B.C. mines (if these latter were included). Plots could be 
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established on existing reclamation at grid-point intersections, and 
subsequently on new reclamation at these intersections. 

Plots could be surveyed on a 5-year interval, although survey intervals could be 
more frequent if plots were also used for other objectives. 

In order to address broader objectives of evaluation and documentation of 
reclamation success for release/certification applications, the monitoring network 
could include a broader range of indicators. For example, the suggested program 
focussing on vegetation changes would provide information on successional 
patterns and some aspects of biodiversity and sustainability; this information could 
be augmented with data on litter/forest floor accumulation and dynamics, and soil 
and/or plant nutrient levels, to provide information on site development over time. 
These indicators could then be used collectively as the basis for reclamation 
evaluation and determination of release/certification. 

4. Research into cover placement, site preparation, and revegetation for 
Se management 
Factors for consideration in such work are discussed more thoroughly in 
Section 5.12, but the immediate priority for this research would be to assess 
the contribution that mine waste covers, site preparation techniques such as 
rough mounding, and revegetation techniques make to unsaturated-zone 
water balances and thus to control of net percolation. Due to cost and 
complexity, this research should be done on a small number of carefully 
selected and instrumented sites, through collaboration between vegetation 
and hydrology researchers. 
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7. Glossary of Terms 

Abandonment (AB): The permanent deactivation/dismantlement of a mine and/or 
associated facility and includes any measures required to ensure the mine is 
left in a permanently safe and secure condition, eliminates any safely hazard, 
and ensures long term structural stability. It also includes the dismantlement 
of plants and removal of all associated equipment, structures, and 
removal/disposal of structural concrete. 

Abandoned Mine (BC): A mine for which all permit obligations have been satisfied 
and in respect of which mineral claims have reverted to the government. 

Active: Land that is in use or projected to be in use for mining related activities. 

Afforestation: The process of establishing a forest by planting trees or 
their seeds on land that is not a forest, or has not been a 
forest for an extended period. 

Agronomic: Cultivated varieties of grasses or herbs bred and selected for 
particular characteristics, i.e., shape, form, site preferences. 

Alpine Grassland: Mountain regions above the upper limit of tree growth which 
may eventually support grass-like vegetation under present climatic 
conditions. 

Alpine Meadow: A high-altitude area of low herbaceous vegetation dominated by 
species of grasses, sedges and forbs. 

Alpine Tundra: A grassland area located above the upper limit of tree growth in 
mountainous regions. A treeless area dominated by cold-tolerant vegetation 
often consisting of low shrubs and herbs that need only a short period of time 
to complete their life cycle. 

Amendment: Any material, such as lime, gypsum, sawdust, or synthetic 
conditioners that is worked into the soil to make it more productive. 
Technically, a fertilizer is also an amendment but the term 'amendment' is 
used most commonly for added materials other than fertilizer. 

Angle of Repose: The greatest angle (approximately 370)  to the horizontal that any 
loose or fragmented solid material will stand without sliding or coming to rest 
when poured or dumped in a pile or on a slope. In the case of waste dumps, 
the dump as a unit is stable at the angle of repose but the surface sediment of 
the dump is quasi-stable because of creep and raveling. 

Anthropogenic: Produced by human activity. 
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Aspect: The direction in which a slope faces, especially in the context of exposure 
or different degrees of insolation. 

Available for Reclamation: Disturbed land that will not be used in the future for 
mining activities 

Avifauna: The bird fauna of an area or period. 

B iogeocl i matic Classification: A hierarchical system of ecosystem classification 
developed by Krajina (1965). The biogeoclimatic classification approach 
subdivides a region into climatic classes according to Koppen, and further 
subdivides these into biogeoclimatic zones according to the climatic climax 
dominant vegetation on mesic sites with zonal soils. Zones are subdivided 
into subzones according to floristic and structural differences in the plant 
community and differences in soils. Within subzones, patterns of ecosystem 
types are identified along topographic sequences of ecosystem types which 
are associated with gradients of soil moisture and fertility. 

Biological Angle of Repose: The minimum angle at which creep and raveling on 
the surface of a rock waste dump prevents the extensive growth of vegetation 
or ceases to prevent plants from colonizing the surface (approximately 27 °). 

Biophysical Classification (Biophysical Mapping): A holistic classification of the 
landscape aiming to delineate ecologically significant segments of the 
landscape. These land units are differentiated on the basis of geology, 
terrain, climate, forest zone, soil development and vegetative community. 
The classification may be used as a basis for interpretations respecting (1) 
land capability for agriculture, forestry, wildlife and outdoor recreation, and (2) 
land suitability for urban, industrial and transportation development. 

Biophysical Type: The most detailed category of the biophysical land classification 
characterized by landscape segments that are uniform with regard to soils 
and potential for certain vegetation types. 

Boreal Forest The northern hemisphere, circumpolar, tundra forest type 
consisting primarily of black spruce and white spruce with 
balsam fir, birch and aspen. 

Canada Land Inventory System: A computer based data and mapping system 
which includes information about present land-use, resource capability, socio-
economic and agroclimate. A classification of a piece of land that assesses 
its inherent value for a particular use or capability class. If the vegetative unit 
is being evaluated, it refers to the best successional stage of that unit (e.g., 
potential value for wildlife). A numerical classification system of 1 (highest 
capability) to 7 (lowest capability) was developed to aid land use planning and 
decision-making. The Canada Land Inventory System (CLI) is a variant of 
ecological cartography. 

7-2 



Capability: Focuses on the nature and degree of limitations imposed by the 
physical characteristics of a land unit for a certain use. 

Capability Class (Soil): The class indicates the general suitability of the soils for a 
specified land-use. It is a grouping of subclasses that have the same relative 
degree of limitation of hazard. The limitation or hazard becomes 
progressively greater from Class 1 to Class 7. 

Capability (Land): An evaluation of land performance that focuses on the degree 
and nature of limitation imposed by the physical characteristics of a land unit 
on a certain use, assuming a specific management system (Fedkenheuer et 
al. 1987). Capability or potential use of land based on criteria, which are 
dependent on the following factors: (1) slope, (2) texture and stoniness, (3) 
climate and (4) moisture. Factors such as fertility are not included because 
they can easily be modified. The specific management system which 
influences criteria is determined by socio-political interests. 

Certified land (AB): Land that has received a reclamation certificate under the 
Environmental Protection and Enhancement Act. 

Clast: An individual particle of detrital sediment or a sedimentary rock initially 
produced by the disintegration of a larger mass of bedrock; classified 
according to sand, gravel, pebbles and boulders. 

Closed Mine (BC): A mine at which all mining activities have ceased. 

Closure Plans (AB): The suspension, abandonment, remediation, and surface 
reclamation activities (plans) that resulted in an accepted end point. 

Cliff: A steep, vertical, or overhanging rock face. 

Coarse Fragments: Rock or mineral particles greater than 2 mm in diameter 

Colluvium: Material transported to a site by gravity; as in rock deposits at the base 
of a scree slope. 

Colonist: A plant species which can establish on open, unvegetated sites. An 
animal which has colonized a previously uninhabited area or site. 

Colonization: The act or process of establishing a colony or colonies. The process 
of plant establishment on open unvegetated sites. 

Compaction: The closing of the pore spaces among the particles of soil and rock, 
resulting in a higher density. Generally caused by running heavy equipment 
over the area, as in the process of leveling the overburden material of surface 
mine banks or dumps. 
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Configuration: The shape or outline of forest stands or plant communities; the 
degree of irregularity in the edge between stands or communities; varying 
from simple to mosaic; the location and juxtaposition of landscape elements. 

Container Stock Production: Stock cultivated in small containers and planted as 
seedlings. 

Corridor: A narrow strip of land that differs from the matrix on either side. 

Cover (Crown): The amount of canopy provided by branches and foliage of trees, 
shrubs, and herbs in a plant community; may be specified by species, kind of 
plant, or collectively. 

Cover (Escape): Vegetation dense enough to aid animals in escaping from 
potential enemies. 

Cover (Forage Ratio): The percentage of a habitat analysis unit in cover condition, 
and the percentage in forage condition, expressed as a ratio totaling 100. 

Cover (Hiding): Structural - vegetation capable of hiding 90 percent of a standing 
adult deer or elk from the view of a human at a distance equal to or less than 
61 m; generally, any vegetation used by animals for security or to escape 
from danger 

Coversoil: Unconsolidated materials including salvaged surface soil, salvaged 
regolith, or selected bedrock spoil used to top-dress spoils to build a better 
quality minesoil. 

Creep: Slow, continuous or discontinuous downslope movement of sediment in a 
rock waste (spoil) or overburden dump, or natural slope. 

Crest: The top of a dam or spillway to which water must rise before passing over 
the structure 

Crest (Slope): Top edge of a slope. 

Crust: A surface layer of soil from a few millimeters to 2.5 cm thick, that when dry, 
is much more compact, hard or brittle than the material just beneath. It is 
caused by raindrop impact, clay dispersion, clay translocation and heavy 
equipment that cause a re-orientation of clay particles which blocks pores.. 

Cryoturbation: Heaving, churning and sorting of soil and surficial materials due to 
repeated freezing and thawing; results in the development of convoluted and 
flame-like structures in the soil and in patterned ground such as stone stripes 
and sorted polygons. 

Decommissioning: Disturbed land with buildings, plant and other infrastructure that 
is deactivated and/or removed prior to undergoing reclamation. 
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Disturbed-land: Disturbed by mining or related activities. 

Diversity (Structural): Diversity in a vegetation stand that results from layering or 
tiering of the canopy; an increase in layering or tiering leads to an increase in 
structural diversity. 

Dominant: Plant species or species groups which, by means of their numbers, 
coverage, or size, influence or control the existence of associated species; 
individual animals which determine the behavior of one or more other 
animals, resulting in the establishment of a social hierarchy. 

Dormancy: The capacity of organisms, or specific organs such as buds or seeds, 
to go into a state of rest during unfavorable periods. 

Dozer or Bulldozer: Tractor with a steel plate or blade mounted on the front end in 
such a manner that it can be used to cut into earth or other material and move 
said material primarily forward by pushing. 

Ecological Diversity: Diversity is difficult to define but has been described as the 
relative degree of abundance of wildlife species, plant species, communities, 
habitats, or habitat features per unit of area. 

Ecological Guild: A group of species, the individuals of which exploit the same 
kind of resources in a similar way. 

Edaphic: Pertaining to the soil, particularly the influence of soil on organisms. 

Edge: The place where plant communities meet or where successional stages or 
vegetative conditions within plant communities have a common interface; an 
outer band of a patch that has an environment significantly different from the 
interior of the patch. 

Edge Effect: A distinctive species composition or relative abundance in the outer 
band of a patch relative to the patch interior. 

Edge Species: A species found only or primarily near the perimeter of a landscape 
element. 

Environmental Resource Patch: An area where environmental resources, such as 
soil moisture or rock type, differ from the surrounding matrix. 

Ephemeral: Short-lived or transient. 

Equivalent Capability: A term used to define post-mining land capability in which 
the ability of the reclaimed landscape to support various land-uses is similar 
to that which existed prior anthropogenic disturbance, but not necessarily 
equal in terms of individual land-uses. 
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Erodibility: The relative ease with which one soil erodes under specified conditions 
of slope as compared with other soils under the same conditions; this applies 
to both sheet and gully erosion. 

Erosion: The group of physical and chemical processes whereby earth or rock 
material is worn away loosened or dissolved and removed from any part of 
the earth's surface. 

Erosion Control (Reclamation): Erosion control is an extremely important 
consideration for reclamation of surface coal mines, since sedimentation 
frequently results in the destruction of receiving environment plant 
communities, streams and aquatic habitats as well as a general deterioration 
of water-quality. Mining operations may produce elevated levels of sediment 
and dissolved minerals in surface waters, during active mining, but water 
quality generally improves and approaches pre-disturbance values with time 
following cessation of mining activities. 

Erosion (Gully): Removal of soil by running water, with formation of deep channels 
that cannot be smoothed out completely by normal cultivation. 

Exempt area: Area that does not require reclamation as per regulation. 

Fauna: The entire animal life of a given region, habitat or geological stratum. 

Fawning Area: An area, usually on spring-fall range, where does give birth to 
fawns and maintain them in their first few days or weeks. 

Fertilization: The application of organic and inorganic chemical to enhance the 
natural levels of soil nutrients available for plant growth. 

Fertilizer Application: Most fertilizer used in the world is applied to the soil directly 
by machineiy or aircraft or as a component of irrigation water. 

Fertilizer: Any natural or manufactured material added to the soil in order to supply 
one or more plant nutrients. The term is generally applied to largely inorganic 
materials other than lime or gypsum sold in the trade. 

Fertilizer (Complete): A fertilizer containing all three of the primary fertilizer 
nutrients (nitrogen, phosphate and potash) in sufficient amounts to be of 
value as nutrients. 

Fertilizer Formula: The quantity and grade of materials used in making a fertilizer. 

Fertilizer Grade: An expression that indicates the weight percentage of plant 
nutrients in a fertilizer. The guaranteed minimum analysis in whole numbers, 
in percent, of the major plant nutrient elements contained in a fertilizer 
material or in a mixed fertilizer. For example, a fertilizer with a grade of 20- 
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10-5 contains 20 percent nitrogen (N), 10 percent available phosphoric acid 
(P205), and 5 percent water-soluble potash (K20). 

Fertilizer Ratio: The relative proportions of primaly nutrients in a fertilizer grade 
divided by the highest common divisor for that grade. For example, grades 
10-6-4 and 20-12-8 have a ratio of 5-3-2. 

Fertilizer Rate: The amount of fertilizer required to supply a particular nutrient. To 
calculate the rate of fertilizer required to supply a particular rate of nutrient, 
multiply the rate of nutrient desired by 100 and divide by the percent of the 
nutrient present in the fertilizer. For example, the rate of 50kg/ha N desired 
using 34-0-0 would be R =50 x 100134 = 147 kg of 34-0-01h. 

Fluvial: Pertaining to rivers and river action. 

Footwall: The surface left after the removal of the coal, and formed by the rock 
stratum which lies directly beneath the coal seam. 

Forage: All woody and herbaceous foods that are available to grazing and browsing 
animals. 

Forage Production: The weight of forage that is produced within a designated 
length of time on a given area. Weights may be expressed as either green, 
air-dried, or oven-dried, and be time bounded by descriptors such as annual, 
current-year, or seasonal production. 

Forage Utilization: The proportion of current year's forage production that is 
consumed or destroyed by grazing animals; usually expressed as a percent. 

Forb: Any herbaceous fleshy leaved plant species (other than those in the 
Gramineae, Cyperaceae, and Juncaceae families). 

Free Face: The steep sides of a dump down which the rock waste is tipped from a 
platform. 

Frost Action: A weathering process caused by repeated freeze-thaw cycles. The 
freeze-thaw process is the dominant mechanical climatic influence on the 
alpine. 

Gallinaceous: Avifauna such as grouse orptarmigan. 

Gram inoid: All grasses (Gramineae) and grass-like plants including sedges (Carex 
spp.) and rushes (Juncus and Luzula spp.). 

Graminivorous: Feeding on grass. 

Granivore: Any organism that feeds exclusively or predominantly on seeds or 
grains. 
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Grass: Any plant species that is a member of the family Gramineae. 

Grassland: Vegetation type where the dominant cover plants are grasses. 

Grazing: The consumption of standing forage by livestock or wildlife; in the strict 
sense, the consumption of plant material by animals. 

Gulley (Geomorpho logy): A drainage channel formed by running water. 

Habit (Growth Habit): General appearance of a plant. 

Habitat: The sum total of environmental conditions of a specific place occupied by a 
species or a population of such species. 

Habitat Capability: The capacity of a given area to meet the needs of ungulates, 
either seasonally or year-round. 

Habitat Creation: The establishment of a historical ecosystem on lands that did not 
previously support that ecosystem or on severely altered sites. 

Habitat Diversity: The range of habitats present in a region. 

Habitat Enhancement: Any manipulation of habitat that improves its value to meet 
specified requirements of one or more wildlife species. it includes changing 
plant species composition, stand structure, and forage availability. 

Habitat Templet: The stage upon which ecosystem structure and functioning is 
developed. 

Herb: Any plant that dies back to the ground surface each year. 

Highwall: The unexcavated face of exposed overburden and coal in a surface mine 
or the face or bank on the uphill side of a contour strip mine excavation. 

Home Range: The area around an animal's home that is used for feeding and other 
daily activities. 

Hydroseeding: Dissemination of seed hydraulically in a water medium. 
Mulch, fertilizer and other amendments can be incorporated 
into the sprayed mixture. 

Insectivore: Any organism that feeds exclusively or primarily upon insects or 
arthropods. 

Keystone Species: Keystone species are those species whose activity and 
abundance determine the integrity of the community and its stability. 
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Keystone species have a disproportionately large effect on other species in a 
community. 

Krummholz: Refers to stunted, twisted, and scrubby trees that grow in the harsh, 
exposed environment at the edge of the alpine zone just beyond the 
timberline in subalpine forests. 

Lacustrine: Pertaining to, or living in, lakes or ponds 

Lagomorph: Any of the group of mammals that include rabbits and pikas. 

Land Capability: The suitability of land for use without permanent damage and is 
an expression of the effect of physical land conditions including climate, on 
the total suitability without damage for crops that require regular tillage, for 
grazing, for woodland and for wildlife. Land capability involves consideration 
of the risks of land damage from erosion and other causes and the difficulties 
in land evaluation owing to physical land characteristics, including climate. 

Land Classification: The classification of specific bodies of land, according to their 
characteristics or to their capabilities for use. A use capability classification 
may be defined as one based on both physical and economic considerations 
according to their capabilities for man's use, with sufficient detail of 
categorical definition and cartographic (mapping) expression to indicate those 
differences significant to men. 

Landform: A geomorphic feature of the earth's surface. The definition of landform 
includes features such as plain, plateau and mountain as well as hill, valley, 
canyon, and alluvial fan that make up the surface of the earth. 

Landscape: A heterogeneous land area composed of a cluster of interacting 
ecosystems that are repeated in similar form throughout. Landscapes vary in 
size, down to a few kilometers in diameter. A landscape is defined as a 
distinct measurable unit with several interesting ecological characteristics. 

Landscape Structure (Pattern): The distribution of energy, materials and species 
in relation to the sizes, shapes, numbers, kinds and configurations of 
landscape elements or ecosystems. 

Landscape Unit: An area indicating landscape similarity. 

Land shaping (Spoil Dumps): Returning spoil banks to even sloped terrain 
features. Land shaping is also referred to as contouring, grading, resloping, 
shaping and site preparation. 

Landslide: Rapid movement of soil, rock or debris down a slope as a result of 
gravity or gravity and water when the material is saturated. 

Land-Use: Human-imposed functions of a land area. 
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Life History: The significant features of the life cycle through which an organism 
passes with particular reference to strategies influencing survival and 
reproduction. 

Littoral Zone: The zone in a lake that is closest to the shore. It includes 
the part of the lake bottom, and its overlying water, between 
the highest water level and the depth where there is enough 
light (about 1 % of the surface light) for rooted aquatic 
plants and algae to colonize the bottom sediments. 

Mature Forest: A clearly defined stand of trees for which the annual net rate of 
growth has peaked. Strand age, diameter of dominant trees, and stand 
structure at maturity vary by forest cover types and local site conditions. 
Mature stands generally contain trees with a smaller average diameter, less 
age class variation and less structural complexity than old-growth stands of 
the same forest type. 

Mature Soil: A soil that has reached the full developmental stages resulting from 
weathering and biological processes, typically having well-developed 
horizons. 

Microtopography Modification (Ripping, Pitting, Deep Chiseling, Furrowing): 
Modification of micro relief allows seeds to collect in hollows and provides 
shade and moisture to germinating seedling. The optimum topographic relief 
appears to be 20-30 cm high in furrows 80-100 cm apart. Ripping or deep 
chiseling to depths ranging between 20-50 cm is generally performed 
following regrading to reduce bulk density and improve minesoil porosity. The 
depth of ripping is dependent upon material type and plant species selected 
to achieve land use objectives. In general ripping shank spacing and 
penetration depth should be equidistant. 

Migration Corridor (Travel Corridor, Travel Lane): Situations usually linked to 
topography and vegetation that provide completely or partially suitable habitat 
that animals move through during migrations. 

Mine Road: A road constructed for a mining operator. 

Minesoil: Soil produced by mining and reclamation activities that are capable of 
supporting plant growth. 

Mosaic: The intermingling of plant communities and their successional stages in 
such a manner as to give the impression of an interwoven design. 

Mud: (1) A soft, wet sticky or slippery mixture of water and predominantly fine-
textured sediments. (2) Overburden materials, removed during the mining 
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process, which have physical characteristics which preclude their 
incorporation into waste dumps because of geotechnical or stability concerns. 

Mulching: The addition of materials (usually organic) to the disturbed land surface 
to curtail erosion or retain soil moisture for the purpose of protecting the 
surface from erosion or protecting plants from heat, cold or drought. 

Native Species (Reclamation): A species which has not been domesticated and is 
indigenous to a particular region. 

Net Plant or Primary Production: The organic matter produced by photosynthesis 
less that lost in plant respiration. 

Nivation: Enlargement of hollows occupied by snow banks due erosion of bedrock 
and/or surficial materials by a variety of processes, including freeze-thaw, 
chemical action of melt water solifluction and snow-patch erosion. 

Nongame Species: All wild terrestrial and aquatic vertebrates not subject to sport 
fishing or hunting. 

Non-operating (BC): A mine at which all mining activities have ceased. 

Nonsoil: The aggregate of surficial materials that do not meet the definition of soil. 
It includes unconsolidated materials displaced by processes such as dumps 
of earth fill along a highway under construction, mineral or organic material 
thinner than 10 cm overlying bedrock, exposed bedrock, unconsolidated 
material covered by more than 60 cm of water year round, and organic 
material thinner than 40 cm overlying water. 

Nutrients: Mineral elements essential for plant growth obtained from the soil. 

Outcrop: An exposure of rock or a mineral deposit that appears at the surface. 

Overburden: Unconsolidated surface material, such as earth, sand and boulders, 
cove ring the rock surface. In mining, overburden refers to all of the material 
overlying a deposit which must be removed prior to mining. 

Overstorey: Those trees that form the upper canopy in a multi-layered 
forest. 

Parent Material (Genetic Material): The unconsolidated mass of rock material (or 
peat) from which the soil profile develops. 

Passerine: Birds of the order Passeriformes. Perching birds, especially song birds. 
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Patchy Habitat: A habitat within which there are significant spatial variations in 
suitability for the species under consideration. 

Pedogenesis: The formation of soils. 

Periglacial: Pertaining to cold climates, such as arctic and alpine areas. 

Persistence: A measure of stability, referring to the time period during which a 
certain characteristic continues to be present at a given level. 

Planted/treated: Disturbed area that has been planted with conifer and/or 
deciduous trees. 

Platform: The flat surfaces of a rock waste spoil or overburden dump. 

Progressive Reclamation: Reclamation of lands as soon as practicable after they 
are designated ready-to-reclaim. 

Raptor: Any predatory bird such as a falcon, hawk, eagle, or ow/that has feet with 
sharp talons or claws adapted for seizing prey and a hooked beak for tearing 
flesh. 

Raveling: Perceptible downslope sliding or skipping movements of individual or 
groups of clasts on the surface of rock waste dumps. 

Ready to Reclaim: Lands that have been disturbed and are available for 
reclamation activities because they are no longer required for mining. 

Reclamation: Returning the land to a condition and productivity conforming to a 
prior land use plan that moves toward a balanced ecological state that meets 
approved end land uses. 

Reclaimed: Land that has supported vegetation for at least one year that will lead to 
the designated land use objective. 

Reclamation Assessment: General approaches that have been developed to 
evaluate reclamation success. 

Record of Progressive Reclamation (AB): when lands have been remediated, 
con toured and reclamation soils replaced, this stage represents completion of 
the majority of work/costs required to return the site to equivalent land 
capability. 

Recruitment: The influx of new members into a population by reproduction or 
immigration. 
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Regolith: The unconsolidated and unaltered layer of weathered rock and soil and 
surficial materials overlying the bedrock. 

Regosol: An azonal soil which has developed without pronounced horizonation or 
profile development. 

Release of Obligations (BC) and Certification (AB): Fulfillment of all conditions of 
the act, regulation and permit to the satisfaction of the responsible 
government agency and there are no on-going inspection, monitoring, 
mitigation or maintenance requirements, will lead to the owner being released 
from all further obligations under the pertinent Act. 

Remedial: Area that at one time was reclaimed but has been recognized as 
requiring maintenance. 

Remnant Patch: An area remaining from a former large landscape element and 
now surrounded by a disturbed area. 

Reproduction (Vegetative): Reproduction by asexual processes such as budding 
or fragmentation; vegetative division; vegetative propagation. 

Reproductive Success: The relationship of species life-history and physiological 
traits with environment is an important determinant of successful 
reproduction. 

Revegetation: Lands revegetated to a self-sustaining state using appropriate plant 
species that will lead to the designated land use objective. 

Riparian: Pertaining to anything connected with or immediately adjacent to the 
banks of a stream or other body of water. 

Ruderal: A plant of waste places, usually associated with human disturbance. The 
world distinguishes this group of plants from 'weeds' which are plants that are 
a nuisance to human activities - the ruderal is not necessarily a nuisance. 

Ruminant: Herbivorous mammals such as cows that chew the cud and have 
complex stomachs containing microorganisms that break down the cellulose 
in plant material. 

Safe Site: Favorable microsites (moisture, temperature) for seedling establishment. 
Natural safe sites may include cracks and depressions in the soil surface or 
sites associated with gravel and plant litter. 

Scarification (Mine Reclamation): Scarification, pitting and furrowing improve 
moisture conservation, increase water infiltration and reduce soil compaction. 
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Scree: A slope of loose, rocky debris accumulating beneath a cliff of weathering 
rock. 

Security: On the closure of a mine, and with responsible government agency being 
satisfied that some or all the conditions have been complied with, an 
application for security release or a partial release shall be submitted. The 
application will include details of the reclamation activities completed. The 
mine is entitled to a refund of some or all of the security. 

Sedimentation Pond: A pond, natural or artificial, in which relatively quiescent flow 
conditions allow sediment and suspended material to settle and thus be 
removed from the oufflow or effluent. 

Seedbank: The term seed bank refers to the number of viable seeds per volume of 
soil or those seeds retained on dry and indehiscent reproductive structures... 

Seeded/Treated: Disturbed area seeded with high quality grass and/or legume 
specie (no weeds in seed mix) 

Senescence: (or biological aging) is the change in the biology of an organism as it 
ages after its maturity. 

Seral: Any species or community demonstrably susceptible to replacement by 
another species or community 

Sere: A sequence of communities that follow one another in the same habitat and 
terminate in a particular kind of climax association. 

Site preparation: The physical act of shaping or reshaping and/or placing of growth 
medium on a disturbed area to meet the end land use objective. 

Slope (Aspect): Slope aspect influences the rate and mode of slope development 
which is fundamentally due to differential insolation. In the northern 
hemisphere, slopes which face north-northeast tend to receive less insolation 
than slopes which face south-southeast. The degree of this insolation 
differential is a function of the angle of incidence of the solar radiation at the 
ground surface which varies with latitude, slope angle and source slope 
orientation. This differential heating of opposed slopes affects effects a 
differentiation of slope processes through the agencies promoting differences 
in soil moisture content, vegetation cover and type and freeze-thaw activity. 

Slope Stability: The resistance of any inclined surface, as the wall of an open pit or 
cut, to failure by sliding or collapsing. 

Soil Temperature: The temperature obtained by a soil thermometer at any level 
within the soil, but recorded at standard depths of 30 cm and 100 cm at 
meteorological stations. 
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Solifluction: The slow, downslope movement of moist or saturated, seasonally 
frozen surficial material and soil. 

Spatial Diffusion: The movement of a wave front from a point source or focus 
across a two-dimensional field such as a ripple in water. 

Spoil Dump (Spoil Bank, Spoil Pile, Tip, Pile, Overburden Dump, Waste Dump): 
An area on which overburden and other excavated spoil is deposited, usually 
by downhill dumping in surface mines on mountainous terrain. Also called 
cast overburden. 

Spoil Texture: The proportion of fines found in colliery spoil is critical in determining 
water relations, temperature in rooting zone and susceptibility to erosion and 
cation exchange capacity (Kent 1982). The minesoil matrix generally lacks 
clay-sized particles and organic substances with anion and cation exchange 
surfaces necessary for attraction and bonding of nutrients. 

Stability (Ecological): The condition of a system characterized by a variation curve 
with a level general tendency and a large or small regular oscillation. 

Source: A habitat in which local reproductive success exceeds local mortality for a 
given species. 

Stock Pile: Storage of soils materials (growing media) for later use. 

Stolon: A specialized overground stem of plants which extends laterally, putting 
down roots at intervals and giving rise to new shoot systems. 

Stress: The sum of external constraints on plant populations or any factor which 
limits biomass accumulation. 

Subalpine: An area located altitudinally between the treeless alpine zone and the 
closed Montane forest of lower elevations and characterized by discontinuous 
tree growth. 

Subnivean: Beneath the snow. 

Succession (Autotrophic or Plant): Succession has been defined is the 
temporally dependent sequential change in the relative abundances of 
species which is a consequence of their differential dispersal, germination, 
growth, survival, life span and competitive abilities in response to disturbance. 

Succession (Heterotrophic): A temporal succession of species at a location, 
principally involving animals. 

Succession (Managed): Succession is a natural phenomenon that will occur on all 
disturbed lands over a long period of time. 
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Succession (Primary): Succession occurring on new land surfaces. 

Succession (Secondary): Sequential vegetation change following the disturbance 
of established vegetation. 

Summer Range: A range, usually at higher elevation, used by deer and elk during 
the summer. Summer range is usually much more extensive than a winter 
range. 

Surface Mining: A broad term that refers to any process of removing earth, rock 
and any other material in order to extract the underlying mineral deposit. 

Survival Rate: Percentage of organisms (plants or animals) surviving after a given 
time period. 

Tailings: Those portions of washed or milled ore that are regarded as too poor to 
be treated further, as distinguished from the concentrates, or material of 
value. 

Tailings Dam or Pond: Impoundment to which slurry is transported, and in which 
the solids will settle and the liquid may be withdrawn. 

Talus (Scree): The accumulation of broken rocks that occurs at the base of cliffs or 
other steep slopes. Sheets of fine to coarse colluvial rock debris on slopes. 

Target Species: A species being managed for a specific purpose. 

Terraced Slope: A slope that is intersected by one or more terraces; sloping 
ground cut into a succession of benches for purposes of controlling surface 
run-off, minimizing soil erosion, and assisting re-vegetation; also called a 
berm. 

Terracing: Creating a series of raised banks of earth to reduce effective slope 
length. Sometimes terracing can help prevent severe nIl and gully erosion. 

Terrain: The physical characteristics of the natural features of an area, i.e.: its 
landforms, vegetation and soils... 

Till: Unstratified drift, deposited directly by a glacier without reworking by melt 
water, and consisting of a mixture of clay, silt, sand, gravel, and boulders 
ranging widely in size and shape.. 

Tiller: A branch formed at or near ground level by grasses and sedges. 

Timberline: The boundary between subalpine forest and alpine meadow which may 
imply the upper altitudinal edge of continuous forest, the altitude of the 
highest tree, or the midpoint between this range. 
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Toe: The point of contact between the base of an embankment or spoil bank and 
the foundation surface; usually the outer portion of the spoil bank where it 
contacts the original ground surface. 

Topography: The shape of the ground surface, such as hills, mountains or plains. 
Steep topography indicates steep slopes or hilly land; flat topography 
indicates flat land with minor undulations and gentle slopes. 

Topsoil: (1) Presumed fertile soil material used as a top dressing. Distinction has 
been made among synthetic, weathered, and geologic topsoil. Synthetic 
topsoil can include sand and stone chips as well as fly ash, sawdust, or 
manure not usually a part of geological soil and rock. Weathered topsoil is 
the natural top-dressing material that has been subjected to weathering 
throughout geologic (2) Surface soil material enriched with organic matter and 
humus (A horizon). 

Treated: Disturbed land that has undergone site preparation and/or vegetation 
establishment for reclamation. 

Ungulate: A hoofed animal. 

Water Content: The amount of water held in a soil expressed as a weight or 
volume basis. 

Waterfowl: A water bird; especially one that swims, swimming game birds. 

Waterholding Capacity: The capacity of the soil to retain water. The amount of 
water available for plant growth will depend upon the total water content of 
the soil and absorptive properties related to particle size distribution, organic 
matter and the structural stability of the soil. 

Wetland: Any vegetated area where the main environmental determinant is water. 
Land that is saturated with water or submerged, at least during most of the 
growing season. 

Width Effect: A pattern where species distributions are related to the width of a 
landscape element. 

Wildlife: Undomesticated vertebrate animals, except fish, considered collectively. 

Wildlife Habitat: The term wildlife habitat refers to the air, soil, water, food and 
cover components of the environment on which wildlife depend directly or 
indirectly in order to carry out their life processes. 

Wildlife Logs: Logs left in place on the forest floor for wildlife habitat. 

Windthrow (Blowdown): A tree uprooted by the wind 
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APPENDIX 11- BRITISH COLUMBIA LEGISLATION (ON CD) 



lE 
/ 

3 

. 

. 	 T 



APPENDIX III - LIST OF ALL RECLAMATION RESEARCH 
REPORTS - ALBERTA 
(REPORTS ON CD) 



Appendix Ill - Cardinal River Operations Reports List 

Report Title 	 Source/Author 
1 

	

	Cardinal River Coals Ltd. Reclamation Acott, G.B. 1980. 
Status Annual Update 1979 

2 	Reclamation Strategy at Cardinal 	Acott, G.B. 1983 
River Coals Ltd. Cardinal River Coals 
Ltd. Proceeding of the 7th Annual 
Mine Reclamation Symposium 

3 	Long-Term Soil and Vegetation Plots Arregoces, C., Craig, N. 
Program at Cardinal River Operations: and Leskiw, L. 2008. 
First-Year (2007) Results 

4 	Soil Reclamation Assessment of the 	Arregoces, C.J., Leskiw, 
Luscar Mine (50-A8 pit and dump, 50- L.A. And Boorman, S.M. 
B-5 north dump and 51-C-1 terrace 	2006. 
dump) 

5 	Limnological Surveys of Five End Pit 	Boorman, R.L. 2006. 
Lakes on the Cardinal River 
Operations Mine Lease, 2005-2006 

6 An Assessment of Woody Species 	Brinker, C. 1992 
Plant Establishment and Growth at the 
Cardinal River Mine 

7 	Elk Valley Coal Corporation Luscar 	Brinker, C. 2008. 
Mine: Results of 2007 Forest 
Regeneration Surveys, 50-A8 South, 
51-C6 North Dump and 51-Cl Terrace 
Dump 

8 	A. Detailed Soil Survey of the Cardinal Brocke, L.K. 1977 
River 51-C Baseline Area 



9 	B. Detailed Soil Survey of the Cardinal Brocke, LX. 1977 
River Mine Site and Interpretations for 
Reclamation 	- 

10 	Detailed Soil Survey of the Luscar 	Brocke, L.K. 1978. 
Freehold Area and Interpretations for 
Reclamation 

11 	Cheviot Mine Project Application - 	Cardinal River Coals Ltd. 
Volume 1. Part E: Reclamation Plan. 	1996. 
Prepared for: Alberta Environment 

12 Detailed Soil Survey and Reclamation Chernipeski, B.M. and 
Suitability Evaluation for the Cheviot 	Knapik, L.J. 1997. 
Shop/Office-Plant Site and Cadomin 
By- Pass 

13 2004 Guideline for Lake Development EPL Working Group 

14 Minesoil and Landscape Reclamation Fedkenheuer, A.W., 
of the Coal Mines in Alberta's 	Knapik, L.J. And Walker, 
Mountains and Foothills. Report No. 	D.G. 1987 
RRTAC 87-2. Pedocan Land 
Evaluation Ltd. 

15 Reclamation Monitoring at the Luscar HardyAssociates. 1983. 
Open Pit Mine 1982 Report 

16 	Detailed Soil Survey of the Plant East Harron, W. and Brocke, 
Area and Interpretations for 	L.K. 1981 
Reclamation 

17 Principles of Surface Coal Mine 	Horstmann, K.N. And 
Reclamation: A Study of Initial 	Bachmann, P. 1975. 
Revegetation Activities at Luscar, 
Alberta 

18 Surface Reclamation Procedures 	Kiassen, W. 1974 
Employed by Cardinal River Coals 
Ltd. At Luscar, Alberta, Canada 

19 	Characteristics and Quality of Minesoil Knapik, L.J., 
Landscapes and Minesoil Profiles at 	Hammermeister, A.M. 
the Luscar Mine 	 And Walker, D.G. 1995. 



20 	Detailed Soil Survey and Soil 
	

Leskiw, L.A. Sansom, J.J. 
Handling Plan for Cardinal River 

	
2001. 

Coals Ltd.'s Proposed P02 Mine 
Extension 

21 	Detailed Soil Survey and Soil 
Conservation Plan for the Prospect 
Development Area. 33 pp 

22 	Detailed Soil Survey of 50-A Baseline 
Mining Extension (1989) 

23 	Soil Investigation of 51-B- 34 External 
Dump Regolith, September 1993. 

24 	Detailed Soil Survey Up-Date of 
Southern Part of 50-A Baseline Mining 
Extension (1993) 

Leskiw, L.A. Waterman, 
L. 2006. 

Leskiw, L.A. 1989 

Leskiw, L.A. 1993 

Leskiw, L.A. 1993. 

25 	Evaluation of Reclamation Materials at Leskiw, L.A. 2003. 
Cardinal River Coals 

26 2001 Baseline Results from the Long- Leskiw, L.A. Pollard, J.S. 
Term Soil And Vegetation Plots At 	2002. 
Cardinal River Coals Ltd. 

27 2003 Baseline Results from the Long- Leskiw, L.A., Pollard, J.S. 
Term Soil and Vegetation Plots at 	And Brown, J.T. 2003. 
Cardinal River Coals Ltd. 

28 	Species Selection, Seedling 	Lesko, G.L., Etter, H.M. 
Establishment and Early Growth on 	and Dillon, T.M. 1975. 
Coal Mine Spoils at Luscar, Alberta 

29 	Development of Sport Fisheries in 	Luscar Ltd., Luscar-Sterco 
Lakes Created By Coal Mining 	Ltd., Cardinal River Coals 
Operations in the Eastern Slopes: 	Ltd., 
Final Report 

30 	Limnological Investigation of Lac Des Luscar 
Roches 1998-1999 

31 	Reclamation to Wildlife Habitat in 	MacCal/urn, B. ND. 
Alberta's Foothills 



32 Bighorn Sheep Selenium Exposure 	MacCal/urn, B., Feder, C., 
Study 2006 Luscar and Gregg River 	Godsalve, B. and 
Mines, Alberta: Preliminary 	 Johnson, C. 2008. 
Investigation 

33 Comprehensive Report on 	 Macyk, T.M. and 
Operational Reclamation Techniques Drozdowski, B.L. 2008. 
in the Mineable Oil Sands Region. 

34 Long-Term Soil and Vegetation 	Neufeld, C., Craig, N. and 
Monitoring Plots Program at Cardinal 	Leskiw, L.A. 2010. 
River Operations: 2009 Results. 
Prepared for Teck Coal Ltd. 

35 Sphinx Lake Monitoring in 2008 
36 Physical Environment of an 

Abandoned Strip Mine Near Cadomin, 
Alberta 

37 Survey of Native Trees and Shrubs 
38 Natural Vegetation and Ecology of 

Abandoned Coal-Mined Land, Rocky 
Mountain Foothills, Alberta, Canada. 
Can. J. Bot. 64: 1286-1298 

Pisces Ltd. 2009. 
Root, J.D. 1976. 

Russel, W.B. 
Russel, W.B. And La Roi, 
G.H. 1986 

39 Fish Populations, Biomass and 
	

Schwartz, T. 2002. 
Growth in Lac Des Roches, Alberta 

40 Review of Vegetation on Reclaimed 
	

Strong, W.L. 1994. 
Rock Dumps at Luscar, Alberta 

41 
	

Vegetation Analysis of Recently 
	

Strong, W.L. 1999. 
Reclaimed Sites on the Luscar Mine 

42 Micro-Hummocky Topography as a 
	

Strong, W.L. 2000. 
Reclamation Technique 

43 Enhancing Botanical Diversity on mine Strong, W.L. 2002. 
Spoil 

44 Report on the Transplanting of 	Strong, W.L. 2004. 
Significant Species within the Grave 
Flats Road Re-Alignment Disturbance 
Zone (Year 6) 



45 The Cadomin Reclamation Research Takyi, S.K. And Russell, 
Project Second Year Results (1979). 	W.B. 1980. 
ENR Report No.155. Alberta Energy 
and Natural Resources and Forest 
Service 

46 Project Summary 1994-2004 Soil 	Walker, D.G. 2005. 
Reconstruction & Revegetation 
Demonstration Trials: Cheviot Mine 
Project 
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APPENDIX IV - LIST OF ALL RECLAMATION RESEARCH 
REPORTS - NORTHEAST COAL SITES - (REPORTS ON CD) 



Appendix IV - Northeast Coal Reports List 

Bulimoose 

Report Title 
1 	Constructed Wetland- Bu llmoose 

Minesite, Tumbler Ridge, B.C. 
2 	Wildlife Habitat Assessment 

3 	1999 Reclamation Assessment - 
Bullmoose Operating Corporation 

4 	Use of Remote Sensing in 
Reclamation Assessment at Teck 
Cominco's Builmoose Mine Site 

Source/Author 
Davies,W.G. 1995 

Environmental Insight & Myosotis 
1997 
Smyth 1999 

C. E. Jones and Associates Ltd. 
2004 

Quintette 

1 

2 

3 

4 

5 

6 

Report Title \ 

An Environmental Impact Assessment 
and Reclamation Plan of the MT-6 
Aggregate Site on the Quintette Coal 
Project 
Innovative Reclamation At Quintette: 
High Elevation/High Latitude 
Challenges 
Reclamation Research at Quintette 
Operating Corporation 
Reclamation Research at Quintette 
Operating Corporation - 1996 
Assessments 
High Elevation Native species Island 
Model for Mine Reclamation, 
Qu intette Operating Corporation 
A Review of the Reclamation Program 
and Assessment of Pre- and Post-
Mining Land Capability at Quintette 
Operating Corporation 

Source/Author 
Quintette Coal Limited 1981 

Bittman 1995 

Smyth 1995 

Smyth 1996 

Bittman 1997 

Environmental Insight 1997 



7 
	

Quintette Operating Corporation 1998 
Reclamation Report 

8 
	

Quintette Operating Corporation 1998 
Reclamation Report 

9 
	

Assessment of the Native Species List 
at Qu intette Operating Corporation 

10 Proposed Reclamation monitoring 
Programs - Quintette Operating 
Corporation 

11 
	

Reclamation seedling Transplant 
Inoculation Evaluation - 2001 

12 2001 Native "Island" Assessment 

13 Quintette Mine Closure Report 
Reclamation Permit No. C-156 

1,4 Objective Measurement Criteria for 
Determining Reclamation Success 
Quintette Operating Corporation 

15 2001 Vegetation Metals Uptake 
Assessment 

16 Quintette Operating Corporation An 
Assessment of Dozer Reclamation 
Operations 

17 2002 Reclamation Monitoring 
Assessment 

18 2005 Native Island Assessment 

19 2006 Reclamation Assessment for the 
Mesa/Wolverine and 
Shikano/Plantsite Portions of the 
Quintette Mine 

20 2007 Native Island Assessment 

Quintette Operating Corporation, 
1999 
Quintette Operating Corporation, 
2000 
Smyth 2000 

Smyth 2001 

Myosotis 2002 

EBA Engineering Consultants Ltd. 
2001 
Quintette Operating Corporation 
2001 
Smyth 2001 

EBA Engineering Consultants Ltd. 
2001 
Quintette Operating Corporation 
2002 

EBA Engineering Consultants Ltd. 
2003 
EBA Engineering Consultants Ltd. 
2008 
C. E. Jones and Associates Ltd. 
2009 

Matrix 2009 
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APPENDIX V - LIST OF ALL RECLAMATION RESEARCH 
REPORTS - ELK VALLEY SITES 
(REPORTS ON CD) 



Appendix V - Elk Valley Reports List 

Fording River Operations 
Report Title Source/Author 

1 1970 Annual Reclamation Research Report Cominco Limited 
2 1971 Annual Reclamation Research Report Cominco Limited 
3 1972 Annual Reclamation Research Report Cominco Limited 
4 1973 Annual Reclamation Research Report Cominco Limited 
5 1974 Annual Reclamation Research Report Cominco Limited 
6 1975 Annual Reclamation Research Report Cominco Limited 
7 1976 Annual Reclamation Research Report Cominco Limited 
8 1977 Annual Reclamaflon Research Report Cominco Limited  
9 1978 Annual Reclamaflon Research Report Cominco Limited 
10 1979 Annual Reclamation Research Report Cominco Limited 
11 1980 Annual Reclamation Research Report Cominco Limited 
12 1981 Annual Reclamation Research Report Cominco Limited 
13 1982 Annual Reclamation Research Report Cominco Limited 
14 1983 Annual Reclamation Research Report Cominco Limited 
15 1984 Annual Reclamation Research Report Cominco Limited 
16 1985 Annual Reclamation Research Report Cominco Limited 
17 1986 Annual Reclamation Research Report Cominco Limited 
18 1987 Annual Reclamation Research Report Cominco Limited 
19 1988 Annual Reclamation Research Report Cominco Limited 
20 1989 Annual Reclamation Research Report Cominco Limited 
21 1990 Annual Reclamation Research Report Cominco Limited 
22 1991 Annual Reclamation Research Report Cominco Limited 
23 1992 Annual Reclamation Research Report Fording River 

Operations 
24 1993 Annual Reclamation Research Report Fording River 

Operations 
25 1994 Annual Reclamation Research Report C. E. Jones and 

AssocIates 
26 1995 Annual Reclamation Research Report C. E. Jones and 

Associates 
27 1996 Annual Reclamation Research Report C. E. Jones and 

Associates 
28 1997 Annual Reclamation Research Report C. E. Jones 



29 1998 Annual Reclamation Research Report C. E. Jones and 
Associates 

30 1999 Annual Reclamation Research Report C. E. Jones and 
Associates 

31 2000 Annual Reclamation Research Report C. E. Jones and 
Associates 

32 2001 Annual Reclamation Research Report C. E. Jones and 
Associates 

33 2002 Annual Reclamation Research Report C. E. Jones and 
Associates 

34 2003 Annual Reclamation Research Report C. E. Jones and 
Associates 

35 2004 Annual Reclamation Research Report C. E. Jones and 
Associates 

36 2005 Annual Reclamation Research Report C. E. Jones and 
Associates 

37 2006 Annual Reclamation Research Report C. E. Jones and 
Associates 

38 2007 Annual Reclamation Research Report C. E. Jones and 
Associates 

39 2008 Annual Reclamation Research Report Stantec 
40 2009 Annual Reclamation Research Report Stantec 
41 Conifer Nutrient Status 	 C. E. Jones and 

Associates 1996 
42 Availability of Native Grass Seed for high Elevation 	 C. E. Jones and 

Reclamation 	 Associates 1997 
43 Evaluation of Conifer Growth Performance and Foliar Nitrogen C. E. Jones and 

Concentration on the FC-3-86 Plots on C Spoil 	 Associates 1997 

44 Elemental Concentration in Forage 	 C. E. Jones and 
Associates July 
2001 

45 2005 Assessment of Combination Reslope Areas on Fording 	C. E. Jones and 
River, Greenhills, and Line Creek Operations 	 Associates 2005 

46 Selenium Accumulating and Non-accumulating Plants: The 	C. E. Jones and 
Potential Relevance to Elk Valley Coal Fording River 	Associates 
Operations Reclamation 	 November2006 

47 Use of Native Plant Species in Reclamation of Wildlife Habitat Norecol 1984 
at the Fording River Operations 



Appendix V - Elk Valley Reports List 

Greenhills Operations 
Report Title Source/Author 

1 1994 Annual Reclamation Research Report C. E. Jones and Associates 

2 1995 Annual Reclamation Research Report C. E. Jones and Associates 

3 1996 Annual Reclamation Research Report C. E. Jones and Associates 

4 1997 Annual Reclamation Research Report C. E. Jones and Associates 

5 1998 Annual Reclamation Research Report C. E. Jones and Associates 

6 1999 Annual Reclamation Research Report C. E. Jones and Associates 

7 2000 Annual Reclamation Research Report C. E. Jones and Associates 

8 2001 Annual Reclamation Research Report C. E. Jones and Associates 

9 2002 Annual Reclamation Research Report C. E. Jones and Associates 

10 2003 Annual Reclamation Research Report C. E. Jones and Associates 

11 2004 Annual Reclamation Research Report C. E. Jones and Associates 

12 2005 Annual Reclamation Research Report C. E. Jones and Associates 

13 2006 Annual Reclamation Research Report C. E. Jones and Associates 

14 2007 Annual Reclamation Research Report C. E. Jones and Associates 

15 2008 Annual Reclamation Research Report Stantec 

16 2009 Annual Reclamation Research Report Stantec 



Appendix V - Elk Valley Reports List 

Line Creek Operations 
Report Title 	 Source/Author 

Line Creek Reclamation Studies 1980 & Line 	B.C. Research April, 1980 and 
Creek Reclamation Studies 1981 	 November 1981 

2 	Utilization of Agronomic Grass species by Wild 	Crows Nest Resources, 
Ungulates at a Reclamation Study Plot in SE 	November 1980 
British Columbia 

3 	Elk Valley Biophysical Inventory 1982 - Volume 2 Taesco Consultants Limited, Dec 
Wildlife and Vegetation 	 1982 

4 	Range Productivity Project- Analysis of 1982 
Data 

5 	Evaluation of B.0 Research Plots, Line Ridge 
Sites - 3 and 4 

6 	Forage Quality of Twelve Grass Species 
Sampled at Line Ridge 

7 	Native Seed Trials on the Line Creek Mine 
Waste Dump 

8 	A Guide to Propagating Some Native Plant 
Species Suitable for Reclamation at the Line 
Creek Mine 

9 	Line Creek Biophysical Inventories Volume 1- 
Terrain Analysis 

10 	Line Creek Biophysical Inventories Volume 2- 
Vegetation- 

11 	Line Creek Biophysical Inventories Volume 3- 
Wildlife 

12 	Line Creek Biophysical Inventories Volume 3- 
Wildlife - Addendum I Radiotelemetry 

13 	Line Creek Biophysical Inventories Volume 3- 
Wildlife - Addendum II Carrying Capacity 

14 	Reclamation Research on the West Line Creek 
Dump: Biomass, Cover, and Species Diversity 

Taesco Consultants Limited, May 
1983 

Crows Nest Resource Limited, 
October 1985 

Crows Nest Resource Limited, 
October 1985 

Crows Nest Resource Limited, 
October 1985 

Crows Nest Resource Limited, 
October 1985 

Taesco Consultants Limited, 
January 1985 

Taesco Consultants Limited, 
January 1985 

Taesco Consultants Limited, 
January 1985 

Taesco Consultants Limited, 
January 1985 

Taesco Consultants Limited, 
January 1985 

Environmental Insight, March 
1996 

15 	Establishment and Growth of Mycorrhizal and 	C.R. Smyth, Myosotis Ecological 
Rhizobium Inoculated High-Elevation Native 	Consulting, 1997 
Legumes on Line Creek Operations Coal Mine 
Spoils 



16 1997 Legume Evaluation Interior Reforestation Co. Ltd., 
February, 1998 

17 Ewin Ridge/Mount Banner Permanent Myosotis Ecological Consulting, 
Reclamation Sample Plots Assessments 1998 November 1998 

18 High Elevation Reclamation Monitoring - Ewin EBA Engineering Consultants 
Ridge 2004 Assessments Ltd. Engineering Consultants Ltd. 

March 2005 

19 Nutrient Movement through Growth Medium Interior Reforestation Co. Ltd., 
West Line Creek Dump January 1999 

20 Long-Term Monitoring of Permanent EBA Engineering Consultants 
Reclamation Plots on High-Elevation Limited, 2000 
Disturbances at Line Creek Mine 

21 High Elevation Monitoring - Ewin Ridge EBA Engineering Consultants 
Ltd. 2005 

22 	
Review of Reclamation Studies - Line Creek 
Operations 

C. E. Jones and Associates Ltd. 
2006 

2005 Annual Reclamation Research Report 
	

C. E. Jones and Associates 

2006 Annual Reclamation Research Report 
	

C. E. Jones and Associates 

2007 Annual Reclamation Research Report 
	

C. E. Jones and Associates 

2008 Annual Reclamation Research Report 
	

Stan tec 

2009 Annual Reclamation Research Report 	Stantec 



Appendix V - Elk Valley Reports List 

Elkview Operations 
Report Title Source/Author 

1 1973 Reclamation Department Annual Report, Kaiser Resources 1974 
Kaiser 

2 1974 Annual Reclamation Report and Program Kaiser Resources 1975 
for 1975 

3 1975 Annual Reclamation Report Kaiser Resources 1976 

4 1976 Annual Reclamation Report Kaiser Resources 1977 

5 1977 Annual Reclamation Report Kaiser Resources 1978 

6 A Comprehensive Reclamation Research on P.F. Ziemkiewicz; 
Coal Mining Disturbed Lands Kaiser Resources Ltd. 1977 

7 1978 Annual Reclamation Report Kaiser Resources 1978 

8 1979 Reclamation Programme Kaiser Resources 1979 

9 1980 Annual Reclamation Report and Program BC Coal 1981 
for 1981 

10 1981 Exploration Activities and Reclamation BC Coal 1981 
Report Balmer and Greenhills 

11 Reclamation Research at BC Coal Fraser,D.F., 1982 

12 1982 Annual Report and Program for 1983 Westar Mining Limited. 1983 
Westar 

13 1983 Annual Report and Program for 1984 Westar Mining Limited. 1984 
Westar 

14 Westar Mining Balmer End Land Use Goals Westar Mining Limited. 1984 

15 1984 Annual Report and Program for 1985 Westar Mining Limited. 1985 
Westar 

16 From Test Plot to Nest Box Fraser,D.F., 1984 

17 1985 Annual Report and Program for 1986 Westar Mining Limited. 1986 
Westar 

18 1986 Annual Report and Program for 1987 Westar Mining Limited. 1987 
Westar 

19 1989 Annual Report and Program for 1990 Westar Mining Limited. 1990 
Westar 

20 Ungulate Winter Habitat Mitigation Plan Harmer Interior Reforestation Co. Ltd. 
West Slopes 1994 

21 1995 Operational Mitigation Monitoring Report Interior Reforestation Co. Ltd. 
Erickson Creek and Michel Slopes 1996 



22 1995 Vegetation Monitoring Report - Alexander Interior Reforestation Co. Ltd. 
Creek 1996 

23 1995 Ungulate Winter Habitat Mitigation Interior Reforestation Co. Ltd. 
monitoring - Harmer West Slopes 1996 

24 1996 Operational Mitigation Monitoring Report Interior Reforestation Co. Ltd. 
Erickson Creek and Michel Slopes 1997 

25 1996 Ungulate Winter Habitat Mitigation Interior Reforestation Co. Ltd. 
Monitoring - Harmer West Slopes 1997 

26 Winter Habitat Utilization on the Michel Slopes Interior Reforestation Co. Ltd. 
and Harmer West Mitigation Area 1998 

27 1997 Operational Mitigation Monitoring Report Interior Reforestation Co. Ltd. 
Erickson Creek and Michel Slopes 1998 

28 1997 Ungulate Winter Habitat Mitigation Interior Reforestation Co. Ltd. 
Monitoring - Harmer West Slopes 1998 

29 Property Wide Environmental GIS Elkview Coal Corporation. 1998 

30 1998 Property-wide Biomass Assessment Interior Reforestation Co. Ltd. 
1999 

31 1999 Vegetation Assessment Report Interior Reforestation Co. Ltd. 
2000 

32 Environmental Monitoring Toward End Land Use Dixon, B. Elkview Coal. 2000 
Objectives at Elkview Coal 

33 2000 Vegetation Monitoring Report Interior Reforestation Co. Ltd. 
2000 

34 2000 Tissue Analysis Report Interior Reforestation Co. Ltd. 
December 2000 

35 2001 Vegetation Monitoring Report Interior Reforestation Co. Ltd. 
2001 

36 2002 Vegetation Monitoring Report Interior Reforestation Co. Ltd. 
2002 

37 Land Capability/Productivity and Wildlife Habitat Environmental Insight 2004 
Assessment 

38 2006 Vegetation and Soils Monitoring Report Pryzm Environmental 2007 
Elkview Operations 

39 2008 Operational Monitoring Report Elkview Pryzm Environmental 2009 
Operations 

2008 Annual Reclamation Research Report Stantec, 2009 

2009 Annual Reclamation Research Report Stantec, 2010 



Appendix V - Elk Valley Reports List 

Coal Mountain Operations 

Report Title Source/Author 

1 Methodology for Reclamation Plots at Byron Esso Resources Canada 1984 
Creek Collieries 

2 1984-1985 Information Summary from Byron Creek Collieries 1985 
Reclamation Studies 

3 1986 Information Summary from Reclamation Byron Creek Collieries 1986 
Studies 

4 Byron Creek Collieries Reclamation Activities Byron Creek Collieries 1986 
and Research Program 

5 The Use of Unconsolidated Runoff Material in Kennedy, Kovach 1987 
Coal Waste Dump Reclamation 

6 Ungulate Habitat Evaluation and Impact Delta Environmental 1990 
Assessment of Byron Creek Collieries Extension 

7 Review of Byron Creek Collieries Reclamation HBT AGRA 1992 
Plant 

8 2000 Vegetation Monitoring Report Interior Reforestation. 2000 

9 A Review and Vegetation Assessment of the Interior Reforestation Co. Ltd. 
Unconsolidated Fines Incorporation Study 2001 

10 A Review of Coal Refuse Pile Reclamation at Interior Reforestation Co. Ltd. 
Fording Coal Ltd., Coal Mountain Operations 2001 

11 Corbin Creek "As- Built" Monitoring July 2002 Westslope Fisheries Ltd. 2002 

12 2006 Reclamation Report Pryzm Environmental 2007 

13 2007 Trace Elements in Vegetation and Soils: Pryzm Environmental, 2008 
Elk Valley Coal Corporation, Coal Mountain 
Operations 

14 	Comparative Inventory of Vegetation and Soils 	Tipi Mountain Native Plants Ltd. 
Surrounding Teck Coal Limited's Coal Mountain 2009 
Operations 

2008 and 2009 Annual Reclamation 	 Stantec, 2009, 2010 
Research Report 
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APPENDIX VI- SUMMARIES OF ALBERTA RECLAMATION 
RESEARCH REPORTS! STUDIES 



Appendix VI - Study Summaries - Cardinal River Operations 

Report/Study Title 	 Source/Author 
Surface Reclamation Procedures Employed Kiassen, W. 1974 
by Cardinal River Coals Ltd. At Luscar, 
Alberta, Canada 

2 	Principles of Surface Coal Mine 	 Horstmann, K.N. And 
Reclamation: A Study of Initial Revegetation Bachmann, P. 1975. 
Activities at Luscar, Alberta 

3 	Species Selection, Seedling Establishment 	Lesko, G.L., Etter, H.M. and 
and Early Growth on Coal Mine Spoils at 	Dillon, T.M. 1975. 
Luscar, Alberta 

4 	Physical Environment of an Abandoned Strip Root, J.D. 1976. 
Mine Near Cadomin, Alberta 

5 	A. Detailed Soil Survey of the Cardinal River Brocke, L.K. 1977 
51-C Baseline Area 

6 	B. Detailed Soil Survey of the Cardinal River Brocke, L.K. 1977 
Mine Site and Interpretations for 
Reclamation 

7 	Detailed Soil Survey of the Luscar Freehold 	Brocke, L.K. 1978. 
Area and Interpretations for Reclamation 

8 	Cardinal River Coals Ltd. Reclamation 	Acott, G.B. 1980. 
Status Annual Update 1979 

9 	The Cadomin Reclamation Research Project Takyi, S.K. And Russell, W.B. 
Second Year Results (1979). ENR Report 	1980. 
No.155. Alberta Energy and Natural 
Resources and Forest Service 



10 Detailed Soil Survey of the Plant East Area 
and Interpretations for Reclamation 

11 	Reclamation Strategy at Cardinal River 
Coals Ltd. Cardinal River Coals Ltd. 
Proceeding of the 7th Annual Mine 
Reclamation Symposium 

12 Reclamation Monitoring at the Luscar Open 
Pit Mine 1982 Report 

Harron, W. and Brocke, L.K. 
1981 

Acott, G.B. 1983 

Hardy Associates. 1983. 

13 Natural Vegetation and Ecology of 	 Russel, W.B. And La Roi, G.H. 
Abandoned Coal-Mined Land, Rocky 	1986 
Mountain Foothills, Alberta, Canada. Can. J. 
Bot. 64: 1286-1298 

14 Minesoil and Landscape Reclamation of the Fedkenheuer, A. W., Knapik, 
Coal Mines in Alberta's Mountains and L.J. And Walker, D.G. 1987. 
Foothills. Report No. RRTAC 87-2. Pedocan 
Land Evaluation Ltd. 

15 Detailed Soil Survey of 50-A Baseline Mining Leskiw, L.A. 1989 
Extension (1989) 

16 An Assessment of Woody Species Plant 	Brinker, C. 1992 
Establishment and Growth at the Cardinal 
River Mine 

17 Detailed Soil Survey Up-Date of Southern 
Part of 50-A Baseline Mining Extension 
(1993) 

18 Soil Investigation of 51-B-3/4 External Dump 
Regolith, September 1993. 

19 Development of Sport Fisheries in Lakes 
Created By Coal Mining Operations in the 
Eastern Slopes: Final Report 

Leskiw, L.A. 1993. 

Leskiw, L.A. 1993 

Luscar Ltd., Luscar-Sterco 
Ltd., Cardinal River Coals Ltd., 
Pisces Environmental 
Consulting Services Ltd. And 
Bighorn Environmental Design 
Ltd. 1994. 



20 Review of Vegetation on Reclaimed Rock 
Dumps at Luscar, Alberta 

21 	Characteristics and Quality of Minesoil 
Landscapes and Minesoil Profiles at the 
Luscar Mine 

22 Cheviot Mine Project Application - Volume 
1. Part F: Reclamation Plan. Prepared for: 
Alberta Environment 

23 Detailed Soil Survey and Reclamation 
Suitability Evaluation for the Cheviot 
Shop/Office-Plant Site and Cadomin By-
Pass 

24 Vegetation Analysis of Recently Reclaimed 
Sites on the Luscar Mine 

Strong, W.L. 1994. 

Knapik, L.J., Hammermeister, 
A.M. And Walker, D.G. 1995. 

Cardinal River Coals Ltd. 
1996. 

Chernipeski, B.M. and Knapik, 
L.J. 1997. 

Strong, W.L. 1999. 

25 Detailed Soil Survey and Soil Handling Plan Leskiw, L.A. And Sansom, J.J. 
for Cardinal River Coals Ltd.'s Proposed 	2001. 
P02 Mine Extension 

26 Fish Populations, Biomass and Growth in 	Schwartz, T. 2002. 
Lac Des Roches, Alberta 

27 2001 Baseline Results from the Long-Term 	Leskiw, L.A. And Pollard, J.S. 
Soil And Vegetation Plots At Cardinal River 	2002. 
Coals Ltd. 

28 2003 Baseline Results from the Long-Term 	Leskiw, L.A., Pollard, J.S. And 
Soil and Vegetation Plots at Cardinal River 	Brown, J.T. 2003. 
Coals Ltd. 

29 Report on the Transplanting of Significant 	Strong, W.L. 2004. 
Species within the Grave Flats Road Re- 
Alignment Disturbance Zone (Year 6) 

30 Project Summary 1994-2004 Soil 	 Walker, D.G. 2005. 
Reconstruction & Revegetation 
Demonstration Trials: Cheviot Mine Project 

31 Limnological Surveys of Five End Pit Lakes 	Boorman, R.L. 2006. 
on the Cardinal River Operations Mine 
Lease, 2005-2006 



32 Detailed Soil Survey and Soil Conservation 	Leskiw, L.A. And Waterman, 
Plan for the Prospect Development Area. 33 L. 2006. 
pp 

33 Soil Reclamation Assessment of the Luscar Arregoces, C.J., Leskiw, L.A. 
Mine (50-A8 pit and dump, 50-13-5 north 	And Boorman, S.M. 2006. 
dump and 51-C-1 terrace dump) 

34 Long-Term Soil and Vegetation Plots 	Arregoces, C., Craig, N. and 
Program at Cardinal River Operations: First- Leskiw, L. 2008. 
Year (2007) Results 

35 Bighorn Sheep Selenium Exposure Study 	MacCal/urn, B., Feder, C., 
2006 Luscar and Gregg River Mines, 	Godsalve, B. and Johnson, C. 
Alberta: Preliminary Investigation 	 2008. 

36 Elk Valley Coal Corporation Luscar Mine: 	Brinker, C. 2008. 
Results of 2007 Forest Regeneration 
Surveys, 50-A8 South, 51-C6 North Dump 
and 51-Cl Terrace Dump 

37 Reclamation to Wildlife Habitat in Alberta's 	MacCal/urn, B. ND. 
Foothills 

38 Sphinx Lake Monitoring in 2008 
	

Pisces Environmental 
Consulting Services Ltd. 2009. 

39 Comprehensive Report on Operational 	Macky, T.M. and Drozdowski, 
Reclamation Techniques in the Mineable Oil B.L. 2008. 
Sands Region 

40 Long-Term Soil and Vegetation Monitoring 	Neufeld, C., Craig, N. and 
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Surface Reclamation Procedures Employed by 
Cardinal River Coals Ltd. at Luscar, Alberta, Canada 

Kiassen, W. 1974 

Objective 

This preliminary report summarized historic reclamation procedures and costs incurred 
during reclamation at Luscar Mine in 1973. 

Methods 

An overburden dump associated with 51-C pit which after 25-30 years had almost no 
vegetation was terraces and graded and hydroseeded in fall 197 and spring 1971. Five 
mixtures of seeds were applied to twenty separate 20'x60' plots on general southeast to 
east aspects. Slopes ranged to 0-73% grade. 

In the fall of 1972 the reclaimed area east of the Gregg dump was seeded, with 50 
test plots established within the area. Plots were examined in August of 1973 to observe 
overall growth and health of plants. 

Results Driving Conclusions 

Highlights of information included in the report are as follows: 

Spring seeding germination was superior to fall seeding for both sweet clover and 
alfalfa but was of little importance for grasses. In almost every case the flat (0-6%) slope 
produced the highest germination density while the steepest slope was highly inferior to the 
other three. 

Generally, seeding was successful except for the steepest slopes, which required 
re-seeding and nutrient deficient areas that required additional fertilizer. 

Overburden was recontou red with slopes less than 27 degrees (50% slope). Long 
slopes were also avoided since steep slopes would be subject to rapid water erosion, 
would not hold moisture well and would be difficult to revegetate. 

Overburden was hydroseeded with an agronomic seed mix. 

Mulch was applied in areas with no topsoil or where surface conditions were not 
suitable for seed germination. Mulch was used to increase water holding capacity at the soil 
surface, reduce water and wind erosion, moderate soil temperature extremes, and improve 
chemical properties (such as nutrient content) at the surface. 



Principles of Surface Coal Mine Reclamation: A 
Study of Initial Revegetation Activities at Luscar, 
Alberta 

Horstrnann, K.N. And Bachmann, P. 1975. 

Objective 

This document reviewed reclamation practices to date at the Luscar Mine. Reclamation 
commenced at Luscar Mine in 1971 and was overseen by Western Canada Erosion Control 
Ltd. The short-term purpose of reclamation was to prevent erosion (i.e.: prevent loss of topsoil, 
loss of nutrients, water course contamination, and loss of vegetation). The long-term goal was 
to re-establish wildlife habitat in order to recover a culturally and economically viable resource. 

Methods 

An evaluation survey of vegetation was completed in 1975 to determine the initial 
results of the seeding and planting program. From July 16 to August 9 in 1975 vegetation 
was analyzed for percent vegetation cover, vegetation height, and species composition by 
percent cover. 

From 1971 to 1975 reclaimed areas were hydroseeded with an agronomic seed mix 
and fertilizer was applied. Native trees and shrubs were then transplanted into native 
"islands" to accelerate native ecological succession. 

Its Driving Conclusions 

Reclamation at Luscar Mine was a difficult task because of severe environmental 
conditions including high elevations, high winds and increased erosion risk due to rugged 
topography. 

Initial seeding provided variable vegetative cover (19 to 81%). Plants grew in areas 
with adequate protection from climatic conditions. 

There were problems with low plant productivity on dark soil substrates located on 
south-facing slopes due to moisture loss and wind exposure. 

Recommendations included the use quick-growing and long-lasting plants to 
immediately revegetate areas that were no longer in use, addition of more native 
species in seed mixes, and provide protection against exposure on south-facing slopes. 

It was also recommended to monitor reclaimed areas to determine if areas 
needed reseeding and to continually seed in order to develop a more diverse plant 
community. 



Species Selection, Seedling Establishment and Early 
Growth on Coal Mine Spoils at Luscar, 
Alberta 

Lesko, 	Etter, H.M. and Dillon, T.M. 1975. 

Objective 

This document was an informational report prepared by the Northern Forest 
Research Centre, Canadian Forestry Service and Environment Canada based on 
early reclamation efforts at Luscar Mine. The study examined the effects of various slope 
grades; rough-graded vs. bulldozer-packed soils; and seeding time on vegetation growth. 

Methods 

Thirty different species, including grasses, herbs, shrubs and trees were 
hydroseeded on two coal mine spoil areas at Luscar, Alberta from 1970 to 1972. A 
variety of slope grades and both rough-graded and bulldozer-packed soils were seeded. 
Plots were seeded both in the fall and spring to observe the effect of seeding time on 
growth. 

Two plots were established with six 1 m 2 quadrats in each plot. Observations of 
overall percent vegetation cover and species-specific vegetation cover were recorded in 
each plot after the first and second growing seasons. 

Results Driving Conclusions 

Observations after the first and second growing seasons indicated that only grasses 
and herbs germinated and established in significant numbers. 

Numbers of established seedlings declined significantly with increasing slope 
grades. 

Spring seeding provided better results than fall seeding, especially for 
legumes. Early in the growing season (June), fall-seeded plots had higher cover than 
spring-seeded plots, but by late July the trend reversed due to mortality in fall-seeded 
plots. 

Germination and seedling establishment occurred mainly in depressional 
microsites. 

Use of wood fibre hydromuiches was unnecessary on moderate slopes but 
probably improved stability on steeper slopes. 

In bulldozer-packed areas, establishment only occurred in depressions 
(approximately 30% of the area). Rough-graded soils had about 50% depressional 
microsites and appeared to produce greater biomass (though not significant). 

Grasses were more successful on rough-graded surfaces while forbs were 
more successful on bulldozer-packed soils. 



• 	Exposed microsites were up to 5 ° C warmer at soil surface on sunny days 
than protected (depressional) areas. 

• 	The effect of slope was more pronounced than effect of seeding time. 
• 	The report concluded that direct seeding of woody species should be avoided, 

spring seeding was better than fall seeding (particularly with legumes), and the 
use of wood fibre mulch with adhesive was unnecessary on moderate slopes 
but probably improved stability on steeper slopes. 

• 	Soil surface temperature was identified as a limiting factor in plant establishment. 
• 	Depressional microsites provided a favourable seedbed for vegetation growth. 
• 	The critical time of year for seedling establishment is late May and early June when 

high evapotranspiration demand and soil moisture deficit caused severe 
moisture stress in plants. Seeding before this time was recommended. 



Physical Environment of an Abandoned Strip Mine 
near Cadomin, Alberta 

Root, J.D. 1976. 

Objective 

To establish baseline information on the physical environment of abandoned coal 
mines in Alberta researchers observed climate, vegetation growth, landforms and 
erosion at an abandoned coal strip mine near Cadomin, Alberta. The study provided 
basic information on reclamation conditions in the area. 

Methods 

• 	General observations were made within the stripped mining pit and adjacent 
natural areas. 

• 	Five microclimatic stations were established in the study area in 1972 to observe 
temperature, humidity and precipitation. 

• 	No effort was made to reclaim the study area at abandonment, making it 
possible to observe natural regeneration on mine spoil. 

Results Driving Conclusions 

• 	It was determined that soil moisture deficiency and wind were major factors 
inhibiting plant growth on disturbed ground in the area. 

• 	High winds in the fall and winter reduced soil moisture, inhibited seed 
survival, removed fine soil particles and were abrasive to vegetation. 

• The use of snow fences, compaction of spoil piles, mixing of organic matter 
with spoil, and roughening of soil surfaces after compaction were recommended 
practices on site. 

• 	It was also recommended that shelterbelts should be left standing during the 
mining phase to protect vegetation during the reclamation stage. 

• 	The authors noted that spoil piles themselves were stable, but fine materials 
moved down slope via erosion. 

• 	Groundwater did not appear to be negatively affected by precipitation 
infiltration through spoil. 

• 	Erosion by water was minor on site, but wind erosion was significant. 
• 	Exposed soil on the minesite warms and cools to more extreme temperatures 

and more rapidly than nearby undisturbed areas. 



A Detailed Soil Survey of the Cardinal River 51-C 
Baseline Area 

Brocke, L.K. 1977 

Objective 

Cardinal River Coals Ltd. commissioned Pedology Consultants to map soils on the Luscar 
Mine site. The objective of the study was to obtain detailed soil information of pre-disturbance 
areas, but no recommendations or comments on the suitability of materials for reclamation was 
provided in the report. 

Methods 

• 	Soil mapping (1:4,800) was carried out in November 1976. The study area was in 
the Rocky Mountain Foothills division of the Western Cordilleran region adjacent to 
the Rocky Mountains. The approximately 647 ha was located roughly 40 km south 
of Hinton, Alberta. Elevations ranged from 1490 to 1830 m and local relief 
frequently exceeded 300 m. 

• 	The 51-C Baseline area occupied parts of sections 26127/32133134/35-47-24-W5M 
and sections 3/4/5-48-24-W5M. 

• 	The climate was sub-humid continental with long, cold winters and moderately mild 
summers. Cold winters were often moderated with warm Chinook winds. 

Results Driving Conclusions 

Soil chemical and physical properties varied widely over the area depending on the nature and 
origin of parent materials. Five soil groups were characterized: 

o Soil group 1: predominantly Eluviated Dystric Brunisols developed on 
medium to strongly acid till 

o Soil group 2: Brunisolic Gray Luvisols developed on neutral till 
o Soil group 4: predominantly Eluviated Dystric Brunisols developed on 

colluvium 
o Soil group 5: Brunisolic Gray Luvisols developed on colluvium 
o Soil group 7: predominantly Eluviated Dystric Brunisols developed on 

weathered bedrock 
• 	The following chemical analyses were completed on sampled soils: particle size 

analysis, soil reaction (pH), total nitrogen and carbon, calcium carbonate 
equivalent, CEC and available nutrients. 

Each inspection site was observed to a 100 cm depth. 131 sites were inspected and 14 
sites were sampled. A shortage of available reclamation material was encountered in the 
survey area.A large majority of sites had coarse fragment contents >75%, leaving the 
materials unsuitable for use in reclamation. Other limitations encountered were high and 
low pH and high base saturation values. 



B. Detailed Soil Survey of the Cardinal River Mine 
Site and Interpretations for Reclamation 

Brocke, L.K. 1977 

Objective 

Cardinal River Coals Ltd. Commissioned Pedology Consultants to carry out soil 
mapping on the Luscar Mine site. The objective of the survey was to conduct a 
detailed soil survey of the Cardinal River Mine Site and to provide soil interpretations 
to aid in the formulation of a "life-of-mine" reclamation plan. 

Methods 

• 	Soil mapping was carried out in November 1976. 
• 	The 1,018 hectare study area was located 40 km south of Hinton, Alberta. 
• 	Elevations ranged from about 1,490 m to 1,830 m with local relief frequently 

exceeding 300 m. 
• 	Drainage on site was provided by tributaries of the Athabasca River system. 
• 	Climate was classified in general terms as sub-humid continental with long, cold 

winters and mild summers. 
• 	Soils were classified and described according to the criteria established by the 

System of Soil Classification for Canada. 
• 	Soil inspections were made at 131 sites and laboratory analyses were conducted 

on 20 samples from principle soil units, including: 
• Particle Size Analysis 
• Soil Reaction (pH) 
• C:N Ratio 
• Calcium Carbonate Equivalent 
• Cation Exchange Analysis 
• Available Nutrient Analysis 

Results Driving Conclusions 

9 Major Soil Groups were identified: 
o Soil Group 1 Eluviated Dystric Brunisols, Lithic Eluviated Dystric Brunisols 

and Lithic Orthic Regosols: Units la and lc 
o Soil Group 2 Brunisolic Gray Luvisols, Orthic Gray Luvisols and Eluviated 

Eutric Brunisols: Units 2a, 2c and 2d (Gleysolic) 
o Soil Group 3 Brunisolic Gray Luvisols, Eluviated Eutric Brunisols and Lithic 

Eluviated Eutric Brunisols: Unit 3a 
o Soil Group 4 Eluviated Dystric Brunisols and Orthic Dystric Brunisols: Units 

4a, 4b, 4c and 4d (Gleysolic) 
o Soil Group 5 Brunisolic Gray Luvisols, Eluviated Eutric Brunisols, Orthic Gray 

Luvisols, Cumulic Regosols and Cumulic Humic Regosols: Units 5a and 5b 



• Soil Group 6 Cumulic Regosols: Unit 6b 
• Soil Group 7 Eluviated Dystric Brunisols, Lithic Eluviated Dystric Brunisols 

and Lithic Orthic Regosols: Unit 7c 
• Soil Group 8 Orthic Regosols and peaty Rego Gleysols: Units 8a and 8d 
• Soil Group 9 Mesisols: Unit 9a 

Limiting soil properties recognized in this inventory were: 
• LowpH values 
• Shallow depth of material 
• High coarse fragment content 
• Excessive wetness 

• 	Soils of the Cardinal River Mine Site were rated according to their suitability for 
reclamation materials using Alberta Soil Quality Guidelines (AAFRD 1987). Three 
categories for defining the degree of suitability were: Good, Fair and Poor: 

• Soil Unit la was rated Poor 
• Soil Unit ic was rated Poor 
• Soil Unit 2a was rated Good 
• Soil Unit 2c was rated Fair 
• Soil Unit 2d was rated Poor 
• Soil Unit 3a was rated Fair 
o Soil Unit 4a was rated Poor 
o Soil Unit 4b was rated Good to Fair 
o Soil Unit 4c was rated Poor 
o hd 
o Soil Unit 5a was rated Good 
o Soil Unit 5b was rated Good 
o Soil Unit 6b was rated Good 
o Soil Unit 7c was rated Poor 
o Soil Unit 8a was rated Poor 
o Soil Unit 8d was rated Poor 
o Soil Unit 9a was rated Poor 

Minimal amounts of suitable soil materials were found on site. Special soil 
management considerations required to prevent failure of reclamation were 
discussed and included: surface grading and manipulation operations to prevent 
wind and water erosion and to conserve soil moisture; and fertilization to enhance 
establishment of vegetation. 
Recommendations to reduce surface erosion included: mulching with sawdust, 
woodchips or some other comparable material and installing snow fences to 
enhance snow cover protection. 



Detailed Soil Survey of the Luscar Freehold Area 
and Interpretations for Reclamation 

Brocke, L.K. 1978. 

Objective 

Pedology Consultants were commissioned by Cardinal River Coals Ltd. to provide 
soil interpretations to aid in the formulation of a "life-of-mine" reclamation plan at the 
Luscar Mine. 

Methods 

• 	Soil mapping was carried out in the Luscar Freehold Area in October 1977 by 
Pedology Consultants 

• 	The study area was located 40 km south of Hinton and occupied approximately 910 
ha. 

• 	Elevations ranged from about 1,476 m to 1,830 m and local relief frequently 
exceeded lOOm. 

• 	Drainage was provided by tributaries of the Athabasca River system. 
• 	Climate was classified in general terms as sub-humid continental with long, cold 

winters and mild summers. 
• 	Soils were classified and described according to the criteria established by the 

System of Soil Classification for Canada. 
• 	Soil inspections were made at 135 sites and laboratory analyses were conducted 

on 15 samples from principle soil units and include: 
o Particle Size Analysis 
o Soil Reaction (pH) 
o C:N Ratio 
o Calcium Carbonate Equivalent 
o Cation Exchange Analysis 
o Available Nutrient Analysis 

Results Driving Conclusions 

10 Major Soil Groups were identified: 
• Soil Group 1 Eluviated Dystric Brunisols, Lithic Eluviated Dystric Brunisols 

and Lithic Orthic Regosols: Units la and ic 
• Soil Group 2 Brunisolic Gray Luvisols, Orthic Gray Luvisols, Lithic Orthic 

Gray Luvisols and Lithic Eluviated Eutric Brunisols: Units 2a and 2c 
• Soil Group 3 Brunisolic Gray Luvisols, Orthic and Eluviated Eutric Brunisols: 

Unit 3a and 3c 
• Soil Group 4 Eluviated Dystric Brunisols, Orthic Dystric Brunisols and 

Cumulic Regosols: Units 4a and 4b 
• Soil Group 5 Brunisolic Gray Luvisols, Eluviated Eutric Brunisols, Orthic Gray 



Luvisols, Cumulic Regosols and Cumulic Humic Regosols: Units 5a and 5b 
• Soil Group 6 Cumulic Regosols: Unit 6b 
• Soil Group 7 Eluviated Dystric Brunisols, Lithic Eluviated Dystric Brunisols, 

Lithic Orthic Dystric Brunisols and Lithic Orthic Regosols: Unit 7a and 7c 
• Soil Group 8 Eluviated Dystric Brunisols, Lithic Eluviated Dystric Brunisols 

and Lithic Orthic Dystric Brunisols: Units 8c and 8b 
• Soil Group 9 Cumulic Regosols, Peaty Rego Gleysols and Humic Regosols 

developed on fluvial silts: Unit 9b and 9d 
• Soil Group lOTerric Mesisols: Unit lOa 

Limiting soil properties identified in this inventory were: 
o LowpH values 
o Shallow depth of material 
o High coarse fragment content 
o Excessive wetness 

• 	Soils were rated according to suitability for reclamation using Alberta soil quality 
criteria: 

o Soil Unit la was rated Poor 
o Soil Unit ic was rated Poor 
o Soil Unit 2a was rated Good to Fair 
o Soil Unit 2c was rated Fair 
o Soil Unit 3a was rated Poor 
o Soil Unit 3c was rated Poor 
o Soil Unit 4a was rated Poor 
o Soil Unit 4b was rated Fair 
o Soil Unit 5a was rated Good to Fair 
o Soil Unit 5b was rated Good 
o Soil Unit 6b was rated Good 
o Soil Unit 7a was rated Poor 
o Soil Unit 7c was rated Unsuitable 
o Soil Unit 8c was rated Poor 
o Soil Unit 9b was rated Good 
o Soil Unit 9d was rated Poor to Good 
o Soil Unit lOa was rated Poor 

• 

	

	Minimal amounts of suitable soil materials were found to be available on site. 
Special soil management considerations required to prevent failure of reclamation 
were discussed and included: surface grading and manipulation operations to 
prevent both wind and water erosion and to conserve soil moisture; and fertilization 
to enhance establishment of vegetation. 

• 	Recommendations to reduce surface erosion included: mulching with sawdust, 
woodchips or some other comparable material and installing snow fences to 
maintain snow cover protection. 



Cardinal River Coals Ltd. Reclamation Status Annual 
Update 1979 

Acott, G.B. 1980. 

Objective 

This report was prepared by Cardinal River Coals Ltd. to provide an 
update on reclamation practices at the Luscar Mine. All aspects of the operation 
which were a concern to the Land Conservation and Reclamation Council were 
addressed. 

Methods 

• 	Field methods and annual reclamation reports were reviewed to provide an update 
on reclamation status. 

Results Driving Conclusions 

• 	Prior to soil salvage, merchantable timber was harvested (trees 50 ft in height 
and eight inches in diameter). Due to extreme slopes and small amounts of 
timber in some areas, timber harvest was very costly and time-consuming. 

• Unmerchantable timber was bucked to a maximum length of three feet and 
incorporated into topsoil in areas with salvageable amounts of topsoil. In areas 
with less than 3 inches of available topsoil trees were cut then burnt. 

• 	Topsoil was defined as the upper layer of fine soil material including surf icial 
organics and slash to a maximum depth of 12 inches. Generally these 12 
inches included LFH, A, B and sometimes C horizons. 

• 	The amount of slash incorporated into the topsoil was managed so that the 
final salvaged material did not exceed 20% organics. 

• 	In flat and even areas, scrapers were used to salvage topsoil. In steep areas, 
topsoil was pushed downhill with a bulldozer then hauled to the stockpile site. 

• 	Prior to reclamation, all slopes were graded to less than 27 degrees. 
• 	Regolith was utilized as subsoil material at Luscar Mine. 
• 	In some areas, topsoil was placed in a thin layer over the entire regolith 

surface. This method was revised in 1979, however, with topsoil placed in 
"islands" at a 12 to 18 inch depth. 

• 	Fertilizer was applied with a seed mix dominated by smooth brome, alfalfa and 
crested wheatgrass. Most seed was applied by hydroseeding methods. 

• 

	

	An intensive fertilization program was planned for the spring of 1980 since 
reclaimed vegetation was showing signs of nutrient deficiencies. 

• 	Grasses planted with legumes provided the greatest groundcover and biomass 
yield, likely due to increased soil nutrient status from legume inputs. 



The Cadomin Reclamation Research Project: 
Second Year Results (1979). ENR Report No.155. 
Alberta Energy and Natural Resources and Forest 
Service 

Takyi, S.K, And Russell, W.B. 1980. 

Objective 

This report summarized results for the second (1979) growing season of 
reclamation experiments established in 1978 on an abandoned coal strip 
mine in the Rocky Mountains foothills near Cadomin, Alberta. The objectives of 
the experiments were to: 

• 	Evaluate the adaptability of selected agronomic grasses and legumes to the area; 
• 	Evaluate effects of varying seeding and fertilizer rates on growth; 
• 	Evaluate the effect of topsoiling on plant performance; and 
• 	Evaluate seeding and fertilization rates on native grass mix growth. 

Methods 

• 	Various agronomic seed mixes (dominated by grasses or legumes) were 
planted on raw spoil and topsoiled reclaimed areas. 

• 

	

	Native grasses were planted in raw spoil or topsoiled areas with various 
seeding and fertilizer rates. 

• 	Plant cover was estimated using a 0.5 m by 0.5 m quadrat in a grid of 100 
sub-quadrats. Two estimates of cover were completed in each topsoil vs. 
spoil/ seed mix/ seeding rate/ fertilization rate combination. 

• 	Cover estimates were completed in August of 1979. 

Results Driving Conclusions 

• 	Agronomic grass and legume species appeared adapted to the site, but 
none achieved complete plant cover on either raw spoil or spoil top dressed 
with soil. Dry matter production was low for all species compared with 
production levels in a more hospitable environment. 

• 	In mixed sowing with three agronomic grasses and a legume, no treatments 
achieved complete plant cover on either the raw spoil or spoil topdressed with soil. 

• 	Seeding rate had no significant effect on percent vegetation cover, dry matter 
production, or the number of tillers with flowering heads. 

• 	Fertilizers improved establishment of most species on raw spoil, leaving no 
predominant vegetation species to monopolize soil cover. 

• 	Native grasses adaptability experiments were also included in field trials. In 
the second season plant cover remained poor both on overburden and 



overburden topdressed with soil. 
• 	Native plant height was generally greater on the topdressed overburden than 

on the raw overburden. 
• 	Seeding rate had no significant effect on plant cover, but fertilizer did increase 

percent vegetation cover on raw overburden. 
• 	The study illustrated the increased benefit of combined increased seeding and 

fertilization on raw overburden. 
• 	Agropyron trachycaulum and Festuca sarimontana were the most common native 

grasses growing in most media. Without fertilizer, F. sarimontana was the most 
common species on raw overburden. 

• 	Percent cover of each species was generally higher on the topdressed spoil 
than on the raw spoil. 

• 	Approximately half of the species tested gave better cover with topdressing 
than without topdressing. With raw spoil only, Agropyron dasystachyum and A. 
trachycaulum provided plant cover greater than 20%. With topdressed spoil, 
all three native Agropyron species and Festuca rubra gave cover greater than 
20%. 

• 	Timothy and red fescue species were frequent in raw spoil. 
• 	Fertilizer increased plant cover on both raw and topdressed spoil, with 

lower fertilizer rates being more beneficial. The authors s suggested that 
native grasses did not respond favourable to high fertility regimes. 

• 	While above-ground dry matter production of each plant species was lower 
than what would be expected in a more moderate environment, levels of 
production were adequate considering the mine site environmental conditions. 
None of the individual species tested achieved near complete plant cover 
after two growing seasons. Most produced flowering tillers or heads, and seeds, 
however. 

• 	Above-ground dry matter production was considerably better without topdressing. 
• 	Fertilizers greatly increased both dry matter and percent vegetation cover on 

both spoil and topdressed spoil. 
• 	Fertilizers greatly improved the proportions of individual native grass species 

which were less frequent in the unfertilized treatments, especially in raw 
overburden. 



Detailed Soil Survey of the Plant East Area and 
Interpretations for Reclamation 

Harron. W. and Brocke, L.K. 1981 
Objective 
Western Soil and Environmental Services was commissioned by Cardinal River Coals Ltd. 
to conduct a detailed soil survey of the Plant East Area and also to interpret the suitability 
of soil materials for revegetation. 

Methods 

• 	Field investigation and sampling for the soil survey was conducted in October 1980. 
• 	Soils were classified and described according to the criteria established by the 

Canada Soil Survey Committee (1978). 
• 	Soil inspections were made at 100 sites; they were described in terms of landform, 

parent material, slope, drainage, texture, structure and consistency. 
• 	Samples from 14 profiles were taken for chemical and physical laboratory analyses, 

including: 
o 	Particle Size Analysis 
o 	Soil Reaction (pH) 
o 	C:N Ratio 
o 	Calcium Carbonate Equivalent 
o 	Cation Exchange Analysis 
o 	Saturation Extract Analysis 
o 	Moisture Analysis 
o 	CaCl2 Extractable Manganese and Aluminum 
o 	Modulus of Rupture 
o 	Heavy Metals 

Results Driving Conclusions 

8 Major Soil Units were identified: 
o 	Soil Groups 2 and 3: Soils on Morainal Materials 
o 	2a Brunisolic Gray Luvisol, Orthic Gray Luvisol and Eluviated Eutric Brunisol 
o 	2c Lithic Phase of Soil Unit 2a 
o 	3a Brunisolic Gray Luvisol, Eluviated Eutric Brunisol, Lithic Eluviated Eutric 

Brunisol 
o 	Soil Groups 4, 5 and 6: Soils on Colluvial Materials 
o 	4a Eluviated Dystric Brunisol, Orthic Dystric Brunisol 
o 	4b Cumulic Humic Regosol, Orthic Regosol, Eluviated Dystric Brunisol 
o 	4c Lithic Phase of Soil Unit 4a 
o 	5a Eluviated Eutric Brunisol, Orthic Eutric Brunisol and Brunisolic Gray 

Luvisol 
o 	5b Eluviated Eutric Brunisol, Orthic Humic Regosol, and Orthic Regosol 
o 	5c Lithic Phase of Soil Unit 5a 
0 	Soil Group 7: Soils on Weathered Sedimentary Deposits 



o 	7c Eluviated Eutric Brunisol, Eluviated Dystric Brunisol and Orthic Dystric 
Brunisol 

o 	Soil Group 8: Soils on Fluvial Materials 
o 	8a Orthic Regosol and Orthic Humic Regosol 
o 	8d Peaty Rego Humic Gleysol and Orthic Regosol 
o 	Soil Group 9: Soils on Organic Materials 
o 	9a Undifferentiated Mesisol 
o 	Regolith Materials: included morainal and colluvial materials that occurred as 

a thin mantle overlying fractured and consolidated bedrock 
• 	Limiting soil properties recognized in this inventory were: 

o 	Shallow soil profiles 
o 	Large amount of coarse fragments 
o 	High and low pH 

• 	Soils of the Plant East Area were rated for their suitability for revegetation in order 
to determine the quality and quantity of material available for reclamation of the 
disturbed mine site; 3 categories of suitable materials were used (Good, Fair and 
Poor) as well as Unsuitable: 
o 	Soil Unit 2a was rated Poor to Fair 
o 	Soil Unit 2c was rated Poor 
o 	Soil Unit 3a was rated Poor 
o 	Soil Unit 4a was rated Poor 
o 	Soil Unit 4b was rated Poor 
o 	Soil Unit 4c was rated Poor 
o 	Soil Unit 5a was rated Poor 
o 	Soil Unit 5b was rated Poor 
o 	Soil Unit 5c was rated Poor 
o 	Soil Unit 6a was rated Poor 
o 	Soil Unit 6b was rated Poor 
o 	Soil Unit 7c was rated Poor 
o 	Soil Unit 8a was rated Poor 
o 	Soil Unit 8d was rated Fair 
o 	Soil Unit 9a was rated Fair 
o 	Regolith materials were rated as Poor due to their high coarse fragment 

content 
Throughout the study area there was a lack of soils classified as good or fair 
suitability for revegetation. Incorporation of organic matter into poorly suitable 
materials would increase water-holding capacity, reduce susceptibility for crusting 
and erosion and improve nutrient status of the new surface. Although the major soil 
groups were considered poor for use as surface materials; the most limiting factor 
was the coarse fraction of the C horizon. If the top 20 to 30 cm of the soil profile 
was retained, sufficient materials would be available to construct the topsoil islands 
described in the proposed reclamation concept. At the Plant East Area there was a 
shortage of soil material suitable for mine spoil reclamation. 



Reclamation Strategy at Cardinal River Coals Ltd. 
Cardinal River Coals Ltd. Proceeding of the 7th 
Annual Mine Reclamation Symposium 

Acott, GB. 1983 

Objective 

The following report described the overall reclamation procedures and 
results at Luscar Mine in 1983,   including the rationale for such decisions. 

Methods 

• 	Annual mine reclamation reports, observations of reclamation practices on 
site, and discussion with CR0 mine operators provided information for this 
report. 

Results Driving Conclusions 

• 	The creation of wildlife habitat that blended with the surrounding habitat was a 
primary reclamation goal. 

• 	Commercial forest production was not viable due to growth restrictions set by 
high altitudes. 

• 	Luscar Mine held many site specific multiple land use strategies (i.e. littoral 
zones around water bodies, wildlife shelter and grazing, fishing camping areas) 

• 	The goal was to create reclaimed landscapes with 40% tree cover for wildlife 
and 60% open for forage. 

• 	Forage crops with easily obtainable, self sustaining, high nutritional value seeds 
• 	Reforestation species (cover areas) concealment and thermal protection, 

greater than or equal to 1.5 m and 60-70% crown closure 
• 	Trees were planted to interrupt sightlines longer than 1 km 
• 	0.5 ha of forest was planted in "islands" to encourage widespread use of 

reclaimed areas by wildlife. Placement of these islands was optimized to 
reduce long sightlines which could discourage wildlife use. 

• 	Overburden was contoured with a 15 cm layer of regolith (good or fair quality). 
In selected areas 45 cm of good or fair topsoil was then used. Trees were 
planted in these topsoiled areas where the rooting depth was estimated to be 
at least 65 cm (assuming at least 5 cm of rooting into overburden). These areas 
were called topsoil islands. 

• 	Areas adjacent to topsoil islands were seeded with grass-legume-forage mix. 
• 	Through the use of the topsoil island concept, reforestation could be located 

in areas where it would be most successful. These areas were also aimed to 
be consistent with preferred wildlife travel routes. 

• 	Maximum topsoil coverage was applied in areas next to points popular as 



wildlife areas and extensively used. Minimum coverage was used in areas with 
south-facing slopes. 

• 	Topsoil islands covered approximately 17% of reclaimed land. 
• 	Lodgepole pine was planted at lower elevations and well-rained areas. 

Engelmann spruce and alpine fir were planted at higher altitudes. 
• 	Upland soils Brunisols and Luvisols were stripped to A and B for topsoil salvage. 
• 	Overburden was re-sloped to less than or equal to 27 degrees, and then a 15 

cm regolith layer was applied. In areas designated as topsoil islands, 45 cm of 
topsoil was applied. 

• 	All regolith was hydroseeded for erosion control with sod-forming species 
(agronomic grasses and legumes). 

• 	Hydroseed mix: wood or cellulose mulch mix 560 to 1680 kg/ha, fertilizer 
combo 34-00 and 11-54-0, water, legume, inoculant and organic binder for steep 
slopes. 

• 	In 1982 topsoil islands were planted with Engelmann spruce and lodgepole 
pine at a density of 1335 seedlings/ha. 

• 	In 1983 a variety of deciduous shrubs were planted from nursery stock, area 
cuttings and seed. 

• 	After reclamation the density of Rocky Mountain Big Horn Sheep increased: 
there were 46 lambs, 123 ewes and 48 rams were counted in 1982. 



Reclamation Monitoring at the Luscar Open Pit Mine 
1982 Report 

Hardy Associates. 1983. 

Objective 

In 1982, vegetation and soil characteristics were monitored at Cardinal 
River Coals Ltd. where various revegetation procedures have been implemented 
since 1971. This document presented findings of the monitoring programs at Luscar 
Mine. 

Methods 

In 1980, 18 permanent study sites were established on the Gregg, Al and A2 
dumps. Representative sites were chosen to assess the influence of age of 
seeding, slope, aspect, surface preparation and seed mix composition on the 
establishment and growth of vegetation. 
Each study site was observed along a 30 m transect. The transect was positioned 
parallel to the contour in sloped areas. 
Vegetation and soil characteristics were documented in August of 1982. 

Results Driving Conclusions 

• 	Total vegetation cover in older seeded plots (1971-1975) exceeded 100% with 
grasses contributing most of the living plant cover. 

• 	Vegetation cover was greater on slopes (northeast aspect) than on level areas. 
• 	Native plant egress accounted for less than 10% cover, dominated by mosses. 
• 	The most notable change in vegetation characteristics was that two stands 

previously dominated by legumes in 1981 were dominated by grasses the following 
year. 

• 	Total vegetation cover in younger seeded plot (1978-1979) (not including 
topsoil islands and their controls) ranged from 45 to 94%. One site was 
dominated by grasses, one by legumes, and the other three had cover evenly 
spread among grasses and legumes. Native plants were observed on only 
one of these sites, where they provided less than 2% cover. 

• 	Total vegetation cover on topsoil islands seeded in 1979 ranged from 106 to 
161% and on adjacent controls (15 cm regolith) ranged from 13 to 87%. 
Grasses dominated topsoil islands on one dump and legumes were more 
predominant in the other dump (this was likely due to different seeding rates). 
Native species composed <2% of cover on all sites. Overall, legumes 
dominated regolith sites while grasses dominated topsoiled sites. 

• 	At one location, a site burn increases vegetation productivity 
• 	Soils at all sites had similar chemical characteristics indicating favourable 

conditions for plant growth with the exception of low levels of available nitrogen 



and phosphorus. 
• 	Organic matter was the most variable characteristic measured. It generally 

increased with site age and was higher at sites of the same age if topsoil was 
used in the reclamation prescription. 

• 	Prolonged fertilization was not recommended due to its tendency of establishing a 
non-sustaining vegetation cover. Burning and scarification can have a 
beneficial effect on soil nitrogen but it is short-term. However, these methods 
may promote the invasion of native species or help to reintroduce legumes. 

• 	Red fescue was the most successful grass in terms of cover in older reclaimed 
sites, although timothy and brome were abundant in localized areas. Cicer 
milkvetch was the most successful legume. 

• 	Red fescue was the most dominant grass on slopes while timothy and brome 
dominated level areas. 

• 	It was suspected that soil moisture availability was an important factor limiting 
plant growth. Northwest, northeast and east facing slopes had better growth, 
possibly due to a more favourable soil moisture regime. Coarse textured 
materials had a lower water holding capacity than finer textured topsoil. Soil 
moisture and texture also are important in terms of nutrient mineralization and 
retention in the soil. These relationships may have accounted for the superior 
plant growth observed on topsoil compared to waste rock and regolith. 

• 	The establishment of strong agronomic crop cover in reclaimed areas of 
Cardinal River Coals led to high C:N ratios in the soil, causing concerns about 
plant available nitrogen. Methods to mitigate this could be prolonged fertilization, 
burning, scarification, and the use of seed mixes with higher legume content. 
From Hardy Associates (1981) data the authors suspect that C:N ratios are 
not at a level of concern (ratios from 10 to 30 in 1980). 

• 	They also reviewed the effectiveness as using sweet clover as a nitrogen- 
fixing nurse crop. The plant is not known as a strong competitor with vigorous 
plants of other species. As a result, sweet clover could be eliminated from an 
area within two years providing a good perennial ground cover. They reported 
that the species could be established successfully at Luscar Mine, but higher 
seeding rates (10 to 20 kg/ha) would be required to provide adequate cover with 
the crop, especially on sites not amended with topsoil. 



Natural Vegetation and Ecology of Abandoned Coal- 
Mined Land, Rocky Mountain Foothills, Alberta, 
Canada. Can. J. Bot. 64: 1286-1298 

Russet, W,B. And La Roi, G.H. 1986 

Objective 

This was a study of natural vegetation growth on two abandoned, 
unreclaimed coal mines in the Mountain Park area near Cadomin, Alberta 
(Townsite and West mines). The objectives of the study were to relate 
variability in soil properties with plant cover and species richness; describe 
and compare vascular plant communities on two different sites, and 
examine the influence of slope position on plant growth. 

Methods 

• 	Sites were only 1.2 km apart, varied only 30 m in elevation, and were 
abandoned for the same length of time (approximately 26 years) Spoil at Townsite 
Mine had a coarser texture than West Mine. 

• 	Vegetation was observed on raw spoil 26 years after abandonment. 
• 	A total of 15 plots were established at the Townsite Mine and 19 sites at the West 

Mine for analysis. All sites chosen were unreclaimed at abandonment. Plots were 
rectangular and ranged from 85 to 507 m 2 . 

• 	Stands with >1 % vegetation cover were sampled using 2 m by 2 m quad rats. Total 
cover was estimated in each quadrat by species. A minimum of 10 quadrats were 
used in each stand. 

Results Driving Conclusion 

• 	Townsite Mine had an average pH of 6.4 (4.6 to 7.9) and West Mine had an 
average pH of 7.6 (6.6 to 8.5). 

• 	Townsite averaged 10% clay while West Mine averaged 18% clay. EC was 
<2 dS/m on both sites. 

• 	After 26 years of abandonment vegetation was sparse. Plant cover was 
usually <10% and isolated plants were common. 

• 	The plant community was dominated by perennial grasses and forbs. 
• 	Total plant cover and richness were correlated with several spoil properties; 

highest correlations were with fine earth content (<2mm) and clay content on 
the Townsite and West Mines, respectively. Slope position strongly influenced 



plant distribution on both study sites. Total plant cover, species richness, and 
the frequency of most species were the highest at the slope base. 

• 	The coarsest spoils on both sites were barren of vegetation, supporting only a 
few scattered plants. 

• 	The authors believed that nutrient status limited plant growth on coarse spoils 
more than soil moisture status. 

• 	Slope bases were more favourable for plant growth. Authors hypothesized 
this was because of improved moisture status, wind protection, more stable land, 
and accumulation of finer soil materials. 



Minesoil and Landscape Reclamation of the Coal 
Mines in Alberta's Mountains and Foothills: Report 
No. RRTAC 87-2. Pedocan Land Evaluation Ltd. 

Fedkenhet,er, A.W., Knapik, L.J. And Walker, D.G. 1987. 

Objective 

This report reviewed reclamation practices and requirements for the 
Mountains-Foothills area of Alberta. Available information was assembled 
for the development of forest stands (forestry use), shrub communities 
(wildlife habitat), and grassland communities (erosion control). The report was 
intended to provide government and mining industry staff with up-to-date technical 
information to develop reclamation guidelines and operating procedures. 

Methods 

The Land Conservation and Reclamation Council appointed the Reclamation 
Research Technical Advisory Committee (RRTAC) in March 1978. The 
committee met regularly to update research priorities, review research proposals, 
arrange workshops, and maintain up-to-date knowledge on current reclamation 
procedures. This report was prepared by RRTAC. 

Results Driving Conclusions 

• 	Major limitations noted to plant establishment and productivity were a short 
growing season, low summer temperatures and low fertility. 

• 	Authors noted that the average effective rooting depth in most alpine soils was 
15 cm, which increased to 35 cm in Montane and 45 cm in subalpine 
grassland soils. There was considerable variability in depths, however. 

• 

	

	Limiting conditions: low pH on some pre-mine soils, high pH of some bedrock 
spoils, and (possibly) high sodicity of spoil from isolated areas. 

• 	The report listed two reasons to salvage and replace surface soil materials: 
• 	Conserve pre-mine soil horizons, and improve the quality of post-mining soil 

landscapes to support plant growth. 
• 	It was concluded that recommended bulk densities for Alberta oil sands were too 

conservative for the mountains-foothills region (< 1.3 g/cm 3  in the 15cm 
surface layer and < 1.5 g/cm 3  in the 15cm to 50cm layer). The authors noted 
that other studies observed successful growth at higher bulk densities and that 
stones and rock fragments positively modify the effects of bulk density and 
compaction. 
Authors suggested that ASAC Soil Quality Guidelines should not include depth 
limit, which the updated version no longer contains. 

• 	Quality of materials used for mine soil construction did not necessarily 



correlate to growth performance of plant communities on reclaimed land. 

	

• 	Soil quality characteristics such as pH or SAR, measured in overburden cores 
can change rapidly when exposed to aerobic conditions and weathering 
processes. 

	

• 	Authors suggested that the humus layer be salvaged with underlying soil since, 
in most forest soils, it is a source of low quality organic matter with a high C:N 
ratio and may contribute to the immobilization of N in the short-term. 

	

• 	Recommended soil construction methods: 
o 	Soils should not have strongly compacted layers which can restrict rooting. 
o 	Water infiltration and movement in the root-zone will not be 

restricted by high bulk density in the high coarse fragment content soils 
of the region 

o 	Soils should not be constructed with layers of strongly contrasting 
texture within the surface 15 to 20 cm. 

o 	Site conditions should be comparable with the selected soil and vegetation 
types 

o 	Seeding, planting, fertilization and other operations should be done 
timely and properly. 

o 	Landform shaping and surface treatments should have essentially 
eliminated soil losses by erosion. 

o 	Toxic spoil materials should not be left on dump surfaces. 

	

• 	Concluded that grass-legume cover can be established and maintained 
without the use of coversoil, providing the spoil meets some quality specifications. 

	

• 	Seedbed should provide a rooting medium, moisture supply, nutrient reservoir 
and should be thick enough to tolerate some loss due to erosion. Nutrient 
pools develop as the soil-plant system develops. The second horizon should 
be permeable to prevent saturation and ponding of precipitation or runoff, 
should offer rooting space to increase soil stability on slopes, and should supply 
some water and nutrients. 

	

• 	It was noted that both horizons can probably be developed from crushed 
bedrock spoil or surface soils or most regolith or mixtures of those materials. 

	

• 	The main limitations of using bedrock spoil without coversoil are: high rock 
content, high pH, and low organic matter content. 
o 	High pH can be dropped with the use of acid-forming substances 

such as sulphur and nitrate fertilizers. Mixing in acid peat could also 
reduce pH. Plant species tolerant to high pH values could be selected. 

o 	Amelioration of low organic matter could be achieved by growing 
good quality grasses and legumes rather than salvaging and replacing 
poor quality forest litter. 

	

• 	The formation of surface crusts was a problem on site, particularly on spoils. 

	

• 	The report noted that erosion monitoring is essential. 

	

• 	The report recognized the importance of identifying the land-use objective 
before selecting vegetation species. 



Detailed Soil Survey of 50-A Baseline Mining 
Extension (1989) 

Leskiw, L.A. 1989 

Objective 

This report assessed soil quality in the development area for reclamation. Specific 
objectives included: Conduct field mapping of soils for 2,500 acres, in accordance 
with Provincial Standards; Collect soil samples and conduct analysis to characterize 
principal soil types and overburden materials; and Interpret field and lab results to 
determine soil quality for reclamation. 

Methods 

The proposed mine extension was about 65 km southeast of Hinton, Alberta within 
township 47 and Ranges 23 & 24 (W5M) and approximately 3.5 km long and 1.5 
km wide. The mining extension was located between Cardinal River Coal Ltd. mine 
headquarters and Cadomin. The soil survey was conducted in 1989. 
Elevations ranged from about 5,500 ft (1676 m) in the valleys to 6,500 ft (1981 m) 
on ridge crests. 
o 	Side slopes were generally steep (30-80 degrees). 
o 	Drainage was provided by several creeks. There were no lakes but there 

were sizeable wetlands classified as fens and bogs. 
o 	Climate was classified in general terms as subhumid to continental with long, 

cold winters and mild summers. 
o 	Soils were classified and described according to the criteria established by 

the Canada Soil Survey Committee (1978). 
o 	Soil inspections were made at 320 sites averaging 1 site per 8 acres. 
o 	Major soil horizons (litter, A, B + C) were sampled at 42 sites for routine 

physical and chemical analyses; these included: 
o 	All samples: particle size and pH 
o 	LH, A and B horizons: organic matter, total nitrogen, CEC and exchangeable 

cations 
o 	C horizons: salinity and calcium carbonate coefficient 

Results Driving Conclusions 

5 Major Soil Units were identified: 
o 	Soil Group 2: Soils on Morainal Materials 
o 	2a Brunisolic Gray Luvisol, Orthic Gray Luvisol and Eluviated Eutric Brunisol 
o 	2c Lithic Phase of Soil Unit 2a 
o 	Soil Group 5: Soils on Colluvial Materials 
o 	5a Orthic Eutric Brunisol, Eluviated Eutric Brunisol, and Brunisolic Gray 

Luvisol 



o 	5b Orthic Eutric Brunisol, Orthic Humic Regosol, and Orthic Regosol 
o 	5c Lithic Phase of Soil Unit 5a 
o 	Soil Group 7: Soils on Weathered Sedimentary Deposits 
o 	7c Orthic Eutric Brunisol and Lithic Orthic Eutric Brunisol 
o 	Soil Group 8: Soils on Fluvial Materials 
o 	8a Orthic Regosol and Orthic Humic Regosol 
o 	8d Peaty Rego Humic Gleysol and Orthic Gleysol 
o 	Soil Group 9: Soils on Organic Materials 
o 	9d Typic and Terric Mesisols 
o 	Regolith Materials: include morainal and colluvial materials that occurred as 

a thin mantle overlying fractured and consolidated bedrock 
Soils were rated in accordance with the suitability criteria for root zone material in 
the Eastern Slopes Region (Alberta Agriculture 1987): 
o 	Soil Unit 2a is rated Good ( Regolith is rated Fair or Poor due to stoniness) 
o 	Soil Unit 2c was rated Good ( Regolith is Poor) 
o 	Soil Unit 5a was rated Good ( Regolith is Poor) 
o 	Soil Unit 5b was rated good 
o 	Soil Unit 5c was rated Fair ( Regolith is Poor) 
o 	Soil Unit 7c was Good (Regolith is absent and the underlying bedrock is 

unsuitable) 
o 	Soil Unit 8a was rated Good (Regolith is Fair and should be salvaged for 

creating final soils) 
o 	Soil Unit 8d was rated Good in gentle terrain but Fair in steeper areas ( 

Regolith is Poor) 
o 	Soil Unit 9d peat materials were considered to be Good to Fair 
o 	Disturbed Land was also rated as Poor due to a lack of soil development 
o 	Bedrock and Stream Channel materials were also rated unsuitable 
The upper 30 to 50 cm of soil material was rated Good for reclamation. Soil 
constraints, including shallow depths, very steep slopes, variable stoniness and 
excessive wetness, were severe limitations to salvage of soils in some map units. 
With careful planning and appropriate management it should be possible to salvage 
ample suitable material for successful soil restoration and revegetation. If there 
proves to be insufticient suitable soil material to provide a 30 cm veneer on the 
reclaimed landscape, it was recommended that better quality regolith could be 
applied at the surface. 



An Assessment of Woody Species Plant 
Establishment and Growth at the Cardinal River 
Mine 

Brinker, C. 1992 

Objective 

The report assessed the potential for forest re-establishment in Cardinal 
River Coal's permit area. Specific objectives of the study were to: collect 
data and expand the existing database on coniferous tree establishment 
and growth expectations on the mine; make observations on the 
abundance and characteristics of woody species on the mine; survey 
establishment and growth characteristics of mined-land plantations; and 
review the history of mined-land plantations and develop comprehensive 
recommendations on reforestation practices and procedures. 

Methods 

• 	Recommendations were based on data collected from plantations on 
reclaimed areas and baseline forest sites at Luscar Mine. 

• 	Five young (10 to 25 year old) forest stands in the mine area were 
selected as baseline sites. 

• 	Growth and stocking data (aerial density of trees) were also collected from all 
plantations established on Luscar Mine reclaimed over the past 20 years. 12 
specific sites were surveyed. 

Results Driving Conclusions 

• 	Tree growth was greatest on the most protected sites. These protected sites 
were generally located on north or east aspect slopes, at the bottom end of 
slopes in moisture-receiving sites, and in wind-protected areas. Sites exposed 
to drought, high winds, and high solar radiation had the poorest tree growth. 

• 	Lodgepole pine had stronger growth than Engelmann spruce on all sites. 
However, pine showed the most visually obvious affects of exposure damage 
(reddened needles and terminal leader dieback). On the most exposed sites 
both spruce and pine showed signs of dieback, though spruce was not as 
stressed as pine. 

• 	Data suggested that extreme climatic conditions in the area limited tree growth. 
• 	Re-establishment of trees for commercial forest production should not be 

expected or attempted on exposed sites >5300 ft (1615 m). 
• 	Seedling survival on mine plantations was generally low (10 to 15%). 

However, on a number of research sites at Cardinal River, there was 50 to 



65% survival on sites (6 to 20 years after planting) mainly in protected and 
sheltered areas. 

• 	Study recommended spruce as the conifer species for higher-elevation 
plantations, particularly on the more exposed sites. Pine should be planted to 
increase diversity, but at higher elevations it should form a lesser part of the 
plantation. 

• 	Based on experience of Coal Valley Mine, and in the literature, plantations 
should be established under the following conditions: 
1. Within 3 to 4 weeks after the frost comes out (no later than late May); 
2. Seedlings should be planted in completely dormant condition; 
3. Seedlings should be grown a year prior to planting, over-wintered in 

protected shelters to avoid temperature fluctuations; 
4. Planting stock should not be held in their containers for longer than what 

the containers were designed for; 
5. Planting sites should be fully revegetated and self-sustaining prior to 

planting, and should have a wide variety of microsites; and 
6. Final topographic contours should be developed where possible to maximize 

irregularities, so that some inherent protection from prevailing winds is provided. 



Detailed Soil Survey Up-Date of Southern Part of 50- 
A Baseline Mining Extension (1993) 

Leskiw, L.A. 1993. 

Objective 

This soil survey mapped and rated the suitability of soils as reclamation materials in 
a proposed mining extension of Luscar Mine (part of 50-A baseline). Specific 
objectives of the study included: conducting field mapping of soils in accordance 
with provincial standards; collecting soil samples and conducting analysis to 
characterize the principal soil types and overburden materials; and interpreting field 
and lab results to determine soil quality for reclamation. 

Methods 

• 	The proposed mine extension was about 45 km south of Hinton, Alberta (5/6/7-47- 
23-W5M) and covered approximately 1,300 acres. 500 acres of the area was to be 
affected by the proposed mining disturbance. Field survey was completed in 1993. 

• 

	

	Elevations ranged from about 5,500 ft (1676 m) on the lower slopes to 7,000 ft 
(2134 m) on the ridges along the south-western boundary. 

• 	Side slopes were generally steep (30-80 degrees). 
• 	Drainage was provided by four intermittent creeks following north-eastward or 

eastward to the MacLeod River, there wetlands classified as fens and bogs in the 
north-eastern part of the area. 

• 	Climate was classified in general terms as sub-humid continental with long, cold 
winters and mild summers. 

• 	Soils were classified and described according to criteria established by the Canada 
Soil Survey Committee (1978). 

• 	Soil inspections were made at 162 sites, averaging 1 site per 8 acres. 
• 	Major soil horizons (litter, A, B + C) were sampled at 22 sites for routine physical 

and chemical analyses these included: 
o 	All samples: particle size and pH 
o 	LH, A and B horizons: organic matter, total nitrogen, CEC and exchangeable 

cations 
o 	C horizons: salinity and calcium carbonate coefficient 

Results Driving Conclusions 

5 Major Soil Units were identified: 
o 	Soil Group 2: Soils on Morainal Materials 
o 	2a Brunisolic Gray Luvisol, Orthic Gray Luvisol and Eluviated Eutric Brunisol 
o 	2c Lithic Phase of Soil Unit 2a 
o 	Soil GrouD 5: Soils on Colluvial Materials 
o 	5a Orthic Eutric Brunisol, Eluviated Eutric Brunisol, and Brunisolic Gray 



Luvisol 
o 	5b Orthic Eutric Brunisol, Orthic Humic Regosol, and Orthic Regosol 
o 	5c Lithic Phase of Soil Unit 5a 
o 	Soil Group 7: Soils on Weathered Sedimentary Deposits 
o 	7c Orthic Eutric Brunisol and Lithic Orthic Eutric Brunisol 
o 	Soil Group 8: Soils on Fluvial Materials 
o 	8d Peaty Rego Humic Gleysol and Orthic Gleysol 
o 	Soil Group 9: Soils on Organic Materials 
o 	9d Typic and Terric Mesisols 
o 	Regolith Materials: include morainal and colluvial materials that occur as a 

thin mantle overlying fractured and consolidated bedrock 
Limiting soil properties recognized in this inventory were: 
o 	Strongly acidic 
o 	Extremely calcareous and moderately alkaline 
o 	Peat 
o 	Bedrock 
o 	Stoniness 
o 	Topography 
o 	Wetness 

Soils were rated in accordance with the suitability criteria for root zone material in 
the Eastern Slopes Region (Alberta Agriculture 1987): 
o 	Soil Unit 2a was rated Good (the Regolith is rated Fair or Poor due to 

stoniness) 
o 	Soil Unit 2c was rated Good (the Regolith is Poor) 
o 	Soil Unit 5a was rated Good (the Regolith is Poor) 
o 	Soil Unit 5b was rated Good 
o 	Soil Unit 5c was rated Fair (the Regolith is Poor) 
o 	Soil Unit 7c was Good (Regolith is absent and the underlying bedrock is 

unsuitable) 
o 	Soil Unit 8d was rated Good (the Regolith is Poor) 
o 	Soil Unit 9d peat materials were considered to be Good if mixed with mineral 

soils or forming a mulch 
o 	Disturbed Land was also rated as Poor due to a lack of soil development 
o 	Bedrock and Stream Channel materials were also rated unsuitable 
The upper 30 to 50 cm of soil material in the above soils was rated Good for 
reclamation. Soil constraints, shallow depths, very steep slopes, variable stoniness 
and excessive wetness, were severe limitations to salvage of soils in some map 
units. It was determined that with careful planning and appropriate management, it 
should be possible to salvage ample suitable material for successful soil restoration 
and revegetation. If there proved to be insufficient suitable soil material to provide a 
30 cm veneer on the reclaimed landscape, itwas recommended that better quality 
regolith be salvaged as a substitute. 



Soil Investigation of 51-B- 34 External Dump Regolith, 
September 1993. 

Leskiw, L.A. 1993 

Objective 

This report investigated soil quality of a parcel of reclaimed land. The reclaimed land 
was scheduled to have an additional 10 to 15 cm layer of topsoil placed over it to 
improve vegetation growth. This soil survey determined the quality of the reclaimed 
soil to evaluate its quality as future subsoil following additional topsoil placement. 

Methods 

• 	Soil inspections to a depth of about 50 cm were made at 14 sites. 
• 	Six map units, defined on the basis of reclaimed soil types and slopes were 

identified. 
• 	Subsoil quality was rated according to the Soil Quality Criteria (ASAC 1978). 

Results Driving Conclusions 

• 	Units 1 (nearly level bench lands) and 2 (steep slopes) were considered to be 
reclaimed satisfactorily; they were deemed equivalent to the shallow Brunisolic soils 
present originally, the subsoil quality was rated Poor due to an elevated pH. It was 
recommended that acidic topsoils be applied in these areas to ameliorate the 
effects of elevated subsoil pH on tree growth. 

• 	Units 3 (bench lands) and 4 (steep slopes) were considered to be reclaimed 
satisfactorily; soil quality was rated Poor due to excessive coarse fragment content. 
High SAR of 12 was found at one location, but this was not a serious limitation due 
to coarse textures and low salinity. 

• 	Unit 5 (steep slopes) was too coarse for establishment of a good vegetative cover; 
these soils were rated Unsuitable due to excessive coarse fragments. 

• 

	

	Unit 6 was a non-soil area including rock and rubble piles on benchland; it was 
rated Unsuitable. 



Development of Sport Fisheries in Lakes Created By 
Coal Mining Operations in the Eastern Slopes: Final 
Report 

Luscar Ltd., Luscar-Sterco Ltd., Cardinal River Coals Ltd., Pisces 
Environmental Consulting Services Ltd. and Bighorn Environmental Design Ltd. 
1994, 

Objective 

Three lakes were created by Luscar-Sterco and Cardinal River Coals with 
the intention to develop a recreational sport fishery. An extensive three-
year research program was conducted on Lovett Lake, Silkstone Lake 
(Coal Valley Mine) and Lac Des Roches (Luscar Mine) to examine and 
evaluate construction and management guidelines for creating lakes in the 
environmentally sensitive region. 

Methods 

• 	An extensive review of literature on surface mine ponds was conducted in 
1991. 

• 	Limnological and fisheries surveys were completed on each lake over a three 
year period (1991 to 1993). 

• 	Enhancement techniques were carried out on lakes when deemed necessary 
then evaluated (1992 to 1993). 

• 	Wildlife inventory and habitat assessments were performed (1994). 

Results Driving Conclusions 

• 	No physical, chemical or biological factors were identified that would 
adversely affect fish populations or preclude the development of sport 
fisheries in these lakes. All results indicated that the lakes were capable of 
sustaining fish populations suitable for sport fishing. 

• 	Initially, water in all three lakes was turbid but within three years it reached 
an excellent clarity. Heavy metals, phenols, nitrites and cyanides were very 
low and remained below federal and provincial freshwater quality guidelines and 
objectives. 

• 	Some chemical parameters (sodium, sulphate, alkalinity, bicarbonate and 
dissolved solids) occurred at higher concentrations in the pit lakes than in 
naturally-formed lakes in the area. Nevertheless, they occurred within natural 
variations for surface water. Elevated levels of these parameters are 
expected in areas recently filled with groundwater. Nitrates, typically found 
at high concentrations in mine pit lakes, had no apparent effects on the lakes' 
primary productivity. 



	

• 	Lovett and Silkstone Lakes were categorized as oligo-mesotrophic (having 
low-medium levels of nutrients). Lac Des Roches was oligotrophic (low 
productivity water body), likely due to its morphometric characteristics-
relative large size and depth and limited mixing of the deeper portion, which 
prevents recycling of nutrients. There was also a relatively small littoral zone 
around the lake. 

	

• 	Lovett and Silkstone Lakes were nearing maturity and stability with aquatic 
communities similar to those in neighbouring natural lakes. Restocking of 
rainbow trout populations in the lakes was required, however. 

	

• 	Lac Des Roches was unique in that it may have been the first mountain lake 
in Alberta to become occupied by native fish from downstream. It had limited 
fish production capabilities, but approached an ideal objective: the lake was 
occupied by native fish and was a self-sustaining recreational sport fishery 
lake. Rainbow trout and bull trout occupied the lake. The lake was 
substantially more productive than the stream which it replaced. 
Enhancement of spawning habitat in the outlet stream from the lake was 
effective and was intensively used by rainbow trout. 

	

• 	These man-made features were not typical of a region which generally did not 
have standing water. As a result, these areas provided staging areas for 
migrant shorebirds and waterfowl, breeding habitats for local amphibians, a 
water source for ungulates, a feeding source of insects for bats, and marsh 
habitat for birds. 

	

• 	18 new species of water oriented birds, which had not been observed prior to the 
development of the lakes, were noted at the Coal Valley Mine during the study. 

	

• 	The location and morphometric characteristics of Lac Des Roches posed severe 
limitations for waterfowl production. 20 extra bird species classified as water 
oriented birds were noted in the area of the lake, however. 

	

• 	Establishment of an adequate littoral zone to provide escape cover for fish, 
introduce invertebrates and macrophytes from local sources and delaying 
fish introduction was considered very important. It was recommended to wait 
two to five years until aquatic vegetation established before the introduction of 
fish. 

	

• 	Aquatic plants must be established to provide food and cover for wetland 
mammals, nesting structures for marsh birds, food and cover for aquatic 
invertebrates, amphibians and fish, and cover and food for waterfowl. 

	

• 	Lakes should be developed with a permanent surface inlet and/or outlet stream 
if possible so the stream can be colonized with indigenous populations. 



Review of Vegetation on Reclaimed Rock Dumps at 
Luscar, Alberta 

Strong, W.L. 1994. 

Objective 

The purpose of the study was to sample and compare vegetation growth 
on reclaimed rock dumps located at the Luscar Mine. The study provided an 
overview of the influence of time, topsoil addition and seeding practices on 
vegetation composition. 

Methods 

	

• 	Moderate, well-drained and relatively level sites with different planting dates were 
selected for sampling. 

	

• 	Vegetation was sampled using ten 1 m by 1 m quadrats located at four meter 
intervals along a transect line at each sampling site. Vegetation species and 
percent cover were estimated in each quadrat. 

	

• 	13 sites were sampled on July 7 and 8, 1993. 

	

• 	The 13 sampled transects had reclamation dates ranging from 1972 to 1987. 
Three of the sampled sites consisted of topsoil islands. Elevations ranged from 
1700 to 1800 m. 

	

• 	Results were only applicable to sites with minimal slope due to experimental 
design. 

Results Driving Conclusions 

	

• 	Differences in slope angle and orientation strongly influenced the microclimate of a 
site. Moderately steep south and southwest aspects had much warmer 
temperatures and drier conditions than northerly aspects. 

	

• 	Smooth brome (Bromus inermis) replaced red fescue (Festuca rubra) as a 
dominant in the reclamation seed mixture in the late 1980's yet formed only a 
small portion of vegetation relative to red fescue. Red fescue was the 
dominant introduced grass among 11 of 13 sampled transects. Both 
exceptions were on topsoil islands where wheat grass (Agropyron dasystachyum) 
and smooth brome dominated. 

	

• 	Slope orientation and angle greatly influence microclimate and the amount of 
surface runoff that occurred on a site. Orchard grass (Dactyl/s glomerata) 
formed nearly closed stands on steeply northeast aspects, but was absent on 
other slopes. 

	

• 	Bare mineral soil and rock fragments generally represented less than 5% and 
20% of ground surface at Luscar, respectively. 

	

• 	Native species (unseeded) formed between 15 and 25% of cover on topsoil 



is lands. In other areas native cover was generally below 5%. 
• 	Reforestation plantings were restricted to topsoil islands only. Other areas 

were targeted as forage sources for wildlife. 
• 	Little evidence of agronomic invasion into native stands was recorded, 

except within a 1 m to 3 m transition zone. Few or no agronomic species 
were observed where native vegetation was undisturbed. 

• 	Topsoil islands had a greater total vegetation cover than other stands. 
• 	Currently used grass and forb species were appropriate for sheep habitat! forage. 
• 	Northern wheat grass (Agropyron dasystachyum) and alpine bluegrass (Poa alpine) 

could potentially be added to reclamation mixture since they are native and are 
probably palatable to wildlife. 

• 	On imperfectly and poorly drained sites species such as willow (Salix glauca), 
tufted hairgrass (Deschampsia cespitosa) and northern reedgrass (Ca/ama grostis 
Canadensis) could be planted. 

• 	Larger components of topsoil material such as stumps should be left on the 
reclamation surface to create micro-environments for development of diverse flora. 



Characteristics and Quality of Minesoil Landscapes 
and Minesoil Profiles at the Luscar Mine 

Knapik 1.. J. / /rUnhi)(trneis!er A Pi1. And Li/iik ni, L). G. 1 995 

Objective 

Early reclamation work at Luscar Mine intended to address the primary 
concern for reduced stream water quality due to accelerated erosion of 
disturbed land. In conjunction with erosion control, subsequent land 
reclamation activities focused on wildlife habitat, re-establishing 
native vegetation, and reforestation. In this study, reclaimed land was 
evaluated and minesoils were characterized and evaluated in terms of soil 
quality and capacity to function for intended land uses, with a focus on the oldest 
reclaimed areas of the mine. 

Methods 

• 	Dump faces on site were sloped to a maximum angle of 27 degrees, 
which was a regulated requirement. Terraces built to intercept runoff and 
prevent erosion. 

• 	Data from previous research on site was compiled and presented in the report. 
• 	Typical minesoil reclamation profiles at the Luscar Mine were identified and 

assessed for soil quality in accordance to the Soil Quality Criteria (AAFRD 1987) 
and revegetation success. 

Results Driving Conclusions 

• 	Concept of topsoil islands developed in 1979. Approximately 10 to 15 cm of 
regolith was spread on spoil, then topsoil was dumped in mounds which were 
"pushed very gently" with a small dozer, leaving a rough, mounded surface: 

1. This method did not compact topsoil, but provided an ideal bulk density for 
rooting, and rapid water-entry rates to prevent erosion; 

2. Slash and debris remained on top to provide cover; 
3. Technique produced numerous microsites to plant tree seedlings and 

encourage invasion of native species; 
4. Topsoil with average thickness of 30 cm provided sufficient water-holding 

capacity to withstand droughts; and 
5. Debris and mounding decreased summer near-surface soil temperatures 

(critical for seedling survival until cover is established). 
• 	Average C:N ratio for the four minesoil types ranged from 21 to 32. The 

addition of plant material to the soil had a pronounced effect on N mobilization and 
release. 

• 	More legumes grew on reclaimed areas without topsoil. More grasses grew in 
topsoiled areas. Poor nutrient availability in raw spoil sites likely encouraged 



the dominance of legumes. After multiple years of soil development (almost 
20 years) the soils became roughly equivalent in terms of fertility and the 
presence of legumes produced a yield advantage. There was also the 
possibility that heavy grazing by ungulates reduced forage production in 
topsoiled sites. 

• 	Field observations confirmed that organic matter in topsoil stockpiles was 
being composted, which had a favourable effect on soil quality. 

• 	Regolith materials with more than 25% coarse fragments had poor suitability for 
revegetation. 

• 	pH varied by as much as 2.0 units during the growing season. 
• 	Forage yield was greatest (measured in 1994) in spoil sites (dominated by 

legumes) followed by topsoiled sites (dominated by grasses). 
• 	Alfalfa and clover were not winter-hardy and were nearly absent on north 

slope plots (steadily declined with time) 



Cheviot Mine Project Application - Volume 1, Part E: 
Reclamation Plan. Prepared for: Alberta 
Environment 

Cardinal River Coals Ltd. 1996, 

Objective 

Cardinal River Coals Ltd. developed a conceptual reclamation plan as part of 
requirements to Alberta Environment for an application to have Cheviot Mine 
operations approved. The plan included baseline soil assessments, research and 
details of the reclamation plan on site. 

Five reclamation objectives were identified in the plan: I) Watershed protection- this 
goal was paramount and would be given the highest consideration in all aspects of 
the reclamation plan; ii) Wildlife habitat- emphasizing the expansion of elk herds and 
maintaining bighorn populations; iii) Fisheries habitat- maintaining bull trout 
populations and enhancing native Athabasca rainbow trout populations; iv) Forest 
re-establishment- for watershed, wildlife and scenic values with commercial timber 
production emphasized within Weldwood's Forest Management Area; and v) 
Recreational uses- particularly in the McLeod River Valley. 

Methods 

• 	Data from previous research conducted on Luscar Mine and CRO's current 
reclamation goals were considered in drafting the document. 

Results Driving Conclusions 

• 	Overburden samples from the Cheviot Mine were primarily sandstone, siltstone, 
and/or shale from the Luscar Group/Gates Formation. 

• 	Soil pH was the most limiting factor in overburden on site, with soil quality ratings 
assigned from Fair to Unsuitable. Since soil reaction is a dynamic soil quality, it was 
expected to improve as overburden materials weathered. 

• 	Cardinal River Coals Ltd. stated they would use revegetation methods to promote 
the regrowth of native vegetation within one to two years. 

• 	To avoid issues with tree seedling development on south-facing and unprotected 
slopes, grasslands would be planted in these areas and trees on more protected 
north- and east-facing slopes. 

• 	The primary reclamation objective was to reclaim the landscape so that stable 
ecological conditions would return in the shortest time possible. 

• 	Soil salvage would be conducted to protect soil and water resources (including the 
immediate establishment of vegetation on reclaimed slopes to avoid erosion and 
run-off into water bodies. 



Cheviot's mine plan included the incorporation of features to improve wildlife habitat 
such as: 
o 	Topographic and vegetation diversity for food and cover; 
o 	Rock outcrops to provide escape terrain for bighorn sheep; 
o 	Rock piles; and 
o 	Constructed lakes. 

	

• 	Climatic conditions for reforestation were expected to be just as harsh as Luscar 
Mine. 

	

• 	The integration of human use into the post-mining landscape was a long-term 
reclamation goal of the mine. 

	

• 	Following re-contouring, all re-sloped lands would receive an application of at least 
10 cm of regolith. 70% of area disturbed by mining would also receive an additional 
30 cm of topsoil over regolith. Areas destined to receive topsoil were: 
• 	Areas to be planted to forest; 

All potential shrub lands; and 
• 	Riparian areas. 

	

• 	 The rough mounding method from Luscar Mine would be used for topsoil 
placement. 

	

• 	Fertilizer would be applied once in areas with topsoil and annually, for up to five 
years, in areas seeded onto regolith. 

	

• 	Trees and shrubs would be planted two to four years after initial revegetation, after 
initial cover would lose its vigour and leave space for the growth of other species 
(dieback of wheatgrass species). 

	

• 	Forested and shrub lands would be established in "islands". 

	

• 	Construction of 12 lakes was proposed during the life of Cheviot Mine. 



Detailed Soil Survey and Reclamation Suitability 
Evaluation for the Cheviot Shop/Office-Plant Site 
and Cadomin By-Pass 

ChernIpeski, B.M. and Knapik, L.J. 1997. 

Objective 

Pedocan Land Evaluation Ltd. was requested to survey soils in the area of a proposed 
shop/plant site and by-pass on the Cheviot Mine. The objectives of the study were: to map 
soil resources; to provide baseline data; to evaluate the suitability of the soils for 
reclamation; and to provide material handling recommendations. 

Methods 

Shop/Plant site 
• 	Mapping was presented on 1:5,000 scale photomosaics. 
• 	Shovels and hang augers were used to sample soils in July of 1996. 
• 	Suitability of soils for reclamation was rated according to the Soil Quality Criteria 

(AAFRD 1987). 
• 	Within the proposed plant site area 90 soil inspections were conducted (15 of these 

were completed in 1994). 
• 	Eight sites were sampled for laboratory analysis. 
Cadomin By-pass 
• 	Soils were inspected in August of 1997. 
• 	No soil samples were taken in the by-pass route. 

Results Driving Conclusions 

Shop/Plant site 
• 	Within the study area salinity, sodicity and pH limitations were generally not 

present. 
• 	Soil texture had a large influence on the suitability ratings of soils for reclamation. 
• 	The majority of soils were rated as Good to Fair for reclamation. Soils were rated 

Poor due to clay textures and one site received a Poor topsoil rating due to % 
saturation limitations. 

Cadomin By-pass 
• 	No soil samples were taken in this area, so soil quality for reclamation was rated by 

texture and rock content. Most soils were rated Good to Fair based on these 
parameters. 

• 	It was previously determined that Ae horizons were strongly acid and Bm and C 
horizons were alkaline. This was not considered an issue because mixing of the Ae 
and Bm horizons would result in a near-neutral pH. 



Vegetation Analysis of Recently Reclaimed Sites on 
the Luscar Mine 

Strong, W.L. 1999, 

Objective 

This research evaluated individual vegetation stands reclaimed in Luscar Mine after 
1990, and attempted to identify developmental differences between smooth and 
hummocky surface configurations. The overall purpose of the study was to 
determine if type of reclamation material and associated microtopographic 
configurations had an effect on the development of vegetation and floristic 
richness at Luscar Mine. 

Methods 

• 	A quantitative analysis was conducted on 32 sites in the Luscar mine. These 
sites were reclaimed using direct-placement topsoil, stockpiled topsoil, or 
regolithic materials. Sites were up to seven years old. 

• 	Reclamation sites were grouped according to reclamation date, size and 
distribution. 

• 	Larger sampling polygons were favoured over smaller ones to reduce edge effects. 
• 	One transect was placed within each polygon and then five 1 m 2  quadrats were 

placed every 5 m along transects. Vegetation composition and percent cover was 
estimated in each quadrat. 

• 	Four different types of plant communities were recognized: early development 
stage, alsike clover-red fescue, alfalfa-red fescue and red fescue-smooth 
brome (early development stage had a variety of vascular plant species with few 
having cover values <1%). 

Results Driving Conclusions 

• 	Total species cover was 27% in early development stage. 
• 	Other vegetation types were dominated by agronomic plant species. 
• 	Alfalfa-red fescue type tended to have slightly greater foliar cover than the 

alsike clover-red fescue and red fescue-smooth brome communities. 
• Early development and alsike clover-red fescue communities were generally 

associated with sites that had either direct-placement topsoil or topsoil from 
stockpiles. In contrast, alfalfa-red fescue and red-fescue-smooth brome 
types were found on sites where stockpile or regolith was used for reclamation. 

• 	No specific patterns of occurrence were identified with respect to the 
configuration of the reclamation surface, except alfalfa-red fescue stands 
tended to be more common where the surface was smoothed (no significant 
difference). 

• 	No significant differences were found in floristic richness among the four 



recognized plant communities, likely due to the difference in sample numbers. 
• 

	

	Native species accounted for 5 to 7% of total plant cover associated with the 
agronomic plant communities. 

• 	Sites with regolith at the surface had poor floristic richness relative to topsoiled 
sites. 

• 	Floristic diversity was considered to be high on all the Luscar Mine sites of the 
study. 

• 	The amount of exposed mineral soil on reclaimed sites decreased at a rate of 
about 20% per year during the first four years after seeding. The rate reduced 
in subsequent years. In general, plant foliar cover increased at a rate of about 
30% per year during the first three years after seeding, but reached a plateau 
by the fourth year. Exposed surface soil ranged from 5 to 10%. 

• 	There were significantly fewer plant species on regolith and no difference in 
species numbers between direct-placed and stockpiled topsoil. 

• 	Shrubs were significantly more common on sites with topsoil than those with 
regolith at the surface and on rough rather than smooth surfaced sites. Slope 
orientations and gradients did not affect shrub frequency. 

• 	Alfalfa was most common on the sites reclaimed on regolith. 
• 	An assessment of agronomic species invasion into native forest vegetation 

adjacent to reclaimed sites found that introduced species had less than 5% 
cover at a distance of 5 m into the native vegetation, and less than 0.25% 
cover at 10 m. The two most common species that encroached were red 
fescue (Festuca rubra) and clover (Trifolium spp.). Most of the invading 
species became established on disturbed ground (i.e. wildlife trails). 

• 	The paper expressed caution with the acceptance or rejection of hummocky 
topography technique as a valid approach to improve vegetation and floristic 
diversification, improving establishment rates of coniferous seedlings and 
vegetation of reclaimed sites from this data is premature, since 60% of the 
samples sites were less than four years old. 

• 	Early successional and sometimes weedy members of native flora were most 
common on the youngest sites, usually less than three years old. 

• 	Native species typically had a cover of 4 to 7%, with a weak trend of 
increasing cover with vegetation age. 

• 	Floristic diversity was considered to be relatively high on reclaimed sites of Luscar 
Mine in comparison to other mines. This was attributed to the rough-mounding of 
topsoil technique used on site. 

• 	The paper recommended that Luscar Mine continue to use a hummocky 
surface as part of its reclamation process. Benefits are not clear in data, but there 
appeared to be trends. 



Detailed Soil Survey and Soil Handling Plan for 
Cardinal River Coals Ltd.'s Proposed PQ2 Mine 
Extension 

Leskiw, L.A. And Sansom, ii. 2001. 

Objective 

Baseline information was collected in the proposed mine extension to assist in 
identifying the soils in the proposed development area, their quality and volume, and 
to direct planners in developing a soil handling plan for reclamation. Specific 
objectives included: conducting field mapping of soils in accordance with criteria 
outlined in the Soil Quality Criteria Relative to Disturbance and Reclamation; 
collecting soil samples and conducting lab analyses to characterize the principal soil 
types; interpreting field and lab results to determine soil quality and volume for 
reclamation; and providing soil handling recommendations for reclamation of the 
proposed disturbance area. 

Methods 

• 	Location: The proposed mine extension was about 42 km south of Hinton, Alberta 
(LSD 4 & 5, 21-47-24-W5M and LSD 8, 20-47-24-W5M) 

• 	Soils were classified and described according to the criteria according to The 
Canadian System of Soil Classification-Third Edition. 

• 	Major soil horizons (A, B + C) were sampled for routine physical and chemical 
analyses, including: 
o 	A and B horizons: pH, EC, SAR, Saturation %, Coarse Fragments, Particle 

Size Analysis, CaCO3 , Total Organic Carbon %, Total Nitrogen %, C:N ratio 
and CEC 

o 	BC and C horizons: pH, EC, SAR, Saturation %, Coarse Fragments, Particle 
Size Analysis, CaCO3, CEC and Trace Metals 

o 	2 Major Soil Units were identified: 
o 	Soil Group 6: Soils developed on Colluvial Materials 
o 	6a/7 Deep Eluviated and Orthic Dystric Brunisols 
o 	6b/7 Moderately Deep Eluviated and Orthic Dystric Brunisols 
o 	Soil Group 10: Soils developed on Residual Over Bedrock Materials 
o 	exl0c/5-7 Shallow Lithic Orthic Brunisols/Lithic Regosols 

• 	Soils were rated in accordance with the suitability criteria for root zone material in 
the Eastern Slopes Region (AAFRD 1987) 



Results Driving Conclusions 

• 	2 Major Soil Units were identified: 
o 	Soil Group 6: Soils developed on Colluvial Materials 
o 	6a/7 Deep Eluviated and Orthic Dystric Brunisols 
o 	6b/7 Moderately Deep Eluviated and Orthic Dystric Brunisols 
o 	Soil Group 10: Soils developed on Residual Over Bedrock Materials 
o 	exi Oc/5-7 Shallow Lithic Orthic Brunisols/Lithic Regosols 

• 	Soils were rated in accordance with the suitability criteria for root zone material in 
the Eastern Slopes Region (AAFRD 1987): 
o 	Soil Unit 6a/7 was rated Good (the BC is rated Fair) 
o 	Soil Unit 6b/7 was rated Good (the C is rated Fair) 
o 	Soil Unit exlOc/5-7 was rated Good in the B horizon 

• 	Topsoils (Ae) were rated as "Good" and subsoils (Bm) were rated as "Good to Fair" 
for reclamation. Both horizons were suitable for salvage and provided a suitable 
root zone for establishing vegetation in the reclaimed landscapes. High coarse 
fragment content was the only limiting soil property encountered on site. 

• 

	

	Estimates based on soil mapping and extent/depth of suitable material indicated 
approximately 32,400 m 3  of salvageable surface soil material. 



Fish Populations, Biomass and Growth in Lac Des 
Roches, Alberta 

Schwartz, T. 2002. 

Objective 

Lac Des Roches was created by Cardinal River Coals Ld in 1988 from a 
mine pit in Luscar Mine. The objective of this study was to quantify the fish 
population in the constructed lake prior to its dewatering (due to further 
construction), thereby improving knowledge of the lake's sport fish populations. 
Captured fish were relocated to the nearby Luscar Creek. 

Methods 

• 	Fish were removed from the lake by gill netting from September 20th  to 24th 

and October 4th  to 8th  in 1999. 
• 	It was estimated that about 93% (64 to 100%) of the fish stranded in the lake 

were removed. 

Results Driving Conclusions 

• 	The growth of Lac Des Roches rainbow trout met or exceeded growth of 
rainbow, cutthroat, and golden trout in other naturally reproducing mountain 
lakes in Alberta. Brook trout and bull trout in Lac Des Roches had growth 
rates similar to those observed in other mountain lakes of Alberta. 

• 

	

	Five fin-clipped rainbow trout which had been removed from Lac Des Roches and 
placed in Luscar Creek travelled five kilometres to return to the pond. 

• 	Elevated levels of selenium were documented in the water and fish of the 
West Jarvis/Luscar Drainage. This was of concern because selenium has the 
potential to decrease spawning success and cause deformities in fish, which 
could result in population collapses. The authors observed no deformities 
which could be attributed to selenium at the time of this study. 



2001 Baseline Results from the Long-Term Soil And 
Vegetation Plots At Cardinal River Coals Ltd. 

Leskiw, L.A. And Pollard, J.S. 2002. 

Objective 

A soils and vegetation monitoring program started in 2001 to study both 
natural and reclaimed landscapes on the mine lease of Cardinal River 
Coals. Monitoring plots were established to monitor soil quality, vegetation 
growth and the development of forest ecosystems on site. 

Methods 

• 	In August of 2001 two monitoring plots were established in reclaimed 
areas and one plot for comparison in a nearby natural area. The two 
reclaimed monitoring plots represented the rough mounding topsoiling 
method. The natural plot has a similar slope, aspect and elevation as the 
reclaimed plots 

• 	Plots were 10 m by 40 m in size. Ten small subplots for vegetation 
observations were marked in each plot. Each subplot was 0.4 m by 1.0 m in 
size. 

• 	Overall ground cover and cover by individual species was estimated in each 
subplot in August. 

• 	Soil samples were collected at 10 m intervals along plot boundaries (10 soil 
inspection sites per plot) in August. 

Results Driving Conclusions 

• 	Results indicated that soil quality ratings of natural and reclaimed profiles 
were similar with the exception of pH limitations in reclaimed soils. pH values 
were higher in reclaimed soils while salinity (EC) and sodicity (SAR) were low 
and similar to natural soils. CEC, soil organic carbon, and soil structure were 
similar on reclaimed and natural soils. 

• 	pH ratings on reclaimed sites were fair, while in the natural plot pH was 
classified as good. 

• 	Soil nutrient status suggested that equivalent nutrient status was being 
attained in reclaimed vs. natural plots (reclaimed soils were fertilized in summer of 
2001). 

• 	There was little similarity between vegetation percent cover, species richness 
and species abundance among the natural and reclaimed plots in the first 
year of reclamation. Reclaimed plots had mostly bare ground while the 
natural plot had little to no bare ground. There were more graminoid 



species in reclaimed plots, certainly due to seeding upon reclamation. The 
natural plot had more shrubs, mosses, horsetails and ferns. 

• 	The two reclaimed plots were similar to each other in terms of species 
abundance and richness, and plant species found in these plots were more 
diverse and more evenly distributed (due to seeding) than the natural plot. 

• 

	

	Each of the reclaimed plots had coarse woody debris, though the natural plot 
had twice as much (and at a greater stage of decomposition). 

• 	Long-term vegetation monitoring was recommended to determine trajectories 
following the first year of reclamation. 



2003 Baseline Results from the Long-Term Soil 
and Vegetation Plots at Cardinal River Coals Ltd. 

Leskiw, L.A., Pollard, J.S. And Brown, J.T. 2003, 

Objective 

This reported additional results from the resampling of three soil and 
vegetation research plots (two reclaimed and one natural control) 
established in 2001 at Luscar Mine. 

Methods 

• 	In August of 2003 three monitoring plots which were established in 2003 
were resampled (two reclaimed and one natural control). 

• 	Overall ground cover and cover by individual species was estimated in each 
subplot. 

• 	Soil samples were collected at 10 m intervals along plot boundaries (10 soil 
inspection sites per plot). 

Results Driving Conclusions 

• 	As in 2001, reclaimed and natural soils had similar soil quality ratings except for 
the limitation of elevated pH in reclaimed soils (fair rating). 

• 	EC and SAR were low in all soils. 
• 	Soil nutrient status suggested that equivalent nutrient capability was being 

obtained in reclaimed plots relative to natural plots. 
• 	CEO and organic carbon values were similar on reclaimed and natural soils. 
• 	Soil structure and consistence were also similar on reclaimed and natural soils. 
• 	There was little similarity in vegetation among reclaimed and natural plots. 

Reclaimed plots had over 50% bare ground two years following reclamation. 
The natural plot had no bare ground. 

• 	Species in reclaimed plots were distributed more evenly than natural plots, due 
to seeding (reclaimed plots mostly seeded graminoids). 

• 	There were more plant species, individual plants and percent vegetation cover 
in the natural plot. 

• 	The only plot with trees was the natural plot. 
• 	Available nitrate levels showed a minor decrease in reclaimed and natural 

sites, though not significantly (not enough to affect soil quality). 



Report on the Transplanting of Significant Species 
within the Grave Flats Road Re-Alignment 
Disturbance Zone (Year 6) 

Strong, W.L. 2004. 
Objective 

This research aimed to determine the feasibility of transplanting purple-
flowe red saxifrage (Telesonix heurcheriformis) and moss (Schis tidum 
tenerum), two very sensitive and difficult to grow species, into 
reclaimed areas. 

Methods 

• 	Research plots were transplanted with purple-flowered saxifrage (Telesonix 
heurcheriformis) and moss (Schistidum tenerum) in 1998 then revisited in 
to monitor their survival six years following transplanting (2004). 

Results Driving Conclusions 

• 	After six years 17 of the 18 moss transplants survived. However there 
appeared to be a slow decline in the health of the moss patches since 
transplant (37 to 61%). The transplanted moss appeared to show a trend of 
slow decline in survival, but each transplant site also contained at least one 
specimen with good vigour. 

• 	In 2004 only two patches of Telesonix had leaves, representing a 50% loss 
of species since 2001 monitoring, and an overall 15% survival rate. The 
exposed site on a rock outcrop provided more favourable site conditions. 
The effort to transplant Telesonix was largely a failure even if remaining 
specimens continue to survive on one site. 



Project Summary 1994-2004 Soil Reconstruction & 
Revegetation Demonstration Trials: Cheviot Mine 
Project 

WA/kt?r, D.G. 2005. 

Objective 

This report summarized soil reconstruction and revegetation demonstration 
trial at Cheviot Mine. Cardinal River Coals Ltd. established the research 
plots as part of an application to re-mine coal deposits in the Mountain Park 
area in 1994. 

The objective of the study was to demonstrate soil reconstruction and revegetation 
methods that would be successful under the conditions typical of the Cheviot Mine 
site. The study also assessed the suitability of plant materials available for seeding 
on revegetated areas of the mine. 

Methods 

• 	Plots were established in September of 1994 on overburden left from abandoned 
surface mine operations in 1950. 

• 	Elevation was 1860 m. 
• 	The study site was 20 m by 60 m. A 2.5 m high wire fence was used to exclude 

large grazing wildlife from entering the research plots. 
• 	Factors included in the experimental design were: 
• 	Topsoil type mixing (two types of topsoil and peat or no peat); 
• 	Subsoil material and topsoil material; 
• 	Ground surface manipulation (rough mounding, levelled mounds, or level ground); 
• 	Transplanted plant species to evaluate performance; and 
• 	Seed mixture trials. 

Results Driving Conclusions 

• 	Cheviot Mine reclamation practices included standard Luscar Mine operations 
that were proven successful over the years as well as several other methods. 

• 

	

	Plots were established on overburden material left from a 1950 surface mining 
operation which was abandoned. 

• 	The following factors were tested: 
• 	Topsoil type: 
• 	Ground surface manipulation: 

o 	Manipulations included "rough mounds (topsoil depth ranged 5 to 60 
cm), "levelled mounds" (topsoil depth 15 to 45 cm) and level ground 
(levelled topsoil in previously mentioned pits). 



o 	In the early successional stage (1 to 3 years growth) ground cover 
was similar for the levelled mound treatment and rough mound 
treatment when non-competitive native seed mix was used. When 
CRC Mine mix was used ground cover was higher in the rough 
mound treatment than the smooth mound treatment. There was little 
difference in cover of native species between the two topsoil 
mounding methods. The authors concluded there was no benefit and 
perhaps a negative response to levelling topsoil piles prior to seeding. 

o 	Levelled ground treatments were highly affected by a variety of 
climatic conditions which largely affected seedling growth and 
establishment on the site (some areas of plot exposed to high winds 
while others areas protected). 

Topsoil type mixing: 
o 	A peat moss amendment was included with each soil type to evaluate 

effectiveness of the amendment (main difference being pH). Overall it 
was determined there was not enough difference between mixed and 
unmixed soils to warrant mixing on a larger scale. 

o 	Plant cover was highest in plots where the two soil types were 
mixed. Mortality caused by frost damage made it difficult to determine 
the affects of peat amendments. 

• 	Plant species performance: 
o 	Plant materials were planted by transplants and seeding mixtures. 
o 	Native species established from seed in sod transplants (sod cut from 

nearby natural areas), imported topsoil (topsoil seed bank), 
transplants taken from nearby sites, and transplants of standard 
reforestation species from a nursery. 

o 	Some species, such as mountain avens and bearberry, actively spread 
from transplanted sod into adjacent plots. Species typical of the 
shaded forest understory declined. 

o 	Transplanted trees and shrubs were more successful in Valley 
bottom soil than upper slope topsoil. 

• 	Seed mixture trial: 
• 	Two seed mixtures were used in the study. One was the standard 

Cardinal River Coals (CRC) Luscar reclamation mix (designed for 
erosion control and wildlife forage), and the other was a mixture of 
native grass species with three agronomic legume species. Slender 
wheatgrass was substituted for rye in the native mix as a fast-growing non-
competitive cover crop which would die out within a few years. 

• 	CRC seed mix yielded greater legume cover than native seed mix after 
one year. 

• 	After two growing seasons the native seed mix had lower percent plant 
cover than the CRC Mine mix plots. It was suspected that this was due 
to the success of red fescues in the CRC seed mix. 

• 	After 3 growing seasons the native species seed mix produced more 
forage than the CRC seed mix. This was because red fescue in the CRC 
seed mix outcompeted wheatgrass species, and red fescue produced less 
forage than wheatgrass species. 



• 	Wheatgrass species which dominated the native species seed mix grew 
upright resulting in reduced ground cover but increased forage than 
CRC seed mix species. 

• 	Five to six years after reclamation all slender wheatgrass species 
suddenly died out (a naturally short-lived species). The die-off created 
open ground and opportunities for native plants to establish. Red fescue 
species persisted, providing no opportunities for native species 
establishment in plots. Total cover was estimated to be less in the native 
species mix plots than in CRC mix plots at this time, but neither had 
vegetation cover below 90%. 

• 	Native legumes had a very low rate of establishment and grew very 
slowly in subsequent years. Remaining plants were vigorous and 
successfully reproduced, but their density continued to decline throughout 
the experiment. 

• 	Tree transplant trial: 
o 	Lodgepole pine and Engelmann Spruce trees were transplanted into 

rough mounded and levelled topsoils. 
o 	After one year, lodgepole pine suffered 47% dieback in rough mounded 

topsoil and 91% dieback in levelled topsoil. Engelmann spruce suffered 
45% dieback in rough mounded soil and 75% dieback in levelled soil. 
There was clearly an advantage to planting tree seedlings in rough 
mounded over levelled soil. 

• 	Overburden had a pH of 8.0 and 16 to 18 % clay. Salinity was not an issue in the 
soils. 

• 	The following conclusions were made in the study: 
o 	The topsoil mounding technique produced better plant establishment, 

plant growth and greater native diversity than level and uniform depth 
topsoil spreading patterns. 

o 	Creeping red fescue and hard fescue species persisted for a minimum 
of 10 years after seeding. Alfalfa, sweet clover and Sainfoin 
performed poorly on this site. 

o 	Native legumes did not perform well on this site. 
o 	It is best to use more than one variety or source of a native species in 

each seed mix. Also avoid adding the same seed mixture over a wide 
area. 

o 	Direct placement of topsoil provides a better source of native species 
propagules than sod transplants. 

o 	Wheatgrass species were recommended as fast-growing species for 
reclaimed sites. Their eventual dieback also facilitated succession of 
native species. 



Limnological Surveys of Five End Pit Lakes on the 
Cardinal River Operations Mine Lease, 2005-2006 

Boorman, R.L. 20061 Pisces Environmental Consulting 

Objective 

This study was a preliminary Limnological survey of 5 end pit lakes on the 
Luscar Mine lease that were filling with water or were just recently filled at 
the time of the study. The objective of the study was to establish a baseline 
for future end pit lake monitoring. 

Methods 

• 	Each lake was surveyed seasonally in August, October, March and May of 2005 
and 2006. 

• 	Conductivity, temperature and dissolved oxygen were measured in all seasons at 
the approximate centre of each lake. Measurements were collected every one to 
two metres to a maximum depth of 30 m. 

• 	Water quality sampling was completed in August. 

Results Driving Conclusions 

• 	All 5 lakes sampled were relatively new, deep, cold lakes. Their trophic 
category, based on summer chlorophyll concentrations of <2.5 mg/m 3 ' was 
oligotrophic (low productivity). 

• 	Mixing of layers occurred in each lake at least once during the year to the 30 m 
sampling depth. 

• 	Selenium is a naturally occurring element which sources include coals, shales 
and sulphide ores. Concentrations in natural waters usually fall within CCME 
guidelines, but can be high in some areas (such as the Gregg River—not 
attributable to mining). Provincial guidelines limit selenium to 0.01 mg/L and 
federal guidelines limit selenium to 0.001 mgIL. Selenium was above CCME 
guidelines in all five lakes. The lake in pit 51-05 had selenium levels of 
0.0609 mg/L which were well above CCME levels. 

• 	High phosphorus levels in one lake may have been due to blasting in nearby 
mine sites and runoff from slope fertilization during reclamation (0.1 mg/L 
phosphorus). 

• 	Lakes exceeded provincial manganese guidelines, though this guideline was 
for aesthetic and economic considerations rather than specific toxic effects 

• 

	

	Aluminum concentrations in lake 51-05 (1.16 mg/L) were significantly higher 
than provincial (1 mg/L) or federal (0.1 mg/L) guidelines. 



Detailed Soil Survey and Soil Conservation Plan for 
the Prospect Development Area. 

Leskiw, L.A. And Waterman, L. 2006, 

Objective 

This document reported on mapped soils in 2005as part of a new Cheviot 
pit development area to develop salvage recommendations and rate soil quality 
for future reclamation activity. The objectives were: to conduct field mapping of 
soils at a scale of 1:5000 for 260.4 ha in accordance with EPEA 
requirements; to collect and analyze soil samples; to characterize the 
principal soil types and overburden materials; to interpret field and laboratory 
results and determine soil quality for reclamation; and to provide soil reclamation 
recommendations based on a proposed disturbance area of 260.4 ha. 

Methods 

• 	Soil inspections were conducted at 70 sites within and around the potential 
disturbance area. Soils at eight sites were sampled by horizon to 
characterize major mineral and organic soil materials in relation to potential for 
reclamation use. 

• 	Soils were mapped and evaluated in terms of suitability for root zone material 
following procedures given in Soil Quality Criteria Relative to Disturbance and 
Reclamation (AAFRD 1987). 

• 	Project development area was adjacent to existing Cheviot pit area. 

Results Driving Conclusions 

• 	Bedrock consisted of highly folded strata of Lower Cretaceous, Jurassic and 
Triassic age within the Mesozoic Formation. 

• 	Parent materials within the prospective development area were dominantly 
morainal, with significant occurrences of colluvial material and limited areas 
with near-surface exposed bedrock. 

• 	Soils were defined in the report as follows: Topsoil - litter, 0 (organic), A, B, 
and C horizons, <50% coarse fragments, non-saline, non-sodic; Regolith - A, 
B and C horizons moderately to excessively stony, >50% coarse fragments, 
moderately to excessively cherty, non-saline, non-sodic; Bedrock - consolidated 
and fractured rock and rubble. 

• 	Soils were defined in the report as follows: Topsoil - litter, 0 (organic), A, B, 
and C horizons, <50% coarse fragments, non-saline, non-sodic; Regolith - A, 
B and C horizons moderately to excessively stony, >50% coarse fragments, 
moderately to excessively cherty, non-saline, non-sodic; Bedrock - consolidated 
and fractured rock and rubble. 

• 	Soil quality ratings in the area were generally good to fair. Some soils were not 



recommended for salvage due to very strong slopes (>45%) or thin 
salvageable soil layers. Soils in stream channels, including the steep banks, 
were not recommended for salvage due to highly variable depths, textures, 
and coarse fragment content volumes. Salvaging peat and mineral material 
from organic areas was recommended due to the benefits of increased 
organic matter when peat-mineral mix is used as reclamation material. 
Organic areas also provided a significant volume of salvageable material. 

• 

	

	Most limiting soil properties on site were high and low pH values and high % 
saturation. 

• 	Total salvageable area was 164.2 ha out of 260.4 ha. The total excluded land 
that could not be salvaged because it was too shallow (<15 cm) or too steep 
(>45 degrees). 

• 	Surface soils were salvaged based on suitable soil down to a chert or 
regolith layer with over 50% coarse fragment content. 

• 	Regolith was not recommended for salvage due to ample supply of surface 
soil available on the proposed disturbance areas. Generally, all natural soil 
profiles had regolith within 100 cm of the soil surface. Soils were shallower with 
increased elevation. 

• 	Direct placement or short-term stockpiling (one to two years) was 
recommended for mining operations to maintain the native seed bank. 
Furthermore, fine weathered waste rock should be used to form the 
subsurface rooting medium rather than coarse, unweathered rock. 



Soil Reclamation Assessment of the Luscar Mine 
(50-A8 Pit and Dump, 50-B-5 North Dump and 51-C- 
1 Terrace Dump) 

Arreqoces, C.J., Lskiw, LA. And Boorman, S. M. 2006. 

Objective 

Paragon Soil and Environmental Consulting conducted a soil survey of 
portions of the reclaimed lands within Luscar Mine and provided an 
assessment of the reclamation completed. The main objectives of the survey 
were to: conduct field investigations of permanent reclamation areas; map and 
characterize reclaimed soils according to field and laboratory results; evaluate 
"equivalent capability" of reclaimed soils and landscapes of different ages and 
different reclamation handling techniques ; and identify concerns such as erosion, 
poor vegetation growth, soil problems, etc. 

Methods 

• 	Soil mapping was conducted in September of 2005, at a scale of 1:5,000 in the 162 
ha area. Transect mapping, with inspections at either 50 m or 100 m intervals along 
transects, was used to characterize map units. 

• 	Two inspections per hectare for areas with non-mounded coversoil-regolith-spoil 
reclamation prescriptions. 

• 

	

	Four inspections per hectare on areas with mounded coversoil-regolith-spoil 
reclamation prescriptions. 

• 

	

	One inspection every 1.25 ha on areas reclaimed with regolith overlying spoil or 
spoil alone. 

• 	Overall, there were 359 soil inspection sites. Out of these sites, 35 were sampled 
for analysis. 

Results Driving Conclusions 

• 	Observed areas were reclaimed between 1985 and 2000. 
• 	Reclamation was well done and little to no erosion was observed. 

Reclaimed landforms blended well with the natural surrounding landscape. 
Vegetation established with 90% cover in the majority of the areas mapped. 

• 	Since 1983Reclamation practices on area 50-A8 involved spreading a 
minimum of 30 cm coversoil over a minimum 10 cm of regolith. Reclamation 
practices for Areas 51-C1 and 50-135 required at least 10 cm of regolith with 
some coversoil islands not greater than 30% of each area with at least 30 cm 
deep over spoil. The general result was a 30 to 40 cm soil profile overlying 
spoil on area 50-A8 and 10-20cm on areas 50-135 and 51-Cl. 



• 	Average soil depths exceeded minimum requirements for each reclaimed area. 
• 	Even though reclaimed areas blended well with surrounding landscape in 

terms of topography, diversity and vegetative cover; species composition 
differed between reclaimed and natural areas. 

• 	Soil mounding was a very effective reclamation practice. It contributed to 
favourable soil conditions, micro-site diversity and reduced erosion. 

• 	Typically the soil was near neutral pH, non-saline, non-sodic and had a 
low coarse fragment content (<20%). Topsoil and regolith were very 
similar in terms of soil properties and quality with no evidence of 
compaction. 

• 	Most topsoils and regolith soils were rated as good and a few (22%) were 
rated fair due to one or more limitations including pH, SAR, texture and 
CaCO3. Spoil materials were also good to fair but had a high coarse fragment 
content. 



Long-Term Soil and Vegetation Plots Program at 
Cardinal River Operations: First-Year (2007) Results 

Arregoces, C., Craig, N. and Leskiw, L. 2008. 

Objective 

Paragon Soil and Environmental Consulting established one new set of soil and 
vegetation monitoring plots (one set includes two reclaimed and one natural plot) in 
2007. 

Methods 

• 	Three new soil and vegetation monitoring plots were established in 2007 to 
compliment three existing ones (total of 4 reclaimed and 2 natural). One 
reclaimed site was seeded and the other was not seeded. 

• 	Reclaimed plots established in 2007 were in areas where a "rough 
mounding" topsoil application was used. 

Results Driving Conclusions 

• 	Both reclaimed plots had planted trees with on plot dominated by graminoids 
and the other reclaimed plot dominated by forbs. The natural plot was 
dominated by moss and lichen species with very little grass cover. 

• 

	

	Overall, reclaimed soils were rated good to fair and were similar to natural soils 
in terms of suitability for plant growth. 

• 	Comparison of nutrient regimes indicated that reclaimed and natural soils had 
similar nutrient availability. Total organic C, organic N, K and S levels in 
reclaimed soils were above those levels in the natural soils. 

• 	pH in reclaimed soils ranged from 6.2 to 7.5, 1 to 2 units higher than natural 
soils. It was noted that higher pH values had the potential to limit vegetation 
growth (which would be confirmed in future monitoring). 

• 	Minor nIl erosion was noted in steeper locations of the reclaimed landscape. It 
was beyond the scope of the study to evaluate eroding sites. 

• 	The natural plot had the greatest percent cover, followed by the seeded 
reclaimed site. The unseeded plot had greater diversity than the seeded reclaimed 
plot. Continued establishment of native species was expected, particularly in the 
unseeded plot. 



Bighorn Sheep Selenium Exposure Study 2006 
Luscar and Gregg River Mines, Alberta: Preliminary 
Investigation 

MacCal/urn, B., Feder, C., Godsalve, B. and Johnson, C. 2008. 

Objective 

The report compared selenium levels in vegetation, soil and mineral licks in 
reclaimed habitats on the Cardinal River Operations and Gregg River Mines with 
adjacent undisturbed alpine habitats. The paper also reviewed results of a previous 
study on Se levels in bighorn sheep on the same two mines and from nearby natural 
areas. 

Methods 

• 	Vegetation, soil and mineral licks were sampled at 10 sites regularly used by 
bighorn sheep on the mines and at 9 sites in nearby natural alpine habitats. 

• 	Five subsamples of soil were composited at each sampling site (10 cm 
depth). 

• 	Two vegetation subsamples were collected at each sampling site (using a 
0.25 m 2  quad rat). 

• 	A report investigating selenium levels in bighorn sheep tissue from the 
Luscar mine and Gregg River Mines was reviewed as part of the activities 
associated with the development of the Cheviot Selenium Management Plan 
(the study compared Se levels in liver, hair, serum and whole blood samples of 
bighorn sheep residing in the mine and in nearby natural areas). 

Results Driving Conclusions 

• 	Review found that Se concentrations in liver and hair samples in bighorn 
sheep on Luscar and Greg River Mine were within normal ranges, but Se 
concentrations in serum and whole blood samples were slightly higher than 
normal values. 

• 	There were no clinical signs of Se toxicity in bighorn sheep at either mine. 
• 	Since Se tolerance levels for bighorn sheep were unknown, a comparison of Se 

levels in vegetation, soil and mineral licks in reclaimed and adjacent alpine 
habitats may give insight to Se exposure pathways for the sheep 
population. 

• 	Results from this initial comparison were: 
o 	No significant difference between alpine and mine soil Se levels; 
o 	No difference in Se content in mineral licks between mines and alpine soils; 
o 	Mixed forage samples from mines had significantly higher Se levels 

than mixed forage from alpine sites; 



o 	Comparison between plant species in alpine and mine sites showed 
higher Se levels in mine species than alpine species; 

o 	Overall vegetation samples collected in mine or alpine areas 
accumulated Se levels that identify plants as Se accumulators 
(cannot see effects when all are grouped); 

o 	The Se level in the Sainfoin plant species was considered high for a 
sheep diet. This is not an abundant plant in reclamation, however. 

The authors determined further investigation with a larger sample size was 
required to determine if Se levels in alpine soils, mine mineral licks and mine 
soils differed. The current result of no difference may imply that agronomic 
species have a higher capability to uptake selenium than native alpine 
species. Research using similar species on both soil types is required to 
confirm if differences are due to plant physiology or differences in soil Se 
concentration. 



Elk Valley Coal Corporation Luscar Mine: Results of 
2007 Forest Regeneration Surveys, 50-A8 South, 
51-C6 North Dump and 51-C1 Terrace Dump 

Brinker. C .2008. 

Objective 

Tree plantations on Luscar Mine have been established on reclaimed lands 
at an operational scale since the early 1980s. Periodic assessment of the 
plantations helps operators identify limiting factors, set growth 
expectations and recommend establishment procedures. The objective of 
the study was to provide information on the establishment of plantations 
on a range of sites in terms of plantation age, site conditions and 
reforestation success. 

Methods 

• 	At each site data was collected on: species present, percent vegetation 
cover, average ground cover height, tree and shrub vigour and height, slope, 
aspect and ground surface characteristics (smoothed or mounded material 
placement). 

• 	The 2007 assessment involved 3 sites: 
o 	50-A8 South: reclaimed in-pit and external waste rock dumps with 

replaced soils. The site was 1670 m above sea level and soils were placed 
in 1997 and 1998 using a combination of mounding and levelled techniques. 

o 51-C6 North Dump: reclaimed external waste rock clumps with 
replaced soils as well as undisturbed soil. The site was 1495 m above 
sea level, and reclaimed in 1994-1996 and 2005. Combinations of 
mounded and levelled techniques were used to place soils. 

o 	51-Cl Terrace Dump: reclaimed external waste rock dumps with 
replaced soils and, in some plots, regolith only. The site was 1525 m 
above sea level and reclaimed in 19851987. Soils were placed using only 
a levelling technique. 

Results Driving Conclusions 

• 	Site overviews: 
o 	51-Cl: the oldest of 3 sites with some uneven ground, even without the 

mounding technique. Ground cover was heavy on most of the site. In 
areas of uncapped regolith, ground cover consisted primarily of mosses 
and native herbaceous plants. Vegetation height was low. Most trees on 
site were planted at reclamation. In uncapped regolith areas, spruce 
from natural seeding averaged over 2200 stems/ha compared to just 



over 200 stems/ha in the cover-soiled area. Height and growth rate of 
the pine trees on this site was low in comparison with those on the 5H-
C6 site. This was especially notable given that 51-Cl was considerably 
older. Ground cover was primarily agronomic, and the number of native 
plant species present was low. 

o 	50-A8: This was the youngest site and at the highest elevation. Most of 
the area was smoothed over, with smaller areas rough-mounded, and 
sheep and elk were often observed feeding in this particular area. 
Ground cover was heavy. Tree seedling mortality was high at 80% or 
more, and only small patches of spruce and sporadic pine surviving. 
The few pine that remained showed evidence of frequent and intense 
browsing damage. 

o 	51-C6: Approximately 1/3 of the site was not disturbed. The 
landscape was terraced. Scattered patches of raspberry had 
established. Tree seedlings on the reclaimed part appeared to have 
overcome initial competition with ground cover. On the most southerly 
aspect, pine seedlings were showing signs of severe wind exposure 
as well as browsing damage. Mortality was much higher on the wind 
exposed site. Ground cover of the undisturbed part consisted of 
less aggressive native plants with shrub and tree density considerably 
greater on the undisturbed site. 

• 	Recommendations for the sites included: Ground cover vegetation being too 
competitive for tree seedlings and native species to establish at 50-AS (and 
51-C6 to a lesser degree). Spot spraying of glyphosate was recommended 
followed by spring planting of hybrid spruce within 12 months. 

• 	Soil mounding was also recommended to provide micro-site diversity, 
minimize erosion and avoid the need for aggressive erosion-controlling 
vegetation. 

• 	It was also recommended to plant spruce where ungulate browsing was expected 
to occur. 

• 	Avoid aggressive and/or long-lived agronomic species such as alsike clover, 
cicer milkvetch alfalfa, orchard grass, fescues or timothy. Short-lived species 
such as annual ryegrass and sweet clover could provide initial cover and 
become a suitable mulch to cover the soil without competing with the establishing 
tree seedlings. 

• 	Avoid planting trees on sites that are wind-exposed. 



Reclamation to Wildlife Habitat in Alberta's Foothills 

MacCaIIirn, B. ND. 

Objective 

This paper discussed reclamation to wildlife habitat and wildlife response at 
the Luscar and Gregg River Mines, as well as planning in the Cheviot mine. 

Methods 

• 	Reclamation procedures used to promote wildlife use of reclaimed areas were 
reviewed. 

• 	Wildlife use in reclaimed areas was described in relation to constructed landforms. 

Results Driving Conclusions 

• 	Cardinal River Coals Ltd. submitted one of the first reclamation plans for 
wildlife habitat in the late 1970's. 

• 	Ungulate species were often used as an "umbrella species" for reclamation to 
wildlife habitat because they have large home ranges, require a variety of 
landform features and vegetation types and are important prey for carnivores. 
Ungulates can respond quickly to reclamation, therefore providing a useful 
monitoring tool. 

• 	Reclamation at the Luscar and Gregg River mines expanded the range and 
increased the population of bighorn sheep, and provided new habitat for other 
species. When reclamation commenced at the mines, sheep from adjacent 
alpine habitats immediately colonized the landscapes and incorporated them into 
their annual movement patterns. 

• 	Bighorn sheep and other wildlife can habituate to mining, as it can be 
predictable. 

• 	Reclaimed landscapes were primarily used as winter range by bighorn 
sheep, but other activities such as lambing and rutting occurred in the summer 
also. 

• 	The common feature of bighorn range in North America is the presence of 
escape terrain in proximity to quality forage. Bighorn sheep visually detect 
predators at a distance and run to cliffs or cliff-like terrain to escape. 75% of 
all observations of bighorn sheep at the Luscar mine were within 300 m of 
escape terrain, and none were beyond 700 in of escape terrain. 

• 	Quality forage was provided by the variety of grasses and legumes planted in 
revegetation programs. Other habitat requirements such as mineral licks, 
lambing locations and rutting habitat were provided by seepage on pit walls, 
benched highwalls and large flat areas near escape terrain on reclaimed 
landscapes 

• 	Bighorn sheep population grew on the Luscar Mine at 3.8% a year between 



1985 and 2002, despite a 12% annual removal of ewe by hunters, natural mortality 
and accidents. 

• 	The 2002 fall population combined for Luscar and Gregg River was 798, 
which was one of the largest bighorn sheep herds in North America. 

• 	Active and inactive pit walls in proximity to grassland reclamation provided 
habitat for population growth. The bighorn sheep population at Luscar steadily 
increased between 1982 and 1993 then levelled off. This growth was accompanied 
by a steady increase in reclamation. 

• 	There were few elk on site, mostly due to low regional population numbers. Elk 
prefer the grassland/forest edge. The only elk habitat created during early 
stages of reclamation occurred when grasslands were reclaimed near previously 
existing forest edges. 

• 	Mule deer were common on both mines and preferred habitats similar to elk. 
• 	White-tailed deer and moose were uncommon on Luscar Mine and very 

uncommon on the Gregg River Mine. 
• 	Carnivores: gray wolf, coyote and red fox were present on the Luscar and 

Gregg River mines. The presence of diverse prey and lack of human activity 
on reclaimed lands contributed to carnivore use of Luscar and Gregg River mines. 
Wolves did not systematically use Luscar Mine until the elk population began 
to increase. The status of wolves on the mine changed from occasional to 
regular use in 1997. Grizzly bears were uncommon users of the two mines but 
occasionally were sighted, and in the 2001/2002 and 2002/2003 winter 
seasons a Grizzly sow denned in the Luscar Mine. Grizzlies traveled through 
disturbed areas, forage in reclaimed areas and feed on bighorn sheep 
carcasses that melt out of the snow in the spring. In June of 2003 a Grizzly 
cub was observed hunting elk calves on the Luscar Mine. 

• 	Black bears, wolverine, cougar and Canada lynx were very uncommon on the 
Luscar and Gregg River mines. 

• 	High numbers of small mammals in reclaimed habitat were documented on 
the Luscar and Gregg River Mine reclaimed areas (deer mouse, southern 
red-backed vole, meadow vole, long-tailed vole, western jumping mouse). 
Migrating diurnal raptors (northern harrier, American kestrel, red-tailed hawk, 
and rough-legged hawk) and owls also hunted in reclaimed areas. Other small 
mammas such as pika, snowshoe hare, least chipmunk, woodchuck, hoary 
marmot, golden-mantled ground squirrel, red squirrel, beaver and porcupine 
were also present in appropriate habitat in these mines. 

• 	90 bird species were identified at Luscar and 62 at Gregg River. 



Sphinx Lake Monitoring in 2008 

Pisces Env/ronmentn/ Consulting Services Ltd. 2009, 

Objective 

This was a study of the constructed Sphinx Lake on Cardinal River's Luscar mine. 
Objectives of the study were to provide a baseline on the state of the lake and its 
fish populations, and to assess reclamation techniques involved in the construction 
of the lake. 

Methods 

• 	A permanent stake on shore was used to measure changes in lake surface 
elevation. 

• 	Inlet/outlet stability was measured by observing evidence of erosion and fish 
use of the areas. 

• 	Total suspended sediment data upstream and downstream from the lake 
were used to measure sediment yield. 

• 	Temperature, dissolved oxygen and conductivity were measured at one 
metre intervals in the lake to a depth of 30 m in June, July, August and 
October of 2008. This sampling was done at the centre of the lake. 

• 	Both fauna and fish were also sampled in the lake in 2008. 

Results Driving Conclusions 

• 	At the date of reporting the lake supported populations of native rainbow trout 
and bull trout. Approximately 23% of the lake was less than 5 m deep. The 
lake filled and spilled in December of 2005 and rainbow and bull trout entered in 
2006 and 2007, respectively. 

• 	Slopes adjacent to lake were regraded, seeded with a grass-legume mixture 
and tree seedlings were planted. Transplants of mature willow were placed 
along the margins of the outlet channel. 

• 	In 2008 sediment input from the adjacent slopes was minimal. Total 
suspended solid levels met provincial surface water quality guidelines 

• 	Both inlet and outlet channels appeared stable with little evidence of erosion. 
• 	In 2005 most of the water quality parameters in the lake were below the 

Alberta Water Quality Guideline levels. In 2005, phosphorus, manganese, iron 
and aluminum were the only parameters exceeding guidelines. In 2008, only 
iron and manganese exceeded provincial guidelines. 

• 	Selenium, tin, chloride and nitrate concentrations were higher in 2008 than 
2005, but did not exceeded provincial guidelines. 

• 	Total selenium did exceed federal guidelines in 2008 (the CCME guideline is 0.001 
mg/L, and Sphinx Lake reached 0.0059 mg/L in February of 2008). 

• 	Lac Des Roche ceased to function as a lake when elevation was lowered and 



surface flow ceased at the outlet. 
• 	The presence of an annual summer temperature stratification and fall overturn 

in all lakes, including constructed ones, was deemed very important for the 
ecological functioning of the lake. 

• 	Report concluded that Sphinx Lake developed a biotic community that 
compared favourably with natural mountain lakes with similar morphometry 
after only three years since construction. It was likely that diversity and 
biomass of invertebrates and macrophytes would increase overtime, as in Lac 
Des Roches. 

• 	The rainbow trout population in the lake was capable of supporting a sport fishery. 
• 	There was a concern that rainbow trout recruitment from Sphinx Creek was 

fairly high, so over recruitment was a possibility. This would ultimately strain 
food resources in the lake. 



Comprehensive Report on Operational Reclamation 
Techniques in the Mineable Oil Sands Region. 
Prepared for: Cumulative Environmental 
Management Association (CEMA) 

Macyk, T.M. And Drozdowski, B.L. 2008. 

Objective 

This objective of this report, prepared by the Alberta Research Council, was to (1) 
develop a comprehensive report documenting reclamation techniques relevant to 
reclamation in the boreal forestlmineable Oil Sands region in northern Alberta and 
the Mountain and Plains coal mines regions and (2) identify the progression of 
reclamation techniques over time to show how research, experience and 
government policy have influenced the development of reclamation practices. 

Methods 

• 	An entire collection of reclamation research documents, annual reclamation reports 
and reclamation operational techniques from mining operations in Alberta were 
discussed. 

Results Driving Conclusions 

• 	The document contains sections listing the following information pertinent to CR0 
mines: 
o 	A list of historical operational reclamation techniques at Luscar Mine; 
o 	Discussion of current reclamation techniques at Cheviot Mine; 
o 	Discussion of soil salvage, soil placement, fertilization, seeding and 

revegetation efforts at Luscar and Cheviot Mines; and 
o 	Discussion of revegetation monitoring which occurred at the two mines, 

including research. 
• 	The document only discussed terrestrial reclamation on the Luscar and Cheviot 

Mines. 



Long-Term Soil and Vegetation Monitoring Plots 
Program at Cardinal River Operations: 2009 Results. 
Prepared for Teck Coal Ltd. 

Neufeld, C., Craig, N. and Leskiw, L.A. 2010, 

Objective 

Paragon Soil and Environmental Consulting established three new 
monitoring plots (two reclaimed and one natural) in 2009 to make a total of 
nine monitoring plots (six reclaimed and three natural). Reclaimed plots 
established in 2001 and 2007 were also revisited and re-sampled. The objectives of 
the soils monitoring program were to: establish plots in natural and reclaimed 
environments and characterize baseline/current soils and vegetation; characterize 
soils that represent different soil placement techniques and reclamation ages and 
compare to natural plots on similar landscapes and soils; examine the evolution of 
soils on reclaimed lands; and integrate soil and vegetation information to enhance 
understanding of the sites and provide recommendations for the mine reclamation 
program. The objective of the vegetation monitoring program was to assess the 
effectiveness of vegetation establishment techniques employed in CRO's 
revegetation program. 

Methods 

• 	Plots were established and sampled in the same manner as previous soil 
and vegetation plots (Leskiw and Pollard 2001; Arregoces et al. 2007). 

• 	Two of the new reclaimed plots were established (2009) where the "rough 
mounding' topsoil reclamation method was implemented (both were riot 
seeded and fertilized). 

• 	Permanent sampling plots established in 2001 and 2007 were resampled. 

Results Driving Conclusions 

• 	Reclaimed plots established in 2001 and 2009 did not have moss or lichen species. 
• 	In reclaimed plots one and two (established 2001) percent vegetation cover of 

graminoids and forbs increased. Reclaimed plots established in 2009 showed 
signs of minor gully erosion. One had 43% vegetation cover and one had 53% 
vegetation cover (primarily forbs). 

• 	The 2009 natural plot had 116% total vegetation cover (some species 
overlap). 11% of this cover was from moss and lichens, 25% from shrubs and 3% 
from trees. 

• 	pH on reclaimed plots changed very little over time, remaining elevated above 
the natural pH. pH values in reclaimed plots of 2001 were 1 to 2 units higher than 



in natural soils. 
• 	In newly established sites, pH in reclaimed sites was 1 to 1.5 units above the 

natural site, to a maximum of 7.5. High pH and CaCO3 values, rated fair, 
could potentially impact tree growth. 

• 	Moderate erosion was observed in newly reclaimed areas, likely due to freshly 
placed soil on steep slopes. Future monitoring will determine if vegetation 
growth prevents future erosion. Little to no erosion was observed, on the 
reclaimed sites established in 2001. 

• 	High pH and CaCO 3  levels (fair rating) were observed in all reclaimed plots 
when compared to natural sites. This could have a slight impact on vegetation 
establishment and performance. 

• 	Soil nutrient status in plots one and two changed little from 2001 to 2009. This 
suggested that the nutrient status of the reclaimed material was adequate for 
revegetation and no amendments were required. 

• 	Physical characteristics were similar in reclaimed and natural soils, providing a 
suitable medium for revegetation. 

• 	2009 reclaimed plots were deemed suitable for native species establishment. 
Positive developments towards native species establishment were emerging, 
but all reclaimed plots were at an early stage of development during the study. 

• 	Seeded plots had a higher percent cover than unseeded reclaimed plots. 
• 	Native species were present in all reclaimed plots. 
• 	There was evidence of browsing and grazing in plots one and two in 2003, 

which may have restricted growth. 
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APPENDIX VII- SUMMARIES OF NORTHEAST COAL 
RECLAMATION RESEARCH REPORTS/STUDIES 



Appendix VII Study Summaries - Bullmoose and Quintette 

Report/Study Title 	 Source/Author 

1 Bullmoose Operating Corporation— Agronomic Builmoose Operating Corporation 
Species Trials (1986 - 1992) 

2 Bullmoose Operating Corporation— Fertilizer Trial Bulimoose Operating Corporation 
(1988— 1994) 

3 Bullmoose Operating Corporation— Direct Bulimoose Operating Corporation 
Seeding of the Coarse Refuse Disposal Area (1988 - 1990) 

4 Bullmoose Operating Corporation— Seed Mix Bulimoose Operating Corporation 
Trials (1988 - 1990) 

5 Review of the Reclamation Program for the C.E. Jones and Associates 
Bulimoose Mine (1993) 

6 Bullmoose Operating Corporation Wildlife 
Habitat and Reclamation Assessment Smyth and Poriz (1997) 

7 1999 Reclamation Assessment - Bullmoose 
Operating Corporation Smyth (1999) 

8 Remote Sensing in Reclamation Assessment Straker et al. (2002 and 2006) 
9 Stage I Environmental Study of the Quintette Denison Mines Limited (1976, 

Coal Project 1978) 
10 Revegetation of Exploration Disturbances in the 

Northeast Coal Block - British Columbia Ministry 
of Energy, Mines and Petroleum Resources Errington (1978 and 1979) 

11 Natural Revegetation of Disturbances in the 
Peace River Coal Field Meidinger (1979 and 1981) 

12 Alpine Fertilizer and Revegetation Trials Tailings BP Canada Incorporated (1980) 
Dyke Revegetation Trials and Poister and Redgate (1982) 

13 Selection of Native Species for Alpine 
Reclamation, Northeast Coal Block, British 
Columbia Willey (1982 and 1983) 

14 Alpine Reclamation Research Pomeroy (1985) cited by Switzer 
(1986) 

15 Wolverine South Dump Resloping Trial (QCL- Quintette Operating Corporation 
RP-860801) (1987— 1996) and Smyth (1995 

and 1996) 
16 1765 m Wolverine North Waste Rock Dump Quintette Operating Corporation 

Trials (QCL-RP-870801) (1988 - 1995) and Smyth (1995 
and 1996) 



17 Coarse Refuse Capping Trial(QCL-RP-870101) 	Quintette Operating Corporation 
(1988 - 1995) and Smyth (1995 
and 1996) 

18 1660 m Dump Failure Trial (QCL-RP-870601) 

19 Native Species Seed Collection Trial QCL-RP-
880901) 

Quintette Operating Corporation 
(1988 - 1995) and Smyth (1995 
and 1996) 

Quintette Operating Corporation 
(1989 - 1999) and Smyth (1995 
and 1996) 

20 Re-assessment of the British Columbia Ministry 	Quintette Operating Corporation 
of Energy, Mines and Petroleum Resources 	(1990) and Builmoose Operating 
Trials (QCL-RP-89 1001) 	 Corporation (1990) 

21 	Microclimate Research (QCLRP911001) 	Quintette Operating Corporation 
(1991 - 1995) 

22 BXL Fertilizer Application Trial (QCL-RP- 	Quintette Operating Corporation 
901002) 	 (1991) 

23 Shikano Road Ripping/Harrowing - Agronomic Quintette Operating Corporation 
Seed Mix Trial (QCL-RP-910503) (1991, 1992, and 1995) and 

Smyth (1995 and 1996) 
24 North Till Borrow Pit Tailings Fertilizer Trial Quintette Operating Corporation 

(QCL-RP-91 0201) (1991 - 1995) and Smyth (1995 
and 1996) 

25 Shikano Native Species Mix Fertilizer Trial (QCL- Quintette Operating Corporation 
RP-910501) (1991-1995) and Smyth (1995 

and 1996) 
26 Shikano Agronomic Species Fertilizer Mix Trial Quintette Operating Corporation 

(QCL-RP-91 0502) (1991 - 1995) and Smyth (1995 
and 1996) 

27 1660 m Dump Failure Agronomic Species Mix Quintette Operating Corporation 
Fertilizer Trial (QCLRP910602) (1991 - 1995) and Smyth (1995 

and 1996) 
28 Wolverine South Dump Agronomic Species Mix Quintette Operating Corporation 

Fertilizer Trial (QCLRP91 0803) (1991 - 1995) and Smyth (1995 
and 1996) 

29 1850 m Wolverine South Dump Native Species Quintette Operating Corporation 
Fertilizer Trial (QCLRP910807) (1991 - 1995) and Smyth (1995 

and 1996) 
30 1850 m Wolverine South Dump Native Species Quintette Operating Corporation 

Fertilizer Trial (QOC-RP-920803/QCL-RP- (1991 - 1995) and Smyth (1995 
860801) and 1996) 

31 Tailings Agronomic Individual Species Trial Quintette Operating Corporation 
(QCL-RP-900201) (1991 - 1995) and Smyth (1995 

and 1996) 



32 Coarse Refuse Hydroseeding Operational Trial 	Quintette Operating Corporation 
(QCL-RP-910101m) 	 (1991— 1995) and Smyth (1995 

and 1996) 
33 Shikano 920 m Dump Hydroseeding Operational Quintette Operating Corporation 

Trial (QCL-RP-91 0506m) 	 (1991 - 1995) and Smyth (1995 
and 1996) 

34 Shikano Agronomic Seeding Rate Trial (QCL- 	Quintette Operating Corporation 
RP-91 0504) 	 (1991 - 1995) and Smyth (1995 

and 1996) 
35 1850 m Wolverine South Dump Individual 	Quintette Operating Corporation 

Agronomic Species Trial QCLRP91 0802) 	(1991 - 1995) and Smyth (1995 
and 1996) 

36 Native Species Nursery Production Trial (QCL- Quintette Operating Corporation 
RP-900402) (1991 - 1995) and Smyth (1995 

and 1996) 
37 Shikano Centre Dump Seedling Transplant Trial Quintette Operating Corporation 

(QCLRP900503) (1991 - 1995) and Smyth (1995 
and 1996) 

38 Shikano Centre Dump Hydroseeding Operational Quintette Operating Corporation 
Trial (QCL-RP-91 0505m) (1992— 1995) and Smyth (1995 

and 1996) 
39 Shikano Centre Dump Agronomic Individual Quintette Operating Corporation 

Species Trial (QCL-RP-900501) (1992 - 1995) and Smyth (1995 
and 1996) 

40 Shikano Centre Dump Agronomic Seed Mix 
Trials (QCL-RP-900502) 

41 	Native Species Seed Multiplication Trial (QCL- 
RP-91 0301) 

42 Wolverine South Dump Native Island Seeding 
Trial (QCL-RP-91 0804) 

43 1850 m Wolverine South Dump Native 
Transplant Trial (QCL-RP-91 0801) 

Quintette Operating Corporation 
(1992 - 1995) and Smyth (1995 
and 1996) 

Quintette Operating Corporation 
(1992 - 1995) and Smyth (1995 
and 1996) 

Quintette Operating Corporation 
(1992 - 1995) and Smyth (1995 
and 1996) 

Quintette Operating Corporation 
(1992 - 1995) and Smyth (1995 
and 1996) 

44 1765 m Wolverine North Dump and Wolverine 	Quintette Operating Corporation 
South Dump 1850 m Transplant Trial (QOC-RP- (1992 - 1995) and Smyth (1995 
920701) 	 and 1996) 

45 1660 m Dump Failure Agronomic Seeding and 	Quintette Operating Corporation 
Transplant Trial (QCL-RP-91 0603) 	 (1992 - 1995) and Smyth (1995 

and 1996) 



46 1850 m Wolverine South Dump Native Aspect Quintette Operating Corporation 
Trial (QCL-RP-91 0805) (1992— 1995) and Smyth (1995 

and 1996) 
47 1765 m Wolverine North Agronomic Quintette Operating Corporation 

Reproduction/Seed Germination Trial (QOC-RP- (1993 - 1995) and Smyth (1995 
930801) and 1996) 

48 1765 m Wolverine North Dump Native Grass and Quintette Operating Corporation 
Ecovar Reproduction/Seed Germination Trial (1993 - 1995) and Smyth (1995 
(QOC-RP-930802) and 1996) 

49 1765 m Wolverine North Dump Native Legume Quintette Operating Corporation 
Seeding Trial (QOC-RP-920802) (1993 - 1995) and Smyth (1995 

and 1996) 
50 North Till Borrow Pit/Tailings Conifer Transplant Quintette Operating Corporation 

Trial (QOC-RP-920202) (1993— 1995) and Smyth (1995 
and 1996) 

51 Shikano South Dump Failure Conifer Transplant Quintette Operating Corporation 
Trial (QOCRP920501) (1993— 1995) and Smyth (1995 

and 1996) 
52 North Till Borrow Pit Tailings Toxicology Trial Quintette Operating Corporation 

(QOC-RP-920201) (1993— 1995) and Smyth (1995 
and 1996) 

53 Conifer Plantation Growth Assessments Quintette Operating Corporation 
(1995 - 2000) 

54 Coarse Refuse Conifer Fertilizer Trial (QOCRP Quintette Operating Corporation 
950101) (1996-1999) 

55 1997 Quintette Operating Corporation Smyth and Poriz (1997), Smyth 
Reclamation Review and Bittman (1998) 

56 Environmental Impact Statement for Soils, 
Vegetation and Wildlife, and Reclamation 
Planning for the Babcock Mountain Project Smyth et al. (1997) 

57 Review of Operational Native Species List Smyth (2000) 
58 Quintette Operating Corporation: An Assessment Quintette Operating Corporation 

of Dozer Reclamation Operations (2002) 
59 2001 Vegetation Metals Uptake Assessment Smyth (2002) 
60 Assessment of Operational Waste Dump 

Resloping at Quintette Operating Corporation Smyth (2000) 
61 	Rhizobium Inoculum Potential within Growth 

Media at Quintette Operating Corporation - 
Preliminary Evaluation 	 Smyth (2002) 

62 Native Island Assessments 	 Sharman and Smyth (2002) and 
Smyth (2002, 2004, 2006, and 
2009) 

63 2002 Reclamation Monitoring Assessment - 
Quintette Operating Corporation 	 Smyth (2003) 



Builmoose Operating Corporation— Agronomic 
Species Trials 

But/moose Operating Corporation (1986 - 1992) 

Objective: 
Agronomic species performance is a prerequisite for successful revegetation. 
The purpose of the trial was to evaluate the performance of selected agronomics 
as reclamation species. 

Overview of Methods: 

Evaluation of test plots established on the 1300 m dump face established in 1985 
and a review of pre-1 988 operational reclamation, resulted in the development of 
further dump reclamation studies. As part of the process, species trials were 
established. Seed was broadcast at a rate of 50 kg/ha. Fertilizer with the 
formulation of N 12 P36 K11  was applied at rate of 400 kg/ha on all plots. 

Reclamation Test Plots - 1988 Species Trials 

Creeping Red Fescue 
Birdsfoot Trefoil 

Timothy 
Slender Wheatgrass 

White Clover 
Meadow Foxtail 

Colonial Bentgrass 
Excaliber Alfalfa 

Canada Bluegrass 
Sheep's Fescue 

Alsike Clover 
Smooth Brome Grass 

WL316 Alfalfa 
Kay Orchardgrass 

Sweet Clover 

Fertilizer: 400 kg/ha 
(N 12 P36 K 11 ) 

Seed: 50 kg/ha 



Results Driving Conclusions: 

A number of individual species trials were established at Bullmoose Operating 
Corporation and the design for layouts is illustrated in (Figure 2.1). The results of 
these trials showed that alfalfa (Medicago sativa), Canada bluegrass (Poa 
compressa), creeping red fescue (Festuca rubra cv. Boreal), slender wheatgrass 
(Agropyron trachycaulum) and timothy (Phleum pratense) were the best 
performing species. 



K 
1 
K 
2 
K 
3 

RATES (kg/ha) 

Ni 60 P1110 Ki 25 

N2120 P2220 K2 50 

N3240 P3440 K3100 

Creeping Red 
Fescue 	20% 
Timothy 	20% 

Meadow Foxtai120% 

Excaliber Alfalfa20% 

Bulimoose Operating Corporation— Fertilizer Trial 

But/moose Operating Corporation (1988 - 1994) 

Objective: 

Fertilizer application is necessary to overcome nutrient deficiencies and ensure 
successful revegetation of disturbances. In most cases, fertilization facilitates initial 
establishment of introduced. The purpose of the trial was to examine fertilizer 
formulations and revegetation success. 

Overview of Methods: 
Research trials to assess effect of fertilizer formulation and type and success of 
specific species were established on the 1300 m east, 1360 m north, 1390 m dumps 
and at the alpine test site. 

Results Driving Conclusions: 

Evaluation of the fertilization tests reveal that there is relatively little difference in 
vegetation between the 100 kg/ha and 200 kg/ha treatments. The 400 kg/ha 
treatment resulted in an initial increase in vegetative growth but significant declines 
were recorded thereafter. 

Reclamation Test Plots 1988 - Fertilizer Trials 

PPPPPPPPP 
	

SEED MIX: 
123123123 

White Clover 20% 

SEED RATE: 50 
kg/ha 



Builmoose Operating Corporation— Direct 
Seeding of the Coarse Refuse Disposal Area 

Builmoose Operating Corporation (1988 - 1990) 

Objective: 

The objective was to assess the potential for direct seeding of coarse refuse 
slopes. 

Overview of Methods: 

Four test plots were established on the final west face of the Coarse Refuse 
North pile in 1987. Two plots were covered with stockpiled topsoil. One plot was 
covered plot was seeded with the proposed high-elevation mix while the other 
was covered with the proposed low-elevation mix. The two seed mixes were 
also applied to the other two refuse plots directly without the topsoil amendment. 
Fertilizer with the formulation of N 12 P20K20  was applied at rate of 200 kg/ha on all 
plots. The 1988 low elevation (LE) seed mix at BOC consists of creeping red 
fescue (Festuca rubra cv. Boreal) [30%], timothy (Phleum pratense) [20%], white 
clover (Trifolium repens) [30%], and birdsfoot trefoil (Lotus corniculatus) [20%]. 
The 1988 high-elevation (HE) seed mix (experimental) at BOC consisted of 
creeping red fescue (Festuca rubra cv. Boreal) [25%], red clover (Trifolium 
pratense) [25%], alfalfa (Medicago sat/va) [20%], timothy (Phleum pratense) 
[10%], crested wheatgrass (Agropyron cristatum) [10%], and Canada bluegrass 
(Poa compressa) [10%]. Test plots on the northwest face of the coarse refuse 
disposal pile were established in 1987. Transects were established across each 
of the six sections of the trial and were assessed for several years. 



Layout of Test Plots at the Coarse Refuse Disposal Area 

Section Section 	 Section 3 	 Section Section 
1 	2 	 5 	5 

Section 4 

Section 1 - Coarse Refuse Mix 
Section 2 - Coarse Refuse Mix 
Section 3 - Coarse Refuse Mix 
Section 4 - Low Elevation Mix 
Section 5 - Coarse Refuse Mix 
Section 6 - Coarse Refuse Mix 

Results Driving Conclusions: 

Fertilized 1987 (N 12 P20K20) 	Ii 
Fertilized 1988 (N 12 P20K20) 

Fertilized 1990 (N 6 P24K24 ) 

Re-seeded 1990 (low-elevation  
50 kg/ha) 

Agronomic species establishment and persistence over the reporting period was 
good. Highest percent cover was recorded for alfalfa (Medicago sativa), Canada 
bluegrass (Poa compressa), creeping red fescue (Festuca rubra cv. Boreal) and 
timothy (Phleum pratense). Crested wheatgrass (Agropyron cristatum) and 
birdsfoot trefoil (Lotus corniculatus) were essentially absent from the site. 
Ingress by natives was limited to willows (Salixspp.), tansy mustard (Descurainia 
sophia), and common dandelion (Taraxacum officinale). A coarse refuse seed 
mix was derived from this data and used to seed an operational-scale trial on the 
face of the permanent refuse disposal pile. The previously used low elevation 
seed mix was applied to an area of about 0.1 ha on this face. The larger scale 
field trials formed the basis of the coarse refuse and tailings pond area 
reclamation research program. 



Builmoose Operating Corporation— Seed Mix 
Trials 

Bulimoose Operating Corporation (1988 - 1990) 

Objective: 
Evaluation of test plots established on the 1300 m dump face established in 1985 
and a review of pre-1988 operational reclamation, resulted in the development of 
further dump reclamation studies. In consultation with C.E. Jones and 
Associates, several test plots were established within the pit area. The purpose 
of the studies was to evaluate the effects of aspect, seed mix and seeding rates. 

Overview of Methods: 
The seed mix trials consisted of four seed mixes broadcast at three application 
rates. These trials were fertilized with a N 12 P36K 11  fertilizer formulation at 
application rates of 100, 200, and 400 kg/ha. 

The seed mix trials on the 1250 m east, 1330 m north, 1460 m north, 1510 m 
west slopes were assessed with the Daubenmire canopy-coverage method. 

Reclamation Test Plots 1988 Seed Mix Trials 

10 
0 

20 
0 

40 
0 

Seedina Rates (ka/ha' 
Fertilizer: N 12 P36 K 11  Fertilizing 

Rates 
(kg/ha) 

See Mix Type 
d s 



Seed Mixes: 

Creeping Red 20 	Creeping Red 15 Creeping Red 
Fescue % Fescue % Fescue 
Timothy 20 Timothy 10 Slender 

% % Wheatgrass 
Birdsfoot 20 Birdsfoot 25 Colonial 
Trefoil % Trefoil % Bentgrass 
White Clover 20 Excaliber 25 Canada 

% Alfalfa % Bluegrass 
Alfalfa 20 White Clover 25 Birdsfoot 

% % Trefoil 
Excal ibe r 
Alfalfa 

15 Creeping Red 20 
% Fescue % 
15 Timothy 20 

15 Meadow 20 
% Foxtail % 
15 Excaliber 20 
% Alfalfa % 
20 White Clover 20 
0/ 
/0 

0/ 
/0 

25 
0/ 
/0 

Results Driving Conclusions: 
The results of the seed mix trials showed that total vegetation cover increases 
from 16.0% for the 20 kg/ha treatment to 36.5% for the 80 kg/ha. Total cover of 
native colonists (invaders) was highest for the 20 kg/ha treatment and lowest for 
the 80 kg/ha. 



Review of the Reclamation Program for the 
Builmoose Mine 

C.E. Jones and Associates (1993) 

Objectives: 

Bullmoose Operating Corporation has, as a condition of permit C-158, the 
requirement for an independent review of their reclamation program. C.E. Jones 
and Associates Limited was contracted to perform this assessment as part of 
Bullmoose Operating Corporation's 1992 Annual Reclamation Report. The 
purpose of the reclamation program assessment was to review on-going 
reclamation activities, revegetation monitoring programs, and evaluate long-
range reclamation objectives and reclamation plans. 

Overview of Methods: 

The approach involved a site visit, examination of the 1992 research and 
monitoring data, and a review of the 1988-1992 annual reclamation reports. 

Results Driving Conclusions: 

The review/assessment included (1) physical and chemical characteristics of 
reclamation materials, (2) assessment of vegetation analyses (i.e., metal and 
nutrient contents of soils and vegetation, and vegetation productivity), (3) 
maintenance fertilizer requirements, (4) seed mixture and fertilizer types, and (5) 
reclamation planning. 

Review of the nutrient contents of the metal and nutrient content of vegetation 
collected in the fall of 1992 indicates that generally nutrient status in the 
vegetation is low for all sites. In general, micro and macronutrient contents of the 
grass/legume samples were within acceptable ranges. All of the metal and 
metalloid levels of the composite vegetation samples were within acceptable 
ranges. Soil metal levels appeared to be within normal ranges and would not be 
toxic to plant growth. Productivity values ranged from 0.6 t/ha to 2.6 t/ha. 

Based on the nutrient levels reported for the soils and vegetation, it was 
concluded that maintenance fertilization of 3 - 4 applications would be 
necessary. Follow-up monitoring of the nutrient status of the vegetation at 2 - 
3 year intervals was recommended to ensure that the nutrient status of the 
vegetation is self-sustaining. Sampling recommendations included (1) annual 
vegetation nutrient monitoring with separate grass and legume sampling, (2) 
sampling at the same time each growing season, and (3) composite sampling. 



Several studies have been conducted aimed at determining appropriate seed 
mixtures, fertilizer formulations and application rates. It was concluded that with 
selection of suitable growth materials and appropriate site preparation, seeding 
rates could be reduced from 75 kg/ha to 35 —45 kg/ha. 

The majority of the mine area has potential for providing habitat for moose (Alces 
alces) and mule deer (Odocolleus hemionus) at lower elevations and mule deer 
(Odocolleus hem/onus) and caribou (Rangifer tarandus) at higher elevations. 
The BOC reclamation plan should be more specific with respect to planning for 
wildlife habitat creation. Examples included (1) location, configuration and 
minimum dimensions of travel corridors and hiding cover, (2) selection of native 
species with high forage value, (3) an evaluation of effective wildlife habitat use, 
(4) water availability, and (5) shrub density. 

Additional recommendations included (1) collaboration/integration with the 
reclamation research being conducted at Quintette Operating Corporation (2) a 
review of the chemical and physical characteristics of reclamation materials, (3) 
greenhouse pot trials at the QOC greenhouse facilities to evaluate the physical 
and chemical properties of reclamation growth materials as plant growth media, 
(4) placing 1 m of capping material on waste rock where conifer species 
establishment and growth is planned, and (5) scarifying/harrowing of compacted 
substrates. 



Bullmoose Operating Corporation Wildlife 
Habitat and Reclamation Assessment 

Smyth and Poriz (1997) 

Objectives: 

Bullmoose Operating Corporation has, as a condition of permit C-158, the 
requirement for an independent review of their reclamation program. The 
objectives of the report were as follows: (1) to assess the effectiveness of the 
current reclamation program, provide recommendations for the future direction, 
incorporation of information within the closure reclamation plan and (2) to 
develop a monitoring program for vegetation assessment, wildlife use, native 
species colonization and soil depth and amendments. 

Overview of Methods: 

The approach involved a four day site visit, examination of previous research and 
monitoring data, and a review of the all annual reclamation reports. The scope of 
the work to be performed included a review of the existing information and maps 
within the context of the 1984 Bullmoose Operating Corporation Reclamation 
Permit C-158. 

Results Driving Conclusions: 

At the time of the assessment, Bullmoose Operating Corporation (BOC) had 
been reclaiming surface mining disturbances since the mid-1980s. The 
conclusion of the review was that BOC had successfully revegetated a number of 
disturbances at the mine site and that wildlife were utilizing several of these 
reclaimed areas. 

Several components of the reclamation program were assessed. 

The research program at BOC generated had site-specific data which enabled 
environmental personnel to develop reclamation plans. Specifically, agronomic 
species mix, seeding rate, fertilizer formulation/rates and growing media 
information has been provided and used operationally. 

Site preparation techniques such as coversoil application and grading, deep 
(cross) ripping and dump-face scaling had been used in various locations at 
BOC. Direct seeding and transplanting had been underway for several years. In 
general, the operational implementation of the reclamation program had been 
good at the time of the assessment. 



Pre- and post-disturbance landscapes were compared in terms of land 
productivity and wildlife habitat capability. In both cases, pre- and post-mining 
landscape capabilities are very similar. The results were favorable with respect 
to the BOC permit requirement of equivalent land productivity on an average-
property-basis and the end land-use objective of wildlife re-creation. However, 
the comparisons were based on two general assumptions: (1) that appropriate 
coversoil materials have been or will be applied at sufficient depths to the mined-
rock dumps and (2) that the revegetation program will re-create, over time, 
habitat for the selected or targeted wildlife species. While the basic ingredients 
of reclamation success appear to be present, it is not possible to evaluate the 
long-term performance of the program without comprehensive monitoring. In the 
future, attention should be directed towards monitoring for coversoil application, 
self-sustaining (dynamic) vegetative cover and specific wildlife habitat 
requirements. Integration of offsite undisturbed habitat with re-created onsite 
habitat would be desirable. 

Specific revegetation (seeding and transplanting) management prescriptions 
should be developed for the 14 post-mining landscape planning units described 
within the report. In particular, the establishment of berry crop areas for bears 
and more native species browse areas for mule deer and moose as well as 
thermal cover and corridors for ungulates, in general, should be considered. 



1999 Reclamation Assessment - Bulimoose 
Operating Corporation 

Smyth (1999) 

Objective: 

Reclamation monitoring is a requirement of the Builmoose Operating Corporation 
C-158 Reclamation Permit. Operational practices should be reviewed 
systematically to ensure that the practical application of research results is 
favorable and that land-use objectives are achieved. The purpose of the study 
was to conduct a review of the reclamation and research conducted at the 
Bullmoose Operating Corporation mine. 

Overview of Methods: 

A review of the annual Bullmoose reclamation reports and pre-typing 
(stratification) of the revegetated surface disturbances at Bullmoose was 
completed prior to field work. The criteria used for pre-typing included bioterrain 
features such as slope, aspect, elevation, and parent material, i.e., waste rock, till 
and coarse rejects. An onsite inspection was conducted during the third week of 
August 1999. The 53 sites sampled in 1997 were resampled and combined with 
an additional 25 samples for a total of 78 sites visited in 1999. Data collection 
followed the Resource Inventory Committee (RIC) procedures. Data analysis 
included multivariate statistical analysis and calculation of diversity statistics. 

Results Driving Conclusions: 

The following results of the assessment were divided into ten categories: (1) 
direct seeding and native species colonization, (2) species diversity, (3) 
additional assessments (4) woody species transplant survival and growth (5) 
plant vigor, (6) site preparation, (7) erosion, (8) soil development, (9) metals 
uptake, and (10) wildlife use. 

The reclamation program at Bullmoose Operating Corporation is progressing 
well. Vegetation growth of agronomic species on the reclaimed dumps is good 
and in several areas, native species colonization is occurring. Evidence of 
woody species establishment is an indication of the positive work that has been 
undertaken. Soil erosion on the dump faces is low where vegetation cover is 
adequate but moderate where vegetation has not established adequately. The 
increase in wildlife utilization of the reclaimed areas is also positive, particularly 
considering that the end land-use objective for the mine site is wildlife habitat re-
creation. However, there are some suggestions offered as improvements or 
refinements to the reclamation program at BOC. 



1. The high amount of coarse material and the presence of large clasts at the 
base of some of the spoil dumps prevents vegetation establishment. 
Where possible, BOG should attempt to fill the voids by dumping waste 
rock at the toes of these dumps and pushing this material upwards to 
cover the c'oarse material. 

2. Dump platforms that have not been ripped have less cover due to soil 
compaction. Ripping of the dump platforms should be monitored closely 
during bulldozer or grader site preparation to ensure that all of the area is 
ripped. 

3. Reduce seeding rates on areas that have productive soils. Some of the 
grass legume swards are very dense with the result that there is very little 
"biological space" provided for colonization of natives. Also, the high 
grass legume cover may result in competitive exclusion of transplanted 
shrubs and trees. 

4. To facilitate greater species diversity, it may be worthwhile to not seed 
selected areas and allow native species colonization. Small areas should 
be established first in areas that have potential based on previous 
observations. If successful, this approach could be expanded. A 
reduction in fertilizer application frequency might be appropriate in areas 
with productive soils. 

5. Monitoring should be conducted every second year instead of every year, 
as is the current practice. Based on the analysis of the data collected 
since 1997, there is inadequate plant species turnover or change to 
warrant sampling each year. However, anecdotal observations should be 
recorded at a number of sites during the years when more intense 
sampling is not undertaken. 

6. Survival assessments of transplanted trees and shrubs should be 
completed when the comprehensive assessments are conducted 
biennially. 

7. The more intensive sampling program undertaken every second year 
should focus on the dynamic components of each sample location. For 
example, attention could be directed towards litter cover and related 
dynamic properties rather than the more or less static parameters like 
slope, aspect or elevation. A number of soil pit descriptions should be 
undertaken to examine soil development. 

8. Erosion monitoring should be completed during the biennial-monitoring 
program. 

9. Wildlife habitat use assessments such as direct (wildlife sightings) and 
indirect signs (bedding sites, scats, pellet groups, browsing and grazing) 
should be collected during the biennial-monitoring program. Furthermore, 
it is important to monitor rodent populations because they can damage 
tree and shrub seedling establishment. Vegetation cover must not prevent 
predators from seeing rodents. As stated previously, high vegetation 
cover is not necessarily bad. However, if rodents are girdling transplanted 
seedlings and causing mortality in an area that will eventually provide 



hiding cover for ungulates, high agronomic cover may be problematic and 
selective herbicide application may be warranted. 

10.Attempts should be made to determine what the animals are doing when 
observed at the mine. Information on species browsed, signs of bedding 
sites and habitat /environments descriptions would be useful for 
reclamation planning. In the intervening years, anecdotal observations 
should be recorded, filed and/or entered into a spreadsheet for 
summarization. 

11.Metal uptake sampling should be undertaken in two years to assess metal 
uptake in selected plant species. The number of elements sampled 
should be reduced to only those that may or may not be problematic and 
detection levels should be lowered. Particular attention should be directed 
toward selenium concentrations in the tailings and coarse reject piles and 
the plants growing on these substrates. It may be worthwhile to conduct 
some sampling for selenium at these sites in two years. 



Remote Sensing in Reclamation Assessment 

Straker et al. (2002 and 2006) 

Objective: 

The purpose of the monitoring project was a site-wide reclamation assessment 
on the status and success of reclamation on the Bulimoose mine site. 

Overview of Methods: 

The assessment documented in this report was conducted using supervised 
computer classification of satellite imagery to identify discrete vegetation units on 
the reclaimed mine site. Training areas for the supervised classification were 
based on sites monitored in August 2006, using established reclamation 
success-and-sustainability assessment methods. 

Results Driving Conclusions: 

The remote sensing-based classification of the Bullmoose mine site resulted in 
definition of seven vegetation classes on reclaimed coal waste based on unique 
spectral signatures. Additional classes were created to capture miscellaneous 
vegetation cover, non-vegetated ground (primarily exempt for reclamation) and 
areas obscured by cloud. 

Based on this classification, and interpreted in comparison to the similar 
assessment performed in 2002, overall trends in reclamation at the Bullmoose 
mine site were as follows: 

The area of sites in higher productivity classes has increased substantially since 
2002. This increase is due to the success of post-2002 reclamation in producing 
high-productivity reclaimed areas, and to stability and sustainability in already 
successfully reclaimed areas. 
The area of sites in the lower productivity categories has also increased 
substantially since 2002. Relative to the total vegetated area, these classes, as 
with the higher productivity classes, have remained relatively stable. The overall 
increase in area in these lower productivity classes is due to post-2002 
reclamation producing reclaimed areas that fall in these categories. 

The area classed as Unvegetated decreased from almost 50% of the mine site in 
2002 to less than 10% in 2006. Remaining area classified as Un vegetated is 
primarily accounted for by the pit footwall, which is exempt from reclamation. 



The overall stability of the relative reclaimed area in the higher and lower 
productivity classes within the 2002 - 2006 assessment interval was is indicative 
of overall stability and thus sustainability of reclamation on the mine site. No 
evidence of degradation over time was observed in the reclamation 
assessments. 

The reclamation assessment presented represents conditions on the Bullmoose 
mine site adequately and accurately, and reflects the success of the reclamation 
program in completing revegetation of the mine site, and in supporting self-
sustain ing vegetation on these sites over the assessment period. 

In general, all assessed sites planted with trees had stand densities that meet 
requirements for wildlife habitat, with higher densities found on cleared and 
regenerating native ground, and lower densities on reclaimed mine waste 
materials. Results of these assessments indicate that reclamation planting 
programs have been successful in establishing a range of tree and shrub species 
on the site that will enhance cover and travel corridor characteristics of the site. 



Stage I Environmental Study of the Quintette 
Coal Project 

Den/son Mines Limited (1976. 1978) 

Objective: 

The objective of the research program was intended to resolve reclamation 
problems associated with the proposed open pit mining in alpine and subalpine 
areas. The studies conducted included the following: 

1. an assessment of the physical and chemical characteristics of potential 
waste rock material using drill core samples (freeze/thaw weathering tests, 
chemical analysis of parameters affecting plant growth, plant growth 
chamber experiments, and fish bioassays; 

2. use of surface soils as waste rock top dressing (amendment); 
3. evaluation of native plant species; and 
4. agronomic species field trials. 

Overview of Methods: 

A set of test plots were established near the proposed Sherift open pit in the 
spring of 1976. Plots were established in six high elevation (1700 m) backfilled 
and contoured trench sites in the Sheriff Pit area and two at lower elevations 
(1100 m) on abandoned gas well sites. Fifteen species were tested using both 
single and mixed species trials. The species included creeping red fescue 
(Festuca rubra cv. Boreal), bromegrass (Bromus inermis), meadow foxtail 
(Alopecurus pratensis), meadow fescue (Festuca elatior), timothy (Phleum 
pratense), red top (Agrostis a/ba), slender wheatgrass (Agropyron trachycaulum), 
Canada bluegrass (Poa compressa), alfalfa (Medicago sat/va), alsike clover 
(Trifo/ium hybridum), red clover (Trifolium pratense), white clover (Trifo/ium 
repens), and birdsfoot trefoil (Lotus corniculatus), sweet clover (Me//lotus a/ba), 
sainfoin (Onobrychis viciae b/ia). Two replicates for the mixed species trials were 
established. Plots measured 1 m x 2 m for the single species trials and 
2 m x 2 m for the species mixes. The seeding rates were 45 kg/ha for the 
grasses and sainfoin (Onobrychis viciae b/ia) and 28 kg/ha for all legumes. Seed 
mixes were spread at a rate of 45 kg/ha. Plot boundaries were laid out with twine 
and galvanized nails. Plots were raked, seeded, fertilized, and then re-raked to 
cover the seed and fertilizer. Legumes were inoculated prior to seeding. Three 
fertilizer treatments were applied: (1) control - no fertilizer, (2) optimum fertilizer 
rate of 36:45:22 kg/ha (N:P205 :K20), and (3) double the fertilizer rate 
72:90:45 kg/ha (N:P 205 :K20). Assessments were conducted in the fall of 1976 
and in the summer of 1977. 



Results Driving Conclusions: 

In 1976, the grass species that performed well were creeping red fescue 
(Festuca rubra cv. Boreal), bromegrass (Bromus inermis), meadow foxtail 
(Alopecurus pratensis), meadow fescue (Festuca e/atioO, timothy (Phleum 
pratense), and red top (Agrostis a/ba) while slender wheatgrass (Agropyron 
trachycaulum) did not perform well. Legumes did not perform well in the 
individual species trials but demonstrated better results in the seed mix trials than 
in the single species trials. Legumes usually require two seasons to become 
established. Fertilizer treatments resulted in major improvements to plant 
growth. 

In 1977, all grass species responded favorably to increased fertilizer levels, 
regardless of elevation. At high elevation, meadow foxtail (A/opecurus pratensis) 
[65%], creeping red fescue (Festuca rubra cv. Boreal) [42%], and timothy 
(Phleum pratense), had the highest coverages whereas cover was poor for 
Canada bluegrass (Poa compressa) [23%] and slender wheatgrass (Agropyron 
trachycaulum) [25%]. Below treeline, all grass species required fertilizer 
application and responded to increased fertilizer. Growth below treeline was 
greatest for redtop (Agrostis a/ba) [70%] and creeping red fescue (Festuca rubra 
cv. Boreal) [64%]. 

Legume growth decreased above treeline during the second year but increased 
below treeline. Cover values were greatest for white clover (Trifolium repens) 
[70%] and sweet clover (Me/i/otus a/ba) [66%] and poor for birdsfoot trefoil (Lotus 
cornicu/atus) [7%] and sainfoin (Onobrychis viciaefo/ia) [4%]. 

During the second year, above treeline growth was poor for the unfertilized 
treatments, moderate for the optimum fertilizer rate, and good for the double 
optimum rate. Below treeline, second year growth was good for unfertilized 
treatments and excellent for both the fertilized treatments. Growth generally 
increased with increased fertilizer rates. 



Revegetation of Exploration Disturbances in 
the Northeast Coal Block - British Columbia 
Ministry of Energy, Mines and Petroleum 
Resources 

Errington (1978 and 1979) 

Objective: 

During the mid-i 970s, the Ministry of Energy, Mines and Petroleum Resources 
staff became increasingly aware that the broadcast application of the standard 
forestry revegetation seed mix without fertilizer was not yielding successful 
results above treeline and so a series of trials were established to answer a 
number of short-term questions. 

The objectives of the study were as follows: 
1. To evaluate the species germination, growth and survival of agronomic 

species under different conditions; 
2. To assess fertilizer requirements; 
3. To evaluate the effects of different seeding rates; 
4. To test the use of seed coated with micronutrients; and 
5. To test the difference between spring and fall seeding. 

Overview of Methods: 

Trials to test the performance of agronomic species were established on 
exploration disturbances in July of 1977. Four experimental layouts were 
established at 6 sites and assessed for two years (1977 - 1978). Site 1 was 
located on Bullmoose Mountain while site 2 was located on Mount Gorman near 
Saxon. 

Layout I was designed to test the establishment of 27 agronomic species of 
grasses and legumes as well as two seed mixes. Three of these layouts were 
established in the alpine areas and one was established below treeline. Layout II 
was designed to test the benefits of seeding with grass pre-coated within 
micronutrients and legumes coated with micronutrients and nitrogen-fixing 
bacteria in subalpine and alpine environments. Layout Ill was designed to 
evaluate the benefits of various seeding rates in subalpine and alpine 
environments. Layout IV was designed to assess the use of fertilizers in 
subalpine and alpine environments and was replicated 3 times. 



All plot boundaries were laid out with twine and the corners were marked with 
15 cm galvanized nails. Representative soil samples were subjected to physical 
and chemical analyses. Legume species were inoculated prior to seeding. All 
plots were raked, seeded and fertilized, and lightly re-raked. The species 
included in the varioUs layouts included creeping red fescue (Festuca rubra cv. 
Boreal), meadow fescue (Festuca e/atioO, hard fescue (Festuca ovina var. 
duriscula), Kentucky bluegrass (Poa pratensis cv. Nugget), Canada bluegrass 
(Poa compressa cv. Rubens), perennial ryegrass (Loliurn perenne cv. 
Manhattan), tracenta bentgrass (Agrostis palustris), crested wheatgrass 
(Agropyron cristaturn cv. Nordan), pubescent wheatgrass (Agropyron 
trichophorurn), slender wheatg rass (Agropyron trachyca u/urn), stream bank 
wheatgrass (Agropyron riparium), bromegrass (Brornus inerrnis), orchardgrass 
(Dactyl/s g/ornerata cv. Chinook), redtop (Agrostis a/ba), reed canarygrass 
(Pha/aris arundinacea), Russian wild ryegrass (Elyrnus junceus), timothy 
(Phleurn pratense cv. Climax), meadow foxtail (Alopecurus pratensis), alfalfa 
(Medicago sat/va cv. Ceres and Drylander), alsike clover (Tr/fol/urn hybr/durn), 
red clover (Trifol/urn pratense cv. Single Cut), broad-leaf birds-foot trefoil (Lotus 
cornicutatus), white clover (Tr/fo//urn repens), cicer milkvetch (Astragalus c/ceO, 
and sainfoin (Onobrych/s vic/aefolia cv. Melrose). 

Results Driving Conclusions: 

There is a major difference between species survival both a above and below 
treeline. Legumes do not generally survive above treeline. In 1977 above 
treeline, grass species performance was excellent for meadow foxtail 
(Alopecurus pratensis), good for creeping red fescue (Festuca rubra) and timothy 
(Phleurn pratense), and moderate for meadow fescue (Festuca eIat/o,, Canada 
bluegrass (Poa cornpressa), slender wheatgrass (Agropyron trachycaulum), and 
bromegrass (Brornus /nerrn/s). Redtop (Agrost/s g/gantea) grows well the first 
season but has poor ability to overwinter. Legume growth was very poor above 
treeline. The only two legume species which grew well were alsike clover 
(Trifo//urn hybr/durn) and red clover (Trifol/umpratense) and these species only 
grew in sheltered moist pockets. In 1978, the species that were performing best 
in the alpine were (in descending order of performance) creeping red fescue 
(Festuca rubra cv. Boreal), timothy (Phleurn pratense cv. Climax), tracenta 
bentgrass (Agrost/s pa/ustr/s), meadow foxtail (Alopecurus pratensis), and 
Kentucky bluegrass (Poa pratense). 

Below treeline, growth of grass and legume was generally good for the majority 
of the species tested. Growth was excellent for creeping red fescue (Festuca 
rubra cv. Boreal) and redtop (Agrostis a/ba); good for Canada bluegrass (Poa 
cornpressa), slender wheatg rass (Agropyron trachyca u/urn), and timothy (Phleum 
pratense cv. Climax); and moderate for meadow fescue (Festuca elat/o,, 
bromegrass (Bromus inermis), and meadow foxtail (Alopecurus pratensis). 
Legume growth was excellent for alfalfa (Med/cago sat/va), alsike clover 
(Trifol/urn hybridum), red clover (Trifo//urn pratense), sweet clover (Me//lotus 



a/ba), and white clover (Trifolium repens). Birds-foot trefoil (Lotus corniculatus) 
and sainfoin (Onobiychis viciaefolia) grew poorly. 

Grass species survival and performance is greatly enhanced by the addition of 
fertilizer. Above the treeline, fertilizer applications are critical to the survival of all 
species. Below the treeline, legume survival is very important to the survival of 
the unfertilized grass - legume mixture. Sites of low nutrient availability rely on 
legume growth for several years in order to inject enough available nitrogen into 
the system to allow grass survival. 

MEMPR have set out test plots to demonstrate the application of the difterent 
seeding rates. Three broad types of seeding techniques have been tried in the in 
the Northeast Coal Block including broadcast seeding, harrowing after broadcast 
seeding, and hydroseeding. Broadcast seeding is the most common method of 
seeding, consisting of scattering seed on the surface of the ground. Broadcast 
seeding without fertilizer applications has resulted in satisfactory growth at most 
sites below the treeline. Above treeline, this method of seed application has 
generally resulted in poor growth. 

Hydroseeding was used in an experimental way in the alpine areas of 
Builmoose/Chamberlain and initial results indicate favorable growth over the first 
two years. 

Grass seed coated with micronutrients did not perform better than uncoated seed 
after the first year. After one growing season, the results of legume seed coated 
with micronutrients as well as rhizobia inoculant were inconclusive. 

Future research needs identified included (1) timing of seeding and legume 
establishment and survival, (2) assessment of fertilizer requirements for initial 
growth and long-term maintenance including slow release fertilizer, (3) 
assessment of optimum seed application rates, (4) applicability of different 
seeding methods, and (5) assessment of the use of coated seeds. 



Natural Revegetation of Disturbances in the 
Peace River Coal Field 

Meidinger (1979 and 1981) 

Objective: 

Knowledge of the environmental factors that influence "natural" revegetation of 
man-made disturbances can provide utilized in reclamation practices. The 
purpose of the research was to examine the environmental factors determining 
revegetation success on coal exploration disturbances in the Peace River Coal 
Field. 

Overview of Methods: 

Data were collected on Bullmoose Mountain, Mount Chamberlain, Babcock 
Mountain, McAllister Creek - Carbon Creek and Mount Johnson in during the 
summers of 1977 and 1978. Plots were located on disturbances with relatively 
uniform abiotic conditions. Plots ranged from 25 m 2  to 40 m 2  in size. Individual 
species cover was estimated visually. Site variables included location, age, 
slope, aspect, elevation, moisture condition, micro-relief, exposure, and 
mesoslope position. Soil attributes such as texture, color, pH, drainage, 
compaction, degree of erosion, and parent material origin. Soil samples were 
collected and analyzed for nitrate, phosphorous, potassium, magnesium, 
calcium, percent organic matter, and electrical conductivity. Data analysis 
consisted of Product-moment correlation coefficients for continuous variables 
and Spearman rank correlation coefficients for ordinal variables. 

Results Driving Conclusions: 

The results revealed that moisture is more important than elevation as a 
determinant of revegetation success. Age or time elapsed since disturbance of 
the site was positively correlated with total vegetation cover. Magnesium was the 
only macronutrient measured that exhibited a significant relationship with 
vegetation cover. Increasing compaction was correlated with decreasing 
vegetation cover. Highly compacted soils primarily influence plant establishment 
by inhibiting root penetration. Soil texture and coarse fragment content were 
correlated with vegetation cover (i.e., cover decreased with increasing coarse 
fragment content). 

The rates of revegetation of the vegetation units sampled during the first nine 
years following abandonment of each site, indicated that moisture was more 
important than elevation. 



Alpine Fertilizer and Revegetation Trials 
Tailings Dyke Revegetation Trials 

BR Canada Incorporated (1980) and Poister and Redgate (1982) 

Objective: 

The objectives of the study were: (1) to test the effects of various levels of 
fertilizer application on natural revegetation of alpine exploration disturbances, 
(2) to test the use of locally collected native seed for reclamation of alpine sites, 
and (3) to test the growth and maintenance of both native and agronomic species 
and the effects of various fertilizer regimes in a subalpine habitats to that 
anticipated for the proposed tailings structure. 

Overview of Methods: 

Four test sites (replicates) were located in each of the xeric and mesic moisture 
regimes, and two in the hygric regime. Four levels of fertilization, 0 (Control), 
330 kg/ha, 660 kg/ha, and 1320 kg/ha N 17 P1 7K1 7  fertilizer were broadcast in the 
summer of 1979. 

Two native species seed test plots were located adjacent to each of the xeric and 
mesic fertilizer test plots, and one plot near the hygric plots. Seeding of these 
plots with native species seed took place in the fall of 1979. 

Agronomic and native seed plots were established on waste materials thought to 
be representative of future tailings dyke materials. Treatments of no fertilizer 
(Control), 150 kg/ha, 300 kg/ha and 600 kg/ha fertilizer were applied. In each 
year, for up to four years, one less sub-plot was fertilized to examine the 
effectiveness of one-year, two-year, three-year, and four-year fertilization 
maintenance programs. 

Agronomic species were broadcast seeded in September 1979 with a seed 
mixture that contained (by weight) Boreal Creeping Red Fescue (Festuca rubra 
cv. Boreal) [40%], timothy (Phleum pratense cv. Climax) [20%], red top (Agrostis 
a/ba) [15%], and alsike clover (Trifolum hybridum) [25%]. Native species were 
collected by vacuum cleaner from areas close to the site and broadcast seeded 
on separate plots at the same time as the agronomics. Additionally, native seed 
plots were planted with six hardwood cuttings taken from species growing near 
the study site. 

Field assessments were undertaken in August 1980 and 1981. Visual estimates 
of individual species cover, total plant cover, height and vigor were recorded for 
both agronomic and native seed plots. Productivity (25 cm x 25 cm) quadrats 



were clipped, air dried, and weighed to determine standing crop production of the 
agronomic species. 

Results Driving Conclusions: 

The preliminary assessments indicated that, in the alpine (1) heavy fertilizer 
applications provide high first year responses in most cases, (2) heavy first year 
growth generally impeded growth in the second year, (3) agronomic species 
responded far better to fertilizer applications than native species, (4) the use of 
native species as applied in these studies are not suitable currently as growth 
results are poor and seed collection is difficult; and (5) site differences resulted in 
greater differences in cover than did treatment differences. 

In the subalpine, results indicated (1) that fertilization results in increased 
biomass and cover in both native and agronomic stands, (2) that higher fertilizer 
application rates reduce the legume cover in agronomic stands resulting in 
reduced cover upon discontinuation of fertilizer applications, and (3) that native 
species are slow to become established but may provide greater long-term 
benefits. 



Selection of Native Species for Alpine 
Reclamation, Northeast Coal Block, British 
Columbia 

Willey (1982 and 1983) 

Objective: 
Due to the adverse growth conditions within the subalpine and alpine zones at 
the Sheriff Mountain (Quintette) mine site in Northeastern British Columbia's 
Northeast Coal Block, reclamation after mining will present problems in using 
agronomic plant species that are adapted to lower elevations. The after-use of 
the mined land requires a stable plant community capable of supporting wildlife 
forage (essentially woodland caribou and mountain goats) at least to the same 
ability as the pre-mining communities. Therefore, research that study examines 
the establishment of native species was warranted. 

The purpose of the research was to conduct a preliminary assessment/selection 
of native species suitable for re-establishing native plant communities in the 
subalpine and alpine zones on Sherriff Mountain (Mesa and Wolverine Pits) and 
Babcock Mountain. The duration of the research was two years (1982— 1983). 

Overview of Methods: 
As a preliminary selection process, five native species were pre-selected based 
on their biological and ecological attributes. The pre-selected species included 
American hedysarum (Hedysarum alpinum), arctic willow (Salix arctica), entire-
leaved mountain avens (Dryas integrifolia), silky locoweed (Oxytropis sericea), 
and stalked-pod crazyweed (Oxytropis podocarpa). The species were grown on 
crushed shale (from the minesite) to test inhibitions to growth on simulated 
spoils. Mature plant portions were collected from the minesite, rooted in the 
shale under a mist system in 13 cm (five inch) standard pots and then placed 
outdoors. An equal number of each plant species were grown on the top mineral 
horizon on which these plants normally grow (the control). No fertilizer was 
added to either growth medium, with the exception of stalked-pod crazyweed 
(Oxytropis podocarpa). Testing was carried out at the University of British 
Columbia for one summer. Following the growth period, above ground biomass 
was clipped and weighed after oven drying. Soil fertility analyses were 
concurrently conducted on the shale and control growth media. 

Results Driving Conclusions: 

Statistical comparison of biomass between the two growth media indicated no 
significant difference in growth for arctic willow (Salix arctica), American 
hedysarum (Hedysarum alpinum) or silky locoweed (Oxytropis sericea); these 



species can be applied in site tests when reclamation begins, though arctic 
willow (Salix arctica) will need to be transplanted where drainage is not 
excessive. The rooting problem of stalked-pod crazyweed (Oxytropis podocarpa) 
indicates that further testing of this species was warranted. Mountain avens 
(Dryas integrifolia) should not be planted early in a reclamation program as its 
growth is inhibited on the less weathered shale. 



Alpine Reclamation Research 

Pomeroy (1985) cited by Switzer (1986) 

Objective: 

The purpose of the study was to examine the revegetation success on high 
elevation disturbances at Quintette Coal Limited. 

Overview of Methods: 
An alpine reclamation research program was initiated in 1984. The site selected 
for this program was an exploration trail which traversed xeric, mesic, and hygric 
tundra communities. Percent cover was recorded visually within 4 m 2  quadrats. 

Results Driving Conclusions: 
The results for the plots were as follows: 
Plot 1 Xeric Tundra Site - Windswept Ridgetop Native Plant Community 
The xeric is site was an extremely exposed, windswept ridgetop location with a 
coarse, rocky substrate. The native undisturbed vegetation cover was 20-40%. 
The dominant species in the undisturbed habitat were entire-leaved avens (Dryas 
integrifolia) [10-15%], three-toothed saxif rage (Saxifraga tricuspidata) [2%], and 
alpine bluegrass (Poa alpina) [1%]. 
Revegetation success: Plant establishment on the disturbed ridgetop was 
negligible. Most of the seed applied appeared to have blown away. 

Plot 2 Hygric Tundra Site 
Native Plant Community: The second plot was located in a sedge meadow 
established in a saddle in a snowmelt/seepage zone. The soil at this site was 
organic (peat). The native plant community had 100% cover and was dominated 
by black and white sedge (Carex albonigra). 

Revegetation Success: The trail cut across the hygric site and destroyed the 
surface vegetation such that the water table rose to the surface and formed a 
small pool. No vegetation established from seeding at this plot. 

Plot 3 Mesic Tundra 
Native Plant Community: The third plot was located on a mesic to subhygric site. 
The substrate was less rocky than the Plot 1 site. The vegetation cover included 
reticulate-leaved willow (Salix reticulata) [30%], bistort (Polygonum viviparum) 
[10%], graceful mountain sedge (Carexpodocarpa) [5%], mountain monkshood 
(Aconitum delphinifolium) [5%], mosses [50%], dog lichen (Peltigera canina) 
[5%], fruticose lichens (Cladonia spp.) [10%]. Total cover was 100%. 

Revegetation Success: Results at this site were fairly typical for the trail as a 
whole with excellent cover establishment at the end of the first growing season. 



Wolverine South Dump Resloping Trial (QCL-
RP-860801) 

Quintette Operating Corporation (1987 - 1996) and Smyth (1995 and 
1996) 

Objective: 

Waste rock dump resloping is a significant component of reclamation costs. The 
purpose of the trial was to evaluate the establishment and persistence of 
vegetation on resloped and non-resloped waste rock dumps. 

Overview of Methods: 

In the fall of 1986, a trial was established Wolverine South 1850 m Waste Rock 
Dump to determine whether there was a significant difference in plant 
establishment and persistence on different waste dump slope angles and 
aspects. Three slope angles, i.e., 37 0 , 320 , 280, on northwest and southwest 
aspects respectively, were seeded with an agronomic seed mix. The equivalent 
of 100 kg/ha of a balanced seed mixture containing creeping red fescue (Festuca 
rubra cv. Boreal), slender wheatgrass (Agropyron trachycaulum cv. Revenue), 
alpine bluegrass (Poa alp/na), timothy (Phleum pratense cv. S-50) and alfalfa 
(Medicago sat/va cv. Anik). The treatments were fertilized once with the 
equivalent of 400 kg/ha of N 0 P45 K0  and 800 kg/ha of N 5 P20K20 . Six replicates 
were randomly established in each treatment and percent cover data were 
recorded annually. The percent cover data were arcsine transformed prior to 
analysis with a repeated measures Two-Way Analysis of Variance (ANOVA). 
The trial was conducted for ten years (1986 - 1995). 

Results Driving Conclusions: 

Mean total percent vegetative cover increased at each treatment during the first 
three years but declined thereafter. Only between year comparisons were 
significantly different (p=0.000). There were no significant differences between 
slopes, aspects or raked vs. unraked treatments. 
Surface erosion (nIl and gully) was variable and ranged from 0 - 80 percent on 
all treatments (slope, aspect, and raked or unraked). Erosion was greatest on 
the lower slope portions of each plot. Surlicial instability was again greatest on 
the 370  degree northwest slope which was composed primarily of dark shale 
material, unlike all remaining treatments, which are primarily composed of a 
heterogeneous mixture of sandstones and siltstones. Differences in material 
type confounded treatment effects within this trial. 
The native species which colonized the resloped waste rock dumps included 
Indian milkvetch (Astragalus aboriginum), alpine milkvetch (Astragalus alpinus), 



hawkweed (Crepis nana), fi reweed (Epilobium angustifolium), boreal chickweed 
(Minuartia rubella), mountain sorrel (Oxyria digyna), pendant pod crazyweed 
(Oxytropis deflexa), stalked-pod crazyweed (Oxytropis podocarpa), bottlebru sh 
grass (Sitanion hystrix), common dandelion (Taraxacum officinale), and spike 
trisetum (Trisetum spicatum). 

The decrease in vegetative cover observed following initial increases is 
consistent with the literature and indicates the need for maintenance fertilization. 



1765 m Wolverine North Waste Rock Dump 
Trials (QCL-RP-870801) 

Quintette Operating Corporation (1988 - 1995) and Smyth (1995-6) 

Objective: 
Waste rock typically has low concentrations of nutrients, low nutrient retention 
capacity, and low water holding capacity. Although coversoil was available in 
limited quantities at high elevations, it was nevertheless considered important to 
examine the use of this material as a strategic amendment. 
The purpose of the trial was to evaluate the performance of agronomic species 
establishment and persistence on coversoil amended waste rock at high-
elevation. 

Overview of Methods: 
Three agronomic seeding panels (50 m) trials were established on gentle-
sloping west, southeast, and north aspects on the 1765 m Wolverine North Dump 
platform in 1987. The trial was established on a blend of spoil and topsoil. 
Blending of the coversoil and waste rock was accomplished by spreading the 
coversoil with a D8 bulldozer and then ripping with a grader that had a full 
complement of ripper shanks. Prior to seeding, the equivalent of 336 kg/ha of 
N 26 P 10 K 10  fertilizer was applied to each panel with cyclone seeders. The seed 
mix consisted of alpine bluegrass (Poa alpina), alfalfa (Medicago sat/va cv. 
Garst), alsike clover (Trifolium hybridum cv. Tetra), creeping red fescue (Festuca 
rubra cv. Boreal), slender wheatgrass (Agropyron trachycaulum cv. Revenue), 
and timothy (Phleum pratense cv. Climax). The seed mix was applied a rate of 
50 kg/ha during the spring of 1987. Ten 5 m sample quadrats were established 
randomly in each panel. Percent cover, vigor, and seed head production data 
were collected for each species. Unfortunately, two of the panels were 
completely destroyed during 1990. Only the southeast aspect trial remained 
available for assessment at the end of the study. The duration of the trial was 8 
years (1987 - 1994). 
Results Driving Conclusions: 
The remaining agronomic seeding trial was assessed until 1995. The data was 
arcsine transformed and subjected to a Repeated Analysis One-Way Analysis of 
Variance. The results suggest significant between year differences (p=0.000). 
Total cover increased slightly from 28% in 1991 to 35% in 1993 and then leveled. 
The dominant species were creeping red fescue (Festuca rubra cv. Boreal) 
[18%], slender wheatgrass (Agropyron trachycaulum cv. Revenue) [10%], 
timothy (Phleum pratense cv. Climax) [4%], and occasionally alpine bluegrass 
(Poa alpina) [3%]. The seeded legumes did not persist past the second growing 
season. The absence of a third year drop in mean vegetation cover may be due 
in part to the blended coversoil/waste rock growth medium. The trial was 
established on a blend of spoil and topsoil. Topsoil has a greater nutrient 
retention capacity than spoil. 



Coarse Refuse Capping Trial 
(QCL-RP-8701 01) 

Quintette Operating Corporation (1988 - 1995) and Smyth (1995 and 
1996) 

Objective: 
Coarse reject materials typically have high infiltration rates and low moisture 
retention values due to their coarse texture, and high surface temperatures due 
to their dark color. These physical properties represent an impediment to 
vegetation establishment and persistence. 

The purpose of the coarse refuse trials were established on the plantsite - 
coarse refuse dump in 1987 was to compare vegetative growth on untreated 
coarse refuse and on soil capped refuse material. 

Overview of Methods: 
In 1987, a section of angle of repose coarse refuse dump was covered with till 
material. The amended coarse refuse slope was paired with an unamended 
(control) section and seeded with creeping red fescue (Festuca rubra cv. Boreal), 
hard fescue (Festuca ovina var. Duriscula cv. Durar), Kentucky bluegrass (Poa 
pra tens/s cv. Common) and slender wheatgrass (Agropyron trachycaulum cv. 
Revenue). These two treatments were fertilized with the equivalent of 200 kg/ha 
of N26 P 10 K 10  fertilizer in 1989 and 1991. Visual estimates of percent vegetative 
cover, seed head production and surf icial erosion were assessed each year from 
1988 to 1994. 

Results Driving Conclusions: 
Percent total vegetative cover increased from 1987 through 1991, but declined 
slightly each year between 1992 and 1995. Vegetative cover was significantly 
different between treatments (till or coarse refuse) (p=0.00) at the termination of 
the trial. Creeping red fescue (Festuca rubra cv. Boreal) comprised the greatest 
mean species cover of 19.5% at the completion of the trial which is down from 
the 21.2% recorded in 1991. Mean cover values for slender wheatgrass 
(Agropyron trachycaulum cv. Revenue) decreased from a high of 19.5% in 1991 
to 8.1% in 1995. Native invasion by bottle-brush grass (S/tan/on hystrix) did not 
contribute significantly to the total vegetative cover. Vigor for all species and 
treatments was good in the earlier years but declined in later years. Seed head 
production was consistently high through the trial period and ranged from 90% 
for slender wheatgrass to 70% for creeping red fescue (Festuca rubra cv. 
Boreal). Establishment and persistence was very poor on the unamended 
experimental units while those on the till amended portion were favorable. The 
drop in vegetative cover after three years was consistent with the literature and 
indicates that a maintenance fertilizer application is warranted under such 
conditions. 



1660 m Dump Failure Trial (QCL-RP-870601) 

Quintette Operating Corporation (1988 - 1995) and Smyth (1995 and 
1996) 

Objective: 

The purpose of the trial was to assess revegetation efforts on unamended 
coarse-textured waste rock. 

Overview of Methods: 

Three 50 mx 50 m panels were established and seeded on the 1660 m Dump 
Failure. The seed mix applied included creeping red fescue (Festuca rubra cv. 
Boreal) [20%], hard fescue (Festuca ovina var. Duriscula) [20%], slender 
wheatgrass (Agropyron trachycaulum cv. Revenue) [20%], timothy (Phleum 
pratense cv. Climax) [20%], and alsike clover (Trifolium hybridum cv. Tetra) 
[20%]. The seeding rate was the equivalent of 100 kg/ha. The panels received 
an initial fertilizer application of N 26 P 10 K 10  and then maintenance fertilizer 
applications every other year. The fertilizer application rate was 5o kg/ha. Five 
4 m2  were located randomly in each panel. Vegetation cover, species cover, 
vigor, and seed head production was measured annually. The duration of the 
trial was four years (1987— 1994). 

Results Driving Conclusions: 

Agronomic species cover increased from 1987 till 1989 the leveled at each panel. 
In 1989, mean total percent cover increased to 33.6% at Panel 1, 2.2% at Panel 
2, and 21.5% at Panel 3. Mean species percent cover at each panel was 
greatest for creeping Red Fescue (Festuca rubra cv. Boreal) and Slender 
Wheatgrass (Agropyron trachycaulum cv. Revenue). Vigor and seed head 
production was good for all species recorded. Scouler's willow (Salix 
scouleriana) and fireweed (Epilobium angustifolium) were the only recorded 
colonists. 



Native Species Seed Collection Trial QCL-RP- 
880901) 

Quintette Operating Corporation (1989 - 1999) and Smyth (1995 and 
1996) 

Objective: 

Establishment of native species is anticipated to satisfy revegetation and end 
land-use objectives at Quintette. Most native species are not available 
commercially and in order to make these species available for revegetation, 
information on their seed collection, processing, and storage properties must be 
made available. The purpose of the study was to characterize the seed 
collection, processing, and storage information for the native species 
revegetation candidates. 

Overview of Methods: 
Seed collection, processing and storage information was collected on 138 
species. For each species, at least three seed collection locations (provenances) 
were chosen. The seed collection locations included Babcock Mountain, 
Hermann Mountain, Sheriff Mountain (Eagles Nest), Mount Spieker, Bullmoose 
Mountain and Mount Chamberlin. Frequent phenophase monitoring at each 
collection location was essential, particularly for wind dispersed species. In 
general, seed collection began during the second week of July and continued 
until the third week of September. A portable gas powered vacuum was used for 
species Dryas, Oxytropis, Populus and Salix secies and a gas powered Prairie 
Habitat Seed StripperTM or a Chamomile Rake TM  was used for the grasses, 
sedges, and the remaining forbs. Seed for shrubs and trees was collected by 
hand. The duration of the study was 9 years (1987— 1995). 
Results Driving Conclusions: 

The native high elevation grasses were relatively easy to collect and process 
mechanically with a Hance Mini-Vac seed processor while several forbs required 
additional preparation prior to screening. Many forbs required tumbling prior to 
separation and cleaning while alpine milkvetch (Astragalus alpinus), stalked-pod 
crazyweed (Oxytropis podocarpa), and diverse-leaved cinquefoil (Potentilla 
diversifolia) required an additional blending step. For the latter species, the 
blender blades were protected with surgical rubber. Shrub species were 
generally blended with water and dried prior to screening and blowing. 

In terms of native seed acquisition, reconnaissance and processing times 
represented the greatest costs. Seed collection locations, timing and collection 
times, as well as seed processing methods and times were used as part of the 
overall native species selection process. 



Re-assessment of the British Columbia Ministry 
of Energy, Mines and Petroleum Resources 
Trials (QCL-RP-891 001) 

Quintette Operating Corporation (1990) and Bulimoose Operating 
Corporation (1990) 

Objective: 

Several trials were established by the British Columbia Ministry of Energy, Mines 
and Petroleum Resources (MEMPR) in 1977 and 1978. Assessment of these 
test sites was considered useful in the species selection process for both 
Bullmoose Operating Corporation and Quintette Coal Limited. The purchase of 
the study was to evaluate the long-term persistence of seeded agronomics in the 
revegetation plots established by MEMPR in 1977/1978. 

Overview of Methods: 

The MEMPR plots on Mount Chamberlin, Mount Speiker, and Bullmoose 
Mountain were relocated and restrung. Percent cover was recorded for each 
species within each treatment. The assessment was conducted in 1989. The 
monitoring event represents a 12 year assessment of the MEMPR trial. This 
assessment was a collaboration between BOC and QOC staff. Considerable 
difficulty was experienced in accurately locating the various layouts on Bulimoose 
Mountain. 

Results Driving Conclusions: 

Vegetation cover at location 77-2 (Layout I) was relatively uniform for surfaces 
with soil. Several portions of the layout have experienced considerable surface 
erosion resulting in bedrock exposure. On vegetated surfaces mean total 
coverage was 42%. The agronomics present were creeping red fescue (Festuca 
rubra cv. Boreal) [20%], timothy (Phleum pratense cv. Climax) [8%], meadow 
foxtail (Alopecurus pratensis) [6%], and smooth brome (Bromus inermis) [3%]. 
The majority of the native species cover consisted of alpine milkvetch (Astragalus 
alpinus) [8%], bearded wheatgrass (Agropyron violaceum) [8%], arctic bluegrass 
(Poa arctica) [7%], northern wormwood (Artemisia norvegica) [6%], tall bluebell 
(Mertensiana paniculata) [6%], common yarrow (Achillea millefolium) [5%], 
boreal sandwort (Minuartia rubella) [5%], sheep's fescue (Festuca ovina) [5%], 
mountain monkshood (Aconitum delphinifolium) [3%], and glaucous willow (Salix 
glauca) [3%]. 



Vegetation cover at location xeric alpine 77-4 (Layouts l-lV) site was extremely 
low. Total vegetation percent cover was less than one percent. Established 
plants within this location were restricted to the leeward sides of micro-mounded 
topography. The species present at this location included alpine pussytoes 
(Antennaria alp/na), boreal sandwort (Minuartia rubella), northern wormwood 
(Artem/s/a norveg/ca), (Campanula las/ocarpa), sheep's fescue (Festuca ov/na), 
silky locoweed (Oxytrop/s sericea), stalked-pod locoweed (Oxytrop/s podocarpa), 
one-flowered cinquefoil (Potentilla n/yea), three-toothed saxif rage (Saxifraga 
tr/cuspidata), moss campion (S/lene acaulis), and long-stalked starwort (Stellar/a 
Ion g/pes). 

Re-stringing of the plots at location 77-6 (Layouts II, Ill, and IV) was very difficult 
and it as not possible to identify all spikes for each location. Vegetation cover 
was low and sporadic. Species diversity was low and primarily composed of 
natives although a few individuals of creeping red fescue (Festuca rubra cv. 
Boreal) were present. The native species present were northern wormwood 
(Artem/sia norveg/ca), fireweed (Ep//ob/um angustifolium), Altai fescue (Festuca 
a/ta/ca), sheep's fescue (Festuca ovina), spiked woodrush (Luzula spicata), 
mountain sorrel (Oxyria digyna), alpine bluegrass (Poa a/pina), arctic bluegrass 
(Poa arct/ca), moss campion (Silene acau//s), and long-stalked starwort (Stellar/a 
long/pes). The cause of low vegetation cover for this layout was similar to those 
summarized for the 77-4 location. 

Vegetation establishment was much greater at location 78-1. Differences in 
treatments were also observed within both layouts Ill and IV. The agronomic 
species creeping red fescue (Festuca rubra cv. Boreal) and meadow foxtail 
(Alopecurus pratens/s) were present in all replicates of each layout. Percent 
cover ranged from 12 to 30 percent for creeping red fescue (Festuca rubra cv. 
Boreal) and 0 to 2 for meadow foxtail. The native species present were northern 
wormwood (Artem/s/a noiveg/ca), cut-leaved e rige ron (Erigeron compos/tus), 
sheep's fescue (Festuca ovina), Altai fescue (Festuca alta/ca), spiked wood rush 
(Luzula sp/cata), arctic bluegrass (Poa arctica), Engelmann spruce (P/cea 
engelmannh,), alpine bluegrass (Poa alp/na), sorrel (Rumex spp.), arctic willow 
(Sa/ix arctica), glaucous willow (Sal/x glauca), rusty saxif rage (Sax/fraga 
ferrug/nea), and northern golden-rod (Sol/dago mult/rad/ata). 

In summary, soil moisture and aspect were thought to be the most important 
determinants of vegetation establishment on these sites. Soil texture may also 
be a secondary consideration. Native species establishment appears to be 
determined by agronomic species occupancy of available safe sites and 
proximity to the seed source. 



Microclimate Research - (QCL-RP-911 001) 

Quintette Operating Corporation (1991 - 1995) 

Objective: 

Microclimate effects affect the success of revegetation activities but are often 
poorly understood in the context of mine reclamation. Ground-level monitoring 
stations were set up in order to observe growing season climatic differences 
between the Tailings, Shikano, and Mesa/Wolverine. 
The purpose of the study was to collect microclimate data that could be used to 
assist in the interpretation of the seeding and transplant establishment trials. 

Overview of Methods: 
Climate stations (Stevenson screen) were set up in the North Till Borrow Pit 
(tailings trial), the Shikano Centre Dump, and the Mesa P11630 m dump 
locations. Three sets of paired soil temperature and moisture units were 
positioned 5 cm below the surface at each site. Weekly maximum and minimum 
air temperature and precipitation readings, as well as instantaneous wind, soil 
temperature, and soil moisture data were recorded each week from May 1st  to 
October 1st  from 1991 to 1995. The stations were operated for 5 years. 

Results Driving Conclusions: 
Results of the study revealed distinct microclimatic differences between sites and 
years. Mean maximum growing season ambient air temperatures during the 
reporting period (i.e., 1991 - 1995) were highest (24.4 °C) at the North Till Borrow 
Pit area. The mean maximum ambient temperature at the Shikano Centre Dump 
location was 20.6 °C while the mean temperature was 15.5 °C at the Mesa P1 
1630 m dump high elevation site. Minimum ambient air temperatures averaged 
4.9°C at the Shikano Centre Dump location, 1.3 °C at the High Elevation site, and 
0.2°C degrees at the North Till Borrow Pit area. At each site, ambient air 
temperatures were typically greatest during the last week of July or the first week 
of August. 
Soil temperature and moisture values varied between microclimate station 
locations and years. Mean soil temperatures, as expected, were lowest at the 
high elevation location. Soil temperatures averaged 16.9 C at the North Till 
Borrow Pit Area, 16.0 C at the Shikano site, and 8.0 C at the High Elevation site 
during the monitoring period. 

Mean cumulative precipitation ranged from 342.3 mm at the North Till Borrow 
area to 179.2 mm at the High Elevation location. Mean cumulative precipitation 
was 153.3 mm at the Shikano Centre Dump location.Soil moisture averaged 
85.3% at the North Till Borrow Pit Area, 85.1% at the Shikano Centre Dump 
location, and 78.3% at the High Elevation site during the monitoring period. 



BXL Fertilizer Application Trial 
(QCL-RP-901 002) 

Quintette Operating Corporation (1991) 

Objective: 
The BXL bulk explosive waste water pond is administered under the B.C. Waste 
Management Act by Permit No. PE-6739. The permit provides authorization for 
waste disposal in the QCL Tailings Dam. Due to haulage distance and related 
costs, Quintette Coal Limited (QCL) needs to consider alternative disposal 
options. Periodic rising water levels created a need to investigate the feasibility 
of applying the waste water to land. The BXL water has relatively high nitrogen 
levels due to wash water discharges and prill-contaminated runoff from the 
explosives facility. QCL's interest in the potential of the water as a fertilizer 
amendment, together with the concern over any possible negative impacts on 
plant growth and vigor, resulted in the establishment of a set of trials in July 
1990. 

The purpose of the trial was to determine the impact on vegetation following the 
application of BXL pond water. Provided plant growth is not adversely affected, 
the results will contribute to a justification to the Ministry of Environment for 
release of the full volume of the pond to land. 

Overview of Methods: 
Two study sites, representing two plant community types, were selected for the 
purpose of comparing their responses to BXL pond water applications. Both 
sites were located at the 350-Man Camp; one in a natural forest community and 
the other on a construction disturbance that has been reseeded with agronomic 
species. The site selections were made so as to maximize the homogeneity of 
vegetation throughout each site while minimizing the risk of disturbance by 
vehicles or trampling during the study period. The 350-Man Camp was chosen 
over the 1000-Man Camp in order to reduce the hauling distance for the water. 

Each of the study sites were set up according to a completely randomized design 
that included 5 replicates of 3 treatments for a total of 15 plots per site. Individual 
plots measured 2 x 2 m square. Treatments were assigned randomly using a 
random numbers table. Treatment concentrations are listed in Table 1. 



Table 1. BXL Pond water ApDlication Rates 

Treatment Concentration (%) Application 
(litres/square 
metre) 

A 0 (control) 0 

B 50 10 

C 100 20 

Water was pumped and hauled by Gallason Industrial Cleaning Services Inc. 
from the BXL pond and from M20 Creek, then transferred to 45-gallon drums at 
350-Man Camp (2 drums BXL pond water and 2 drums creek water per site for a 
total of 8 drums). The required concentrations were achieved by mixing the 
contents of the drums using buckets. Each plot was then watered with a 
watering can according to the assigned concentration. Although concentrations 
vary, all plots received a total application of 37.8 1(10 gal.), calculated to be the 
amount required to cover the ground surface to a depth of approximately 1 cm. 
In a test trial, this quantity was observed to be a maximum single application, 
appropriate for the infiltration rate of the soil when dry beyond which water will 
run off into adjacent plots. 

For each trial, two 1-litre water samples were sent to Analytical Services 
Laboratory (ASL) for analysis (i.e., 2 samples x 3 trials = 6 samples total). 

A complete species list of vascular plants was tabulated for each site. Foliage 
color was analyzed for each species as a measure of species vigor. Munsell 
Plant Tissue Color Charts were used as the reference in determining color 
values. Initial vegetation descriptions were made through species lists and cover 
estimates on a plot by plot basis. Mosses and lichens were not identified to 
species, but were grouped and their overall cover values recorded. Plot habitat 
descriptions included surface shape, mounding, and percent cover of surface 
substrate components. 

The trials were monitored (e.g., visual cover estimates) over a three month 
period for changes in species vigor during 1990. At the end of the study period, 
a final visual assessment was made of species percent cover and vigor. Follow-
up assessments will be made twice annually, in spring and late summer, to 
monitor any long-term impacts on the vegetation at either site. 

A 25 cm x 25 cm sample was clipped from each 2 m square plot for a total of 30 
productivity samples. Oven dry weights (24 hrs. @ 105 °C) were recorded for 
each sample, using facilities at Quintette Coal Limited. 



Vegetation sub-samples (25 cm x 25 cm) were clipped from each plot. The 30 
sub-samples were combined by treatment into 6 composite samples, 3 for each 
study site (minimum 250 g wet sample yielding 70 g dry sample). Samples were 
analyzed at Norwest Labs for total nitrogen, crude protein, and nitrate content. 

Three 1-litre samples (1 per treatment) were analyzed for nitrite-N, nitrate-N and 
ammonium, and three 1-litre samples will be analyzed for phenols. Analysis will 
be done at ASL. 

Data collected for species cover and vigor were analyzed for between treatment 
variations with a one way Analysis of Variance for a completely randomized 
design. The results of productivity assessments, water and foliar analysis were 
presented graphically using Lotus 123. 

Results Driving Conclusions: 
While the limitations in applying the results of these trials were recognized, the 
experimental procedures enabled QCL to determine the response of both 
agronomic and native vegetation to BXL pond water. Graminoid response was 
much greater (growth, standing crop production, and vigor) than forbs. 
Response to the fertilizer was greater for the agronomics in comparison to the 
native species. Application problems caused surface erosion and ground 
saturation issues limited the applicability of the approach. However, the study 
was a necessary element of an informed decision regarding the selection of the 
best disposal procedure for the pond water. 



Shikano Road Ripping/Harrowing - Agronomic 
Seed Mix Trial (QCL-RP-91 0503) 

Quintette Operating Corporation (1991, 1992, and 1995) and Smyth 
(1995 and 1996) 

Objective: 

Substrate/growth medium compaction of haul roads and waste rock dump 
platforms represent a significant impediment to revegetation success on these 
post-mining landforms. The purpose of the trial was to evaluate the benefits of 
ripping and harrowing site preparation techniques on revegetation of haul road 
disturbances. 

Methods: Two contiguous 8 m x 100 m rectangular areas on an abandoned 
haul road in the Shikano Centre Dump area were hand-cyclone seeded 
(100 kg/ha) in the fall of 1991. One area was ripped while the other was 
harrowed. The seed mix contained alfalfa (Med/ca go sativa) [10%], birdsfoot 
trefoil (Lotus corniculatus) [5%], boreal creeping red fescue (Festuca rubra cv. 
Boreal) [20%], Canada bluegrass (Poa compressa) [10%], timothy (Phleum 
pratense cv. Climax) [10%], meadow foxtail (Alopecurus pratense) [10%], red 
clover (Tr/folium pratense) [5%] and slender wheatgrass (Agropyron 
trachycaulum cv. Revenue) [15%]. Prior to seeding, the equivalent of 336 kg/ha 
of N26 P 10K 10  fertilizer was applied with cyclone seeders. Five 2 m x 2 m sample 
plots were established on both the ripped and harrowed treatments. 

Species cover and seed head production were visually estimated for all sample 
plots. The data (arcsine transformed) was then analyzed using a t-test. The 
study was conducted for three years (1991 - 1994). 

Results Driving Conclusions: 

Between treatment comparisons of total vegetation cover were significantly 
different (p=0.02) at the completion of the study in 1995. Vegetation cover 
increased each year and in 1994 mean cover was 31% for the ripped treatment 
and 4% for the harrowed treatment. The significant difference was attributed to 
'mud' crusting problems and the shallow 'veneer' of mud overlying compacted 
waste rock. In the mud /harrowing treatment, the lack of pore spaces in the 
waste rock prevented root penetration. The results demonstrated that where 
'mud' is used, deep ripping of material or coordinated seeding/harrowing is 
necessary. 



North Till Borrow Pit Tailings Fertilizer Trial 
(QCL-RP-91 0201) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 
Adequate levels of nutrients are required for plant establishment and growth in 
the process of ecosystem reconstruction. As determined by chemical analyses, 
nutrient availability is low, particularly nitrogen, in all growth materials at 
Quintette. 

The purpose of the study was to compare vegetation performance on different 
growth materials with different fertilizer application rates in the tailings research 
area. 
Overview of Methods: 

A three replicate per treatment, Latin square experimental design was used in 
the establishment of a tailings fertilizer trial in the North Till Borrow Pit. The 
growth materials tailings were coarse refuse, tailings, and till. The treatment 
levels included a control 0 kg/ha N 26 P 10 K 10 , a single application of 336 kg/ha 
N 26 P 10K 10 , and a double application of 672 kg/ha N 26 P 10K10  fertilizer. Ten 
agronomic species were selected based on a preliminary assessment of the 
tailings agronomic individual species trial. Each fertilizer replicate contained 100 
seeds of the following species: alfalfa (Medicago sat/va cv. Garst), alsike clover 
(Trifolium hybridum cv. Common), birdsfoot trefoil (Lotus corniculatus cv. 
Common), cicer milkvetch (Astra ga/us cicercv. Oxley), timothy (Ph/eum pratense 
cv. Climax), creeping red fescue (Festuca rubra cv. Boreal), Kay orchardgrass 
(Dactylis glomerata cv. Kay), sainfoin (Onobrychis viciaefolia cv. Common) cv. 
Common, slender wheatgrass (Agropyron trachycaulum cv. Revenue) and tall 
fescue (Festuca arundinacea cv. Common). 
Vegetation cover was assessed visually while standing crop was assessed with a 
disk meter (5 per replicate). A two way repeated measures ANOVA was used to 
analyze the data. The trial was conducted from 1991 to 1994 (3 years). 

Results Driving Conclusions: 
Vegetation cover was assessed visually and analyzed with a Two-Way ANOVA. 
Except for the till material treatment, vegetation cover increased with greater 
fertilizer application rates. Lowest cover values were recorded for the till material 
treatment which may be due to poor seedling establishment caused by surface 
crusting. Material, fertilizer and interaction effects were all significantly different 
(p=0.00). Neuman-Keuls Multiple Comparisons indicated that the control on 
each material type was significantly different from that of the fertilizer 
applications. 



Shikano Native Species Mix Fertilizer Trial 
(QCL-RP-91 0501) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 
Fertilizer requirements of native species are known to be different from that of 
agronomics. In general, they are not as responsive to inorganic fertilizer 
application. A separate trial was considered necessary to characterize the 
performance of the low elevation native species reclamation candidates at 
Quintette under different fertilizer application regimes. The purpose of the trial 
was to evaluate the impact of fertilizer applications on the establishment and 
persistence of direct seeded native species. 

Overview of Methods: 
A randomized complete block design with three 5 m x 5 m replicates per 
treatment was set up in the fall of 1991 on the Shikano 880 m Centre Dump in 
order to examine native species establishment success and fertilizer 
requirements. Forty grass, forb, shrub and tree species (50 seeds per replicate) 
were hand seeded. The fertilizer treatments were as follows (1) control (no 
fertilizer), (2) single fertilizer application (1344 kg/ha organic equivalent) and (3) 
double fertilizer application (2688 kg/ha organic equivalent). The tree species 
seeded lodgepole pine (Pinus contorta) and white spruce (Picea glauca). Shrub 
species included American raspberry (Rubus idaeus), green alder (Alnus crispa), 
high-bush cranberry (Viburnum edule), prickly rose (Rosa acicularis), soopolalie 
(Shepherdia canadensis), and wolfwillow (Eleagnus commutata). The forbs 
seeded included Indian milkvetch (Astragalus aboriginum), elegant milkvetch 
(Astragalus eucosmus), field crazy weed (Oxytropis campestris), fireweed 
(Epilobium angustifolium), and American hedysarum (Hedysarum alpinum). The 
grass species seeded included bottlebrush grass (Sitanion hystrix), blue wildrye 
(Elymusg/aucus), dunhead sedge (Carexphaeocephala), fringed brome 
(Bromus diiatus), hairy wildrye (Leymus innovatus), Hayden's sedge (Carex 
haydeniana), inland bluegrass (Poa interior), pumpelly brome (Bromus 
pumpellianus), Ross's sedge (Carex ross/i), rough-hair grass (Agrostis scabra), 
slender wheatgrass (Elymus trachycaulus), and spike trisetum (Trisetum 
spicatum). Total cover, species cover, vigor and standing crop data were 
recorded annually. The study was conducted for four years (1991 to 1994). 

Results Driving Conclusions: 
Total cover, species cover and vigor were recorded and analyzed by a 
Repeated-Measures Analysis of Variance. Vegetation cover was significantly 
different between treatments (p<0.001), with the highest percent cover recorded 
for the double fertilizer application. Newman-Keuls Multiple Comparisons 
revealed that all treatments were statistically different. Establishment and 



survival was greatest on the double fertilizer application and lowest on the 
control. Establishment and persistence was greatest for American raspberry, 
prickly rose , wolfwillow, Indian milkvetch, elegant milkvetch , field crazy weed, 
fireweed, bottlebrush grass, blue wildrye, and hairy wildrye. 



Shikano Agronomic Species Fertilizer Mix Trial 
(QCL-RP-91 0502) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Nutrient supplementation in the form of fertilizers is frequently required for 
revegetation success. The purpose of the study was to determine the need for 
different fertilizer applications on in Shikano overburden materials. 

Overview of Methods: 

A randomized block design trial was established on the 880 m Shikano Centre 
Dump to determine the need for different fertilizer application rates. The 
inorganic fertilizer formulation of N 26 P 10 K10  was chosen on the basis of soil 
analyses performed in 1990. The treatments were (1) control (no fertilizer), (2) 
the recommended application, (3) double the recommended application, and (4) 
three times the recommended application rate. Each replicate was five m 2  in 
which an equivalent of 100 kg/ha of the following seed mix was hand sown: 
alfalfa (Medicago sativa cv. Garst) [10%], birdsfoot trefoil (Lotus corniculatus) 
[5%], creeping red fescue (Festuca rubra cv. Boreal) [20%], Canada bluegrass 
(Poa compressa cv. Common) [10%], timothy (Phleum pratense cv. Climax) 
[10%], meadow foxtail (Alopecurus pratense) [10%], red clover (Trifolium 
pratense) [5%] and slender wheatgrass (Agropyron trachycaulum cv. Revenue) 
[15%]. Vegetation cover, species cover, vigor and seed head production were 
measured and analyzed using a One-Way Analysis of Variance. The trial was 
conducted forfour years (1991 to 1994). 

Results Driving Conclusions: 

Vegetation cover increased consistently with increased fertilizer application rate, 
but only the control was significantly different (p<0.001). Creeping red fescue 
(Festuca rubra cv. Boreal) and slender wheatgrass (Agropyron trachycaulum cv. 
Revenue) were the dominant species. 



1660 m Dump Failure Agronomic Species Mix 
Fertilizer Trial 
(QCL-RP-91 0602) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Nutrient loading of the Mesa Creek system via revegetation fertilizers used on 
the 1660 m slide may be problematic. The purpose of the trial was to examine 
revegetation performance with slow-release and conventional fast-release 
fertilizers. 

Overview of Methods: 

The fertilizer trial was established on the 1660 m Dump Failure adjacent to 
Sediment Pond Sed A. Two sets of fertilizer formulations were chosen on the 
basis of soil analyses. The slow release fertilizer was an organic base (N 6 P8 K6) 

and the fast release was an inorganic (N2 6 P1 0 K 10). These formulations were then 
used in two separate Latin square experimental designs, one fertilizer formulation 
per design. The treatments for each Latin square were: (1) control (no fertilizer), 
(2) the recommended application, (3) double the recommended application and 
(4) three times the recommended application rate. An equivalent of 100 kg/ha of 
the following seed mix was hand sown: alpine bluegrass (Poa alp/na) [10%], 
creeping red fescue (Festuca rubra cv. Boreal) [20%], timothy (Phleum pratense 
cv. Climax), [10%], orchardgrass (Dactyl/s glomerata cv. Kay) [10%], meadow 
foxtail (Alopecurus pratense) [15%], sheep's fescue (Festuca ovina cv. Nakiska) 
[20%], redtop (Agrostis alba) [5%],  and alsike clover (Trifolium hybridum cv. 
Tetra) [10%]. Vegetation cover, species cover, vigor, seed head production and 
standing crop production were measured annually. The trial was conducted for 
four years (1991 to 1994). 

Results Driving Conclusions: 
Percent cover vegetation assessments were conducted each year. The data 
was then arcsine transformed and analyzed with a One-Way Analysis of 
Variance. The results revealed a significant between treatment difference for 
both the inorganic and organic fertilizer applications each year. Newman-Keuls 
Multiple Comparisons revealed that the differences in cover are due to poor 
growth within the control treatment. Cover values were greater for the organic 
fertilizer treatments and ranged from 4.8% (control) to 36.6% (2x application). 
Mean cover values for the inorganic fertilizer ranged from 2.8% (control) to 
23.4% (3x application). The superior results of the organic fertilizer are 



unexpected, since this fertilizer is a slower release formulation. However, 
leaching of the more labile inorganic fertilizer through the coarse textured waste 
rock during spring thaw may have resulted in less fertilizer available to the plants 
during the growing season. The species with the best performance were timothy, 
creeping red fescue and alpine bluegrass. 



Wolverine South Dump Agronomic Species Mix 
Fertilizer Trial 
(QCL-RP-91 0803) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

A review of the literature suggested that maintenance fertilization is a 
requirement for successful revegetation (also indicated by previous QCL trials 
after 3 years). However, maintenance fertilization is costly; therefore, a pair of 
trials were established on the 1820 m Wolverine South Dumps to compare single 
and maintenance fertilization regimes. The purpose of the trial was to assess the 
long-term effectiveness of a single versus maintenance inorganic (1\1 26 P 10K 10) 

fertilizer applications. 

Overview of Methods: 

The study was established on the Wolverine South 1820 m Waste Rock Dump. 
The inorganic fertilizer formulation of N 26 P 10K10  was chosen on the basis of soil 
analyses performed in 1990. The application regimes were then applied to each 
Latin square experimental design. The treatments for each design are (a) control 
(no fertilizer [0]), (b) the recommended application [lx], (c) double the 
recommended application [2x], and (d) three times the recommended application 
[3x]. Each replicate was 5 m 2  in size within which an equivalent of 100 kg/ha of 
the following seed mix was hand sown: alpine bluegrass (Poa alpina) [10%], 
creeping red fescue (Festuca rubra cv. Boreal) [20%], timothy (Phleum pratense 
cv. Climax) [10%], orchardgrass (Dactylis glomerata cv. Kay) [10%], meadow 
foxtail (Alopecurus pratense) [15%], Nakiska sheep's fescue (Festuca ovina cv. 
Nakiska) [20%], redtop (Agrostis gigantea cv. Common) [5%] and alsike clover 
(Trifolium hybridum cv. Tetra) [10%]. The difference between the two treatments 
in terms of vegetation cover, species cover, vigor, seed head production and 
standing crop (disc meter) was measured annually. The duration of the trial was 
four years (1991 —1994). 

Results Driving Conclusions: 

Significant treatment differences were recorded for both the single and 
maintenance fertilizer trials during the first year. Mean vegetation cover for the 
single application ranged from 1 % for the control to 12% for the lx application. 
Cover values for the maintenance fertilizer trial ranged from 1 % (control) to 5% (3 
year application). 



Over the monitoring period, percent cover increased in the first and second years 
but decreased in the third on all treatments in both experiments. In 1994, as 
expected, mean percent cover was lowest on the control and highest on the 3x 
treatments. Significant differences were recorded only between the controls and 
each of the lx, 2x, and 3x treatments. In 1994, percent cover on the single 3x 
treatment was lowest on the control and highest on the 3x treatment in each 
replicate. Furthermore, only the control was significantly different. In general, 
percent cover was greater on the 3x maintenance (13%) than on the 3x single 
application (9%). 

Initially, creeping red fescue (Festuca rubra cv. Boreal), timothy (Phleum 
pratense cv. Climax) and orchardgrass (Dactylis glomerata cv. Kay) were the 
dominant species. At the completion of the trial, the dominant species were 
creeping red fescue (Festuca rubra cv. Boreal), sheep's fescue (Festuca ovina 
cv. Nakiska) and redtop (Agrostis gigantea cv. Common). 



1850 m Wolverine South Dump Native Species 
Fertilizer Trial 
(QCL-RP-91 0807) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Fertilizer requirements of native species are known to be different from that of 
agronomics; in general, they are not as responsive to inorganic fertilizer 
application. A separate fertilizer trial was considered necessary in order to 
characterize the performance of the high elevation native species reclamation 
candidates at Quintette. The purpose of the trial was to assess the impact of 
fertilizer applications on the establishment and persistence of direct seeded 
native species at high elevations. 

Overview of Methods: 

A 4 x 5 m randomized complete block experimental design was set up on the 
Wolverine 1850 m South Dump in the fall of 1991. Each replicate was 5 m 2  with 
1 m paths in between. A seed mix containing six species (50 seeds per species) 
was applied to each replicate. The seed mix was hand sown and raked into each 
replicate. The fertilizer treatments are as follows: Treatment 1 (control - no 
fertilizer), Treatment 2 (first year application of fertilizer), Treatment 3 (third year 
application of fertilizer) and Treatment 4 (fifth year application of fertilizer). The 
fertilizer rate was the equivalent of 1344 kg/ha or 3.36 kg/replicate. Surface area 
capable of supporting plant growth was recoded each year. The trial was 
conducted for five years (1991 to 1995). 

Results Driving Conclusions: 
Individual species cover data was assessed visually each year in late August 
1992. The data was pooled and arcsine transformed, then analyzed with both a 
Repeated Measure One-Way Analysis of Variance and a Multi-Response 
Permutation Procedure (MRPP). The results showed a significant difference 
(p=0.000) between the control and the fertilized treatments. Total percent cover 
values ranged from 0.2% (control) to 5.3% for the fertilizer treatments. Mean 
total cover was low due to the slow growth rate of the native species. The 
dominant species in each treatment were bottlebrush grass (Sitanion hystrix), 
bearded wheatgrass (Agropyron caninum), Indian milkvetch (Astragalus 
aboriginum), alpine milkvetch (Astragalus alpinus), alpine fescue (Festuca 
brachyphylla), arctic lupine (Lupinus arcticus), hawkweed (Crepis nana) and 
dwarf poppy (Papa ver pygmaeum). 



1850 m Wolverine South Dump Native Species 
Fertilizer Trial 
(QOC-RP-920803/QCL-RP-860801) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Previous studies at Quintette Operating Corporation (QOC) revealed that 
vegetative cover declined after the third year of growth following establishment. 
The drop in cover was particularly pronounced on the resloping trials established 
on the Wolverine 1850 m South Dump. The purpose of the trial was to evaluate 
the success of fertilizer re-application on the re-sloped spoil trial. 

Overview of Methods: 

A fertilizer trial was established on a portion of the 1986 reslope trials. Six paired 
2 m x 2 m plots were established in 1992, three on each of the 28 degree slopes. 
Plot locations were chosen carefully to ensure that the initial cover was the same 
for each set of paired plots. One of each of the pairs was then fertilized with the 
equivalent of 336 kg/ha of fertilizer. A buffer was provided between each pair to 
minimize fertilizer contamination of the non-fertilized plot. The trial was 
conducted for three years (1992 - 1994). 

Results Driving Conclusions: 

Percent cover, vigor and seed head data were collected during mid-August and 
arcsine transformed prior to analysis with a Paired t-Test. The results indicate a 
significant difference between the fertilized and non-fertilized plots (p=0.01). In 
addition, the vigor and seed head production was greater for all species. 



Tailings Agronomic Individual Species Trial 
(QCL-RP-900201) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Three material types will be available for operational reclamation in the tailings 
and coarse refuse dump areas at Quintette. The suitability of these materials as 
a growth media are unknown. The objective of the trial was to evaluate 
agronomic species establishment on tailings, coarse refuse and till. 

Overview of Methods: 

Three completely randomized designs were established on each of the material 
types (i.e., tailings, coarse rejects, and till) in the North Till Borrow Pit. Twenty-
four agronomic grasses and legumes (three replicates per species) were seeded 
in the fall of 1990. The trial was conducted for five years (1990 - 1995). 

Results Driving Conclusions: 

On the tailings material, mean percent cover was highest for cicer milkvetch 
(Astra ga/us cicer cv. Common) [100%], hard fescue (Festuca ovina var. duriscula 
cv. Durar) [92%], Canada bluegrass (Poa compressa cv. Common) [88%], 
creeping red fescue (Festuca rubra cv. Boreal) [85%], and alfalfa (Medicago 
sativa cv. Garst) [80%]. On coarse refuse, the best species were cicer milkvetch 
(Astraga/us cicercv. Common) [100%], creeping red fescue (Festuca rubra cv. 
Boreal) [85%], hard fescue (Festuca ovina var. duriscu/a cv. Durar) [82%], alfalfa 
(Medicago sativa cv. Garst) [80%], redtop (Agrostis gigantea cv. Common) 
[76%], and Canada bluegrass (Poa compressa cv. Common) [72%]. On till 
material, the best species were birdsfoot trefoil (Lotus corniculatus cv. Leo) 
[100%], cicer milkvetch (Astra ga/us cicercv. Common) [100%], creeping red 
fescue (Festuca rubra cv. Boreal) [93%], orchard grass (Dacty/is glomerata cv. 
Napier) [95%], (Agrostis gigantea cv. Common) [92%], slender wheatgrass 
(Agropyron trachycaulum cv. Revenue) (90%) and tall fescue (Festuca 
arundinaceus cv. Common) [90%]. The greatest overall performance for all 
species was achieved on till material. Percent cover and seed heads increased 
consistently from 1991 to 1995. 



Coarse Refuse Hydroseeding Operational Trial 
(QCL-RP-91 0101 m) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

The coarse rejects produced by the plantsite are low in nutrients, have low water-
holding capacity, and have low albedo. Establishment of vegetation on the 
south-facing slopes of the coarse rejects dumps is problematic due to moisture 
stress and high surface temperatures. The objective of the trial was to evaluate 
the effectiveness of hydroseeding as a revegetation technique for unamended 
coarse rejects dumps. 

Overview of Methods: 

Operational scale hydroseeding was performed on the Plantsite Coarse Rejects 
Dump during the late spring of 1991. Two aspects (south and east) were 
hydroseeded during late spring with a 5678 1(1500 gal) Finn unit. Application 
rates were as follows: seed 100 kg/ha, mulch 1700 kg/ha, tackifier 60 kg/ha and 
fertilizer 400 kg/ha. The seed mix comprised 20% creeping red fescue (Festuca 
rubra cv. Boreal), 30% sainfoin (Onob,ychus viciaefolia cv. Common), 15% 
crested wheatgrass (Agropyron cristatum cv. Common), 10% alfalfa (Medicago 
sativa cv. Rangelander), 15% Revenue slender wheatgrass (Agropyron 
trachycaulum cv. Revenue), and 10% sweet clover (Me/lotus officinale cv. 
Common). The fertilizer mix formulation was N5 P25 K30 . 

During 1992, three horizontal transects were established on the upper, middle 
and lower portions of each hydroseeded aspect. Each transect consists of three 
2 m 2  quadrats systematically spaced 12 m apart. Species cover, vigor and seed 
head production data was recorded in August, and analyzed by aspect and slope 
position using a Two-Way Analysis of Variance. The trial was conducted for four 
years (1991 —1994). 

Results Driving Conclusions: 

Results showed significant differences in cover on both aspect (p=0.003) and 
slope position (p=0.023). Vegetation cover on the coarse refuse trials in 1994 
was much greater on the east aspect (5 - 32%) in comparison to the south east 
aspect (<1 - 7%). Within both aspect treatments, vegetation cover was lowest in 
the lower slope plots. Material temperatures and surf icial stability appear to limit 
vegetation establishment and growth, regardless of mulch and tackifier. 



Shikano 920 m Dump Hydroseeding 
Operational Trial (QCL-RP-91 0506m) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Large volumes of coarse-textured waste rock were generated at the Shikano 
Mine. The physical properties of the rocks are highly variable. The objective of 
the trial was to evaluate the success of hydroseeding as an establishment 
technique for coarse-textured mine spoil. 

Overview of Methods: 

Operational-scale reclamation was performed on the west and north east aspects 
of the 920 m Shikano Centre Dump during the late spring of 1991. The two 
aspects were hydroseeded during late spring with a 5678 1(1500 gal) Finn unit. 
Application rates were as follows: seed 100 kg/ha, mulch 1700 kg/ha, tackifier 
60 kg/ha and fertilizer 400 kg/ha. The seed mix comprised 20% creeping red 
fescue (Festuca rubra cv. Boreal), 30% sainfoin (Onobrychus viciaefolia cv. 
Common), 15% crested wheatgrass (Agropyron cristatum cv. Common), 10% 
alfalfa (Medicago sativa cv. Rangelander), 15% Revenue slender wheatgrass 
(Agropyron trachycaulum cv. Revenue), and 10% sweet clover (Melilotus 
officinale cv. Common). The fertilizer mix formulation was N 5 P25K30 . During 
1992, three horizontal transects, each containing three sample plots spaced 
20 m apart, were established on both aspects. Species cover, vigor and seed 
head production were assessed visually. The vegetation data was arcsine 
transformed and analyzed with a Two-way Analysis of Variance. The duration of 
the trial was four years (1991 - 1994). 

Results Driving Conclusions: 

Vegetation cover was significantly different with respect to aspect (p=0.01), but 
not with respect to slope position. The mean vegetation cover for the southwest 
aspect was 14% compared to 20% for the northwest. Differences in vegetation 
cover according to slope position were thought to be due to are due to material 
type variability. Creeping red fescue (Festuca rubra cv. Boreal) and slender 
wheatgrass (Agropyron trachycaulum cv. Revenue) were the dominant species. 



Shikano Agronomic Seeding Rate Trial (QCL- 
RP-91 0504) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Survival and growth of transplanted conifer seedlings is strongly affected by 
herbaceous plant competition. While there is some information on the interaction 
between transplanted seedlings and agronomic seeding in a mine reclamation 
situation, there is little or no information regarding agronomic seeding rates and 
direct conifer seeding establishment methods. The objective of the trial was to 
determine the most suitable agronomic seeding rate for agronomic seed mixes. 

Overview of Methods: 

A five treatment (0, 25, 50, 75, and 100 kg/ha) seeding trial was set up on the 
880 m Shikano Centre Dump during the fall of 1991. The seed mix applied 
included alsike clover (Trifoliurn hybridurn) [30%], creeping red fescue (Festuca 
rubra cv. Boreal) [40%], timothy (Phleurn pratense cv. Climax) [20%], and 
slender wheatgrass (Agropyron trachycaulurn) [10%]. Inorganic fertilizer 
(N26 P 10K 10) was applied prior to seeding at a rate equivalent to 336 kg/ha. Five 
2m2  plots were randomly positioned in each panel. The trials were assessed 
annually from 1992 to 1994. Agronomic species cover was analyzed using a 
Repeated Measures One-Way Analysis of Variance. The duration of the trial 
was four years (1991 —1994). 

Results Driving Conclusions: 

In general, vegetation cover increased with higher seeding rates and increased 
each year. Treatment effects were statistically significant (p<0.001), but the 
significance was due to the difference between the control and the seeded 
treatments. In 1994, mean percent cover on the 100 and 75 kg/ha treatments 
were 77% and 67% respectively. These statistics were significantly different 
from those of the 50, 25 and 0 kg/ha treatments. Since the differences between 
the two higher seeding rates were not significant, an operational application rate 
of the 75 kg/ha was chosen. In 1994, the dominant species were creeping red 
fescue (Festuca rubra cv. Boreal) and slender wheatgrass (Agropyron 
trachyca u/urn). 



1850 m Wolverine South Dump Individual 
Agronomic Species Trial QCL-RP-91 0802) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

The selection of species selection for seed mixes is an essential step in the 
revegetation process and should be based on site-specific and local information. 
The Wolverine 1850 m Dump represents the highest elevation and harshest 
conditions at Quintette. The objective of the trial was to assess the 
establishment and persistence of commercially-available agronomic cultivars on 
high-elevation waste rock dumps. 

Overview of Methods: 

Thirty agronomic grass and legume species (three 1 x 2 m replicates of 1125 
seeds per species) were hand sown in a completely randomized design on the 
1850 m Wolverine 1850 m South Dump in 1991. Applications of 336 kg/ha of 
inorganic N 26P 10K 10  fertilizer was applied in 1991, 1992, and 1993. The 
performance (percent cover, vigor, and seed head production) of these species 
was monitored annually from 1991 - 1994. The duration of the trial was 4 years 
(1991 —1994). 

Results Driving Conclusions: 

Initial establishment and growth was greatest for slender wheatgrass (Agropyron 
trachycaulum cv. Revenue) [23%], sheep's fescue (Festuca ovina cv. Nakiska) 
[21%], northern wheatgrass (Agropyron dasystachyum cv. Elbee) [20%], and wild 
ryegrass (Lolium perenne cv. Altai) [18%]. Legume establishment was much 
lower than grass establishment, but cicer milkvetch (Astragalus cicercv. Oxley) 
[12%], sainfoin (Onobiychis viciaefolia cv. Common) [12%], and birdsfoot trefoil 
(Lotus corniculatus cv. Leo) [12%] were the most promising species. 

Percent cover and seed-head production increased each year for a small number 
of species during the recording period. In 1994, the grass species with the 
greatest percent cover were slender wheatgrass (Agropyron trachycaulum cv. 
Revenue) [40%], sheep's fescue (cv. Common) [14%], northern wheatgrass 
(Agropyron dasystachyum cv. Elbee) [13%], and alpine bluegrass (Poa alpina cv. 
Common) [11 %]. Persistence of the agronomic legumes was extremely low. 



Native Species Nursery Production Trial (QCL- 
R P-900402) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 
Transplant establishment of several native species is required for three reasons: 
(1) establishment difficulties with direct seeding, (2)10w in situ inoculum densities 
of requisite microbiological populations and (3) strict establishment spatial 
patterns. Since little was known about the horticultural properties of several 
native species candidates and commercial nursery stock was not available, a 
nursery production and research program was initiated. The purpose of the 
study was to characterize the horticultural properties of native species 
revegetation candidates. 

Overview of Methods: 
The horticultural properties of several native species, particularly those of high 
elevation, were studied. The specific areas of research were container type, soil 
mix, fertilizer application, seed germination, and seedling growth. The duration of 
the trial was five years (1990 - 1994). 

Results Driving Conclusions: 

Nursery set up (maintenance, seeding, cuttings propagation) was usually 
complete by the end of April. Seed pre-treatments were required for several 
species, particularly shrubs. With the exception of the shrubs and trees, most 
species did not require greenhouse conditions to achieve transplantable size 
based on 'plug' rooting density and shoot growth. Most grasses, sedges and 
forbs required only one growing season in the nursery. In general, cuttings 
propagation of such species as bearberry (Arctostaphylos uva ursi), arctic willow 
(Salix arctica), creeping willow (Salix stolonifera) and Mackenzie's willow (Salix 
prolixa) required two growing seasons to develop adequate root systems. 
'Lifting' of seedlings occurred immediately prior to transplanting. All species were 
dormant when transplanted. 

Several container types were tried (ConeTainersTM,  Styroblocks, and Spencer-
Lemaires) but overwintering success and 'lifting' problems precluded the the use 
of all but the Spencer-Lemaire Hills containers for forbs and shrubs. 
Copperblock® Styrocontainers were only used for production of non-
commercially available conifers such as subalpine fir (Abies lasiocarpa), 
tamarack (Larix laricina), black spruce (Picea mariana) and high elevation 
provenances of lodgepole pine (Pinus contorta). Growing media was 
standardized with a 2 peat: 1 vermiculite: 1 perlite and NutricoteTM. 



Fertilizer application was standardized with an initial addition of N14P14K14 
NutricoteTM to the growing media followed by weekly liquid fertilizer applications. 
Liquid N 10P52K 10  fertilizer was applied during May and June, and liquid N20P20K20 
in July. Liquid fertilizer application was discontinued and watering frequency 
decreased in August. 

Based on the nursery results, all of the grass and most of the forb species were 
considered suitable for nursery production or direct seeding. Due to difficulties in 
propagation, several species have limited capacity for nursery production. 
However, direct seeding is an option for those species in this category which are 
considered essential for wildlife habitat. 



Shikano Centre Dump Seedling Transplant 
Trial (QCL-RP-900503) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

The end land-use objective for the Shikano Mine includes reforestation and 
wildlife habitat re-creation. To achieve this objective, a number of non-agronomic 
species, particularly woody species need to be established. The purpose of the 
study was to determine the establishment success of herbaceous and woody 
native species in the Shikano Mine using transplant establishment techniques. 

Overview of Methods: 

In 1990, grass, forb, and shrub transplant trials were established also on the 
'mud' amended 895 m Shikano Common Dump. For each species, three 
replicate rows with 50 plants per replicate were transplanted. Survivorship, 
growth, and seed-head production were assessed from 1991 to 1995. The 
duration of the trial was 5 years (1990— 1995). 

Results Driving Conclusions: 

Herbaceous species which performed well were common yarrow (Achilea 
millefolium) [90%], Indian milkvetch (Astra ga/us aboriginum) [58%], elegant 
milkvetch (Astra ga/us eucosmus) [42%], fuzzy-spiked wildrye (Elymus innovatus) 
[60%], alpine hedysarum (Hedysarum a/pinum) [58%], field crazyweed (Oxytropis 
campestris) [46%], bottlebrush grass [40%] and common dandelion (Taraxacum 
officina/e) [87%]. Vigor and seed head production of these species was good. 

Shrub and tree species with high survivorship and growth were saskatoon 
(Ame/anchier a/nifolia) [93%], wolf willow (Eleagnus commutata) [55%], balsam 
poplar (Populus balsamifera) [100%], prickly rose (Rosa acicu/aris) [83%], and 
scouler's willow (Sa/ix scou/eriana) [88%]. Red-osier dogwood (Cornus 
stolonifera) [34%] and lodgepole pine (Pinus contorta) [32%] performed 
moderately well. White spruce (Picea g/auca) [5%] did not perform well on the 
'mud' material. 



Shikano Centre Dump Hydroseeding 
Operational Trial (QCL-RP-91 0505m) 

Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Large volumes of fine-textured overburden were placed on the waste rock dumps 
at the Shikano Centre Dump has the expanding pit daylighted to the southwest. 
The physical properties of this material are such that they are susceptible to 
crusting and erosion. The objective of the trial was to evaluate the success of 
hydroseeding as an establishment technique for fine-textured overburden 
materials. 

Overview of Methods: 

Operational-scale reclamation was performed on the west and north east aspects 
of the Shikano Centre Dump during the late spring of 1991. The two aspects 
were hydroseeded during late spring with a 5678 1(1500 gal) Finn unit. 
Application rates were as follows: seed 100 kg/ha, mulch 1700 kg/ha, tackifier 
60 kg/ha and fertilizer 400 kg/ha. The seed mix comprised 20% creeping red 
fescue (Festuca rubra cv. Boreal), 30% sainfoin (Onobrychus viciaefolia cv. 
Common), 15% crested wheatgrass (Agropyron cristatumcv. Common), 10% 
alfalfa (Medicago sativa cv. Rangelander), 15% Revenue slender wheatgrass 
(Agropyron trachycaulum cv. Revenue), and 10% sweet clover (Me/lotus 
officinale cv. Common). The fertilizer mix formulation was N 5 P25 K30 . During 
1992, three horizontal transects, each containing three sample plots spaced 
20 m apart, were established on both aspects. Species cover, vigor and seed 
head production were assessed visually. The vegetation data was arcsine 
transformed and analyzed with a Two-way Analysis of Variance. The duration of 
the trial was four years (1991 - 1994). 

Results Driving Conclusions: 
Vegetation cover varied (0-63%) with material type and surface erosion 
magnitude. However, aspect (p=0.12) and slope position (p=0.42) effects were 
not significantly different. The mean vegetation cover for the north east aspect 
was 34.1%, whereas the mean for the west aspect was 16.1%. Creeping red 
fescue (Festuca rubra cv. Boreal) and slender wheatgrass (Agropyron 
trachycaulum cv. Revenue) are the dominant species. Hydroseeding of this 
material does provide effective vegetation establishment initially, but cannot 
prevent subsequent surface erosion problems. Much of the mulch still remained 
intact at the end of the assessment, except where surface erosion has occurred. 
Erosion (nIl) was particularly prominent on the west aspect and ranged from 10% 
to 60%. 



Shikano Centre Dump Agronomic Individual 
Species Trial (QCL-RP-900501) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

The selection of species selection for seed mixes is an essential step in the 
revegetation process and should be based on site-specific and local information. 
The objective of the study was to examine the establishment and persistence of 
commercially-available agronomic cultivars on mid-elevation waste rock dumps. 

Overview of Methods: 

Twenty-four agronomic grass and legume species (three 1 m 2  replicates of 1125 
seeds per species) were hand sown on the Centre Dump in a completely 
randomized design in 1990. Applications of 336 kg/ha of inorganic N 26 P 10K 1 0 

fertilizer was applied in 1991, 1992, and 1993. Percent cover, seed head 
production, and vigor data were collected from 1991 to 1994. 

Results Driving Conclusions: 

Twenty four agronomic grass and legume species (three 1 m 2  replicates of 1125 
seeds per species) were hand sown on the Centre Dump in a completely 
randomized design in 1990. The trial was fertilized with the equivalent of 
200 kg/ha of N26 P 10 K 10  fertilizer prior to seeding and then every second year. In 
1994, the species with the greatest percent cover were cicer milkvetch 
(Astra ga/us cicer cv. Oxley) [100%], creeping red fescue (Festuca rubra cv. 
Boreal) [88%], hard fescue (Festuca ovina var. duriscula cv. Durar) [82%], 
sainfoin (Onob,ychis viciaefolia cv. Common) [90%], slender wheatgrass 
(Agropyron trachycaulum cv. Revenue) [100%], and western wheatgrass 
(Agropyron smithii cv. Walsh) [90%]. 



Shikano Centre Dump Agronomic Seed Mix 
Trials (QCL-RP-900502) 

Quintette Operating Corporation (1991 - 1995) and Smyth (1995 and 
1996) 

Objective: 

The post-mining landscape in the Shikano Mine at Quintette contains several 
growth material types and aspects. A site-specific seed mix performance was 
considered essential to evaluate revegetation success. The objective was to 
evaluate seed mix performance on various slopes and aspects and growth 
materials at the Shikano Mine. 

Overview of Methods: 

A number of species mix trials were established in the Shikano Centre Dump 
area: (1) a pair of 12 mx 18 m plots were established (one on spoil the other on 
mud) on the southwest aspect, (2) a pair of 20 m x 20 m plots on spoil on a 
northwest aspect, and (3) a single large rectangular (20 m x 65 m) plot on the 
dump platform. Repeated Measures Analysis of Variance was performed on the 
percent cover data (arcsine transformed for each trial. 

Results Driving Conclusions: 

Vegetation cover on the west aspect mud and spoil comparison trial was poor, 
with 2% mean total cover on the spoil material and 1 % on the mud material. 
Both the between treatment and between year analyses were not significant 
(p=0.15). Mean percent vegetative cover on the north aspect blocks was better 
and increased from 10% in 1991 to 25% in 1994. Between year measurements 
are significantly different (p=0.00). The bench platform which had been covered 
with mud increased in cover from 21% in 1991 to 66% in 1994. Repeated 
measures analysis of variance revealed that the 1991 and 1994 mean cover 
values were significantly different (p=0.00). Results indicated that vegetation 
establishment on dump slopes is limited by surface crusting and erosion on mud 
and coarse texture on spoil. When properly timed, vegetation establishment on 
mud covered dump platforms is excellent. The dominant species were creeping 
red fescue (Festuca rubra cv. Boreal), slender wheatgrass (Agropyron 
trachycaulum cv. Revenue), and timothy (Phleum pratense cv. Climax). 



Native Species Seed Multiplication Trial (QCL- 
RP-91 0301) 

Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Seed acquisition, reconnaissance and processing times represent the greatest 
costs and/or impediments in the use of native species use in mine reclamation 
programs. The purpose of the study was to determine the feasibility of collecting 
native species under "controlled" conditions. 

Overview of Methods: 

A seed multiplication area was set up to reduce native species seed collection 
costs. The 50 m x 100 m area below the Tailings Dam and adjacent to the 
Tailings Sediment Pond that was prepared in 1990 was harrowed and partially 
fenced during 1991. The multiplication area consisted of several rows or patches 
of suitable native species. Species rows were established either by transplanting 
or direct seeding. The duration of the trial was 4 years (1991 1994). 

Results and Conclusion: 

Seed was collected from this area beginning in 1993. Seed quality, seed 
volume, collection efficiency, and germination capacity was good each year. The 
species which were produced most effectively in the multiplication area were 
American hedysarum (Hedysarurn alpinum), bottlebrush grass (Sitanion hystrix), 
diverse-leaved cinq uefoi I (Potent//Ia diversifolia), Indian m ilkvetch (Astra ga/us 
aboriginum), Patterson's bluegrass (Poa patterson/i), pendant-pod crazyweed 
(Oxytropis def/exa), silky locoweed (Oxytropis sericea), and spike trisetum 
(Trisetum spica turn). 

Nevertheless, seed from this facility cannot replace 'wild' population seed. 
Therefore, 'wild' and multiplication seed will be 'blended' to ensure sufficient 
genetic variability of the re-established species populations. Phenophase 
development was advanced over the 'wild' collection locations, so seed collection 
timing at this location was generally advanced by one month. 



Wolverine South Dump Native Island Seeding 
Trial (QCL-RP-91 0804) 

Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Colonization from native species "islands" is an essential part of Quintette's 
reclamation plan for the Mesa and Wolverine areas. However, colonizing 
distances are variable and therefore pre-planning is required to determine the 
spatial patterning of the "islands" in order to maximize native species 
colonization. The purpose of the trial was to examine native species 
establishment from "islands" or patches. 

Overview of Methods: 

Two research trials were undertaken to determine the efficacy of seed dispersal 
from 'islands' or patches. 

In the first trial, four transects radiating from remnant patches within the 
Wolverine South disturbance area were established in 1991. Along each 
transect, twelve 1 m 2  quadrats were positioned at 5 m intervals. Species 
abundance was recorded in each quadrat. 

In the second trial, 10 4m 2  quadrats were established on the 1810 m, 1820 m 
and 1830 m Wolverine South dumps during the fall of 1991. The centre of each 
island was marked with a single rebar and the corners (compass bearings) were 
marked with angle iron. Each "island" was hand seeded with a native seed mix. 
One hundred seeds per species were sown and raked in each "island." Each 
"island" also received the equivalent of 1344 kg/ha (1.69 kg) of N 6 P8 K6  organic 
base slow release fertilizer. The duration of the trial was five years (1991 - 
1995). 

Results Driving Conclusions: 

In the first trial, a rapid drop-off in colonization of all species was observed at the 
45 - 50 m distance from donor source. The absence of a gradual decrease in 
abundance with increasing distance suggests that distance from seed source is 
not a determining factor until the 50 m threshold. The species with the highest 
abundance at maximum distance were alpine fescue (Festuca brachyphylla), 
alpine bluegrass (Poa alpina), Patterson's bluegrass (Poa patterson/i), and spike 
trisetum (Trisetum spicatum). 



Percent cover and seedling recruitment was monitored each year. Percent cover 
increased each year. Seed production for many of the seeded species began in 
1993. In 1994, seventeen species had successfully established, of which, 
bearded wheatgrass (Agropyron caninum), hawkweed (Crepis nana), alpine 
fescue (Festuca brachyphylla), alpine bluegrass (Poa alpina), and bottlebrush 
grass (S/tan/on hystrix) had the highest frequency. Growth of these species was 
slow, so percentage cover values were low in 1994. Recruitment within a 10 m 
radius of each quadrat was limited to species such as rock jasmine (Androsace 
septentrional/s), bering chickweed (Cerastium beer/ngianum), dwarf hawksbeard 
(Crep/s nana), boreal sandwort (Minuartia rubella), alpine blue grass (Poa 
alp/na), Patterson's bluegrass (Poa patterson/i), bottlebrush grass (Sitan/on 
hystr/x), and spike trisetum (Tr/setum sp/catum). 



1850 m Wolverine South Dump Native 
Transplant Trial (QCL-RP-91 0801) 

Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Examine the establishment success of candidate native grass, sedge, forb, and 
shrub plugs on high-elevation mine spoils. 

Overview of Methods: 

Transplant trials with native grasses and sedges, forbs, and shrubs were 
established in the spring of 1991 on the high-elevation 1850 m Wolverine South 
Dumps. The grasses and sedges transplanted were violet wheatgrass 
(Agropyron violaceum), northern bentgrass (Agrostis mertensi!), pumpelly brome 
(Bromus pumpellanius), dunhead sedge (Carex phaeocephala), meadow sedge 
(Carexpracticola), alpine fescue (Festuca brachyphylla), alpine bluegrass (Poa 
alp/na), arctic bluegrass (Poa arctica), Patterson's bluegrass (Poa patterson/i), 
bottlebrush grass (S/tan/on hystr/x) and spike trisetum (Trisetum sp/catum). The 
forbs transplanted included alpine milkvetch (Astragalus aip/nus), common 
yarrow (Achillea millefol/um), long-stalk starwort (Stellar/a longipes), northern 
goldenrod (Sol/dago multirad/ata) Robin's milkvetch (Astragalus robbinsii), 
northern hedysarum (Hedysarum mackenzie/i), arctic lupine (Lupinus arct/cus), 
Siberian aster (Aster sibir/cus), silky locoweed (Oxytropis ser/cea), and stalked-
pod crazyweed (Oxytrop/s podocarpa), and The shrub established included 
bearberry (Arctostaphylos uva-ursi), creeping willow (Salix stolonifera), entire-
leaved avens (Dryas /ntegrifolia), scrub birch (Betula glandulosa), snow willow 
(SaI/x nivalis), net-veined willow (Salix ret/culata), soopollalie (Shepherd/a 
canadensis), and mountain cranberry ( Vaccin/um v/t/s-idaea). In each trial, 
organic fertilizer (N 6 P 8 k6) was applied in the amount equivalent to 1344 kg/ha. 
The duration of the trial was four years (1991 - 1994). 

Results Driving Conclusions: 

Transplant survival was assessed annually from 1992— 1994. In 1994, the grass 
and sedge species with the greatest survivorship were bearded wheatgrass 
(Agropyron caninum) [68%], rough hair-grass (Agrost/s scabra), Hayden's sedge 
(Carexhaydeniana) [48%], dunhead sedge (Carexphaeocephala) [55%], alpine 
fescue (Festuca brachyphylla) [71 %], alpine bluegrass (Poa alp/na) [54%], arctic 
bluegrass (Poa arctica) [69%], Patterson's bluegrass (Poa patterson/i) [67%], 



bottlebrush grass (S/tan/on hystr/x) [64%], and spike trisetum (Tr/setum 
spicatum) [35%]. 

Forb survival was generally good with 100% survival recorded for common 
yarrow (Achillea m/IIefoI/um), Siberian aster (Aster sibir/cus), snow cinquefoil 
(Potent//Ia nivea), northern goldenrod (Solidago mu/tiradiata), and long-stalk 
starwort (Ste//aria longipes). Legume results were less positive but survival and 
growth of Indian milkvetch (Astra ga/us abor/ginum) [67%] and alpine milkvetch 
(Astra ga/us a/pinus) [67%] was encouraging. 

Shrub survival was less successful with the most positive results recorded for 
bearberry (Arctostaphy/os uva-ursi) [55%], entire-leaved avens (Dryas 
integrifo//a) [65%], creeping willow (Sa/ix stolon/fera) (35%], northern blackcurrant 
(Ribes hudson/anum) [35%], and arctic willow (Sa/ix arct/ca) [32%]. The lower 
survivorship of the shrub transplants is due in part to transplant stock quality and 
planting techniques. 

Recruitment from seed was extensive for all of the grass species and several 
forbs, e.g., rock jasmine (Androsace septentr/onalis), Bering's chickweed 
(Cerastium beeringianum), dwarf hawksbeard (Crepis nana) and boreal sandwort 
(Minuart/a rubella). Vegetative reproduction was also observed for long-stalk 
starwort (Ste//aria /ongipes). 



1765 m Wolverine North Dump and Wolverine 
South Dump 1850 m Transplant Trial (QOC- 
RP-920701) 

Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Previous research conducted by the British Columbia Ministry of Energy, Mines, 
and Petroleum Resources (MEMPR) in the Northeast Coal Block indicated that 
revegetation of high-elevation (i.e., subalpine and alpine) disturbances would be 
problematic. Since a significant portion of the post-mining landscape at Quintette 
would be at high elevations, several studies were initiated to examine native 
plant establishment and persistence. The purpose of the trial was to examine the 
establishment of native species on high-elevation waste rock dumps. 

Overview of Methods: 

Several herb and shrub transplanting and seeding trials were established in 
1992. Two sets of native species transplant trials were established, one on the 
Wolverine North 1765 m dump and one on the Wolverine South 1850 m dump. 
A total of 46 native grass, sedge, forb, and shrub species were transplanted. 
Forbs, grasses, sedges, and shrubs were propagated in the Quintette nursery in 
1990/1 991 using seed collected locally. The seedlings (1+0 stock) were over-
wintered on the Wolverine 1850 m South Dump during the 1991/1 992 winter. 
Three replicates containing fifty seedlings per replicate were transplanted in a 
randomized block experimental design. Survival and growth data was collected 
each year and subjected to Survival Analysis. The duration of the trial was three 
years (1992— 1995). 

Results Driving Conclusions: 

In 1994, the grass and sedge species with the greatest survivorship were 
bearded wheatgrass (Agropyron caninum) [62%], rough hair-grass (Agrostis 
scabra) [73%], Hayden's sedge (Carex haydeniana) [66%], dunhead sedge 
(Carex phaeocephala) [54%], alpine fescue (Festuca brachyphylla) [76%], alpine 
bluegrass (Poa alpina) [81%], arctic bluegrass (Poa arctica) [81%], Patterson's 
bluegrass (Poa pattersonhl) [82%], bottlebrush grass (Sitanion hystrix) [78%], and 
spike trisetum (Trisetum spicatum) [51%]. 

The forbs with the greatest survivorship were common yarrow (Achillea 
millefolium) [79%], rock jasmine (Androsace septentrionalis) [80%], alpine 



milkvetch (Astragalus alpinus) [82%], Indian milkvetch (Astragalus aboriginum) 
[72%], bering chickweed (Cerastium beeringianum) [64%], dwarf mountain 
fleabane (Erigeron compositus) [67%], boreal sandwort (Minuartia rubella) [79%], 
silky crazyweed (Oxytropis sericea Nutt.) [75%], diverse-leaved cinquefoil 
(Potentilla divesifolia) [53%], snow cinquefoil (Potentilla n/yea) [61 %], northern 
golden rod (Solidago mu/tiradiata) [54%], long-stalked starwo rt (Ste//aria Ion gipes) 
[67%], and common dandelion (Taraxacum officinale) [57%]. The best 
performing shrub species were bearberry (Arctostaphylos uva ursi) [55%], scrub 
birch (Betula glandulosa) [57%], and white mountain-avens (Dryas integrifolia) 
[52%]. However, forbs such as arctic poppy (Papa ver /apponicum) and shrubs 
such as northern blackcurrant (Ribes hudsonianum), arctic willow (Salix arctica), 
and creeping willow (Salixstolonifera) may be suitable candidates as well. 

Recruitment from seed was extensive for all of the grass species and several 
forbs (e.g., rock jasmine (Androsace septentriona/is), Bering's chickweed 
(Cerastium beeringianum), dwarf hawksbeard [Crepis nana] and boreal 
sandwort). Vegetative reproduction was also observed for long-stalked starwort 
(Ste//aria /ongipes). 



1660 m Dump Failure Agronomic Seeding and 
Transplant Trial (QCL-RP-91 0603) 

Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Competition from herbaceous species can exclude or be an impediment to the 
establishment and persistence of conifers. The purpose of the trial was to 
determine the appropriate seeding application rate and examine the survival and 
growth of conifer transplants at different seeding rates/densities. 

Overview of Methods: 

Four seeding rate treatments were established in 1991 on a northwest aspect 
slope in the P1 1660 m dump failure area. The species mix used was the same 
as that for the fertilizer trials in the same area (QOC-RP-910601). The seeding 
application rates were 0, 25, 50, and 75 kg/ha. A single application of 336 kg/ha 
of inorganic N 26 P 10 K 10  fertilizer was applied prior to seeding. Eighty (2+0) white 
spruce (Picea interior) and lodgepole pine (Pinus contorta) seedlings were 
transplanted in each agronomic seeding trial during the spring of 1993. The 
seedlings of each species were established in an alternating systematic 
sequence one meter apart and received one GrowmaxTM  fertilizer packet 
(Transplant 2 12-5-8 + gel). Between treatment vegetation cover (9 replicates 
per treatment) and tree seedling survival plus growth and vigor data were 
recorded annually. A total of nine 2m 2  plots were located systematically in each 
treatment, three at each slope position. Following seeding and fertilizing, four 
rows containing 80 seedlings each of 1 + 0 stock white spruce and lodgepole 
pine were transplanted. Both percent cover and transplant survival were 
assessed annually. The duration of the trial was 5 years (1991 - 1995). 

Results Driving Conclusions: 

Vegetation data was assessed visually during August 1992, arcsine transformed 
and analyzed with a One-Way Analysis of Variance. First year vegetation cover 
results, showed, as expected, a significant difference (p.<0.001). Only the control 
(no seed) was significantly different. The dominant species were timothy 
(Phleum pratense cv. Climax) and creeping red fescue (Festuca rubra cv. 
Boreal). Vegetation cover increased each year, and as expected, cover was 
greatest on the 75 kg/ha treatment in 1994. In 1994, cumulative survivorship of 
transplants was greatest on the 50 and 75 kg/ha treatments. Between species 
survivorship comparisons were not significantly different although the presence 
of accompanying vegetation appeared to protect the conifer seedlings. 



1850 m Wolverine South Dump Native Aspect 
Trial (QCL-RP-91 0805) 

Quintette Operating Corporation (1992 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Aspect plays an important role in the distribution of vegetation, particularly at 
higher elevations. Information regarding native species establishment under 
managed conditions cannot always be obtained from observations of "natural' 
systems; therefore, a trial was set up to assess native species performance on 
different high elevation dump aspects. The purpose of the trial was to determine 
the effect of aspect on native species establishment. 

Overview of Methods: 

Blocks of 4 m x 10 m were seeded on the north, east, and west faces as well as 
the dump platform of the Wolverine South 1850 m dump. Eight 1 m 2  replicates 
were randomly located in each aspect prior to seeding and fertilizing. Each block 
received an N 6 P 8 K6  organic base fertilizer applied at a rate equivalent to 
1344 kg/ha (6.7 kg). Following fertilization, the blocks received a seed mix which 
contained fifty seeds of selected native species (n=71). The seeds were hand 
sown and then raked into the spoil. The duration of the trial was four years (1991 
—1994). 

Results Driving Conclusions: 

Surface area capable of supporting plant growth was recorded during the first 
year. Species richness and total percent cover are greatest on the east aspect 
and lowest on the level treatment. Alpine bluegrass (Poa alpina), alpine 
milkvetch (Astragalus alpinus), arctic lupine (Lupinus arcticus), bearded 
wheatgrass (Agropyron caninum), bottlebrush grass (Sitanion hystrix), common 
yarrow (Achillea millefolium), diverse-leaved potenti I Ia (Potentilla diversifolia), 
and silky locoweed (Oxytropis sericea) had the highest establishment frequency 
and percent cover. 



1765 m Wolverine North Agronomic 
Reproduction/Seed Germination Trial (000- 
RP-930801) 

Quintette Operating Corporation (1993 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Most agronomics are unable to persist at high elevations and those that can 
survive may not be able to produce viable seeds. In 1993, a trial was established 
to determine the viability of seed produced by the agronomic species. The 
purpose of the trial was to assess the establishment, persistence and 
reproductive success of commercially-available agronomic cultivars on high-
elevation waste rock dumps. 

Overview of Methods: 

Thirty agronomic grass and legume species (three 1 x 2 m replicates of 500 
seeds per species per m) were hand sown in a completely randomized design 
on the 1765 m Wolverine North Dump in the spring of 1993. Applications of 
336 kg/ha of inorganic N 26 P 10K 10  fertilizer was applied in 1993, 1994, and 1995. 
The performance (percent cover, vigor, and seed head production) of these 
species was monitored annually from 1993 - 1995. The samples were 
processed and seed germinated where produced. The duration of the trial was 2 
years (1993-1994). 

Results Driving Conclusions: 

In 1994, percent cover was greatest for northern wheatgrass (Agropyron 
dasystachyum cv. Elbee) [28%], orchardgrass (Dactylis glomerata cv. Arctic) 
[25%], sheep's fescue (Festuca ovina cv. Common) [33%], sheep's fescue 
(Festuca ovina cv. Nakiska) [32%], slender wheatgrass (Agropyron trachycaulum 
cv. Revenue) [25%], smooth bromegrass (Bromus inermis cv. Common) [18%], 
timothy (Phleum pratense cv. Alma) [30%], and timothy (Phleum pratense cv. 
Korpa) [18%]. 

None of the agronomics flowered during the first year of growth. During the 
second year, Canada bluegrass (Poa compressa cv. Nugget), creeping red 
fescue (Festuca rubra cv. Boreal), hard fescue (Festuca ovina var. duriscula cv. 
Durar), meadow foxtail (Alopecurus pratensis cv. Common), sheep's fescue 
(Festuca ovina cv. Nakiska), slender wheatgrass (Agropyron trachycaulum cv. 
Revenue), sweet clover (Melilotus off/dna/is cv. Common), tufted hairgrass 



(Deschampsia caespitosa cv. Common), timothy (Phleum pratense cv. Alma), 
timothy (Phleum pratense cv. Korpa) and western wheatgrass (Agropyron smith/i 
cv. Walsh) flowered. However, only three species produced seed, of which, the 
mean germination percentages were hard fescue (Festuca ovina var. duriscula) 
[35%], sheep's fescue (Festuca ovina cv. Common) [43%] and sheep's fescue 
(Festuca ovina cv. Nakiska) [28%]. 



1765 m Wolverine North Dump Native Grass 
and Ecovar Reproduction/Seed Germination 
Trial (000-RP-930802) 

Quintette Operating Corporation (1993 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Vegetation persistence on reclaimed mine sites depend, in part, on successful 
reproduction (sexual and asexual) of the established plants. Published literature 
has sown that viable seed production is non-existent or inconsistent for many 
species at high elevations. The purpose of the study was to evaluate viable seed 
production of local provenance native species and commercially available 
ecovars on high-elevation waste rock dumps. 

Overview of Methods: 

Fourteen local provenance native grasses and grass ecovars (three 1 x 2 m 
replicates of 500 seeds per species per m) were hand sown in a completely 
randomized design on the 1765 m Wolverine North Dump in the spring of 1993. 
Applications of 336 kg/ha of inorganic N 26 P 10K10  fertilizer was applied in 1993 
and 1994. The performance (percent cover, vigor, and seed head production) of 
these species was monitored annually from 1993 - 1995. Seed was collected 
and germinated from plants of each species that had produced seeds. The 
duration of the trial was two years (1993 - 1994). 

Results Driving Conclusions: 

Establishment of the native grasses and ecovars was slow during the first 
growing season. Mean percent cover for the best performing species was 
bottlebrush grass (Sitanion hystrix) [4%], alpine fescue (Festuca brachyphylla) 
[3%], Rocky Mountain fescue (Festuca saximontana) [3%], slender wheatgrass 
(Agropyron trachycaulum cv. AEC Highlander) [3%], and Rocky Mountain 
Fescue (Festuca saximontana cv. Rocky Mountain Fescue) [2%]. None of the 
species flowered in 1993. Mean percent cover increased significantly for most 
species in 1994. Mean percent cover for bottlebrush grass bottlebrush grass 
(Sitanion hystrix) (25%), alpine fescue (Festuca brachyphylla) [30%], Rocky 
Mountain fescue (Festuca saximontana) [34%], slender wheatgrass (Agropyron 
trachycaulum cv. AEC Highlander) [42%] and Rocky Mountain Fescue (Festuca 
saximontana cv. Rocky Mountain Fescue) [39%]. All of the species produced 
viable seed in 1994. The fescue species produced the greatest number of seeds 
followed by bottlebrush grass. Seed germination capacity ranged from 35 - 56% 
PLS. 



1765 m Wolverine North Dump Native Legume 
Seeding Trial (QOC-RP-920802) 

Quintette Operating Corporation (1993 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Soil nitrogen levels are usually growth limiting in reclaimed ecosystems. Legume 
species are generally included in revegetation species mixes because of their 
ability to fix atmospheric nitrogen, and thereby over time, their presence should 
improve soil nitrogen levels. Several researchers observed previously that 
agronomic legumes do not perform well at high elevations. Successful native 
legume establishment is thought to be predicated on bacterial inoculation. 
Therefore, a legume mix inoculation trial was established during the spring of 
1992. The purpose of the study was to examine the establishment, inoculation 
and persistence of native legumes on high-elevation waste rock dumps. 

Overview of Methods: 

A legume inoculation trial to assess inoculation requirements and practices for 
seven native legumes was established on the Wolverine North 1765 m dump. 
Four treatments, (1) nitrogen - no inoculum (+NNI), (2) nitrogen - inoculum 
(+NI), (3) no nitrogen and no inoculum (-NM) and (4) no nitrogen plus inoculum (-
NI) were established in a randomized block design. Fifty seeds of eight legume 
species were combined and hand sown into each of the three treatment 
replicates. The species seeded included alpine milkvetch (Astragalus alpinus), 
American hedysarum (Hedysarum alpinum), arctic lupine (Lupinus arcticus), 
Indian milkvetch (Astragalus aboriginum), pendant-pod locoweed (Oxytropis 
deflexa), stalked-pod locoweed (Oxytropis podocarpa), and silky locoweed 
(Oxytropis sericea). Abundance, percent cover, vigor and seed-head production 
were assessed annually. Pot trials (three replicated per species and treatment) 
were established concurrently with the field trial. Juvenile plants were harvested 
and examined in 1993 to evaluate inoculation success and nodule functioning. 
The data was arcsine transformed and analyzed with a Repeated Measures 
One-Way Analysis of Variance. The duration of the trial was three years (1992 - 
1994). 

Results Driving Conclusions: 

Seedling emergence began in the summer of 1992 and continued through the 
summer of 1993. Mean percent cover for each species increased slightly in 1993 
but increased dramatically during 1994. Percent cover in each year was highest 
for the —NI, +Nl, and +NNI treatments and lowest for the —NNI treatment. 



Legume cover and vigor remained good for the —NI (65%) and +NI (51%) 
treatments but declined for the +NNI (25%) and —NNI (10%) treatments in 1994 
and 1995. Percent cover was consistently highest on the -NI treatment during 
the study. Both between treatment and between year analyses were significant 
(p=0.05). The best performing species were Indian milkvetch (Astragalus 
aboriginum), alpine milkvetch (Astra ga/us alpinus), and silky locoweed (Oxytropis 
sericea). Initial performance of arctic lupine (Lupinus arcticus) was good but this 
species experienced high 1993/1 994 winter mortality. Inoculation success was 
highest for the inoculation treatments; however, functioning nodules were 
observed occasionally in the non-inoculated treatments. 



North Till Borrow Pit/Tailings Conifer Transplant 
Trial (QOC-RP-920202) 

Quintette Operating Corporation (1993 - 1995) and Smyth (1995 and 
1996) 

Objective: 

The post-mining land use objective for the tailings area involves the re-
establishment of wildlife habitat. Tree establishment is a prerequisite for this land 
use, but growing media suitability is a potential problem. Therefore, a 
transplant/material type trial was established in the fall of 1992. The purpose of 
the study was to determine the survival and growth of transplanted conifer 
species. 

Overview of Methods: 

A randomized complete block design with four species tamarack (Larix laricina), 
white spruce (Picea glauca), black spruce (Picea mariana) and lodgepole pine 
(Pinus contorta) was established in the North Till Borrow Pit. The experimental 
design consisted of three treatments (i.e., tailings, coarse refuse, and till) each 
containing three blocks with randomized rows of each species (10 
transplants/row). The transplant stock type was (1+0 seedling plugs). 
Transplant survival total height, annual growth increments, stem collar diameter, 
vigor and wildlife browse, were collected each year. Transplant survival data 
were analyzed using Survival Analysis while growth data was assessed 
graphically. The duration of the trial was 3 years (1992— 1995). 

Results Driving Conclusions: 

In 1994, mean survivorship was greatest for tamarack (95%) and lowest for black 
spruce (65%). Survivorship of lodgepole pine was greatest on coarse rejects but 
for all other species, till material was the best. Annual growth increments (height) 
in all species increased in 1995 over that of 1994, and were greatest for 
tamarack (82%). Annual growth increments were greater on till material. 
However, mean growth increments of lodgepole pine were greatest on coarse 
refuse (87%). 



Shikano South Dump Failure Conifer 
Transplant Trial (QOC-RP-920501) 

Quint ette Operating Corporation (1993 - 1995) and Smyth (1995 and 
1996) 

Objective: 
Successful survival and growth of conifer seedling transplants on Shikano mine 
disturbances is dependent upon proper establishment practices and an adequate 
amount of soil nutrients. Fertilizer is often added as a matter of practice in 
reforestation activities, but fertilizer formulation is important. The purpose of the 
transplant trial on the Shikano South Dump failure was to determine the 
appropriateness of fertilizer formulations on tree establishment and growth. 

Overview of Methods: 
A total of 500 white spruce (Picea glauca) and 500 lodgepole pine (Pinus 
contorta) were transplanted in a series of blocks (sets of rows). Each block 
contained at least one replicate er treatment (i.e., control [no fertilizer], 
AgriformTM  Tablet, or GrowmaxT  Packet). The tree species were systematically 
positioned within each row and spaced two metres apart. In 1992, a conifer 
fertilizer trial was set up on the Shikano South Dump slide area to assess 
species survival and growth on 'mud' material. Five hundred seedlings of white 
spruce (Picea glauca) and lodgepole pine (Pinus contorta) were transplanted into 
each of three treatment rows (control, GrowmaxTM, and AgriformTM). Treatments 
were assigned randomly to each row. Seedling survival and vigor was assessed 
in 1993, 1994, and 1995. Percent survival, total height, annual growth (height), 
annual growth increment (stem collar diameter) vigor and wildlife browse data 
were collected annually. Repeated Measures Analysis of Variance was 
performed on the growth measurements and survival analysis on species 
survival. The study was conducted for 4 years (1992 - 1996). 

Results Driving Conclusions: 
Initial survival was greatest with the control treatment (white spruce [Picea 
glauca] 90%, lodgepole pine [Pinus contorta] 99%) and lowest for the 
G rowmaxTM Packet treatment (white spruce [Picea glauca] 24%, lodgepole pine 
[Pinus contorta] 74%). In general, the survival of lodgepole pine (Pinus contorta) 
was greater than white spruce (Picea glauca). The poor initial survival of the 
fertilizer treatments was due to the confounding effects of fertilizer stress brought 
on by low soil moisture levels and a high clay content soil. The difference in 
survival between the Agriform TM  tablet and the GrowmaxTM  packet treatments is 
due, in part, to the difference in fertilizer formulations. The GrowmaxTM  packet 
has a formulation which is more readily available to the seedlings and therefore, 
the potential for nutrient stress is greater. 



In 1994, cumulative proportion surviving was low for all species and treatments. 
In each treatment, lodgepole pine had the highest survivorship while the control 
treatment was the best for both species and GrowmaxTM  the poorest. Fertilizer 
type, pH, 'soil' texture and protective cover were considered to be the important 
determinants of seedling survival. 



North Till Borrow Pit Tailings Toxicology Trial 
(QOC-RP-920201) 

Quintette Operating Corporation (1993 - 1995) and Smyth (1995 and 
1996) 

Objective: 

Several candidate grasses and legumes may accumulate certain metals when 
grown in coarse refuse or tailings materials. Therefore, a toxicology study was 
initiated in 1992 as part of the agronomic species selection process and permit 
compliance requirements. The purpose of the trial was to assess the 
metal/metalloid concentrations of selected grasses and legumes. 

Overview of Methods: 

Seven grasses and five legumes were selected based on a preliminary 
evaluation of species performance. Seed from these species (50 seeds per 
replicate) were sown in a replicated randomized block design on tailings, coarse 
refuse, and till. Individual species foliage (standing crop) samples were 
harvested in late August of 1993. Composite samples were created by pooling 
by species and material type (i.e., tailings, coarse refuse, and till). The pooled 
foliage samples were sent to Norwest Labs in Lethbridge for a 30-element ICP 
metal scan analysis. The duration of the trial was two years (1992 - 1993). 

Results Driving Conclusions: 

Comparison of the laboratory results with the published literature indicated that 
foliage metal levels did not appear to be problematic. However, creeping red 
fescue (Festuca rubra cv. Boreal) had high levels of cadmium, lithium (coarse 
refuse) and manganese (till) while redtop (Agrostis gigantea cv. Common) had 
high levels of lithium and manganese (till). All of the legumes had high levels of 
boron and molybdenum. Only three legume species had additional elemental 
problems. Alsike clover (Trifolium hybridum cv. Tetra) had an elevated level of 
zinc when grown in tailings and coarse refuse, cicer milkvetch (Astragalus cicer 
cv. Oxley) had an elevated levels of nickel when grown in coarse refuse while 
sainfoin (Onobrychis viciaefolia cv. Common) had an elevated level of selenium 
in tailings and coarse refuse. 



Conifer Plantation Growth Assessments 

Quintette Operating Corporation (1995 - 2000) 

Objective: 

The purpose of the research was to assess the growth of conifer transplants at 
low elevations at Quintette. 

Overview of Methods: 

A plantation of lodgepole pine (Pinus contorta) and white spruce (Picea glauca) 
were established at low elevation at QOC. Monitoring involved measuring 
height/growth measurements. 

Results Driving Conclusions: 

Data for conifer plantation growth assessments were collected for three years. 
Inspection of the data indicated that first year growth and survival rates were 
good. First year pine seedling growth averaged 19.6cm in 1997 and 19.5cm in 
1998, while first year spruce seedling growth averaged 20.8 cm in 1997 and 
23.9 cm in 1998. This may indicate that 1998 was a better year for the spruce 
seedlings with regard to first year leader growth primarily due to temperature and 
precipitation conditions. Analysis of 1998 conifer growth assessments compared 
to 1997 indicated that one year leader growth of spruce species was greater in 
1998, while one year leader growth of pine species was less in 1998. Therefore, 
1998 can be assumed to be a better growing year for spruce seedlings due to 
climatic variables. In 1998, stem diameters were measured and compared to 
stem diameters measured in 1999. Conifer seedling growth was monitored in the 
fall of 1999. Tree growth was lower in 1999. On average, the growing season in 
1999 was cooler and dryer than the previous years, which may have impeded 
conifer growth development. Future annual planting programs will assess 
seasonal mortality to ensure high survivorship. Should seasonal conditions or 
stock problems cause significant mortality, re-planting will occur. 



Coarse Refuse Conifer Fertilizer Trial (QOC- 
RP-950101) 

Quintette Operating Corporation (1996 - 1999) 

Objective: 

The purpose of the research was to evaluate the effectiveness of different 
fertilizer types on improving conifer growth. 

Overview of Methods: 

In 1995, a trial was established by a University of Northern British Columbia 
(UNBC) student (Nina Suutarinen) on the Coarse Refuse Stockpile Area. Three 
fertilizer types were applied: (1) BiosoITM pelleted organic fertilizer, (2) inorganic 
granular fertilizer and (3) foliar fertilizer. 

Results Driving Conclusions: 

Transplant survivorship was high for the monitoring period of 1995 - 1999. The 
most vigorous tree growth was for the BiosolTM  organic fertilizer plot although te 
evidence was not considered conclusive. 

Results comparison from 1996 to 1998 assessments indicated a total survival of 
all trees to be 92.9%. All vigor results on average were poor. The specific 
results for each plot are provided. 

Survivorship for Plot 1 (control) had a total survival of 93.1 %. Survival 
percentages were 94.4% and 91.7% for lodgepole pine (Pinus contorta) and 
interior spruce (Picea glauca), respectively. However, poorest growth for both 
pine and spruce was evident in this plot. Vigor results were the same for both 
species and 7 deaths occurred in 1998. Plot 2 (BiosolTM)  had the highest 
averages for both species, exhibiting greatest growth in both height and girth 
(lodgepole pine 3.74 mm, white spruce 2.30 mm). White spruce also had the 
most increase in average height. No deaths of either species occurred in this 
treatment during 1998. Vigor was found to be best in this plot even though it 
averaged to a fair rating. Plot 3 (foliar fertilizer treatment) had poor vigor but had 
only 1 death, a spruce this year. Plot 4 (inorganic treatment) results show that 
pine survival was the lowest at 83.3%. The death of a white spruce in 1998 
brought the total to 15 deaths in this plot. In general, third year survival results 



were good overall. Growth in height and girth on all species is low on this type of 
substrate. 

It is interesting to note that the BiosoITM  plot had the highest survival rate in 1998. 
In 1997, the Control plot had the highest survival rate. The three-year trend 
showed an overall drop in height and diameter growth. Poor vigor results in 1998 
were attributed to excessive frost events, which occurred during the season in 
combination with the severe conditions within the plot. 

In 1998, the trees in the BiosoITM  plot were outperformed all other treatments. 
This observation suggests that fungi presence is an important component of the 
substrate for increased tree growth. In 1998, the best media appeared to be 
BiosoITM with the untreated plot (control) the least effective. The results of 
species performance seem to indicate that BiosoITM  or a similar fungal treatment 
would be the best enhancement to add to the course refuse area on future tree 
plots. In comparing the tree species themselves, the 2+0 spruce had the most 
deaths occurring throughout the study. Based on the statistics presented, 2-
year-old spruce should not be planted in coarse reuse materials nor should 
copper treated lodgepole pine. 



1997 Quintette Operating Corporation 
Reclamation Review 

Smyth and Poriz (1997), Smyth and Bittman (1998) 

Objective: 

The purpose of the study was to review and assess the quality and extent of 
existing wildlife resource data and reclamation practices. 

Overview of Methods: 

The scope of the work performed included a review of existing information and 
maps for the Mesa/Wolverine and Shikano Mines and preparation of reports and 
maps. 

Pre- and post-disturbance capability assessments of the MesalWolverine and 
Shikano mines were completed and involved an extensive review of existing 
data, e.g., 1982 Stage II reports, 1985 wildlife telemetry inventory data, air 
photos and topographic maps. A review of reclamation permits, annual 
reclamation reports and ultimate mining plans was also undertaken. 

Results Driving Conclusions: 

Research Summary 

Site and growing media variability required Quintette to undertake a 
comprehensive reclamation research program in the 1980s. Six general 
categories of research were required: (1) site preparation, (2) species selection, 
(3) seeding rates, (4) seed mixes, (5) application methods and (6) fertilizer 
applications. Site preparation techniques were studied, and, as a result, 
operational practices such as harrowing, ripping and shaping were 'customized'. 
Agronomics were studied, and several are considered suitable for different 
locations and on material types. Agronomic grasses such as creeping red fescue 
(Festuca rubra cv. Boreal), sheep's fescue (cv. Common) and slender 
wheatgrass (Agropyron trachycaulum cv. Revenue) appear to be suitable for all 
locations while others have more site specific requirements. At present, the 
magnitude and frequency of viable seed production by these species at high 
elevations is not known. Agronomic legumes such as alfalfa (Medicago sativa 
cv. Garst), birdsfoot trefoil (Lotus corniculatus cv. Leo), cicer milkvetch 
(Astra ga/us cicercv. Common) and sainfoin (Onobrychis viciaefolia cv. Common) 
are suitable for the low and mid-elevation for the low and mid-elevation sites but 
do not persist at higher elevations. 



A large number of native species have demonstrated an ability to establish and 
persist. At low and mid-elevations, species such as wolf willow (Eleagnus 
commutata), lodgepole pine (Pinus contorta), balsam poplar (Popu/us 
balsarnifera), northern black currant (Ribes hudsonianurn), prickly rose (Rosa 
acicu/aris), and Mackenzie's willow have performed well while at high elevations, 
bearberry (Arctostaphylos uva ursi), scrub birch (Betula glandulosa), entire-
leaved mountain-avens (Dryas integrifolia), and arctic willow (Salix arctica) have 
shown promise. In addition, many native grasses, sedges and forbs such as 
common yarrow (Achillea rn/lie foliurn), Indian milkvetch (Astra ga/us aboriginurn), 
alpine milkvetch (Astraglaus alpinus), arctic poppy (Papaverpygrnaeurn), 
bearded wheatgrass (Agropyron caninum), alpine fescue (Festuca brachyphylla), 
and Patterson's bluegrass (Poa glauca) have excellent potential at high 
elevation. 

Also at high elevations, islands managed as foci for seed production and 
dispersal will function as sources of native species colonists and as components 
of wildlife habitat. Seed for these patches or 'islands' can be provided cost 
effectively if acquisition is balanced between the 'wild' populations and a 
multiplication area. 

As well, seeding rates of 75 kg/ha appear to be optimal in terms of initial erosion 
control and succession facilitation. This seeding rate does not impose 
restrictions on future 'biological space' occupancy. Seed mixes must be 
balanced in terms of ecosystem function such as spatial and temporal resource 
use. 

The fertilizer trials have demonstrated that a maintenance program in which 
application alternates every other year is appropriate for inorganic granular 
fertilizer. However, various formulations of organic-based fertilizers may provide 
benefits in terms of reduced application frequency. The use of liquid fertilizer 
may also be beneficial and cost effective. 

Land Capability Assessment 

A total of twenty-six different bioterrain classes was categorized within the study 
area based on surf icial materials, slope and aspect. Twenty-five were grouped 
for the pre-mining landscape and 24 for the post-mining landscape. The Shikano 
mine and associated plantsite facilities have a number of landforms, each with a 
wide range in land capability. The post-mining landscape will have similar 
features. The pre-mining landscape was dominated by level to gentle slopes of 
morainal and colluvial materials with high land capability. The post-mining 
landsape will have a slightly increased amount of high land capability area, but 
this increase will be due to an increase in colluvium or waste rock materials. The 
area of moderate land capability will decrease foloowing mining and reclamation 
while low land capability will increase. The area of very low land capability will 



decrease. Due to the increased amount exposed bedrock, the area with no land 
capability on Sheriff and Frame Mountains will increase. 

The spoil dump platform landscapes consist of a variety of high to moderate land 
capability subunits. The number and size of the subunits depends on site 
preparation techniques such as land-shaping and deep ripping. The spoil dump 
slope landscape unit consists of moderate to low land capability subunits. Waste 
material management, aspect and slope position determines land capability 
within this landscape units. South-facing slopes and the toes of the slopes will 
have low land capability. The highwalls will have low to nil land capability. 
However, these areas will provide important habitat components for mountain 
goats. The land capability of pit floors will be highly variable. Inpit dump 
platforms and slopes will have similar land capabilities to those of the spoil 
dumps whereas areas left uncovered will have no land capability. Haul roads 
within the pit will have land capabilities that range from very low to moderate 
depending on material type and depth. The water containment structures will 
have high to moderate land capability as will most of the main access / haulroad. 
The upper elevation of the access road will likely have moderate land capability. 

Wildlife Habitat Suitability 

The reclamation program initiated during the 1980s was evaluated with respect 
to wildlife habitat re-creation. The evaluation involved comparative analysis of 
the habitat suitability for both the pre- and post-mining landscapes. Wildlife 
habitat is not created instantaneously, and therefore, the evaluation was based 
on anticipated or projected performance over a period of several years or 
decades. 

Habitat suitability assessment procedures measure the success of a reclaimed 
habitat to provide food and/or cover for selected wildlife species. Habitat 
Suitability Index (HSI) models for each of the selected target wildlife species 
were used to calculate Habitat Units (HUs), values which measure habitat 
availability in terms of quality and quantity. 

In the Shikano / Plantsite area, habitat suitability indices were calculated for elk 
and moose while suitability indices were calculated for caribou and mountain 
goats in the Mesa / Wolverine area. The habitat suitability values were then 
assigned to a set of 5 classes. 

In the Shikano / Plantsite area, habitat suitability indices were calculated for elk 
and moose while suitability indices were calculated for caribou and mountain 
goats in the Mesa / Wolverine area. In the Shikano / Plantsite area, the 
proportion non-viable habitat for the targeted ungulates increases slightly while 
marginal and viable habitat decreases. Highly viable habitat increases by 
marginally while optimal habitat decreases. In the Mesa / Wolverine area, the 
proportion non-viable habitat for the targeted ungulates decreases while marginal 



habitat increases slightly. Viable habitat decreases slightly. Optimal habitat 
decreases. 

The changes in habitat suitability before and after mining are attributed to the 
altered landforms created by mining and the resultant effects upon land capability 
and wildlife habitat . Specifically, changes in terrain and surf icial materials, 
aspect, vegetation types and water accessibility all contribute to the altered 
wildlife habitat suitability of the post-mining landscape. 

Where limitations exist in the suitability of the post-mining landscape to provide 
habitat for targeted wildlife species, could be overcome by performing the 
following tasks: (1) topographic modifications, (2) applying finer-textured 
coversoil, (2) creating special features, (3) integrating habitat features and (4) 
increasing forage production. Salting may also improve habitat suitability for 
some species. 



Environmental Impact Statement for Soils, 
Vegetation and Wildlife, and Reclamation 
Planning for the Babcock Mountain Project 

Smyth et al. (1997) 

Objective: 

The main objectives of this report were (1) to assess the soils, vegetation and 
wildlife resources of the proposed development area, (2) to identify 
environmental impacts and (3) to provide background information for conceptual 
reclamation planning. 

Overview of Methods: 

The methods included: (1) a review of existing data, studies, reports and local 
information within the study area, (2) the collection and analysis of field data, (3) 
a review appropriate professional publications, (4) consultations with private 
industry and government professionals and (5) report preparation and 
submission. 

Results Driving Conclusions: 

The Babcock Mountain development will cause the temporary loss of several 
hectares of Alpine Tundra (AT) and Engelmann Spruce - Subalpine Fir 
(ESSFmv) vegetation. Based on the ungulate biophysical capability classification 
ratings, the proposed development of the north side of Babcock Mountain will 
disturb "summer" (spring, summer, fall) Class 4 habitat for caribou and mountain 
goat and Class 5 "summer" range for moose, elk and mule deer. The temporary 
loss of ungulate habitat will be mitigated by the reclamation program. 

The objectives of the reclamation plan are to re-create diverse habitat for 
targeted wildlife species. The prescriptions and methods employed will ensure 
that mining is a temporary land-use. 

The Conceptual Reclamation Plan for the Babcock Mine is developed upon the 
foundation of reclamation practices undertaken by Quintette Operating 
Corporation at their existing operations over a 15-year period. The plan has three 
conceptual phases: (1) pre-development (timber and topsoil and/or overburden 
salvage), (2) site reclamation (land-shaping, seeding and fertilizing) and (3) post-
operational reclamation land management (aftercare). 

Eight post-mining reclamation landscape management units are designated as 
part of the conceptual reclamation plan: (1) north- to northeast-facing highwalls, 



(2) southwest-facing highwalls, (3) pit floors, (4) waste rock spoil platforms, (5) 
topsoiled dump platforms, (6) spoil dump slopes, (7) water containment 
structures and (8) the main haul road. Management practices differ within each 
unit. 

Babcock Mountain has a number of landforms, each with a wide range in land 
capability. The post-mining landscape will have similar features. The spoil dump 
platform landscape management unit will consist of a variety of high to moderate 
land capability subunits. The topsoiled dump platform landscape unit will include 
both high and moderate land capability areas. The spoil dump slope landscape 
unit will consist of moderate to low land capability subunits. The highwalls will 
have low to nil land capability. However, these areas will provide important 
habitat components for mountain goats. The land capability of pit floors will be 
highly variable. In-pit dump platforms and slopes will have similar land 
capabilities to those of the spoil dumps whereas areas left uncovered will have 
no land capability. Haul roads within the pit will have land capabilities that range 
from very low to moderate depending on material type and depth. The water 
containment structures will have high to moderate land capability as will most of 
the main haul road. The upper elevation of the access road will likely have 
moderate land capability. 

Wildlife habitat capability ratings for the post-mining landscape management 
units were also determined. The north to north-east facing highwall landscape 
management unit will have moderate habitat capability for mountain goats, 
golden-mantled ground squirrels, hoary marmots and bushy-tailed wood rats 
whereas the southwest-facing highwall will have slightly less habitat capability for 
the same species. The pit floor landscape management unit will have moderate 
to high habitat capability for mountain goats, golden-mantled ground squirrels, 
hoary marmots and bushy-tailed wood rats and moderate habitat capability for 
wolverines and grizzly bears. The non-topsoiled spoil dump platforms will have 
moderate to high habitat capability for mountain goats and moderate capability 
for grizzly bears and horned larks. The topsoiled spoil dump platforms will have 
moderate to high habitat capability for caribou, mountain goats, mule deer, 
golden-mantled ground squirrels, wolverines, grizzly bears, horned larks and 
ptarmigan. The spoil dump slopes will have moderate habitat capability for 
caribou, mountain goats, wolverines, grizzly bears and high capability for golden-
mantled ground squirrels, hoary marmots and bushy-tailed wood rats. The water 
containment structure landscape unit will provide moderate to high habitat 
capability for mule deer, black bears, grizzly bears and ravens. The main haul 
road landscape unit will provide moderate habitat capability for mule deer, black 
bears, grizzly bears and ravens. 

As proposed by Quintette Operating Corporation, active and passive 
revegetation with native species is an essential component of the reclamation 
program. 



Review of Operational Native Species List 

Smyt/7 (2000) 

Objective: 

The purpose of the project was to review the operational native species list for 
Quintette Operating Corporation. 

Overview of Methods: 

The criteria used to evaluate the species on the list were ecosystem restoration 
function, end land-use objectives, size of species population, access to species 
populations, ease of collection of propagules, and method of establishment. 

Results Driving Conclusions: 

In general, the current operational native species list is appropriate. However, 
some deletions, additions and/or replacements can be made. Several 
recommendations are proposed as part of the review. 

The high-elevation grass species Altai fescue (Festuca altaica) should be 
replaced with alpine fescue. "Islands" patches of black huckleberry should be 
established in suitable habitats at higher elevations while large patches of alpine 
sweetvetch (Hedysarum mackenzieii) should be established on the fine-textured 
substrates on Babcock Mountain. Transplanting of grasses should be 
discontinued if adequate vesicular arbuscular mycorrhizae (VAM) inoculum can 
be purchased to broadcast on the "islands" or patches. Direct seeding of the 
native legumes may be possible but this will depend on the presence of 
adequate and appropriate in situ inoculum within the waste rock or minesoil at a 
particular location. Substitution of wolf-willow (Cornus stolonifera) with red 
raspberry (Rubus idaeus), prickly rose (Rosa acicularis) or swamp currant (Ribes 
lacustre) is permissible at low- to mid-elevations. All seedlings that have 
symbiotic relationships must be inoculated either in the greenhouse or via the 
use of inoculum pellets during the transplanting process. 

"Island" establishment at lower elevations should be based on wildlife habitat 
requirements of species composition, habitat structure, shape, size and 
adjacency while high-elevation islands should be established on the basis of 
ecological integrity of the "island", seed dispersal distances, inoculation potential 
as well as wildlife habitat re-creation criteria. 



2001 Vegetation Metals Uptake Assessment 

Smyth (2002) 

Objective: 

The objective of the metals uptake monitoring program in 2001, as in previous 
reporting years (i.e., 1994, 1996, 1999, and 2000), was to determine the amount 
of metals contained in a select number of agronomic and native species on 
reclaimed disturbances at Quintette Operating Corporation. 

Overview of Methods: 

Twenty individual plants per species were selected randomly and sampled. The 
aboveground tissues of the forbs and grasses were clipped entirely and placed in 
labeled paper bags, thereby providing composite samples for each species and 
growth material type. For the woody species, several branches and leaves from 
individual plants were clipped and placed in paper bags. Only the current year's 
growth was sampled in the case of the woody species. Some of the species 
sampled in previous years, were not sampled because the number of individuals 
was too low to meet minimum composite sample weight requirements for 
laboratory analysis or the plants were diseased and the correct interpretation of 
the laboratory analyses would have been difficult. 

The samples were brought to the lab from the field where they were taken from 
the paper sample bags, rinsed with de-ionized water, dried at room temperature 
and then placed in clean labeled paper bags. The samples were then sent to an 
analytical lab for a 25 element ICP metal scan analysis. Identical or similar 
procedures were followed in previous years. 

Results Driving Conclusions: 

Elevated and/or phytotoxic levels of cadmium, chromium, nickel and selenium 
have been recorded in each of the reporting years to date. Sampling from 1994 
to 2001 has shown that legume species, particularly cicer milkvetch (Astragalus 
cicer), white clover (Trifolium repens) and sainfoin (Onobrychis viciaefolia), have 
the potential to assimilate elevated or occasionally phytotoxic levels of selenium. 
Nickel may be present in elevated or phytotoxic levels in some of the grasses 
and legumes while chromium may be present in elevated levels in some grass 
species. However, what is most notable are the relatively consistent elevated 
levels of cadmium and nickel in the native woody species such as Drummond's 
willow (Salix drumonndii), shinny willow (Salix lucida), 



balsam poplar (Populus balsamifera), red-osie r dogwood (Cornus stolonifera), 
and trembling aspen (Populus tremuloides). 

In general, results indicate that there is an inadequate understanding of the 
baseline or background levels of elements in the area. In particular, several 
native species have elevated values for plants growing not only on coarse refuse 
and tailings but also on till. This would suggest that high values are present in 
the same species growing in non-mined areas. 



Assessment of Operational Waste Dump 
Resloping at Quintette Operating Corporation 

Smyth (2000) 

Objective: 

Site preparation techniques prior to revegetation at Quintette include crest 
pushing and rounding, partial resloping, and full resloping. The reclamation code 
in British Columbia provides standards for reclamation and revegetation. Mining 
companies must develop and implement their own reclamation plans and ensure 
that their operational practices comply with the provincial regulatory code. 
Therefore, a monitoring program was initiated that would evaluate the 
reclamation success of the site preparation and revegetation practices in the 
Mesa and Wolverine areas at Quintette. The purpose of the monitoring study 
was to collect and analyze vegetation establishment data on (1) full resloped, (2) 
partial resloped and (3) angle-of-repose waste rock dumps. 

Overview of Methods: 

A total of 138 sample plots were established along 20 transects on 
Mesa/Wolverine waste dumps during August and September, 2000. The study 
design incorporated site preparation (resloping, partial resloping, angle-of-repose 
[control]), aspect (warm and cool slopes) and slope position as the treatment 
factors. The number of samples per transect varied with sloped length. A variety 
of dependent response variables were sampled at each replicate. Qualitative 
assessments of other sites were completed as well to extend the application of 
the results. 

Comprehensive site descriptions were completed for each sample location. Soil 
samples were collected at several transects. The vegetation data collected at 
each of the replicates included percent cover (by species), total cover, height, 
distribution, vigor and percent seed heads by species. Wildlife utilization was 
recorded. 

Results Driving Conclusions: 

The results of the assessment indicate that vegetation establishment is greatest 
on the partial resloped and level areas. Slope angle and percentage rock 
surface correlate with vegetation cover. Within the treatments, vegetation cover 



is greatest on crest and level slope positions. Slope aspect does not appear to 
influence vegetation establishment and persistence. Vegetation cover is related 
to the amount of "biological space" or surface area of mineral soil. The surface 
area of mineral soil was greatest on partial resloped and level areas. Creeping 
red fescue (Festuca rubra cv. Boreal), Nakiska sheep's fescue (Festuca ovina cv. 
Nakiska), slender wheat grass (Agropyron trachycaulum cv. Revenue), timothy 
(Phleum pratense cv. Climax) and alpine bluegrass (Poa alp/na) were the best 
performing reclamation species. Sexual reproduction and seedling recruitment 
that are important for the establishment of a self-sustaining vegetation cover 
were highest for Nakiska sheep's fescue (Festuca ovina cv. Nakiska) and alpine 
bluegrass (Poa alpina). Creeping red fescue (Festuca rubra cv. Boreal) 
appeared to be maintaining itself via vegetative (asexual) reproduction. Standing 
crop production is variable but greatest on partial resloped and level treatments. 



Quintette Operating Corporation: An 
Assessment of Dozer Reclamation Operations 

Quiritette Operating Corporation (2002) 

Objective: 
The purpose of the assessment was to track dozer productivity for various 
reclamation operations for closure. 
Overview of Methods: 
A dozer productivity assessment for various reclamation operations was 
undertaken to provide information that could be used in estimating future mine 
closure reclamation costs and liabilities. Reclamation operations utilized a fleet 
of ten Caterpillar DION dozers. Bulldozers logged over 29,000 operating hours of 
property-wide reclamation activities on 1141 ha of disturbance. Dozer 
productivity was tracked separately for several reclamation prescriptions so that 
existing reclamation costing models could be refined. Detailed tracking was 
undertaken between August 2000 and September 2001. 

Results Driving Conclusions: 
The information collected represents operating hours for general site preparation 
of platforms, roads and pit floors, crest rounding of waste dumps, and full and 
partial waste dump resloping. 
Productivity averaged 37 operating hours per hectare (ha) reclaimed. General 
site preparation averaged 32 operating hours/ha reclaimed. Platform cross 
ripping averaged 7 operating hours/ha. Prescriptions on waste rock dumps 
included crest rounding, full, and partial resloping to a maximum slope angle of 
26.5 degrees. Crest rounding was primarily applied to dumps greater than 100 m 
in height in the Mesa pit. A 25 m crest rounding averaged 34 operating hours/ha. 
In the Babcock and Mesa pit areas partial resloping down to 50% of the dump 
height was practiced on various dump heights between 60 m and 200 m. Dumps 
between 100 m and 200 m in height required an average of 242 operating 
hours/ha and dumps from 60 m to 100 m required 86 operating hours/ha. Full 
resloping of waste dumps (100% of the dump height) was practiced in all three 
mine areas on waste dumps less than 60 m in height. Dumps less than 30 m 
required 52 operating hours/ha to fully reslope whereas dumps up to 60 m 
required 93 operating hours/ha. Full resloping of dumps up to about 45 m in 
height was an effective method to balance costs and achievement of reclamation 
landforms. A combination of sloping cut and horizontal cut resloping techniques 
were required to efficiently reslope high waste dumps. Both methods proved to 
have several advantages and disadvantages depending on the dump height, 
equipment used and location. Equipment, operator skill and experience, 
weather, daylight hours, material density and fragment sire, and the reclamation 
method used all are factors required in predicted dozer productivity. The actual 
DION dozer cost per operating hour was $140.00, a value that was 41% higher 
than anticipated. 



Rhizobium Inoculum Potential within Growth 
Media at Quintette Operating Corporation - 
Preliminary Evaluation 

Smyth (2002) 

Objective: 

Quintette Operating Corporation (QOC) has contracted a local nursery to 
produce inoculated seedlings for mine reclamation. The purpose of the study 
was to evaluate inoculation success in the seedlings produced by the nursery. 

Overview of Methods: 

Plant growth (vigor) was assessed qualitatively prior to actinorrhizal, mycorrhizal, 
and Rhizobia inoculation assessment. Plants were removed from the Spencer-
LemairelM containers and rinsed to remove any adhering growth media. The 
data recorded was as follows: number nodulated, nodule location and plant 
growth. Distribution codes of were used to classify species nodulation. No 
attempt was made to identify the strain of Rhizobia. 

Plants were assessed for mycorrhizal inoculation following growth/vigor and 
Rhizobium inoculation assessment. Root segments, 1-5 cm long, were removed 
from each plant and washed with distilled water, cleared, stained and mounted in 
glycerine jelly. All samples were then examined with a compound microscope to 
indicate percentage of fungal infection. 

Wolf willow (Elaeagnus commutata) seedlings were removed from the Spencer-
LemaireTM containers and rinsed to remove any adhering growth media and 
examine macroscopically. 

Results Driving Conclusions: 

Rhizobium inoculation and mycorhizal infection of the native legume seedlings 
varied with seedling size and possibly seedling age. Silky locoweed (Oxytropis 
sericea) and showy locoweed (Oxytropis splendens) were the best inoculated 
while stalked-pod crazyweed (Oxytropis podocarpa) was the poorest. Alpine 
milkvetch (Astragalus alpinus) and American hedysarum (Hedysarum alpinum) 
were similar in their inoculation extent. The seedlings of wolf willow (Elaeagnus 
commutata) were infected by an actinorhizal symbiont. 



Based on the results presented, an increase in the amount of soil inoculum 
mixed with the growth medium as well as better mixing of the soil inoculum with 
the growth medium appears necessary. 

1' 



Native Is land Assessments 

Sharman and Smyth (2002) and Smyth (2002, 2004, 2006, and 2009) 

Objective: 

Quintette Operating Corporation's reclamation permit C-156 states "... native 
species islands in the Mesa / Wolverine area shall be established and the land 
revegetated to either a self-sustaining state or to a state where the ecological 
succession of native species islands will lead to achievement of the approved 
land-use capability within 20 years." The purpose of the monitoring program was 
to collect native island functioning and expansion data and report on the success 
of the program. 

Overview of Methods: 

The function and expansion of native islands were sampled from 2001 - 2007. A 
total of 57 islands were sampled in 2001. In 2003, 34 islands were added to the 
original assessment for a total of 91 sample sites. In 2005, 138 islands (an 
additional 47) were sampled, and in 2007, a total of 255 (an additional 117) 
native islands were sampled. Islands representing a range of establishment 
years were selected. Data describing species cover and species richness as 
well as island status/functioning and expansion were collected. In 2001, detailed 
transect sampling and more qualitative reconnaissance sampling was completed. 
However, the sampling program was reviewed following the 2001 field sampling 
program as it was determined that the sampling effort was best spent on more 
spatially extensive reconnaissance sampling rather than the detailed transect 
sampling. 

In 2003 and in subsequent years, qualitative plot assessments of biotic and 
abiotic conditions of the islands and their expansion were undertaken. Range 
expansion was determined with the aid of range finder binoculars. The 
vegetation data collected at each island included species percent cover, vigor, 
reproductive activity (flowers and seed heads) and wildlife utilization. 

Results Driving Conclusions: 

Several islands were observed to be expanding over the years but the majority of 
the islands were not increasing significantly in areal extent. The islands that are 
expanding at greater rates are doing so because of the good initial establishment 
and the subsequent recruitment of species with high expansion capacity. The 
rate of island expansion is also related to abiotic site conditions such as 
exposure and mineral soil quality as well as biotic-controlled conditions such as 
the availability of biological space for seedling recruitment. The islands that had 



been established recently via direct seeding, apart from the lack of shrub 
species, appeared to be functioning at a much higher level. 

Most of the species established are persisting but some are more efficient than 
others at expanding their ranges. The most efficient species at range expansion 
are alpine bluegrass (Poa alpina), Bering's chickweed (Cerastium beeringianum), 
boreal sandwort (Minuartia rubella), purple-flowered milkvetch (Astragalus 
agrestis), elegant hawkweed (Crepis nana), Rocky Mountain fescue (Festuca 
brachyphylla), timberline bluegrass (Poa glauca), and showy locoweed 
(Oxytropis splendens). 

In 2001, mean expansion of the islands established in 1992 was 88 m while the 
maximum expansion distance in 2007 was 615 m. Expansion remains greatest 
at the islands established in 1992 and 1994. Island expansion and satellite 
establishment is still low in many areas. Wind dispersal has, until this point, been 
the dominant seed dispersal mechanism but evidence of animal dispersal is 
increasing. Signs of heavy grazing pressure on native species in the islands 
were noted in 2007. A decrease in seed head production was observed and 
attributed to grazing by ungulates and marmots. 

In 2007, colonization of reclaimed sites from remnant undisturbed populations 
were still restricted to areas of the Wolverine North Dumps, the Whalesback and 
the P2 1765 dump. The majority of the remnant populations in the Mesa and 
Wolverine areas do not appear to contain species that are suitable as early seral 
colonizing species. Therefore, the importance of the native islands in the natural 
recovery process at the high-elevation disturbances at QOC remains high. 

As indicated in previous monitoring years, there are positive results in terms of 
island persistence and expansion but many islands need remedial attention. 



2002 Reclamation Monitoring Assessment - 
Quintette Operating Corporation 

Smyth (2003) 

Objective: 

Quintette Operating Corporation has as a requirement of Reclamation Permit C-
156, the objective measurement of reclamation success. The purpose of the 
monitoring program is to document the performance or ecosystem development 
(primary succession) of the reclaimed post-mining landscape. 

Overview of Methods: 

The focus of the program was to identify trends or patterns in a variety of 
ecosystem related parameters with particular attention to ecosystem structure 
and function. The sampling program was based on subjective placement of 
samples within the polygons classified in 1997. Using the Ecosystem Working 
Group of the Terrestrial Ecosystems Task Force, Resource Inventory Committee 
survey intensity level of 4 as a guideline, 58 to 96 polygons were identified for 
sampling. The polygons were chosen so that a representative range of site 
conditions on the property will be monitored. Polygon selection criteria included 
land capability class, slope, slope position, aspect, elevation, landform, parent 
material, management treatments, age, proximity to undisturbed areas, 
relationship to water quality monitoring stations and wildlife habitat requirements. 
In cases where environmental conditions within the polygon were highly variable, 
e.g., long slopes or undulating terrain, several samples were required. 

The duration of the proposed monitoring program is estimated at 8 to 12 years 
for low elevation and 20 years for high elevation (Mesa/Wolve rifle and Babcock). 
The timing of sampling for most parameters is once every 2 years. Sampling 
intervals may be increased depending upon system response in later part of the 
monitoring program. It is proposed that 25 percent of the polygons selected for 
monitoring will be monitored in detail using transects with the remaining 75 
percent being evaluated at the reconnaissance level using quadrats. 

Results Driving Conclusions: 

Thirty-eight samples were established during August of 2002. Siltstones and 
mudstones dominated coarse fragment lithology of the developing minesoils. 
Sandstones, shales and conglomerates have site-specific importance. The 
developing minesoils typically had sandy to loamy sand textures and moderate to 
high coarse fragment contents. Erosion was moderate to high in areas where the 
slopes were at angle of repose or where till had been placed on slopes. 



Soil reaction was generally around pH 8.0 although there were some acidic 
minesoils in the Wolverine and Babcock areas. Litter cover and depth generally 
were high on the older sites, particularly in the Shikano and Plantsite areas and 
lower on the more youthful sites. Evidence of humification, i.e., soil color 
changes, was common on many of the older sites. 

Rooting abundance was rated as few for most sites while rooting depth did not 
exceed 20 cm. The presence of soil organisms was variable. Ectomycorrhizal 
infection was low while rhizobial infections varied depending on the presence of 
legumes in the seed mix. Soil fauna were more common on more mature 
reclaimed sites. Scavengers were the dominant soil fauna functional group at 
the high-elevation reclaimed sites while herbivores and detritivores were 
common groups at lower elevation. Pollinators were common in forb-dominated 
reclaimed sites. 

A total of 67 plant species were observed within the samples, i.e., 4 trees, 4 
shrubs, 23 grasses, 35 forbs and 1 moss. Vegetation cover varied with location 
and age. Vegetation cover, in general, was higher at lower elevations in 
comparison to high-elevation sites although there were exceptions in the 
Babcock and Wolverine. Ecological diversity was low at most sites. Standing 
crop production and therefore, potential forage production, was high at most 
sites. 
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APPENDIX VIII- SUMMARIES OF ELK VALLEY 
RECLAMATION RESEARCH REPORTS/STUDIES 





Appendix VIII - Elk Valley Studies List 

Fording River Operations 
Study/Report Title Source/Author 

1 	FC-1-69  Effect of Fertilizer on Forage Productivity and Cominco Limited 
Quality on Mesic Grassland on Turnbull Mtn. 

2 	FC-2-69  General Survey of Natural Soil and Vegetation Cominco Limited 
Fording Valley 

3 	FC-1-70  Growth Chamber Evaluation of Waste Rock as a Cominco Limited 
Growth Medium for Plants 

4 	FC-2-70  Effect of Fertilizer on Yield and Quality of Alpine Cominco Limited 
Grassland Forage 

5 	FC-3-70  Adaptability of Grass and Legume Species to Cominco Limited 
Fording River Valley Climate Conditions 

6 	FC-1- Stabilization and Erosion Control of Road Cominco Limited 
71.1 Embankments - Grass Legume Evaluation 

7 	FC-1- Stabilization and Erosion Control of Road Cominco Limited 
71.2 Embankments - Hydroseeding Techniques and 

Materials 

8 	FC-1- Stabilization and Erosion Control of Road Cominco Limited 
71.3 Embankments - Maintenance Fertilizer 

Requirements 

9 	FC-6-72  In Situ Evaluation of Grass and Legume Species Cominco Limited 
.1 and Seeding Techniques for Revegetation of Plant 

Site and Associated Disturbed Surf icial Glacial 
Deposits 

10 	FC-6-72  In Situ Evaluation of Grass and Legume Species Cominco Limited 
.2 

and Seeding Techniques for Revegetation of Plant 
Site and Associated Disturbed Surf icial Glacial 
Deposits 

Fc-6-72 In Situ Evaluation of Grass and Legume Species Cominco Limited 
and Seeding Techniques for Revegetation of Plant 
Site and Associated Disturbed Surf icial Glacial 
Deposits 

12 	FC-1- Survival and Growth of Coniferous Tree Species Cominco Limited 
73.1 

on Waste Rock- Nursery Production of Conifer 
Seedlings 

13 	FC-1- Survival and Growth of Coniferous Tree Species Cominco Limited 
73.2 on Waste Rock - In Situ Evaluation of Conifer 

Species 



14 FC-1- 	Survival and Growth of Coniferous Tree Species 	Cominco Limited 
on Waste Rock - Germination, Survival and Growth 
of Conifers Seeded Directly on Waste Rock Dumps 

15 FC-2- 	Survival of Native and Introduced Shrub Species 	Cominco Limited 
73.1 	

on Waste Rock - Nursery Propagation of Trembling 
Aspen from Hardwood Cuttings 

16 FC-2- 	Survival of Native and Introduced Shrub Species 	Cominco Limited 
73.2 	

on Waste Rock- Propagation of Trembling Aspen 
from Root Cuttings 

17 FC-2- 	Survival of Native and Introduced Shrub Species 	Cominco Limited 
73:3 	on Waste Rock 

18 FC-3- 	Introduced Deciduous Tree and Shrub Species for Cominco Limited 
73.1 	

Revegetation of Waste Dumps - In Situ Evaluation 
of Arnot Bristly Locust on Waster Rock Dumps 

19 FC-3- 	Survival of Native and Hybrid Poplar on Waste 	Cominco Limited 
73:2 	Rock 

20 FC-3- 	Introduced Deciduous Tree and Shrub Species for 
Revegetation of Waste Dumps - In Situ Evaluation 
of European Alder and Black-tocust on Waster - 
Rock Dumps 

21 FC-4-73  Chemical and Physical Properties of Mines and 
Mine Waste 

Cominco Limited 

Cominco Limited 

22 FC-5- 	Effect of Seedlings Rates, Fertilizer Program and 	Cominco Limited 
73.1 	

Elevation on Establishment and Growth of Grass 
and Legume Mixtures Seeded on Waste Rock 

23 FC-5- 	Effect of Seedlings Rates, Fertilizer Program and 	Cominco Limited 
73:2 	

Elevation on Establishment and Growth of Grass 
and Legume Species Seeded Individually on 
Waste Rock 

24 FC-5- 	Effect of Seeding Rate and Fertilizer Program on 	Cominco Limited 
73:3 	

Establishment and Growth of a Grass-Legume 
Mixture Seeded on Waste Rock 

25 FC-5- 	Effect of Seeding Date, Seeding Rate and Fertilizer Cominco Limited 
73.4 	

Program on Establishment and Growth of a Grass- 
Legume Mixture Seeded on Waste Rock 

26 FC-6-73  Growth Chamber Evaluation of Preparation Plant 	Cominco Limited 
Coarse Refuse and Tailings as a Growth Medium 
for Plants - Plant Nutrients Limiting Growth 



27 FC-1-77  Effect of Seeding Rates and Incorporation on 	Cominco Limited 
Establishment of Four Legume-Grass Mixtures on 
Waste Rock and Glacial Till 

28 FC-2-77  Effect of Amount and Frequency of Phosphorus 	Cominco Limited 
Application on Establishment, Growth and 
Phosphorus Use Efficiency of Legume-Dominated 
Vegetation on Waste Rock and Glacial Till 

29 FC-3-77  Effect of Amount and Frequency of Potassium 	Cominco Limited 
Application on Establishment, Growth and 
Potassium Use Efficiency of Legume-Dominated 
Vegetation Grown on Waste Rock and Glacial Till 

30 FC-4-77  Effect of Seeding Date on Establishment of Native Cominco Limited 
and Introduced Nitrogen-Fixing Plant Species on 
Waste Rock and Glacial Till Overburden 

31 FC-5-77  Effect of Slope Angle, Aspect and Surface Material Cominco Limited 
on Establishment of a Grass Legume Mixture on 
Waste Dump Slopes 

32 FC-6-77  Survival of Lodgepole Pine Planted on Waste Rock Cominco Limited 
and Glacial Till Overburden Covering Waste Rock 

33 FC-1-78  Germination of Native and Commercially Available Cominco Limited 
Plant Species Collected at High Elevation at 
Fording Coal 

34 FC-2-78  Effect of Legume Seeding Rates and Grass 	Cominco Limited 
Competition on Establishment and Growth of Four 
Legume Species Seeded in Fall on High Elevation 
Waste Rock 

35 FC-1-79  Establishment and Survival of Introduced and 	Cominco Limited 
Native Plant Species on High Elevation West Rock 
Slopes 

36 FC-2-79  Effect of Amount and Frequency of Phosphorus 	Cominco Limited 
Application on Establishment and Long-Term 
Survival of Legume- Dominated Vegetation on 
High Elevation Waste Rock 

37 FC-3-79  Effect of Amounts and Frequency of Potassium 	Cominco Limited 
Application on Establishment and Long-Term 
Survival of Legume-Dominated Vegetation on High 
Elevation Waste Rock 



38 FC-4-79  Survival and Growth of Tree and Shrub Species on Cominco Limited 
Revegetated Greenhills Mine Waste - Effect of 
Phosphorus Fertilizer 

39 FC-5-79  Survival and Growth of Tree and Shrub Species on Cominco Limited 
Revegetated Greenhills Mine Waste - Effect of 
Legume Competition 

40 FC-679  Survival and Growth of Tree and Shrub Species on Cominco Limited 
Revegetated Greenhills Mine Waste - Effect of 
Competition 

41 FC-1-80  Alternative Planting Sequences for Establishing 	Cominco Limited 
Tree and Shrub Species on Revegetated Mine 
Waste 

42 FC-2-80  Survival and Growth of Indigenous Woody Plants 	Cominco Limited 
Suitable for Commercial Forest and Wildlife Habitat 
Rehabilitation on Waste Rock 

43 FC-4-80  Alfalfa Variety Comparison of High Elevation Mine Cominco Limited 
Waste at Fording Coal 

44 FC-2-81  Effect of Growth Medium on Grass-Legumes 	Cominco Limited 
Vegetation on Coarse Reject Disposal Area Slopes 

45 FC-1-82  Establishment of Commercial Forest Species on 	Cominco Limited 
Mine Waste Revegetated with Grass and Legumes 

46 FC-2-82  Establishment of Commercial Forest Species on 	Cominco Limited 
Mine Waste Revegetated with Grass and 
Legumes-Alternate Techniques for Minimizing 
Herbaceous Competition 

47 FC-3-82  Techniques for Supplying Plant Nutrients to 	Cominco Limited 
Conifer Seedlings Planted on Mine Waste 

48 FC-4-82  Combined Conifer-N Fixing Species Planting as a 	Cominco Limited 
Technique for Revegetating High Elevation Waste 
Rock Dumps 

49 FC-1-83  Conifer Establishment on Revegetated Turnbull 	Cominco Limited 
Waste Rock Slopes 

50 FC-2-83  Alternative Seeding Plantations- Herbicide 	Cominco Limited 
Application Sequences for Vegetation Control in 
Conifer Plantations on Revegetated Mine Waste 

51 FC-2-83  Pre-planting Herbicide Application for Conifer 	Cominco Limited 
M 	Establishment on Revegetated Mine Waste 

52 FC-1-84  Assessing Establishment of Conifer-Legume 	Cominco Limited 
Vegetation on Low Elevation Waste Rock Dumps 



53 FC-1-85  Regeneration Performance Assessment of Natural Cominco Limited 
Engelmann Spruce and Lodgepole Pine at Fording 
Coal 

54 FC-2-85 	Assessment of Elk Winter Range Productivity Cominco Limited 

55 FC-3-85 	Review of "Preferred Food Species" for Wildlife Cominco Limited 

56 FC-1-86 	Reclamation Potential of Preferred Food Species Cominco Limited 
for Elk 

57 FC-2-86 	Effect of Cover Crops on Establishment of Conifers Cominco Limited 
Planted in Coal Spoil 

58 FC-3-86 	Effect of Container Size, Age of Planting Stock and Cominco Limited 
Planting Data on Survival and Growth of Conifers 
on Coal Spoil 

59 FC-4-86 	Effect of N-fixing Legumes on the Survival and Cominco Limited 
Growth of Conifers on Coal Spoil 

60 FC-5-86 	Survival and Growth of Conifers and N-Fixing Cominco Limited 
Shrubs Planted in Association on Re-Sloped Coal 
Spoil 

61 FC-1-88 	Pilot Scale Assessment of the Reclamation Cominco Limited 
Potential of Grasses Identified as Preferred Food 
Species for Elk 

62 FC-1-89 	Extended Planting Season for Conifers on Coal Cominco Limited 
Spoil 

63 FC-2-89 	Reclamation Potential of Preferred Elk Browse Cominco Limited 
Species and shrub survival 

64 FC-1-90 	Time Delay for lnterseeding Conifers with Cominco Limited 
Legumes 

65 FC-2-90 	Productivity of Vegetated 37° Coal Spoil Slopes Cominco Limited 

66 FC-3-90 	Operational Afforestation Survival and Growth Cominco Limited 
Assessment 

67 FC-1-91 	Interplanting Commercial Conifers with Indigenous Cominco Limited 
Nitrogen Fixing Shrubs 

68 FC-2-91 	Indian Ricegrass Assessment on Low and High Cominco Limited 
Elevation Coal Spoil Slopes 

69 FC-1-94 	Development of Riparian Habitat on Coal Spoil C. E. Jones and 
Associates 

70 FC-1-95 	Preferred elk browse species shrub trials C. E. Jones and 
Associates 

71 FC-0-95 	Fording Greenhills Task C. E. Jones and 
Associates 

72 FC-1-97 	Conifer growth on waste rock vs forest soil C. E. Jones and 
Associates 



73 FC-1-98  Growth of operationally planted conifers C. E. Jones and 
Associates 

74 FC-1-99  Productivity of adjacent second-growth forest C. E. Jones and 
stands Associates 

75 FC-2-99  High-elevation Conifer Trials C. E. Jones and 
Associates 

76 FC-3-99  High-elevation Vetch Trials C. E. Jones and 
Associates 

77 FC-4-99  Single Species Native Grass Trials C. E. Jones and 
Associates 

78 FC-1-00  Elemental Concentrations in Forage C. E. Jones and 
Associates 

79 FC-1-02  High Elevation Conifer Plantation Interseeding C. E. Jones and 
Associates 

80 EVC-1-  Assessment of Reclamation Sustainability and C. E. Jones and 
05 Metals Uptake Associates 

81 EVC-1-  Assessment of Reclamation Productivity and C. E. Jones and 
05 

Sustainability Using Remote Sensing Associates 

82 EVC2 Conifer Interplanting trials C. E. Jones and 
05 Associates 

83 EVC-3-  Assessment of Combination -re-sloping Techniques C. E. Jones and 
05 Associates 

84 EVC-4-  Riparian Species Establishment Trial C. E. Jones and 
05 Associates 

85 EVC-1-  Assessment of High Elevation Sheep Habitat C. E. Jones and 
07 Associates 

86 EVC-2-  Comparison of Ungulate Deterrents C. E. Jones and 
07 Associates 

87 TC-1-08  Hydroseeding Trial at Coal Mountain Stantec 

88 TC-1-09  Sheep's-foot Compaction Trial at Coal Mountain Stantec 

89 "Use of Native Plant Species in Reclamation of Wildlife 	Norecol, January 1984 
Habitat at the Fording River Operations: Phase 1 - Review 
of Food Habits" 

90 Field Inspection of Conifer Nutrient Status at Fording River 	C. E. Jones and 
Operations 	 Associates Ltd. 

November 1996 

91 Elemental Concentration in Forage 	 C. E. Jones and 
Associates Ltd. July, 
2001 



92 Assessment of Combination Reslope Areas on Fording 	C. E. Jones and 
River, Greenhills, and Line Creek Operations 	 Associates Ltd. 

November2005 

93 Selenium Accumulating and Non-accumulating Plants: The C. E. Jones and 
Potential Relevance to Elk Valley Coal Fording River 	Associates Ltd. 
Operations Reclamation 	 November2006 



FC-1-69 Effect of Fertilizer on Forage 
Productivity and Quality on Mesic Grassland on 
Turnbull Mountain 

Objective 
To determine the effect of plant nutrients, applied in the form of fertilizer, 
on forage and crude protein production on a mesic grassland site and to 
determine the quality of winter feed available to ungulates. 

Overview of Methods 
Between Sept 11 and 19, 1969, an experimental site was selected and fenced 
within mesic grassland at 2250 m elevation on a steep 33 0  south facing slope on 
Turnbull Mountain. Vegetation was reported to be similar to that described for 
mesic grasslands on the south slope of Eagle Mountain. Twenty-three fertilizer 
treatments were established and compared using a randomized complete block 
design with four replicates. Fertilizer was applied by hand. Prior to applying 
fertilizer, soil within the experimental site was sampled for complete analysis. 

Results driving the Conclusions 
Forage and crude protein yield of the high elevation mesic grasslands increased 
following application of fertilizer. Nitrogen was the crucial nutrient limiting 
vegetative growth and forage production. Application of other plant nutrients 
without nitrogen did not increase forage or crude protein yield significantly 
relative to the zero fertilizer treatment. 

Maximum forage and crude protein yields were produced when all nutrients were 
applied in combination. The increase in crude protein was the result of increased 
forage production and not an increase in forage N and crude protein content. 
Forage N content was not affected by fertilizer treatment. 

There was a significant forage yield response to nitrogen only up to 224 kg N per 
ha. Doubling the amount of N applied did not increase forage yield. There was 
no difference in yield response due to N source. 

Growth response to nitrogen decreased in magnitude between summer and fall 
sampling dates. Similarly, crude protein yield decreased by 15-20%. Forage 
and crude protein yield averaged 800 kg/ha and 36 kg/ha respectively. 

Forage production on a high elevation mesic grassland increased, at least 
temporarily, following application of fertilizer. Nitrogen, applied either as 
ammonium nitrate or urea, at the equivalent of 224 kg/ha N, increased mid- 



summer forage yield to 195% and crude protein yield to 150%, relative to 
unfertilized vegetation, suggesting potential as a technique for enhancing 
productivity of elk winter range. 

The magnitude of yield increases from N fertilizer decreased with time however, 
to 130% of control forage yield by mid-September. The effect of continued aging 
and weathering on quantity and quality of fertilized forage is not known as 
sampling was discontinued after mid-September. Unfertilized vegetation 
sampled in October 1969 suggests that over-mature weathered native forage has 
a relatively low crude protein and mineral content. 

This project provided the basis of information regarding the effect of fertilizer on 
winter ranges. The initial plot site received no further investigation after 1985. 
The fence was removed in 2005 



FC-2-69 General Survey of Natural Soil and 
Vegetation - Fording Valley 

Objective 
i) To obtain an impression of the vegetation and soil conditions of the area occupied 
by Fording Coal Operations and to identify important tree and grass species which 
have adapted to the soil and climatic conditions of the area to support the selection 
of plant species for reclamation purposes. 
ii) To identify a site representative of a grassland area. 

Overview of Methods 
In August 5 and 6, 1969, a field investigation was conducted at the area within and 
surrounding the location of Fording Coal Limited in the Fording valley. The 
vegetation in the area was determined to be similar to that described by Krajina for 
the "Subalpine Engelmann Spruce-Subalpine Fir" (ESSF) bioclimatic zone. Areas of 
mature timber consist mainly of Engelmann Spruce, lodgepole pine and alpine fir. 
At higher Elevations, in the open forest area, immature or scrub lodgepole pine and 
alpine fir are dominant. Whitebark pine and larch were also observed. No attempt 
was made to identify the shrubs and herbs in the understory. 

The grassland site was selected on the south slope of Eagle Mountain. The 
grassland and open forest ranges on the south facing slope of Eagle Mountain (and 
other mountain in the area) are considered unique and provide important grazing for 
big game animals. It is believed that these grasslands and grassland soils developed 
over forest soils as a result of repeated forest fires which destroyed the forest cover 
several hundred years ago. These soils are generally very shallow and have 
developed residual bedrock of deposits of sandstone and shale. Soil samples were 
taken and sent for chemical analysis. Vegetation comprised mainly of grass and 
herbaceous species. Small stands of immature lodgepole pine and alpine fir were 
scattered over the area. Samples of the more dominant species of grasses and 
herbaceous species were selected for identification. 



FC- 1-70 Growth Chamber Evaluation of Waste 
Rock as a Growth Medium for Plants 

Objective 
To investigate the suitability of waste rock as a medium for growing plants, of its 
ability to supply nutrients essential to plant growth, or if it contains materials toxic 
to plant life. The effect of coal mixed with waste rock on plant growth was also 
investigated. 

Overview of Methods 
Rock from several hundred feet of drill core was crushed for use in the growth 
study. Samples of crushed shale and sandstone and coal were analyzed 
chemically for essential plant nutrients and potential phytotoxic elements. 
Twenty-four grass and legume species, having potential for reclamation in the 
Fording River Valley, were planted in the crushed material. 

Wild transplant seedlings of four coniferous species from the Fording River 
Valley were planted in crushed waste rock as well. 

The "Minus Nutrient" technique was used to determine which nutrients, if any, 
were not available in adequate amounts to sustain growth. 

Results driving the Conclusions 
The trial commenced in 1970 with results complete by 1973 and project was 
terminated. 
All grass and legume species germinated and grew satisfactorily in the waste 
rock material provided nitrogen and phosphorous were supplied as fertilizer. 
Potassium appears to be present in adequate amounts for satisfactory growth in 
the grow chamber, however, additional amounts may be required on-site to 
ensure winter hardiness, particularly with legumes. Similar comments may be 
applied to sulphur. Calcium, magnesium and micronutrients copper, zinc, 
manganese, boron, cobalt, molybdenum and iron appear to be in adequate 
supply. There were no phytotoxic materials present. 

Establishment of the four coniferous species was satisfactory; however, growth 
was slow in the absence of additional nitrogen, phosphorous and potassium. 

Up to 40% by weight of coal did not restrict the growth of creeping red fescue 
when fertilizer was applied. Ten percent coal reduced the growth of white Dutch 
clover. In 100% coal growth of both species was poor. However, growth of both 
species improved significantly with daily application of nitrogen. 



Crushed waste rock will support satisfactory growth of grass and legumes, 
provided adequate nitrogen and phosphorous are applied in the form of fertilizer. 

Due to observed differences in the chemical and physical character of waste rock 
from the Clode and Greenhills pits and the crushed rock used in the growth 
study, additional growth studies were necessary. However, additional growth 
chamber studies were not deemed necessary as grass and legume species 
established readily on waste rock in experiments conducted on both Greenhilts 
and Clode waste dumps during the 1973 growing season. 



FC -2-70 Effect of Fertilizer on Yield and Quality 
of Alpine Grassland Forage 

Objective 
To investigate the use of fertilizer to increase forage yield as a means of 
compensating for loss of grazing area. 

Overview of Methods 
An experimental plot was established in September 1969 at 2225 m on the south 
slope of Turnbull Mountain. Twenty-three different fertilizer treatments were created. 

Plant material was harvested in mid-July and mid-September 1970 and dry matter 
yields and crude protein was determined. 

Results driving the Conclusions 
Yield in 1970 was increased by as much as 137% with fertilizer applications. N was 
the single most important nutrient limiting growth. 224 kg N per ha increased yield 
by 95% and appeared to be the most practical treatment. Ammonium nitrate was 
more effective than urea as a nitrogen source. 

Crude protein yield was increased by as much as 100%. However, the crude protein 
yield increase was due to increased dry matter yield and not the result of increased 
plant nitrogen content. 

Regrowth on areas sampled in 1970 was poor in 1971. Regrowth appeared to 
improve with increased N rate and was best for 448 kg N per ha in combination with 
P, K, S and other secondary and micronutrients. On areas fertilized in 1969 but not 
sampled in 1970 the beneficial effect of N fertilizer on plant vigour and yield were 
very evident. In addition to promoting vegetative growth, seed set was also 
improved. 

No further work was carried out on this trial beyond 1971. The trial provided the 
results for the objective. 



FC-3-70 Adaptability of Grass and Legume 
Species to Fording River Valley Climate 
Conditions 

Objective 
To investigate the ability of domestic grass and legume species to establish and 
maintain growth under the climatic conditions encountered. Elevation, seeding 
date and climatic conditions were investigated when the experiment was 
modified after 2 years. 

Overview of Methods 
Experiment initiated in 1970. 
Investigations for this trial were done in 1970, 1971, 1972, 1974, 1975, and 1977. 

Three experimental plots were established in June 1970 at 1676 m, 2042 m and 
2225 m elevation. On each plot twenty-four grass and legume species were 
planted in a series of forty-five three or more component mixtures. Nine 
additional treatments were added in September to provide information on species 
not included in the June planting and on fall seeding. 

Grass and legume seed was broadcast by hand and covered with a shallow 
depth of soil. The equivalent of 44 kg N, 56 kg P 205, 34 kg K20 and 44 kg S per 
hectare fertilizer was broadcast and incorporated into the soil prior to seeding. 

Major modifications to the existing plots were initiated in the fall of 1971 and 
spring of 1972. Grass and legume species not tested in the original plots were 
included together with studies on rate and date of seeding. Ten legume and 
legume and sixteen grass species were included. Fall seeded treatments were 
applied in September 1971, and spring seeded treatments were applied in May 
and June 1972 for the three elevations. These plots received an additional pre-
seeding fertilizer treatment of 56 kg N and P 205  per hectare. Again, seed was 
broadcast by hand and covered with soil, and based on experience gained in the 
preliminary phase of this experiment, significantly higher seeding rates (than 
those used in agricultural settings) were used to compensate for expected lower 
survival rates due to severe climatic stress. 

Maintenance fertilizer of 56 kg N, 56 kg P 2O5  and 28 kg K20 per hectare was 
applied in 1974. 

Results driving the Conclusions 



In the preliminary phase of this experiment, most grass species were capable of 
establishing seedlings. Grass species that showed the most promise over the 
three elevations included intermediate wheatgrass, pubescent wheatgrass, 
crested wheatgrass, bromegrass, hard fescue var. Durar, creeping red fescue, 
Timothy and Canada bluegrass. Germination of legumes was satisfactory at all 
elevations, however, growth and survival decreased with increasing elevation 
and was particularly poor at 2225 m. At 1676 and 2042 m, sweet clover, alfalfa 
and sainfoin produced satisfactory vegetative growth. At 2225 m only sainfoin 
grew satisfactorily. 

Evaluation of plots during the later growing seasons were confounded by several 
factors including the small plot size (1 m x 1 m), close proximity to each other, 
erosion of tilled soil between subplots, and invasion by native and volunteer plant 
species. 

Vegetation cover varied with site and number of growing seasons following re-
seeding. Poor germination resulted in absence of some species at each site. 
Other species had satisfactory seedling populations during the first year dense 
cover during the second year; but cover decreased from the second to the sixth 
growing season. 

The following species persisted and maintained greater than 50% cover 
throughout six growing seasons, demonstrating potential for revegetation of high 
altitude disturbed soils at Fording Coal Ltd: 

1676 m: 
bromegrass var. Carleton, bromegrass var. Manchar, reed canarygrass, Timothy, 
hard fescue var. Durar, creeping red fescue var. Boreal, Kentucky bluegrass var. 
Nugget, cicer milkvetch var. Lutana. 

2042 m: 
bromegrass var. Manchar, bromegrass var. Carleton, Kentucky bluegrass var. 
Nugget, creeping red fescue var. Boreal, hard fescue var. Durar, Canada 
bluegrass, reed canarygrass, crested wheatgrass, red clover, cicer milkvetch, 
birdsfoot trefoil, alfalfa vars. Roamer, Rambler and Ladak, crownvetch var. 
Penngift. 

2225 m: 
hard fescue var. Durar, bromegrass var. Manchar, bromegrass var. Carleton, 
Alsike clover, red clover. 



FC-1-71:1, FC-1-71:2 & FC-1-71:3 
Stabilization and Erosion Control of Road 
Embankments 

Objective 
I. To evaluation Grass Legume mixtures for stabilization of road 

embankments at Fording. 
II. Evaluation of the effectiveness of hydroseeding techniques and materials 

for stabilization of road embankments and a number of grass-legume 
mixtures 

Ill. 	To determine the effects of maintenance fertilizer applications on growth 
of established grass and legume species. 

Overview of Methods 
Experiment initiated in 1970. 
Workwas done in 1970,1971, 1972, and 1973. 

Seventeen acres of road embankment were seeded in October 1970 and May 
1971. The seeded areas were predominantly south-facing. The cut 
embankments were steep 2:1 slopes of compact glacial till, which becomes very 
hard when dry. Fill slopes were less steep (approximately 35 0) and composed of 
loose glacial till which, on drying, forms a hard surface crust. Portions of the fill 
slope area were covered with loose rock. 

Variables under study included grass and legume species, seeding rate, seeding 
date and mulching materials. 

In May 1972 experimental plots were superimposed on hydroseeded road 
embankments. Five fertilizer treatments were included: N0 P0 K0  (control, no 
fertilizer applied), N 50 P0K0 , N 100 P0K0 , N 100 P50K0 , and N 100 P50K50 . Three 
experimental plots were established; two on cut embankments and one on a fill 
embankment. In addition, a blanket application equivalent to 56 kg N per hectare 
was applied over the grass-legume evaluation plot. 

Results driving the Conclusions 
Hydroseeding treatments applied to cut embankments were ineffective due to 
excessive slope steepness and the hard compact nature of the glacial till 
material, particularly when dry. Growth of seedlings which did establish on cut 
slopes was believed to be limited by nitrogen deficiency. 



Satisfactory revegetation of fill slopes resulted from hydroseeding seed and 
fertilizer with a minimum of mulch. Less steep slopes with rough surfaces 
providing numerous micro sites for seed entrapment and seedling establishment 
were important reasons for success on fill slopes. Application of nitrogen during 
the spring of the second growing season improved growth. In areas of 
satisfactory vegetative cover, Timothy and creeping red fescue were the 
dominant species present. Red top, crested wheatgrass and Alsike clover were 
present in varying amounts. 

In the grass-legume mixture evaluation plot, grass species dominated all stands 
with legumes either as minor components or totally absent. Grass species most 
capable of sustaining satisfactory growth (with minimum maintenance) included 
creeping red fescue, red top, tall fescue, pubescent wheatgrass, hard fescue and 
Canada bluegrass. Timothy, reed canarygrass, orchardgrass, bromegrass and 
perennial ryegrass growth was relatively poor due to deficiencies of nitrogen and 
phosphorous. 

Satisfactory stands developed with low and intermediate seeding rates. Larger, 
more vigorous plants tended to develop in the less dense stands. Growth in 
dense stands was limited by competition for available moisture and the plant 
nutrients nitrogen and phosphorous. 



FC-6-72:1, FC-6-72:2 & FC-6-72:3 
In Situ Evaluation of Grass and Legume 
Species and Seeding Techniques for 
Revegetation of Plant Site and Associated 
Disturbed Surficial Glacial Deposits 

Objective 
I. To conduct a Grass Legume species evaluation 

II. To evaluate the germination , survival and growth of lodgepole pine and 
Engelmann spruce seeded with fall seeded grass legume mixtures 

Ill. 

	

	To determine maintenance fertilizer requirements for Grass-Legumes 
mixtures seeded on disturbed glacial till deposits. 

Experiment initiated in 1972. 
Work was done in 1972, 1973, 1974 and 1977. 

Overview of Methods 
Since 1971, four experimental plots were established on surf icial glacial deposits 
which were disturbed to varying degrees during site preparation and plant 
construction. The initial experiment was seeded in September of 1971 and May 
of 1972 (site 4). 

It was apparent that this was exploratory research, and as such the methodology 
changed over the period of this study. 

A total of seventeen grass and ten legume species were included in the first 
experiment, and combined to produce fifteen grass-legume seed mixtures. Four 
of the mixtures were seeded at more than one rate. Species included: clovers 
(white Dutch, subterranean, red clover var. Altaswede, and Alsike), sainfoin var. 
Melrose, sweet clover vars. Arctic and Erector, alfalfa (vars. Rambler, Roamer 
and Ladak), birdsfoot trefoil var. Leo, cicer milkvetch var. Cicar, crownvetch var. 
Penngift, Kentucky bluegrass var. Nuggett, Canada bluegrass, perennial 
ryegrass, hard fescue var. Durar, creeping red fescue var. Boreal, tall fescue var. 
Alta, intermediate wheatgrass var. Chief, pubescent wheatgrass var. Greenleaf, 
tall wheatgrass var. Alkar, crested wheatgrass var. Nordan, streambank 
wheatgrass, Timothy var. Climax, bromegrass var. Manchar, orchardgrass var. 
Chinook, Russian wildrye var. Sawki, reed canary grass, red top, and annual 
ryegrass. 



A second site was established in May and September of 1972. Three 
experimental plots (sites 1, 2 & 3) were established on plant site areas varying in 
soil conditions, elevation, slope and slope aspect. 

Site 	 Elevation 	Parent Material 	Slope ° 
Aspect 

1 Coal storage south 	 1707 m 	Fractured sand- 
31 	2600 

(lower slope Eagle Mountain) 	 stone and shale 
2 Coal storage north 	1707 m 	Relatively un- 

15 	260°  
(lower slope Eagle Mountain) 	 disturbed glacial till 

3 Clode haul road 	1874 m 	Compact gravelly 0-20 
200°  

(lower Turnbull Mountain) 	 glacial till 
4 Clode Creek 	 1707 m 	Glacial till 	0-3 

270°  

Six grass-legume mixtures and three legume species were seeded on both the 
spring and fall seeding dates. In 1972 seeding rates of 22, 45, 56 and 112 kg per 
hectare were used for the three sites. The 22 and 45 kg per hectare were used 
for single species seeded, and seed mixes were seeded at the low and high 
rates of 56 and 112 kg per hectare respectively. A total of twelve grass and five 
legume species were included. Fall seeded mixtures varied from those seeded 
in the spring, i.e. alfalfa substituted for sainfoin and crownvetch. 
Main plot size was 21 m by 12 m, with the seeding date subplot 21 m by 6 m and 
the species subplot 1.5 m by 6 m. 

Seed mixtures were pre-weighed and mixed in the lab, and legumes were treated 
with bacterial inoculum. Seed mixtures and fertilizer were broadcast by hand, 
and there was no pre seeding or post seeding cultivation. 

A blend of ammonium nitrate and ammonium phosphate fertilizer was broadcast 
on the soil surface prior to seeding, (P205) at a rate of 56 kg per hectare N and 
56 kg per hectare P. In 1973 a maintenance fertilizer application of N 56 was 
applied to fall and spring seeded plots at site 4. Also, four maintenance fertilizer 
treatments were applied to spring seeded plots only at sites 1, 2 and 3 (N0 P0k0 ; 
N 56; N 56P56; N56P56K56). In 1974 main tenance fertilizer was applied to the high 
seeding rate subplots of spring seeded grass-legume mixtures at sites 1, 2 and 
3. In 1974 no maintenance fertilizer was applied at site 4. 

A satisfactory grass-legume stand was considered one which had seedling 
populations greater than 26 per 0.1 m 2  covering 76 to 100% of the subplot 
surface. 



Results driving the Conclusions 
An important lesson learned from this research is that preliminary results are just 
that. Differences seen in preliminary results were greatly lessened over time, 
reinforcing the need for long term monitoring. 

Most spring seeded subplots had satisfactory grass-legume stands develop, 
while fall seeded mixes did not. Fall seeded legumes had poor germination. 
Only Alsike clover and roamer alfalfa established seedlings from fall seeding 
dates. When legume species were seeded alone, only alfalfa produced 
satisfactory seedling populations. Alfalfa was also the best legume species in 
mixtures with grasses. 

Lower seeding rates (45 and 56 kg per ha) produced satisfactory stand 
development. Higher seeding rates (90 and 112 kg per ha) were too dense for 
satisfactory stand development. Seed size was important; the larger sized seed 
remained exposed on the soil and reduced germination compared to smaller 
seed size species. 

By the 1977 growing season, cover of the seed mixes originally comprising of 
three grasses and one legume species ranged from 50-95%. Cover of legumes 
seeded individually ranged from 0-50%. Cover and species composition varied 
among sites and with seeding date. 

Different maintenance fertilizer treatments were superimposed on low and high 
seeding rate subplots, and also on fall and spring seeded subplots, making it 
difficult to evaluate effects of seeding rate and maintenance fertilizer treatments. 
Even with this complication, cover was found to be similar for both spring and fall 
seeding, and high and low seeding rates had similar cover as well. 

Fall seeded subplots originally had low seedling populations, but after 6 growing 
seasons cover was similar and satisfactory for the two seeding dates. Increase 
in cover on fall seeded areas was attributed to plants spreading from nearby 
populations and invasion of native and or naturalized species (fireweed, 
dandelion, strawberry, aster, foxtail barley, raspberry, sedge, gooseberry, yarrow 
and pearly-everlasting). Invasion of native and naturalized species was higher 
where: legumes failed to establish initially, and next to dense native species 
populations. Native and naturalized species invasion was limited by high cover 
of seeded species, and high legume content. 

On severely disturbed tills and sandstone-shale fines dominant grasses within 
mixtures included Timothy, creeping red fescue, hard fescue, bromegrass, 
intermediate and pubescent wheatgrass. Relatively undisturbed till (improved 
fertility) supported a greater variety of grasses within mixtures including tall, hard 
and creeping red fescue; intermediate pubescent, and tall wheatgrass; orchard 
grass; red top; and reed canary grass. The undisturbed and relatively 



undisturbed glacial till sites were able to support a wide variety of grass species 
due to the superior soil conditions. 

Legume persistence varied considerably among sites. Sites 1, 2 and 3 had 
satisfactory cover of alfalfa. Stands at site 4 were dominated by white dutch, 
Alsike, and red clover, alfalfa and cicer milkvetch. Cover of sainfoin, crownvetch 
and birdsfoot trefoil was unsatisfactory at all sites, possibly due to poor seedbed 
conditions. 

Legume species contributed greatly to forage production on revegetated 
disturbed soils that did not receive maintenance fertilizer. Mean forage yield for 
site 4 mixtures with 50% or more legume cover was doubled compared to stands 
with 25% or less legume cover. 

This study suggests that effects of seeding rate and fertilizer applications can be 
overcome by time, especially if there is sufficient invasion of native species. High 
legume cover reduced the ability for native and naturalized species to invade, but 
contributed greatly to forage production on sites not receiving fertilizer 
treatments. 

Seed mixes applied at the three sites that included a variety of species seemed 
to have higher seedling populations and surtace coverage than mixes of only one 
species, and smaller seed size species had better establishment than larger 
seed size species. 

The dominant grasses on highly disturbed sites were Timothy, creeping red 
fescue, hard fescue, bromegrass, intermediate and pubescent wheatgrass, and 
the only legume with satisfactory cover on highly disturbed sites was alfalfa. 



FC-1-73:1 & FC-1-73:2 
Survival and Growth of Coniferous Tree 
Species on Waste Rock: Nursery Production of 
Conifers 
&In Situ Evaluation of Conifer Species 

Objective 
To evaluate survival and growth of native and introduced coniferous tree species 
planted on Fording waste rock dumps. 
Experiment initiated in 1973. 
Work was done in 1973, 1974, 1975, and 1977. 

Overview of Methods 
Seed of lodgepole pine and Engelmann spruce collected in the vicinity of the 
Fording Plantsite in 1970 and 1971, was planted in the Cominco nursery at Trail 
during the spring of 1972. Germination and emergence of lodgepole pine was 
satisfactory, however, most seedlings died before the end of the growing season. 
Germination and growth of Engelmann spruce was very poor. Additional planting 
was done at the trail nursery in the spring of 1973 and both species were also 
grown at Interior Reforestation, Fort Steele. The seedlings from these plantings 
were the stock fall planted in the FC-1 -73:2 trials. Bare root lodgepole pine and 
Colorado blue spruce seedlings were planted on the Clode no.1 spoil pile (dump) 
and on the west facing slope of the GreenhiHs spoil pile in September 1973. Fifty 
seedlings of each species were planted at each site. 

In June 1974, equivalent numbers of lodgepole pine, Colorado blue spruce and 
Engelmann spruce bare root seedlings were planted adjacent to fall planted 
seedlings at each experimental site. 

Seed source (Cranbrook BC 
Lodgepole pine 	 East Kootenay 	 1829 m 
elevation 
Engelmann spruce 	 East Kootenay 	 1280 m 
elevation 
Colorado blue spruce 	 Arizona 	 1829 
m elevation 

Results driving the Conclusions 
Seeding date and species effected seedling survival. Lodgepole pine had higher 
survival rates when planted in the fall, as did Colorado blue spruce. All 
populations declined as the years passed, reinforcing the need for long term 
monitoring. 



One problem with this research was that the last year of monitoring only reported 
average seedling survival for each species, and separate survival by site, so site 
effect cannot be described fully. However, the Clode site generally had lower 
survival rates for the three species. 

Growth of conifers during the first season was minimal, and the majority of 
seedlings were moderately to severely chlorotic. Five years following planting, 
surviving trees were still chlorotic and had minimal height increase. 

Erosion occurred on the Greenhills site, and resulted in burial and removal of a 
number of seedlings. Heavy snow cover delayed spring seeding, and the delay 
caused some damage to the stock. 

Percent Survival 
Lodgepole pine 	Encielmann spruce 	Colorado 

blue spruce 
Location 	Fall 	Spring 	Fall 	Spring 	Fall 	Spring 
Greenhills 1974 	38 	12 	- 	52 	68 	70 
Greenhills 1975 	38 	4 	- 	48 	38 	30 

Clode 1974 24 5 - 	 37 76 15 
Clode 1975 0 0 - 	 18 56 2 

1977 0 0 - 	 26 10 20 



FC- 1-73:3 Survival and Growth of Coniferous 
Tree Species on Waste Rock - 
Conifers Seeded Directly on Waste Rock Dumps 

Objective 
To evaluate germination, survival and growth of lodgepole pine and Engelmann 
spruce direct seeded alone, and in combination with a grass/legume mixture on 
waste rock dumps at Fording Operations. 
Experiment initiated in 1973. 
Overview of Methods 
Two 5'x20' plots were established: Clode Pit Nol spoil dump and Greenhills Pit spoil 
dump. The seed source was the Fording River Valley. The plots were seeded each 
with 2 lb of viable seed resulting in 5-6 seeds per 0.1 m2. The seeding date, 
September 1973, was in conjunction with fertilizer. Sub plots also were seeded with 
a mixture of Timothy var Climax, Creeping Red Fescue var Boreal, Canada 
bluegrass and Alfalfa var Rambler. 

Results driving the Conclusions 

Project not initiated due to low germination on seed lots. 



FC-2-73:1, FC-2-73:2 & FC-2-73:3 
Survival of Native and Introduced Shrub Species 
on Waste Rock 

History: 
Study 1) Hardwood cuttings were taken from trembling aspen growing on a south 
slope of Turnbull Mtn. at the 1980 elevation. The cuttings were planted in the Trail 
nursery and there was 100% mortality. 
Study 2) Plans to take root cuttings from the same site on Turnbull and plant in 
waste rock dumps to determine if root systems or suckers would develop was 
designed. No results in reports 
Objective 
To evaluate the survival ability of two native and one introduced deciduous shrub 
species on conditions prevailing at waste rock dumps at Fording Coal Ltd. 

Experiment initiated in 1 973.Work was done in 1973, 1974, 1975 and 1977. 

Overview of Methods 
In May 1973,   wild rose, snowberry and arnot bristly locust were planted on the Clode 
no. 1 spoil pile and on east and west facing slopes of the Greenhills spoil pile. 
Twenty seedlings of each species were planted at each site. Fertilizer applied at 
time of planting. Seedlings ranged from 30-45 cm in height when planted. 

Rose and snowberry are native to the Fording area, and arnot bristly locust is a 
leguminous shrub native to the eastern United States. Rose and snowberry 
seedlings were procured in Cranbrook BC. Arnot bristly locust was purchased in 
Elsberry, Missouri. 
Results driving the Conclusions 
First year survival rates on the Clode dump were similar for all shrub species - 40%, 
30%, and 40% for arnot bristly locust, snowberry and rose, respectively. On the 
Greenhills dump, arnot bristly locust had the highest survival rate of 65% and 45% 
on the east and west facing slopes. Only 15% of the rose seedlings survived on the 
Greenhills dump. Snowberry suffered 100% mortality during the first growing 
season. 

After three growing seasons, 15% of the wild rose planted on the west slope of the 
Greenhills dump had survived. Snowberry and arnot bristly locust had suffered 
100% mortality. On the Clode waste rock dump, survival rate for wild rose, 
snowberry and arnot bristly locust was 45%, 20% and 0% respectively. 

After five growing seasons on the Clode waste rock dump, survival was 45%, 10% 
and 0% for the wild rose, snowberry and arnot bristly locust respectively. 



FC-3-73:2 Survivals of Native and Hybrid Poplar 
on Waste Rock 
(including FC-3-73:1, FC-3-73:3) 

Objective 
To evaluate the survival of native and hybrid poplar species on conditions prevailing 
at waste rock dumps at Fording Coal Ltd. 
(The FC-3-73:1 and FC-3-73:3 trials were designed to investigate the use of Arnot 
Bristly Locust and European Alder and Black Locust on Waste Dumps but were not 
trialed) 

Experiment initiated in 1974. 
Work was done in 1974, 1975, 1976 and 1977. 

Overview of Methods 
In June 1974 rooted cuttings from native and hybrid poplar species were planted on 
the Clode dump and on east and west facing slopes of the Greenhills dump. Fifty 
cuttings of each type of poplar were planted at each site. 

Rooted cuttings of poplar native to the Elk Valley region of south eastern BC were 
acquired from Sparwood BC. Rooted hybrid poplar cuttings were purchased in 
Ephrata, Pennsylvania. There was no mention of which species were used. 

Results driving the Conclusions 
After the first growing season, survival of native poplar averaged 81% and 66% 
respectively on the Greenhills and Clode dumps. Hybrid poplar survival rate was 
substantially lower on both sites, averaging 32% and 10% respectively. 

After three growing seasons, survival of native poplar averaged 62% and 59% on 
the Greenhills and Clode dumps. Hybrid poplar survival was poor, averaging 6% to 
0% on the Greenhills and Clode dumps respectively. 

After four growing seasons, survival of native and hybrid poplar was 40% and 6% 
respectively. Poplar exhibited basal growth and branching but height growth was 
poor. 

Native poplar had a higher survival rate on Greenhills and Clode dump sites 
compared to hybrid poplars. 



FC-4-73 Chemical and Physical Properties of 
Mines and Mine Waste 

Objective 
To investigate potential problems of establishing and maintaining plant life on 
disturbed areas with regards to chemical and physical soil properties which influence 
plant growth. 

Experiment initiated in 1972. 
Work was done in 1972 and 1973. 

Overview of Methods 
Surface samples (0-15 cm) were collected from experimental sites on areas of 
glacial till disturbed during plant and road construction and from waste mine rock 
dumps at the Clode and Greenhills pits. 

Individual soil and waste rock samples were air dried and screened to determine 
percent -8 mesh size material. Each sample was analyzed for pH, organic matter, 
water-soluble salt and extractable phosphorous, potassium, calcium and magnesium 
content. Nitrate-nitrogen was determined on soil samples only. 

Results driving the Conclusions 
Waste rock from the Clode and Greenhills pits consists of a variable mixture of 
sandstone, mudstone, shale and coal. Particle size varies from 'soil size' fragments 
to large boulders. 

Glacial materials were slightly acid to moderately alkaline, non-saline and contain 
adequate amounts of calcium, magnesium, potassium, and in most cases, 
phosphorous to support plant life. Nitrogen was deficient. 

Waste mine rock was slightly acid to moderately alkaline, non-saline and low in 
essential plant nutrients nitrogen, phosphorous, and in the case of the Clode pit 
dump, potassium. Calcium and magnesium were adequate. Organic matter content 
was abnormally high due to the presence of coal. 

Waste rock, tailings and coarse refuse material was collected in 1973 for additional 
analysis. 



FC- 5-73:1 Effect of Seeding Rates, Fertilizer 
Program and Elevation on Establishment and 
Growth of Grass and Legume Mixtures Seeded 
on Waste Rock Study 1: Grass Legume 
Specie Evaluation for Revegation of Waste 
Dumps 

Objective 
To evaluate seeding rate, fertilizer treatments (rates and discontinuing), 
elevation, legumes and grasses for establishment and maintenance of a 
satisfactory vegetative cover on sites representative of waste rock dumps at 
Fording. 

Experiment initiated in 1973. 
Workwas done in 1973, 1974, 1975, 1976, 1977, 1978, 1980 and 1981. 

Overview of Methods 
In May 1973 five grass-legume mixtures were seeded on waste rock dumps 
associated with the Clode and Greenhills pits. 

Four experimental plots were established. One plot was located on the Clode 
no. 1 spoil dump at an elevation of 2100 m and three plots were located on the 
Greenhills spoil dump at 1700 m elevation. One Greenhills plot was situated on 
a levelled portion at the top of the spoil pile, one plot was situated on an east 
facing 370  slope and the remaining plot was situated on a west facing 20-25 0  
slope. 

The equivalent of N 56 P 168 K56  fertilizer was broadcast on the plot surface prior to 
seeding. Seed mixtures were preweighed and broadcast by hand on the plot 
surface. There was no pre- or post-seeding cultivation. 

On the Clode site, in June 1974 the equivalent of N 56 P 112 K556  was broadcast on 
all species mixture and seeding rate subplots. In June 1975 a second 
maintenance application equivalent to N 56  was applied to the high seeding rate 
subplots only, no maintenance fertilizer was applied to the low seeding rate 
subplots. 



Due to poor germination and seedling establishment in 1973, the Greenhills plot 
was reseeded and refertilized in May 1974. In June 1975 a maintenance 
application equivalent to N 56 P56  was applied to the high seeding rate subplots 
only, no maintenance fertilizer was applied to the low seeding rate subplots. 

In October 1974 experimental plots on the east and west facing slopes of the 
Greenhills waste rock dump were destroyed, leaving only the levelled portion of 
the Greenhills dump, and the Clode dump. In 1976 maintenance fertilizer was 
discontinued for all subplots on both Clode and Greenhills sites. 

Results driving the Conclusions 
After the first growing season, satisfactory grass-legume stands were established 
on waste rock dumps associated with both the Clode and Greenhills pits. Most 
promising species included alfalfa vars. Rhizoma, Rambler and Ladak, crested 
wheatgrass, creeping red fescue, Timothy, orchardgrass and hard fescue. The 
four component mixtures were seeded at very high rates (157 kg/ha). With the 
exception of crested wheatgrass, large seed size species did not establish 
satisfactorily. Elimination of large seed size species from mixtures would allow 
substantial reductions in seeding rate. 

Climatic conditions following seeding and poor physical condition of the waste 
rock dump surface were considered responsible for poor germination and 
emergence on two Greenhills plots. Insufficient rock fines were considered the 
primary cause of poor germination and seedling establishment during the 1973 
and 1974 growing seasons. 

A satisfactory vegetative cover was sustained through four growing seasons on 
high elevation Clode waste rock by seeding mixtures of suitably adapted grass 
and legume species at 80 kg/ha applying the equivalent of 56 kg/ha N, 168 kg/ha 
P205 , and 56 kg/ha K20 prior to seeding to aid establishment and the equivalent 
of 56 kg/ha N, 112 kg/ha P20 5, and 56 kg/ha K20 to maintain growth through the 
second growing season. Alfalfa vars. Rhizoma, Rambler and Ladak, birdsfoot 
trefoil var. Leo, tall fescue, orchardgrass, creeping red fescue, hard fescue and 
Canada bluegrass have persisted satisfactorily through four years. 

Sustained satisfactory vegetative cover through two growing seasons without 
maintenance N was believed due to the dominance of nitrogen-fixing legume 
species. Forage harvested late in the fourth growing season was relatively low in 
phosphorous, potassium and sulphur. Alfalfa exhibited leaf discolouration 
symptomatic of potassium deficiency. Grass species appeared chlorotic. 
Legume species were heavily grazed. 

On low elevation Greenhills waste rock the experiment was confounded by 
reseeding early in the second growing season. Continued weathering of shale 
rock has increased the amount of rock fines, improving the growing conditions 
and vegetative cover with time. Grass species hard fescue, orchardgrass, 



creeping red fescue, crested wheatgrass and tall fescue were significant stand 
components. Legume species were absent. 

The effect of discontinuing maintenance fertilizer on biomass varied with 
elevation of the waste dump and possibly the nature of the respective waste. On 
high elevation waste rock biomass decreased during the period without fertilizer 
to only 65% of the yield recorded during the final growing season fertilizer was 
applied. At low elevation waste rock biomass increased to 143% during the three 
to four years without fertilizer. Vegetative cover was not affected to the same 
degree maintaining similar values on both fertilized and unfertilized plots at both 
elevations. 

Vegetation dominated by grasses continued to sustain satisfactory growth during 
1981 (six and seven years since maintenance fertilizer was applied). Vegetation 
cover and biomass varied with the original seed mixture and the number of years 
without maintenance. The wide variation that can occur due to growing season 
weather was illustrated in the differences between the biomass accumulated for 
1980 and 1981. 

Vegetation which had not been maintained for seven years was dominated by 
either hard fescue or creeping red fescue. Pubescent, crested and intermediate 
wheatgrass, orchardgrass, Canada bluegrass and tall fescue ranged from minor 
to subdominant. Ladak alfalfa was the only legume contributing significantly to 
vegetative cover. Mean vegetative cover and biomass for the grass mixtures 
was 36% and 1052 kg/ha respectively. 

Applying fertilizer for one additional growing season in combination with seeding 
the mixtures at twice the seeding rate modified grass composition resulting in 
higher vegetative cover (40%) and biomass (1452 kg/ha). Cover due to 
wheatgrass species and orchardgrass was higher resulting in these taller 
growing species becoming dominant to co-dominant. 



FC-5-73:2 Effect of Seeding Rates, Fertilizer 
Program and Elevation on Establishment and 
Growth of Grass and Legume Species Seeded 
Individually on Waste Rock 
Study 2: Grass-Legume Specie and Seeding 
Rate Evaluation 

Objective 
To investigate the effects of seeding rate, fertilizer programs and elevation on 
establishment and growth of individually seeded grass and legume species on 
waste rock sites. 

Experiment initiated in 1973. 
Work was done in 1973, 1974, 1975, 1976, and 1977. 

Overview of Methods 
Thirteen grass and seven legume species (including four alfalfa varieties) were 
seeded individually on waste rock dumps associated with the Clode and 
Greenhills pits. Each species was seeded at three rates. Plots were established 
on three sites including the Clode no. 1 spoil site, the levelled top portion of the 
Greenhills spoil pile and the steep east facing slope of the Greenhills pile. 
Method of establishment was similar to that described in FC 5 - 73:1. Legume 
seed was treated with bacterial inoculum. 

A minimum of 26 seedlings per 0.1 m2  was considered necessary for satisfactory 
stand establishment for soil and climatic conditions prevailing on the waste rock 
dumps. 

At the beginning of the second growing season, maintenance fertilizer was 
applied to the experimental plots, and treatment varied with waste rock dump and 
type of forage plant as follows: Greenhills waste dump - (a) grasses: N 55 P77 K 17  
and (b) legumes: N38 P 110 K28  and for the Clode waste dump - (a) grasses: 
N 55 P 110 K55  and (b) legumes: N 38 P 110K83 . 

In October 1974 the experimental plot on the east facing slope of the Greenhills 
dump was destroyed. In June 1975 maintenance fertilizer treatments were 
superimposed on seeding rate subplots on the two remaining experimental sites, 
varying with site and vegetation type. On the Clode site maintenance fertilizer 
treatments compared on grass species include N0 , N 55, and N55 P55  were applied 
on low, medium and high seeding rate subplots respectively. Low, medium and 



high seeded legume subplots were fertilized with N0, N1 1 P55  and N 55 P55 

respectively. 

Maintenance fertilizer was discontinued in 1975 on the low seeding rate and 
discontinued on the medium and high seeding rates after three growing seasons, 
in 1976. 

Results driving the Conclusions 
The surface of the east slope site on the Greenhills dump consisted of an 
optimum combination of fine and coarse rock fragments which provided 
numerous micro-sites for seed retention and cover. Heavy rain fell on the 
levelled site within hours after grading, resulting in the formation of a hard crusty 
surface (an unfavourable seedbed condition for germination and emergence). 

Grass and legume species capable of establishing and growing on waste rock at 
elevations up to 2100 m are available. Species showing promise after one 
growing season include Timothy, reed canarygrass, red top, Canada bluegrass, 
hard fescue, creeping red fescue, intermediate, pubescent and crested 
wheatgrass, and alfalfa vars. Rhizoma, Roamer, Rambler and Ladak. Grass and 
legume species established satisfactorily on steep 37 0  waste rock slopes. 
Surface broadcasting of seed on waste rock without benefit of pre- or post-
seeding cultivation resulted in very low germination rates. Germination rates 
decreased with an increase in elevation from 1700 to 2100 m. 

Comparison of vegetative cover for successive growing seasons on the 2100 m 
Clode site indicated consistent cover values since establishment for most 
species. Notable exceptions included increasing cover of Canada bluegrass, 
creeping red fescue, hard fescue and crested wheatgrass; and decreasing cover 
of tall fescue, perennial ryegrass, meadow fescue, birdsfoot trefoil, and Ladak 
and Roamer alfalfa. During the second and third growing seasons all species 
flowered and set seed. By the fifth growing season, however, only Canada 
bluegrass, creeping red and hard fescue, and crested wheatgrass flowered and 
set seed. Alfalfa was heavily grazed on the Clode site and consequently did not 
flower or set seed. 

In contrast, at the 1700 m Greenhills site, cover of all species, with the exception 
of perennial ryegrass, sainfoin, and birdsfoot trefoil, increased from the second to 
the fifth growing season. All species flowered and set seed during the initial five 
growing season. No browsing was evident on the Greenhills site. 

Evaluation of the effects of seeding rates and fertilizer programs were 
confounded, from initiation of the experiment, by uneven establishment, site 
variability, grazing and the small plot size. 



FC- 5-73:3 Effect of Seeding Rate and 
Fertilizer Program on Establishment and 
Growth of a Grass-Legume Mixture Seeded on 
Waste Rock 
Study 3: Minimum Seeding Rates and 
Fertilizer Requirements for Establishment 
and Growth of Grass-Legume Mixtures 

Objective 
To investigate the effects of seeding rate and fertilizer programs on 
establishment and growth of grass-legume seed mixtures on waste rock sites, 
and to determine the effects of increasing levels of phosphorous and potassium 
on establishment and first season growth. 

Experiment initiated in 1973. 
Work was done in 1973, 1974, 1975, 1976, 1977, 1978, 1980 and 1981. 

Overview of Methods 
A grass-legume mixture, composed of Rambler alfalfa (28%), Timothy (10%), 
creeping red fescue (21%) and crested wheatgrass (41%) was seeded at three 
rates (40, 80, and 163 kg/ha) on waste rock associated with the Clode and 
Greenhills pits. Four fertilizer treatments were applied in combination with each 
seeding rate. Fertilizer treatments include N 50P50 K50 , 1\1 50P 100 K50 , N 50P1 50K50 , 

and N 50 P1 50K 100 . 

Four experimental plots were established in late May 1973 on sites similar to FC 
5 - 73:1. One plot was located on the Clode no. 1 spoil site at 2100 m and three 
plots were located on the Greenhills spoil pile at 1700 m: one plot on the levelled 
top portion of the pile, one plot on a steep (370) east facing slope and one plot on 
a steep (370) west facing slope. Fertilizer and seed was broadcast on the waste 
rock surface, with no pre- or post-seeding cultivation. 

At the beginning of the second growing season maintenance fertilizer was 
applied to all experimental plots: 

1974 	 1975 	1976 
Greenhills 
Fl 	N 110 P 110 K110 	N 1 1 	 nil 



F2 	N110P110K55 	N 55 	nil 
F3 	N 110 P55K55 	N 55 P55 	nil 
F4 	N 55 P55K55 	N110P 55 	nil 

Fl 	N 110 P 165 K55  N 11 	nil 
F2 	N 1 10P110K55 N55 	nil 
F3 	N 110P55K55  N55 P55 	nil 
F4 	N 55 P55 K55  N 55 P 110 	nil 

In October 1974 two of the Greenhills plots were destroyed leaving only one plot 
situated on a levelled portion at the top of the pile. 

Maintenance fertilizer was discontinued in 1976. 

Results driving the Conclusions 
Broadcast seeding of a grass-legume mixture on waste rock dump surfaces at 
varying elevations, slope and slope aspect resulted in satisfactory seedling 
populations and growth during the initial growing season. Higher seeding rates 
were required on steep slopes and at higher elevation for satisfactory grass-
legume stands. Germination and emergence was limited on some plot areas by 
too great a depth of coarse rock fragments. A pre-seeding application of 
N50P50K50  appeared adequate to sustain first season growth at 2100 m elevation. 
At 1700 m elevation additional phosphorous was beneficial to growth. Additional 
nitrogen would have improved grass growth on the Greenhills spoil pile. 

Satisfactory vegetative cover and biomass were sustained during three growing 
seasons on low elevation waste rock without maintenance fertilizer. Vegetation 
cover and biomass varied from 25% to 95% and from 1888 to 4700 kg/ha 
respectively, however, there was no obvious relationship among the growth 
parameters measured and original seeding rates and fertilizer programs. 

Mean relative biomass for all seeding rates and fertilizer programs increased 
during the period without fertilizer to 129% of the yield recorded during the final 
growing season fertilizer was applied. The increase in relative biomass during 
growing seasons without fertilizer varied with seeding rate, ranging from 165% on 
waste rock seeded at the low rate to 95% on waste seeded at the high rate. 
Absolute biomass was generally higher with the low seeding rate. 

Vegetation dominated by agronomic grasses will sustain satisfactory cover and 
growth on Greenhills waste rock. Vegetation dominated by creeping red fescue 
has sustained satisfactory growth for eight growing seasons, the last five of 
which were maintenance free. However, top growth can be expected to 
deteriorate significantly following discontinuance of maintenance fertilizer. 



Vegetation dominated by agronomic legumes such as alfalfa can sustain denser 
vegetative cover and have been found to produce greater amounts of biomass in 
the absence of maintenance than grass dominated vegetation. The relatively 
dense top growth of alfalfa-creeping red fescue was also sustained by a single, 
pre-seeding fertilizer application supplying substantially less nitrogen and 
phosphorous than applied to grass-dominated vegetation. 

Based on this comparison, seeding a legume-rich seed mix fertilized with 
sufficient nitrogen and phosphorous to ensure establishment of legume 
dominated vegetation is a more effective and efficient revegetation technique for 
establishing self-sustaining vegetation on waste rock than following the more 
conventional approach based on grass-rich mixtures and annual maintenance 
fertilizer programs rich in nitrogen. 



FC-5-73:4 Effect of Seeding Date, Seeding 
Rate and Fertilizer Program on Establishment 
and Growth of a Grass-Legume Mixture 
Seeded on Waste Rock Study 4: Effect of 
Seeding Date, Seeding Rate and Fertilizer 
Treatment on Establishment and Growth of 
a Grass-Legume Mix 

Objective 
To compare the effectiveness of fall and spring seeding, seeding rate and 
fertilizer program of grass-legume seed mixes on waste rock. 

Experiment initiated in 1973. 
Work was done in 1973, 1974, 1975, 1976, and 1977. 

Overview of Methods 
A grass-legume mixture composed of Rambler alfalfa (26%), Timothy (9%), 
creeping red fescue (19%), crested wheatgrass (39%) and Canada bluegrass 
(6%) was seeded on waste rock associated with the Clode and Greenhills pits. 
Four experimental plots were established; one plot on the Clode no.1 spoil site at 
2100 m elevation, and three plots were located on the Greenhills spoil pile of 
1700 m elevation. The Greenhills plots were situated in a manner similar to FC 5 
—73:1. 

The grass-legume mixture was seeded at three rates (40, 80 and 160 kg/ha). 
Two fertilizer treatments were applied in combination with each seeding rate 
(N56P 168K56  and N 112 P 168 K56). Fertilizer and seed were broadcast on the waste 
rock surtace, with no pre- or post-seeding cultivation. Fall seeding was 
completed in September 1973 and spring seeding was completed in June 1974. 

In October 1974 experimental plots at Greenhills on the levelled area and on the 
east facing slopes were destroyed. 

In June 1975 maintenance fertilizer at the equivalent of 56 and 112 kg/ha N were 
applied on the low and high nitrogen establishment subplots respectively. 



In 1976 experimental plots on the west facing slope of the Greenhills site was 
buried resulting in only one plot on Clode waste rock remaining. 

Maintenance fertilizer applications were discontinued in 1976. 

Results driving the Conclusions 
For the Greenhills dump, seeding at the low rate in the fall produced satisfactory 
grass stands on the levelled and west slope sites. Fall seeding at the highest 
rate was required for satisfactory seedling populations and areal distribution on 
the east slope site. Spring seeding was ineffective at all Greenhills sites. There 
were no perceptible differences in seedling populations, areal distribution or 
growth due to pre-seeding fertilizer treatments. 

Fall seeding at the highest rate produced satisfactory grass stands on the Clode 
dump. Fall seeding at the low and intermediate rates and spring seeding at all 
rates did not produce adequate seedling populations or areal distribution for 
satisfactory stand development. There were no perceptible differences in 
seedling populations, areal distribution or growth due to pre-seeding fertilizer 
treatment. 

Annual vegetative cover and species composition since 1974 were compared. 
Cover of spring established stands increased from 6% - 25% to 51% - 75% 
between the second and fourth growing seasons. Fall seeded stands, in 
contrast, had consistent vegetative cover during the initial four growing seasons 
at medium and high seeding rates. Cover at the low seeding rate, however, 
increased with time to provide cover similar to the high seeding rate. 

Species composition varied with time. Alfalfa seeded in fall established poorly 
and ranged from 1% - 5% of cover during subsequent growing seasons. Spring 
seeded alfalfa established satisfactorily but cover declined with time. Creeping 
red fescue and crested wheatgrass consistently provided 50% of cover within 
stands during the initial four growing seasons. Timothy and Canada bluegrass 
content of stands varied inconsistently. 

Although species composition varied with time, the subjective evaluation criteria 
employed and lack of replication did not permit statistical interpretation of data. 



FC-6-73 	Growth Chamber Evaluation of 
Tailings and Coarse Refuse as a Growth Medium 
for Plants 

Objective 
To investigate conditions existing in tailings and coarse refuse areas, and whether 
these areas will be able to support plant growth. 

Experiment initiated in 1973. 
Work was done in 1973. 
No mention of any additional work done, or termination of the project. 

Overview of Methods 
Representative material from the tailings lagoon and coarse refuse pile were 
collected during the summer of 1973. Growth chamber studies were initiated in late 
1973. 

There was no further mention of this study in any future annual reports. 



FC-1-77 Effect of Seeding Rates and 
Incorporation on Establishment of Four 
Legume-Grass Mixtures on Waste Rock and 
Glacial Till 

Objective 
To evaluate the effect of seed incorporation and seeding rate on establishment of 
four introduced nitrogen fixing plant species seeded on mine rock and 
overburden on low elevation waste dumps. 

Experiment initiated in 1978. 
Workwas done in 1978, 1979, 1981, 1982 and 1983. 

Overview of Methods 
A randomized split-block experiment with four replications was established on 
Greenhills mine rock and overburden covering mine rock in May 1977. Alfalfa 
var. Rambler, birdsfoot trefoil var. Leo, sainfoin var. Melrose, and cicer milkvetch 
var. Lutana were each seeded with creeping red fescue at legume to grass seed 
ratios of 1:1, 2:1, and 4:1 (i.e. 10, 20, and 40kg/ha legume seeded with 10kg/ha 
grass). Fertilizer equivalent to 50 kg/ha N, 250 kg/ha P205 , and 100 kg/ha K20 
was broadcast on waste rock and overburden surfaces. On half of each legume-
seeding rate subplot, fertilizer was incorporated by rototilling and seed by raking. 

In May 1978 100 kg/ha K2O was broadcast on all treatments. No maintenance 
fertilizer was applied after 1978. Vegetative cover, legume density, legume 
content, and biomass were determined within five 0.1 m 2  quadrats placed 
randomly within each 9 M2  plot during July 1978. 

Results driving the Conclusions 
The beneficial effects of increasing legume seeding rate and fertilizer-seed 
incorporation, which were obvious during the initial growing season, were short-
lived and less evident after the second growing season when small seeded 
legumes such as alfalfa and birdsfoot trefoil were the legume component. With 
large-seeded legumes such as sainfoin the beneficial effects of increasing the 
seeding rate and incorporation were longer lasting. 

Vegetative cover, legume cover, legume content and biomass varied with legume 
species. Sainfoin and cicer milkvetch characteristically established slower than 
alfalfa and birdsfoot trefoil. 



In 1978 vegetation cover, legume cover, legume content and biomass were all 
significantly higher on waste rock than on glacial till. In 1981 the exact opposite 
situation occurred, with all growth parameters were significantly higher on glacial 
till. A progressive increase in sainfoin, cicer milkvetch and alfalfa on glacial till 
combined with a substantial decrease in birdsfoot trefoil on waste rock account 
for the changes. 

The results from this study suggest that some legume species require longer to 
establish (cicer milkvetch) while others establish rapidly but may not persist 
under conditions prevailing on waste rock (birdsfoot trefoil). Over the longer 
term, glacial till overburden may prove superior to waste rock as a growth 
medium for legumes even though legume establishment on overburden was 
slower than on waste rock. Alfalfa appears most capable of adapting to the 
variable conditions prevailing on Greenhills mine waste. Alfalfa establishes 
quicker than either sainfoin or cicer milkvetch, and appears capable of sustaining 
satisfactory growth longer than birdsfoot trefoil on both waste rock and glacial till. 

Alfalfa var. Rambler, sainfoin var. Melrose, and cicer milkvetch var. Lutana have 
demonstrated the capability of sustaining satisfactory growth without 
maintenance on Greenhills waste rock and glacial till overburden. Birdsfoot 
trefoil var. Leo established satisfactorily but appears incapable of persisting 
either on waste rock or overburden. Sainfoin and cicer milkvetch were more 
difficult and slower to establish than alfalfa. Seeding at very high rates and/or 
incorporating seed improves establishment of both sainfoin and cicer milkvetch. 
On plots with reduced legume cover, creeping red fescue provided satisfactory 
ground cover. 



FC-2-77 	Effect of Amount and Frequency of 
Phosphorus Application on Establishment, 
Growth and Phosphorus Use Efficiency of 
Legume-Dominated Vegetation on Waste Rock 
and Glacial Till 

Objective 
To determine phosphorous requirements for establishment and long term 
sustained growth of legume-dominated vegetation on waste rock and overburden 
at low elevation and to assess the effect of incorporation and application 
frequency on legume survival and efficiency of phosphorous use. 

Experiment initiated in 1977. 
Work was done in 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986 
and 1987. 
This originally was scheduled to be an eight year project, which was extended to 
eleven years. 

Overview of Methods 
A randomized block experiment with four replications was established on the 
Greenhills experimental site (constructed in 1977). This study was located on 
waste rock and on 15-30cm depth of glacial till overburden covering waste rock. 
Before fertilizing, composite surface waste rock and glacial till samples were 
collected from each replicate for complete soil analysis. 

During the initial growing season treble superphosphate was broadcast by hand 
to residual and maintenance fertilizer P treatments. Residual P treatments 
received the entire phosphorous application in 1977 prior to seeding (0, 50, 100, 
200, 400, 800 and 1600 kg/ha P 205). 

Maintenance P treatments were broadcast at 50, 100, 200, 400 and 800 kg/ha 
prior to seeding. Maintenance P treatments will be top-dressed annually at 50, 
100, and 200 kg/ha P205 , biennially at 100, 200 and 400 kg/ha P 205, and one 
800 kg/ha P205  application will be top-dressed after four years. One-half of the 
residual and maintenance P subplots were rototilled to about 15 cm depth to 
compare fertilizer phosphorous use efficiency with and without pre-seeding 
fertilizer incorporation. 

Prior to seeding, fertilizer nitrogen and potassium were also broadcast on waste 
rock and glacial till surfaces by cyclone spreader to supply 50 kg/ha N as urea 
and 50 kg/ha K20 as muriate of potash. 



A seed mixture containing alfalfa var. Rambler (67%) and creeping red fescue 
var. Boreal (33%) was broadcast seeded on all subplots by cyclone spreader in 
late May 1977. Seed was incorporated by hand raking. Inadvertently, inoculant 
was not mixed with alfalfa at seeding. To ensure uniform inoculation, water was 
mixed with inoculum and applied over subplots by watering can one week after 
seeding. 

In May 1978, 1979, 1980, 1981, 1982, 1983 and 1984 annual and biennial 
maintenance phosphorous applications were made according to plan. In 1978 a 
maintenance application of 100 kg/ha K20 was broadcast on all treatment 
subplots to ensure growth was not limited by potassium deficiency. 

Many treatments within replicates 1 and 2 were destroyed. 

In 1985 it was decided to continue to assess vegetative growth on the single-pre-
seeded phosphorous treatments to observe longer term effects on organic matter 
and organic nitrogen production. 

Results driving the Conclusions 
Three major factors influenced alfalfa establishment and efficiency of fertilizer 
phosphorous use on low elevation waste disposal areas at Fording Coal Ltd: 
growth medium, fertilizer placement, and phosphorous rate. 

After the first growing season, there was a highly significant difference (p=0.01) 
between all independent variables measured on waste rock and till covering 
waste rock. Alfalfa seedling density, height, frequency of establishment, plant 
phosphorous content, and available phosphorous content of the growth media 
were greater on waste rock than on till. The physical and chemical properties of 
the growing medium, namely nIl erosion on till-covered slopes, puddling and 
formation of a surface crust, and few microsites for seed and moisture retention 
negatively affected seedling establishment, density, height, plant P content and 
available soil P. 

Incorporation of fertilizer by pre-seeding tillage increased alfalfa seedling height 
on both glacial till and waste rock (more so on glacial till). Fertilizer placement 
did not significantly affect other independent variables during the initial growing 
season. 

Alfalfa seedling height increased progressively with phosphorous rate. Seedling 
height doubled by increasing applied phosphorous from 100 to 1600 kg/ha P 205 . 

Seedling density and frequency was unaffected by applied phosphorous. 



After three years of growth, all growth parameters except grass cover were 
increased significantly by application of phosphorous. Applying more than 100 
kg/ha P resulted in additional increases in vegetative cover, legume cover, 
legume content, biomass, forage nutrient content, P uptake and 'available' P 
content of the mine waste. Phosphorous recovery from glacial till was lower than 
from waste rock. During the first three seasons, maximum amounts of organic 
matter and organic nitrogen were produced by annual applications of 200 kg/ha 
P205  on waste rock and two-biennial applications of 400 kg/ha P20 5  on glacial 
till. 

Legume-dominated vegetation satisfying minimum revegetation criteria 
(vegetative cover and legume content of greater than 50%) was sustained 
through the eleventh growing season on Greenhills mine waste by a single pre-
seeding application of 50 (glacial till) and 200 (waste rock) kg/ha P205 in 
combination with 50 kg/ha N and K20. 

Incorporating large amounts of phosphorous with Greenhills mine waste and 
establishing legume-dominated vegetation was an effective method of adding 
organic matter and organic nitrogen to the mine waste system. 

Maximum organic matter and organic nitrogen production on waste rock and 
overburden covering waste rock were produced by a single, pre-seeding 
application of 800 and 1600 kg/ha P20 5  respectively. Applying the entire 
phosphorous requirement and incorporating it with mine waste prior to seeding 
with a legume-grass mixture was proven to be an effective technique. 

Production of organic matter and organic nitrogen by self-sustaining alfalfa-
creeping red fescue vegetation was similar on both waste rock and glacial till 
covering waste rock through the eight year study period. Phosphorous uptake, 
recovery and use efficiency were slightly higher for vegetation growing on waste 
rock. 

Applying equivalent amounts of phosphorous either in eight annual or four 
biennial applications did not increase organic matter or organic nitrogen 
production relative to the sing pre-seeding application. It was concluded 
therefore, that applying the entire phosphorous requirement and incorporating it 
with mine waste prior to seeding with a legume-grass mixture has proven to be 
an effective short-term reclamation technique. 



FC- 3-77 	Effect of Amount and Frequency of 
Potassium Application on Establishment, 
Growth and Potassium Use Efficiency of 
Legume-Dominated Vegetation Grown on 
Waste Rock and Glacial Till 

Objective 
To determine potassium requirements for long-term legume-grass growth on 
waste rock and glacial till overburden, and to determine the relative effectiveness 
of alternative potassium application frequencies and incorporation on efficiency 
of applied potassium. 

Experiment initiated in 1977. 
Work was done in 1977, 1978, 1979, 1980, 1981, 1982, 1983, and 1984. 
This was scheduled to be an eight year study. 

Overview of Methods 
A randomized block experiment with four replications was established on the 
Greenhills experimental site (constructed in April 1977), on waste rock and on 15 
to 30 cm depth of glacial till overburden covering waste rock. Before fertilizing, 
composite surface waste rock and glacial till samples were collected from each 
replicate for complete soil analysis. 

During the initial growing season muriate of potash was broadcast by hand to 
residual and maintenance fertilizer potassium treatments. Residual K treatments 
received the entire potassium application in 1977 prior to seeding (50, 100, 200 
and 400 kg/ha K20). Maintenance K treatments were broadcast at rates of 50, 
100 and 200 kg/ha in 1977 and will be broadcast annually for eight years at the 
same rate. Biennial applications were of 100 and 200 kg/ha K20. All residual K 
treatments were rototilled to incorporate fertilizer to 15cm depth. One-half of the 
maintenance K subplots were rototilled. 

Prior to seeding the equivalent of 50 kg/ha N and 250 kg/ha P 205  was broadcast 
on ammonium phosphate by cyclone spreader on waste rock and glacial till 
surfaces. 

A seed mixture composed of alfalfa var. Rambler (67%) and creeping red fescue 
var. Boreal (33%) was broadcast seeded on all subplots by cyclone spreader in 
late May 1977. Seed was incorporated by hand raking. Inadvertently, inoculant 
was not mixed with alfalfa at seeding. To ensure uniform inoculation, water was 
mixed with inoculum and applied over subplots by watering can one week after 
seeding. 



In May 1978 and 1979, the equivalent of 100 kg/ha P20 5  in the form of treble 
superphosphate was broadcast on all treatments. In 1978, 1979, 1980, 1981, 
1982, 1983 and 1984 annual and biennial potassium applications were made 
according to plan. 

Many treatments were destroyed in replicates 1 and 2. 

Results driving the Conclusions 
Exchangeable K in soils is generally considered to provide a reliable estimate of 
potassium available for plant growth. Exchangeable K content of waste rock and 
glacial till were increased to levels exceeding the threshold soil K deficiency level 
(reported at 120 ppm K) with application of greater than 100 kg/ha K20 and 
greater than 200 kg/ha K20 respectively. 

Non-exchangeable K in soils is considered to provide an estimate of K released 
over the long term as a result of weathering of K contained within the crystal 
lattice of clay minerals. Short term cropping is reported to remove exchangeable 
K until a minimal level is reached. Greater non-exchangeable K content of waste 
rock compared to glacial till suggested potential for greater K release from long 
term weathering of waste rock than till. 

In 1978 the addition of potassium had no effect on growth parameters such as 
vegetative cover, legume content, biomass, potassium update or phosphorous 
and nitrogen content. Potassium content of vegetation was increased by 
potassium application to waste rock and glacial till. Incorporation of potassium 
increased vegetative cover on glacial till and the total N and P content of 
vegetation grown on both waste rock and glacial till. Vegetative cover and 
legume content as well as the N, P and K content of vegetation were higher for 
waste rock than overburden. Exchangeable-K levels were generally above the 
deficiency threshold in waste rock, while glacial till overburden exchangeable-K 
levels were generally below. 

Results were consistent through eight growing seasons. Fertilizer potassium had 
no apparent effect on growth of alfalfa-creeping red fescue on Greenhills mine 
waste. 

The same criteria for describing a self-sustaining legume-dominated herbaceous 
cover was adopted in this study as applied in FC 2-77. Self-sustaining 
vegetation dominated by an agronomic legume was established on low elevation 
on Greenhills mine waste without either pre-seeding or maintenance applications 
of potassium. With exception of phosphorous, primary and secondary nutrient 
contents were within ranges considered adequate for normal yield on agricultural 
soils. 



While potassium fertilizer may not be required to sustain alfalfa-dominated 
vegetation on waste rock and glacial till, maximizing organic matter and organic 
nitrogen production appears to require additional potassium. On glacial till and 
waste rock, biomass, N yield and K update were maximized with a single pre-
seeding application of 100 kg/ha and 200 kg/ha K 20 respectively. 

Legume dominated vegetation established on waste rock and glacial till covering 
waste rock without the addition of potassium fertilizer. Vegetation sustained 
growth through eight growing seasons on both types of mine waste without 
maintenance fertilizer. Biomass production was not limited by potassium 
deficiency. Application of up to 1600 kg/ha K20, either at seeding or as 
maintenance, did not increase biomass production. Covering waste rock with 
glacial till overburden did not affect overall vegetative cover or biomass 
production significantly, but legume cover, content and biomass was higher on 
glacial till than on waste rock. 

Destruction of treatments within replicates limited data collection and 
subsequently statistical analysis for some growth parameters. It was not 
possible to determine effects of application frequency on potassium use 
efficiency in some years, since equivalent amounts of potassium had not been 
applied by all fertilizer treatments. 



FC- 4-77 	Effect of Seeding Date on 
Establishment of Native and Introduced Nitrogen- 
Fixing Plant Species on Waste Rock and Glacial 
Till Overburden 

Objective 
To determine the effect of seeding date and growth media on establishment of 
native and introduced nitrogen fixing species on low elevation waste dumps. 

Experiment initiated in 1977. 
Workwas done in 1977, 1978, 1979, and 1981. 

Overview of Methods 
A randomized complete block design experiment with five replicates was established 
on the Greenhills experimental site (constructed in April 1977) on waste rock and 
glacial till overburden covering waste rock. 

Each randomly selected block represented a seeding date. Twenty-three 
commercial legume species and seven native nitrogen-fixing species were seeded in 
early October 1977, early May 1978, and late June 1978. 

Prior to seeding, the equivalent of 50 kg/ha N, 250 kg/ha P 2O5  and 100 kg/ha K20 
were applied as ammonium phosphate and muriate of potash, and broadcast on 
waste rock and till surfaces by cyclone spreader. Fertilizer was incorporated to 15 
cm depth by rototiller. The fall seeded block was fertilized with 46 kg/ha N, 56 kg/ha 
P2O5  and 35 kg/ha K20 in May 1978. 

Fifty seeds of each species were seeded within five 0.1 m 2  quadrats randomly 
located within each seeding date block. Seed was applied by hand and covered 
with 0.5 to 1.3 cm of fines. Legumes were mixed with bacterial inoculum before 
seeding. Buffaloberry, kinnickinnick, and wild rose seed were scarified with 
sulphuric acid. 

Heavy equipment caused significant damage to the late spring seeded plots on both 
waste rock and glacial till overburden. 

Results driving the Conclusions 
After the first growing season, seedling density varied significantly (p=0.01) among 
plant species and seedling dates but did not vary among growth media. Maximum 
density resulted with late June seeding while minimum density occurred with 
October seeding. All commercial legume species provided satisfactory seedling 
density with May and June seeding. 



Seedling height also varied significantly among seeding dates, species, and growth 
media. Legume seedlings grown on waste rock were significantly taller than 
seedlings grown on overburden covering rock. After the first growing season, 
legume height increased in proportion to length of growing season; October 
seedlings had maximum height, while June seedlings had minimum height. 

Native nitrogen-fixing species did not establish satisfactorily despite use of 
recommended pre-germination seed treatments. Silky lupine, timber milkvetch, and 
sweet vetch germinated but seedling density and height were poor. Scarification 
and cold stratification during winter may be necessary to break seed dormancy in 
addition to pre-germination treatments employed. The timing of native seed 
collection, methods of seed cleaning, and seed storage may have also reduced 
germination percentage. 

Of the 30 nitrogen-fixing species and varieties originally seeded on mine waste, only 
20 established and survived through the second growing season. Of the twenty, 
only two (silky lupine and timber milkvetch) were native to the Fording valley. The 
remaining 18 were commercially available agronomic species. The legumes 
established in 1978 and 1979 continued to survive and sustain growth without 
maintenance through the 1980 and 1981 growing seasons. 

Legume population densities and growth were generally greater on waste rock than 
glacial till. 

This experiment proved that it was possible to establish legumes on mine waste by 
seeding in late fall. To ensure satisfactory legume populations, seeding should be 
delayed to as late as possible. Fall seeded legumes germinate very quickly when 
temperatures are favourable and the seedlings are very sensitive to freezing 
temperatures. Species selection was also important, and ensuring legumes were 
seeded at an adequate rate to compensate for increased seedling mortality, and 
when seeded in a mixture with grasses to ensure that the grasses are seeded at 
sufficiently low rates to minimize competitive effects during the initial growing 
season. 

Spring seeded agronomic legumes that satisfied minimum population requirements 
(on waste rock) were: alfalfa vars. Drylander, Rambler and Roamer, sainfoin var. 
Melrose, cicer milkvetch vars. Lutana and Oxley, Alsike clover, red clover, white 
Dutch clover, New Zealand white clover, ladino clover and birdsfoot trefoil. 

Fall seeded agronomic legumes that satisfied minimum population requirements 
were: alfalfa vars. Drylander, Rhizoma and Rambler, sainfoin var. Melrose, cicer 
milkvetch var. Lutana, crownvetch, white Dutch clover and birdsfoot trefoil. 
Attempts to establish native nitrogen-fixing plant species were not successful. 
Evaluation of native species was hampered by difficulties and high costs in collecting 
mature, viable seed for experimental purposes. Germination of native plant seeds 
was generally poor, and developments of techniques to improve germination are 
costly. More efficient seed collection and production programs need to be 
developed. 



FC -5-77 Effect of Slope Angle, Aspect and 
Surface Material on Establishment of a Grass 
Legume Mixture on Waste Dump Slopes 

Objective 
To determine optimum waste dump re-slope angles from operations, surface stability 
and revegetation points-of-view and to assess the need for covering waste rock 
slopes with overburden. 

Experiment initiated in 1977. 
Workwas done in 1978, 1979, 1981, 1982, 1983, 1984 and 1987. 

Preliminary results of the study evaluating equipment limitations and economics of 
dump construction were reported by Popowich (1). The effects of resloping on 
surface stability, drainage and vegetation establishment are discussed here. 

Overview of Methods 
Slope panels ranging from 24 to 340  were constructed from waste rock from the 
Greenhills south dragline spoil and the Turnbull truck-shovel spoil. D6, D8 or D9 
dozers pushed fine-textured siltstones and mudstones located on the spoil crest 
over larger size sandstone boulders at the slope base. Fine-textured rock weathers 
more rapidly resulting in a larger proportion of fines for plant growth. 

A 6 m wide terrace sloped at 2 °  was constructed at mid-slope to provide access for 
materials application. Ditches were constructed at the toe of slopes to collect runoff. 
A 15 to 30 cm layer of glacial till overburden was spread over 26, 28 and 30 0  angle 
rock slopes. Slope lengths ranged from 27 to 55 m which were relatively short 
relative to the design slope lengths of 100 to 150 m. 

In October 1977 fertilizer and seed were broadcast by hydroseeder from the terrace. 
A complete fertilizer (13-16-10) was applied at 336 kg/ha. A seed mixture composed 
of alfalfa var. Rambler (35%), Alsike clover (10%), creeping red fescue (25%), 
Timothy var. Climax (15%), Canada bluegrass (10%), and red top (5%) was 
broadcast at 44 kg/ha. Fertilizer and seed were not incorporated. 

The Turnbull re-sloping tests could not be evaluated in 1978 due to uneven seed 
application, and the site was re-seeded in 1980. Maintenance fertilizer was never 
applied to the slopes. 

Results driving the Conclusions 
After the first growing season, slope angles on rock waste ranging from 24 to 34 0  
generally provided a stable well-drained surface suitable for reclamation. Slope 
surfaces at angles exceeding 260  on rock waste were not unstable or more prone to 



nil erosion. Surface runoff from re-sloped waste rock slopes was negligible. 
Placement of glacial till on 26, 28 and 300  slopes resulted in erosion and silt 
accumulation in drainage ditches. 

Seedling establishment on all slope angles, aspects and surface materials was 
adequate for development of dense vegetative cover during the second and 
subsequent growing seasons. Seedling populations after the first year were 
dominated by Timothy (greater than 50%) and creeping red fescue (25-50%), with 
minor amounts of other species. Legume establishment was unsatisfactory. 
Seedling density was not affected by slope angle or position. Seedling density was 
significantly lower on glacial till than on waste rock, but seedlings grown on waste 
rock were smaller and severely chlorotic compared to seedlings grown on glacial till. 
Increasing the steepness of waste rock and glacial till slope angles from 26 to 30 0  or 
more does not limit revegetation potential. Both types of mine waste supported 
grass growth during warmer and drier than normal weather. While grass growth on 
glacial till was superior to that on waste rock, covering waste rock slopes cannot be 
recommended. Glacial till was found to erode readily even on slopes less steep 
than 260. Control of erosion on large areas of waste dump slope covered by glacial 
till would be difficult and costly as compared to waste rock. 

Satisfactory vegetative cover dominated by creeping red fescue and Canada 
bluegrass with significant amounts of alfalfa sustained growth on re-sloped 
Greenhills and Turnbuil mine waste during 1981. Several native forbs including 
yarrow, wild mustard, fireweed and dandelion were invading the Greenhills site. 

By 1983, it was shown that density, composition, and productivity of vegetation 
growing on regraded Greenhills mine waste were influenced by slope steepness and 
growth medium. A plant community of agronomic grass and legume species could 
establish and sustain satisfactory growth and cover on mine waste slopes as steep 
as 32 to 340. Of significant importance was the increase in alfalfa over the growing 
seasons, and its beneficial impact on vegetative cover and biomass was particularly 
evident on the steeper slopes and on slopes covered with glacial till. Observations 
on the Turnbull site support conclusions concerning the importance of alfalfa for 
establishing satisfactory self-sustaining vegetation on mine waste slopes. 

Observations in 1984 also support 1983 results. Alfalfa population increased over 
time and distribution became more uniform. Where adequate populations of alfalfa 
were distributed uniformly, vegetative cover was excellent regardless of slope 
steepness or aspect. 

Monitoring in 1987 revealed an acceptable plant cover of alfalfa, creeping red fescue 
and Canada bluegrass, which had sustained growth for 10 years on Greenhills and 
Turnbull waste dumps without maintenance fertilizer. Alfalfa growing on coal spoil in 
early fall was an excellent source of crude protein and digestible energy for elk. 
Alfalfa nutritional quality appears to deteriorate rapidly during late fall and throughout 
the winter grazing period. In contrast, Canada bluegrass maintained acceptable 
digestible energy levels throughout the winter. 



FC- 6-77 Survival of Lodgepole Pine Planted on 
Waste Rock and Glacial Till Overburden 
Covering Waste Rock 

Objective 
To determine survival of lodgepole pine on waste rock and glacial till overburden. 

Experiment initiated in 1977. 
Work was done in 1973, 1976, and 1977. 

Overview of Methods 
Two hundred and twenty lodgepole pine seedlings were planted on waste rock and 
glacial till covering waste rock in late May 1977. Seedlings were planted by hand on 
the subplot boundaries within the phosphorous and potassium fertility experiments 
established on the Greenhills range experimental site in 1977 (FC- 2 - 77 and FC- 3-
77). 

Lodgepole pine seed was collected at Fording Coal Ltd. at 1700 m elevation in 1970 
and 1971 and seeded in the Cominco nursery at Trail in May 1973. Seed was 
soaked in water for 24 hours and chilled moist at 2 to 6 °C for one month before 
sowing. Seedlings received minimal weeding, fertilization and watering during the 
four growing seasons preceding transplanting. Seedlings were subjected to 
repeated SO2 fumigations at the nursery and were dug and replanted again in the 
nursery in 1976 when a strike prevented field planting operations and deferred to 
planting in 1977 

Results driving the Conclusions 
Despite visual symptoms of SO 2  damage at the time of transplanting, percent 
survival was 25% and 71 % on glacial till and waste rock respectively during the first 
growing season. 



FC-1-78 Germination of Native and 
Commercially Available Plant Species Collected 
at High Elevation at Fording Coal 

Objective 
To determine germination rate, seed treatment necessary to break dormancy, seed 
numbers per pound as well as obtain an estimate of the time and cost requirements 
for collection, cleaning, and pre-germination treatment of native species seed. 

Experiment initiated in 1978. 
Work was done in 1978. 

Overview of Methods 
Seed of 12 native species and 6 commercial species was collected on Turnbull 
Mountain at elevations ranging from 2000 to 2225 m. Seed was air dried at ambient 
temperature and stored in cotton bags prior to cleaning and testing during the winter 
following collection. An after-ripening period of about 150 days elapsed between 
seed collection and cleaning. Representative grass seed samples were germinated 
in petri dishes on moist filter paper in darkness at 21 °C for 30 days. Three replicates 
each consisting of 25 seeds were employed for each species. 

Shrub seed was pre-treated as recommended by the USDA Forest Service. Wild 
rose and buffaloberry seed were acid scarified in concentrated sulphuric acid for 0, 
10, 20, or 30 minutes and rinsed with hot water prior to germination. Kinnickinnick 
was treated similarly over longer time intervals of 0, 2, 4, and 7 hours. Shrub seed 
was then moist stratified at 1 °C for 90 days prior to placement in darkness at 21 °C 
for 30 days. Native legume and alder seed was moist stratified at 1 °C for 90 days, 
as recommended by McLean. 

Species used 
12 native species 
spike tristeum 
Idaho fescue 
bearded wheatgrass 
alpine brome 
alpine timothy 
alpine bluegrass 
silky lupine 
sweet vetch 
timber milkvetch 
sitka alder 
Buff aloberry 
Kinnickinnick 

Trise turn spica turn 
Festuca idahoensis 
Agropyron caninurn 
Brornus purnpe/Iianus 
Ph/eum alpinum 
Poa alpina 
Lupinus sericeus 
Hedysarurn suiphurescens 
Astra ga/us rniser 
Alnus sinuata 
Shepherd/a canadensis 
Arctostaphy/os uva-ursi 



6 commercial species 
smooth brome var. Manchar 
Timothy var. Climax 
creeping red fescue var. Boreal 
hard fescue var. Durar 
Canada bluegrass 
Crested wheatgrass 

Bromus inermus 
Phleum pra tense 
Festuca rubra 
Festuca 0 v/na 
Poa compressa 
Agropyron crista turn 

Results driving the Conclusions 
Germination of commercial grass seed was unsatisfactory. Creeping red fescue and 
smooth brome had germination rates of 29 and 8% respectively, while other species 
did not germinate. Poor germination was attributed to collection of seed before 
sufficiently mature. 

Germination of native bearded wheatgrass, spike trisetum, alpine Timothy, and 
alpine bluegrass was satisfactory without pre-germination treatment averaging 72, 
68, 55, and 48% respectively. 

Germination of native legumes and shrubs was poor despite pre-germination 
treatment. Timber milkvetch, sweet vetch, Buffaloberry, and bearberry germinated; 
but wild rose, sitka alder, and silky lupine did not. Varying acid scarification times 
did not affect germination. 

Based on this report, it is not known what pre-germination treatment will increase 
germination for certain native legumes or shrubs. Labour requirements and costs of 
collecting and cleaning native seed were not reported on in this study. 



FC-2-78 	Effect of Legume Seeding Rates 
and Grass Competition on Establishment and 
Growth of Four Legume Species Seeded in Fall 
on High Elevation Waste Rock 

Objective 
To determine the effects of grass competition, seeding rate and legume to grass 
seed weight ratio on establishment of legume dominated vegetation when seeded in 
the fall on high elevation waste dumps. 

Experiment initiated in 1978. 
Workwas done in 1978, 1979, 1980, 1981, 1983 and 1984. 

Overview of Methods 
An experimental site was constructed on Eagle Mountain with waste rock from the 
Clode pit in October 1978 at 2073 m elevation on a 30 m long west facing 26 0  slope 
to simulate regraded slopes on the final Clode waste rock dump. A randomized 
block experiment with four replications was established. Prior to establishment a 
composite waste rock sample was collected for complete soil analysis. The 
equivalent of 400 kg/ha P 205  and 100 kg/ha K20 was broadcast by cyclone spreader 
on the slope surface prior to seeding, and was incorporated to about 15 cm depth by 
rototilling. 

Four legume species and four legume-grass mixtures containing the same legume 
species (and inoculated with bacterium) were broadcast by hand on subplots in 
October 1978. Alfalfa var. Rambler, birdsfoot trefoil var. Leo, sainfoin var. Melrose 
and Alsike clover were seeded individually at rates of 10, 20 and 40 kg/ha and in 
combination with creeping red fescue var. Boreal seeded at 10 kg/ha. Seed was 
incorporated by raking. 

A maintenance fertilizer application of 50 kg/ha N and P 2O5  was broadcast in May 
1979 and 1980. Maintenance fertilizer was discontinued in 1981. 

Results driving the Conclusions 
After the first growing season, commercially available agronomic legume species 
established on high elevation waste rock when seeded in late fall. To establish 
sufficient legume seedling populations, the legume should be seeded at very high 
rates in the range of 40 or more kg/ha. 

Alsike clover and alfalfa demonstrated most promise early on, establishing 
satisfactorily at a low seeding rate of 10 kg/ha. To ensure legume dominance in a 
fall seeding program, legumes should not be seeded in mixtures with grasses. 



Due to variable surface conditions and browsing, objectives of this study were not 
completely realized. It was demonstrated that agronomic legume species can 
establish and sustain growth on high elevation waste rock. Birdsfoot trefoil, alfalfa 
and alsike clover established satisfactorily when seeded at 20 and 40 kg/ha in the 
fall. It was also demonstrated that seeding creeping red fescue with a legume, at 
the relatively low rate of 10 kg/ha limits legume establishment resulting in grass 
dominated vegetation. Wildlife (specifically bighorn sheep and elk) graze Alsike 
clover, sainfoin and alfalfa. Intensive grazing of these legume species severely 
restricted comparisons of plant species during the study. Ungulates do not appear 
to browse birdsfoot trefoil. This fact, coupled with the ability of the N-fixing legume 
to establish and sustain growth on high elevation sites highlight birdsfoot trefoil as a 
preferred reclamation species 



FC-1-79 Establishment and Survival of 
Introduced and Native Plant Species on High 
Elevation Waste Rock Slopes 

Objective 

To compare establishment and growth of agronomic and native plant species under 
two levels of fertility at a high elevation site. 
Experiment initiated in 1979. 
Work was done in 1979, 1980, 1981 and 1985. 

Overview of Methods 
Forty-nine species of grass and legume, including 21 commercially available 
agronomic species, 6 agronomic species developed in Alaska, 11 native species 
from an alpine grassland community on Fording Coal's Turnbull Mountain and 11 
native grasses from northern areas of British Columbia, Alberta, and Northwest 
Territories were seeded on high elevation waste rock slopes in May 1979. Seed 
was applied at rates ranging with plant species from 25 to 100 seeds per 0.1m 2 . 
Following application seed was covered by 0.6 to 1.3 cm of waste rock fines. 

Prior to seeding waste rock was fertilized with 2 levels of plant nutrients. The low 
fertility treatment consisted of application of 13-16-10 at 500 kg/ha which supplied 
the equivalent of 65 kg/ha N, 80 kg/ha P 205  and 50 kg/ha K20. The high fertility 
treatment received the equivalent of 50 kg/ha N, 800 kg/ha P205  and 50 kg/ha K20. 
The high fertility treatment will also be fertilized annually with 50 kg/ha each of N, 
P205  and K20. Each plant species-fertility treatment was replicated five times. 



Species used 
Commercial agronomic species Native species 

Grasses Northwest Territories 
creeping red fescue var. Boreal hairy wildrye 
hard fescue var. Durar northern awnless brome 
sheep fescue slender wheatgrass 
red top pea-vine 
Canada bluegrass var. Creston Northern Alberta & BC 
Canada bluegrass var. Reubens "Violet" wheatgrass 
Kentucky bluegrass var. Nuggett alpine bluegrass 
meadow foxtail var. Oregon "Alpine" fescue 
crested wheatgrass var. Nordan "Alpine sheep" fescue 
Carleton bromegrass "slender" wheatgrass 
Timothy var. Climax fowl bluegrass 

Legumes big bluegrass 
Alfalfa var. Drylander Fording Coal 
Alfalfa var. Rangelander silky lupine 
Alfalfa var. Rambler sulphur hedysarum 
Alsike clover var. Aurora timber milkvetch 
red clover var. Altaswede alpine brome 
white clover var. Dutch alpine Timothy 
perennial lupine alpine bluegrass 
cicer milkvetch var. Lutana bearded wheatgrass 
sainfoin var. Melrose Idaho fescue 
birdsfoot trefoil var. Leo spike trisetum 

Northern agronomic species 	Buffalobe rry 
Timothy var. Engmo American vetch 
bromegrass var. Polar 
bluejoint var. Sourdough 
creeping red fescue var. Arctared 
tall articgrass var. Alyseska 
alpine bluegrass var. Tundra 

Results driving the Conclusions 
Seedling establishment ranged as follows: agronomic legumes 100%; agronomic 
grasses 72%; Alaska agronomic grasses 50%; northern native grasses 45%; 
Fording native species 27%. 

During the seventh growing season 38 of the original 49 species seeded were 
sustaining growth on the high elevation waste rock, including 100% of the agronomic 
grasses, 70% of the agronomic legumes, 67% of the Alaskan grasses, 75% of the 
northern native grasses and 64% of species indigenous to high elevation grasslands 
at Fording Coal. The differences between seedling establishment and plant 
populations seven years later reinforce the importance of long-term monitoring 
practises. 



However, while the number of species sustaining growth was high, only 14 grass 
species were rated as having potential for use in revegetation of high elevation 
waste rock. Based on frequency of occurrence and plant vigour, four agronomic 
grasses, two Alaska grasses, seven northern native grasses and one grass 
indigenous to Fording grasslands appear promising. Ranked in descending order 
they are: bluebunch wheatgrass, violet wheatgrass, bromegrass var. Polar, hairy 
wildrye, slender wheatgrass, sheep fescue, creeping red fescue var. Boreal, alpine 
bluegrass, northern awnless brome, creeping red fescue var. Arctared, timothy var. 
Climax, fowl bluegrass and bromegrass var. Carleton. 

Bluebunch wheatgrass, the bromegrasses and slender wheatgrass are highly 
valuable forage species heavily used by elk during winter. Sheep fescue, creeping 
red fescue, alpine and fowl bluegrasses and timothy were highly valuable forage 
species moderately to heavily used in spring, summer and/or fall. 

In future studies, successful establishment of nitrogen fixing forbs indigenous to high 
elevations at Fording will depend on the development of good seed collection, 
processing and treatment techniques. In-situ studies to assess establishment, 
growth and reproduction of native and naturalized forage species identified as 
preferred food species for elk will be expanded in 1986. 



FC-2-79 Eftect of Amount and Frequency of 
Phosphorus Application on Establishment and 
Long-Term Survival of Legume- Dominated 
Vegetation on High Elevation Waste Rock 

Objective 
To determine the phosphorous requirement for establishment, long term growth and 
maximization of organic matter and organic nitrogen production by alfalfa-dominated 
vegetation on high elevation waste rock slopes. 

Experimental plot site was constructed in October 1978. 
Work was done in 1979, 1980, 1981, and 1982. 
Project was terminated in 1982. 

Overview of Methods 
A randomized block experiment with four replications was established on the Eagle 
experimental site constructed in October 1978, located on the west facing rock slope 
at 2100 m elevation. Before fertilizing, composite waste rock samples were 
collected for complete soil analysis. 

In May 1979 treble superphosphate was broadcast on the waste rock surface and 
incorporated using mattocks. Single pre-seeding phosphorous treatments received 
the following amounts of P205 : 0, 200, 400, 800, 1600 and 3200 kg/ha. 
Maintenance phosphorous treatments received 50, 100, 200 and 400 kg/ha P 205  
prior to seeding and will receive additional amounts either annually or biennially 
during the life of the study. Nitrogen and potassium were broadcast and 
incorporated before seeding at rates equivalent to 50 kg/ha N and K2O applied in the 
form of urea and muriate of potash fertilizer. 

A seed mixture consisting of alfalfa var. Rambler (53%), birdsfoot trefoil var. Leo 
(30%), creeping red fescue var. Boreal (13%) and Canada bluegrass var. Canon 
(4%) was broadcast by hand operated cyclone spreaders at 30 kg/ha in late May 
and incorporated by raking. Legumes were treated with bacterial inoculum prior to 
seeding. 

Legume and grass density and legume height were determined using quadrats 
placed along a line transect through each 3 m x 3 m subplot. Legume seedlings 
were clipped from the single pre-seeding phosphorous rate treatments for 
determination of forage N, P and K content. Forage was air-dried and ground in a 
Wiley mill in preparation for analysis. Waste rock was sampled for determination of 
0.5M NaHCO3  extractable phosphorous. 



In May 1980 and 1981 annual and biennial maintenance phosphorous was applied, 
plus 100 kg/ha K20 was applied to all treatments in 1980. 

Results driving the Conclusions 
Waste rock mined during development of the Taylor pit was cast down slope, and 
then re-graded to a 26 0  slope. The constructed dump had a variable surface 
composition of coarse rock and rock fines. This variable surface condition 
influenced vegetation distribution sufficiently so that assessment of phosphorous 
rate treatment effects on plant growth and production was extremely difficult, if not 
impossible. Within treatment subplots having mainly coarse material on the surface, 
vegetation was sparse and irregularly distributed due to the character of the waste 
dump surface and not phosphorous treatment. 

Herbaceous vegetation dominated by alfalfa established and sustained satisfactory 
growth on high elevation waste rock. Vegetative cover averaged 35% with 54% 
alfalfa content and 795 kg/ha biomass. Increasing the amount of phosphorous 
applied above 200 kg/ha did not increase vegetative cover, alfalfa cover or biomass. 

The primary nutrient content of vegetation growing on waste rock fertilized with 200 
kg/ha exceeded the range of concentrations suggested as typical for alfalfa and 
creeping red fescue growing on range and agricultural soils. Increasing the pre-
seeding phosphorous rate did not increase plant nutrient contents. 

Based on results after four growing seasons, it appears that a single, pre-seeding 
application of 200 kg/ha P20 5  is adequate for establishing herbaceous vegetation 
dominated by alfalfa and that maintenance P or N applications are not required to 
sustain satisfactory growth. It was beneficial to monitor this study over a few years 
as establishment improved over time. 

This project was terminated in1982, but will be inspected annually 



FC-3-79 Effects of Amounts and Frequency of 
Potassium Application on Establishment and 
Long-Term Survival of Legume-Dominated 
Vegetation on High Elevation Waste Rock 

Objective 
To determine potassium requirements for long-term legume-grass growth on high 
elevation waste rock, and; to determine the relative effectiveness of alternative 
potassium application frequencies on efficiency of applied potassium. 

Experiment initiated in 1979. 
Work was done in 1979, 1980, 1981, and 1982. 
Project was terminated in 1982. 

Overview of Methods 
A randomized block experiment with four replications was established on the high 
elevation Eagle Mountain experimental site in 1979, on the west facing slope at 
2100 m elevation. Before fertilizing composite waste rock samples were collected 
for complete soil analysis. 

In late May muriate of potash was broadcast on the waste rock surface and 
incorporated using mattocks. Single pre-seeding potassium treatments received the 
following amounts of K 20: 0, 50, 100, 200 and 400 kg/ha. Maintenance potassium 
treatments received 50, 100 and 200 kg/ha K20 prior to seeding and will receive 
additional amounts either annually or biennially during the life of the study. 
Ammonium phosphate was also broadcast and incorporated before seeding to 
supply 50 kg/ha N and 800 kg/ha P 205 . 

A seed mixture consisting of alfalfa var. Rambler (53%), birdsfoot trefoil var. Leo 
(30%), creeping red fescue var. Boreal (13%) and Canada bluegrass var. Canon 
(4%) was broadcast by hand operated cyclone spreaders at 30 kg/ha in late May 
and incorporated by raking. Legumes were treated with bacterial inoculum prior to 
seeding. 

Legume and grass density and legume height were determined using quadrats 
placed along a line transect through each 3 m x 3 m subplot. Legume seedlings 
were clipped from the single pre-seeding phosphorous rate treatments for 
determination of forage N, P and K content. Forage was air-dried and ground in a 
Wiley mill in preparation for analysis. Waste rock was sampled for determination of 
exchangeable and non-exchangeable potassium. 

In May 1980 and 1981 annual and biennial potassium applications were made 
according to plan. 



Results driving the Conclusions 
The high elevation experimental waste dump surface had a variable composition of 
coarse rock and rock fines. Vegetation establishment and distribution was 
sufficiently affected by this variable surface condition, causing wide variation in 
growth parameter values among replicates. Assessment of potassium treatment 
effects on legume establishment and subsequent growth has been made difficult by 
the variable plant establishment within treatment subplots. 

Herbaceous vegetation dominated by alfalfa established and sustained satisfactory 
growth on high elevation waste rock. Alfalfa populations and cover were highly 
variable within and among blocks due to the variable waste dump surface 
conditions. 
A single pre-seeding application of 50 kg/ha K 20 maximized vegetative cover, alfalfa 
cover and biomass. N, P, and K in top growth was either at or above levels 
considered adequate for normal yield under agricultural conditions. 

High elevation waste rock contained high levels of exchangeable and non-
exchangeable potassium, both forms were increased significantly by 400 kg/ha K20 
applied either as a single pre-seeding application or as two annual applications of 
200 kg/ha K20 each. 

Based on results after four growing seasons it appears that a single pre-seeding 
application of 50 kg/ha K20 is adequate for establishing herbaceous vegetation 
dominated by alfalfa and that maintenance K is not required to sustain satisfactory 
growth. It was beneficial to monitor this study over a few years as establishment 
improved over time. 

This project was terminated in 1982, but plots will be inspected periodically in the 
future. 



FC-4-79, FC-5-79 & FC- 6-79 
Survival and Growth of Tree and Shrub Species 
on Revegetated Greenhills Mine Waste 

Objectives 
I. To evaluate survival and growth of conifers suitable for timber 

production on waste rock and glacial till covering waste rock treated 
with varying amounts and application frequencies of phosphorous 
fertilizer 

II. To evaluate survival and growth of native trees and shrubs suitable for 
wildlife habitat on waste rock and glacial till covering waste rock 
revegetated with varying density of legume-grass cover 

Ill. To determine the effect of grass-legume competition on survival and 
growth of native conifer and shrub species on waste rock and glacial till 
covering waste rock 

Experiment initiated in 1979. 
Work was done in 1979, 1980, 1981, and 1983. 
Project was terminated. 

Overview of Methods 
Two hundred and twenty-four two year-old seedlings of Engelmann spruce and 
lodgepole pine were obtained from the BC Forest Service, Cranbrook and planted 
on waste rock and glacial till overburden fertilized in 1977 with seven levels of 
phosphorous (FC 2-77). Alfalfa-creeping red fescue vegetation of varying density 
had grown on the site for two growing seasons prior to planting the trees. Tree 
seedlings were produced from seed collected at 1250 m elevation near Fernie, BC 
and were planted in May 1979. 

In addition, 192 one year-old seedlings of red-osier dogwood and willow were 
purchased from Reid-Collins and planted on waste rock and glacial till overburden 
previously revegetated with four different legume species-creeping red fescue 
mixtures (FC 1-77). The shrubs were produced from seed collected near Jasper, AB 
and were planted in May 1979. 

Additional seedlings of each tree species and shrub species were planted on 
unrevegetated waste rock and glacial till for comparison with those planted on 
revegetated mine waste. Those trees planted on revegetated mine waste were 
fertilized as described for projects FC 1-77 and FC 2-77. Those trees planted on 
unrevegetated mine waste were fertilized with 13-16-10 applied at 448 kg/ha. 



Results driving the Conclusions 
Mortality of all tree and shrub species planted on revegetated waste rock and glacial 
till was extremely high. 

Mean survival on revegetated waste rock was only 3% compared to 92% on 
unrevegetated waste rock after the first growing season. Survival on revegetated 
glacial till was slightly improved but still averaged only 11 % compared to 75% on 
unrevegetated glacial till after the first growing season. 

By the end of the study, mean survival of Engelmann spruce, lodgepole pine, red-
osier dogwood and willow planted among dense alfalfa-creeping red fescue 
vegetation was only 1 %. Survival of the same woody species on bare waste rock 
averaged 64%. 

This project was terminated due to the extremely high mortality rates. 



FC-1-80 Alternative Planting Sequences for 
Establishing Tree and Shrub Species on 
Revegetated Mine Waste 

Objective 
To assess woody species survival on previously revegetated but unmaintained 
waste rock. 

Experiment initiated in 1980. 
Work was done in 1980 and 1981. 
This project was terminated. 

Overview of Methods 
In May 1980 tree and shrub seedlings were planted on Greenhills waste rock 
originally revegetated in 1973 with grass-legume mixtures of varying composition 
and seeding rates and fertilized with different establishment and maintenance 
treatments. Maintenance fertilizer was discontinued after 1975 so the herbaceous 
vegetation had been self-sustaining for four growing seasons before planting with 
trees and shrubs in 1980. 

Five woody species were planted on the revegetated waste rock including three 
indigenous conifers, Douglas fir, lodgepole pine, and Engelmann spruce, and two 
deciduous shrubs, willow and alder. The conifers were 1-0 containerized seedlings 
supplied by the BC Forest Service. Alder and willow were 1-0 containerized 
seedlings propagated in the Fording greenhouse on the mine site. Forty-four 
seedlings of each species were planted on revegetated mine waste. 

An equivalent number of seedlings of each species were also planted on an 
adjacent area of bare waste rock. Prior to planting, 11-55-0 was broadcast at 448 
kg/ha. The area was seeded to a grass-legume mixture in May 1981. This alternate 
planting sequence was tested to potentially allow for tree and shrub species to 
establish before competition from herbaceous plants becomes excessive. 

Results driving the Conclusions 
Woody plant survival after two growing seasons was poor. Variable site conditions, 
small seedling size and competing vegetation influenced seedling survival. Overall 
survival was higher on bare waste rock. 

Douglas fir was the only species with greater than 50% survival. Lodgepole pine 
was the only species to have a higher percentage of surviving plants on revegetated 
waste rock. 

Woody plant survival on bare waste rock was lower than expected. Areas of coarse 
rock with insufficient fines to support tree seedlings contributed to high seedling 



mortality. Alder seedlings were very small when planted. Willow seedlings were 
also small but survived somewhat better than alder on bare waste rock. 

This study was destroyed in late fall 1981. 



FC-2-80 	Survival and Growth of Indigenous 
Woody Plants Suitable for Commercial Forest 
and Wildlife Habitat Rehabilitation on Waste 
Rock 

Objective 
To conduct an assessment of indigenous tree and shrub species (propagated from 
seed collected at Fording Coal) planted on high and low elevation waste rock 
dumps. In May 1984 the study was modified with the purpose of assessing effects of 
nitrogen fertilizer on conifer growth 

Experiment initiated in 1980. 
Work was done in 1980, 1981, 1982, 1983, 1984, 1986, 1987 and 1989. 

Overview of Methods 
Tree and shrub seedlings were planted on low and high elevation mine waste dumps 
over a period of several years. 

In the spring of 1980 and 1981, 100 one year seedlings each of Douglas fir, 
lodgepole pine, and Engelmann spruce were planted on each of the Greenhills and 
Eagle Mountain waste rock experimental sites, at elevations of 1700 m and 2100 m 
respectively. Prior to planting the equivalent of 50 kg/ha N and 250 kg/ha P 205  was 
broadcast on the waste dump surface. 

In 1980 suitable planting stock was not available from the Fording nursery, so 
seedlings propagated by the BC Forest Service from seed collected at appropriate 
elevations in southeast BC were planted. Seedlings propagated at Fording were 
planted in 1981 and 1982. In 1980 only three species were available, but in 1981 
nine species were available and were planted: Engelmann spruce, Douglas fir, 
lodgepole pine, sub-alpine fir, willow, trembling aspen, poplar, kinnickinnick, and 
alder. Five species were available to plant in 1982: Engelmann spruce, Douglas fir, 
lodgepole pine, willow and black cottonwood. 

In 1981 and 1982 a 10 g slow release fertilizer pellet was placed in each planting 
hole. 

In late 1981 the low elevation Greenhills site was destroyed. 

In May 1984 the study was modified with the purpose of assessing effects of 
nitrogen fertilizer on conifer growth. Nitrogen was applied as urea at three rates 
equivalent toO, 50 and 100 kg/ha on 1980, 1981 and 1982 plantations. The 
maintenance N applications were repeated in May 1985 and 1986. The 1980 
plantation was also thinned to approximately 1 m spacing by, wherever possible, 



removing stunted and damaged trees (necessary because of a close initial spacing 
and higher than expected survival and growth rates). 

Results driving the Conclusions 
Early season survival rates varied with elevation and conifer species. On the high 
elevation site all species had 100% survival and seedlings appeared healthy with no 
visual symptoms of stress. The low elevation planting site had a variable surface 
condition which may have influenced early survival rates. Seedling mortality was 
high in an area that was predominantly coarse rock. 

Survival and growth of woody species on high elevation waste rock was encouraging 
through 1984. Survival rate for 1980 planted conifers averaged 98% while height 
growth ranged from 19 cm for lodgepole pine to 10 cm for Engelmann spruce and 
Douglas fir. Survival of the same species planted in 1982 averaged 90% but height 
growth was less. Lower mean survival for 1981 planted conifers (51%) reflected 
severe rodent damage during the 1982 growing season. Application of N increased 
height growth for two years for all conifer species. 

Maintenance N fertilizer influenced height growth of both pine and spruce, varying 
with the amount of N applied, with conifer species and with age (or planting date). 

By 1987, conifer survival on high elevation spoil averaged 85%, 67% and 67% 
respectively for Engelmann spruce, lodgepole pine and combined Douglas fir-
subalpine fir planted in 1982. Survival rates for spruce and pine planted in 1980, 
1981 and 1982 were even higher at 86% and 88% at the end of the 1985 growing 
season, and survival rates remained relatively constant, decreasing by only 1 - 2% 
over a three year period. 

Conifer growth rate on high elevation coal spoil varied among species with lodgepole 
pine being the most rapid and subalpine fir the least rapid. Growth rate of pine and 
spruce, within control and maintenance N treatments, increased sharply during the 
ninth growing season. This increase in growth rate reflects, in part, the effects of 
thinning the 1980 plantation in 1986 and the removal of less vigorous and slower 
growing trees. 



FC-4-80 	Alfalfa Variety Comparison of High 
Elevation Mine Waste at Fording Coal 

Objective 
To determine the effect of variety and seeding rate on establishment of alfalfa on 
high elevation waste rock. 
Experiment initiated in 1980. Work was done in 1980, 1981, 1982, 1983, and 1984. 

Overview of Methods 
Anik and Rambler alfalfa were each seeded on a 26 0  waste rock slope at 10, 20 and 
40 kg/ha. Boreal creeping red fescue was seeded with the legumes at 10 kg/ha. 
Prior to seeding, the equivalent of 80 kg/ha N and 400 kg/ha P 205  was broadcast on 
the mine waste surface as ammonium phosphate. Each treatment was replicated 
four times. 
In May 1981 maintenance fertilizer of 20 kg/ha N and 100 kg/ha P 205  was broadcasl 
over all alfalfa variety-seeding rate treatments. Maintenance fertilizer was 
discontinued in 1982. 

Results driving the Conclusions 
After the first growing season, Anik and Rambler populations were adequate for 
establishment of a satisfactory legume-grass sward on high elevation waste rock. 
There was no significant difference in alfalfa seedling height due to variety. 
Creeping red fescue populations were slightly higher than alfalfa populations, and 
there was no difference in grass seedling populations due to alfalfa variety or 
seeding rate. Increasing seeding rate did not increase Anik seedling populations, 
however, it was necessary to seed Rambler at 40 kg/ha to establish similar seedling 
populations as Anik. 
By the 1982 growing season, Anik alfalfa had consistently denser cover than 
Rambler. Also, Anik populations and cover were similar at all seeding rates, 
whereas Rambler populations and cover increased with seeding rate and only at the 
high rate were Rambler populations and cover similar to Anik. 

By 1984, heavy grazing of both alfalfa varieties confounded attempts to compare the 
relative adaptability of Anik and Rambler on high elevation waste dump sites. 
Vegetative cover and alfalfa cover were higher with Anik alfalfa. Fescue cover was 
similar for both varieties. Alfalfa seeding rate effects on vegetative cover, alfalfa 
cover and fescue cover were negligible. Alfalfa cover varied widely among 
replicates. 

Growth results up to 1984 suggested that both varieties of alfalfa can sustain growth 
on high elevation waste rock. However, vegetative cover, alfalfa cover and biomass 
production in earlier years were always greater with Anik alfalfa. Overall results 
suggest that the northern variety (Anik) may be better adapted to conditions 
prevailing on the high elevation waste dump than Rambler alfalfa. 



FC-2-81 	Effects of Growth Medium on Grass- 
Legumes Vegetation on Coarse Reject Disposal 
Area Slopes 

Objective 
To determine the effect of growth medium on grass-legume vegetation on coarse 
reject disposal area slopes. 

Experiment initiated in 1981. 
Work was done in 1980, 1981, 1982, 1983, and 1984. 

Overview of Methods 
The various growth materials were placed on a 26 °  north facing slope of the reject 
dump. Surface soil, glacial till and the till plus sand mixture were spread over 30 m 
wide strips running the entire length of the slope. Each material was placed in a 15 
cm thick layer over one half the width of the strip and as a wedge ranging from 15 to 
45 cm thick over the remaining width of the strip. 

The slope area covered by these materials, plus a 30 m wide strip of reject, were 
hydroseeded in the spring of 1980. A legume-grass mixture of alfalfa var. Rambler 
(33%), birdsfoot trefoil var. Leo (25%), Alsike clover (10%), crested wheatgrass 
(17%), creeping red fescue (10%), Canada bluegrass (2.5%) and red top (2.5%) was 
seeded at 56 kg/ha. Fertilizer was applied at the equivalent of 45 kg/ha N and 225 
kg/ha P205 . Maintenance fertilizer was never applied. 

Results driving the Conclusions 
After the first growing season, a north facing slope of coarse reject appeared 
suitable for sustaining alfalfa-grass vegetation. Covering reject with other available 
material did not improve vegetation establishment and growth significantly. In fact, 
covering reject with surface soil resulted in reduced top growth. Therefore, covering 
reject with soil and overburden is not believed to be necessary for establishing self-
sustaining vegetation. Observations from the 1982 growing season support these 
conclusions. 

Continued dumping of coarse reject in 1982 and 1983 completely buried the coarse 
reject treatment preventing longer term assessment and comparison of vegetation 
growing on reject with vegetation on overburden and soil covering reject. During the 
previous two growing seasons, overburden and soil covering reject sustained a 
dense legume-grass cover dominated by alfalfa with significant alsike clover, 
creeping red fescue and orchardgrass. There were no perceptible differences in 
growth and cover due to type and depth of growth media. 



FC-1-82 	Establishment of Commercial Forest 
Species on Mine Waste Revegetated with Grass 
and Legumes 

Objective 
To assess the effect of herbaceous cover of varying density on establishment and 
growth of conifers planted on mine waste revegetated with grass and legume 
species. 

Experiment initiated in 1982. 
Work was done in 1982 and 1983. 
Project was terminated in 1983 due to burial of site. 

Overview of Methods 
Five planting sites varying in site characteristics, herbaceous cover density and 
species composition were selected: 
Site 1: Coarse reject with dense legume-grass cover, 26 0  slope with a north facing 
aspect 
Site 2: Glacial till overburden covering coarse reject with dense legume-grass cover, 
260  slope with a north facing aspect 
Site 3: Low elevation waste rock with moderate grass cover, 26 0  slope with a west 
facing aspect; 1700 m elevation 
Site 4: High elevation waste rock with moderate legume cover, 26°  slope with a 
west facing aspect; 2100 m elevation 
Site 5: High elevation waste rock with moderate grass-legume cover, 26 0  slope with 
a west facing aspect, 2100 m elevation 

One hundred seedlings each of Engelmann spruce, Douglas fir and lodgepole pine 
were planted on each site in May 1982. Seedlings were 2-0 container stock 
propagated at Fording. Seedlings were planted 2 m apart in rows spaced 1 m apart. 
To minimize herbaceous competition during the planting year, a 0.1 to 0.2 m 2  area 
surrounding the seedling was physically scarified. A slow release fertilizer pellet was 
placed near the roots to accelerate seedling growth. 

During the summer, site 1 was totally buried and site 2 was partially buried as a 
result of continued dumping of reject next to the experimental area. 

Results driving the Conclusions 
After the first growing season, seedling survival on revegetated mine waste varied 
with planting site and conifer species on low elevation mine waste. Density and 
productivity of herbaceous vegetation was similar on both low elevation sites in spite 
of the difference in growth medium and slope aspect. Conifer survival on the high 
elevation site varied with type of vegetation averaging 58% and 32% respectively for 



waste rock supporting legume and grass-legume cover. In contrast, survival of the 
same species on bare waste rock averaged 96%. 

Distribution of coarse and fine rock varied within both planting sites affecting 
herbaceous plant cover and conifer seedling survival. Numerous seedlings died as 
a result of being planted in loose rock with insufficient fines to support either 
herbaceous or woody plant species. 

Conifer survival rates decreased significantly during 1983 with mean survival 
dropping to 16% from 41% the previous year. Mean species survival ranged from 
31 % for Engelmann spruce to 11% for lodgepole pine to 8% for Douglas fir. 

Due to high seedling mortality on all sites, monitoring was discontinued after the 
1983 growing season. 



FC-2-82 	Establishment of Commercial Forest 
Species on Mine Waste Revegetated with Grass 
and Legumes - Alternate Techniques for 
Minimizing Herbaceous Competition 

Objective 
To assess alternative techniques for minimizing herbaceous competition on 
revegetated mine waste in preparation for establishing conifers. 

Experiment initiated in 1982. 
Work was done in 1982 and 1984. 

Overview of Methods 
In this study, the following techniques for reducing herbaceous competition were 
compared at the two sites used: 

1. Scarification - vegetation removed from a 0.1 m 2  to 0.2 m2  area around 
seedling using a pick or mattock 

2. Chemical herbicide: Round-up at 5 kg/ha - normal seedling placement 
followed by spray application of herbicide 4 to 6 weeks after planting. Spray 
directed around base of seedling using an applicator equipped with an "Arbo-
gard" 

3. Chemical herbicide: Round-up at 10 kg/ha - as described for treatment 2 
4. Control - normal seedling placement with no scarification or herbicide 

application 

Site 1: glacial till overburden covering coarse reject with dense legume-grass cover, 
260  north facing slope 
Site 2: low elevation waste rock with moderate grass cover, 260  east facing slope 

One hundred seedlings each of Engelmann spruce, Douglas fir and lodgepole pine 
were planted within each treatment. Seedlings were planted 2 m apart in rows 
spaced 1 m apart. Planting was done in May 1982. Round-up was applied in the 
beginning of June. 

Due to continued dumping of coarse reject, 40% of the scarification treatment at site 
1 was buried by waste. 

Results driving the Conclusions 
Vegetation on the glacial till covered north facing coarse reject slope was dominated 
by legumes. With no vegetation control conifer survival averaged only 29% 
compared to 46% for scarification and to 61 % and 54% respectively by applying 



Round-up at 5 and 10 kg/ha. The herbicide was more effective than scarification for 
increasing Engelmann spruce and Douglas fir survival. Lodgepole pine survival was 
similar with scarification and the low herbicide rate, but was decreased to only 16% 
with the high rate of Round-up. Increasing the herbicide rate increased survival of 
spruce and fir slightly. 

Vegetation on the east facing waste rock slope was dominated by grasses. With no 
vegetation control 50% of conifer seedlings survived the first growing season. 71% 
of lodgepole pine survived with no vegetation control compared to 38% with 
scarification and 42% with herbicide. Scarification also increased the mortality of 
Engelmann spruce and Douglas fir, but applying the herbicide increased survival 
rate of both species above that of the control. The high mortality rate resulting from 
scarification could have been due to the excessive drying of the waste rock fines 
around the planting hole. The waste rock slope is naturally dryer than the north 
facing glacial till slope. 
Scarification appears to be less effective than herbicide application for reducing 
herbaceous vegetation competition and minimizing seedling mortality. Scarification 
is also physically demanding and reduces planting rates by 50% or more. Applying 
herbicide several weeks following seedling planting results in problems locating the 
seedlings prior to spraying and results in spraying injury. A more effective technique 
may be to apply Round-up as a pre-planting spray to minimize herbaceous growth 
on planting sites prior to planting. The herbicide could be applied during the summer 
and seedlings planted in the fall or following spring. 

Applications of Round-up herbicide at a 5 kg/ha rate has potential as a technique for 
reducing herbaceous vegetation competition for conifer plantations on waste rock. 
Increasing herbicide rate to 10 kg/ha increased mortality of all conifer species. The 
effectiveness of the herbicide technique could be improved by changing the time of 
application and the application equipment. 



FC-3-82 	Techniques for Supplying Plant 
Nutrients to Conifer Seedlings Planted on Mine 
Waste 

Objective 
To assess alternative techniques for supplying plant nutrients to promote growth of 
conifer seedlings planted on waste rock. 

Experiment initiated in 1982. 
Work was done in 1982, 1983 and 1984. 

Overview of Methods 
A randomized block experiment with four replicates was established on a 260  east 
facing waste rock slope with a moderate grass cover. Twenty-five seedlings each of 
Engelmann spruce, Douglas fir and lodgepole pine were planted within each fertilizer 
treatment. Fertilizer treatments included: 

1. Agriform tablets (20-1 0-5): one 10 g tablet per planting hole 
2. 16-20-0: 12.5 g fertilizer per planting hole 
3. 16-20-0: surface broadcast at 300 kg/ha 
4. Control: no fertilizer 

Tree seedlings were 2-0 container stock propagated at Fording. Seedlings were 
planted 2 m apart in rows spaced 1 m apart. A 0.1 m 2  to 0.2 m2  area around each 
seedling was scarified to reduce herbaceous competition. 

During 1983 and 1984 1 6-20-0 was applied at 300 kg/ha to the broadcast treatment 
in mid-May. 

Results driving the Conclusions 
Second year conifer survival rates varied with fertilizer treatment in 1982 and 1983. 
With no fertilizer applied mean survival was 41%. Placing a slow release fertilizer 
tablet in the planting hole increased survival to 52%. Seedling mortality was 
extremely high when 16-20-0 was the fertilizer source. Broadcast application 
reduced mean survival rate to 9% while planting hole placement resulted in only 7% 
survival. These trends were seen across conifer species. 

The conifer planting sites sustained a variable herbaceous cover composed of 
alfalfa, creeping red fescue and Canada bluegrass. On areas where alfalfa was 
dominant vegetative cover was moderately dense. Where alfalfa was minor or 
absent grass cover was generally sparse, and grass plants were small and chiorotic. 
Broadcast application of 16-20-0 increased growth and cover of grasses but did not 
appear to affect alfalfa growth. 



After three growing seasons conifer survival averaged 50% with the fertilizer tablet 
compared to 41% with no fertilizer. Improved survival was consistent for all conifer 
species. Growth of all conifer species was increased by using the fertilizer tablets. 

In terms of conifer survival, planting hole placement of slow release fertilizer tablets 
was the most effective technique for supplying conifer seedlings with nutrients 
essential for satisfactory establishment on revegetated waste rock. 



FC-4-82 	Combined Conifer-N Fixing Species 
Planting as a Technique for Revegetating High 
Elevation Waste Rock Dumps 

Objective 
To assess planting conifers in combination with N-fixing legume species as a 
technique for re-establishing commercial forest on mine waste. 

Experiment initiated in 1982. 
Work was done in 1982, 1983, 1984, 1986, 1987 and 1989. 

Overview of Methods 
A randomized split block experiment with three replicates was established on a 26 0  
west facing waste rock slope at 2100 m elevation. Twenty-five seedlings each of 
Engelmann spruce, Douglas fir and lodgepole pine were planted within each legume 
species treatment in late May 1982. Tree seedlings were 2-0 container stock 
propagated at Fording. Seedlings were planted 2 m apart in rows spaced 1 m apart. 
A slow release fertilizer tablet was placed in each conifer planting hole. 

Seeding of the legume treatments was delayed until early October 1982. 
Treatments were: 

1. Alsike clover seeded at 20 kg/ha 
2. birdsfoot trefoil seeded at 20 kg/ha 
3. alfalfa var. Peace seeded at 40 kg/ha 
4. control - no legume 

Prior to seeding, 11-55-0 was broadcast over the entire plot area at a rate of 400 
kg/ha. 

Due to poor establishment, the legumes were reseeded in May 1984, and again in 
May 1986: 

1. Alsike clover seeded at 40 kg/ha 
2. birdsfoot trefoil seeded at 40 kg/ha 
3. alfalfa var. Anik seeded at 40 kg/ha 
4. control - no legume 

Results driving the Conclusions 
Conifers survived satisfactorily on the bare, high elevation waste rock site with mean 
survival rates of 95% for Engelmann spruce, 93% for Douglas fir and 75% for 
lodgepole pine. Several lodgepole pine (5%) were damaged by rodents or browsing 
animals. Conifer survival rates were down slightly from the first year, but still at 
satisfactory levels (74% compared to 88% in 1982). 



Legume establishment was extremely poor in 1983. Significant populations of native 
grasses and forbs invaded planting sites, however, density was too low to influence 
conifer survival. 

Conifer survival rates after three growing seasons was still satisfactory, averaging 
73%. Mean survival rate for each species was similar to 1983 and averaged: 
Engelmann spruce 83%, Douglas fir 67% and lodgepole pine 68%. Due to poor 
establishment of legumes seeded in October 1982 conifer survival was not 
influenced by herbaceous vegetation. Variation in conifer survival among legume 
species treatments reflected natural variation due to site conditions. 

Legume establishment continued to be poor on the high elevation waste rock slope 
in 1984. Anik alfalfa and Alsike clover were the most promising species. 

Conifer survival rates averaged 71 % after five growing seasons, had not changed 
significantly since the second growing season, and were not affected by legume 
treatment. 

After eight growing seasons, mean conifer survival rate was 85% and 68% 
respectively for spruce and pine, and legumes had no effect on survival of either 
conifer species. Legume establishment was still poor on high elevation spoils, and 
cover varied with species as follows: alfalfa > birdsfoot trefoil > Alsike clover. 
Birdsfoot trefoil plants generally were not grazed, while Alsike clover plants were 
closely cropped to the ground and alfalfa plants had only tips of stems cropped. On 
coal spoil with Alsike clover and alfalfa, height of both conifer species were less than 
the control while on coal spoil with birdsfoot trefoil both parameters had mean values 
greater than the control. 

Since legume species had such poor establishment over the life of the study, a 
complete assessment of legume establishment on conifer species was not possible. 



FC-1-83 	Conifer Establishment on 
Revegetated Turnbull Waste Rock Slopes 

Objective 
To assess the effect of slope aspect and associated herbaceous vegetation on 
establishment and growth of conifer species planted on revegetated Turnbull waste 
rock. 

Experiment initiated in 1983. 
Work was done in 1983 and 1984. 

Overview of Methods 
Three planting sites of different slope aspect (NNW, W and SSW) were selected on 
30 degree waste rock slopes sustaining grass-legume vegetation. Fifty seedlings 
each of Engelmann spruce, Douglas fir and lodgepole pine were planted on each 
site. Seedlings were 2-0 container stock propagated by Fording Coal. Seedlings 
were planted 2 m apart in rows spaced 2 m apart. A slow release fertilizer pellet 
was placed in the planting hole. A 10 cm chainsaw tree planting auger was used to 
plant the tree seedlings. Planting was completed in mid May 1983. 

Snow cover in 1984 prevented assessment of conifer survival within the north aspect 
treatment. 

Results driving the Conclusions 
Maximum vegetation cover, biomass and conifer survival was on slopes with a NNW 
aspect. Conifer survival was lowest on the drier, more exposed SSW slopes. This 
trend was consistent for all conifer species. Only 37% of conifers planted on the 
SSW slope survived compared to 74% and 69% on the NNW and W facing slopes. 
Alfalfa and creeping red fescue were the predominant species growing on all slope 
aspects. 

Preliminary results suggest that Engelmann spruce, Douglas fir and possibly 
lodgepole pine may survive satisfactorily when planted on west to north facing waste 
rock slopes sustaining herbaceous vegetation composted of alfalfa, creeping red 
fescue and Canada bluegrass. High mortality can be expected if conifers are 
planted on the drier SSW to S facing slopes. 

Attempts to establish conifers on revegetated waste rock slopes with aspects 
ranging from W to SSW were unsuccessful due to high seedling mortality. In 
contrast, herbaceous vegetation dominated by alfalfa and creeping red fescue 
continued to sustain satisfactory growth and cover without the benefit of 
maintenance fertilizer. Based on preliminary results from this experiment, conifer 
survival may be more successful on W to N facing slopes. 



FC-2-83 	Alternative Seeding Plantations- 
Herbicide Application Sequences for Vegetation 
Control in Conifer Plantations on Revegetated 
Mine Waste 

Objective 
To assess the effect of alternative seedling planting and herbicide application 
sequences and dates on vegetation control and seedling establishment on 
revegetated waste rock. 

Experiment initiated in 1983. 
Work was done in 1983 and 1984. 

Overview of Methods 
Two sites of varying site characteristics and herbaceous cover were selected: 
Site 1: Turnbull waste rock dump slope sustaining a grass-legume cover of 
moderate density, 26 to 30 degree slope with northwest aspect 
Site 2: Glacial till overburden covering coarse reject with dense legume-grass cover, 
26 degree slope with a north aspect 

This study included the following herbicide application-seedling planting sequence 
treatment at each site: 

1. Control - no vegetation control 
2. Post-planting herbicide applications - Round-up applied at 10 kg/ha in mid-

June; 4-6 weeks after planting the conifer seedlings 
3. Spring pre-planting herbicide applications - Round-up applied at 10 kg/ha in 

mid-May; one week before planting the conifer seedlings 
4. Pre-planting herbicide application, fall planting conifers - Round-up applied at 

10 kg/ha in mid-June; 3 to 4 months before planting conifers in the fall 
5. Pre-planting herbicide application, spring planting conifers - Round-up 

applied at 10 kg/ha in mid-June; 11 months before planting conifers the 
following spring 

Post-planting application was made using "Arbo-gard" applicator. An ultra-low 
volume "Herbie" applicator was used for pre-planting applications. 

Fifty seedlings each of Engelmann spruce and lodgepole pine were planted within 
each treatment. Seedlings were 2-0 container stock propagated by Fording Coal. 
Seedlings were planted 2 m apart in rows 2 m apart. A slow release fertilizer pellet 
was placed in the planting hole. 

Due to a labour strike at Fording Coal during the spring and summer of 1983 only 
the control and spring pre-planting herbicide application treatments were 



established. Seedlings were planted for the post-planting herbicide application 
treatment, but the herbicide was not applied. For the treatments which were 
established according to plan, Round-up was applied May 17 and 18, and seedlings 
were planted on May 25. A 10 cm chainsaw tree planting auger was used to plant 
the tree seedlings. 

Results driving the Conclusions 
At site 1, the west slope of the Turnbull waste rock dump sustained herbaceous 
vegetation which averaged 69%, composed of alfalfa (33%), creeping red fescue 
(36%), Canada bluegrass (17%) with minor Timothy, red top and Alsike clover. The 
pre-planting herbicide application had no visible effect on vegetative growth and 
cover. At the time herbicide was applied, weather was cool and vegetative growth 
had just initiated. Conifer survival rates were similar for the control and pre-planting 
herbicide application treatment, averaging 63% and 62% (report does not state 
which average is for each species). 

There was no visible effect of herbicide treatment on vegetative growth and cover for 
site 1 in the second year. Conifer survival averaged 32% and 29% respectively for 
the control and herbicide treatment. 

For site 2, a dense herbaceous cover of alfalfa, Alsike clover, orchardgrass and 
creeping red fescue was present. The pre-planting application of herbicide visibly 
reduced grass, and to a lesser extent reduced alfalfa growth and cover. However, 
even with herbicide application herbaceous vegetation was dense and competitive. 
81% of seedlings within the herbicide treatment survived the first growing season 
compared with 40% within the control. Lodgepole pine survival was increased from 
21% to 80% by applying herbicide in mid-May, and Engelmann spruce survival 
increased from 59% to 82% when herbicide was applied. 

Dense vegetation cover at site 2 in the second year resulted in high conifer mortality, 
with survival rates averaging 4% and 11% respectively for the control and herbicide 
treatment. 

Application of Round-up early in May (1-2 weeks before planting conifers) was not 
effective as a technique for reducing herbaceous vegetation competition and 
increasing conifer survival on revegetated mine waste. Due to the relatively high 
elevations of waste dumps at Fording Coal, grass and legume plants were only 
initiating growth in early May and were very small. For maximum herbaceous 
vegetation control it is recommended that Round-up be applied when plants are 25-
30 cm tall and growing actively. 



FC-2-83M (Modified) 
Application for Conifer 

Pre-planting Herbicide 
Establishment on 

Revegetated Mine Waste 

Objective 
To assess the effect of pre-planting herbicide application on establishment of fall and 
spring planted conifers on revegetated waste rock. 

Experiment initiated in 1984. 
Work was done in 1984, 1985 and 1986. 

Overview of Methods 
On 26 to 30 degree slopes with a NNW aspect and a moderate grass-alfalfa cover at 
the Turnbull waste rock dump, the following herbicide application-conifer planting 
sequence treatments were established in mid-June 1984: 

1. Fall control - fall 1984 planted conifers with no herbicide 
2. Pre-planting herbicide-fall planting - fall 1984 planted conifers on sites treated 

with 10 kg/ha Round-up in June 1984 
3. Pre-planting herbicide-spring planting - spring 1985 planted conifers on sites 

treated with 10 kg/ha Round-up in June 1984 
4. Spring control - spring 1985 planted conifers with no herbicide 

Round-up was applied on June 19 1984 using an ultra-low volume "Herbie" 
applicator. Fifty seedlings each of Engelmann spruce and lodgepole pine were 
planted within each fall planting treatment in October 1984. Seedlings were planted 
2 m apart in rows 2 m apart. A slow release fertilizer pellet was placed in the 
planting hole. A similar number of each conifer species were planted in May 1985. 

Results driving the Conclusions 
Applying Round-up in mid-June, the optimum application time, effectively reduced 
vegetation cover and biomass during the 1985 growing season. Mean vegetative 
cover and biomass decreased from 54% to 23% and from 1068 kg/ha to 269 kg/ha 
respectively with the herbicide treatment. Survival of both fall and spring planted 
conifers increased as a result of the herbicide application from 26% to 55%. 

Vegetative cover, alfalfa cover and biomass were similar on Round-up and control 
treatments during the third growing season following herbicide application. This 
confirms that herbaceous species, particularly alfalfa, have recovered from the 
effects of the herbicide and were sustaining growth similar to vegetation on 
untreated waste rock. Conifer survival rates decreased relative to the first growing 
season on all treatments averaging 32%, down from 40% in 1985. Conifer survival 
continued to be higher within herbicide treatments, however, averaging 47% 
compared to only 16% for the control. Planting date had little effect on Engelmann 



spruce survival which averaged 33% and 32% for fall and spring plantings 
respectively. 
The pre-planting application of Round-up temporarily controlled growth of 
herbaceous vegetation on vegetated waste rock. Survival rate of commercial 
conifers Engelmann spruce and lodgepole pine increased by a factor of 3, 
presumably due to reduced competition for light, moisture and plant nutrients. Fifty 
percent of Engelmann spruce planted on vegetated waste rock treated with Round-
up survived two growing seasons. 



FC-1-84 Assessing Establishment of Conifer- 
Legume Vegetation on Low Elevation Waste 
Rock Dumps 

Objective 
To assess planting of conifers in combination with N-fixing legume species as a 
revegetation technique for re-establishing forest on mine waste. 

Experiment initiated in 1984. 
Work was done in 1984. 

Overview of Methods 
A split-block experiment with one replicate was established on Greenhills waste rock 
at 1640 m elevation. Twenty-five seedlings each of Engelmann spruce, Douglas fir 
and lodgepole pine were planted within each N-fixing plant species treatment and 
control in May 1984. Tree seedlings were 2-0 container stock propagated at Fording 
Coal. Seedlings were planted 2 m apart in rows 2 m apart. A slow release fertilizer 
tablet was placed in each conifer planting hole. 

Legume treatments were established on the date conifers were planted: 
1. alfalfa var. Rambler seeded at 20 kg/ha 
2. sainfoin var. Nova seeded at 80 kg/ha 
3. cicer milkvetch var. Lutana seeded at 40 kg/ha 

Prior to seeding, 11-55-0 was broadcast over the entire plot area at 400 kg/ha. 

Results driving the Conclusions 
Conifer survival varied with conifer species averaging 80% for Douglas fir, 60% for 
Engelmann spruce and 8% for lodgepole pine. Douglas fir survival was consistently 
high within all legume treatments ranging from 64-88%. Engelmann spruce survival 
among legume treatments was more variable ranging from 24-84%. The high 
mortality of lodgepole pine was due in large part to a root disease. Legume 
establishment varied with species with Rambler alfalfa the most promising. Alfalfa 
occurred in 90% of sample sites. 



FC-1-85 Regeneration Performance 
Assessment of Natural Engelmann Spruce and 
Lodgepole Pine at Fording Coal 

Objective 
To perform a regeneration performance assessment of natural Engelmann spruce 
and lodgepole pine on east facing slopes of the Greenhills range. 

Experiment initiated in 1985. 
Work was done in 1985. 

Overview of Methods 
Regeneration performance assessment (RPA) is a technique used by the BCFS for 
developing age-height relationships in young (5-10 years) forest stands. Normally 
RPA data is used to illustrate trends between planting stock types, natural versus 
planted stands, site treatment, etc. 

Height growth of Engelmann spruce and lodgepole pine planted on waste dumps 
was compared to RPA data from a representative undisturbed site to provide an 
early illustration of the relative site quality and productivity of the waste dumps. 

In 1985 RPA data were developed for Engelmann spruce and lodgepole pine 
regenerating on lower east facing slopes of the Greenhills range between 1550 and 
1750 m elevation. The area had been logged between 5 to 15 years prior. Sixty 50 
m2  circular plots were established and sample trees were selected and measured 
according to the RPA procedure outlined in the BC Ministry of Forests "Silviculture 
Manual". Plots were stratified according to elevation with 20 plots located in each of 
the low (1550 to 1625 m), mid (1625 to 1700 m) and high (1700 to 1750 m) elevation 
ranges. Age, total heights, nodal heights and basal diameter were assessed on a 
total of 601 sample trees. 

Results driving the Conclusions 
Limited age-height data are available for Engelmann spruce and lodgepole pine 
growing on waste dumps of similar elevation and aspect as the Greenhills site. 
Within a small plantation on revegetated waste rock with an east aspect and low 
elevation, spruce and pine planted in 1982 averaged 26 cm and 31 cm in height, 
respectively, in 1985. Since 2-0 container stock were planted, the trees were 6 
years old in 1985. In comparison, average height of 6 year spruce and pine on the 
low elevation Greenhills forest site was 51 cm and 82 cm respectively. 



FC-2- 85 Assessment of Elk Winter Range 
Productivity 

Objective 
To assess natural productivity of elk winter range on undisturbed areas on Eagle 
and Turnbull Mountain. 

Experiment initiated in 1985. 
Work was done in 1985, 1986, 1987, 1988 and 1989. 

Overview of Methods 
Winter range productivity was assessed using a technique recommended by a BC 
Forest Service Range Specialist. Xeric and mesic grassland areas were selected 
within known winter range on both Eagle and Turnbull Mountains. Due to 
elevational and areal constraints, a single straight line transect was located within 
each grassland type. Transects varied in length, being 300 m along xeric ridges and 
500 m across the mesic areas. Ten macroplots, each containing 4 microplots, were 
located equidistant apart along each transect. Macroplots were 5 m in diameter. 
Microplots had an area of 0.5 m 2  were centered 1.5 m from the centre of the 
macroplot. 

The number of microplots required to characterize productivity of a grassland site 
depends on the coefficient of variation among microplots and the desired level of 
precision and confidence. Open range sites typically require 30-40 microplots to 
detect a 20% difference between forage yield means at the 80% confidence level. 
Forty microplots were sampled within each grassland type on Eagle and Turnbull 
Mountains. Based on a previous assessment of mesic grassland productivity on 
Mount Turnbull, 26 microplots were sufficient to detect a yield difference equivalent 
to plus or minus 12% of the mean at the 90% confidence level. 

Transects were established in late July of 1985. Site characteristics, floristic 
composition and vegetative cover were determined for each macroplot. Exclosures 
(1 m x 1 m x 1 m and shaped in the form of a pyramid) were used to prevent elk and 
other ungulates from grazing the forage. One exclosure was placed within each 
macroplot, and the location was selected randomly. Exciosures were placed on 
Turnbull and Eagle grasslands on May28 and June 13 respectively. Mining and 
waste disposal activities on Eagle Mountain buried 70% of macroplots along the 
xeric grassland transect and dislodged exclosures from 40% of macroplots along the 
mesic grassland transect. Macroplots and exclosures along xeric and mesic 
grassland transects on Turnbull Mountain remained intact through the growing 
season. 

The assessment was repeated in October 1987 and September 1988 and 1989, but 
was limited to xeric and mesic grassland sites on Turnbull Mountain. 



Results driving the Conclusions 
A winter range productivity index was created based on biomass production within 
exclosed microplots. Productivity index for the xeric grassland site was 424 kg/ha, 
and for the mesic grassland was 434 kg/ha. Grasses accounted for 60% of biomass 
production on both sites. 

Crude protein and total digestible nutrients (TDN) of forage species on grassland 
and vegetated coal spoil exceeds the suggested 50% digestible energy and 5% 
crude protein necessary in elk diets to meet maintenance requirements during 
winter. Digestibility and crude protein of grasses decreases with time during late fall 
and winter. Elk maintain dietary crude protein levels by increasing consumption of 
woody shrubs during winter. Woody species Saskatoon, prickly rose, willow, 
kinnickinnick and Buffaloberry were present in minor to significant amounts within 
the grassland sites. 

Agronomic grasses growing on vegetated coal spoil contained slightly higher 
digestible energy but less crude protein than native grasses on xeric and mesic 
grasslands. Native N-fixing forbs contained the highest levels of crude protein and 
digestible energy, however, forb biomass was reduced to a very low level by early 
fall grazing by elk. Silky lupine was classed as a preferred food species for elk 
which can be heavily utilized in winter. 

Alfalfa appears to be an excellent source of crude protein and digestible energy. 
Productivity of alfalfa on coal spoil greatly exceeds that of N-fixing forbs on the 
grassland sites. Alfalfa has also been classed as a preferred food species for elk. 

Based on 1987 and 1986 productivity indices, xeric and mesic grasslands within elk 
winter range on Turnbull Mountain have similar productivity. Alfalfa dominated 
vegetation on coal spoil, grasses dominated vegetation on xeric and mesic 
grassland sites. 

1989 productivity index for the xeric grassland site was 544 kg/ha and 618 kg/ha for 
the mesic grassland. Relative to 1988, productivity decreased 11% on the xeric 
grassland site and 34% on the mesic grassland site. Mean productivity for the past 
three growing seasons was 789 and 640 kg/ha respectively, for mesic and xeric 
grasslands. 

In late September 1988 and 1989 native grasses growing on xeric and mesic 
grasslands averaged 54% TDN, with rough fescue as the dominant species present 
with an average of 54.4%. Mean crude protein content for grasses on xeric and 
mesic grasslands was 6.8%, with rough fescue having a 7.0% CP level. Digestible 
energy and crude protein content of native grasses decreased during late fall and 
winter to less than maintenance requirements in 1987-1988. 

On coal spoil TDN of agronomic grasses averaged 60% due primarily to the high 
TDN of Canada bluegrass and creeping red fescue. Crude protein content of 
agronomic grasses was above maintenance requirement, averaging 5.5%. 
Creeping red fescue growing in close association with alfalfa contained 10.5% crude 



protein in 1989. Crude protein content of Canada bluegrass was only 4.4%. Alfalfa 
was the dominant forage species on coal spoil in 1989 and previous years. During 
the fall and winter of 1987-1988 alfalfa CF exceeded the minimum maintenance 
requirement, however, alfalfa TDN decreased to very low levels (19% TDN) which 
may limit suitability of the legume as a protein source on winter range. 

Productivity and nutritional quality of shrubs were not determined in this study. Due 
to the deterioration of alfalfa nutritional quality during late fall and early winter, it is 
unlikely that elk CP maintenance requirements can be sustained through winter by 
this legume species. Woody species Saskatoon, prickly rose, willow, Kinnickinnick 
and Buffaloberry productivity and nutritional quality need to be investigated. 



FC-3-85 Preferred Ungulate Food Species 
Suitable for Reclamation for Wildlife Habitat 

Objective: 
To identify native and agronomic grass and forb species recognized as "preferred 
food species" for ungulates (elk and sheep) and having potential as candidates for 
waste rock reclamation; to compare these with species growing within the Fording 
Valley and those identified within the Eagle and Turnbull Mountain research plots 
and ultimately develop a short list of agronomic and native species with potential for 
use by ungulates in winter, and compile information on quality, reclamation potential 
and seed availability. 
The objective for browse species is similar as above, but limited to indigenous 
species. 

Overview of Methods: 
A study conducted by Norecol in 1982, "Use of Native Plant Species in Reclamation 
of Wildlife Habitat at the Fording River Operations: Phase 1 - Review of Food 
Habits", January 1984, presents the results of a literature survey on the food habits 
of elk, bighorn sheep, mule deer, moose and grizzly bear with particular reference 
which were native to the Fording River Operations area. Tables were prepared 
identifying the major food species, on a seasonal basis, for each of the wildlife 
species. This information was then used to generate a listing of native plant species 
having the potential for use in reclamation. The species were ranked as to their 
relative suitability for reclamation and a number of forbs, grasses and shrubs were 
selected and short-listed as being the most suitable as food for a variety of wildlife 
species. 
This process identified 244 different species in the study area, formulated on the 
basis of 82 vegetation plots (225m2) surveyed in 1982. This represented the most 
through list of native species flora existing in the Fording River operations area. A 
breakdown was made to determine specific species of grasses, forbs and sedges 
that are valuable a food for wildlife, in particular, the rocky mountain elk. The list was 
shortened by eliminating trees, shrubs, ferns and mosses. Other species were 
eliminated from the list as they had a percentage cover of less that 5% of the plot 
area, thus not providing a significant component of an elk diet. 
The location of the vegetation plots was superimposed on an animal usage map that 
was verified from actual sitings and from aerial surveys. Using this method, a list of 
species was determined as probable to be components of the elk diet. This list was 
then compared to a 1972 study conducted by R. C. Kufield, "Foods Eaten by the 
Rocky Mountain Elk". The purpose of the Kufield study was to combine all the food 
habits studies previously done and to determine which plants are eaten by elk and 
their relative value as reflected by the degree to which they are normally sought. The 
terminologies used for ranking the value of forage for an elk diet are: 

1. Highly valuable, 2.25-3.00 - a plant avidly sought by elk which makes up a 
major part of the diet or which is consumed far in excess of its vegetative 
composition. 



2. Valuable, 1.50 - 2.24 - plants sought and readily eaten, but to a lesser extent 
than the above category. Such plants make up a moderate part of the diet. 

3. Least valuable, 1.00- 1.49 - a plant eaten by elk but which usually made up a 
minor part of the diet or was consumed in a much smaller proportion than it 
occurred on the range. 

All the short listed species were subjected to the above ratings by the Cominco 
group. The same ratings were applied to naturalized/introduced grasses and 
legumes and native shrubs. 

Results Driving Conclusions: 
The following tables represent a "Forage Value" summary, by season, of plant 
species selected for reclamation potential evaluation for the Fording River 
Operations. 

Native Grasses and Forbes Winter Spring Summer Fall 
Rough fescue 2.4 2.8 2 2 
Sheep fescue 2.2 2.8 2 2.5 
Bluebunch wheatgrass 3 2 1.7 3 
Arctic bluegrass 2 2.7 2 2.5 
Silky lupin 2.7 2 1.5 - 
Sedges 2 - 1.7 2.3 
Fireweed 3 - 2 2 
ldahofescue 2.6 2.8 1.5 3 
Blue wildrye 3 3 3 3 
Pinegrass 2 3 3 1.5 
Mountain brome 3 2 2 2 
Slender wheatgrass 3 - - - 

Naturalized/Introduced 
Grasses & Legumes  

Winter Spring Summer Fall 

Smooth brome 3 - 2.5 - 
Timothy 2 2.5 1.5 3 
Canada bluegrass 2 2.5 1.5 2 
Creeping red fescue - 2 3 2 
Hard fescue 2.2 2.8 2 2.5 
Crested wheatgrass - 2 - - 
Alfalfa - - 3 3 
Sweet Clover 2 - 2.7 3 

Native Shrubs Winter Spring Summer Fall 
Saskatoon 2.5 1.7 2.3 2 
Trembling aspen 2.3 2.3 1.7 2.5 
Buffaloberry 2 - - 1.5 
Prickly rose - - 3 3 
Red osier dogwood 2.1 - 3 1.5 
Chokecherry 2.4 2 2 1.5 
Willow 2.1 2 1.8 2.3 



The selection of the above final short list of native plants, considered not only the 
value to the major big game species, but also the usefulness to other wildlife and the 
ability of the native species to perform the roles required for the erosion control on 
reclaimed land surfaces and the ability to maintain growth with minimal fertilizer 
applications. 
Seed availability for most of the native grasses and legumes was unknown at the 
time of this study. Seed sources today are still questionable. 
Propagation methods for the native shrubs were developed and trialed in the 
Fording River Operations greenhouse and subsequently grown in other B.C. 
nurseries from locally collected seed. 



FC-1- 86 	Reclamation Potential of Preferred 
Food Species for Elk 

Objective 
To assess the establishment, growth and reproduction potential of "preferred food 
species" for elk when planted on waste rock. 

Experiment initiated in 1986. 
Work was done in 1986, 1987, 1988, 1989 and 1990. 

Overview of Methods 
Four sites were selected on level waste rock within the re-sloped "C" spoil areas. 
Elevation ranged from 1700 to 1800 m. Coal spoil slopes of optimum steepness 
(20-300), aspect (S-SW) and elevation (1800-2200 m) for elk winter range were not 
available in 1986. 

Seed for only fourteen of twenty grass and forb species identified as preferred food 
species for elk were available for planting in spring 1986. Twelve other native and 
naturalized grass and legume species were included increasing the number of 
species planted to 26. 

Plots were established in mid-May 1986 and mid-April 1987, and each species was 
seeded at a rate equivalent to 1000 seeds/m 2. Species treatments were 1 m2 in 
area and arranged in a randomized complete block design with four replicates. One 
replicate was established at each coal spoil site. 

Plot sites were scarified to relieve compaction and incorporate a pre-seeding 
fertilizer treatment of 11-55-0 applied at the equivalent of 400 kg/ha. Seed was 
broadcast on the surface and incorporated by raking. Maintenance fertilizer of 13-
16-10 at 400 kg/ha was applied to 1986 seeded species in April 1987 and all species 
in early-May 1988 and 1989. Fertilizer was not applied in 1990. 

In September 1986 twenty-five seedlings of native shrubs identified as preferred 
food species for elk (1-0 age Buffaloberry and wolf willow) were planted on coal spoil 
sites adjacent the grass-forb species plots. In mid-April 1987 twenty-five seedlings 
each of Buffaloberry, wolf willow, willow, Saskatoon and red-osier dogwood were 
planted site. All seedlings were 1-0 container stock. Seedlings were planted 0.5 m 
apart in rows 0.5 m apart. Planting holes were prepared using a 10cm chainsaw 
auger. One slow release fertilizer pellet was placed in each planting hole. 

In 1989 the woody shrub assessment study was expanded by a spring planting of 
ceanothus and chokecherry and a fall planting of ceanothus and trembling aspen. 
All seedlings were 1-0 container grown stock. Seedlings were planted in the same 
manner as described above. Seedlings were planted at replicates 1, 2 and 3 only in 



September. Only 20 and 16 ceanothus seedlings were available for planting at 
replicates 1 and 2 respectively in the fall. 
Results driving the Conclusions 
Seedling populations varied widely among species. Mean population was 59 
seedlings per m 2. Eleven species, including five native grasses, had populations 
greater than the mean. Two grass species, one native and one naturalized, did not 
establish any seedlings. Seedling emergence was very low at 5.9% and varied with 
species from 0-15%. For the eleven preferred elk food species seedling population 
averaged 68 seedlings per m 2 . Seven species, including three native grasses, had 
populations greater than the mean. 

Relative to 1987 plant population decreased but vegetative cover and seed stalks 
per plant increased. Mean shrub survival decreased slightly from 51% in 1987 to 
48% in 1988. 

Woody shrub survival rate varied among species, planting site and planting date. 
Wolf willow, an N-fixing shrub, had the highest survival rates at 79% and 70% with 
fall and spring planting respectively. Survival rates for the other shrub species were 
also lower when planted in the spring. 

Preferred food species demonstrating promise for growth and reproduction on coal 
spoil include sheep fescue, hard fescue, bluebunch wheatgrass, Canada bluegrass, 
trembling aspen and chokecherry. Five of these six plant species also have 
demonstrated potential for meeting nutritional criteria for elk winter diets. Only 
sheep fescue failed to meet these criteria. 

Fowl bluegrass, a native grass not classed as a preferred species, continued to 
sustain acceptable growth and exceed minimum nutritional research. Cicer 
milkvetch and wolf willow grow satisfactorily on coal spoil and have potential as 
crude protein sources assuming high levels can be sustained through late fall and 
winter seasons. 



FC-2-86 Effect of Cover Crops on 
Establishment of Conifers Planted in Coal Spoil 

Objective 
To assess the effects of annual cereal and biennial legume cover crops on 
establishment of conifer species on re-sloped waste rock. 

Experiment initiated in 1986. 
Work was done in 1986 and 1987. 

Overview of Methods 
Two sites were selected on east facing 28 0  waste rock slopes within the re-sloped 
"C" spoil area. Elevation ranged from 1700 to 1800 m. 

Each site was subdivided into three treatments. Within each, twenty-five 1 -0 
seedlings each of Engetmann spruce, lodgepole pine, Douglas fir, Western larch and 
alpine larch were planted in late April 1986. Seedlings were spaced 1 m apart in 
rows 1 m apart. Planting holes were prepared using a 10 cm chainsaw auger. One 
10920-10-5 fertilizer pellet was placed in each planting hole. 

Fall rye and sweet clover were seeded on two of the three treatments and the third 
treatment was a control. Fall rye and sweet clover seed was broadcast on the slope 
surface at the equivalent of 75 kg/ha and 20 kg/ha respectively. Prior to seeding 11-
55-0 fertilizer was broadcast at the equivalent of 400 kg/ha. Fertilizer and seed were 
applied on the same date as the conifers were planted. 

Engelmann spruce was the only conifer species which had surviving seedlings in 
1986. In September 1986 and April 1987 1-0 age lodgepole pine and Engelmann 
spruce seedlings were planted within the original treatments at both sites. 

Results driving the Conclusions 
Cover crop seedling population and vegetative cover varied with plant species, and 
in the case of sweet clover with planting site. Fall rye established relatively sparse 
populations and provided 15% vegetative cover (similar on both sites). Sweet clover 
populations were higher, and grew in a semi-prostrate manner resulting in 18% 
vegetative cover. Seedling density was generally greater in depressions around 
conifer seedling planting sites. 

Engelmann spruce was the only conifer species with surviving seedlings. All other 
species had 100% mortality due to freezing of roots during winter storage. 
Engelmann spruce survival rate on bare re-sloped coal spoil was 83%. On site 2 
spruce survival was reduced by at least 12% due to water erosion during an intense 
rain storm which removed live seedlings. 



Spruce survival on coal spoil seeded to cover crops varied averaging 65% under fall 
rye and 50% under sweet clover. A dense population of vigorous sweet clover 
plants probably increased spruce mortality. Fall rye may be better as a cover crop 
as it appeared less vigorous and less competitive than sweet clover. 

There was no benefit from planting conifers in association with a cover crop. 
Weather conditions during the 1986 growing season were such that cover crops 
would probably be of little or no benefit (temperatures were below average during 
July and August, and precipitation amounts were above normal), and longer trials 
spanning various growing season conditions may have shown some sort of benefit 
to conifers due to a cover crop. 



FC-3-86 Effect of Container Size, Age of 
Planting Stock and Planting Data on Survival and 
Growth of Conifers on Coal Spoil 

Objective 
To assess the effect of container size, seedling age and planting date on survival 
and growth of lodgepole pine and Engelmann spruce planted on bare, re-sloped coal 
spoil. 

Experiment initiated in 1986. 
Work was done in 1986, 1987, 1988, 1989 and 1990. 

Overview of Methods 
Four sites were selected on east facing 280  waste rock slopes within the re-sloped 
"C" spoil area. Since only 1-0 age planting stock was available, the spring 1986 
planting was limited to a comparison of container size effects only for conifer species 
Engelmann spruce and lodgepole pine. One hundred seedlings of each species, 
propagated in styro 8 and styro 20 containers were planted at each site in April. 
Seedlings were placed 1 m apart in rows 1 m apart. Planting holes were prepared 
using a 10cm chainsaw auger. A lOg 20-10-5 fertilizer pellet was placed in each 
hole with the seedling. 

Fall 1986 and spring 1987 planting, again limited to 1-0 age seedlings of Engelmann 
spruce and lodgepole pine propagated in styro 8 and styro 20 containers, was 
established adjacent spring planted treatments using similar planting techniques in 
late September 1986 and late April 1987. 

The fall-spring planting date comparison was repeated with 1-0 styro 8 and styro 20 
seedlings of the two conifer species planted in September 1987 and May 1988. This 
comparison was expanded to include 2-0 age styro 8 container seedlings of spruce 
and pine. 

Results driving the Conclusions 
In 1986 it was observed that lodgepole pine seedlings suffered 100% mortality. The 
root systems had probably been frozen during a period of extreme cold in November 
1985. Insufficient snow cover had accumulated prior to the onset of cold weather to 
protect the containerized seedlings. Engelmann spruce seedlings were not affected 
by the extreme cold. 

Conifer survival on re-sloped coal spoil averaged 84% for Engelmann spruce after 
two growing seasons, and 95% for lodgepole pine after one growing season. 



Conifer survival was improved slightly but consistently with seedlings propagated in 
styro 20 containers after 2 growing seasons. 
Planting date had no effect on conifer survival rate. Planting date had no effect on 
1988 height of spruce and pine seedlings. 

The effect of planting stock age on conifer survival after one growing season varied 
with planting date. Fall planted mean survival rate for 2-0 age seedlings was 88% 
compared to 80% for 1-0 age stock. The higher survival rate for 2-0 age seedlings 
was consistent for both species. In contrast, planting stock age had no effect on 
survival of spruce planted in spring 1987 and only 51 % of 2-0 age pine survived 
when planted in spring, a significant decreased when compared to 84% survival for 
1-0 pine. 

After five growing seasons, conifer survival rate continued to be higher for seedlings 
propagated in styro 20 containers, and was consistent for all planting dates and 
planting sites. Planting date had no effect on conifer survival, and effects were 
consistent with both conifer species. 

The effect of container size on tree height, annual increment and condition varied 
with parameter and species. Styro 20 trees generally taller for both species, and 
with pine, a greater percentage of styro 20 trees were in good condition while spruce 
trees had similar condition for both sizes. Planting date effects on tree height and 
increment were similar for both conifer species. 



FC-4-86 Effect of N-fixing Legumes on the 
Survival and Growth of Conifers on Coal Spoil 

Objective 
To assess the effect of N-fixing legumes on establishment and growth of commercial 
conifers planted on re-sloped coal spoil. 

Experiment initiated in 1986. 
Work was done in 1986, 1987, 1988, 1989, 1990 and 1991. 

Overview of Methods 
Four sites were selected on east facing 280  waste rock slopes within the re-sloped 
"C" spoil area. Elevation ranged from 1700-1800 m. 

In late April 1986 seven hundred 1-0 age styro 8 seedlings each of Engelmann 
spruce and lodgepole pine were planted on each site. Seedlings were spaced about 
1 m apart in rows 1 m apart. Planting holes were prepared using a 10cm chainsaw 
planting hole. One 10920-10-5 fertilizer pellet was placed in each planting hole. 

Each conifer species plantation site was subdivided into seven treatments containing 
100 seedlings each. One treatment was seeded with Rambler alfalfa, one with Leo 
birdsfoot trefoil and a third was a control. The remaining four treatments were 
seeded with alfalfa and birdsfoot trefoil in 1987 and 1988. Prior to seeding 11-55-0 
fertilizer was broadcast at the equivalent of 400 kg/ha at the end of April. Legume 
seed was broadcast at 40 kg/ha. 

Due to 100% mortality within the 1986 plantation, Iodgepole pine was replanted in 
April 1987. 

Results driving the Conclusions 
Engelmann spruce survival rates varied within and among planting sites, ranging 
from 41% to 92%. Mean spruce survival on bare waste rock was 81%. Within 
treatments seeded to legume spruce survival was 69%. Lodgepole pine had 100% 
mortality, the result of roots freezing during winter storage. 

Legume seedling populations varied depending on the site and species. Relatively 
low seedling populations established within sites 1 and 3 while the highest and most 
uniformly distributed populations were within site 4. Seedling populations were 
similar for alfalfa and birdsfoot trefoil. 

1987 legume seedling populations were low relative to 1986 treatments. Warm dry 
weather following seeding in 1987 may have limited germination and seedling 
growth, whereas in 1986 optimum weather for seedling establishment followed 
planting. 



Second season survival rates for Engelmann spruce varied widely and appeared to 
be affected by legume species and year of establishment. Lodgepole pine survival 
was the highest within treatments where legumes were not planted, or where pine 
and legumes were planted at the same time. Spruce and lodgepole pine mortality 
was higher with alfalfa than with birdsfoot trefoil. 

By 1989 legume productivity varied with legume species, age of stand and planting 
site. Productivity increased with increasing age of legume stand. Fourth year 
survival of Engelmann spruce varied with year of legume establishment and legume 
species. Mean spruce survival with no legume was 83%, but when legumes were 
seeded in the same year survival of spruce was reduced to 40%. Delaying legume 
seeding by one and two years after planting spruce resulted in higher survival rates 
of 76% and 73% respectively, and survival was higher with birdsfoot trefoil than with 
alfalfa. Similar trends were observed with lodgepole pine. 

Interseeding conifers with N-fixing legumes is an effective means of adding organic 
matter and organic N to coal spoil tree planting sites. Based on above ground 
biomass, annual additions averaged 1731 and 1263 kg/ha organic matter and 56 
and 36 kg/ha organic N by alfalfa and birdsfoot trefoil respectively during the first six 
years of this study. 

Legume interseeding should be delayed for at least one year after planting 
lodgepole pine to minimize competitive effects on tree seedling survival and growth. 
With Engelmann spruce a two-year delay was required to minimize growth 
retardation. Birdsfoot trefoil is the preferred legume for intercropping with pine and 
spruce, as it is less competitive than alfalfa. 



FC-5-86 Survival and Growth of Conifers and 
N-Fixing Shrubs Planted in Association on Re- 
Sloped Coal Spoil 

Objective 
To assess the survival and growth of conifers and N-fixing shrubs planted in 
association on re-sloped coal spoil. 

Experiment initiated in 1987. 
Work was done in 1987 and 1988. 

Overview of Methods 
Two sites were selected on east facing 28 0  waste rock slopes within the re-sloped 
"C" spoil area. Elevation ranged from 1700-1800 m. 

Within each site, three rows each of Engelmann spruce and lodgepole pine 1-0 age 
styro 8 container seedlings were planted using a 10 cm chainsaw auger. Each row 
contained 25 seedlings spaced 2 m apart with rows 2 m apart. 

The N-fixing shrubs, 1-0 age Buffaloberry and wolf willow were subsequently planted 
along two of the three rows of each conifer species. An N-fixing shrub was placed 
between two conifer seedlings with the same row resulting in a total of 50 seedlings 
per row spaced 1 m apart. The rows remained 2 m apart. A 10 cm chainsaw auger 
was used to prepare the planting holes for the N-fixing shrubs. One 10 g 20-10-5 
fertilizer pellet was placed in each planting hole with conifer and N-fixing shrub 
seedlings. The 1986 planting was conducted in April. In April 1987 an additional 50 
1-0 age seedlings of wolf willow and Buffaloberry were planted at each site. 

Results driving the Conclusions 
Lodgepole pine had 100% mortality in 1986 due to freezing of roots during winter 
storage. Freezing temperatures for several nights following planting in 1986 may 
have increased N-fixing shrub mortality. 

Engelmann spruce survival rate averaged 70% but varied with site from 75% to 65% 
for sites 1 and 2. Lodgepole pine survival rate was 86% but ranged from 77% at site 
1 to 95% at site 2. 

N-fixing shrub survival rates were lower averaging 28% and 36% respectively for 
wolf willow planted in 1986 and 1987, and 40% and 32% respectively for 
Buffaloberry planted in 1986 and 1987. Survival rates of both species varied widely 
between sites and not in a consistent manner. 



FC-1 -88 Pilot Scale Assessment of the 
Reclamation Potential of Grasses Identified as 
Preferred Food Species for Elk 

Objective 
To complete a pilot scale assessment of the reclamation potential of grasses 
identified as preferred food species for elk. 
Experiment initiated in 1988. 
Work was done in 1988, 1989, 1990, 1991, 1993 and 1996. 

Overview of Methods 
Plot sites were located on level waste rock at "C" spoil and Turnbull spoil areas. 
Plots were scarified to relieve compaction and incorporate a pre-seeding fertilizer 
treatment of 11-55-0 applied at the equivalent of 400 kg/ha. Twelve grass species 
were seeded at each site on treatments 2.5 m x 20 m. 
Seed of each species was broadcast at a rate equivalent to 1000 seeds/m 2  and 
incorporated by harrowing. Plots were established in early May 1988. 

Due to poor germination and seedling establishment in 1988, the "C" spoil site was 
reseeded in May 1989 and a second plot was established on level waste rock "2" 
spoil. The Turnbull plot was abandoned due to re-invasion by alfalfa, creeping red 
fescue and Canada bluegrass. 

Coarse rock with insufficient soil size particles characterized the majority of grass 
species subplots within the "2" spoil plot. As a result grass species seeded on the 
snow in May did not germinate and establish seedlings. A second plot site with 
adequate soil size particles was selected. Seed and fertilizer were applied in 
September 1989. To compare effect of fall and spring seeding on grass 
establishment on this high elevation site a duplicate plot was established in May 
1990. 

In addition, two preferred species mixtures were developed and seeded on "C" and 
"2" spoil sites in September 1989 and May 1990. Mix A (Native grass mix): slender 
wheatgrass var. Revenue (16%), bluebunch wheatgrass var. Secar (18%), mountain 
brome var. Bromar (29%), rough fescue (6%), sheep fescue (4%), Festuca 
sax/montana (6%), fowl bluegrass (3%) and violet wheatgrass (18%). Mix B 
(Naturalized Grass Mix): slender wheatgrass var. Revenue (20%), crested 
wheatgrass var. Fairway (16%), smooth brome var. Manchar (25%), creeping red 
fescue var. Boreal (6%), hard fescue var. Durar (6%), Canada bluegrass var. 
Reubens (1%), Timothy var. Climax (3%) and cicer milkvetch var. Oxley (22%). 

Species mix treatments were 10 m x 10 m. Seed was broadcast on the dump 
surface at a rate equivalent to 2000 seeds/rn 2. Following seeding 12-51-0 fertilizer 



was applied at a rate equivalent to 400 kg/ha. There was no seed or fertilizer 
incorporation. 
Maintenance fertilizer 13-16-10 was applied at 400 kg/ha to all individual species 
and species mix plots established in spring and fall of 1989. Maintenance fertilizer 
46-0-0 was applied at 100 kg/ha to all individual and species mix plots established 
on "C" and "2" spoil in 1989 and 1990. 

Two pilot scale plots on 28 0  south-westerly slopes of "2" spoil were established to 
expand the assessment of native and naturalized grass species mixes. 

Results driving the Conclusions 
Germination and establishment of seeded grasses was poor on "C" spoil and 
Turnbull plots. Coarse rock covered the surface of the "C" spoil plot following 
scarification. Creeping red fescue and Canada bluegrass re-invaded the Turnbull 
plot confounding seedling population assessment. 

On "C" spoil, bluebunch wheatgrass and crested wheatgrass were the only species 
to establish seedlings on more than 30% of the plot area. On the Turnbull plot grass 
seedlings established in all treatments. Creeping red fescue and Canada bluegrass 
seedlings were present in all treatments. Alfalfa and the two grasses were growing 
on and adjacent to the plot site. Identification of seeded species seedlings among 
the volunteer grass seedlings was difficult due to the small seedling size. 

Greenhills "C" spoil and Clode "2" spoil experimental sites represent low and high 
elevation extremes for spoil reclamation at the Fording River mine, with elevation 
differences of approximately 300 m. Certain climatic factors influenced by elevation 
will effect establishment and growth of preferred food species. 

On the "C" spoil site plant population, vigour, vegetative cover and biomass on the 
twice seeded individual species plot varied among grass species. Of the seven 
preferred food species included in the study, only 2 species (native grasses 
bluebunch wheatgrass and slender wheatgrass) produced higher than average 
biomass. Mountain brome, sheep fescue, Canada bluegrass, crested wheatgrass 
and creeping red fescue were promising species tested in this study. 

Vegetative cover and biomass were similar for both grass mixtures seeded on the 
"C" spoil site. Grass species composition was more diverse for the naturalized 
species mixture (8 and 4 species for fall and spring seeded). Only 3 species 
established on the native species mix plots. Slender and crested wheatgrass 
dominated cover within naturalized species plots, and slender wheatgrass was the 
dominant species within the native species plots. 

On high elevation "2" spoil planting seasons affected grass species establishment 
within individual species and species mix plots. Within individual grass species 
comparison plots mean values for plant population, vegetative cover and biomass 
were higher for the fall seeding treatment. These observations were consistent for 
all grass species included in the study. 



Slender and bluebunch wheatgrass produced higher than average biomass (as on 
"C" spoil). Sheep fescue, mountain brome, hard fescue, Canada bluegrass and 
crested wheatgrass showed promising results. Creeping red fescue had the lowest 
biomass production. 

Establishment of native and naturalized grass mixtures on high elevation coal spoil 
was improved relative to the low elevation site. Fall seeding on the high elevation 
site resulted in higher plant population, vegetation cover and biomass production for 
both native and naturalized grass mixtures. 

Mean plant population and vegetative cover were similar for native and naturalized 
grass mixes. Plants were uniformly distributed for both mixes. Population and cover 
were similar for fall and spring seeding dates. 



FC-1-89 Extended Planting Season for 
Conifers on Coal Spoil 

Objective 
To assess the effect of extended planting season on survival and growth of 
lodgepole pine and Engelmann spruce on re-sloped coal spoil. 

Experiment initiated in 1989. 
Work was done in 1989, 1990 and 1991. 

Overview of Methods 
Four sites were selected on east facing 280  waste rock slopes within the re-sloped 
"C" spoil area. At each site 2-0 age styro 20 seedlings of Engelmann spruce and 
lodgepole pine were planted on in early May, mid-July, late August and late 
September 1989. A planned mid-June planting was cancelled due to a labour 
dispute. On each planting date 50 seedlings of each species were planted on each 
site. Seedlings were spaced 1 m apart in rows 1 m apart running downslope. 
Planting holes were prepared using a 10 cm chainsaw auger. A 10 g 20-1 0-5 
fertilizer pellet was placed in each hole with the seedling. Seedlings were 
propagated at the Fording River mine site. 
The planting program was repeated in 1990 and 1991 with the following 
modifications: 

a) Planting dates were early May, mid-June, early July, late August and mid-
September 

b) 1-0 age styro 8 seedlings of spruce and pine planted at each site 
c) Only 25 seedlings of each species were planted at each site for July, August 

and September 
d) Seedlings planted in September of 1990 and 1991 were propagated in the 

same year 
Results driving the Conclusions 
Survival rates were similar for both species averaging 97%, 89% and 99% for spruce 
and 98%, 89% and 99% for pine planted in May, July and August. There was no 
appreciable difference in conifer survival among planting sites. 

Survival of both conifer species was highest with early may planting and lowest with 
late August planting. For spruce survival rates exceeded 80% for all planting dates 
and 90% for May and September planting dates. For pine, the May planting 
exceeded 90% survival, with June and September survival exceeding 80%. Low 
pine survival for July and August planting dates was due primarily to low survival of 
seedlings planted in July and August 1990. 
Engelmann spruce has demonstrated potential capability for establishing on coal 
spoil slopes when planted during late spring and summer seasons. The relatively 
high mortality rate for lodgepole pine planted in August, and to a lesser extent in 
July, suggest limiting pine planting to spring and fall seasons. 



FC-2-89 Reclamation Potential of Preferred 
Elk Browse Species and shrub survival 

Objective 
To assess the survival, growth and nutritional quality of 'preferred browse species' 
for elk on re-sloped coal spoil. 

Experiment initiated in 1989. 
Work was done in 1989, 1990 and 1991. 

Overview of Methods 
Seed and cuttings from woody shrub species identified as winter browse species 
(based on literature review and surveys of winter range on Eagle and Turnbull 
Mountains) for elk were collected in late summer and early fall 1989. 

Two hundred seedlings each of ten preferred browse species were planted on coal 
spoil in September 1990 and May 1991. Four planting sites were selected; one on a 
south facing 26 0  slope on "C" spoil and three on south to south-westerly 28 0  slopes 
on "2" spoil. Fifty seedlings of each species were planted at each site. Individual 
shrub species were planted in two rows of 25 seedlings each traversing the spoil 
slope. Seedlings were spaced 1 m apart with rows spaced 1 m apart. Due to space 
constraints, seedling spacing was reduced to 0.5 m x 0.5 m at one site on "2" spoil. 
The site was located on an exposed southerly slope. Planting holes were prepared 
using a 10 cm chainsaw auger. One 10 g 20-1 0-5 fertilizer pellet was placed in each 
planting hole. 

In late summer and fall 1990 and 1991 additional seed was collected for all species 
to ensure an adequate supply of planting stock. 

In September 1991 fifty seedlings each of 10 species were planted on one "D" spoil 
and three "2" spoil sites using similar spacing and planting techniques as described 
above. Woody species planted are: 

Rosa ac/cu/ar/s prickly rose 
Spirea betufolia spirea 
Elaegnus commutate silverberry (wolf willow) 
Corn us sto/onifera red-osier dogwood 
Amelanchier a/nib/ia Saskatoon 
Prunus virginiana chokecherry 
Symphoricarpus a/bus snowberry 
Acer glabrum Rocky Mountain maple 
Salix scou/eriana Scouler's willow 
Populus tremu/oides 	 trembling aspen 



Results driving the Conclusions 
On Greenhills "C" spoil, mean survival rate after one growing season for fall and 
spring planted seedlings was 66%. Shrub survival varied with planting date, 
averaging 45% and 86% respectively for fall and spring planted seedlings. Spring 
planted shrubs had yet to be exposed to winter climatic conditions. Based on 
survival rates for fall planted shrubs, species demonstrating promise for south facing 
spoil slopes at low elevation include prickly rose, silverberry, chokecherry, trembling 
aspen and Saskatoon. The latter four species are classed as highly valuable 
browse species for elk winter diets. 

Eighty woody shrub species planted on "C" spoil sites between fall 1986 and fall 
1989 in a preliminary study had mean survival rates of 72% and 65% for silverberry 
and chokecherry respectively after 5 and 3 growing seasons. 

Composition and nutritional quality of silverberry, trembling aspen and alfalfa were 
compared. Mean crude protein content (CP) varied among species: silverberry 
10.7%, trembling aspen 6.9% and alfalfa 7.6%. All three species maintained a 
constant OP content over winter. Silverberry and alfalfa are N-fixing species. Mean 
total digestible nutrients (TDN) varied among species: trembling aspen 55.8%, 
silverberry 37.2% and alfalfa 36.6%. All species maintained a constant TDN over 
winter. Cell solubles varied among species: trembling aspen 52%, silverberry 39% 
and alfalfa 31%. 

Elk diets containing much less than 50% digestible energy and 5% crude protein 
would fail to meet the animals' metabolic requirements for maintenance during 
winter. Trembling aspen growing on "C" spoil has potential for meeting these 
nutritional criteria throughout the winter season. Silverberry and alfalfa have 
potential as CP sources. 

Mean survival rate for fall and spring planted shrubs on the high elevation, exposed 
southwesterly slopes of Clode "2" spoil was 48%. Shrub survival varied with planting 
date averaging 40% and 56% respectively for fall and spring planted seedlings. 
Based on survival rates, species demonstrating promise for high elevation spoil 
slopes include prickly rose, Saskatoon, silverberry, chokecherry, and possibly 
trembling aspen. The latter four species are classed as highly valuable browse 
species for elk winter diets. 

Preferred browse species demonstrating promise for establishment and growth on 
exposed southerly coal spoil slopes over the range of elevations include Saskatoon, 
chokecherry, trembling aspen and silverberry. Trembling aspen demonstrated 
potential for meeting crude protein and digestible energy criteria for elk winter diets. 
Chokecherry and silverberry have potential as CP sources assuming high levels can 
be sustained through late fall and winter seasons. 



FC-1-90 Time Delay for Interseeding Conifers 
with Legumes  

Objective 
To assess the effect of delaying legume seeding by up to 5 years on the survival and 
growth of commercial forest species. 

Experiment initiated in 1990. 
Work was done in 1990 and 1991. 

Overview of Methods 
In May 1990 birdsfoot trefoil var. Cree was interseeded with Engelmann spruce and 
lodgepole pine within four of eight replicates of project FC 3-86. On the same dates, 
a species mix of birdsfoot trefoil (10%), creeping red fescue (40%) and Canada 
bluegrass (10%) was interseeded with conifers within two replicates of projects FC 
2-86 and FC 5-86. Bjrdsfoot trefoil and the species mixture were both seeded at 40 
kg/ha. 

Following seeding 12-51-0 fertilizer was applied at a rate equivalent to 400 kg/ha. 
There was no seed or fertilizer incorporation. In May 1991 all eight replicates 
received an application of 12-51-0 fertilizer at 400 kg/ha. 

Prior to seeding, the number of live trees within replicates of FC 2-86 and FC 5-86 
were determined for the purposes of this study. Similar data were recorded for FC 
3-86 replicates in 1989. 

Results driving the Conclusions 
Interseeding spruce and pine at the beginning of the fifth and fourth growing 
seasons with birdsfoot trefoil or a birdsfoot trefoil-creeping red fescue-Canada 
bluegrass mix did not adversely affect conifer survival and growth rates during the 
interseeding year. 

Birdsfoot trefoil and grass establishment were satisfactory. Seedling populations 
were similar to those on coal spoil that subsequently developed an acceptable 
legume dominated herbaceous plant cover. 

By 1991 legume cover and biomass for FC 3-86 replicates seeded to birdsfoot trefoil 
averaged 34% and 442 ka/ha. Creeping red fescue dominated vegetation within FC 
5-86 replicates which were seeded to the birdsfoot trefoil-grass mixture in 1990. 
Colonization of FC 2-86 replicates by native forbs and sweet clover confounded 
assessment of seeded legume-grass species productivity. 

Within sites seeded to birdsfoot trefoil, mean survival rate for all species, container 
size and planting dates did not change between the end of 1989 and 1990 growing 



seasons (95% and 94% respectively). Mean conifer survival rates were also similar 
for interseeded and non-seeded sites (94% and 91% respectively). 
Conifer survival and growth rates were not adversely affected by interseeding with 
birdsfoot trefoil 3 to 5 years following tree planting. The higher proportion of good 
condition trees and higher mean values for all growth parameters for interseeded 
tress probably reflect a short term growth response to fertilizer applied in 1990 to aid 
legume establishment. It is improbable that organic matter and organic N produced 
during the current growing season would improve 1991 height increment by 59% to 
88% as observed for interseeded spruce and pine. Mineralization of organic N 
compounds is necessary before the added N can be taken up and utilized by the 
trees. Lower foliar N in interseeded tree needles may be due to competition with the 
legume for fertilizer N. 

1991 height increment accounted for 49% to 59% of the difference in total height 
between interseeded and non-interseeded spruce. With pine, 1991 height increment 
accounted for 77% to 157% of total height difference. In 1990, the year conifers 
were interseeded with birdsfoot trefoil, there was no difference in total height and 
annual height increment between interseeded and non-interseeded treatments. 



FC-2-90 Productivity of Vegetated 37°  Coal 
Spoil Slopes 

Objective 
To assess the composition and productivity of vegetation established on 370  coal 
spoil slopes. 
Experiment initiated in 1990. 
Work was done in 1990 and 1991. 

Overview of Methods 

The re-sloping method adopted for Greenhills dragline coal spoil results in the lower 
50 m of slope being left at the natural angle of repose (37 0), and upgradient spoil 
slopes are reduced to 28 0. An over-steepened slope created along the toe of "C" 
spoil was revegetated in May 1987 by seeding to a legume-grass species mixture. 
Fertilizer 11-55-0 at 400 kg/ha was broadcast on the surface the same day. Seed 
and fertilizer were applied using a helicopter. Vegetation established satisfactorily 
on the steep slope. Maintenance fertilizer has never been applied to the 
revegetated slope. 1990 was the fourth growing season. 

A legume-grass species mix composed of alfalfa (34%), Alsike clover (10%), 
intermediate wheatgrass (20%), creeping red fescue (10%), orchardgrass (8%), 
Timothy (4%), hard fescue (5%), meadow foxtail (5%), Canada bluegrass (2%) and 
red top (2%) was seeded at 40 to 50 kg/ha using a helicopter in early May 1987. 

Ten 5 M2 
 circular macroplots were located at 50 m intervals along a single transect 

at approximately mid-slope position across the vegetated slope. Within each 
macroplot, 4 0.5 m 2  microplots centred 1.5 m from the centre of the macroplot were 
sampled to determine vegetative cover, species cover and biomass. In addition, one 
composite sample of each of the five most abundant grass and legume species was 
collected for analysis of N, P, K, Ca, Mg, S and B content. 

Results driving the Conclusions 

By 1991, a diverse plant community containing at least 7 seeded species was 
sustaining growth on the steep coal spoil slope. Mean vegetative cover and 
biomass were 62% and 1853 kg/ha respectively. Vegetative cover was relatively 
uniform across the vegetated slope, while biomass was more variable. 
Decomposing plant litter covered 11% of the slope surface. Rock and fines 
accounted for the remaining 26% of slope surface. 
Legume and grass vegetation accounted for 56% and 44% of the plant cover. 
Alfalfa was the dominant species occurring in 100% of microplots and accounting for 
53% of plant cover. Alsike clover was a minor component occurring in 18% of 
microplots and accounting for 2.4% of the plant cover. Orchardgrass, fescue 
species, meadow foxtail, intermediate wheatgrass and Canada bluegrass occurred 



in 98%, 88%, 88%, 88% and 53% of microplots and accounted for 15%, 10%, 8%, 
8% and 3% of plant cover. 

Forage productivity on the 370  spoil slope was assessed for two consecutive 
growing seasons. Mean biomass for 1990 and 1991 growing seasons was 1256 
kg/ha. 



FC-3-90 Operational Afforestation Survival and 
Growth Assessment 

Objective 
To assess conifer establishment on coal spoil slopes planted in 1987. 

Experiment initiated in 1990. 
Work was done in 1990. 

Overview of Methods 
Three sites on "C" spoil, two on the east slope and one on the level dump top were 
planted in early May with Engelmann spruce, lodgepole pine and Douglas fir. 
Spruce and pine were 1-0 stock propagated in styro 8 containers at the Fording 
nursery. Douglas fir were 1-0 stock propagated in styro 20 containers. Seedlings 
were planted at a density of 2400 per ha. 1990 was the fourth growing season since 
planting, and the trees were five years old. 

Conifer survival and growth rate data were obtained using the BCFS regeneration 
performance assessment technique. 1990 assessment was limited to a single 0.75 
hectare site on the 28 °  east facing slope at 1700 m elevation. Within the site, a total 
of 9 50 m2  circular plots were systematically situated along two transects across the 
spoil slope. Plots were 33 m apart within each transect, and transects were 20 m 
apart. A total of 296 trees were sampled to determine survival rate and condition, 
and 261 trees were measured to determine height and 1990 height increment. 
Trees in poor condition were not recorded as sample trees and were excluded from 
height and height increment measurement. 

Results driving the Conclusions 
Conifer survival rate averaged 82%, 90% and 98% respectively for spruce, pine and 
fir. Trees of all species were mainly in fair and good condition (94%, 99% and 97% 
respectively). Trees in fair condition had multiple leaders (61 %) or foliage 
discoloration symptomatic of frost burn (16%) and nutrient or moisture deficiency 
(19%). Of the trees with multiple leaders, 64% had a dominant leader. A small 
number of trees were damaged by falling rocks and snow pack. There was no 
damage due to ungulate browsing. 

Tree height averaged 43.5 cm, 48.4 cm, and 40.7 cm respectively for spruce, pine 
and fir. 1990 height increment varied among species averaging 12.8 cm, 8.7cm 
and 7.3 cm respectively for pine, spruce and fir. 

For comparison, spruce and pine planted on "C" spoil research sites in April 1987 
had survival rates of 92% and 91%; mean heights of 44.7cm and 49.7cm and mean 
1990 height increments of 10.3cm and 13.5cm respectively. 



FC-1-91 	Interplanting Commercial Conifers 
with Indigenous Nitrogen Fixing Shrubs 

Objective 
To assess the effect of interplanting N-fixing woody shrubs on growth of commercial 
conifers planted on re-sloped coal spoil. 

Experiment initiated in 1990. 
Work was done in 1990 and 1991. 

Overview of Methods 
Indigenous N-fixing shrubs were interplanted among operational plantations of 
Engelmann spruce and lodgepole pine on Greenhills "D" and "E" spoil piles. 
Planting sites were east facing, 28 0  re-graded spoil slopes between 1700-1800 m 
elevation. 

In September 1990 and May 1991 200 1-0 seedlings of alder (Alnus tenufolia) were 
interplanted with Engelmann spruce within a spring 1990 plantation on "D" spoil. 
Alder seedlings were planted 1 m upgradient of a spruce seedling resulting in a 
spacing similar to the original spruce plantation (i.e. 2 m x 2 m). Planting holes were 
prepared by a 10cm chainsaw auger. One lOg 20-10-5 fertilizer pellet was placed 
in each planting hole. 

The study was expanded in September 1991 with the addition of two N-fixing shrub 
species Buffalobe rry (Shepherd/a canadensis) and kinn ickin nick (Arctosta ph/os uva-
ursi) and the establishment of four more plots with 1991 spruce and pine plantations 
on "E" spoil. 

Results driving the Conclusions 
Alder seedlings planted in September 1990 suffered high mortality with only 37% left 
alive. Survival of May 1991 planted seedlings was much higher, with 91% left alive. 



FC-2-91 	Indian Ricegrass Assessment on Low 
and High Elevation Coal Spoil Slopes 

Objective 
To assess the establishment, growth and nutritional quality of Indian ricegrass on 
coal spoil slopes. 

Experiment initiated in 1991. 
Work was done in 1991. 

Overview of Methods 
A total of 3 experimental plots were established in early May 1991 on south to 
southwest facing coal spoil slopes on Greenhills "C" spoil (1 site) and Clode "2" spoil 
(2 sites). Indian ricegrass (Oryzopsis hymenoides) was seeded over fall planting 
treatments for project FC 2-89. 

At each site, Indian ricegrass seed was broadcast on the surface at three rates 
equivalent to 8, 16 and 32 kg/ha (500, 1000 and 2000 seeds/rn 2). Seeding rate 
subplots were 100 m 2  in area. Fertilizer was applied to the slope surface at 400 
kg/ha 12-51-0. Neither seed nor fertilizer were incorporated. 

Seedling populations were assessed in 10 0. 1 m 2  quadrats randomly located within 
each seeding rate treatment. 

Results driving the Conclusions 
Indian ricegrass establishment was poor on all sites. Only a few scattered plants 
were observed within each seeded area. As a result of poor germination with spring 
seeding, all plots were re-seeded in September 1991. Due to a labour interruption at 
the minesite in 1992 these plots were not assessed and Cominco Limited Research 
group ceased doing the reclamation research work at Fording River. The work was 
planned to be carried by the services of another consultant. This project was not 
followed up. 



FC-1-94 	Development of Riparian Habitat on 
Mine Waste 

Objective 
To indentify the most suitable native vegetation and reclamation techniques that can 
be applied to the future wetland restoration on mine waste deposited in Henretta 
Creek valley resulting from the Henretta Dragline Project; to identify how selected 
plant species respond to fluctuations in water level. 

Overview of Methods 
A gently sloping platform was constructed adjacent to an existing wetland and creek 
with a slope and bench rising from one edge to simulate a streambank and shelf 
configuration. The platform area is poorly drained and is subject to seasonal 
flooding, while the slope and bench are well-to- imperfectly drained and are affected 
by a fluctuating water table. 

In September 1994, three species (beaked sedge, sedge, and willow) were planted 
on the platform in two replicate rows of 25 plants per row. The slope and bench 
were planted with two replicates (of 25 plants in three rows distributed up the slope 
and across the bench) of trembling aspen, spruce, balsam poplar, and willow. 

In September 1995, additional replicates of beaked sedge, sedge, willow, alder and 
balsam poplar were planted on the platform, following the same replicate pattern and 
number of plants as in 1994. The slope and bench were planted with a single 
replicate of aspen, spruce, and willow (25 trees per species). In addition, 22 alder 
seedlings (located at the far end of the bench) that had been planted operationally 
by Fording Coal students in spring 1995 were included in the trial area. 

In fall 1996, four rows of bog birch were planted in rows of 25 plants on the platform 
area adjacent to the 1993 planting. For each planting date, the sedges were 
transplanted from the adjacent wetland, and the spruce, balsam poplar and rooted 
willow cuttings originated from the Fording Coal Limited nursery. The remaining 
species grown from seed were provided by C. E. Jones nursery. 

This trial was monitored for survival in 1995, 1996, 1997, and 1998 

Results Driving the Conclusions 

Survival of the majority of plants on platform, slope and bench was greater than 60% 
after four years of monitoring. 



Mean Survival in 1998 
Location Species Survival (%) 

Lower Platform 

beaked sedge 79 
sedge 69 
willow 68  
balsam poplar 62 
alder 4 
bog birch 73 

Slope and Bench 

trembling aspen 70 
Engelmann spruce 65 
balsam poplar 60 
alder 55 
willow 77 

In evaluating the effect of seasonal water fluctuations on plant survival, the highest 
mortality occurred in plants experiencing the most frequent and longest lasting 
inundation of water. 

The results of the trial indicate a large number of species are suitable for use in 
riparian plantings. On the low-lying areas that are inundated for an extended period 
of time in the spring, species of sedges, willows, balsam poplar and bog birch had 
good survival. The spatial distribution of surviving plants indicates that there is little 
difference in the ability of these species to withstand prolonged inundation. On 
sloping and bench sites, which are not flooded but may experience a fluctuating 
water table, all of the tested species had good survival. 

The results of this trial have provided a list of successful candidate species for use in 
reclamation of riparian areas. On sites that experience flooding of long duration, 
sedges, bog birch, willow and balsam poplar are very successful. On slope and 
bench areas that have only seasonally wet soils, more traditional mixes of 
reclamation species including trembling aspen, spruce, balsam poplar, willow and 
alder had good survival. 

Planting nursery-grown stock has been successful on these sites and further testing 
of direct seeding sedges and moisture tolerant grasses should be initiated. 



FC- 1 -95 	Preferred Elk Browse Species Shrub 
Trials 

Objective 
Determine survival effects of physical plant protectors on trees and shrubs and the 
optimum removal time for protectors. 

Overview of Methods 
Between 1995 and 1999, nine trials (4 spring and 5 fall) were installed at '2' Spoil, 
with four replicates of each trial (except for F97 and S98 which had eight) for a total 
of 18,988 plants. 

Common Scientific 
Name Name Plantqeason and Year  
birch- 

Spiraea F9 S9 
leaved betulifolia 7 8 
spirea  
black 

Populus F98 
cottonwoo trichocarpa * 
d 
buffaloberr Shepherdia F9 S9 F9 S9 F98 S9 

canadensis 5 6 6  8 * 9 
chokecher Prunus F9 S9 F9 S9 F9 F97 S98 F98 S9 
ry virginiana 5 6 6 7 7 * * * 9 
Douglas Acer glabrum F9 S9 F9 F9 F97 S9 F98 S9 
maple var. douglasii 5 6 6 7 * 8 * 9 

lodgepole Pin us S9 F9 S9 F9 S9 F9 
pine contorta var. 6 6 7 7 9 9 

latifolia  
prickly Rosa F9 S9 F9 S9 F9 F97 S9 S98 F98 S9 
rose acicularis 5 -p------ 6 7 _7 

* * * ---- - 

Corn us 
red-osier stolonifera F9 S9 F9 S9 F9 F97 S9 S98 F98 S9 
dogwood syn. Cornus 5 6 6 7 7 * 8 * * 9 

sericea  
Ame/anchier F9 S9 F9 S9 F9 F97 S9 S98 F98 S9 

saskatoon alnifolia 5 6 6 7 7 * 8 * * 9 
Symphoricarp F9 S9 F9 S9 F9 F97 S9 S98 F98 S9 

snowberry osalbus 5 6 6 7 7 * 8 * * 9 
hybrid Picea glauca S9 F9 S9 F9 S9 S9 F9 
spruce x engelmannii 6 6 7 7  8  9 9 
trembling Popu/us F9 S9 F9 S9 F9 F97 S9 S98 F98 S9 
aspen tremuloides 5 6 6 7 7 * 8 * * 9 

F9 F98 
willow Salix sp. 6 * 

Elaea gnus F9 S9 F9 S9 F9 S9 F98 S9 
wolf-willow ______ commutata 5 6 6 7 7 ___ 8 ___ 

* 9 



F = Fall, S = Spring, * = Styro 45, all others are Styro 77 

Plot locations for this trial were selected to provide ease of access, and to provide 
similarity in aspect, slope position, and spoil material. All of the plots have a 
southwest exposure and are distributed at mid and upper slope positions within 
close proximity to the FC-2-89 research trials and access roads. 

All seedlings were planted with a fertilizer tab (20-1 0-5) on the uphill side of the root 
plug in the hole. For each species, two adjacent rows of 25 seedlings per row were 
planted; the rows were separated by one metre, with one metre spacing between 
plants. Wooden stakes were placed at the end of each row and marked with species 
codes to identify species for future monitoring. Plant protectors of various types 
(depending on year) were placed on plants on the upper or lower row of each 
species. 



Planting 
Date 

# 
Planted 

Styro Block 
Size Protector Type Replicate 

Row 
Protected 

Protectors 
Removed 

Fall 
1995 1,800 77 TRIMEEZE (corrugated 

plastic) 

1 upper 2005 

2 upper 1999 

3 upper 2005 

4 upper 1999 

Spring 
1996 1,974 77 

TUBEX (solid corrugated 
plastic) 

1 lower 2005 

2 upper 1999 
3 lower 2005 

4 lower 1999 

Fall 
1996 2,292 77 TUBEX and TRIMEEZE 

1 upper 2005 

2 upper 2001 

3 upper 2001 

4 upper 2005 

Spring 
1997 

1,796 77 GROCONE (pliable 
plastic) 

1 lower 2001 

2 lower 2001 
3 lower 2005 

4 lower 2005 

Fall 
1997 

2,200 77 

 SUPERTUBE (solid 
corrugated plastic 

1 lower 2005 

2 lower 2000 

3 lower 2005 

4 lower 2000 

1,400 45 

5 lower 2005 

6 lower 2006 

7 lower 2007 

8 lower 2008 

1998 
Spring  

1,194 45 

SINOCAST TREECONE 
(corrugated plastic cone-
shaped protectors) 

1 upper 2001 

4 upper 2000 

2 lower 2000 

3 lower 2000 

1,921 77 

5 upper 2000 

6 upper 2000 

7 lower 2005 

8 lower 2000 

Fall 
1998 

2,142 45 
SINOCAST TREECONE 
(corrugated plastic cone-
shaped protectors) 

1 upper 2001 

2 upper 2001 

3 upper 2001 

4 upper 2001 

Spring 
1999 1,865 45 

SINOCAST TREECONE 
(corrugated plastic cone-
shaped protectors) 

1 lower 2001 

2 lower 2001 

3 lower 2001 

4 lower 2001 

Fall 
1999 404 77 

SINOCAST TREECONE 
(corrugated plastic cone- 
shaped protectors) 

1 upper 2005 

2 ____ upper 2001 

3 upper 2005 

4 upper 2001 



Plots were monitored spring (June) and faIl (September) from 1996 until 2003, when 
monitoring shifted to fall only. 
Starting in 1999, the effect of protector removal was tested by removing protectors 
from selected plots. Protector removal continued in subsequent years to test 
removal intervals of two to four years. Trial design to test for 1, 2, 3, and 4-year 
protection periods was completed in 2001. In 2000 and 2001, protectors were 
removed from additional plots for inclusion in the interseeding portion of the trial. 
In addition to protector removal, the spring 1999 styro 45 plots were interseeded with 
birdsfoot trefoil, to provide information on the effects of a two-year interseed delay. 
In June 2002, the spring and fall 1998 styro 45 plots were interseeded with birdsfoot 
trefoil, to provide information on the effects of three and four-year interseed delays, 
respectively. In the fall of 2005, the remaining protectors were removed, as 
maintenance of these protectors was becoming impractical. 

At each monitoring event, plant survival and vigour was determined through counting 
of live plants in each row and visual assessment of health/vigour. In 2006, 
monitoring of these trials was further reduced to include only those plots which had 
10 growing seasons since planting, or 5 growing seasons since protector removal. In 
2007, monitoring was completed so that data now exists for all plots with protectors 
removed to a relative age of five years since protector removal. 

Results Driving the Conclusions 
Results from the FC-1 -95 trial have indicated significant increases in survival and 
vigour of protected plants, in comparison to adjacent unprotected seedlings (the 
majority of seedling mortality occurs within the first two years). With the exception of 
spruce and wolf-willow, which performed similarly with or without protection, all 
species showed survival increases when planted with seedling protectors. Spring 
planting resulted in higher survival than fall planting for deciduous shrub species. 
Results for conifer seedlings included in this trial show that season of planting may 
have a greater effect on survival of these species than protection, and that 
significantly higher survival rates are obtained on fall-planted plots than on spring-
planted plots. 

Interseeding trial research was concluded in 2003, with the recommendation that all 
interseeding of elk winter range tree and shrub areas be delayed by a minimum of 
four years following planting. 
The survival of shrubs and trees that have been protected is still greater five years 
following protector removal than that of shrubs and trees where no protectors were 
installed. The cause of this survival advantage is an increase in early (2 years 
following planting) establishment success in protected seedlings - survival rates 
following protector removal are similar for the protected and unprotected groups. 
Conclusions on optimum timing of protection for each species is as follows: 

• 3 years of protection utilizing protector cones was determined to be sufficient 
to increase survival of Douglas maple, chokecherry, red-osier dogwood and 
snowberry 

• Lodgepole pine survival increased after 2 years of cone protection; 



Spruce seedling survival is approximately 50 percent regardless of the use of 
protectors; 
Cottonwood, saskatoon, prickly rose and willow are exposed to heavy browse 
and potential mortality from ungulates regardless of protection, due to their 
status as preferred ungulate browse species. Wolf-willow survival of planted 
stock is relatively low with or without protection; however, this species' ability 
to persist and self-propagate through root suckering makes it capable of 
forming substantial stands on these harsh sites (and in fact browse pressure 
may stimulate an increase in wolf-willow density). Results demonstrate that 
the greatest wolf-willow root suckering occurs when the species has been 
protected for 3 years prior to protector removal. This is due to plants having 
sufficient time to establish developed root systems. 
Both birch-leaved spirea and buffaloberry exhibited extremely low survival, 
regardless of treatment, and, if desired as a component of reclamation, will 
require further studies on successful establishment. 
Significant survival increases can be achieved with spring planting of 
deciduous species and fall planting of conifers, and there is no cost-effective 
benefit to the use of larger 2 + 0 45 styro stock instead of the standard 1 + 0 
77 stock. 



FC-00-95 - Fording Greenhills Operational 
Reclamation Research 

Objective 
To determine the applicability of Fording River Operations' reclamation techniques 
to Greenhills Operations. 

Overview of Methods 
Portions of the Greenhills North Dump were seeded in 1990 and 1991 (by Westar 
Mining Ltd.), with aerial application of fertilizer (19-24-14) in 1990, 1991, and 1992. 

Westar's Reclamation Seed Mix (aDDlication rate 75 ka/ha 
Species Common Name % of Mix by Weight 

Alopecurus pratensis meadow-foxtail 15 
Festucarubra creeping redfescue 10 
Dactylis glomerata orchardgrass 15 
Festucaovina sheepfescue 10 
Poacompressa Canada bluegrass 10 
Trifolium hybridum alsike clover 10 
Phleum pratense Timothy (CLIMAX) 10 
Agrostis gigantea redtop 5 
Poa pratensis Kentucky bluegrass 5 
Trifolium repens white clover 5 
Bromus inermis Bromecirass (CARLTON) 5 

Richardson Seed Interior Wildflower Mi x* 

Species Common Name % of Mix by Weight 
Aster tanacetifolius prairie aster 5 
Cheiranthus allioni Siberian wallflower 8 
Coreopis lanceolata coreopis 10 
Gal/lard/a aristata blanket flower 10 
Gaillardia puichella indian blanket 10 
Giliacapitata globe gilia 3 
Iberis gibraltar/ca gibralter candytuft 2 
Linum rubrum scarlet flax 15 
Linum lewis/i blue flax 10 
Linumperennis lupine 5 
Denothera lamarckiana evening primrose 2 
Denothera pal/ida white evening primrose 5 
Papavernudicaule Icelandic poppy 2 
Penstemon strictus Rocky Mtn. penstomen 5 
Ratibida columnar/s conef lower 4 
Rudbeckia hirta black-eyed Susan 4 
* Several pounds of this mix were added to the Westar mix and applied to selected 
sites. 



Productivity in 1995 was determined using systematic line transects. Transects were 
placed 25m apart and discrete sample sites were located 25m along each transect 
after a random offset. A rectangular quadrat with an internal area of 0.5m 2  was 
placed at each sampling site. Biomass samples were obtained by clipping all the 
plant material rooted within the quadrat. Plant material was clipped as close to the 
ground as possible and dead material from previous years' growth was discarded. 
Plant material was separated into grasses, legumes and other species. The bags 
were submitted to a laboratory, dried to a constant weight and the weight recorded. 

Soil nutrient samples were collected from 10 random locations evenly distributed 
over Greenhills North Dump in 1995. At each discrete location, four sub-samples 
were collected from the 10-20 cm depth interval with a spade, placed in plastic bags 
and combined to form a composite sample, which was sent to the lab for nutrient 
analysis. 

Above-ground foliage from several plants was collected at each of the soil sampling 
locations. Grasses and legumes were separated, placed in paper bags and sent to 
the lab for 13-element ICP analysis. 

Results Driving the Conclusions 
Biomass productivity underwent a significant decline between 1991 and 1995, from 
1, 743 kg/ha to 605 kg/ha. Maintenance fertilizer applications were discontinued in 
1992, and the decline may be due to reduction in plant growth and a shift in species 
composition from higher productivity legumes to lower productivity grasses and 
forbs. When the data was compared to other sites at Greenhills and Fording River 
Operations, it was found that a shift in productivity may be expected after removal of 
maintenance fertilizer applications. 
Mean mineralizable nitrogen was 3.2 kg/ha, mean total nitrogen was 0.35 percent 
and mean organic carbon was 8.17 percent. Total soil nitrogen at Greenhills North 
Dump ranges from 0.21 - 0.42 percent and is a medium to high level. These values 
are similar to those collected at Fording River Operations FC-3-86 and FC-4-86 
research plots. 
In general, legume samples collected from the Greenhills North Dump had slightly 
higher concentrations of nitrogen, phosphorus, potassium and calcium as compared 
to samples collected at Fording River's research plots on C Spoil (FC-3-86 and FC-
4-86). However, the legume species are different and this may influence the nutrient 
concentrations. The concentration of nitrogen, phosphorus and potassium at 
Greenhills North Dump was slightly lower than measured at the C Spoil trials. Each 
site is composed of different grass species which may influence the outcome. 
Mean Foliar Nutrient Content of Grasses and Legumes on Greenhills Operations 
North Dump, 1995 



Nutrient 
Grass (10 samples) Legume (10 samples) 
Mean 	Range 	Mean Range 

Nitrogen (%) 1.38 1.22 - 1.54 3.28 2.81 - 3.88 
Phosphorous (%) 0.19 0.16 - 0.22 0.24 0.17 - 0.32 
Potassium (%) 2.28 1.88 - 2.87 2.57 2.33 - 2.80 
Calcium (%) 0.40 0.31 - 0.51 2.26 1.96 - 2.82 
Magnesium (%) 0.21 0.17 - 0.26 0.61 0.44 - 0.74 
Sulphur(%) 0.13 0.11 -0.16 0.26 0.18-0.35 
Boron (ppm) 5 3 - 7  24 16 - 30 
Copper (ppm) 2 1 - 3 4 1 - 8 
Manganese 
(ppm) 

76 42-116 44 29-65 

Zinc (ppm) 27 22 - 35 55 42 - 83 



FC-1-97 	Conifer Growth on Mine Spoil versus 
Forest Soil 

Objective 
To determine the productivity of reclaimed stands, and whether this productivity is 
equivalent to that existing in the area prior to mine development. 

Overview of Methods 
The FC-1-97 trial monitored at the Fording River mine is comprised of sites installed 
in 1997 and 1998 in the Lake Mountain Dragline area and sites established in 1999 
in the Lake Mountain Haulroad area. All FC-1 -97 sites consist of paired plots in 
conifer stands growing on mine spoil and adjacent cutblocks. Stand density, species 
composition, and plot topography (slope, aspect, elevation, slope position) is similar 
for each pair of plots and the age of regeneration is known, to allow for direct 
comparison of site productivity between plots. The Lake Mountain Dragline plots 
were prepared and planted as part of the FC-1 -97 trial design, where 100 lodgepole 
pine and 100 hybrid spruce were established on both mine spoil and forest soil. In 
1999, two replicate sites were established at Lake Mountain Haulroad by flagging 
trees in discrete blocks on areas previously planted operationally by Fording Coal 
and Crestbrook Forest Industries (now Tembec) in a layout that duplicates the 1997 
and 1998 Dragline plots, using paired forest soil and mine spoil plots. 

In 2001, the 1998 FC-1 -97 installations on mine spoil at the Lake Mountain Dragline 
site were seeded with birds-foot trefoil (55 kg/ha) and fertilized at a rate of 400 kg/ha 
with 20N-1 OP-5K fertilizer as per standard operational reclamation at Fording River. 
Growth and height measurements were collected annually on this trial until 2005. In 
2006, one of the mine spoil sites (planted in 1994) reached 12 years of age, and 
monitoring of the FC-1-97 trial was changed to the Free-to-Grow schedule (12— 15 
years after planting). Initial monitoring consisted of survival assessments of all plots 
(counting all trees within the plot) and growth performance measurements (tree 
height and diameter). 
Free-to-Grow monitoring consists of measuring a circular plot with an internal area of 
100 m2, centered within the planting block of each species (or one plot per hectare). 
In 2006, the 1994-planted FC-1 -97 trial was assessed for Free to Grow status 
through the installation of one plot per species. Site index trees (selected throughout 
the entire single-species block) were chosen to represent each species at a density 
of 1 site index tree per 100 m 2  of area. Height, diameter at breast height, and age 
above breast height were recorded for each site index tree. Foliar samples were 
collected as part of the Free-to-Grow monitoring and analysed for nitrogen. Foliar 
samples are composed of new growth, collected from the upper third quarter of the 
tree. A composite sample of three trees was used for each sample. 

Results Driving the Conclusions 
Annual growth performance monitoring (concluded in 2005) of seedlings on the Lake 
Mountain Dragline and Haulroad paired mine spoil/forest soil trials showed 



substantially better short-term performance of pine on cutblock sites, and relatively 
similar performance of spruce on both substrates. 

Free-to-Grow monitoring (scheduled to be completed in fall 2010) indicates that the 
majority of the plots on both mine spoil and forest soil meet Free-to-Grow criteria 
and have foliar nitrogen contents within the range found on both adjacent cutblocks 
and mine spoil. These findings suggest that planting mixtures of pine and spruce on 
reclaimed mine spoil at the Fording River mine site (as is done operationally at both 
Fording River and Greenhills' mine sites) is appropriate. 



FC-1-98 	Stocking and Growth Performance of 
Operationally Planted Conifers on Mine Spoil 

Objective 
To assess the establishment and performance of operationally reclaimed conifer 
plantations on the Teck Coal Elk Valley mine sites. The purpose of the Free-to-Grow 
assessment is to monitor success in regenerating conifer stands on reclaimed mine 
spoil that meet or exceed provincial stocking and growth-performance standards. 

Overview of Methods 
Initial Assessments: 
Plots at all operations except Greenhills have been permanently installed, with 
centres permanently marked with wood or metal stakes. Plot locations at Greenhills 
Operations, beginning in 2009, are randomly established in the office and located 
with GPS in the field. Plot locations will change with each survey at Greenhills. Plot 
centres were recorded with a handheld GPS unit. At each plot (for years 0, 1 and 2 
post-planting), a circular 1 00m 2  plot is swung and all species and numbers of each 
species recorded to determine overall stocking density. At plots 7 years post-
planting, a circular plot is used, with species and number of species recorded (to 
determine stocking density), along with height and basal diameter of all conifers. 
Target sampling density is 1 to 1.5 plots/ha. 

Free-to-Grow Assessments: 
At plots 12-15 years post-planting, the center of the plot, as determined at the 7-year 
initial assessment, is located and a 100 m 2  circular plot is swung. Total height and 
diameter at breast height is recorded for each conifer. A site index tree is selected 
and the age determined (years above breast height). Foliar nutrient samples are 
collected from a minimum of three trees/plot (not the site index tree) and composited 
for a sample from the current years' growth in the upper third quarter of selected 
trees. 

Mean Annual Increment (MAI) was calculated using TIPSY (a Ministry of Forests 
Modelling program) to estimate mature-forest yields from current conditions on 
reforested reclaimed mine areas at Fording River Operations, allowing an evaluation 
of these stands in comparison to the end land-use targets of low and moderate yield 
commercial forests. 

Results Driving the Conclusions 
Initial Assessments: 
Assessment of 7-year-old stands has been conducted annually since 1998 on 
multiple sites at Fording River Operations and a few sites at Greenhills Operations. 
The majority of sites have met or exceeded target stocking densities (as provided in: 
Establishment to Free Growing Guidebook for the Nelson Forest Region for the 
ESSFdk (Engelmann Spruce-Subalpine Fir Dry Cool) subzone), with a mean 
stocking density for all years of 968 stems/ha. 



Assessments of stands up to two years old provide baseline stocking information for 
future assessments (and provide early indication of sites that require additional 
planting). At this time, all assessed sites demonstrate sufficient stocking density and 
are being evaluated for proportional representation of species, as the majority of 
new planting sites at Coal Mountain and Elkview Operations (with some at Line 
Creek and Greenhills Operations) are being planted for an end land use of wildlife 
habitat. 

Free-to-Grow Assessments: 

Since 2002, 118 plots, representing approximately 120 hectares, have had Free-to-
Grow assessments completed, with 68 percent of those plots determined to be Free 
Growing. The plots not meeting Free-to-Grow standards, because of subsurface 
burning, poor substrate materials or conditions, or competition with forages were 
located at Fording River's Swift D/L, Swift TIS, Lake Pit North, and portions of Lake 
Mountain Haulroad and DIE SDoil. 

The average MAI for all Free-to-Grow sites assessed since 2002 is 3.0 - 3.7 m3/ha. 
A total of 88 percent of assessed plots meet the low- to moderate-yield forestry 
targets (57 percent in the moderate yield class and 31 percent in the low yield class). 
Plots that did not meet yield targets for moderate-yield forestry are frequently 
dominated by pine, which has a lower predicted site index on reclaimed sites. The 
percentage of plots meeting low to moderate yield volume production targets (88%) 
is greater than the percentage of plots meeting Free-Growing standards (68%), 
suggesting that plots may produce acceptable timber volumes despite low juvenile 
stocking or height growth. 

Foliar nutrient analyses on FC-1 -98 trial plots have produced similar average 
nitrogen contents since 1998; the average of all years is 1.09 percent, with a range 
of 0.62 to 1.93 percent. Trees grown on reclaimed sites have demonstrated similar 
foliar nitrogen concentrations to trees planted on native soils, and similar growth 
performance, which indicates that foliar nitrogen levels, though low, are sufficient to 
sustain growth rates typical of local high-elevation forest stands. 
In 2009, several sites planted in 1990 and 1991 were selected to evaluate if Free-to-
Grow projections made at 12-years-old continued to be valid. In the majority of 
assessed plots, trees continue to demonstrate good height growth and show good 
health and vigour. Results indicate that site index is similar or slightly greater at the 
majority of assessed plots, suggesting that these trees are likely to achieve 
projected volumes, and are not deviating from standard growth-intercept site index 
projections developed from forest regeneration measurements. 



FC-1-99 	Productivity and Variation of Adjacent 
Second-Growth Forest Stands 

Objective 
To provide site index information from local second-growth stands, which can then 
be compared to productivity information collected from the monitoring programs on 
Fording River's conifer plantations. 

Overview of Methods 
With the assistance of personnel from Tembec Inc. (the local licensee) and the 
Ministry of Forests, candidate sites for monitoring were located and selected to 
represent combinations of elevations and aspects that are equivalent to those 
designated for production of forest stands in Fording River and Greenhills' long 
range reclamation plans. An additional criterion for site selection was that sites 
support single-species stands of Engelmann spruce (or hybrid white and Engelmann 
spruce) or lodgepole pine, with minimum dominant tree ages of three years past 
breast height. Site selection was accomplished through air photo and map 
interpretation, and through on-the-ground surveys of potential candidate stands. 
Candidate stands for measurement were located in the Ewin, Todhunter, and Swift 
Creek drainages. 

Data collection on sites involved productivity assessments on approximately 10 
sample plots per site, with plots established to provide uniform coverage of the site. 
Cutbiocks having differences in species or substrate were stratified prior to sampling 
to represent these differences. All plots were circular plots with an area of 100 m 2 . 

At each plot, stocking density was recorded and a sample tree was selected for 
height/age measurements and foliar nutrient sampling. Sample trees were the 
largest-diameter (at breast height) tree of the site index species in each plot that was 
in a dominant or co-dominant crown position and displayed an undamaged stem 
with vigorous annual height growth above breast height. Sample trees were 
measured for total height using a survey pole. Age was determined through counting 
annual whorls, with approximately 30 percent of these age estimates verified with 
increment coring on trees that were large enough to core. Foliar samples were taken 
from the current year's growth in the upper live crown and were combined to make a 
single composite sample for each site. 

Foliar samples were sent to Soilcon Labs in Richmond, BC for analysis. Site indices 
were calculated from age-height information using SiteTools Version 3.2 software 
developed by the BC Ministry of Forests (calculations based on growth-intercept 
height equations developed by Nigh, 1997 [lodgepole pine] and Nigh, 1999 [white 
spruce]). 



Results Driving the Conclusions 
Mean site indices on these stands range from 15.8 - 19 m for pine and 17.4 - 21.5 m 
for spruce. These values are used a benchmark for evaluating conifer growth on 
reclaimed mine spoil. 

Results of foliar nutrient sampling on the monitored off-site stands indicate severe 
nitrogen deficiencies for all stands (0.88 to 1.14 percent), as well as isolated 
possible phosphorus, potassium, boron, copper and magnesium deficiencies (foliar 
nutrient results were compared to values given in Evaluating Forest Stand Nutrient 
Status [Ballard and Carter, 1985]). These results are consistent with results from 
foliar monitoring on a number of stands on reclaimed coal spoil, and suggest that 
nutritional deficiencies may be endemic to the Fording River area, and not an 
isolated limitation attributable to coal spoil as a growing medium. This in turn 
suggests that while stands on reclaimed coal spoil may have nutritional deficiencies 
in the provincial context, they may be achieving equal or better productivity in the 
local context. 



FC-2-99 	High-Elevation Conifer Trials 

Objective 

To test the feasibility of establishing conifer stands on high elevation coal spoil at 
Fording River and Greenhills mine sites. 

Overview of Methods 

Two sites were selected for installation of the FC-2-99 trials in 1999: re-sloped 
sections of Raven Spoil at Greenhills Operations, and re-sloped sections of Brownie 
Spoil at Fording River Operations. These sites were stratified by aspect to produce 
four blocks of replicated plantings identified by site and aspect: Raven South, Raven 
North, Raven Level, and Brownie East. Elevations ranged from approximately 
2,050-2,200 m at the Raven sites to approximately 2,250 m at Brownie East. 

Within each block, 20 plots comprised of approximately 90 trees of one of four tested 
conifer species were planted on an average 2.1 m spacing (spacing was reduced 
from standard operational planting practice due to limited area for plot installation 
and because of anticipated higher mortality rates on these high-elevation sites). In 
practice, spacing was somewhat randomized, in order to take advantage of 
preferable planting microsites and to mimic stand characteristics of local natural 
stands at high elevations. 
Tested species in the FC-2-99 trial included subalpine larch (Larix lyalli,), subalpine 
fir (Abies lasiocarpa), hybrid spruce (Picea glauca x engelmannhi), and lodgepole 
pine (Pinus contorta var. latifolia). Seed for all species was collected by Fording 
River Operations in the vicinity of the mine sites. Larch, spruce and pine were cold-
stored PSB410 (larch) and 415 (spruce and pine) 1+0 seedlings; fir were hot-planted 
PSB41 0 2+0 seedlings that were grown for another season because of failure to 
meet minimum height and diameter requirements after a single growing season. 
In each site-aspect block, eight plots of larch, eight plots of fir, two plots of spruce, 
and two plots of pine were planted. This design allows testing of four different 
interseed delays on larch and fir. Pine and spruce will be tested using a two-year 
interseed delay, as this has been determined as the optimum planting-seeding 
timing by the C Spoil research trials at Fording River. All species-interseed 
combinations will have two replicate plots at each planting block. All seedlings were 
planted with a 10 g fertilizer tablet (20N-1 OP-5K) in the planting hole. 
In 2000 and 2001, additional plots were established on the Raven spoils, to provide 
further replication of the 1999 plots on these sites. Plots were established on the 
Raven South, Raven North, and Raven Level sites. At each site, eight plots of 30 
seedlings each were installed - four in June and four in September - for a total of 24 
plots in each planting year. Two plots of hybrid spruce and two plots of lodgepole 
pine were planted at each site during each planting period. Spring-planted seedlings 
were cold-stored PSB415D 1+0 seedlings; fall-planted seedlings were hot-planted 
PSB41 5D 2+0 seedlings from the same sowing. Additional activities on the FC-2-99 



trial in 2000 included seeding and fertilizing on two of the eight fir and two of the 
eight larch replicates at each site, to provide the one-year seeding delay treatment 
specified in the original trial design. Plots for treatment were selected randomly, and 
were seeded with 55 kg/ha of birdsfoot trefoil and fertilized with 400 kg/ha of 20N- 
1 OP-5K fertilizer, as per standard operational reclamation practice. 
In addition to the spruce and pine planting in this trial in 2001, plots of Douglas-fir 
were installed on all trial sites (Brownie, Raven South, Raven North, and Raven 
Level) to allow testing of this species at high elevation. 
Installation activities on the FC-2-99 trial in 2002 and 2003 included seeding and 
fertilizing on two of the eight subalpine fir and two of the eight larch replicates at 
each site, to provide the three- and four-year seeding delay treatment specified in 
the original trial design. In addition, two Douglas-fir replicates at all trial sites were 
seeded to provide a one- and two-year seeding delay. Plots for treatment were 
selected randomly, and were seeded with 55 kg/ha of birdsfoot trefoil and fertilized 
with 400 kg/ha of 20N-1 OP-5K fertilizer, as per standard operational reclamation 
practice. 
Installation activities on the FC-2-99 trial in 2004 included seeding and fertilizing on 
selected trial replicates, to establish a legume ground cover. Plots for treatment were 
selected randomly, and were seeded with 55 kg/ha of birdsfoot trefoil and fertilized 
with 400 kg/ha of N-P-K fertilizer, as per standard operational reclamation practice. 
The trials located at Brownie spoil were discontinued in 2004 due to poor survival 
and damage to several plots. 
In 2006, it was decided to decrease the frequency of assessment to once every five 
years. According to this schedule, sites planted in fall 2001 were assessed in 2006, 
as all other plots had already received a five-year assessment (after fifth growing 
season in 2005). 

Results Driving the Conclusions 

Results after the first five growing seasons indicate that fall (hot) planted spruce 
grown on-site at Fording River's nursery is the best choice for reforestation on high-
elevation mine spoils. Results by species and planting season (where applicable), 
indicates no significant effects of site or aspect (Raven North, South, and Level). 
In 2008, after 10 growing seasons, spring-planted spruce, pine, larch and subalpine 
fir do not have statistically significant different survival rates. However, spring-
planted spruce and pine survival continues to exceed 50% after 10 years, while 
survival of larch and sub-alpine fir is approximately 45%. 
After 10 years of survival monitoring, results available to date indicate that spruce 
has the highest survival rate on high-elevation coal spoil, followed by pine. The 
collected data indicates that mortality of these plantations has continued after that 
expected in the first few years after planting, likely due to the exposed nature of 
these sites. Based on these data, it is anticipated that planting programs at high-
elevation reclamation sites like the trial sites will be able to successfully provide 
trees as a component of wildlife habitat, but likely not as fully-stocked forest stands. 
Future work on establishment of woody species at high elevation should focus on 
addressing limitations to plant survival and growth, including adequate site 
preparation (de-compaction and addition of topographic diversity), and protection 
from browse for affected species (primarily lodgepole pine). 



FC-3-99 	High-Elevation Vetch Trials 

Objective 
To assess the feasibility of utilizing a rare native milk-vetch (Astraga/us bourgovii) as 
a component of reclamation on high-elevation sites at Greenhills Operations, along 
with the potential to use this species as a nitrogen-fixing interseeding treatment on 
high-elevation conifer and shrub plantations. 

Overview of Methods 
Replicate plantings of A. bourgovii were installed on the Greenhills mine on two sites 
along the Raven powerline road (on unvegetated roadcut material) and on mine 
spoil above the Raven Highwall. The plots have elevations of approximately 2,100-
2,200 m, and have west to northwest aspects. All plots were installed on 1 m 
spacing, utilizing standard container seedling planting techniques. Within each plot, 
random rows were staked and individual plants within these rows were counted, to 
allow subsequent survival monitoring. Plants utilized in this trial were derived from 
seed collected on the Greenhills range as part of the 1998 reclamation research 
program, and grown by C.E. Jones Nursery in Victoria, B.C. Installation of these 
trials was completed September 16-17, 1999. 

The original FC-3-99 trial design also included a trial installation in 2000, in order to 
evaluate the feasibility of establishing A. bourgoviithrough direct seeding. Seed for 
this trial was collected on the Greenhills range in September as part of the 1999 
reclamation research program. This seed has been stratified by C.E. Jones Nursery 
in preparation for seeding. The direct seeding trials were established immediately 
adjacent to the 1999 planted replicates. 

Results Driving the Conclusions 
Survival on planted plot replicates ranged from 27-33 percent on the powerline sites 
to 43 percent on the mine spoil site. After two growing seasons, surviving seedlings 
displayed very little growth, with the majority of plants having less than 5 cm of total 
shoot growth. There was no evidence of any seedling establishment resulting from 
direct seeding. These results indicate the difficulty of using Astra ga/us bourgovii as 
a component of reclamation programs on these sites. While this species can be 
established with some success through planting of nursery-grown seedlings, low 
survival rates of planted seedlings and the failure of direct seeding as a method of 
establishment indicate that widespread use of this species in high-elevation 
reclamation is likely not feasible. 



FC-4-99 	Single-Species Native Grass Trials 

Objective 
To test the use of newly available native seed developed by the Alberta Environment 
Centre (AEC) on winter range sites. 

Overview of Methods 
Establishment in 1999 included the installation of four replicated plots - two at 
Fording River Operations on '2' Spoil, and two at Greenhills Operations on Raven 
Spoil. Plots were located on sites with south to southwest aspects, at elevations of 
approximately 1,850-2,150 m. Each plot location included eight 3 x 4 m subplots, to 
give two replicates of each of the four grass species used. Subplots utilized for each 
species were selected randomly. Species included in this trial were alpine bluegrass 
(Poa alpina - AEC Glacier), slender wheatgrass (Agropyron trachycaulum - AEC 
Highlander), awned slender wheatgrass (Agropyron trachycaulum var. secundum - 
AEC Hillcrest), and broad-glurned wheatgrass (Agropyron trachycaulum var. 
violaceus - AEC Mountaineer). Seed on these plots was hand broadcast, at a rate 
of approximately 2,000 seeds/m 2. Subplots were also fertilized at the time of 
seeding using 500 g of 11-55-0 fertilizer, to approximate the operational fertilization 
rate of 400 kg/ha. In September 2000, the Glacier, Highlander, and Hillcrest AEC 
varieties were re-seeded over the original plots. The Mountaineer variety was not 
available in 2000, but an additional species, violet wheatgrass (Agropyron 
violaceum), was seeded on plots adjacent to the 1999 installations. Seed and 
fertilizer methods and rates were the same as in 1999. 

In September 2002, the FC-4-99 plots were sampled for above-ground biomass, as 
an index of the establishment success and productivity of the trial species. Three 1 
m2  quadrats were laid out within each subplot, for a total of 120 sampled quadrats in 
the trial. Within each quadrat, all live, above-ground vegetation was clipped within 1 
cm of the ground and collected in paper bags. Samples were sent to Soilcon 
Laboratories of Richmond, B.C. for determination of oven-dry weight. 

Results Driving the Conclusions 
These data indicate that the wheatgrasses have generally been successful at 
establishment and production, while the bluegrass variety (Glacier) has not. 
Although lower production would be expected from the Glacier variety due to 
different growth forms of bluegrass and wheatgrasses, mean levels for the Glacier 
plots were less than 65 kg/ha, while levels for the wheatgrasses generally ranged 
from 100-350 kg/ha. Note that although the Mountaineer variety shows less 
production than the other wheatgrass varieties, it was not re-seeded in 2000, and 
thus has half the seeding rates of the other two wheatgrasses and the bluegrass 
variety. There was no establishment of violet wheatgrass at any location. 
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Monitoring results indicate significantly higher productivity on the Raven site than on 
the 2' Spoil site. The spoil material at the Raven locations generally has a higher 
component of fine material than that at the '2' Spoil locations. 
Grass establishment on '2' Spoil indicates substantially lower productivity of the AEC 
seed varieties than previously tested species. The previous work was conducted in 
1988 to 1991 (FC-1-88), and included seeding of "native" and "naturalized" grass 
mixes on '2' Spoil, with similar fertilization and seeding rates as used in the FC-4-99 
trial. "Native" species in the FC-1-88 trial included bluegrass, brome, fescues and 
wheatgrasses. The "naturalized" mix included standard agronomic species, including 
bluegrass, brome, fescues, and wheatgrasses, as well as timothy and a legume, 
milkvetch. Monitoring of these trials 1-2 years after establishment showed biomass 
levels ranging from approximately 800-1,700 kg/ha, far above that obtained with the 
AEC varieties. 
The FC-4-99 trial has demonstrated that use of recently available native grass 
species from (relatively) local provenances can be a successful component of 
reclamation of elk winter range. However, results from previous research indicate 
that higher productivity levels will be achieved using either more standard "native" 
species mixes, or using agronomic varieties. These results show that selection of 
grass species for reclamation on these sites can be tailored to specific objectives 
(high productivity vs. use of native species), with a range of candidate species 
demonstrated to be successful at establishment and growth on reclaimed coal spoil. 



FC-1-OO 	Elemental Concentrations in Forage 

Objective 
To investigate uptake of metals and non-metals in grass and forb forage species on 
reclaimed mine spoil as compared to undisturbed sites in the area. 

Overview of Methods 
Three sites on reclaimed coal spoil were selected for sampling at both Fording River 
and Greenhills, along with three undisturbed sites adjacent to each mine (for a total 
of 12 sampling sites). At each site, one sample of grasses and one sample of 
legumes were collected. Each sample was a composite of foliage from a minimum of 
ten individual plants distributed throughout the sampling area. Samples were 
composed primarily of vegetative growth, with flowers and seed materials discarded. 

Site Disturbance Grasses Sampled 
Legumes
Sampled 

Raven North (Greenhills) 

Reclaimed 

intermediate 
wheatgrass, 
orchardgrass, hard 
fescue, creeping red 
fescue, Canada 

 bluegrass, timothy  

alfalfa, alsike 
clover, sainfoin 

Hawk South (Greenhills) 
Wash Plant (Greenhills) 
C Spoil (Fording River) 
A Spoil (Fording River) 
I Spoil (Fording River) 
Raven ridge (Greenhills) 

Undisturbed  

slender wheatgrass, 
Kentucky, alpine and 
arctic bluegrasses, 
hairy wildrye, rough 
fescue, bluejoint, 
fringed brome 

River)  

silky lupine, 
timber milk-
vetch, yellow 
sweet-vetch, 
alsike clover 

Hawk ridge (Greenhills) 
Cutbiock by Greenhills 
wash plant settling pond 
Castle Mountain (Fording 
River) 
Turnbull mountain 
(Fording River) 
Henretta ridge (Fording 

Laboratory analyses were performed for nitrogen, boron, zinc, magnesium, 
manganese, calcium, iron, phosphorus, potassium, sulphur, copper, molybdenum, 
sodium, and selenium. Selenium analyses were performed using fluorometry 
techniques, to achieve necessary detection limits. Nitrogen analysis was performed 
by the Kjeldahl procedure. All other analyses were performed by ICP scan. 

Results Driving the Conclusions 
Laboratory results were statistically evaluated to identify significant differences 
between reclaimed and undisturbed elemental concentrations. The following 
elements were not significantly different by site type: 

• in grasses: N, B, Zn, Mg, Mn, Ca, Fe, P, 5, Cu, Mo, and Na. 
• in legumes: B, Zn, Mg, Mn, Ca, Fe, P, K, Cu, Na, and Se. 



It is concluded that for these element/vegetation type combinations, element 
concentrations on reclaimed mine waste at Fording River and Greenhills do not 
differ from pre-mine levels on these sites. 
Significant differences in elemental concentrations between reclaimed and 
undisturbed sites are shown below: 

Grasses Legumes  
Reclaime Undisturbe Reclaime Undisturbe 

Element d d Element d d 
Potassium 
(%) 2.1 1.6 Nitrogen (%)  

3.7 3.0 

Selenium 
(ppm) 4.3 0.9 Sulphur (%)  

0.32 0.18 

Molybdenum 
6.5 2.6 

(ppm) I 

Despite significant differences by site type, these levels are within ranges 
considered normal for foliar concentrations of these elements. 

The fact that foliar selenium concentrations in legumes on undisturbed sites were 
within the elevated range for this element suggests that these levels may be found 
on pre-mine or undisturbed sites in the Fording/Elk River valleys, and that wildlife 
may therefore be adapted to these levels. Actual effects on wildlife consuming 
forage with the elevated selenium concentrations continue to be evaluated. 



FC-1-02 	High-Elevation Conifer Plantation 
Interseeding 

Objective 
To test different legume species for high-elevation conifer plantation interseeding, 
with the objective of selecting the most appropriate species for this application. 

Overview of Methods 
The only native legume species commercially available in 2002 was wild vetch (Vicia 
americana). Selection of additional agronomic species for this trial was based on 
previous use and success in high-elevation mine reclamation. Selected agronomic 
species included birdsfoot trefoil, alfalfa, sainfoin, and alsike clover. 

Plots for the high-elevation legume interseeding trial were established on the high-
elevation conifer trial sites on the Brownie spoil (Fording River) and Raven spoils 
(Greenhills). The five trial species were tested on each site, for 20 total trial plots and 
four species replicates. Established plot size was 4 x 5 m, with species randomly 
assigned to plots. 

Raven 	Raven 	Raven 
South 	North 	Level 
upslope 

Bi rdsfoot 
Trefoil 

Sainfoin 

Alfalfa 

Vetch 

Bi rdsfoot 
Trefoil 

Vetch 

Clover 

Sainfoin 

Sainfoin 

Clover 

Alfalfa 

Bi rdsfoot 
Trefoil 



Clover 

downslope 

Brownie 
upsiope 

Birdsfoot 
Trefoil 

downslope 

L falfa 	
Vetch 

Sainfoin 	Alfalfa 	Clover 	Vetch 

Seeding rates were based estimated numbers of seed per kilogram for each 
species, and standardized to Fording River's standard birdsfoot trefoil interseeding 
treatment used on operational conifer plantations, which is 55 kg/ha, or 
approximately 5,700 seeds/rn 2 . This calculation yielded the following seed weights 
per plot, by species: alfalfa - 210 g; alsike clover - 80 g; birdsfoot trefoil - 110 g; 
sainfoin - 1,750 g; and vetch - 1,930 g. Fertilizer was applied as per Fording River's 
standard seeding fertilization rate of 400 kg/ha of N-P-K fertilizer, or 800 g per plot. 
Plots were installed at the end of June 2002, as soon as plot locations were snow-
free. 

Results Driving the Conclusions 
In 2003, the FC-1 -02 trials were examined for germination and most species showed 
signs of establishment. One exception was wild vetch (V/cia americana), which 
demonstrated poor germination in some areas. Monitoring on the high elevation 
conifer trial sites on Brownie spoil was discontinued after 2003 due to low survival 
and plot disturbance. Raven North and Level plots were visually assessed in 2005. 
Alsike clover and alfalfa demonstrated the highest germination and establishment of 
the tested species, and thus would provide the most nitrogen-fixing ground cover 
when used for interseeding with conifers. Of these two species, alsike clover 
provided the greatest cover and would be the most suitable species. Wild vetch does 
not appear viable as an interseed species due to low germination and survival rates. 



EVC- 1- 05-1 Assessment of Reclamation 
Productivity and Sustainability and Metal Uptake 

Objectives 
1. To evaluate and document success and sustainability of reclamation using 

agronomic grass/legume forage-mix seeding on a variety of sites; and 
2. To investigate metals and trace-element uptake in vegetation growing on 

reclaimed coal mine waste. 

Overview of Methods 
In 2005, this trial provided documentation of selenium uptake, and gave information 
on transferability of research results from Fording River and Greenhills to Line Creek 
Operations. In 2006, the focus expanded to provide continued information on forage 
sustainability, elemental uptake and species diversity at the three mine sites, and to 
transition into an ongoing monitoring program to document reclamation success. In 
2007 - 2009, sites from the 2006 program were selected for repeat biomass and 
seasonal element uptake monitoring to document annual variations in biomass 
production within sites, and to determine whether a pattern exists in elemental 
uptake throughout the growing season and by year. In 2009, two additional sites, 
one from Coal Mountain and one from Elkview Operations, were incorporated into 
the repeat-biomass and seasonal element-uptake monitoring program, which is 
expected to continue until a minimum of three years of data has been collected for 
each mine site. 

Biomass Samplincj: Above-ground biomass sampling was conducted using a method 
of systematic grid sampling with multiple random starts. A baseline is located along 
one edge of the sample area with transects located at approximately equal distances 
along, and perpendicular to, the baseline. A random offset for the first plot relative to 
the baseline ranges from 5 to 25 metres. Each additional plot is located along the 
transect at predetermined intervals (usually 25 metres) measured from the first offset 
plot. Biomass sampling is conducted at each plot location using a circular plot with 
an internal area of one square metre. All plant material rooted within the plot is 
clipped as close as possible to the ground (usually within 2 cm). Dead material from 
previous years' growth is discarded and live material is placed in a paper bag. To 
avoid the potential for artificially reduced biomass due to repeated clipping of the 
same vegetation, samples are collected from opposite sides of the plot marker in 
alternating years - on the side of the marker facing away from the baseline in 2006 
and 2008, and towards the baseline in 2007 and 2009. Samples were shipped to a 
lab where they are oven-dried at 70°C for 48 hours and then weighed to the nearest 
0.1 grams. 
Species Composition: Sampling density for species composition is conducted on 
every second biomass plot for the on-site samples. At each plot, a 5-metre sampling 
transect is placed at a random azimuth orientation relative to the biomass plot. For 
each transect the amount of grass, legume, forb, shrub, litter and bare ground 
located along each transect is measured in centimetres and then converted to 
percent cover. Species composition on off-site plots was done using ocular 



estimates of species cover over a 10 x 10 metre plot, to account for the larger scales 
of vegetation on more mature sites (i.e. a 5-m transect is appropriate for a reclaimed 
forage stand, but not for a site with mature trees and shrubs). Species composition 
sampling is not conducted every year. 

Foliar Elements Sampling: Foliar nutrient sampling is conducted at all sample 
locations. Samples of grasses, legumes and forbs are collected where these species 
are present. Three samples per species-group per location are collected over the 
entire sampled area, with each sample collected from an area approximately one 
third of the entire site. Samples are analyzed for nutrient and elemental 
concentrations by TKN and ICP-MS. 

Soil Sampling: Soil sampling is conducted at all on-site sample locations. Three 
samples are collected at each site to a depth of 10 centimetres. Samples are 
analyzed for pH, electrical conductivity (EC), total Kjeldahl nitrogen (TKN), available 
phosphorus (Bray P), total organic carbon (TOC), cation exchange capacity (CEC), 
and standard particle size. 

In 2009, soil samples were co-located with the foliar samples. Samples were 
analyzed for total Kjeldahl nitrogen (TKN), available phosphorus (Bray P), potassium 
(K), boron (B), and selenium (Se) by CANTEST Laboratories in Burnaby, B.C. 

Sites Monitored in 2005 

Site 
Size 
(hectares) Year Seeded 

# of Samples Mean 
Biomass 
(kg/ha) Biomass 

Species 
Composition 

C Spoil-1 1.2 1985-1987 10 5 1523 
C Spoil-2 3.0 1985-1 987 22 12 1689 
2 Spoil 1.5 1993-2005 12 7 1499 
Lake Mountain 0.5 1995 6 3 1976 
Raven North 0.5 2001 4 1 1367 
Quarry 0.5 2002 5 3 1543 
Coarse Rejects 4.0 1993/1 998 36 18 1978 
MSA North 0.7 1996 11 6 1908 
Turnbull - exclosures - - 19 - 3500 
Turnbull - grazed - - 7 2 690 
Todhunter 1.0 - 9 2 1731 
Todhuntercutblock 1.0 - 9 1 1653 
South Greenhills 1.0 - 7 3 2130 
LCO - Jurassic Park 0.5 - 4 2 979 
LCO - Plant Site 0.6 - 6 1 1349 
Sites Monitored in 2006 

# Species 	I # Foliar Nutrient 
Location 	 Year Seeded I Size (ha) I Biomass I ComDosition I SamDles 



Plots Plots Grass Legume 
D/E Spoil 1990-1991 6 42 21 4 4 
Raven Crest 2000 0.5 8 4 3 3 
Raven North - Area 1 2000 5 42 20 3 3 
Raven North - Area 2 2000 1.5 16 8 3 3 
Raven North-Area3 2000 1.5 19 10 3 3 
West Line Creek - Area 1 1999 3.6 34 18 3 3 
West Line Creek - Area 2 1999 7.5 39 21 3 3 
West Line Creek - Area 3 	1 1994 	14.7 137 1 19 	13 13 

Location of Repeat Sampling Sites Assessed 2006 to 2009 (and on-qoinq) 
I # Foliar 

Element 
# of Samples 

Year Approximate Biomass (grass and 
Location Site Seeded Size (ha) Plots legume) 
Fording 

D/E Spoil River  1990-1991 6 42 3 

Raven 
Greenhills North - 2000 5 42 (reduced 

Area 1 to 33) 

West Line 
Line Creek Creek— 1994 5 37 3 

Area 3  

Coal Rail Loop 1988-1990 

Mountain Spoil (reseeded 5 34 3 
2008)  

Elkview 	I Bodie 	12004 15 128 13 

Results Driving the Conclusions 
In 2005, mean biomass production on reclaimed dumps (mean = 1,770 kg/ha) was 
significantly higher than off-site reference areas (mean = 1,481 kg/ha). These means 
do not include the Turnbull exclosures, which were excluded as they are not directly 
comparable to the other sites, all of which were grazed. 

The 2005 species composition and cover assessment indicates that both reclaimed 
sites and off-site reference areas are successfully vegetated, with the reclaimed 
sites dominated by high-biomass legumes (alfalfa) and the off-site areas dominated 
by native grasses and forbs. Lower cover and biomass values were observed on the 
high wildlife use sites such as 7 Spoil and Turnbull. 
Analysis of nutrient and metals concentrations at on and off-site locations in 2005 
indicates that foliar nutrients on reclaimed sites are sufficient for plant growth and 
that foliar metals concentrations on reclaimed sites are either within published 
normal dietary limits or well-below the published 'toxic' thresholds, and are similar to 
or below measurements from off-site reference areas. Based on these data and 



comparisons, there is no reason to believe that concentrations of any of these 
elements pose any risk to wildlife consuming vegetation of reclaimed sites. 
The similarities in substrate material at the three operations suggests that 
reclamation techniques developed at the Fording River and Greenhills mine sites 
should be directly transferable to the Line Creek site, and should be expected to 
yield successful reclamation. 

This program evolved in 2009 to evaluate variations in productivity and further define 
peak element concentrations in the growing season. 

Mean Site Biornass Productivity (kg/ha) 
Site 2006 2007 2008 2009 

D/E Spoil 747 492 587 432 
Raven North 1,170 712 1,244 1,046 
West Line 1,248 845 1,005 1,299 
Bodie - - 

- 1,992 
Rail Loop - - 

- 1,843 

Analysis of biomass productivity data over time suggests that annual variations in 
productivity are strongly correlated to annual climatic variations. Several climate 
parameters were evaluated, including precipitation, temperature, growing degree 
days (GDD) and potential evapotranspiration (PET). Tests indicate that precipitation 
is most closely correlated with biomass production. Using biomass data from the 
repeat sampling sites and associated precipitation data, a standard magnitude of 
variation for normal biomass-climate cycles can be developed, to normal fluctuations 
to be distinguished from more significant changes. 
Mean forage nitrogen values (averaged for grasses and legumes) range from 2.40 to 
2.88 percent. While nitrogen levels on reclaimed sites may be somewhat deficient by 
agricultural standards, early results from 2005 demonstrated similarities between on-
and off-site samples. 

Mean forage selenium concentrations range from 0.89 to 4.03 ppm over the five 
Operations. Selenium concentrations of 0.3 - 1.0 ppm are considered normal for 
cattle dietary tolerance, while concentrations of 3.0 - 4.0 ppm are high and greater 
than 5.0 ppm are considered toxic. Evidence from studies of ungulates on 
seleniferous areas consuming feed with selenium concentrations as high as 15 ppm 
suggests that selenium concentrations on the Teck Elk Valley Coal mines are within 
a range that poses no risk to ungulates consuming reclaimed vegetation as forage. 
Analysis of soil samples collected from the repeat sites shows no correlation 
between soil and foliar nitrogen concentrations, but does show roughly linear 
positive correlations for soil and foliar selenium concentrations, supporting 
discussion that site differences in foliar selenium concentrations may be due to 
waste geochemistry differences. Particle size analysis shows a remarkable similarity 
between the Fording River, Greenhills and Line Creek sampling sites, with the Coal 
Mountain sampling site being somewhat coarser, and the Elkview sampling site 
being finer. Spoil material at all repeat sampling sites are sandy loam, with the 
exception of Bodie, where materials are loam to sandy loam in texture. 



Continued assessment of these sites is expected to occur until sufficient data has 
been collected to define ranges of biomass production, that can be used to 'predict' 
annual productivity based on climate conditions. Foliar element sampling will 
continue until a sufficient data set has been compiled to demonstrate the level of 
risk, if any, present to wildlife utilizing these sites, as well as the capability of 
vegetation to be sustainable over the long-term. 



EVC-1 -05:2Assessment of Reclamation 
Productivity and Sustainability Using Remote 
Sensing 

Objective 
To reduce intensity of future ground sampling and provide data for site-wide 
reclamation monitoring, an assessment program was established using computer-
aided classification of multi-spectral satellite imagery supported by ground-based 
sampling. 

Overview of Methods 
Image Acquisition 
Data capture was requested for three separate geographical areas: a northern area 
that covered the Fording River, Greenhills and Line Creek Operations, a central area 
that covered Elkview Operations and a southern area that covered Coal Mountain 
Operations. The minimum area that could be captured within an individual 
geographic area was 100 km 2. Digital Globe, the Quickbird image distribution 
company, supplied multi—spectral orthorectified images that cover four of the five 
Teck Coal Elk Valley Operations; satellite data for Elkview Operations was obtained 
September 2009. Quickbird offers highly accurate, high-spatial-resolution (2.4 m 
ground resolution) multi-spectral imagery. Quickbird imagery is comprised of four 
spectral bands: blue (450 - 520nm), green (520 - 600nm), red (630 - 690nm) and 
near-infrared (760 - 900nm). The orthorectif led images were radiometrically, sensor, 
and geometrically corrected and mapped to a cartographic projection and datum 
(UTM 11, NAD 83). The radiometric corrections applied include relative radiometric 
response between detectors, non-responsive detector fill, and a conversion for 
absolute radiometry. The sensor corrections account for internal detector geometry, 
optical distortion, scan distortion, any line-rate variations, and registration of the 
multispectral bands. Geometric corrections remove spacecraft orbit position and 
attitude uncertainty, earth rotation and curvature, and panoramic distortion. 

Development of Classification System 
PCI Geomatica software (version 10.1) was used to perform image processing and 
classification. The Quickbird images were clipped to the reclaimed polygons and 
subsets of the images were used in subsequent analyses. 
Digital image classification, also known as spectral pattern recognition, uses the 
spectral information contained in each image pixel. Classified images are thematic 
maps containing a mosaic of pixels belonging to different classes. The objective of 
the classification process is to assign all pixels in the image to themes or classes 
that represent objects in the ground cover. 
Classification distinguished between "information classes" and "spectral classes". 
Information classes are ground-cover classes distinguishable from the spectral data 
(e.g., areas with very high, high, moderate, low and very low biomass cover). The 
information classes are created based on ground plot information such as biomass 
production and total vegetation cover. Spectral classes are the signatures 



associated with the various types and densities of vegetation and associated ground 
surface. In order to associate the spectral classes with the information classes, GPS 
values for ground plots were overlaid on top of the satellite imagery. Areas with 
ground information (plot data) that are used in the classification process are called 
training areas. PCI FOCUS software was used to determine the spectral classes 
represented by training areas. It is this directed delineation of training areas for 
identification of spectral classes that constitutes the supervision component of the 
classification. Numeric information in all spectral bands for the pixels in a subject 
area is used to train the computer to recognize spectrally similar areas for each 
class. 

Name Productivity (kg/ha) 
Very High Productivity >1000 
High Productivity 500-1000 
Moderate Productivity 225-500 
Low Productivity 110-225 
Very Low Productivity <110 

Once training areas had been identified and the classes had been defined, the 
supervised classification was run to generate a map image. The remote sensing 
software assigns a best-fit classification to all pixels in the image. A low-pass median 
filter (3x3 pixels) was then applied to the classification to create thematic maps for 
display purposes. The median filter smoothed the image data by computing the 
median values within a rectangular window surrounding each pixel. This has the 
effect of smoothing the image and preserving edges (PCI Geomantic, 2006). The 
classification was then exported to ArcGIS v9.2 for thematic map production. 
Field Assessment 
The field assessment program was designed to provide information on productivity, 
species composition and foliar quality to assist with the classification of the satellite 
image. Plot locations for biomass sampling were chosen to collect data on reclaimed 
sites with a variety of vegetation and site characteristics. These sites became 
training areas for the supervised classification with PCI FOCUS software. Sample 
locations were subjectively chosen in an attempt to select representative areas with 
homogeneous characteristics (i.e., slope, aspect, ground cover and biomass) over 
each of the five operations. A Trimble GeoXTTM GPS unit (Trimble GeoExplorer® 
2005 series) was used to record the coordinates of each plot location with a unique 
label denoting site, transect bearing, and plot distance from centre. 
At each site, a central plot location was chosen from which three transects were laid 
using a compass set to 00  declination. Transects followed bearings 120 0  apart (one 
transect at 00,  one at 1200  and one at 2400). Where site conditions (i.e. slope length 
or obstructions) prevented completion of the sampling, transects were set in parallel 
lines. The first plot of each transect was established at a random offset of 1-25 m 
from the baseline. Each additional plot was located along the transect at intervals of 
20 m measured from the first offset plot. Biomass samples were collected at each 
plot established on the transects. A biomass sample was also collected within the 
species assessment plot starting at 1 metre from the plot centre on 450  bearing. 



A vegetation plot lOx 10 m in size (100 m 2) centred on the central point was laid out 
with cloth surveyor tape for species composition assessment. 
For biomass sampling, the vegetation within a circular plot with an internal area of 
one square metre was collected. All plant material rooted within the plot was clipped 
as close as possible to the ground (usually within 2 cm). Dead material from the 
previous years' growth was discarded and live material was placed into a paper bag. 
Plots on transects were clipped next to the plot marker on the opposite side from the 
central plot, and one plot was placed within the vegetation plot at a 45 0  bearing one 
metre from the plot centre. oven-dried at 70°C for 48 hours. Samples were then 
weighed to the nearest 0.1 gram. 
A single lOx 10 m species composition and cover plot was subjectively placed 
around the centre point of the unit being sampled. The canopy coverage method 
was used to determine estimates of percent cover for all species found within the 
plots [Note that with this method, the sum of individual vegetation layers may be 
greater than the estimate of total cover - i.e. legume cover (40%) + grass cover 
(15%) would sum to 65%, while total cover estimate is 50%]. Environmental data 
and observations on site characteristics were recorded on the British Columbia 
Ministry of Forests and Ministry of Environment Ground Inspection Form. These data 
include survey date, elevation, slope (percent), aspect (degrees), meso-slope 
position, drainage, ecological moisture and nutrient regime, and structural stage. 
Estimates of the percent cover of cryptogamic crust (i.e., total of mosses, lichens, 
algae), litter, woody debris, exposed bare ground as well as substrate composition 
(percent cover of boulders, cobbles, gravels and mineral soil) were recorded for 
each plot. 
Approximately 10 to 15 grab samples of grass were collected and composited at 
each site for foliar nitrogen analysis, representing a proportionate sample of all the 
grass species present. The grab samples were collected from within the area 
bounded by the furthest biomass plot points along each transect. The plant tissue 
samples were collected in paper bags and submitted to the lab, where total nitrogen 
(TKN) was determined calorimetrically using a Technicon Autoanalyser following a 
semi-micro Kjeldahl digest. 

Results Driving the Conclusions 
Grass foliar nitrogen values ranged from 1.07 percent in the Very Low Productivity 
class to 1.46 percent in the Very High Productivity class. The Moderate, High and 
Very High Productivity classes had similar mean concentrations, while the Low and 
Very Low productivity classes had the same mean nitrogen concentrations. 
A summary of the classification results (for 2008 and 2009) for the five operations is 
provided below: 

• Approximately 109 hectares of forage sites were assessed at Coal Mountain 
Operations, with roughly 80 percent of this area on reclaimed mine spoil. 
Overall, approximately 75 percent of the assessed reclaimed areas fall in the 
Moderate to Very High productivity classes. The remainder of the area falls in 
the lower productivity classes or other units. 

• Approximately 1,147 ha of reclaimed forage areas were assessed on Elkview 
Operations, of which roughly 64 percent is reclaimed mine spoil. Overall, 
approximately 60 percent of the assessed reclaimed area is classified in the 



Moderate to Very High productivity classes, with the remainder in the lower 
productivity classes. 
Approximately 202 ha of reclaimed forage areas were assessed on Fording 
River Operations, which is composed almost entirely of reclaimed mine spoil 
(98.5%). About 45 percent of the total reclaimed area is classed as Moderate 
to Very High productivity. The remainder of the area falls within the lower 
productivity classes and other units. 
Approximately 399 ha of reclaimed forage areas were assessed on Greenhills 
Operations. Of this total, approximately 64 percent of the reclaimed area falls 
within the Moderate to Very High productivity classes with the remainder in 
the lower productivity and non-forage classes. Reclaimed mine spoil covers 
about 41 percent of the total reclaimed forage area. Approximately 43 percent 
of the reclaimed spoil falls in the Moderate to Very High productivity classes. 
The remainder of the spoils area falls within the lower productivity or other 
classes. 
Approximately 285 ha of reclaimed forage areas were assessed on Line 
Creek Operations. The Moderate to Very High productivity classes occupy 
about 60 percent of the total reclaimed forage area. Reclaimed mine spoil 
covers approximately 60 percent of the total area of which approximately 68 
percent falls in the Moderate to Very High productivity classes. The remainder 
of the area falls in the lower productivity and non-forage classes. 

This initial attempt at assessing vegetation using a hybrid remote-sensing program 
proved successful and is expected to be repeated every five years to provide a 
complete picture of existing reclamation success at each mine site. The capability of 
this type of program to provide assessments of planted areas will be evaluated as 
opportunities arise. 



EVC- 2-05 Conifer Interplanting Trials 

Objective 
To test the feasibility of using a common nitrogen-fixing understory species to 
remediate the decline in conifer foliar nitrogen that occurs near time of crown 
closure. 

Overview of Methods 
Four pairs of plots were established on C' Spoil in the spring of 2005. Each pair of 
plots contains one 20 x 30 m control plot and one 20 x 30 m plot inter-planted with 
150 alder seedlings in June 2005. Plots were selected to contain approximately 
even-aged spruce and pine nearing Free-to-Grow age. 

Two rebar stakes were installed in each of the eight plots for a total of 16 subplots. A 
handheld GPS unit was used to mark the location of the plots. In the fall of 2005, all 
conifers within a 5.64 m radius (100 m 2 ) plot were counted and measured for total 
height and diameter at breast height. A composite of conifer foliar samples was 
collected (current years' growth from the upper three fourths of the tree) from each 
100 m 2  plot and submitted for nutrient analysis. 

Summary of Results 
At the time of assessment in 2005, the majority of inter-planted alder seedlings had 
suffered mortality, mainly due to browse damage. These plots were replanted in 
spring 2006 and subsequently monitored in fall 2006. At the time of assessment in 
fall 2006, all the inter-planted seedlings had suffered mortality due to uprooting of 
the plugs by wildlife. 



EVC -3- 05 Assessment of Combination Re- 
Sloping Techniques 

Objective 

To determine the success of revegetation treatments on combination-resloped dump 
toes, and to evaluate the suitability of combination re-sloping as a component of 
successful, sustainable coal-mine reclamation. 

Overview of Methods 

All sites included in the study were sampled for a suite of vegetation indicators 
chosen to represent three critical components of stand health and productivity: 

• Above-ground biomass, which reflects stand productivity; 
• Species composition, which reflects stand diversity and thus ability to survive 

a diversity of conditions; and 
• Foliar nutrient sampling, which reflects stand vigour and health. 

Sampling was conducted on reclaimed mine site locations, and also on adjacent 
comparable undisturbed areas, to provide information on approximate "pre-mining" 
conditions, and thus allow an evaluation of whether reclamation has been successful 
in returning equivalent productivity. 

Sampling and survey was conducted on reclaimed sites at: 
• four locations at Fording River ('2' Spoil, Lake Mountain, and two aspects on 

C Spoil); 
• two locations at Greenhills (Raven North and Quarry); and 
• one location at Line Creek (MSA North). 

Off-site (undisturbed-site) sampling was conducted at: 
• one open grassland location on Mt. Turnbull; 
• two locations in the Todhunter drainage (an open grassland similar to Mt. 

Turnbull, and a lower-elevation open-forest cutblock); 
• one location on grassland on the South Greenhills range, between Greenhills 

and Fording River; and 
• two locations at Line Creek (an undisturbed area above "Jurassic Park" and 

an undisturbed area adjacent to the Plant Site). 

For further program information, please refer to the report 2005 Assessment of 
Combination Reslope Areas on Fording River, Greenhills and Line Creek Operations 
(CEJA 2005). 



Results Driving the Conclusions 

Biomass data was analyzed to compare productivity between on- and off-site areas. 
This analysis indicates that biomass production on reclaimed combination-resloped 
dump toes (mean = 1,643 kg/h) is significantly higher than that on off-site reference 
areas (mean = 1,422 kg/ha), reflecting the success of revegetation efforts on these 
reclaimed sites. 

The majority of the on-site areas showed a dense vegetation cover (total cover 
>50%), dominated by legumes. 

Summary of On-Site Species Composition Assessments 
2 
Spoil 

Lake 
Mountain C Spoil-i 

C Spoil- 
 2 

Raven Quarry 
MSA 

 North 
Classification ML DLG DL DLG DG DG DLG 
Total Cover (%) 35 69 56 63 86 59 66 
Grass (%) 8 27 1 22 76 44 36 
Legume (%) 27 42 55 41 10 15 30 
Forb(%) 0 0 0 0 0 0 0 
Litter(%) ii 7 3 15 14 3 20 
Bare Ground 

54 24 (%)  41 22 0 38 14 

The off-site reference areas sampled in this study have a moderate-dense cover of 
grasses, with a limited presence of legumes (except for the South Greenhills site, 
where agronomics seeded along the exploration road have invaded the upper 
portion of the undisturbed area) but are all classified overall as having dense covers, 
due to the contribution of the forb component. 

Summary of Off-Site Species Composition Assessments 

Plant Jurassic South 
Greenhill 

Todhunter 
Todhunter Turnbull 

Site Site Park Cutbiock  
 s  

Classification DG DGF DGL DGF DG DGF 
Total Cover (%) 58 59 55 73 67 58 
Grass (%) 40 31 29 38 47 30 

jgume(%) 2 8 15 1 5 6 
Forb(%) 16 20 11 34 15 22 
Shrub/Tree(%) 8 13 7 4 15 2 
Moss/Lichen 

2 1 
(%)  0 2 2 2 

Bare Ground 
32 27 

(%)  38 21 16 38 



The cover assessment indicates that both reclaimed sites and off-site reference 
areas are successfully vegetated, with the reclaimed sites dominated by high-
biomass legumes (alfalfa) and the off-site areas dominated by native grasses and 
forbs. 

Results of laboratory chemical analyses of foliar samples were not available at time 
of reporting. These results are reported and discussed in the 2005 Annual 
Reclamation Research Report produced for Fording River, Greenhills and Line 
Creek Operations. 

These findings indicate that reclaimed areas on angle-of-repose slopes at the toes of 
combination-resloped waste rock dumps are achieving a productivity not less than 
that which existed prior to mining. This observation in turn shows that combination 
re-sloping, using the techniques utilized at Fording River and Greenhills Operations, 
is a viable reclamation option that can support productive and sustainable forage 
stands. 



EVC-4-05 Riparian Species Establishment Trial 
at Line Creek Operations 

Objective 

To establish suitable wildlife habitat in riparian areas at Line Creek Operations' 
Contingency Pond. 

Overview of Methods 

Approximately 1000 willow and 1000 cottonwood cuttings were planted adjacent to 
the pond. Rooted cuttings, collected during the dormant season, were planted in 
mid-June using an auger into the area surrounding the Contingency Pond. An area 
approximately 45 cm in diameter was scarified around each cutting to reduce 
competition. Following planting, plots were installed for the purposes of monitoring at 
a rate of 20 plots per hectare, for a total of 8 plots. Plot centers were marked using a 
rebar stake, and all plants within a 3.99 m radius (50 m 2) of each stake were 
counted. 

Summary of Results 
Plot Species # Plants 
1 Cottonwood 12 
2 Cottonwood 12 
3 Cottonwood 7 
4 Cottonwood 3 
5 Cottonwood 12 
6 Cottonwood 10 
7 Cottonwood 8 
8 Cottonwood 7 

Due to high plant mortality, no further assessments were conducted. Heavy grass 
competition should be considered when planting into selected sites. More extensive 
scarification of the area surrounding each cutting may have improved the success of 
this trial. 



EVC-1-07 Assessment of High-Elevation Sheep 
Habitat 

Objective 
To determined the on-going success of seeded native and agronomic species on 
reclaimed high-elevation disturbances. 

Overview of Methods 
A visual reconnaissance of reclaimed exploration roads near Burnt Ridge (Line 
Creek Operations) was conducted by an experienced reclamation specialist. Site 
photos, a review of historical data and notes on presence of current plant species 
were completed. 

Summary of Results 
On north-facing slopes, the soil material replaced over the roads was coarse-
textured and the resulting vegetation cover is quite open with few of the seeded 
agronomic species remaining. Some agronomics including Bromus sp., Poa sp., 
Alopecurus pratensis and Trifoliurn sp. were observed on the revegetated area, but 
the majority of the vegetation cover was composed of native species including 
Eriogonurn umbella turn, Hedysarurn sp., Achillea rn/lie foliurn, So/ida go spathulata, 
Oxytropis sp., Phace/ia sericea, Juncus sp. and Saxifraga bronchial/s. These 
species also occur on the adjacent undisturbed sites where they are accompanied 
by tree and shrub species such as Pinus contorta, Abies lasiocarpa, Juniperus 
cornrnunis, and A rctostaphylos uva-ursi. 
On the southern aspect of Burnt Ridge, the soil materials on the reclaimed 
exploration road appear to have slightly higher organic matter content and may 
perhaps be deeper than those on the north aspect. Many of the agronomic species 
seeded on this site have persisted and compose much of the plant cover. Grasses 
including Ph/eurn pratense, Dactyl/s glornerata, Festuca sp. and Alopecurus 
pratensis were observed. Some native plant species have also colonized this site 
but with much less cover than on the north aspect site described above. The 
dominant vegetation on the undisturbed portion of the south slope is grasses, 
primarily Festuca spp. 
It is assumed that the same reclamation treatments were applied to all of the roads 
reclaimed at Burnt Ridge, and after 25 years, environmental conditions have 
resulted in grass-dominated meadows on southern aspects and shrub and tree 
communities on northern aspects. 



EVC-2-07 Comparison of Ungulate Deterrent 
Methods  

Objective 
To test three ungulate deterrent methods and determine the most suitable for 
planted reclaimed sites. 

Overview of Methods 
Three deterrent types were selected for testing: PlantSkydd® Deer Repellent, which 
uses a vegetable binding agent to allow the active bloodmeal ingredient to bind to 
the plant surface; Tree Guard® Deer Repellent, which uses a latex base to bind to 
the plant surface, and contains the extremely bitter substance BitrexTM  (benatonium 
benzoate) and a scent detection agent; and plastic tree protectors. 

Four treatment areas were established by Greenhills environmental personnel in the 
sDrina of 2007 to assess the effectiveness of the various Drotection methods. 
Area 	Planting Density 	Treatment 
1 	 2600 stems/ha 	Protectors and PlantSkydd® 
2 	 2600 stems/ha 	Protectors and Tree Guard® 
3 	 2600 stems/ha 	½ Protectors; ½ PlantSkydd® 
4 	 2600 stems/ha 	½ Protectors; ½ Tree Guard® 

Areas 1 and 2 were planted with a mix of alder and wolf-willow; areas 3 and 4 were 
planted with a mix of alder, wolf-willow and kinnickinnick. 
In the fall of 2007, rates of plant survival were measured within five circular, 100 m 2  
(5.64 m radius) plots per treatment area. Within each plot, all shrubs were counted 
and the degree of vigour was recorded for each individual on a scale of 0 to 4, with 0 
being dead, and 4 being in excellent condition. 

Summary of Results 

The different treatments did not appear to have an effect on the overall vigour of the 
surviving shrubs, with the majority of surviving shrubs falling into category 2. 

Caution should be used when interpreting the data, as sample sizes are small and 
the trial design did not allow for rigorous comparison between treatments. 
Nevertheless, these data suggest that the most effective method for protecting 
shrubs from ungulate browse is the use of plastic tree protectors with no chemical 
treatment. 



Treatment 	 Area 	 Mean Survival Number of 
(%) 	 plants surveyed 

Protectors; PlantSkydd® 	1 	 49 	 134 
Protectors; Tree Guard® 	2 	 74 	 133 
Protectors 3 and 4 combined 82 44 
PiantSkydd® 3 53 79 
Tree Guard® 4 65 31 

Further investigation is recommended to determine whether the results of this trial 
represent a genuine effect of the treatments (spray deterrents having a negative 
impact on plant survival), as opposed to simply being an artefact of trial design and 
sampling error. Each treatment should consist of the same species planted at the 
same density in each replicate, and ideally replicates should be installed at several 
locations on the mine. 



TC-1-08 Assessment of Hydroseeding 
Techniques at Coal Mountain Operations 

Objective 

To investigate various hydroseeding and mulching treatments to promote the 
establishment and growth of vegetation on Middle Mountain (Coal Mountain 
Operations). 

Overview of Method 
S 

The Middle Mountain trial site was divided into 12 plots of approximately equal size 
(-0.15 ha); each plot was randomly assigned to one of four treatments (yielding 3 
treatment replicates): 

• Hydro 3000 - hydroseeding using a mulch application rate of approximately 
1,500 kg/ha; 

• Hydro 3000 and Mycorrhizae - hydroseeding using a mulch application rate 
of approximately 1,500 kg/ha, inoculated with mycorrhizal fungi; 

• BFM - hydroseeding using an application of bonded fibre matrix at a rate of 
1,458 kg/ha; and 

• BFM and Mycorrhizae - hydroseeding using an application of bonded fibre 
matrix at a rate of 1,710 kg/ha, inoculated with mycorrhizal fungi. 

Seed and fertilizer application rates were common across all trial treatments. 

A visual assessment of the trial was conducted in 2008, to assess degree of 
germination of vegetation on all plots. In 2009, assessments were conducted on 
each of the treatment plots to measure: 

• biomass production; 
• vegetation cover; and 

presence of mycorrhizae on roots. 

Biomass Production 
Biomass production was measured using a 40 metre transect that was established 
diagonally across each of the 12 plots from the lower south corner to the upper north 
corner, with sampling points established at approximately 5, 15, 25, and 35 metres. 
In 2009, aboveground biomass was collected from a 1m area on the downhill side 
of the transect line (future sampling events will alternate with the uphill side of the 
transect line to avoid over-sampling individual plants). Biomass samples were 
separated by vegetation type: grass, legume, and other (forbs). All samples were 
collected into paper bags and sent to a lab to be oven-dried at 70°C for 48 hours and 
weighed to the nearest gram. 

Vegetation Cover 



Vegetation cover was assessed along the same 40-metre transect as the biomass 
samples, on the downhill side of the line. Vegetation was visually assessed using a 
1 m 2  frame to determine the total percent cover of each species, including 
cryptogams and litter. To avoid conflicting with biomass collection, vegetation cover 
was assessed at 7, 17, 27, and 37 meters for plots 1-11. For plot 12, vegetation was 
assessed at 2, 7, 12, and 17 meters on each transect. 

Mycorrhiza Presence 
At each of the 12 plots, one entire plant (whole plant and root system) of both alfalfa 
and creeping red fescue was collected using a shovel and placed in a paper bag. 
Each bag was labeled with the plot number and species only (no indication of 
inoculation status), to avoid bias during sample assessment. Samples were air dried 
and shipped to MycoRoots in Corvallis, Oregon for assessment of evidence of 
mycorrhizal colonization. 

Summary of Results 
Biomass productivity in 2009 suggests that the majority of plots are productive and 
the plants are growing vigorously. A variety of plant species are present, with alfalfa 
being the dominant species overall. Mycorrhizae are distinctly present in all plots, on 
both alfalfa and fescue plants. Analyses of data collected to date show no significant 
differences in either biomass production or cover between trial treatments, both 
mulching technique and mycorrhizal inoculation. 

These data should be treated as preliminary, as they are based on a small sample 
size and on only the second year of growth after trial establishment. More distinct 
trends may become apparent as plants continue to establish. In addition, analyses 
may be limited by small sample size, and analytical power may be improved by 
increasing sampling intensity for all monitored parameters. 

Regardless of finding no statistically significant differences, and despite limitations in 
the current data set acknowledged above, it appears the overall best treatment for 
biomass and cover production would be a bonded fibre matrix application with 
mycorrhizal inoculation. This preliminary conclusion will be revisited as longer-term 
data becomes available. 



TC-1-09 	Sheep's-foot Compaction Trial at 
Coal Mountain Operations 

Objective 

To determine the effectiveness of compaction in combination with hydroseeding to 
establish vegetation on steep coarse rejects slopes. 

Overview of Methods 

The trial, located at Coal Mountain Operations Middle Mountain, is divided into three 
areas: 

1. Topsoil application, compaction with a 'Sheep's-foot' compactor (rolled/pulled 
up and down the hill by a dozer winch), and hydroseeding; 

2. Compaction only, followed by hydroseeding; and 
3. Hydroseeding only. 

A visual assessment of plant germination was conducted in 2009. 

Summary of Results 

The best early establishment appears to be in the two compacted areas, with no 
apparent difference due to soil application. Early visual evidence suggests a 
reduction in erosion from the compaction treatment, as there is noticeable surface 
sloughing and erosion on the non-compacted, bare rejects area. 



Use of Native Plant Species in Reclamation of 
Wildlife Habitat at the Fording River Operations: 
Phase 1 - Review of Food Habits 

Norecol, January 1984 

Objective: 
This report represents Phasel of the study to determine the suitability of native plant 
species for reclamation potential at Fording River Operations. The report presents 
the results of a literature survey on the food habits of elk, Bighorn Sheep, Mule Deer, 
moose and grizzly bear with particular reference to plants which are native to the 
Fording River Operations area. 
The Phase 2 of the study was to provide a short list of the native species for 
consideration in reclamation to wildlife range at Fording River Operations. (See 
project FC-3-85) 
Overview of Methods: 
Information, including data on browse availability and utilization, was reviewed from 
a wide variety of sources. The most authoritative source of information comes from 
the work done by Kufeld in Montana. Summary tables were prepared providing a 
listing of selected species on the basis of their preference by individual wildlife 
species and their relative suitability for use in reclamation at Fording River 
Operations. The food habitats of wildlife were broken down into three major classes: 
grasses, forbs and tree/shrubs. 
Results Driving Conclusions: 
The following list (for elk, Bighorn Sheep and Mute Deer) of the most suitable native 
or naturalized plants species was condensed from detailed lists of data generated, 
on a seasonal basis, of plant use by the species of animals in question. Although the 
seasonal lists were detailed in the report, a short list was not generated for moose or 
grizzly bear for the following reasons: 

• Moose are primarily browsers and do best on ranges which are in early 
successional stages on floodplain areas where shrubby growth provides 
abundant browse. 

Grizzly bears are generally opportunistic feeders that adapt to a variety of 
seasonal food sources. Grizzly bears are omnivorous and utilize grasses, 
sedges, forbs and small and large mammals. 
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Acer glabrum 

Amelaiichier alnifolia 
Cornus stolonifera 
Populus tremloides 
Sherperdia canadensis 

Acer glabrum 
Amelanchier alnifolia 
Arctostaphylos uva-ursi 
Pseudotuga menziesii 
Salix nivalis 

Acer glabrum 
Amelanchier alnifolia 
Arctostaphylos uva-ursi 
Cornus stolonifera 
Populus tremloides 
Pseudotuga menziesii 

Agropyron spicatum 
Calamagrostis 
rubescens 
Elymus glacus 
Festuca idahoensis 
Festuca ovina 
Festuca scabrella 
Lupinus sericeus 
Phleum alpinum 
Phleum pratense 
Trisetum spicatum 
Achillea millefolium 
Agropyron spicatum 
Agropyron dasystachum 
Agropyron spicatum 
Elymus glacus 
Epilobium angustifolium 
Festuca idahoensis 
Festuca ovina 
Festuca scabrella 
Lupinus sericeus 
Agropyron spicatum 
Balsamorhiza sagittata 
Festuca idahoensis 
Phleum pratense 
Taraxacum officinale 

The selection of a final short-list (see summary of study FC-3-85) of native plants 
considered not only the value to major big game species, but also the usefulness to 
other wildlife, the ability of the native species to perform roles required for the 
stabilization of reclaimed land surfaces and the ability to maintain growth With 
minimal fertilizer applications. 



Field Inspection of Conifer Nutrient Status at 
Fording River Operations 

C. E. Jones and Associates Ltd. November 1996 

Objective: 
To evaluate the nutritional status and thinning requirements for conifer research 
plantations on C Spoil Fording River Operations 

Overview of Methods: 
In the summer of 1996, a forest nutrition/ soil agrology specialist conducted a field 
inspection and examined existing foliar nutrient data for the conifer research plots on 
C-Spoil. Growth monitoring on these plantations (FC-3-86 and FC-4-86 trials) had 
identified symptoms of stress including chlorosis, dieback and limited gall 
infestations suggesting a potential need for thinning the research trial plots. 
In addition, research and operational plantings at other locations of the mine and 
natural regeneration locations were examined to determine if similar characteristics 
were being displayed. 
Results Driving Conclusions: 
The findings of the field examination and the review of the foliar nutrient data of the 
research plantations on C Spoil identified specific nutrient deficiencies in these 
conifers. The same findings were reported for operational plantations that were 
examined. The field observations and analytic data suggest that the symptoms 
exhibited by the conifers examined are attributable to site- specific physical factors 
and nutrient deficiencies but are not related to serious disease of insect infestations. 
The main findings are summarized as follows: 

• Dieback on the spruce and pine a result of frost damage 
• Chiorosis was attributed to many factors such as deficiencies in nitrogen/ 

sulfur or boron, dense stands, stand age, lack of ground cover (no 
interseeding), poor soil texture, steep slopes or high exposure to wind or sun 

• Potential copper deficiency causing the in growth distortions 
• Nutrient deficiencies were more pronounced in non-interseeded stands. Both 

the field observations and the monitoring data suggest that interseeding of 
nitrogen fixing legumes significantly enhances the growth and vigor of 
conifers. 

• The foliar nutrient data collected in 1996 for both pine and spruce, suggest a 
decrease in nitrogen when compared to the 1994 and 1995 data which 
already identified severe deficiencies in nitrogen and sulfur. 

• Gall infestations were notable on both healthy and chiorotic tress but more 
pronounced on stressed trees and do not appear to affect conifer growth. 
Galls were also observed in naturally regenerated stands. 



As a result of these findings a recommendation was made to thin the denser stands 
on C Spoil without compromising the experimental design of the plots. The thinning 
would mimic the operational planting density and encourage recruits from adjacent 
areas to provide understory and species diversity. 



Elemental Concentration in Forage 

C. E. Jones and Associates Ltd. July, 2001 

Objective: 
To collect information on elemental concentrations in forage species seeded on 
reclaimed sites at Fording River and Fording Greenhills Operations and to provide a 
preliminary assessment of whether there are any significant differences between 
reclaimed sites and comparable undisturbed sites in the mine areas and to assess 
the implications of the observed concentrations on reclamation. 

History: 
This report is the basis for and synonymous with project FC-1-00. Research on the 
development of winter range in 2000 led to an investigation of elemental uptake in 
grass and forb forage species on reclaimed coal spoil. 

Overview of Methods: 
Three sites on reclaimed coal spoil were selected for sampling at both Fording River 
and Greenhills, along with three undisturbed sites adjacent to each mine (for a total 
of 12 sampling sites). Each sample was a composite of foliage from a minimum of 
ten individual plants distributed throughout the sampling area. Samples were 
composed primarily of vegetative growth. Flowers and seed materials were 
discarded. 

Site Type 
Reclaimed Sites Undisturbed Sites 

Greenhills Raven North Spoil (RM) Raven ridge (RU) 
Hawk South Spoil (HM) Hawk ridge (HU) 
spoil east of the wash cutblock southwest of the wash plant 
plant (PM) settling pond (PU) 

Fording C Spoil (Cs) Castle mountain (CA) 
River A Spoil (A) Turnbull mountain (T) 

I Spoil (I) Henretta ridge (H) 

At each site, one sample of grasses and one sample of legumes were collected 
(separate samples were collected for grasses and legumes due to elevated 
elemental concentrations in legumes. 



Reclaimed spoil sites Undisturbed sites 
Grass intermediate slender wheatgrass (Agropyron trachycaulum) 

wheatgrass Kentucky, alpine, and arctic bluegrasses (Poa 
orchardgrass pratensis, P. alp/na, and P. arctica) 
(Chinook) hairy wildrye (Elymus innovatus) 
hard fescue rough fescue (Festuca campestris) 
creeping red fescue bluejoint (Calamagrostis canadensis) 
(Boreal) fringed brome (Bromus ciliatus) 
Canada bluegrass 
timothy (Climax)  

Legume alfalfa silky lupine (Lupinus sericeus) 
alsike clover timber milk-vetch (Astra ga/us miser) 
sainfoin yellow sweet-vetch (Hedysarum sulphurescens) 

alsike clover 

Laboratory analyses were performed for nitrogen, boron, zinc, magnesium, 
manganese, calcium, iron, phosphorus, potassium, sulphur, copper, molybdenum, 
sodium, and selenium on all samples. 

Results Driving Conclusions: 
Laboratory results were statistically evaluated to identify significant differences 
between reclaimed and undisturbed elemental concentrations. The following 
elements were not significantly different by site type: 

• Grasses: N, B, Zn, Mg, Mn, Ca, Fe, P, S, Cu, Mo, and Na. 
• Legumes: B, Zn, Mg, Mn, Ca, Fe, P, K, Cu, Na, and Se. 

The comparison of foliar elemental concentrations in vegetation on reclaimed coal 
spoil and adjacent undisturbed sites revealed no significant differences in levels for 
the majority of elements. 
For potassium in grasses, and nitrogen, sulphur, and molybdenum in legumes, 
significantly higher levels were detected on coal spoil, but values remain within 
ranges considered to be normal. For selenium, higher mean levels occurred in 
grasses on reclaimed spoil, in comparison to undisturbed sites. Levels detected on 
coal spoil are considered to be elevated, in comparison to published background 
levels and just below "toxic" levels. Although the mean foliar selenium concentration 
in grass samples collected from coal spoil remained below toxic levels, samples 
from individual sites exceeded these levels. There were no differences between 
mean selenium levels in legumes on reclaimed spoils and undisturbed sites. 
However, mean values on these sites were elevated, suggesting the occurrence of 
naturally elevated selenium concentrations in these areas. 

Significant differences in elemental concentrations between reclaimed and 
undisturbed sites are shown below: 



Grasses Legumes 
Reclaime Undisturbe Reclaime Undisturbe 

Element d d Element d d 
Potassium 
(%) 2.1 1.6 Nitrogen  

3.7 3.0 

Selenium 
(ppm) 4.3 0.9 Sulphur  

0.32 0.18 

Molybdenum 
6.5 2.6 

(ppm) I 

Despite significant differences by site type, these levels are within ranges 
considered normal for foliar concentrations of these elements. 

Generalized Dietary Tolerances for Selenium (in mq/kq) 
High/Ma 

Animal Normal! X. 
Excessiv Reference Adequate Tolerabl 

e 
e 

beef cattle 0.3— 1 3-4 >5 —20 PuIs, 1994 

0.1 -- 8.5 
The Salt 
Institute, 2001 

grazing cattle 0.10 1 —5 -- Davis, 2001 
growing/finishing NRC, 1996 
cattle 
gestating/early 0.10 2 

lactation cows  
dairy cattle 

0.1 -- 3-5 
The Salt 
Institute, 2001 

horses 0.10 1 —5 -- Davis, 2001 

0.10 -- 4-40 
The Salt 
Institute, 2001 

deer 0.1 —1.0 -- -- PuIs, 1994 

The fact that foliar selenium concentrations in legumes on undisturbed sites were 
within the elevated range for this element suggests that these levels may be found 
on pre-mine or undisturbed sites in the Fording/Elk River valleys, and that wildlife 
may therefore be adapted to these levels. Actual effects on wildlife consuming 
forage with the elevated selenium concentrations continue to be evaluated. 
It is concluded that for these element/vegetation type combinations, element 
concentrations on reclaimed mine waste at Fording River and Greenhills do not 
differ from pre-mine levels on these sites. 



Assessment of Combination Reslope Areas on 
Fording River, Greenhills, and Line Creek 
Operations 

C. F. Jones and Associates Ltd. November 2005 

Objective 
To determine the success of revegetation treatments on the lower slope toes of 
combination-resloped dumps , and to evaluate the suitability of combination re-
sloping as a component of successful, sustainable coal-mine reclamation. 
This report defines and is synonymous with project EVC-03-05. 

Overview of Methods 
All sites included in the study were sampled for a suite of vegetation indicators 
chosen to represent three critical components of stand health and productivity: 

• Above-ground biomass, which reflects stand productivity; 
• Species composition, which reflects stand diversity and thus ability to survive 

a diversity of conditions; and 
• Foliar nutrient sampling, which reflects stand vigor and health. 

Sampling was conducted on reclaimed mine site locations, and also on adjacent 
comparable undisturbed areas, to provide information on approximate "pre-mining" 
conditions, and thus allow an evaluation of whether reclamation has been successful 
in returning equivalent productivity. 

Sampling and survey was conducted on reclaimed sites at: 
• four locations at Fording River ('2' Spoil, Lake Mountain, and two aspects on 

C Spoil); 
• two locations at Greenhills (Raven North and Quarry); and 
• one location at Line Creek (MSA North). 

Off-site (undisturbed-site) sampling was conducted at: 
• one open grassland location on Mt. Turnbull; 
• two locations in the Todhunter drainage (an open grassland similar to Mt. 

Turnbull, and a lower-elevation open-forest cutblocks); 
• one location on grassland on the South Greenhills range, between Greenhills 

and Fording River; and 
• two locations at Line Creek (an undisturbed area above "Jurassic Park" and 

an undisturbed area adjacent to the Plant Site). 

For further program information, please refer to the report 2005 Assessment of 
Combination Reslope Areas on Fording River, Greenhills and Line Creek Operations 
(CEJA 2005). 



Results Driving the Conclusions 
Biomass data was analyzed to compare productivity between on- and off-site areas. 
This analysis indicates that biomass production on reclaimed combination-resloped 
dump toes (mean = 1,643 kg/h) is significantly higher than that on off-site reference 
areas (mean = 1,422 kg/ha), reflecting the success of revegetation efforts on these 
reclaimed sites. 
The majority of the on-site areas showed a dense vegetation cover (total cover 
>50%), dominated by legumes. 

Summary of On-Site Species Composition Assessments 
2 

Spoil 
Lake 

Mountain C Spoil-i 
C Spoil- 
 2 

Raven Quarry 
MSA 

  North 
Classification ML DLG DL DLG DG DG DLG 
Total Cover (%) 35 69 56 63 86 59 66 
Grass (%) 8 27 1 22 76 44 36 
Legume (%) 27 42 55 41 10 15 30 
Forb(%) 0 0 0 0 0 0 0 
Litter(%) ii 7 3 15 14 3 20 
Bare Ground 

54 24 (%)  41 22 0 38 14 

The off-site reference areas sampled in this study have a moderate-dense cover of 
grasses, with a limited presence of legumes (except for the South Greenhills site, 
where agronomics seeded along the exploration road have invaded the upper 
portion of the undisturbed area) but are all classified overall as having dense covers, 
due to the contribution of the forb component. 

Summary of Off-Site Species Composition Assessnents 

Plant Jurassic 
South 

Greenhill Todhunter 
Todhunter Turnbull 

Site Site Park Cutblock  s  
Classification DG DGF DGL DGF DG DGF 
Total Cover (%) 58 59 55 73 67 58 
Grass (%) 40 31 29 38 47 30 
Legume(%) 2 8 15 1 5 6 
Forb(%) 16 20 ii 34 15 22 
Shrub/Tree(%) 8 13 7 4 15 2 
Moss/Lichen 

2 1 
(%)  0 2 2 2 

Bare Ground 
32 27 

(%)  38 21 16 38 

The cover assessment indicates that both reclaimed sites and off-site reference 
areas are successfully vegetated, with the reclaimed sites dominated by high-
biomass legumes (alfalfa) and the off-site areas dominated by native grasses and 
fo rbs. 



Results of laboratory chemical analyses of foliar samples were not available at time 
of reporting. These results are reported and discussed in the 2005 Annual 
Reclamation Research Report produced for Fording River, Greenhills and Line 
Creek Operations. 

These findings indicate that reclaimed areas on angle-of-repose slopes at the toes of 
combination-resloped waste rock dumps are achieving a productivity not less than 
that which existed prior to mining. This observation in turn shows that combination 
re-sloping, using the techniques utilized at Fording River and Greenhills Operations, 
is a viable reclamation option that can support productive and sustainable forage 
stands. 



Selenium Accumulating and Non-accumulating 
Plants: The Potential Relevance to Elk Valley 
Coal Fording River Operations Reclamation 

C. E. Jones and Associates Ltd. November 2006 

Objective: 
To compile a literature review to provide information on vegetation species known to 
accumulate selenium through uptake from soil and identify if any of these plants 
were used in reclamation treatments at Fording River Operations. 
Overview of Methods: 
A list of plants was generated, from a literature search, and organized by their 
growth response in seleniferous soil. Plants that can uptake high levels of selenium 
are referred to as either Se accumulators, primary indicators, or hyper accumulators. 
Other species, Se nonaccumulators, amass much lower concentrations of Se when 
found growing in similar soils adjacent to Se accumulating plants. A third category, 
known as secondary Se accumulators or secondary indicators accumulate moderate 
concentrations of Se when grown on soils with low to medium Se content 
Following is the list of plants organized by their known growth response in 
seleniferous soil: 
Se accumulators (Plants that hyperaccumulate Se (hundreds to several thousand 
mg of Se kg -1 dry 
weight in their shoots when they grow on seleniferous soils.) 

• Astra ga/us (milkvetch) (some species) 
• Astra ga/us beathii (Beath's milkvetch) 
• Astra ga/us bisulcatus (twog rooved m i lkvetch) 
• Astra ga/us con fertif/orus (ye I low mil kvetch) 
• Astra ga/us cr0 tulariae 
• Astra ga/us hayden/anus (Hayden's milkvetch) (possibly a secondary Se 
• accumulator) 
• Astra ga/us praelongus (stinking milkvetch) 
• Astra ga/us preussil (Preuss' milkvetch) 
• Astra ga/us racemosus (cream milkvetch) 
• Haplopappus (Goldenweed) 
• Morinda (morinda) 
• Neptunia (puff) 
• Oonopsis (goldenweed) 

Stanleya (princesplume) 
Stan/eya albescens (white princesplume) 
Stanleya pinnata (desert princesplume) 
Xylorhiza (woodyaste r) 



Secondary Se accumulators ( Plants grown on soils with low to medium Se 
content that accumulate up to 1000 mg Se kg -1 dry weight. 

• Aster (aster) 
• Aster caerulescens 
• Aster chi/ensis (Pacific aster) (3) (in southwestern British Columbia) 
• Aster commutatus (white prairie aster) 
• Aster multiflora (cotoneaster) 
• Aster occidentalis (western mountain aster) 
• Astra ga/us (milkvetch) (some species) 
• Astra ga/us argi//osus 
• Astra ga/us crassicarpus (groundplum milkvetch) 
• Atripiex (saltb rush) 
• Atrip/ex nutta//i (Nuttall's saltbrush (documented occurrence in northeastern 

B.C.) 
• Brassica (mustard)* 

• Brass/ca juncea (Indian mustard) 
• Brassica napus (rape) 
• Castilleja (Indian paintbrush) 
• Comandra (bastard toadf lax) 
• Grayia (hopsage) 
• Grindelia (gumweed) 
• Gutierrezia (snakeweed) 
• Lolium perenne (perennial ryegrass) (4) (possibly a Se nonaccumulator) 
• Machaeranthera (tansyaster) 
• Mentze/ia (blazingstar) 
• Trifolium repens (white clover)(possibly a Se nonaccumulator) 

Se nonaccumulators (Plants that do not hyperaccumulate Se when grown on 
seleniferous soils (generally less than 25 mg of Se kg -1 but up to 100 mg of Se kg - 
1 dry weight). Selenium accumulation for these plants when grown on 
nonseleniferous soils ranges from 0.01-1.0 mg kg -1 dry weight). 

• Adropogon scoparius 
• Agropyron smith/i (= Pascopyrum smithi,) (western wheatg rass) 
• Hordeum (barley) 
• Med/ca go (alfalfa) 
• Distich/is (saltgrass) 
• Atr/p/ex (saltbush) 

Results Driving Conclusions: 
The primarily agronomic species contained in the seed mix for Fording River mine 
reclamation at lower elevations (below 1800 m), including Med/ca go sativa (alfalfa) 
and wheat grass (Thinopyrum intermed/um2), would be categorized as Se 
nonaccumulators. No plants seeded at lower elevations at the Fording River mine 
have been identified as primary or secondary Se accumulators. 



Overall, it appears that the majority of crop and forage species found in or near 
Fording River 
Operations do not accumulate Se in quantities that would be damaging to grazing 
animals. This conclusion is supported by the vegetation sampling and analysis 
programs that have been conducted at Fording River Operations, Greenhills 
Operations, and Line Creek Operations, which have generally shown low Se 
concentrations in vegetation growing on reclaimed sites. 
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Appendix VIII - Elk Valley Studies List 

Line Creek Operations 

Study\Report Title 	 Source/Author 

1 Line Creek Reclamation Studies 1980 & Line Creek 	B.C. Research April, 
Reclamation Studies 1981 	 1980 and November 

1981 
2 Utilization of Agronomic Grass species by Wild 	Crows Nest 

Ungulates at a Reclamation Study Plot in SE British 	Resources, 
Columbia 	 November 1980 

3 Range Productivity Project- Analysis of 1982 Data Taesco Consultants 
Limited, May 1983 

4 Evaluation of B.0 Research Plots, Line Ridge Sites - 3 Crows Nest 
and 4 Resource Limited, 

October 1985 
5 Forage Quality of Twelve Grass Species Sampled at Crows Nest 

Line Ridge Resource Limited, 
October 1985 

6 Native Seed Trials on the Line Creek Mine Waste Crows Nest 
Dump Resource Limited, 

October 1985 
7 Line Creek Biophysical Inventories Volume 2- Taesco Consultants 

Vegetation- Limited, January 
1985 

8 Reclamation Research on the West Line Creek Dump: Environmental 
Biomass, Cover, and Species Diversity Insight, March 1996 

9 Establishment and Growth of Mycorrhizal and C.R. Smyth, 
Rh izobium Inoculated High-Elevation Native Legumes Myosotis Ecological 
on Line Creek Operations Coal Mine Spoils Consulting, 1997 

10 1997 Legume Evaluation 	 Interior 
Reforestation Co. 
Ltd., 1998 

11 Ewin Ridge/Mount Banner Permanent Reclamation 	Myosotis Ecological 
Sample Plots Assessments 1998 	 Consulting, 

November 1998 
12 High Elevation Reclamation Monitoring - Ewin Ridge 	EBA Engineering 

2004 Assessments 	 Consultants Ltd. 
Engineering 



Consultants Ltd. 
March 2005 

13 Nutrient Movement through Growth Medium West Line 
Creek Dump 

14 Long-Term Monitoring of Permanent Reclamation Plots 
on High-Elevation Disturbances at Line Creek Mine 

Interior 
Re forestation Co. 
Ltd., 1999 
EBA Engineering 
Consultants Limited, 
2000 



Line Creek Reclamation Studies 1980 & Line 
Creek Reclamation Studies 1981 

B.C. Research April, 1980 and November 1981 

Objective: 

To develop suitable reclamation techniques for revegetation of high elevation areas 
by evaluating the performance of test plots and test pits previously set up in 1973, 
1977 and 1978. 
To evaluate the effects of chemical fertilizers on growth performance of various 
species. 
To conduct native shrub trials at Line Ridge. 

Overview of Methods: 

Several pre-established plots were fertilized at predetermined rates and assessed 
for their performance in July and September 1979. 
Pre-determined amounts of fertilizers were broadcasted and raked into the soil 
establishing specific treatments: 
1) For the four reclamation trial sites seeded in July 1977, No fertilizer 

Optimum fertilizer @ 30:20 kg/ha of N:P 205at all sites plus 40kg/ha and 100 
kg/ha of K20 at sites 1&2 and 3& 4 respectively 

• Double optimum fertilizer 
2) The native plot trials from 1977: 

• No fertilizer 
• Optimum fertilizer @ 30:20 kg/ha of N:P 205 at all sites plus 40kg/ha and 100 

kg/ha of K20 at sites 1 &2 and 3& 4 respectively 
3) Native plots trials from 1978: 

• No fertilizer 
• Optimum fertilizer @ 30:20 kg/ha of N:P 205 at all sites plus 40 kg/ha and 100 

kg/ha of K2O at sites 1 &2 and 3& 4 respectively 
• Double optimum fertilizer 

4) Native row trials: 
• Optimum fertilizer @ 30:20 kg/ha of N:P 205 on the agronomic species only 

In September 1979 and August 1980, all plot and row trials were assessed for % 
ground cover (except for native row trials, which were assessed from 1-5, no cover 
to very good cover), plant vigor, erosion class and % of plants producing seed 
heads. 
In addition to the plot/row fertilizer trials there were two test pits (#9 and #10 at 
elevation 1 600m) that were hydroseeded with three different seed mixes during 
1973. A total of 32 2x2m vegetation plots were established on these test pits (14 on 
#9 and 18 on #10) and were assessed for % cover, % seed heads and plant vigor in 
September 1979 and August 1980. 



Seed mixes by percent: 

Species 
% in Seed Mix  
Mix A Mix B Mix C 

Crested wheatgrass 10  
Slender wheatgrass  15 5 
Pubescent wheatgrass  10 10 
Meadow foxtail 15  10 
Red top  15 10 
Smooth brome  15  
Creeping Red Fescue 15 5 15 
Timothy 15  20 
Canada Bluegrass - 
Rubens 10  5 
Kentucky bluegrass  10  
Crown vetch  5  
Birdsfoot Trefoil 10  5 
Alfalfa  15  
Sainfoin 10  

CD Red Clover 15  10 
. White clover - coated 10 10 

The native shrub propagation trials consisted of eleven shrub species and one semi-
woody forb dormant rooted stem cuttings planted in October 1979. All species 
chosen had good reclamation potential and all occurred at high elevation at Line 
Ridge. Monitoring occurred in August 1980 



Results Driving Conclusions: 

1979 results: 
Native Species Plot and Row Trials  
Growth Comments Grasses Forbs 
Good growth at all site after 2- 
3 years 

sheep fescue Hoboell's 
rockcress (plot 
trials only) fowl bluegrass 

slender wheatgrass yellow hedysarum 
spike trisetum  
wheeler bluegrass  

Good growth in some plots
only 

__________________ silky phacelia 
 Jacob's ladder 

silky crazyweed 
Initially good but poor after 2- 3 
years  

purple reedgrass 

Slow to establish rough fescue  
unnamed hybrid 
(Agropyron canium 
x Sitanion hystrix)  

Growth of native grasses was better than forbs under all fertilizer treatments. 
Fertilizer was necessary to start thrifty growth for all species except Hedysarum 
(which showed no effect from fertilizing). Optimum fertilizer levels were as effective 
as double optimum levels indicating relatively low nutrient requirements for native 
species. 

Agronomic Single Species Plot Trials  
Growth Comments Grasses Forbs 
Good growth after 3 years Creeping Red 

Fescue 
alsike clover 

Kentucky bluegrass red clover 
slender wheatgrass white clover 
meadow fescue  
meadow foxtail  
red top  
timothy  
pubescent 
wheatgrass  
crested wheatgrass  

Although both were vigorous, agronomic grasses gave higher cover than legumes. 
Grass growth increased with fertilization at double the optimum rate indicating 
relatively high nutrient requirements for agronomic species. The most responsive 
species to fertilizers were Canada bluegrass, meadow foxtail, meadow fescue, red 



top and timothy. Although responding well to fertilizer in both preceding years, 
legume growth was not greatly increased through fertilizing when monitored in 1979. 

Agronomic Seed Mix Trials: 

After three years there were no differences found in the three seed mixes (A, B, C) 
without fertilizer. With fertilizer, Mix C, containing a higher portion of grasses resulted 
in high % cover. The legumes in Mix C showed no cover increase with fertilizer. 

Test Pits # 9 and # 10: (1973 establishment) 

After six years stable ground cover was established by these grasses: red fescue, 
timothy and thick spiked wheatgrass. For legumes: alfalfa (best cover), red clover 
and white clover (but both declining).Noteworthy was the observation that alfalfa, 
with heavy seeds, only dispersed downslope from its planting site. 

1980 Results: 

Native Shrub Propagation Trials  

Growth Comments Stem Cuttings 
Evergreen 
Cuttings Root Cuttings 

Good success Sitka alder  
Soopolallie  
Trembling aspen  
Willow  

Low to moderate 
success Grouseberry Common Juniper 

Trembling 
aspen 

Shrubby 
penstemon Kinnickinnick  

Slow to sprout  Flat-top spirea 
No success Elderberry  

Prickly rose  



Agronomic Single Species Plot Trials  
Growth Comments Grasses Forbs 
Good growth 1980 Creeping Red 

Fescue  
alsike clover 

Kentucky bluegrass red clover 

slender wheatgrass white clover 

meadow fescue  
meadow foxtail  
red top  
timothy  
Canada bluegrass  

Good growth some plots only purple reedgrass Silky crazyweed 
Slow to establish unnamed hybrid  

Rough fescue  
Poor performance  Alumroot 

Jacob's ladder 
weedy milk-vetch 

Growth of most native species, particularly grasses, was equal to or better than that 
of agronomic species in the 4th  year after establishment. Except for yellow 
hedysarum which provided the second highest % cover in the 1977 plot trials, the 
growth of grasses was generally better than forbs. As in the 1979 results, with the 
exception of yellow hedysarum, fertilizer was found to be beneficial to start growth 
on all grasses and non-leguminous forbs. Optimum fertilizer levels were as effective 
as double optimum levels. 
(Note: Earlier results of these studies were also described in B.C. Research Reports, 
1976, 1977 and 1979. Reports have not been retrieved, therefore not included in the 
reports lists for those years. Results are reported in the 1981 report summarized 
above) 



Utilization of Agronomic Grass species by Wild 
Ungulates at a Reclamation Study Plot in SE 
British Columbia 

Crows Nest Resources, November 1980 

Objective: 
To determine the selection and preferences of Bighorn Sheep for agronomic species 
in study plots on Line Ridge 

Overview of Methods: 

Feeding activity by Bighorn Sheep was observed on several days in October 1980. 
Each agronomic species in rows Aa and Ab at sites 1 and 2 (as designed by B.C. 
Research 1980) were assessed for ability to produce ground cover and degree of 
utilization by wild ungulates. % cover was determined using the Daubenmire 
Canopy-coverage method. Use by wild ungulates was determined by estimating the 
% of available vegetation that was cropped in each 2 meter plot. Importance values 
were obtained by adding the % of total ground cover by plant species with the % of 
total utilization that each species received. 

Results Driving Conclusions: 
The added values of good ground cover and high degree of ungulate utilization 
resulted in the following list of species: Creeping Red Fescue, Meadow Fescue, 
Meadow Foxtail, Timothy, Canada Bluegrass, Kentucky bluegrass, Red clover and 
Alsike clover. Poorer performance was found form these species (primarily 
legumes): Alfalfa, Birdsfoot Trefoil, Cicer Milk vetch and Crown vetch, Sainfoin and 
Italian ryegrass. 

Overall, conclusion were made that species providing the highest cover value were 
not necessarily selected most often by wild ungulates. The use of agronomic species 
by wild ungulates indicates a potential to provide preferred forage through the 
seeding of agronomics, although, this study did not deal with native species 
utilization. 



Range Productivity Project- Analysis of 1982 
Data 

Taesco Consultants Limited, May 1983 

Objective: 
• To roughly estimate herbaceous crop for meadows and alpine tundra on 

Mount Michael, Lower South Mount Michael (No Name Creek), Ewin Pass 
Properties, Edwin Ridge, Imperial Ridge and Grave Lake Prairies 

• To determine whether standing crop may be assessed without exclosures 
• To determine optimum sample size for continuing surveys in the study area 
• To determine relative amounts of key forage species and their relative 

abundance in each area 
• To determine whether significant differences in standing crop exist between 

different cover types 
• To determine whether significant differences in standing crops exist between 

study areas 
• To qualitatively compare forage standing crops on rutting grounds on East 

Mount Michael, reclaimed roads on Ewin Pass and Bald Mountain and sites 
on Imperial Ridge, Bald Mountain, and Mount Banner. 

Overview of Methods: 
A rough estimation of optimum sample size for the study was calculated based on 
data collected in 1981 for Imperial Ridge, Mount Banner and Bald Mountain. 
A total of fifty-five, one square meter exclosures were placed on the three study 
areas (Mount Michael, Ewin Pass and No Name Creek) using a stratified random 
design. Five random locations were chosen within each Alpine Tundra, Subalpine 
Meadow class 1, and Subalpine Meadow class 2, subalpine class 3. 

All herbaceous and low shrub vegetation was clipped to 1 cm above ground layer. 
Each sample was dried for 48 hours and then weighed. Two separate analyses were 
performed with the samples, comparing the three Subalpine Meadow cover types 
crossed with the three study areas and comparing all four cover-types crossed with 
the two high elevation areas (Mount Michael and Ewin Pass). 

In addition, 27 paired plots were clipped (one inside an exclosure and one outside) 
to determine the association between exclosed and control plots on known rutting 
grounds. The locations (five sites on Mount Michael, five on reclaimed roads on 
Ewin Pass, three on Bald Mountain, five on Imperial Ridge, five on mount Banner 
and four on Grave Lake Prairie) were chosen selectively and used for qualitative 
comparison only. 



Results Driving the Conclusions: 
Results from the Range Productivity Study suggest that all three study areas are 
potentially capable of producing high amounts of herbaceous biomass for wildlife. 
The data for mean values of biomass produced for each area are as follows: 
No Name Creek: 605.0 kg/ha (plus or minus 52.0 kg/ha) 
Mount Michael: 636.3 kg/ha (plus or minus 84.5 kg/ha) 
Ewin Pass: 885.6 kg/ha (plus or minus 163.6 kg/ha) 

Ewin Pass Meadows produces more herbaceous biomass than Mount Michael and 
No Name Creek Meadows. Also, the mean biomass produced by cover type from 
greatest to least is Subalpine Meadow class 1, Alpine Tundra Subalpine Meadow 
class 2 and Subalpine Meadow class 3. The mean biomass produced inside and 
outside enclosures, although not greatly different, appears to vary slightly by area 
and community type. Although, Ewin Pass Meadows are found to have greater 
amounts of standing crop than the other two areas, this was only found in subalpine 
classes 1 and 3. Ewin Pass is relatively more productive, however, due to less 
extreme slopes, less extreme environmental gradients, lower wind speed, 
differences in soils and parent materials, all these factors could combine to create a 
less desiccated environment during growing season, in comparison to Mount 
Michael and No Name Creek sites. Mount Michael and No Name Creek are 
characterized by steep slopes, high winds and greater wildlife use during winter. 

No significant difference in mean biomass was found between inside and outside 
exclosures. Biomass did vary slightly by area and community type. Bald Mountain 
and Grave Lake Prairie sites appear to have greater mean biomass followed by 
Mount Michael, Mt. Banner, Ewin Pass and lastly, Imperial Ridge. 



Evaluation of B.0 Research Plots, Line Ridge 
Sites - 3 and 4 

Crows Nest Resource Limited, October 1985 

Objective: 
• Identify seeded species with potential for reclamation at high elevations 

based on long-term success and to determine the effects of fertilizer on 
vegetative cover. 

• Evaluate survival of shrub cuttings planted in 1979 for various species and 
types of cuttings 

• Determine whether there are residual levels of fertilized nutrients and 
compare the research site to the reclaimed site 

• Use forage samples to make comparisons between agronomic and native 
grasses. 

Overview of Methods: 
Cover observations were made during July 10-25, 1985, using a point intercept 
frame. Agronomic single species blocks were evaluated for cover provided by the 
seeded species and for number of invading species. Agronomic mixed species were 
evaluated for total cover provided by species contained in the mix using a 
modification of Little Hills' split-plot design. Native Species were evaluated for cover 
provided by the seeded species. An overall cover success rating was calculated for 
each seeded species. The occurrence of volunteers was recorded and tabulated 
based on abundance. 

Six soil samples were taken July 30, 1985, each 15cm samples. Three different 
levels of fertilizer were applied to agronomic single species. Soils were air dried and 
sieved, then sent to Alberta Soil and Feed Analysis Ltd. for determining pH, EC, 
NO3-N, Bray P, SO 4- 5, exchangeable bases and percentage of organic matter. 
Shrub cuttings were evaluated for survival, branching, vegetative reproduction and 
seed production. The B.0 Research rating system was applied. 

Species composition of the cleared area NE of site 3 was determined through the 
step-point method. Every third step along the transect, the species nearest to the 
leading boot toe was recorded. 

Results Driving the Conclusions: 
The pH results of the sample soil ranged from 4.2-4.6. This causes concern due 
to the fact that the pH from soil samples at the research site, are dramatically 
different than the Line Creek mine soil samples 	(6.7). Therefore acid 
intolerant species at site 3 and 4 will likely perform better on mine spoil. 



White clover was the most successful of the legumes, with only an average cover 
of 4 percent. Lack of the other legumes was credited to grazing. 

Spike trisetum and Sheep fescue were the only abundant native seeded species 
outside their original plots. 

The agronomic single species trial resulted in Red Top, Creeping Red Fescue 
Timothy, and meadow foxtail being equally successful in establishment and 
providing cover in their own plots. 

Litter, vegetative and total cover all had higher values on fertilized agronomic 
plots versus unfertilized agronomic plots, however, fertilizer did not affect cover 
produced by seeded native plots. 

Previously planted shrub cuttings plantations were evaluated for survival, 
branching, vegetative reproduction and seed production. After six years, only one 
of the ten shrub species planted as cuttings was successful: Flat top spirea. The 
survival rate of this species was 80 percent, and it showed successfully 
reproductive capacity both vegetatively and flower production. 

After 8 years, many volunteer species were well established in the seeded plots: 
grouseberry and shrubby penstemon were the only shrubs, yet 17 forbs were 
counted, with fireweed and chenopodium the most abundant.. 
On the unseeded area northeast of site 3, the non-seeded volunteers were the 
same as the most common species found on the test plots. Spike trisetum, 
Sheep fescue, Canada bluegrass and other successful agronomic species were 
common. 



Forage Quality of Twelve Grass Species 
Sampled at Line Ridge 

Crows Nest Resources Limited, October 1985 

Objective: 

To compare the forage qualities of seeded native and agronomic grass species to 
each other and to values in the literature, to relate forage quality to stage grass 
development stage and to identify possible problems and/or benefits associated with 
the use of agronomic grasses to reclaim spring, summer, and fall range for bighorn 
sheep and elk. 

Overview of Methods: 

Six agronomic and six native grass species were sampled at the B.C. Research 
revegetation test sites 3 and 4 on Line Ridge on July 30, 1985. Current year's 
growth was clipped 2 cm above ground level. The samples were frozen and sent to 
Alberta Soil and Feed Analysis Ltd. For determining moisture content, crude 
protein(CP), acid digestible insoluble nitrogen (ADIN), available protein (AP), total 
digestible nutrient (TDN), digestible energy (DE), calcium, phosphorus, and van 
Soest sequential fibers ( NDF, ADF, ADL, A IA). 

Results Driving the Conclusions: 

The results for forage quality are as follows: 
Species 
Agronomic 

% of Dry Weight     Mcal/ kg Dry 
Moistu CP AP 
re  

TDN ADF ADL DIE Ca:P 

Timothy 60.0 5.7 5.3 68.8 30.6 4.3 3.03 0.76 
Meadow Foxtail 62.0 7.6 6.4 67.1 31.7 4.5 2.95 0.69 
Kentucky 53.2 7.5 
Bluegrass  

7.1 69.4 30.2 3.0 3.05 1.32 

Canada 54.5 5.0 
Bluegrass  

4.7 75.2 26.3 3.2 3.31 '0.33 

Creeping Red- 59.2 7.5 
Fescue  

7.1 66.8 31.9 3.6 2.94 1.18 

Red Top 59.7 6.1 5.8 64.7 33.3 4.2 2.85 1.11 



Species Native % of Dry Weight Mcal/ kg 
Dry  

Moisture CP AP TDN ADF ADL DE Ca:P 
SpikeTrisetum 59.4 11.5 11.0 61.1 35.7 7.3 2.69 1.14 
Rough Hairgrass 53.9 9.0 8.3 66.2 32.3 4.5 2.91 0.84 
Slender 54.6 9.8 
Wheatgrass  

9.4 61.6 35.4 4.5 2.71 1.30 

Sheep Fescue 43.8 6.8 6.3 67.0 38.5 4.9 2.51 0.42 
Unnamed Hybrid 52.3 8.3 8.0 65.0 33.1 4.0 2.86 1.11 
Rough Fescue 56.6 9.0 8.7 62.6 34.7 2.4 2.76 0.84 

Crude protein, available protein and ADF were higher among native species in 
comparison to agronomic species of grass. Digestible nutrients and energy 
appeared higher in agronomic species. The CA: P ratio presented no nutritional 
problem. 
The agronomics have higher digestible energy values then those of native grass 
species; however the agronomics grasses have a lack of crude protein, which 
causes concern. The crude protein values for both agronomic and native grasses 
all exceeded the minimum maintenance requirement; however a surplus of protein is 
needed in summer to prepare for breeding and winter nutritional deficit. Maximizing 
the protein content of forage on reclaimed waste dumps could be achieved by 
adding legumes to the seed mixes. Browse species could also supplement the 
protein requirements. 



Native Seed Trials on the Line Creek Mine Waste 
Dump 

Crows Nest Resources, October1985 

Objective: 

To provide an evaluation of native vegetation propagation methods to meet the 
reclamation plan objectives for Line Creek Mine Waste Dumps by assessing 
germination and survival success of a number of native species propagated from 
seed on mine spoil and comparing success and costs associated with each 
propagation method to other means of propagating native species 
Overview of Methods: 
A number of native species growing in the vicinity of the Line Creek Mine were 
selected to test for suitability in high elevation mine reclamation. Detailed guidelines 
for the habitats, fruits, seeds, extraction methods, germination and storage for each 
species collected are presented in Evan McKenzie and Joe Fitzpatrick's "A Guide to 
Propagating Some Native Plant Species Suitable for Reclamation at the Line Creek 
Mine", included on the CD. 
Of the list of species generated in that report, seeds were collected from 7 of the 
species in the summer and fall of 1985. The native species included 3 forbs, 2 
shrubs and 2 conifers. (Subalpine fir, Engelmann spruce, Shrubby penstemon, 
Soopolallie, Silk phacelia, White-leaved phacelia and Mountain sandwort). Seeds 
from all species were processed and used in the 1985 Native Seed Trials. 
Soopolallie was trialed with no treatment and with acid scarification of the seed. 
The trials were located on the 1 882m bench of the waste dump. The lower front 
slope of Berm 2 is between 5 0  and 100 . Berm 1 protects seed boxes from SW 
prevailing winds. 
The seed experiment is laid out as a Randomized Completed Block Design. There 
are two blocks each containing 16 treatments (8 seed lots X 2 fertilizer levels). 
Fertilizer levels include: no fertilizer and optimum fertilizer (11:55:0:2). Each block 
has an area 1m2 . 

Results Driving Conclusions: 
The percent germination of seeds was reviewed and collected in late spring of 1986 
whereas the percentage of seedling survival was assessed in fall to review effects of 
summer drought on survivability. Best propagation for the seven species was 
determines ad shown below: 



1985 Native Shrub and Forb Species and Recommended Propagation Methods 

Species Recommended Propagation Methods  
Seed Cuttings Transplant 

Subalpine Fir X 
Engelmann Spruce X 
Shrubby 
Penstemon 

X (low yield) X X 

Soopolallie X  X 
Silk Phacelia X 
While Leaved X 
Phacelia  
Mountain Sandwort X 



Line Creek Biophysical Inventories Volume 2- 
Vegetation 

Taesco Consultants Limited, January 1985 

Note: 
The biophysical inventories conducted by Taesco in 1985 are contained in three 
volumes: Volume 1 - Terrain Analysis, Volume 2 - Vegetation and Volume 3 - 
Wildlife, Radiotelemetry, Ungulate Carrying Capacity, Furbearers and Birds. This 
summary is for Volume 2 only. (All volumes except Furbearers and Birds on CD in 
appendix.) 

Taesco also prepared "Elk Valley Biophysical Inventory, Vegetation and Wildlife-
1982" which is also included on the CD in appendix. 

Objective: 
• Preparation of a vegetation map of the study area based on air photo 

interpretation and ground truthing 
• Classification of the vegetation according to present dominant cover, structure, 

and diagnostic species 
• Description of the variation of vegetation within each cover type or map unit 
• Provision of background information, for sensitivity rating and mapping with 

respect to vegetation 
• Description analysis of merchantable timber for the study area 
• Description of fire history, fire ecology, grazing pressures and vegetation 

successional trends 
• Identification of plant species and ecological communities Within the study area 

which may warrant special conservation measures the first phase of the 
vegetation 

Overview of Methods: 

The first phase of the vegetation study (preliminary results) was completed in 
December, 1982. This volume represents the second and final phase of the study. 
The study was designed both as a comprehensive analysis of the major vegetation 
types and the flora of the Line Creek coal properties, and to supplement the wildlife 
portion of the inventories. 

The current dominant vegetation covering the study area from Teepee Mountain, 
north to Chauncey Creek was mapped stereoscopically at a scale of 1: 20,000 using 
black and white air photos. Seventeen, vegetation map units were designated based 
on dominant vegetation, physiognomy, landforms, physical features and 
disturbances. Plot data were analyzed using tabular analysis. Plant communities 
were discussed on the basis of the occurrence of rare and endangered plant species 
and the rareness of communities associated with each map unit. 



Biogeoclimatic units are classified into zones, subzones and variants which are 
based on vegetation communities, climate, and soil. Three biogeoclimatic zones 
occur in the study areas: Montane Spruce, Engelmann Spruce-Subalpine Fir, and 
Alpine Tundra. Biophysical units are derived on the basis of independent 
assessments of climax vegetation, regional climate, and terrain they are grouped 
into forest regions, forest zones and forest subzones. 
The report describes in detail various community types and general relationships 
between vegetated map units and forestry capability classes for the major 
commercial tree species in the study area. 
A list of rare species in British Columbia, found in the study area was also compiled. 



Reclamation Research on the West Line Creek 
Dump: Biomass, Cover, and Species Diversity 

Environmental Insight, March 1996 

Objective: 
To establish a research sampling program to measure basal cover, foliage cover, 
standing crop and species diversity and prove or disprove legume monoculture and 
help determine appropriate seed mixes and techniques for enhancing species 
diversity in future reclamation projects. 

Overview of Methods: 
The research was conducted on a south facing reclaimed spoil dump at Line Creek 
Operations. A belt transect extending 1.6 km ranging in elevation from 1966 to 1798 
meters was established. Along this transect ten 1 Oxl 0 m plots were designed for 
specific treatments: 

Site Identifier Location Treatment 
Daw 1 a 1822 Bench Compare Dawson 1 mix with other mixes and to 

examine the influence of elevation on vegetation 
cover, standing crop and species diversity. 

Daw lb 1798 Bench Same purpose as Daw la 
Daw 1 c 1906 Bench Richardson 2 seed mix was spread over the 

present monoculture without any site preparation. 
This block was established to determine the 
effectiveness of seeding without site preparation as 
a method to increase species diversity within the 
present legume monoculture. 

Rip 1 1810 Bench Same purpose as Daw ic 
Rich la 1930 Bench Seeded with Richardson 1 seed mix; located on the 

south end to determine the effect of aspect on 
vegetation development. 

Daw2a 1930 Bench Seeded with the Dawson 2 seed mix and, 
established on a southwest to compare seed mix 
performance and plant growth on sw facing slopes. 

Daw2b 1882 Bench Seeded with the Dawson 2 seed mix to compare 
seed mix performance 

RunRichl 1894 m Runaway 
Lane Seeded with the Richardson 1 mixture. 

RunRich2 1846 m Runaway 
Lane Richardson 1 mixture. 

RunDawla 1846m Runaway 
Lane Seeded with Dawson 1 mix 



Sampling was conducted annually in late summer (1992-1995) when most of the 
vegetation was mature. Ten subsamples within each block were randomly assigned, 
exclosures placed, and measured for species performance, basal diameter, foliage 
cover, species abundance/species diversity and standing crop (g/m). 

Line Creek Seed Mixes per this study 
Dawson 1 % Dawson 2 % 
Boreal Creeping Red Fescue 5 Boreal Creeping Red Fescue 5 
Red Top 5 Red Top 5 
Troy Kentucky Bluegrass 5 Troy Kentucky Bluegrass 5 
Climax Timothy 5 Climax timothy 5 
White Clover 15 Sheep Fescue 5 
Alsike Clover 15 Bromegrass 15 
Red Clover 15 White Clover 15 
WL316 Alfalfa 35 Alsike Clover 15 

WL316 Alfalfa 30 

Richardson 1 % Richardson 2 
Boreal Creeping-Red Fescue 5 Boreal Creeping Red Fescue 10 
Red Top 5 Red Top 10 
Troy Kentucky Bluegrass 5 Troy Kentucky Bluegrass 10 
Climax Timothy 5 Climax Timothy 10 
White Clover 15 Sheep Fescue 20 
Alsike Clover 15 Fairway Crested Wheatgrass 10 
Red Clover 15 Perennial Ryegrass 10 
Orchard Grass (Kay) 35 Bromegrass 10 

 I Sainfoin 10 

Results Driving Conclusions: 

Species Performance: 

Alfalfa and clover were the best performing species overall. Fescues, timothy and 
Kentucky bluegrass were the dominant grasses. The performance of bromegrass, 
crested wheatgrass, Kay orchardgrass, perennial ryegrass, redtop and sainfoin was 
particularly poor. (Creeping Red Fescue, sheep fescue and clovers were not 
assessed.) 

. Basal Area 

Basal area was conducted only in 1993 and 1994. Mean treatment basal diameter 
decreased from 10.51 cm in 1993 to 8.43 cm in 1994 with the exception of Daw2A 
treatment which doubled between 1993 and 1994. 



Foliage Cover 

Mean legume cover decreased from 20.68% in 1993 to 15.91 % in 1994. Cumulative 
% cover decreased (29.8% to 76.8%) in seven of the treatments and increased 
(47.3% to 63.3%) in 3 of the treatments between 1993 and 1994. 
Grass cover increased from 1993 to 1994 for five of the treatments with increases 
ranging from 45.2% to 96.3 % (Rip 1) 
Legume cover for seven of the treatments decreased with ranges from 40.8% to 
88.2% (DawlA). Legumes were the dominating cover for all treatments except Daw 
2a and Ripi. 

Standing Crop 

Modest increases in standing crop were recorded for most treatments except for 
RichlA and Daw2A which had increases (12.9% and 83.0% respectively. The Dawl 
B and C treatments had decreases of 22.2% to 53.7%. 

Species Diversity 

There appeared to be no pattern or trend in species turnover between treatments 
and years (1 993-1995). Ingress of unsown species was small with reed canary grass 
and an unidentified wheatgrass the only two species recorded. Species richness 
was highly variable with no apparent trend. Species diversity was also variable. 
Diversity was most similar in 1994 but this pattern changed in 1995. Species 
dominance varied between treatments and years. 
Since vegetation dynamics within all of the treatments appear to be highly variable, 
conclusions drawn from three years data is likely premature. Fluctuations in 
productivity are expected in managed and 'natural' successional" environments for 
and this appears, to be the situation for all treatments at Line Creek. 



Establishment and Growth of Mycorrhizal and 
Rhizobium Inoculated High-Elevation Native 
Legumes on Line Creek Operations Coal Mine 
Spoils 

C.R, Smyth, Myosotis Ecological Consultiiig. 1997 

Objective: 
To assess the efficacy of Rhizobium and mycorrhizal inoculation of a select group of 
native high-elevation legumes under growth chamber, glasshouse and field (mine 
spoil) conditions. 

Overview of Methods: 
Direct seeding, transplant survivorship, growth and reproductive performance of 
seven mycorrhizal and 
Rhizobium inoculated high-elevation native legume species were studied at a coal 
mine spoil at Line Creek Operations. The species studied are: alpine milkvetch, 
Bourgeau's milk-vetch, Robin's milk-vetch, bent-flowered milk-vetch, stalked-pod 
crazyweed and silky locoweed. 
Seeds of each legume species were hand-collected from subalpine and/or alpine 
plant populations 
located on mountains adjacent to each transplant location. All seeds were properly 
stored and underwent a sterilization process prior to scarification, and subsequently 
grown in a greenhouse environment. After emergence, the plants were inoculated 
with appropriate Rhizobium strains and harvested after 4 months of growth. The 
roots were then examined for Rhizobium and the respective Rhizobium cultures 
were grown in shake flasks of yeast extract-mannitol broth for two weeks. Sterilized 
commercial peat was placed in seven separate plastic bags which were then re-
inoculated with a strain of Rhizobium specific to each legume species. Ten, fifty 
seed replicates which contained surface sterilized seeds of each species were then 
coated with their respective strain of peat inoculum. Five replicates of each species 
were also coated with sterile non-inoculated peat. The replicates were then sown in 
a completely randomized block design at Line Creek during early spring. Seedling 
growth and vigor were assessed visually and after two growing seasons, 100 plants 
per species and treatment were excavated to determine nodulation. 

Two hundred plants per species and treatment were also grown in the greenhouse 
for four months. The seedlings were then randomly assigned and transplanted into 
rows within blocks on a leveled area of the 1930 m dump at Line Creek Operations. 
All transplants were checked for viable Rhizobium nodulation prior to transplantation. 
As well, twenty-five plants of each species per treatment were randomly selected for 
destructive examination of fungal infection assessment prior to transplanting. Plant 
height, plant diameter, number of leaves, plant survival and flowering data was 
recorded after two years of growth. One hundred plants per species and treatment 



were randomly selected and excavated for assessment of mycorrhizal and 
Rhizobium infection at the termination of the field experiment. 

Results Driving Conclusions: 
The results of the fungal inoculation field experiment revealed that inoculation with 
either VAM or DSF fungi provide an advantage to the legume species. Survival, 
above ground biomass and reproductive activity were greater for the dual inoculation 
treatment of each species. Although yields were not quantified and detailed fertilizer 
trials were not conducted, it is expected that dual inoculation would result in the most 
favorable establishment results for these species. 
Mycorrhizal and Rhizobium infection levels were low in the control treatment and 
highest in the combined inoculation treatments of all species. Transplant survival of 
each species was greatest for the combined inoculation treatment and lowest for the 
uninoculated control. 
Inoculation with mycorrhizae, Rhizobium or a combination of mycorrhizae and 
Rhizobium resulted in greater mean plant diameters, mean plant heights, mean 
numbers of leaves per plant and mean percentage flowering than the uninoculated 
control plants. Measured plant parameters for the single inoculation treatments, i.e., 
mycorrhizal or Rhizobium, were greater than the control, but the greatest increases 
were recorded for the combination inoculation treatment. The greatest differences in 
the measured parameters were recorded for silky locoweed although differences 
were also large for Bourgeau's milk-vetch, Robin's milk-vetch and bent-flowered 
milk-vetch. 

The results of the study have important management implications for the successful 
establishment of these species on unamended spoil dumps at high elevations. 



1997 Legume Evaluation 

Interior ReforestatIon Co. Ltd., February, 1998 

Objective: 

To conduct a legume study on the west Dump at Line Creek Operations and 
determine the stand longevity and health of the legumes, their nitrogen fixing 
capability to surrounding plants, and whether they are providing organic matter to 
the soil. 

Overview of Methods: 

On July31, 1997 three transects (at elevations 1966m 1930m and 1729m) on the 
West Dump were evaluated and on August 1, 1997 three transects were evaluated 
on the Refuse Storage Area. (1991, 1993 and 1995 hummock areas). Sixteen alfalfa 
plants (the dominant legume specie in the stands) for each of the six transects, 
were visually assessed including plant height, plant vigor, stage of growth, visual 
nutrient deficiency and leaf/stem diseases. Five plants per transect were excavated 
and examined for crown health, nodulation and nodule health. Two tissue samples, 
one from the high elevation and one from the low elevation sites were sent for 
analysis. 
The method to determine if legumes were supplying nitrogen to the adjacent plants 
was done by measuring the height and % nitrogen of orchardgrass intermixed with 
alfalfa and comparing with orchardgrass not associated with alfalfa. 

Results Driving Conclusions: 

Stand Health: 
All legume species showed good plant vigor yet show crown rot resulting in new 
shoot development on the outer portion of the crown. The high elevation alfalfa is 
reaching physiological maturity (flowering and seed set) while on the Refuse Storage 
Area there is evidence of repeated grazing by wildlife. Resulting in reduced flowering 
and seed set. 



Plant Nutrient status: 
All legume plants were showing signs of moisture stress. The legumes on Transects 
1, 2, 3 and 6 showed no visual signs of nutrient deficiency although the phosphorous 
content was marginal and suggesting a some deficiency.. Transects 4 and 5 both 
showed signs of boron deficiency. 
The tissue analysis for a high elevation (Table 1) and a low elevation (Table 2) 
transects are shown below: 

Table 1 

Parameter 
Analysi 
s 

Lab 
Rating 

Internationa 
I Standard Comment 

Nitrogen 4.16 Average 3.5-5.0  

Phosphorus 0.26 
Margina 
I 0.3-0.6 

Will reduce biomass 
production 

Potassium 1.94 Low 2.5-3.8 
Will limit biomass 
production 

% Sulfur 0.45 High na  

Calcium 3.17 
Very 
High 1.0-2.5 

Should not limit biomass 
production 

Magnesium 0.66 Average 0.3-0.8 
Should not limit biomass 
production 

Sodium 0.01  na  

Zinc 88.3 High 25-70 
Should not limit biomass 
production 

Boron 22.6 
Margina 
I 35-80 

Will reduce biomass 
production 

ppm Manganese 64.9 Average 30-100 Within acceptable range 

Copper 15 Average 6-15 Within acceptable range 
Iron 129 Average na  
Molybdenu 
m 5.1 

Very 
High 0.5-2.0 

Should not limit biomass 
production 



Table 2 

Parameter 
Analysi 
s 

Lab 
Rating 

Internationa 
I Standard Comment 

Nitrogen 3.47 
Margina 
I 3.5-5.0 

May reduce biomass 
production 

Phosphorus 0.21 Low 0.3-0.6 
Will limit biomass 
production 

Potassium 0.94 Low 2.5-3.8 
Will limit biomass 
production 

/0 

Sulfur 1.51 
Very 
High na  

Calcium 2.26 High 1.0-2.5 Within acceptable range 

Magnesium 1.15 High 0.3-0.8 
Should not limit biomass 
production 

Sodium 0.01  na  
Zinc 54.7 medium 25-70 Within acceptable range 

Boron 18.2 Low 35-80 
Will limit biomass 
production 

ppm Manganese 176.6 
Very 
High 30-100 

Should not limit biomass 
production 

Copper 13.4 medium 6-15 Within acceptable range 
Iron 217 medium na  
Molybdenu 
m 0.7 

Margina 
I 0.5-2.0 

May affect nitrogen 
fixation 

Nitrogen fixation: 
All alfalfa and clover legume roots examined had healthy nodules indicative that 

fixation of nitrogen is occurring. 
Expressed as a % on a dry matter basis, the nitrogen content of orchardgrass 
growing intermixed with alfalfa is greater than the orchardgrass separate from the 
alfalfa, suggesting that the former has access to more nitrogen, hence the alfalfa 
plants are supplying nitrogen to plants in their association. 



Ewin Ridge/Mount Banner Permanent 
Reclamation Sample Plots Assessments 1998 

Myosotis Ecological Consulting, November 1998 

Long-Term Monitoring of Permanent Reclamation 
Plots on High-Elevation Disturbances at Line 
Creek Mine 

EBA Engineering Consultants Limited, 2000 

High Elevation Reclamation Monitoring - Ewin 
Ridge 2004 Assessments 

EBA Engineering Consultants Ltd. Engineering Consultants Ltd. March 
2005 

(Three of these studies are summarized together) 

Objective: 
The experiment was initiated in 1982 to assess revegetation of the high elevation 
exploration disturbances. In 1988 the program was expanded to compare 
vegetation dynamics with undisturbed natural reference areas. The sampling in 
2004 represented 24 years of successive progression on these subalpine and alpine 
disturbances 
Nineteen permanent reclamation monitoring plots were relocated and assessed for 
vegetation, forage production, forage quality and wildlife utilization. The trial was 
consulted and results were assessed in the years 1998, 2000 and 2004. 

1. To record observations on the vegetation, forage production and wildlife 
utilization on permanent sample plots representing reclaimed and undisturbed 
natural areas on Ewin Ridge and Mount Banner. (1998 assessments) 

2. Compare results to the data reported in previous years and provide an 
overview summary of the 24 years of results. (2004 assessments) 

Overview of Methods: 
Assessments were made for each of the 4m2  sample plots including species percent 
cover, mean species height, percent seed heads by species, species vigor and 
percent wildlife utilization. All plots were recorded for plot number, date, latitude, 
longitude, elevation, slope, ecological moisture, nature regime, and soil drainage. 
Evidence of wildlife utilization was also recorded including indirect "sign" 



observation, sounds, home-site, browse utilization, territorial markings, excavations, 
and pellet group counts. 
Forage production was assessed by clipping four randomly located 25cm x 25cm 
samples within each of the plots. The clipping material was separated into shrubs, 
grasses, and forbs and dried. The production clippings were weighed, and then 
weighed again after being air dried for five days thus, to estimate forage production 
on a kg/ha basis. 

Results Driving the Conclusions: 
1998 Results: 
A total of 158 species were recorded within the sample plots. (5 trees, 10 shrubs, 3 
rush, 8 sedge, 24 grasses, 88 forbs, 2 fern allies, 6 mosses, 1 leafy liverwort and 11 
lichens). Surface substrate was highly variable in the reclaimed plots. Rock cover 
ranged from 5-60% while humus cover ranged from 5-95%. In 1998, the percent 
cover and seed head production for the reclaimed and native plots were lower in 
comparison to previous years, but vigor was good. Also, mean percent total cover 
varied considerably between sites and treatments. Colonization by native species 
has increased in the reclaimed plots at both sites over the years. There was a 
decline in species diversity between 1982 and 1992, at both site locations, however, 
a dramatic increase in species richness was recorded in 1998. 

There was very little evidence of current season (1998) grazing observed for either 
the native or reclaimed plots. Based on direct and indirect evidence, 36 wildlife 
species were recorded during field sampling. Based on pellet group data, elk, mule 
deer, and bighorn sheep were the most common wildlife in the study area. 

Forage production varied greatly between individual plots within the site. In 1990 and 
1992 forage production was lower on both reclaimed sites, but dramatically doubles 
for site 2 in 1996 and 1998. Forage quality declined between 1992 and 1996. In 
1998 many parameters indicated forage quality decreased again. 

2000 Results: 
Part One: Soil Development 
There was very little evidence of nIl erosion or soil creep observed. Litter and fibric 
(partially-decomposed) material dominate the organic horizons on the reclaimed 
sited whereas humified material is dominant on the undisturbed sites. The 
percentage of large fragments was much greater in the soil profiles of the reclaimed 
sited in comparison to the undisturbed sites where weathering had been occurring 
for a much longer period of time. A prominent feature of the reclaimed soils was the 
"random" orientation of the large fragments. Humification was observed at the 
reclaimed sites. Root abundance was also observed and was deemed plentiful in 
both the reclaimed and undisturbed sample plots. 
Part Two: Vegetation Assessment 

A total of 160 plant species were recorded within the reclaimed and undisturbed 
sample plots. The mean total cover in Site 1 p10th increased from 54% in 1982 to 
68.5 % in 2000, but had a slight decrease in between 1996 and 1998. As for Site 2 
all cover values were lower than site one with the exception of the years: 1882, 



1988, 1990, and 1992. Most of the reclaimed areas had grass-dominated structural 
stage whereas the undisturbed site had low shrub or young forest structural stage. 
Shrub cover at the undisturbed plot increased slightly between 1988 and 1992 but 
declined 1996 and 1998. Species richness on the reclaimed sites was relative. 

2004 Results: 
A total of 162 plant species were recorded within the sample plots.(5 trees, 10 
shrubs, 3 rush, 8 sedge, 24 grasses, 92 forbs, 2 fern allies, 6 mosses, 1 leafy 
liverwort and 11 lichen). In 2004 percent cover for the reclaimed and native plots 
were much higher in comparison to 2000. Meant total percent cover for the 
reclaimed plots averaged 66% for Site 1 and 62.3% for Site 2. However, total cover 
varied considerably between sites and treatment in 2004 as it did in previous years. 
Plant vigor was good for both the reclaimed and native reference plots. Colonization 
by native species has increased in the reclaimed plots over 20 years since 
revegetation. The reclaimed areas have a grass dominated structural stage 
whereas the undisturbed adjacent areas have either grassland or shrub land 
structural stages. 

Based on direct and indirect evidence 14 wildlife species were documented. Signs 
and or direct observation of a number of mammal species on both the native and 
reclaimed plots were recorded. Rocky Mountain bighorn sheep, mule and elk are 
the most common wildlife within the study area. A higher number of pellets in the 
reclaimed sites indicate that those areas are utilized, rather than avoided by 
ungulates 

Forage productions on the reclaimed sites of Ewin Ridge and Mount Banner have 
been measured since 1985. Forb and grasses are the dominant components of the 
standing crop production. Forage production, as in previous years were higher in 
Site 1 versus Site 2. 

The recovery of the exploration disturbances in these high elevation sites has been 
facilitated by the close proximity of appropriate colonizing species. The majority of 
the native species possess the ability to tolerate coarse textured soils with low 
nutrient content. 



Nutrient Movement through Growth Medium 
West Line Creek Dump 

Interior Reforestation Co. Ltd., January 1999 

Objective: 
To monitor the movement of nutrients through the waste rock growth medium and 
determine if resin technology is suitable for this application at the Line Creek Mine. 
Background: 
An Informal alfalfa tissue analysis program conducted on the West Line Creek waste 
dumps indicated that alfalfa plants showed deficiencies in phosphorus despite 
maintenance fertilizer application. This current study was to examine potential 
causes for phosphorus deficiency. Three possible explanations were proposed by 
Interior Reforestation (1999): 

• The growth medium for the plant community has a high pH, and high levels of 
both calcium and magnesium. These three conditions are common in many 
western North American soils and are known to tie up both phosphorous and 
potassium, thereby reducing their availability to the plant community. 

• The clay content of the growth medium is insufficient to retain nutrients within 
the rooting zone. This allows nutrients to be leached through the growth 
medium and out of the rooting zone. 

• Nutrients are being applied too late in the plant's growth cycle for the plants to 
complete nutrient uptake. 

It was suggested that the cause of the deficiencies was likely a combination of the 
three factors. An experiment using resin technology was selected as means to 
measure the release and movement of nutrients through the growth medium over a 
specific time period. 

Overview of Methods: 
Two 50'xl00' plots were established within the grass/legume plant community on the 
West Line Creek waste dumps in July 1998. Both plots were clipped to promote 
regrowth of the plants resulting in increased nutrient uptake. Permanent access 
tubes for resin capsule placement were installed in the four small pits dug in each of 
the two plots. A heavy fertilizer application was applied to one of the plots leaving 
the other as a control plot. One plot received a heavy fertilization treatment of 
200lbs/ac of 13-16-10-12S and 200lbs/ac of 18-18-18-18-2S and the other was left 
as a control. 250 gallons of water was then applied to the plots. 
In July, Resin capsules were placed in the tubes at depths of 4 and 10 inches. The 
first sampling set was removed in August, 1998 and replaced with the second study 
set which were then removed in September. 
In September, 1998, two composite samples of alfalfa plants were taken from both 
the fertilized and unfertilized plots for nutrient uptake analysis. 



Results Driving Conclusions: 
Nutrient Concentrations in Alfalfa Tissues by Plot  

Parameter 
• 

International 
Standard 

Unfertilized Fertilized 

Sample Sample Average  Sample Sample Average 

Nitrogen 3.5-5.0 3.62 3.41 3.52 3.58 3.61 3.60 

Phosphorus 0.3-0.6 0.16 0.17 0.17 0.14 0.15 0.15 

Potassium 2.5-3.8 1.23 1.22 1 	1.23 1.39 1.22 1.31 

°"° Sulfur na 0.64 0.55 0.60 0.51 0.56 0.54 

Calcium 1.0-2.5 4.0 3.67 3.84 3.7 3.77 3.74 

Magnesium 0.3-0.8 0.72 0.67 0.70 0.69 0.65 0.67 

Sodium na 0.01 0.01 0.01 0.01 0.02 0.02 

Zinc 25-70 99.7 88.6 94.15 69.5 62.6 66.05 

Boron 35-80 39.4 46.5 42.95 44.2 31.3 37.75 

Manganese 30-100 74.3 81.5 77.90 47.4 59.8 53.60 
ppm 

Copper 15-Jun 9.2 7.9 8.55 7 6.4 6.70 

Iron na 	 1 175 1 170 172.50 116 142 129.00 

Molybdenum 0.5-2.0 	1  8.4 1  7.0 7.70 7.1 5.3 6.20 

The concentrations of N, P, K, 5, Mg and Ca in plant tissues were very similar 
between the fertilized and unfertilized plots suggesting insufficient moisture in the 
growth medium. The sampling period for this project (July 28-Sept 16 was very dry 
with a total of 28mm of moisture in the form of precipitation and water added after 
fertilizer was applied. 
The calcium content is much greater than the standard and is considered excessive 
and therefore suppressing other nutrients. Zinc (in fertilized plots only) and 
molybdenum were three time higher than the upper end of the standard. Although 
this will not suppress biomass production, it will reduce the quality of the forage 
produced. 
The resin capsule component of the study did not provide any conclusive results as 
only the first set of data was useable. When the resin capsules were collected in 
September, the plants had little regrowth and appeared to be drought stressed. This 
is consistent with the low precipitation during the test period. Resin technology 
depends on mass flow to move the nutrients through the growth medium to the resin 
capsules. All nutrient concentrations (except for NH4) were significantly higher in the 
first sampling period compared to the second sampling period. Even from the one 
set of data, it appears that mobile nutrients such as nitrogen and sulfur move 
through the rooting zone with moisture. The immobile nutrients, phosphorus and 
potassium appear to remain near the surface and do not move within the rooting 
zone to any great extent. The resin core technology appears to be a suitable method 
to follow the fate of plant nutrients but a new study design and time period was 
recommended. 



Long-Term Monitoring of Permanent Reclamation 
Plots on High-Elevation Disturbances at Line 
Creek Mine 

EBA Engineering Consultants Limited, 2000 

Objective: 
The experiment was initiated in 1982 to assess revegetation of the high elevation 
exploration disturbances. In 1988 the program was expanded to compare 
vegetation dynamics with undisturbed natural reference areas. The sampling in 
2000 represented 20 years of successive progression on these subalpine and alpine 
disturbances. 

Overview of Methods: 
Part One: Soil Development: Soil was classified according to the Canadian System 
of Soil Classification. 
Part Two: Vegetation Assessment: Vegetation assessment of each 4m 2  sample plots 
included species percent cover, mean height, percent seed heads by species, 
species vigor and percent wildlife utilization. Environmental data such as plot 
number, date, latitude, longitude, elevation, aspect, slope etc. 

Results Driving the Conclusions: 

Part One: Soil Development 
There was very little evidence of nIl erosion or soil creep observed. Litter and fibric 
(partially-decomposed) material dominate the organic horizons on the reclaimed 
sited whereas humified material is dominant on the undisturbed sites. The 
percentage of large fragments was much greater in the soil profiles of the reclaimed 
sited in comparison to the undisturbed sites where weathering had been occurring 
for a much longer period of time. A prominent feature of the reclaimed soils was the 
"random" orientation of the large fragments. Humification was observed at the 
reclaimed sites. Root abundance was also observed and was deemed plentiful in 
both the reclaimed and undisturbed sample plots. 

Part Two: Vegetation Assessment 
A total of 160 plant species were recorded within the reclaimed and undisturbed 
sample plots. The mean total cover in Site 1 plots increased from 54% in 1982 to 
68.5 % in 2000, but had a slight decrease in between 1996 and 1998. As for Site 2 
all cover values were lower than site one with the exception of the years: 1882, 
1988, 1990, and 1992. Most of the reclaimed areas had grass-dominated structural 
stage whereas the undisturbed site had low shrub or young forest structural stage. 
Shrub cover at the undisturbed plot increased slightly between 1988 and 1992 but 
declined 1996 and 1998. Species richness on the reclaimed sites was relatively 
constant between 1985 and 1990. However, a dramatic increase in species 
richness was recorded in 1996 and 1998, continuing to 2000. 
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Appendix VIII - Elk Valley Studies List 

Elkview Operations 

StudylReport Title 	 Source/Author 
1. Effect of Clearcutting and Interior Reforestation Co. Ltd. 1996 and 1997. 

Fertilization on Improving 	1995 and 1996 Operational Mitigation 
Ungulate Habitat at 	Monitoring Report: Erickson Creek and Michel 
Erickson Creek. 	 Slopes. 

2. Effect of Fertilization on 	Westar Mining Ltd. 1990. 1989 Annual Report 
Vegetative Biomass for 	and Proposed Program for 1990. 
Improving Ungulate 	Interior Reforestation Co. Ltd. 1996 and 1997: 
Habitat at the Michel 	1995 and 1996 Operational Mitigation 
Slopes. 	 Monitoring Report: Erickson and Michel Slopes 

3. Nutrient Cycling Study 	Kaiser Resources Ltd. 1977, 1978 and 1979. 
Annual Reclamation Reports 1976, 1977 and 
1979. Westar Mining Lid. 1983. 1982 annual 
Report and Proposed Program for 1983. 
Ziemkiewicz, P.F. 1977 A comprehensive 
Reclamation Research Program on Coal Mining 
Disturbed Lands 

4. Reconnaissance 
Assessment of 
Mycorrhizal Colonization 
of Reclaimed Sites at 
Elkview Operations. 

Ponder, Jr., Felix. 1980. Rabbits and 
Grasshoppers: Vectors of Endomycorrhizal 
Fungi on New Coal Mine Spoil. USDA For. 
Serv., North Central Forest Experiment Station, 
Research Note NC-250. 
Przeczek, John and Tom Baumandl, 2007. 
2006 Vegetation and Soils Monitoring Report: 
Elkview Operations Sparwood, B.C. 

5. Introduction of Soil 	Westar Mining Ltd. 1986 and 1987. 1985 and 
Microfauna on a High 	1986 Annual Report and Proposed Program for 
Elevation Reclaimed Site 	1986 and 1987. 

6. Earthworm Species Trial 	Westar Mining Ltd. 1984 - 1987. 1983-1986 
and Inoculation Study 	Annual Report and Proposed Program for 

1984- 1986. 



7. 	Ungulate Winter Habitat Interior Reforestation Co. Ltd. 1994. Ungulate 
Mitigation Plan and Winter Habitat Mitigation Plan Phase 1 - 
Enhancement Harmer West Slopes. Consultants Report 
Treatments- Harmer prepared for Elkview Coal Corp. Interior 
West Slopes. Reforestation Co. Ltd. 1996, 1997 and 1998. 

1995, 1996 and 1997 Ungulate Winter Habitat 
Mitigation Monitoring Report- Harmer West 
Slopes. 
Przeczek, john and Tom Baumandl, 2007. 2006 
Vegetation and Soil Monitoring Report 

8. High Elevation Tree and 	Westar Mining Ltd. 1986, 1987 and 1990. 1985, 
Shrub Outplanting Trials 	1986 and 1989 Annual Reports and Proposed 

Program for 1986, 1987 and 1990. 

9. Grass Plug Study 	Westar Mining Ltd. 1984, 1985, 1986 and 1987. 
1983, 1985, 1985 and 1986 Annual Reports 
and Proposed Program for 1984, 1985, 1986 
and 19987, 1987 and 1990. 

10. Diverse Wildlife Habitat 	Westar Mining Ltd. 1983, 1984, 1985, 1986 
Pilot ProjectatHarmeril 	and1987. 1982, 1983, 1984, 1985, and 1986 

Annual Reports and Proposed Program for 
1983, 1984, 1985, 1986 and 1987 

11. Comparative Performance Kaiser Resources Ltd 1979. Annual 
of Seeded Native and 	Reclamation Report for 1978 and Proposed 
Agronomic Grasses and 	Program for 1979. Westar Mining Ltd. 1983, 
Legumes 	 1984, 1985, 1986 and 1987 1982, 1983, 1984, 

1985, and 1986 Annual Reports and Proposed 
Program for 1983, 1984, 1985, 1986 and 1987 

12. Spring and Fall 	 Kaiser Resources Ltd 1979. Annual 
Agronomic and Native 	Reclamation Report for 1978 and Proposed 
Species Seeding Trial 	Program for 1979. Ziemkiewicz. P.F. 1977 A 

Comprehensive Reclamation Research 
Program on Coal Mining Disturbed Lands. 
Westar Mining Ltd. 1983, 1984, 1985, 1986 
and 1987. 1982, 1983, 1984, 1985, and 1986 
Annual Reports and Proposed Program for 
1983, 1984, 1985, 1986 and 1987 



13. High Elevation Species 	Kaiser Resources Ltd 1974, 1975, and 1978. 
Trials 	 Annual Reclamation Reports for 1973, 1974 

and 1977 and Proposed Programs. 
Ziemkiewicz. P. F. 1977 A Comprehensive 
Reclamation Research Program on Coal Mining 
Disturbed Lands 
Westar Mining Ltd. 1983, 1984, 1985, 1986, 
and 1987. 1982, 1983, 1984, 1985, and 1986 
Annual Reports and Proposed Program for 
1983, 1984, 1985, 1986 and 1987 

14.Vegetation Assessment of Kaiser Resources Ltd, 1975, 1978, and 1979. 
Representative Reclaimed Annual Reclamation Reports for 1975, 1977 
Sites 	 and 1978 and Proposed Programs. 

Ziemkiewicz. P.F. 1977 A Comprehensive 
Reclamation Research Program on Coal Mining 
Disturbed Lands Westar Mining Ltd. 1983, 
1984, 1985, 1986, 1987 and 1990. 1982, 1983, 
1984, 1985, 1986 and 1989 Annual Reports 
and Proposed Program for 1983, 1984, 1985, 
1986, 1987 and 1990 



Effect of Clearcutting and Fertilization on 
Improving Ungulate Habitat at Erickson Creek. 

Objective 
To evaluate harvesting (clearcut) and fertilizer treatments for increasing vegetation 
cover and biomass production to enhance wildlife habitat on a site at Erickson 
Creek. This work was done as part of the wildlife mitigation commitments for the 
Bodie Dump project. 

Experiment initiated in 1995. 
Work was done in 1995, 1996 and 1997. 

Overview of Methods 
In 1995 four transects were established on Erickson Creek. The two controls were 
established under a forest canopy (1A, 2A) and the two fertilized treatments were in 
cutbiocks harvested as clearcuts (1, 2). 

The treated sites were aerially fertilized on May 24, 1995 with 10-30-19 fertilizer at 
an application rate of 20 kg/ha. They were fertilized again on June 6, 1996 with 19-
24-14 fertilizer at a mean application rate of approximately 33.5 kg/ha. Treated areas 
were also fertilized in 1997 with 27-0-0-17(S) at approximately 160 kg/ha. 

Results driving the Conclusions 
Biomass production was higher in fertilized clearcuts than the unfertilized forested 
controls and the differences were often statistically significant. However, the study 
was not designed to separate the harvesting effects from the fertilization effects. The 
most important changes increases in biomass were due to the increase in grass 
biomass in the clearcut areas. Pinegrass, which is only marginally palatable, was the 
dominant grass species on both sites. 
The relatively low levels of fertilization probably had a limited affect on the biomass 
productivity. The fertilizer affect was further limited due to the relatively late point in 
the growing season when fertilization was undertaken. The optimum time to apply 
fertilizer is as early in the growing season as possible so that the nutrients are 
available as the plants begin growing. 
Clearcutting can be an effective treatment for increasing biomass productivity and 
improving the forage available for ungulates where palatable species are resent or 
encouraged. 



Reports Reviewed 
Interior Reforestation Co. Ltd. 1996. 1995 Operational Mitigation 
Monitoring Report: Erickson Creek and Michel Slopes. Consultants 
Report. 23 pp + append. 

Interior Reforestation Co. Ltd. 1997. 1996 Operational Mitigation 
Monitoring Report: Erickson Creek and Michel Slopes. Consultants 
Report. 50 pp + append. 

Interior Reforestation Co. Ltd. 1996. 1995 Operational Mitigation 
Monitoring Report: Erickson Creek and Michel Slopes. Consultants 
Report. 53 pp + append. 



Effect of Fertilization on Vegetative Biomass for 
Improving Ungulate Habitat at the Michel Slopes. 

Objective 
To evaluate fertilizer treatments for increasing vegetative cover and biomass 
production to enhance wildlife habitat on the Michel Slopes. 

Experiment initiated in 1989, re-established in 1995. 
Work was done in 1989, 1995, 1996 and 1997. 

Overview of Methods 
The initial study conducted in 1989 was implemented because the steep Michel 
slopes do not lend themselves to other forms of rangeland enhancement. The study 
treated 40 ha on the west side of the ravine with 30-10-10 fertilizer at a rate of 20 
kg/ha; the east side of the ravine was not fertilized. 

In 1995 the trial was re-established with five transects being laid out on the Michel 
Slopes; one was a control (Ml) and four were fertilized (M2-M5). 

The Michel Slopes were aerially fertilized on May 24, 1995 with 10-30-19 fertilizer at 
an application rate of 20 kg/ha. They were fertilized again on June 6, 1996 using 19-
24-14 fertilizer with an application rate of approximately 33.5 kg/ha and they were 
fertilized on June 51h 6th and gth  1997 with 27-0-0-17S at a rate of 116 kg/ha. 

Results driving the Conclusions 
The initial study conducted in 1989 showed that there fertilization yielded a positive 
biomass increase of approximately 89% (870 kg/ha vs. 463 kg/ha) which indicated 
that nutrients were limiting on the site. 

Changes in vegetative cover (%) between 1995 and 1996 were inconsistent with the 
control increasing, two fertilized transects remaining unchanged and two fertilized 
transects decreasing. At the end of the study in 1997 cover levels had decreased to 
below the initial 1995 levels on all transects. 

Changes in biomass productivity (kg/ha) were also inconsistent over the study with 
levels being similar in 1995 and 1996. In 1997 the control and two fertilized transects 
(M2, M3) were below 1995 levels while the other transects had either increased (M4) 
or had remained unchanged throughout the study (M5). 

Fertilization application rates were probably too low to promote positive changes in 
biomass productivity and this was confounded by the late fertilization timing in all 
three years of the study. There was no correlation found between vegetative cover 
and biomass productivity. 



Reports Reviewed. 
Westar Mining Ltd. 1990. 1989 Annual Report and Proposed Program for 1990. 43 
pp + append. 

Interior Reforestation Co. Ltd. 1996. 1995 Operational Mitigation Monitoring Report: 
Erickson Creek and Michel Slopes. Consultants Report. 23 pp + append. 

Interior Reforestation Co. Ltd. 1997. 1996 Operational Mitigation Monitoring Report: 
Erickson Creek and Michel Slopes. Consultants Report. 50 pp + append. 

Interior Reforestation Co. Ltd. 1996. 1995 Operational Mitigation Monitoring Report: 
Erickson Creek and Michel Slopes. Consultants Report. 53 pp + append. 



Nutrient Cycling Study 

Objective 
To determine if reclaimed plant communities would become self-sustaining. 

Experiment initiated in 1976. 
Work was done in 1976- 1980, 1982 

Overview of Methods 
In 1976 two transects that were fertilized for 3 and 4 years were established at the 
Harmer Assembly pad (2100 m, subalpine) along with one unfertilized control and 
one native grassland site. One of the transects had a final fertilization rate of 220 
lbs/ac and the other was at 1000 lbs/ac. Three additional fertilized transects, all with 
a final fertilization rate of 220 lbs/ac were established in 1977 to represent sites that 
had been fertilized for 4, 5 and 7 years. 

Two fertilized transects that were fertilized for 3 and 4 years were also established at 
C Seam (1650 m, Montane) along with an unfertilized control and an undisturbed 
native grassland site. 

Soil samples were taken along with tissue from plant shoots, roots and litter; 
sampling was completed in June, August and October of each year. 

Results Driving the Conclusions 

Montane Site (C Seam) 
Fertilized plots had greater shoot and root biomass that the unfertilized plots. Shoot 
production on fertilized and unfertilized plots peaked in late June and then declined 
rapidly. Detrius levels followed the same pattern which indicates that there was 
significant decomposition in the June - September period. Root production dropped 
rapidly in June and reached very low levels in September indicating that root 
biomass was returned to the soil during this period. 

Fertilization effects were still noticeable 2 years after the cessation of fertilization but 
had disappeared after 4 years. Unfertilized plots had greater increases in root N, F, 
and K levels which indicates that the source of the nutrients is within the plant 
community rather than in fertilizers; this is the point where the cessation of 
fertilization should be considered. This equates to 3-4 years of fertilization in the 
Montane. 

Subalpine Site (Harmer Assembly Pad) 
Fertilized plots had greater shoot and root biomass than the unfertilized plots. Shoot 
production on fertilized and unfertilized plots remained high late into the growing 
season. Detrius levels on the fertilized plots declined rapidly in the June - 
September period. The majority of the detrius was from the previous growing season 



therefore decomposition and return to the soil takes place over 2 years. Without 
fertilization was inhibited further and takes place over a long period. Root biomass at 
all high elevation plots decreased over the growing season indicating that cycling 
was taking place over the growing season. 

General 
Fertilization increased organic matter. Fertilized agronomic grasses on reclaimed 
sites produced significantly more organic matter than unfertilized agronomic areas or 
native areas with or without fertilization; agronomic grasses and legumes appear to 
be satisfactory for reclaiming subalpine mining disturbances. The combination of the 
above and below ground organic matter created and effective erosion control cover 
through the binding action of the roots and interception of rainfall by the shoots. 
Approximately 40% of the annual production was in shoots and 60% was in roots. 

Reports Reviewed 
Kaiser Resources Ltd. 1977. Annual Reclamation Report 1976. 29 pp + append. 

Kaiser Resources Ltd. 1978. Annual Reclamation for 1977 and Proposed Program 
for 1978. 44 pp + append. 

Kaiser Resources Ltd. 1979. Annual Reclamation Report for 1978 and Proposed 
Program for 1979. 64 pp + append 

Westar Mining Ltd. 1983. 1982 Annual Report and Proposed Program for 1983. 49 
pp. 

Ziemkiewicz, P.F. 1977. A comprehensive reclamation research program on coal 
mining disturbed lands. Paper presented to Proceedings of the 1st Annual British 
Columbia Mine Reclamation Symposium in Vernon, BC, 1977. The Technical and 
Research Committee on Reclamation. ppl2O— 132. 



Reconnaissance Assessment of Mycorrhizal 
Colonization of Reclaimed Sites at Elkview 
Operations. 

Objective 
To determine the level of mycorrhizal fungi colonization at three old reclaimed sites 
at Elkview Operations. 
Experiment initiated in 2006. 
Work was done in 2006. 
Overview of Methods 
A reconnaissance assessment of mycorrhizal fungi colonization was conducted at 
three sites on the Elkview property in 2006 (Harmer, Adit, and C-Seam). One 
sampling transect was located at each site and a complete creeping red fescue root 
system was excavated at specified distances on each of the transects (5 samples 
per transect). Excess soil was carefully removed from each root ball, and root balls 
were gently washed to remove additional soil. Roots were treated, stained and 
observed under a dissecting microscope, and each sample was ranked for the 
presence of mycorrhizae based on a five-scale system. 

Results driving the Conclusions 
All samples showed colonization by mycorrhizal fungi, and twelve root samples had 
good or excellent colonization. Samples taken closer to undisturbed forest stands, 
which would be an inoculum source, appeared to have higher colonization ratings 
than other samples. The Adit site is isolated from other areas at the mine and it 
shows lower overall colonization levels compared to Harmer and C-Seam. 

Mycorrhizal colonization has occurred at all sites which indicates that some soil-
related ecological processes are re-establishing on reclaimed sites at Elkview 
Operations. The successful colonization by mycorrhizal fungi suggests that there 
may be a sufficient store of inoculum in reclaimed coal materials, or it may reflect the 
ability of fungal spores to be transported by winds in this exposed mountainous area. 
Ponder, Jr. (1980) found that rabbit droppings and grasshoppers were vectors for 
endomycorrhizal fungi on a coal mine spoil in Illinois and suggests that other small 
mammals may also play an important role in the establishment of endomycorrhizae 
on coal spoils. 

Reports Reviewed 
Ponder, Jr., Felix. 1980. Rabbits and grasshoppers: vectors of endomycorrhizal 
fungi on new coal mine spoil. USDA For. Serv., North Central Forest Experiment 
Station, Research Note NC-250. 2p. 
Przeczek, John and Tom Baumandl. 2007. 2006 Vegetation and soils monitoring 
report: Elkview Operations, Sparwood, B.C. Consultants Report prepared for Elk 
Valley Coal Ltd. 39 pp + append. 



Introduction of Soil Microfauna on a High 
Elevation Reclaimed Site 
Objective 
To develop the techniques necessary to encourage the rate of colonization of 
reclaimed mine spoil by soil fauna and to explore the feasibility of inoculating mine 
spoil with all or part of a soil community. 

Experiment initiated in 1985. 
Work was done in 1985, 1986 

Overview of Methods 
This experiment was conducted on the 1980 reclaim at Harmer. To increase micro-
fauna in the reclaimed soil environment, undisturbed topsoil was transferred onto a 
reclaimed site and placed within suitable microsites. Topsoil was not placed on un-
reclaimed spoil or reclaimed spoil which does not yet have a sufficient vegetative 
cover to protect the organisms from excessive desiccation and temperature 
extremes. Topsoil "inoculum" was placed on spoil representing three different 
microsite conditions; level ground, exposed southwest-facing slope and protected 
areas of snow accumulation (depressions). Each microsite consists of 3 replicate 
plots. Top soil was obtained from a forest stand in which the top 3-4 inches were 
removed. This topsoil was placed in a dump truck, and roughly 1-2 square metres 
were spread about 4 inches deep on each plot. Soil samples were taken just before 
the topsoil was removed from the forest and from the reclaimed area to determine 
the types and densities of soil fauna present in the reclaimed and forest soils before 
topsoil transfer. Soil temperature and humidity were monitored at three week 
intervals from late May to early September 1985 

One year following inoculation, each of the 9 plots in the 3 microsites were re-
sampled. This included sampling the topsoil inoculum to estimate survival of forest 
soil fauna, as well as sampling the reclaimed sites around the inoculum sources to 
detect any increases in faunal density or changes in faunal diversity. Soil moisture 
content and temperature were monitored within each microsite between years and 
during the summer. Two replicate plots from each of three microhabitat types were 
sampled by running a transect 15 meters upslope and 15 meters down slope from 
each inoculum patch, with a sample taken at a distance of 1, 2, 3, 4 and 15 meters 
along each transect direction. Two samples were taken from within the topsoil 
inoculum at each plot. 

Results driving the Conclusions 
The diversity of the soil fauna found in the soil samples taken prior to placement of 
the inoculum plots were highest in the forest soil followed by the south 
slope/depression and level spoils sites. Density of soil fauna were highest in the 
forest soil followed by the followed by the south slope and depression/level spoils 
sites. Mites were the most abundant soil animals found on all sites with Collembola 



being the second most abundant. Beetles, particularly from the predaceous family 
Staphylinidae, were the most abundant insects on reclaimed sites whereas 
pauropods and nematodes were the most abundant insects in forest soils. The 
abundance of pre-treatment soil fauna was positively correlated with soil moisture at 
all reclaimed sites but not in the forest soils. Depressional microsites were the 
moistest and there was no significant difference in soil moisture between the south 
slope and level microsites. Soil temperature was warmest on the south facing 
microsites and coolest in the depressions. 

Sampling in 1986 revealed that soil fauna diversity in reclaimed spoil materials were 
not influenced by placement of a forest soil inoculum. The highest diversity was in 
the depressional sites which were unchanged from 1985 levels whereas the number 
of insect taxa were significantly lower on the level microsite in 1986 and all taxa 
were significantly lower on the south facing microsite in 1986. Soil fauna density in 
reclaimed spoil materials were not increased by placement of a forest soil inoculum. 
The highest density was in the soil inoculum which was higher than in the adjacent 
spoil material where density in depressional sites was consistently higher in total 
density and density in each taxa than the other two microsites. Samples taken at 1 
and 15 meters from the inoculum plots had lower densities and diversity than the 
inoculum plots but there were no difterences between the two distances which 
indicated that there was no migration from the inoculum source. 

Inoculating reclaimed spoil with forest topsoil did not increase the density of soil 
fauna after one year. However, the study showed that depressional sites are more 
favourable to soil fauna and may act as natural inoculum points throughout the 
reclaimed environment. The lack of soil organic matter may be limiting soil fauna 
survival on these sites. It is highly desirable to create depressions or protected areas 
of snow.accumulation during the resloping process to facilitate the establishment of 
a soil fauna community on the reclaimed sites. 

Reports Reviewed 
Westar Mining Ltd. 1986. 1985 Annual Report and Proposed Program for 1986. 

Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 
pp + append. 



Earthworm Species Trial and Inoculation Study 

Objective 
To determine the effects of introducing two species of lumbricid earthworms 
(Lumbricus terrestris and Lumbricus rubellus), onto a high elevation reclaimed site, 
to investigate both species survival and effects on decomposition rates and soil 
characteristics. 

Experiment initiated in 1983. 
Work was done in 1983, 1984 and 1985. 

Overview of Methods 
The species trial was located at an 8 year old reclaimed site (Adit 29) and tested two 
species of earthworms (Lumbricus terrestris and L. rubellus). Ten (10) inoculation 
points for each species were laid out in four different microhabitats that included 
level terrain, southwest facing slope, northwest facing slope, and a moist depression 
with alfalfa. Control plots were also laid out for each pair of species inoculation plots. 
Earthworms were introduced in June of 1983. 

The inoculation study was duplicated on two reclaimed sites. An 8 year old site 
reclaimed in the fall of 1975 (Adit 29) and a 7 year old site reclaimed in 1977 
(1977S). Five 1 m2 plot pairs were established on each site. The five inoculation 
plots were randomly spaced along a transect line, and each plot had a control plot 
selectively placed at a distance of roughly 2-4 meters, in a similar microhabitat. One 
hundred mature L. Terrestris were evenly spaced over each of the 5 m2 inoculation 
plots. Inoculation occurred in June of 1983. 

At the end of the 1983 growing season, detritus levels in each of the plot pairs on the 
7 year old site were compared, and the site thoroughly checked for signs of 
earthworm activity. Detritus levels on the 7 year old site were checked again in 
June, 1984; there were no further assessments of this study. The 8 year old site was 
left undisturbed and was never sampled. 

Results driving the Conclusions 
Species Trial 
From 1983 - 1985 the species L. rubellus showed the most promise for an 
inoculation species with 80% of the inoculation points showing evidence of castings 
or burrows on the soil surface. L. terrestris activity was only found on 20% of the 
inoculation points. All plots showed and there was no difference in survival relative to 
microhabitat type. Investigations in 1986 included revisiting all points where activity 
was found in 1985 and excavating each to approximately 25 cm depth. There was 
no evidence of recent surface activity, live worms, or egg capsules found in the 
excavated soil samples. 

Inoculation Study 



All 5 treatment plots showed signs of L. rubellus activity in August 1983. Spot 
checks on the earthworm inoculation trial showed evidence of burrowing activity and 
casts were found on the 7 year old site. No dead worms were found on these sites. 
Detritus levels between treated and control plot pairs were not significantly different, 
although litter levels were on average lower in the treated plots. Again in 1984 
treatment plots showed signs of activity; however, levels of detritus between plot 
pairs were not significantly different. Control plots had no signs of earthworm activity 
at anytime. These sites were not sampled in1985 or 1986. 

If further work to establish earthworm on reclaimed sites is considered, it appears 
that L. rubellus could be considered, although a species found in the Elk Valley may 
be better adapted to the climate and soils in the area. Inoculations should be done in 
the spring or fall when cool, moist conditions will promote optimum activity and 
survival. Adequate vegetative cover should be present to provide protection from 
excessive heat and light. Inoculation points may be more successful if a nitrogen 
fixing species such as alfalfa is present. Alternative inoculation methods including 
the use of cocoons, juveniles or blocks of soil from an area with known earthworm 
populations could be considered. 

Reports Reviewed 
Westar Mining Ltd. 1984. 1983 Annual Report and Proposed Program for 1984. 47 
pp + append. 
Westar Mining Ltd. 1985. 1984 Annual Report and Proposed Program for 1985. 40 
pp + append. 
Westar Mining Ltd. 1986. 1985 Annual Report and Proposed Program for 1986. 
Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 
pp + append. 



Ungulate Winter Habitat Mitigation Plan and 
Enhancement Treatments— Harmer West Slopes. 

Objective 
To develop a strategy to improve forage potential for wintering ungulates, prepare 
treatment prescriptions for site specific habitat manipulations, and implement a 
series of treatments on the Harmer West Slopes. This work was done as part of the 
wildlife mitigation commitments for the Bodie Dump project. 

Experiment initiated in 1994.   
Work was done in 1994, 1995, 1996, 1997 and 2006. 

Overview of Methods 
In 1994 three treatments were prescribed to reduce the overstory, with a number of 
different prescriptions within each treatment type. The treatments were: timber 
harvest, aspen manipulation, and slashing followed by piling and burning. 
Treatments for the aspen slash were never under taken. Reference sites as well as 
treatment sites were set up for each treatment 

Ten timber harvest treatment units were established. Treatment units ranged from 
0.5 ha to 37.0 ha in size with a total area of 65 ha treated. All Douglas-fir> 60 cm 
d.s.h and all larch > 50 cm d.s.h. were reserved for their old growth attributes and to 
contribute to wildlife tree recruitment and vertical diversity. Aspen and cottonwood 
as well as 50% of the birch coppices (clumps) were reserved from harvest. All non-
merchantable conifer stems > 4 meters tall were slashed and piled; the piles were 
burned on snow, retaining 2 piles per hectare for small mammal habitat. All Douglas-
fir less than 4 meters tall with a live crown within 1 meter of the ground were 
retained. 

Four conifer slash treatment units were established. Treatment units ranged from 
2.6 ha to 4.5 ha in size with a total area of 14.8 ha treated. This treatment was used 
where conventional timber harvest was not an option due to topographic constraints. 
Slashing, hand piling and burning all conifers <27.5 cm d.s.h. occurred and all larger 
stems were reserved. The maintenance of these sites was to occur through a series 
of low intensity prescribed burns but no burns were carried out. 

Results driving the Conclusions 
Deciduous Dominated Sites 
The reference site (C5) was dominated by two species of shrubs, snowberry and 
thimbleberry. There was a great deal of variability in species cover from year to year 
on the reference site, for example, forbs and grasses were reduced five-fold in 2006 
from the previous measurements. Three species with high or moderate forage value 
(Douglas maple, prickly rose, red-osier dogwood) occurred on the reference site 
(C5) that either did not occur on the treated site (C2) or were present at very low 
cover. 



Species composition of the treated site (C2) was dominated by species that are not 
identified as high or moderate value forage for mule deer or elk (birch-leaf spirea 
pinegrass, buffalo berry, ryegrass, thimbleberry). Snowberry and Oregon-grape, two 
species with moderate forage value, were also dominant. Species that responded 
positively to the treatment after the 1995 measurement year were pinegrass, 
American vetch, birch-leaf spirea, fowl bluegrass, ryegrass, saskatoon, raspberry, 
showy and smooth asters, snowberry, and thimbleberry. Some of these species 
showed only a short lived response (notably snowberry in 1996 and thimbleberry in 
1997). Pinegrass was the single most dominant species. In terms of species 
composition, the treatment does not appear to have benefited the desired forage 
species significantly. 

Biomass response to the treatment appears to take two years and then persists over 
the ten-year period. The first year after treatment (1996) the treatment is not 
significantly different from the reference area. The following year (1997), total 
biomass in the treated area increased dramatically to almost four times the level in 
the reference area (treated 973 kg/ha versus reference 246 kg/ha). The majority of 
this increase was due to the increase of grass biomass. In 2006, the magnitude of 
the difference between the treatment and the reference for total non-woody biomass 
increased slightly relative to 1997 (treated 1,005 kg/ha versus reference 146 kg/ha). 
However in 2006, the contribution of forbs relative to grass in the treated site had 
increased. The treatment also resulted in increased variability after two years post 
treatment. The increased variability may be due to a range of effect of the treatment 
across the treatment area. 

Grassland Sites 
The grassland reference site (H2) is dominated by fescue species, Kentucky 
bluegrass, saskatoon, three-nerved daisy, timber milk-vetch and timothy; year to 
year variation in species composition was significant over the study period. The 
treated grassland conifer encroachment site (Hi) was dominated by birch-leaf 
spirea, heart-leaved arnica, pinegrass, Saskatoon, showy aster, and timothy. 
Species that responded positively to treatment included birch-leaf spirea, Oregon-
grape, prickly rose, Saskatoon, strawberry and timothy. The treatment appears to 
have improved the species composition of desired forage species. 

The grassland sites started out dramatically different prior to treatment. In 1995, 
(pre-treatment measurement year), the untreated reference site (H2) had 962 kg/ha 
compared to 233 kg/ha of total non-woody biomass on the grassland—conifer 
encroachment treatment (Hi). Biomass within the treated site increased almost five-
fold the year following treatment (1996), so that total biomass was not significantly 
different than the untreated reference area (treated 1 076 kg/ha versus reference 1 
214 kg/ha). The biomass on the treated site (Hi) has remained fairly constant (slight 
but non-significant increase) through to 2006 following the 1996 increase. The 
untreated reference site (H2), in contrast, showed a decrease in total non-woody 
biomass' after 1996 (1214 kg/ha) with 1998 (708 kg/ha) and 2006 (795 kg/ha) being 
significantly less than 1996. This reversal of trends between the treatment and the 
reference also results in the treated site (Hi) having significantly more total biomass 



than the reference (H2) in 1997 (1417 kg/ha versus 983 kg/ha) and 2006 (1269 
kg/ha versus 795 kg/ha). Total biomass is divided relatively evenly between forbs 
and grasses in both treatment and reference for all years. 

South slope conifer encroachment treatment (13) 
The south slope conifer encroachment treatment site (13) is dominated by birch-leaf 
spirea, pinegrass, showy aster and snowberry. Most changes in cover between 
years are small and likely biologically insignificant. However the following species do 
seem to have significantly increased after the treatment: American vetch (2006 only) 
and blue wildrye. Pinegrass increased in 2006 but this may not be biologically 
significant. The following species declined after treatment: heart-leaved arnica, 
Oregon-grape, prickly rose (2006 only), showy aster and western meadowrue (2006 
only). It appears that this treatment may have a slightly detrimental effect for some 
ungulate forage species. 

This treatment shows no statistically significant biomass response to the treatment in 
the two post-treatment measurement years. Non-woody biomass was split quite 
evenly between forbs and grasses on this site. 

West slope conifer encroachment reference (M2) 
This reference site has the least cover and diversity of understory species found in 
the study. Although no species are found with greater than 5% cover, two species, 
birch-leaf spirea and showy aster, are the most abundant. Only birch-leaf spirea is 
found at greater than 1% cover in 2006. As this site has considerably less cover than 
does any treatment site prior to treatment, it does not provide a good control. 
However, it does provide an indication of the potential trajectory for sites that are 
dominated by relatively dense Douglas-fir dominated conifer stands if they are not 
treated. 

This reference site shows no statistically significant difference in biomass over the 
measurement period. This site exhibits the lowest biomass of any site monitored. In 
most years, forbs dominated the sparse vegetation on this site. 

South slope shade reduction treatment (J2) 
The south slope shade reduction treatment site has large number of species found 
at relatively low cover. However, birch-leaf spirea, showy aster and snowberry are 
somewhat more abundant. Most changes in cover are relatively minor. However, 
Kentucky bluegrass increases in 1997, the first year after treatment. Smooth aster 
(in 2006) and snowberry decreased after treatment. This treatment appears neutral 
in the occurrence of desired forage species. 

This treatment shows no statistically significant biomass response to the treatment in 
the three post-treatment measurement years. Forbs dominate the non-woody 
biomass in all years and show a slight but non-significant increase post-treatment. 
Grasses show a slight and non-significant decrease post-treatment. 



Group selection Treatment (L) 
Thimbleberry and snowberry are the only species that are consistently dominant 
over the measurement period. Four species dramatically increased for just one year 
(1997): heart-leaved arnica, birch-leaf spirea, pinegrass and snowberry. Species that 
increase significantly after the treatment (after the 1995 measurement) are: birch-
leaf spirea, blue wildrye, heart-leaved arnica (1997 only), pinegrass (1997 only), 
prickly rose, raspberry (2006 only), showy aster (1997 and 2006), snowberry (1997 
and 2006) and thistle. Species that decrease significantly after treatment are heart-
leaved arnica (2006) and western meadow rue. It appears that this treatment 
marginally improves the occurrence of desired forage species. 

The group selection treatment site (L) showed a significant biomass productivity 
response to treatment. This response took two years to show statistical significant, 
similar to the effect seen in the deciduous dominated treatment site (C2). For the 
group selection treatment, the two year post-treatment (1997) total non-woody 
biomass was about seven times greater than the initial pre-treatment level. This 
amount has remained relatively constant to 2006 with a slight but non-significant 
decline from 1997. The amount of variability increases substantially as the amount of 
biomass increases, similar to what was seen on the deciduous treated site (C2). 
Non-woody biomass was split quite evenly between forbs and grasses on this site. 

General Comments 
The composition of desirable species for elk and deer was only improved on the 
grassland-conifer encroachment site (Hi, H2) and the group selection treatment (L). 
These sites, and the deciduous dominated stand (C2, C5) also had significant 
increases in biomass production, which was relatively balanced between forbs and 
grasses, over the assessment period. 

Many of the treatments retained coniferous canopies in groups and the shading from 
these clumps may have influenced treatment response. Future treatments should 
focus on sites that provide the best potential for improving species composition and 
biomass production. These sites include grassland-conifer encroachment, deciduous 
dominated stands, and group selection or patch cut treatments in moist conifer 
dominated stands. 

Reports Reviewed 
Interior Reforestation Co. Ltd. 1994. Ungulate Winter Habitat Mitigation Plan Phase 
1 - Harmer West Slopes. Consultants Report prepared for Elkview Coal Corp. 12 pp 
+ append. 

Interior Reforestation Co. Ltd. 1996. 1995 Ungulate Winter Habitat Mitigation 
Monitoring Report - Harmer West Slopes. Consultants Report prepared for Elkview 
Coal Corp. 43 pp + append. 

Interior Reforestation Co. Ltd. 1997. 1996 Ungulate Winter Habitat Mitigation 
Monitoring Report - Harmer West Slopes. Consultants Report prepared for Elkview 
Coal Corp. 50 pp + append. 



High Elevation Tree and Shrub Outplanting Trials 

Objective 
To evaluate the efficiency of several planting and site preparation techniques in 
promoting increased seedling survival. 

Experiment initiated in 1985.Work was done in 1985 and 1986 

Overview of Methods 
In 1985 one hundred seedlings were planted (75 Engelmann spruce, 25 mountain 
alder) in each of the following combinations of site preparation technique and 
planting method: control (mattock with no site preparation, established grass/legume 
sward), power auger (no site preparation), power auger-i-"inoculation" (addition of 
forest soil/floor to each planting hole), power auger+ripping (planting in Caterpillar 
ripper furrows)+ "inoculation", mattock+"inoculation", mattock+ripping, and 
mattocki+ripping+"inoculation". The study site is on the 1980 reclaimed rock dumps 
of Harmer Ridge at approximately 1945m. 

Results driving the Conclusions 
June and July 1985 was hot with very tow precipitation. Seedlings planted with 
mattocks in ripped furrows ("inoculated" and not "inoculated") averaged 89.5% 
survival after the 1st  growing season. All other combinations of planting method and 
site preparation method resulted in survival rates of 4-15 percent. Ripping also 
increased the number of seedlings that were well planted due to the additional ease 
of digging a planting hole in the furrow. 
In the spring of 1986 there was 100% over wintering mortality of alder seedlings on 
unripped sites and mattock planted ripped sites had 8% over winter mortality. 
Spruce planted on unripped sites experienced 42% overwinter mortality and on 
mattock planted ripped sites mortality was only 3%. Seedlings planted in protected 
microsites along the furrow (bottom, behind rocks) were in better condition than 
seedlings on exposed microsites. By the end of the 1986 growing season spruce 
and alder seedlings planted on ripped microsites averaged 83% and 86% survival 
respectively. 
Recommendations for planting included completion of site preparation in the fall to 
allow furrow walls to become more stable, planting seedlings in the most favourable 
microsites including on the lee side of large rocks, in depressional microsites and in 
microsites that avoid air pockets below the seedling roots. 
Reports Reviewed. 
Westar Mining Ltd. 1986. 1985 Annual Report and Proposed Program for 1986. 
Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 
pp + append. 
Westar Mining Ltd. 1990. 1989 Annual Report and Proposed Program for 1990. 43 
pp + append. 



Grass Plug Study 

Objective 
To determine whether or not the effort required to plant individual grass plugs 
warranted the high seedling survival which can be achieved using plugs. 

Experiment initiated in 1977. 
Work was done in 1977, 1980, 1984, 1985 and 1986. 

Overview of Methods 
Plugs were planted along a 1 m line, with 6 replicates of each species and 28 
species tested in total; this is referred to as Test Plot 7. 
The test plot was evaluated by recording number of plugs surviving since 
establishment as well as the spread or decline of planted grass plugs were 
evaluated comparing change in cover values between years. 

Results driving the Conclusions 
The results of this study are difficult to interpret due to the relatively low number of 
sample points (n=6 at establishment), the lack of differentiation between dead and 
live plugs used in the assessment and the high level of variability in the vegetative 
cover data. In 1985, seven species were dead, four species were misidentified and 
appeared in the data table twice, and thirteen species had standard deviations 
greater than or equal to the mean cover value (e.g., Agropyron trachycaulum 122%, 
s.d. 21%}, Phleum alpinum {6%, s.d. 11%}). In 1985 only Festuca idahoensis (67%, 
s.d. 9%) and Poa alpina (54%, s.d. 15%) had means over 50% cover and relatively 
low standard deviations. Poa ampla (39%, s.d. 8%) was the only other species that 
showed low variability. Survival of the 17 remaining species (excluding duplicates) 
could not be interpreted because the data did not differentiate between dead and ive 
plugs used in the assessment. 
In 1986 plot assessments were completed but not reported on. The recommendation 
was made to discontinue the study because: 

1. observer bias may account for a significant portion of the year to year 
changes in species cover and distribution; 

2. species were mislabelled on assessment forms; 
3. misidentification of species; and, 
4. ongoing annual biomass assessments were providing better data. 

Reports Reviewed 
Westar Mining Ltd. 1984. 1983 Annual Report and Proposed Program for 1984. 47 pp + 
append. 
Westar Mining Ltd. 1985. 1984 Annual Report and Proposed Program for 1985. 40 pp + 
append. 
Westar Mining Ltd. 1986. 1985 Annual Report and Proposed Program for 1986. 

Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 pp + 
append. 



Diverse Wildlife Habitat Pilot Project at Harmer II 

Objective 
To test the effectiveness of creating a variety of habitat components and 
configurations in promoting wildlife use on a reclaimed site at Harmer II. 

Experiment initiated in 1982. 
Work was done in 1982, 1983, 1984, 1985, 1986 and 2008. 

Overview of Methods 
Island planting was undertaken in June 1982 with a variety of species including 
black cottonwood (Populus trichocarpa, aspen (Populus tremuloides), chokecherry 
(Prunus virginiana), rose (Rosa spp.), Engelmann spruce (Picea engelmannii), 
lodgepole pine (Pinus contorta) and alder (Alnus incana). A Douglas-fir standing 
dead tree (Pseudotsuga menziesii var. glauca) was installed in July 1982 and two 
pick-up truck loads of woody material were scattered over the site. This original 
location is part of the 1980 reclaimed area. 

Six brush piles approximately 1.5 meters high were placed on the area in 1983. The 
piles were made with partially decomposed lodgepole pine slash residue. 

Four standing dead trees and six brush piles were added to the site in 1984. In 
addition, ground squirrel habitat was constructed using plastic tubing, rock piles, and 
hydromulching materials to create a series of tunnels; four Columbia ground 
squirrels were relocated to the site. 

In May 1985 six standing dead trees were placed in a cluster on the 1978 site at 
Harmer and five new nest boxes were placed at both the 1978 and 1980 sites. There 
were now 3 kestrel and 8 songbird nest boxes on the site. 

Five new songbird nest boxes were installed n 1986 and 3 original unused songbird 
boxes were relocated to ensure that they had perch sites nearby that provided an 
unobstructed view of the nest hole. 

In 2008 plantations established in approximately 1988 at the 1978 and 1980 Harmer 
reclaim areas were assessed for density (sph), age (years), height (cm), and 
productivity (Sl( 50) Sx). 

Results driving the Conclusions 
All results are based on subjective ocular assessments of the area. Several species 
of birds started using the snag almost immediately after it was raised in 1982. 
Species observed included American kestrel, red-tailed hawk, northern harrier, water 
pipit, Cassin's finch and barn swallow.Additional bird species noted in 1983 included 
mountain chickadee, raven, kesper sparrows, rough-legged hawk and woodpecker. 
A pair of tree swallows successfully fledged six young from a nest box on the snag 
and raptor use of the snag increased dramatically in August - October. Logs on the 



ground were serving as cover for small rodents based on the number of droppings 
seen under the logs. 
No specific observations were recorded for 1984. In 1985 three of the songbird nest 
boxes were used and one yielded a fledged tree swallow and one yielded six fledged 
Mountain Bluebirds. American robins appeared on the site for the first time in 1985 
using brush piles and large rocks as perches. Horned larks used brush piles as 
perches and were confirmed to be nesting on the 1980 site. Western wood peewee 
and upland sandpiper were also recorded for the first time in 1985. 
In 1986 eight of the thirteen available songbird nest boxes were used by five pairs of 
Mountain bluebirds and three pairs of tree swallows. Three pairs of Mountain 
bluebirds fledged young; the other five successful nests yielded young but they did 
not fledge because they died during a seven day period of exceptionally cold and 
foggy weather in mid-July. Increased use of the 1978 and 1980 areas was noted in 
1986. Use by Vesper sparrows and American robins increased and chipping 
sparrow, white-crowned sparrow and Townsend's solitaire were noted for the first 
time. Coyotes and snowshoe hares were observed for the first time this year. 
The plantations were 19 years old, had median heights ranging from 134— 148 cm, 
and mean densities ranged from 633— 1317 stems per hectare. Mean site index 
ranged from 13.3 to 15.7 meters which compares favourably with forested sites in 
the Elk Valley area; these plantations would meet the criteria required for them to be 
included in the allowable annual cut. Elk, mule deer, and grouse are commonly seen 
using the habitats created by plantations and naturally regenerated cottonwood. 
Reports Reviewed. 
Przeczek, John. 2009. 2008 Operational Monitoring Report: Elkview Operations, 
Sparwood, B.C. Consultants report prepared for Teck Coal Ltd., Elkview Operations. 
14 pp + append. 

Westar Mining Ltd. 1983. 1982 Annual Report and Proposed Program for 1983.49 
pp + append. 
Westar Mining Ltd. 1984. 1983 Annual Report and Proposed Program for 1984. 47 
pp + append. 
Westar Mining Ltd. 1985. 1984 Annual Report and Proposed Program for 1985. 40 
pp + append. 
Westar Mining Ltd. 1986. 1985 Annual Report and Proposed Program for 1986. 
Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 
pp + append. 



Comparative Performance of Seeded Native and 
Agronomic Grasses and Legumes 

Objective 
To determine the relative establishment and development of agronomic and native 
plant species at a high elevation site. 

Experiment initiated in 1976. 
Work was done in 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985 

Overview of Methods 
In 1976 a test plot with 17 agronomic and 10 native species/cultivars of grasses and 
legumes were established (Test Plot 4). The test site is on the Harmer II reclaim 
area at an elevation of approximately 1900 meters. Most species were established 
with 2 replicates except Bromus enermis with 6 and Festuca rubra with 4. 

Results Driving the Conclusions 
In 1985, after ten growing seasons, 8 agronomic grass species had 50% or greater 
cover and alfalfa was the only agronomic forb species to maintain high cover levels. 
The only native species that had acceptable cover and low variability between the 
plots was Elymus glauca. The species not identified in Table 1 have either low 
cover, high variability among replicates, or both conditions. 

Table 1. Mean vegetative cover after 10 growing seasons of various agronomic and 
native 

species seeded in the spring and fall at Elkview Operations 

Species Mea 
n 

s.d. n 

Alopecuris pratensis 92 11 2 

Bromus enermis 88 10 6 

Dactylis glomerta 97 4 2 

Festuca elatior 50 14 2 

Festucarubra 100 0 4 

Medicago sativa 100 0 2 

Phalaris arundinacea 95 7 2 

Phleum pratense 100 0 2 

Poa pratensis 100 0 2 

Elymus glauca 32 4 2 

Of the 13 agronomic species that were alive in 1985, only 3 were not producing seed 
in at least one of the replicates. Of the 4 native species that were alive in 1985 only 
1 was not producing seed. 



In 1986 plot assessments were completed but not reported on. The recommendation 
was made to discontinue the study because: 

1. observer bias may account for a significant portion of the year to year 
changes in species cover and distribution; 

2. species were mislabelled on assessment forms; 
3. misidentification of species; and, 
4. ongoing annual biomass assessments were providing better data. 

Reports Reviewed 
Kaiser Resources Ltd. 1979. Annual Reclamation Report for 1978 and Proposed 
Program for 1979. 64 pp + append 

Westar Mining Ltd. 1983. 1982 Annual Report and Proposed Program for 1983. 49 
pp. 

Westar Mining Ltd. 1984. 1983 Annual Report and Proposed Program for 1984. 47 
pp. 

Westar Mining Ltd. 1985. 1984 Annual Report and Proposed Program for 1985. 40 
pp + append. 

Westar Mining Ltd. 1986. 1985 Annual Report and Proposed Program for 1986. 

Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 
pp + append. 



Spring and Fall Agronomic and Native Species 
Seeding Trial 

Objective 
To determine the relative merits of spring and fall sowing on germination and 
subsequent development of agronomic and native plant species at a high elevation 
site. 

Experiment initiated in 1977. 
Work was done in 1977, 1978, 1979, 1980, 1982, 1983, 1984, 1985 

Overview of Methods 
In 1977 two new test plots representing fall seeding and in 1978 the design was 
replicated to represent spring seeding of a total of 57 agronomic and native 
species/cultivars of grasses, legumes and shrubs (Test Plots 5 & 6). The study was 
located at the Harmer II reclaim area at approximately 2050 meters. Four replicates 
of each species were established in each season. 

Results Driving the Conclusions 
In 1985, after eight growing seasons, 4 agronomic grass species had over 79% 
cover when seeded in the spring or fall. Alfalfa was the only agronomic forb species 
to maintain high cover levels with both spring and fall seeding. Of the shrubs, only 
spring sown snowberry has maintained some cover. The species not identified in 
Table 1 have either low cover, high variability among replicates, or both conditions. 

Table 1. Mean vegetative cover after 8 growing seasons of various agronomic and 
native 

species seeded in the spring and fall at Elkview Operations 

Species  Spring   Fall 

Mea s.d. n Mea s.d. n 
n n 

Festucarubra 80 16 4 79 23 4 
'arctared' 

Festuca rubra 96 7.5 4 99 2.5 4 
'creeping red' 

Festuca rubra 94 12.5 4 95 6 4 
' chewings '  

Poa compressa 89 10 4 95 6 4 
cannon 

Poacompressa 76 41 4 
rubens 

Poa pratensis nugget 67.5 18 4 



Dactylisglomerata 
chinook 

92.5 10 4 

Agropyron smithii 2 58 17.5 3 65 10 4 
Medicago sativa 
rhizoma 

94 12.5 4 70 26 3 

Astragalus cicer 100 0 3 

Astragalus cicer oxleg  99 2.5 4 

Agropyron elongatum 38 6 3 
Symphorcarpos albus 22 29 3 

Of the 54 species/cultivars that were alive in 1983, only 6 were not producing seed 
in at least one of the replicates. 

In 1986 plot assessments were completed but not reported on. The recommendation 
was made to discontinue the study because: 

1. observer bias may account for a significant portion of the year to year 
changes in species cover and distribution; 

2. species were mislabelled on assessment forms; 
3. misidentification of species; and, 
4. ongoing annual biomass assessments were providing better data. 

Reports Reviewed 
Kaiser Resources Ltd. 1979. Annual Reclamation Report for 1978 and Proposed Program 
for 1979.64 pp + append 

Westar Mining Ltd. 1983. 1982 Annual Report and Proposed Program for 1983. 49 pp. 

Westar Mining Ltd. 1984. 1983 Annual Report and Proposed Program for 1984. 47 pp. 

Westar Mining Ltd. 1985. 1984 Annual Report and Proposed Program for 1985. 40 pp + 
append. 

Westar Mining Ltd. 1986. 1985 Annual Report and Proposed Program for 1986. 

Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 pp + 
append. 
Ziemkiewicz, P.F. 1977. A comprehensive reclamation research program on coal mining 
disturbed lands. Paper presented to Proceedings of the 1st Annual British Columbia Mine 
Reclamation Symposium in Vernon, BC, 1977. The Technical and Research Committee on 
Reclamation. pp120 - 132. 



High Elevation Species Trials 

Objective 
To determine the relative merits of spring and fall sowing on germination and 
subsequent development of agronomic and native plant species at a high elevation 
site. 

Experiment initiated in 1972. 
Work was done in 1972- 1980, 1982, 1983, 1985, and 1986 

Overview of Methods 
In 1972 a species test plot representing 54 agronomic and native species/cultivars of 
grasses and legumes was established (Test Plot 1). A variable number of replicates 
of each species were established, with each replicate being 1 m 2  and sown with a 
single species. The study site was at the highest point on Harmer Ridge which is 
approximately 2200 meters. Maintenance fertilizer was applied in 1973 and 1974. 

In 1979 the study objectives shifted and the plot was used to investigate the 
dynamics of the vegetation in the 1 m 2  plots. Species cover for all species in each 
plot was recorded from 1979— 1986. 
1975 results lead to a change in the reclamation mix 

Results Driving the Conclusions 
Plots were monitored annually as part of the research program. Although many 
species were initially sown in these sites, many were eliminated by the harsh 
environment. Those which have proved most successful include: creeping red 
fescue, redtop, smooth brome, meadow foxtail, orchardgrass, timothy, Kentucky 
bluegrass, Canada bluegrass, crested wheatgrass, and tall fescue. Findings from 
this study were integrated into the reclamation program at Elkview Operation (Kaiser 
Resources Ltd.) by 1974 and continued to influence the development of seed mixes 
for the reclamation program into 1978. 

Vegetation at this high elevation site is more dynamic than previously thought. Many 
of the remaining species increase or decrease in cover from year to year and some 
shift locations within the 54 plot area. Creeping red fescue was found in 100% of the 
plots by 1983 while Canada Bluegrass had expanded to occupy 74% of the plots by 
1985 and Kentucky Bluegrass had expanded to occupy 72%. Three native species, 
fowl bluegrass, fireweed and yarrow, were found in 1983 and were still present in 
1985. Two mosses, Polytrichium junipeium and Ceratodon purpureus, were found in 
1983 and had increased their cover and expanded their occupancy of the plots in 
1985; this suggests that a healthy cryptogam layer was developing. Results indicate 
that dynamic and viable stands of vegetation are attainable on the highest elevations 
at Harmer. 



Reports Reviewed 
Kaiser Resources Ltd. 1974. Environmental Services Reclamation Department 
Annual Report for 1973. 

Kaiser Resources Ltd. 1975. Reclamation Report and 1975 Exploration Activities. 19 
pp + append. 

Kaiser Resources Ltd. 1978. Annual Reclamation for 1977 and Proposed Program 
for 1978.44 pp + append. 

Kaiser Resources Ltd. 1979. Annual Reclamation Report for 1978 and Proposed 
Program for 1979. 64 pp + append 

Westar Mining Ltd. 1983. 1982 Annual Report and Proposed Program for 1983. 49 
pp. 

Westar Mining Ltd. 1984. 1983 Annual Report and Proposed Program for 1984. 47 
pp. 

Westar Mining Ltd. 1985. 1984 Annual Report and Proposed Program for 1985. 40 
pp + append. 

Westar Mining Ltd. 1986, 1985 Annual Report and Proposed Program for 1986. 

Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 
pp + append. 

Ziemkiewicz, P.F. 1977. A Comprehensive Reclamation Research Program on Coal 
Mining Disturbed Lands. Paper presented to Proceedings of the 1st Annual British 
Columbia Mine Reclamation Symposium in Vernon, BC, 1977. The Technical and 
Research Committee on Reclamation. pp  120— 132. 



Vegetation Assessment of Representative 
Reclaimed Sites 

Objective 
To assess the biomass productivity (kg/ha) of reclaimed sites that are representative 
of the range of elevations and environmental conditions found at Elkview Operations 
(Kaiser Resources Ltd.). 

Experiment initiated in 1975. 
Work was done in 1975, 1976, 1977- 1980, 1982, 1983, 1985, and 1986 

Overview of Methods 
In 1975 a series of permanently located vegetation assessment plots were located 
on 6 reclaimed sites, 3 additional sites were added in 1979 and 1 was added in 
1982. Sampling was conducted by clipping 1 m 2  plots along a permanent sampling 
grid on each site. The clipping was done by species, the samples were air-dried and 
then weighed. Sampling was done in August of each year. 

Results Driving the Conclusions 
Species sort out into two associations; one from 1,150 m to 1,650 m elevation and 
another above 1,650 m. The lower elevation seed mix then should be chosen from 
the following: crested wheatgrass, intermediate wheatgrass, smooth brome, Canada 
bluegrass and alfalfa. Those species showing the best performances at the upper 
levels are: alfalfa, smooth brome, orchardgrass, perennial ryegrass, white clover, red 
clover, timothy, meadow foxtail, red fescue, Kentucky bluegrass and redtop. This 
information was used to recommend changes to the reclamation seed mix in 1975 
and to develop the low and high elevation seed mixes introduced in 1977. 

Low elevation sites maintained productivity above 1000 kg/ha through 1989 except 
for the Michel Pile location in 1975, 1979, and 1984; many of the sites maintained 
productivity between 1500 - 3000 kg/ha over that time These sites received 
maintenance fertilization treatments for at least 4 years and the productivity was 
maintained for 9-1 1 years after fertilization treatments were discontinued; these sites 
have self-sustaining plant communities. 

Productivity on high elevation sites is typically between 500 -1000 kg/ha. No data 
was available regarding the time that fertilization treatments were discontinued 
however these sites were self-sustaining for at least the last 5 years of the study. 

Reports Reviewed 
Kaiser Resources Ltd. 1975. Reclamation Report and 1975 Exploration Activities. 19 
pp + append. 

Kaiser Resources Ltd. 1978. Annual Reclamation for 1977 and Proposed Program 
for 1978.44 pp + append. 



Kaiser Resources Ltd. 1979. Annual Reclamation Report for 1978 and Proposed 
Program for 1979. 64 pp + append 

Westar Mining Ltd. 1983. 1982 Annual Report and Proposed Program for 1983. 49 
pp. 

Westar Mining Ltd. 1984. 1983 Annual Report and Proposed Program for 1984. 47 
pp. 

Westar Mining Ltd. 1985. 1984 Annual Report and Proposed Program for 1985. 40 
pp + append. 

Westar Mining Ltd. 1986. 1985 Annual Report and Proposed Program for 1986. 

Westar Mining Ltd. 1987. 1986 Annual Report and Proposed Program for 1987. 67 
pp + append. 

Westar Mining Ltd. 1990. 1989 Annual Report and Proposed Program for 1990.43 
pp. 

Ziemkiewicz, P.F. 1977. A Comprehensive Reclamation Research Program on Coal 
Mining Disturbed Lands. Paper presented to Proceedings of the 1st Annual British 
Columbia Mine Reclamation Symposium in Vernon, BC, 1977. The Technical and 
Research Committee on Reclamation. pp  120 - 132. 





Appendix VIII - Elk Valley Studies Summaries List 

Coal Mountain Operations 

Study/Report Title 
	 Source/Author 

Information Summary from Reclamation Byron Creek Collieries, February 
Studies; 1984-1985 and Information 	1986 and 1987 
from Reclamation Studies; 1986 

2 Ungulate Habitat Evaluation and Impact Delta Environmental Management 
Assessment of Byron Creek Collieries 	Group Ltd. CalgaryAB, October 
Extension 	 1990 

3 "Review of Byron Creek Collieries 
Reclamation Plant" 

4 A Review and Vegetation Assessment 
of the Unconsolidated Fines 
Incorporation and the Lodgepole pine 
Competitive Trials at Coal Mountain 
Operations 

5 A Review of Coal Refuse Pile 
Reclamation at Fording Coal Ltd., Coal 
Mountain Operations 

HBTAGRA Limited, April 1992 

Interior Reforestation Co. Ltd. 
March, 2001 

Interior Reforestation Co. Ltd., 
March 2001 

6 Corbin Creek 'As Built" Monitoring 	Westslope Fisheries Ltd., July2002 

7 Trace Elements in Vegetation - Coal 	Pryzm Environmental, January, 
Mountain Operations (included in 2006 	2007 
Reclamation Report) 

8 Trace Elements in Vegetation and Soils Pryzm Environmental, January, 
Coal Mountain Operations (included in 	2008 
2007 Reclamation Report) 

9 Comparative Inventory of Vegetation 	Tipi Mountain Native Plants Ltd., 
and Soils Surrounding Teck Coal Ltd's 	2009 
Coal Mountain Operations 



Information Summary from Reclamation Studies; 
1984-1985 
Information Summary from Reclamation Studies; 
1986 

Byron Creek Collieries, February 1986 and 1987 

Objective: 

To provide updates on reclamation research activities at Byron Creek Collieries. 
Both summary reports were updates on three reclamation research studies that 
were ongoing at BBC and were reported annually in the Reclamation reports. 
The three studies were: 

• The sediment incorporation study 
• The lodgepole pine competition study and the ceanothus competition study 
• Refuse Demonstration Study. 

The objective of this third component was to demonstrate lodgepole pine growth on 
coal refuse areas. 

The first two of the studies have been summarized under the study "A Review and 
Vegetation Assessment of the Unconsolidated Fines Incorporation and the 
Lodgepole pine Competitive Trials at Coal Mountain Operations" by Interior 
Reforestation Co. Ltd. March, 2001. This review did not address the Refuse 
Demonstration Study 

Overview of Methods: 

Three plots were established on a steep slope (65%) of a Northeast aspect on a coal 
refuse dump. 
25 lodgepole pine seedlings were planted in each plot and monitored in 1984-1 986 
for survival and growth. 
The properties of the refuse material were described as very coarse textured with 
low to moderate nutrient levels and low moisture content. The refuse had been 
seeded with a grass and legume mix. 



Results Driving the Conclusions: 

The vegetative cover on the study plots was considered low in 1984 but increased 
marginally to 1986 as shown in table below: 

Vegetative Cover on Coal Refuse Demonstration 
Plots  

Species 
Percentage cover 

19841 1985 1986 
Creeping Red Fescue 9.5 17 29 
Red Top Fescue  
Chinook Orchard Grass 2.3 1.6 0 
Climax Timothy 2.3 1 0 
Perennial RyeGrass  1.1 0 
Sainfoin  1.1 0 
Alfalfa  0.3 1 
Clover  
Total Cover 14.1 22.1 30 
Bare Ground 85.91 77.9 70 

Tree mortality was 12-13 % during the first two years of the study and growth rates 
were comparable to those planted in the competitive trials on a waste dump 
(described in a different report summary). 

The mortality of the lodgepole pine was reported to be 48% in 1986 with the majority 
of the survivors classed in poor condition. 

Growth and survival was lower than observed on the other studies involving 
lodgepole pine. 



Ungulate Habitat Evaluation and Impact 
Assessment of Byron_Creek Coflieries Extension 

Delta Environmental Management Group Ltd. Calgaiy AB, October 1990 

Objective: 

To provide an evaluation of wildlife habitat, and a site-specific map of the attendant 
vegetation in the area of the proposed Byron Creek Collieries extension (167 
hectares). 

Overview of Methods: 

The habitat evaluation was conducted at both the regional wildlife capability and the 
site-specific current habitat suitability levels. The regional classification was 
described from the Canada Land Inventory (1:250,000 scale) and the biophysical 
classification of wildlife capacity by the BC Ministry of Environment Surveys and 
Mapping Branch (1:50,000 scale). Since this system was based on optimal 
successional stages that can be maintained and does not necessarily reflect present 
conditions, a subjective current habitat rating was developed based on current 
mapping of the vegetative cover and the understanding of ungulate optimal habitat 
conditions. A map of current vegetation communities based on July 1988 aerial 
photography (1:5,000 scale) and a September 1983 b&w aerial photography 
(1:20,000 scale) was used to assist habitat assessment of the extension area. 
The attendant vegetation was mapped by delineating vegetation boundaries and a 
three day field reconnaissance was conducted to refine community boundaries and 
develop current habitat descriptions. Each vegetation community type was assigned 
a current habitat suitability value of High, Moderate, Low or Not Suitable for each 
key ungulate species. 

Results Driving the Conclusions: 

The Canada Land Inventory Land Capability for Ungulates describes Coal Mountain 
and the surrounding area as 80% Class 4 and 20% Class 3. Class 4 lands have 
moderate limitations to the production of ungulates while Class 3 lands have very 
slight limitations. The limitations for the area are climatic with severe winter 
conditions combined with deep snow limiting the availability of food for ungulates. 
The regional classification of the Byron Creek Collieries lease area (436 hectares) 
defines the area as Moderate and Low capability for elk and mule deer. 
Approximately 60% of the area has Low capability for moose and about 30% of the 
area has Very Low capability for white-tailed deer. 

The study area supports Elk, Moose, Mule Deer and White-tailed Deer. The study 
area does not contain any habitat that is suitable to Bighorn Sheep or Mountain 
Goats. The current (1990) habitat suitability was summarized as below: 



Species 
Current Habitat Suitability Class (ha) 

H M L N Total 
Elk 0 77 88 2 167 
Mule deer 0 77 88 2 167 
Moose 0 0 77 90 167 
White-tailed 
Deer 0 0 28 139 167 

No high quality habit for any ungulate species would be eliminated by the proposed 
extension. No ungulate winter use was identified for Coal mountain confirming the 
same limitations identified by the Canada Land Inventory. 



"Review of Byron Creek Collieries Reclamation 
Plant" 

HBTAGRA Limited, April 1992 
Objective: 

To provide an assessment and recommendation to guide Byron Creek Collieries 
reclamation program on how to successfully return disturbed areas to productive 
wildlife use with the selection of appropriate reclamation materials and techniques 
compatible with attaining desired end land uses. 

Overview of Methods: 

Previous reclamation studies and site characteristics from Byron Creek Collieries 
were reviewed and compared to a review of site characteristics and reclamation 
procedures from the other mines in the area. 
Results of Review: 
BCC reclamation studies indicate that: 

• Waste rock weather rapidly into a coarse textured soil that have no chemical 
parameters limiting to plant growth with the exception of nitrogen and 
phosphorus which can be added as fertilizer at time of seeding 

• A grass and legume cover has been successfully maintained over a period of 
five years with legumes accounting for a majority of the plant cover 

• The addition of fines from sedimentation ponds improves soil characteristics 
and plant growth 

• Lodgepole pine seedlings were successfully established, however survival 
appears to have been compromised through competition from grass and 
legume covers. 

Field studies from the other coal mines in the area indicate similar sites 
characteristics and reclamation procedures. Conservations with reclamation 
personnel from two other mines indicate similar approach to reclamation as at BCC 
but with several refinements in methodology arising from up to sixteen years of on-
site research and operational reclamation. 

• Survival of tree and shrubs after three years ranges from 70-85% 
• A self-maintaining cover of grasses, legumes, trees and shrubs can be 

usually be attained in four years and in many cases after the first year 
• Applications of maintenance fertilizer may not be required to sustain plant 

cover, but may be required in difficult sites for up to three years 

Recommendations: 

Reclamation research and operational reclamation at Westar and Fording mines 
have been instructive in the identification of procedures by which end land use can 



be obtained in a cost effective manner and that BCC should consider adopting the 
procedures from these mines and make adjustments to the BCC reclamation plan. 

• Plant forest species into bare resloped spoil flowed two years later with 
application of seeding and fertilizing. 

• Review the % of disturbed land to ultimately be restored to forest cover. 

• Reduce the competition of shrubs by planting shrubs in large clumps and 
seeding only between the clumps 

• Review the composition of the current reclamation seed mix at BCC, which 
includes 5 grasses and 3 legumes, to align with the information available for 
seed mixes from the other mines in the area. The addition of more drought 
tolerant species such as wheatgrass could be a distinct benefit on southern 
exposures. 

• Consider replacing competitive legumes such as clover and alfalfa with 
birdsfoot trefoil. 



A Review and Vegetation Assessment of the 
Unconsolidated Fines Incorporation and the 
Lodgepole pine Competitive Trials at Coal 
Mountain Operations 

Interior Reforestation Co. Ltd. March, 2001 

Objective: 

1) To review and summarize results of past studies: 

"Use of the Unconsolidated Runoff Material in Coal Waste Dump Reclamation - 
Coal Mountain Operations" -Kennedy and Kovach, 1987; 
"Byron Creek Collieries Reclamation Activities and Research Program Review" - 
Kennedy, Kovach & Nichols, 1986 
"Methodology for Reclamation Plots - Byron Creek Collieries- Esso Resources 
Coal Division September, 1984) 
These studies investigated such techniques as the use of unconsolidated runoff 
material collected from interceptor ditches as an amendment on waste dumps at 
Coal Mountain Operation and the effects of competition, from herbaceous cover, 
on survival and growth of lodgepole pine and sticky laurel. 

2) To subjectively evaluate the vegetation development and condition on the 
unconsolidated runoff fines incorporation study and at a mid elevation operational 
reclamation project seeded in 1993. 

Overview of Methods: 

Part 1: 
These studies were initiated in 1983 by Byron Creek Collieries and results described 
in the Coal Mountain Operations annual reclamation reports from 1982-1985, 1987, 
1989 and 1990. 
i) Unconsolidated material was removed from the interceptor ditch as part of regular 
maintenance. This material was trucked to the top of a resloped waste dump and 
allowed to run down the slope where it collected in a series of pre-constructed cross 
ditches where it dewatered over a 24 hour period. The dried material was 
incorporated into the entire waste dump for a depth of one meter and marked into 16 
plots, 8 upper and 8 lower on the slope. Adjacent to these incorporated plots, 16 
additional plots were marked on an adjacent section of the slope without soil 
amendments. The area of all 32 plots was seeded with the following seed mix: 



J 
Species 

%by 

I 	Weight 

Creeping Red Fescue 25 
Chinook orchard grass 20 
Climax timothy 10 
Norela perennial rye grass 10 
Red top fescue 2 
Sainfoin 10 
Vernal Alfalfa 15 
Alsike clover 8 

A fertilizer application of 13-16-10 was applied at time of seeding. 
ii) Lodgepole pine (# unknown) and 96 plants of sticky laurel (ceanothus) 
herbaceous cover completion trials were also established in the same area, with 48 
plantings in four competitive plots (fertilized and herbaceous cover encouraged) and 
48 in the four non-competitive plots (not fertilized and herbaceous growth 
continuously removed). These trials were monitored for survival and growth in 1984, 
1985 and 1986. 

Part 2: 
In 2000, a subjective vegetation development and condition was conducted on a 
mid-elevation slope operational reclamation project and at the fines study area. 
Experienced reclamation technicians walked through all sites and made notes 
regarding species composition, vigor and plant health. Ten randomly located 
Daubenmire assessment plots were assess on each site. 

Results Driving Conclusions: 
Part 1: 
The results for the fines incorporation study indicated fairly low vegetative cover for 
the first two years (1984 and 1985) on all plots. In the third year after three growing 
seasons, the legume and grass cover on the incorporated treatment plots increased 
substantially with a significant difference of p=0.014 from the non-incorporated plots. 
Plant biomass assessment in 1986 also showed a significantly higher production on 
the incorporated treatment plots. The unconsolidated runoff material appears to 
improve rooting medium texture and moisture holding capacity thus appearing to 
increase reclamation potential. 
For the conifer trials, the non-competitive treatment consistently showed lower mean 
survival than the competitive treatment and but showed higher mean vegetative 
cover values. (This result is different than what was expected but a question was 
raised to the degree of herbaceous cover removal that took place in the non-
competitive plots.) Total growth and incremental growth differences between both 
treatments were not significant. 



The ceanothus shrub survival showed 15% mortality on the non-competitive plots 
and no mortality on the competitive plots during the first growing season. At the end 
of the 1986 growing season, the majority of all ceanothus seedlings were dead. 
Part 2: 
By 2000, plant communities were well established at both sites. Forbs were the 
dominant species group in the fines study area (65.5% vegetative cover) while there 
was a more balanced mix of grasses (33.5%) and forbs (42.0 %) in the operational 
reclamation site. The overall vegetative cover for the fines study area was 89% and 
75% in the operational area indicating as benefit of using the fines material in 
reclamation. Both sites indicated erosion in the form of rills and gullies in 
approximately 10-20% of both sites. 



A Review of Coal Refuse Pile Reclamation at 
Fording Coal Ltd., Coal Mountain Operations 

Interior Reforestation Co. Ltd, March 2001 

Objective: 

1) To review past research studies specific to reclamation of coal refuse piles at 
Coal Mountain Operations 
2) To conduct a 1990 field assessment of the current vegetation development on the 
Andy Goode Refuse Pile and compare results with the 1994 assessment and the 
1989 and 1990 assessment done by Western Oilfield. 

Overview of Methods: 

1) A review of past studies indicated that there have two relevant research studies 
established at Coal Mountain Operations since 1983.   
One was a study ("Native Legume Research Study" Appendix to BBC's Annual 
Reclamation Report for 1985.) conducted by Clint Smyth, (in support of his graduate 
thesis) which was an evaluation of native legumes for land reclamation activities in 
coal refuse. 

The other study initiated in 1988, involved assessing the effectiveness of various 
amendments in revegetating coal waste piles and was conducted by Western 
Oilfield Environmental Services Ltd. ("Reclamation Assessment of Coal Mine 
Refuse Plots at Byron Creek Collieries" Appendix to BBC's Annual Reclamation 
Report for 1990 and" Reclamation Assessment of Coal mine Refuse Test Plots 
Following the Second Growing Season" Appendix to BBC's Annual Reclamation 
Report for 1991.) The objective of this study was to investigate the effects of 
limestone, overburden and coal fines as amendments over coal spoil piles to 
improve vegetation success. (The materials for this study were defined as such: 
limestone consisted of 3/4  inch rock fragments, fines were unconsolidated runoff 
material and waste coal was unconsolidated reject black rock.) 

The Andy Goode refuse pile was constructed in 1988 to mimic an operational refuse 
pile. It was constructed to allow 4 aspects (northeast, southwest, east and north) 
with a flat top to assess revegetaion potential. The sides of the dump were resloped 
to 26 0  and amendments were applied to the various aspects. The site was 
revegetated with the following seed mix. Each test plot was fertilized with 11 -51 -0 at 
325kg/ha. 



Species 
%by 

Weight 

Creeping Red Fescue 25 
Chinook orchard grass 20 
Climax timothy 10 
Norela perennial rye grass 10 
Red top fescue 2 
Sainfoin 10 
Vernal Alfalfa 15 
Alsike clover 8 

In addition, soil samples were taken in October 1988. In October 1989, representing 
the first growing season, vegetation was sampled for species composition and 
biomass production. Vegetation was sampled again in August 1990. But the refuse 
pile had been altered by dumping additional refuse which left only the southwest, 
east and part of the top of the dump available for sampling. 

2) Methodology for the 1994 and 2000 vegetation monitoring at the Andy Goode 
Refuse Pile consisted of placing a total of 5 transects to evaluate species 
composition and biomass production. One transect was established on each aspect 
and one on the flat top of the refuse pile and were evaluated using the Daubenmire 
techniques. Sampling took place in August 1994 and July 2000. 
Results Driving the Conclusions: 

1) From the 1989 and 1990 assessments: 

Average total cover at the Andy Goode refuse pile site 
Total Cover (%) by Treatment Total Cover (%) by Aspect 

Amendment 1989 1990 Aspect 1989 1990 
Waste Rock 

(Control Refuse) 
20 9.2 

 Southwest  
24.2 34.2 

Limestone 16 24.2 East 25.4 35.3 
Overburden 47 65 North 31.9 disturbed 

Fines 23.5 46.7 Northwest 29.2 disturbed 

Top 8.5 10 



Average biomass production at the Andy Goode refuse pile site 
Total Biomass by Treatment 

(kg/ha)  
Total Biomass by Aspect 

  kg/ha)  
Amendment 1989 1990 Aspect 1989 1990 
Waste Rock 

(Control Refuse) 470 832 
 Southwest  

894 11636 

Limestone 460 2564 East 362 8738 
Overburden 4446 7832 North 396 disturbed 
Fines 1972 9148 Northwest 368 disturbed 

Top 170 470 

The study did not include any statistical comparisons between treatments or 
aspects. Results indicate fine textured and overburden waste rock amendments 
produced the highest average biomass. Vegetation establishment and growth was 
greatest on the southwest aspect and legume cover, accounting for the greatest 
portion of the biomass, was increasing overtime. 

2) From the 1994 and 2000 assessments: General results indicate that vegetation 
on the Andy Goode Refuse Pile is well established. On each of the aspects the 
vegetation cover and biomass appear to be fairly homogeneous and the effects of 
the amendments that were placed in 1988 have not carried over. The north, 
northwest and top aspects were disturbed in 1990 and amendments not replaced yet 
the biomass production on these aspects is none less than the other aspects. 

Vegetative Cover (%) Biomass (Kg/Ha) 

Transect Forb Grass Total Forb Grass Total 

1994 2000 1994 2000 1994 2000 1994 2000 1994 2000 1994 2000 

East 24.7 21.4 27.7 16.2 52.4 37.7 888 552 289 253 1177 805 

North 34.1 42.6 30.2 26.2 64.3 68.9 1555 1725 585 1006 2140 2731 

Southwest 26.2 71.2 17.8 1.8 44.1 73.0 1402 3020 320 31 1723 3082 

Top 20.6 34.5 34.2 18.9 54.8 53.5 1017 1881 573 449 1590 2330 

Northwest 20.9 55.0 20.9 13.0 41.8 68.0 1292 1502 348 611 1640 2112 

The conclusions from this follow up on the study indicate that total vegetative cover 
increased or stayed the same on all but the east facing transect. Forb cover 
increased over the six year period except on the east facing transect and grass 
cover decreased on all aspects. Alfalfa contributes significantly to the biomass 
production on all aspects. Soil amendments do not appear to be required to 
produce acceptable biomass production on coal refuse material nor does aspect 
appear to significantly affect vegetation development. 



Corbin Creek 'As Built" Monitoring 

Wests/ope Fisheries Ltd., July 2002 

Objective: 

To review the effectiveness of fisheries mitigation works in Corbin Creek as a result 
of a culvert placement that altered riparian habitat. The objective of the 
compensation plan was to develop a riparian reclamation prescription on the 
remaining open stream portions of Corbin Creek within the minesite area. 

Overview of Methods: 

Compensation works for 3,226 m 2  of compensatory in stream habitat was initiated 
and completed in August and September, 2000. The composite stocking density was 
1.4 stems per rn 2  Stocking species consisted of 1,500 stems of each species 
(willow, black cottonwood and Engelmann spruce). All compensation sites were 
covered with a 4 to 15 inch lift of high organic content overburden then seeded with 
Canada #1 Ground Cover formulated specifically for the local biogeoclirnatic sub-
zone. 

In September 2001, an additional 1,350 stems of willow, black cottonwood and 
Engelrnann spruce were replacement plantings due to the low survival of the initial 
plantings. In addition, sites with low grass and legume germination received a 
second application by hydroseeding. Due to a severe drought year, Water and 
fertilizer was also applied to the compensation areas. 
Again, poor survival of seedlings resulted in a May, 2002 planting of 100 Engelmann 
spruce, 150 lodgepole pine and 150 cottonwood. 
Annual photographic assessments in terms of health and survival were required for 
2001-2003. Success would be achieved if the habit became physically stable with an 
80% survival of all vegetation. 

Results Driving the Conclusions: 

In general, survival rates and plant health were highest in the riparian toe where 
moisture availability and retention was highest. The very low survival observed on 
the berm slopes were a combination of severe drought conditions through 2000-
2002 and the berm material generally formed from blasted waste rock rubble with 
low organic content. 
Results showed that survival was also impacted by timing of planting (spring 
planting was more successful for conifers), depth of topdressing on the overburden 
(less than 6" showed poor survival) and there was definite competition for the 
seedlings with the aggressive reclamation seed mixture applied. 



Trace Elements in Vegetation - Coal Mountain 
Operations (included in 2006 Reclamation 
Report) 

Pryzm Environmental, January, 2007 

Objective: 

To collect vegetation samples at Coal Mountain Operations and conduct a metal 
analysis. 

Overview of Methods: 

On August 24, 2006, three grass and three legume composite samples were 
collected at four reclaimed sites at Coal Mountain Operations. The sites included 
were the 1992 Reclaim Waste Dump - south slope, Old Reclaim Area, Lower 
Middle Mountain and Coarse Refuse Pile. Samples consisted of composites of a 
minimum of three individual plants of each species with a total sample green weight 
not less than 200 grams. Mean and individual metals values were compared with the 
maximum tolerable levels of minerals in the feed of animals based on the following 
table. 

Maximum Tolerable Levels of Minerals in Feed of Animals for Selected Elements 
(NRC 2005) 

Animal  
Element Rodents Poultry Swine Horse Cattle Sheep Fish 
As 30 (30) (30) (30) (30) (30) 5 
Cd 10 10 10 10 10 10 10 
Cr 100 500 (100) (100) (100) (100) 
Mo 7 100 (150) (5) 5 5 10 
Pb 10 10 10 10 100 100 10 
Se (5) 3 4 (5) 5 5 (2) 
Zn (500) 500 1000 (500) 500 300 250 

Results Driving Conclusions: 
Arsenic, cadmium, lead, and zinc levels in all samples at all sites were below 
maximum tolerable levels of minerals in feed of animals. Mean molybdenum levels 
were above minimal tolerable levels for some animal species in alfalfa and orchard 
grass at the 1992 Reclaim waste dump and the Middle Mountain sites. Selenium 
concentrations exceeded maximum tolerable levels in one alfalfa and one orchard 
grass sample at the 1992 Reclaim waste dump and in one alfalfa sample on Middle 
Mountain. A recommendation was made to continue sampling for metal 
concentrations to provide a database to facilitate assessment of long term data. 



Follow up sampling was conducted in 2007. 



Trace Elements in Vegetation and Soils Coal 
Mountain Operations (included in 2007 
Reclamation Report) 

Pryzm Environmental, January, 2008 

Objective: 

To assess trace elements content in soils and vegetation and to assess the crude 
protein status of vegetation and its suitability to supply protein requirements to 
ungulates. 

Overview of Methods: 

On September 17, 2007, ten sample points for each of three locations (1992 
Reclaim 2040 el, 1992 Reclaim 2010 el and Railway loadout) were established in 
the field. At each sampling point, 100 grams of wet plant tissue were collected from 
both Creeping Red Fescue and alfalfa. Trace elements and total nitrogen analysis 
were performed on all samples. Plant tissue samples were also analyzed to 
determine crude protein content (%) available to grazing ungulates. Crude protein 
levels were compared with the dietary requirements of selected animal species. 
In addition 125 ml of soil was collected from the top 30 cm and tested for trace 
elements, pH and electrical conductivity. Only 8 samples for the Railway Loadout 
were analyzed as two sample jars broke during shipping. 
Mean and individual sample trace element data for vegetation were compared to 
maximum tolerable levels of dietary minerals for domestic animals (NRS 2005). 
Mean and individual soil sample data were compared to schedules 4 and 5 of the 
Generic and Matrix Numerical Soil Standards of the Contaminated Site Regulations 
(1996).For both vegetation and soils any trace element values exceeding 
environmental standards were identified. 

Results Driving Conclusions: 

Mean calcium values at two sample location on the 1992 Reclaim area and the 
mean molybdenum for one site at the Railway Loadout, exceeded the maximum 
tolerable levels of dietary minerals for domestic animals. All soil samples were below 
the general or matrix soil standard for parkland. Soil salinity was low and pH 
generally neutral. 

All vegetation samples indicated sufficient crude protein is available for ungulate 
dietary requirements. Alfalfa had higher crude protein than Creeping Red Fescue in 
all sites. 



Comparative Inventory of Vegetation and Soils 
Surrounding Teck Coal Ltd's 
Coal Mountain Operations 

Tipi Mountain Native Plants Ltd., 2009 

Objective: 

To implement a comparative study to examine soil and plant community 
characteristics between mine spoil sites and natural reference sites to determine 
what native plant species and communities may be suited to establishment on 
ecologically comparable mine spoil sites as a reclamation treatment. 

Overview of Methods: 

Survey work for this project was completed in September 2008 and in July 2009. 
Plants species lists were collected in 22 field plots (20 x 20 m in area), and although 
plant biomass was not recorded, estimates of percent cover was determined. Of the 
22 plots, 3 were established on spoil sites and 19 on reference sites. The 
distribution of vegetation according to elevation, slope and aspect was assessed 
showing the range of elevation and aspect at which each of the most frequent 
species appeared. Basic terrain information was also recorded and composite soil 
samples were collected. Soil characteristics from plots inside the mine were 
compared to soil characteristics from those outside the mine. 

Results Driving the Conclusions: 
A total of 164 plant species were inventoried including 147 native, 7 were invasive, 4 
introduced, and 6 agronomic species. Elevational trends, for species preference, 
were determined and it was noted that many of the species that frequented the 
steep slopes also preferred the south aspects. Sixty-seven species were identified 
has having high reclamation potential. The domination of the list by native species 
strongly suggests there is a potential for effective reclamation to native plant 
communities as an alternative to agronomic species dominated treatments. Although 
many of the species are readily available from commercial nurseries, the ones 
having high reclamation potential are not. A seed collection and propagation 
program was recommended. 

Soil characteristics comparisons between mine spoils and reference sites indicated 
that no differences exist between soil types. Recommended treatments include 
establishing early successional native plant communities that are developed to 
follow site specific successional pathways as observed near Coal Mountain 
Operations in the reference areas. 
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ABSTRACT 
 
Teck Coal operates five metallurgical coal mines in the Elk Valley of southeast B.C.: Fording River, 
Greenhills, Line Creek, Elkview, and Coal Mountain Operations. Along with their sister mine in Alberta, 
Cardinal River, these mines make Teck the second-largest exporter of coking coal in the world. Teck Coal 
also has two non-operating mines, Quintette and Bullmoose, in northeast B.C. Reclamation and 
reclamation research has been conducted on some of these sites since the beginning of modern mine 
development in the late 1960s. Together, these mines have reclaimed almost 7,000 hectares of land.  
 
In 2010, Teck Coal initiated a project to compile data and interpretations on reclamation research 
conducted to date on their eight open-pit metallurgical coal mining operations, with the objective of 
producing a synthesis of the current state of knowledge with respect to reclamation techniques on these 
sites. This synthesis focuses on the following two questions: 1. What has Teck Coal learned in over 40 
years of reclamation at its operations? or “What do we know?” and 2. What are the future challenges or 
needs with respect to reclamation research and practice? or “What do we need to know?”  
 
This paper will present highlights from the Teck Coal Reclamation Research synthesis document, 
particulary with respect to the two questions above. 
 
Key Words:  reclamation research, summary, synthesis, coal mine reclamation, Elk Valley   
 
INTRODUCTION 
 
Overview of Teck Coal’s Operations 
 
Teck’s coal business includes six operating mines in British Columbia and Alberta, making the company 
one of the world’s largest producers of steelmaking coal. The Coal Mountain, Elkview, Fording River, 
Greenhills, and Line Creek mines are located in southeastern British Columbia, near the towns of 
Sparwood and Elkford, and approximately 1,100 kilometres from the ports near Vancouver, 
British Columbia. Cardinal River (comprised of the operating Cheviot and non-operating Luscar mine) is 



located in west-central Alberta, near the town of Hinton. These mines employ more than 3,000 people and 
have reserves in excess of 600 million tonnes. Teck also owns two non-operating coal mines in northeast 
British Columbia, Quintette and Bullmoose, near the town of Tumbler Ridge. 
 
Many of Teck Coal’s mines have a long history of operation, beginning with underground mining at the 
turn of the last century. Elkview is the oldest site with the longest history of near-continuous operation, 
and is located near the town of Sparwood – underground mining on this site commenced in 1897. The 
Coal Mountain, Cheviot, and Luscar mines have a similar long history of mining, with underground 
activities commencing at these sites in 1908, 1911 and 1921, respectively. The Elkview and Cardinal 
River sites were also pioneers of above-ground metallurgical coal mining in western Canada, with surface 
mining introduced on the Cardinal River sites in the 1940s, and with Elkview beginning the first large-
scale open-pit coal mining in the Elk Valley on the Harmer Ridge/Balmer mine area in 1968.  
 
All of Teck Coal’s operating mines now employ conventional open-pit truck-and-shovel mining methods, 
producing primarily metallurgical coal. Following mining, the coal is washed using a variety of 
conventional techniques (involving cycloning and heavy-media flotation) and conveyed to dryers. Clean 
coal is transported primarily by rail to terminals near Vancouver and Thunder Bay, for shipping to 
customers in Asia, Europe, and eastern North America. 
 
In total, Teck Coal’s operating mines have a current annual production capacity of approximately 
25 million tonnes of clean coal, and an annual preparation/plant site capacity of 31 million tonnes. 
Remaining reserve lives (at current reserve estimates and production rates) range from 9-55 years, with a 
site average of almost 30 years. Teck’s operating and non-operating properties are almost 90,000 ha in 
area, with currently active or scheduled mining on over 16,000 ha of this area.  Teck’s mines have 
reclaimed almost 7,000 ha of land, approximately 1,200 ha in Alberta, 3,000 ha in northeast B.C., and 
2,700 ha in southeast B.C. This reclaimed land area in B.C. represents almost 1/3 of the total coal mining 
disturbance footprint in the province, and over 2/3 of the reclaimed coal mining lands.  
 
Regulatory Requirements 
 
Teck Coal mines sites are required to meet regulatory standards in both provinces of operation. Alberta 
was the first province in Canada to legislate land reclamation practices, and generally defines specific 
reclamation requirements within individual project approvals rather than provincial acts and regulation. 
Alberta’s 1993 Environmental Protection and Enhancement Act (EPEA) and Conservation and 
Reclamation Regulation ensures that operators obtain reclamation certificates in respect to the 
conservation and reclamation of specified lands and return those lands to an equivalent land capability.  
 
Similarly, in British Columbia, the operation of the mines is regulated by the Mines Act and the Health, 
Safety and Reclamation Code (HSRC) for Mines in British Columbia. HSRC requires mines to carry out 
a reclamation program in accordance with specified standards. For example, excluding lands that are not 
to be reclaimed, the average land capability to be achieved on the remaining lands is not to be less than 
the average that existed prior to mining, consistent with the approved end land uses.  



 
 

   

Teck Coal’s Reclamation Research and Research Synthesis Project 
 
Environmental considerations at all Teck Coal’s mine operations are based on the premise that mining is a 
temporary use of the land, and that all mines will be reclaimed to be fully productive post-closure 
landscapes. Teck Coal’s environmental management practices are designed to minimize environmental 
footprints, mitigate impacts and reclaim disturbed land to suitable end land uses. Extensive research, both 
past and future, is essential to furthering the scientific knowledge that allows operations to avoid or 
mitigate potential negative impacts from mining and provide direction for successful reclamation 
programs. 
 
In 2010, Teck Coal initiated a project to compile data and interpretations on the extensive reclamation 
research conducted to date on their eight open-pit metallurgical coal mining operations, with the objective 
of producing a synthesis of the current state of knowledge with respect to reclamation techniques on these 
sites. This synthesis focuses on the following two questions: What do we know and what do we need to 
know? 
 
The rationale/objectives for this reclamation research synthesis project are as follows: 
 

• to compile in one document (and associated digital appendices) all of the reclamation research 
that has been conducted at the Teck Coal properties, for safekeeping and ease of access; 

• to synthesize findings of research to date, and to provide this synthesis in a single reference, for 
the purposes of integrating and documenting the knowledge of current and past reclamation 
practitioners on the Teck Coal mines, and to provide information for new practitioners; 

• to support successful reclamation of all of Teck Coal’s sites, by clearly articulating reclamation 
research findings to date, and thus identifying optimum reclamation practices. This process will 
support, refine or modify current reclamation practices applied operationally on Teck Coal’s 
mines; and 

• to focus future reclamation and monitoring efforts on identified remaining challenges or 
outstanding issues of high priority. This will ensure that Teck Coal’s history of using research to 
improve reclamation outcomes is continued, and that this research is adapted to focus on the 
emerging challenges faced by Teck Coal’s mines. 

 
Details of the implementation of this approach for Teck’s reclamation research synthesis document are as 
follows: 
 

1. Raw data – these data are typically housed as either hard or soft-copy report appendices. These 
reports and digital databases will continue to be the repository of this information; due to size 
constraints, this information will not be reproduced in Teck’s synthesis document. 

2. Reports – all reports included in the synthesis document will be reproduced as digital appendices 
to the document. 

3. Report summaries – various authors familiar with Teck Coal’s mine sites have been engaged in 
producing report summaries, with every report gathered for the project summarized in 1-4 pages, 
providing study objectives, and overview of methods used, and study findings. These report 



syntheses will be reproduced as hard-copy appendices to the document. Through the course of 
this project, summaries have been produced for over 200 reports. 

4. Syntheses by topic – in order to structure the first step of synthesis, all reports have been 
categorized into one of ten topic areas. Information from all reports for each topic has then been 
synthesized into 2-5-page sections, per topic area, per geographic area (i.e., SE B.C., NE B.C., 
and Alberta). These synthesis sections will collectively form the main body of the synthesis 
document. 

 

 
Figure 1. Information synthesis approach used in the Teck Coal Reclamation 
Research Summary (adapted from Barbour et al., 2007)  

 
5. Integration – in the final report sections, the syntheses by topic area are more fully synthesized 

and integrated (across topic areas and geographic areas) to answer the two primary questions 
posed in the report objectives. Section 4 of the document integrates the previous syntheses to 
answer the question, “What do we know?”, based on the present state of knowledge and research. 
Section 5, “What do we need to know?”, is based on identified needs stemming from the research 
summarized and integrated in the previous sections, and on emerging issues of interest. 

 
As of July, 2010, Teck Coal’s Reclamation Research Synthesis project is in progress, and only partially 
complete. The remainder of this paper provides an in-progress example of the summary and synthesis 
completed to date, focusing on reclamation for ungulate habitat. Due solely to the sequencing of 
information availability, the example presented here utilizes work conducted in southeast B.C. – in the 
final synthesis document, equal effort will be directed to all geographic regions of Teck Coal’s 
operations. 



 
 

   

RESULTS 
 
Synthesis – Reclamation of Ungulate Habitat in Southeast B.C. 
 
Identification of Preferred Elk Browse and Forage Species 
 
Pre-disturbance conditions on mine sites in the Elk Valley included substantial areas providing valuable 
ungulate habitat, particularly habitat supporting elk. For this reason, reclamation of wildlife habitat has 
been and continues to be a primary focus of the reclamation research programs at all of Teck Coal’s 
operations. It is important to note that a critical difference between pre-disturbance and reclamation 
scenarios is that new reclamation materials (e.g., coal waste rock) have very low carbon and nitrogen 
contents, and thus have very different initial conditions and cycling processes with respect to nutrient and 
moisture supply and biological activity. Understanding these constraints in reclamation is the key to any 
successful and sustainable revegetation program, including those designed for replacing ungulate habitat. 
 
Survey and review work undertaken during mine development in the Elk Valley, particularly for higher-
elevation winter range habitats, identified the following species as present in the pre-disturbance 
environment and highly valuable for elk (Table 1): 
 
Reclamation of Preferred Forage (Grass and Forb) Species 
 
Having identified grass and legume species preferred by elk for forage, reclamation research proceeded to 
investigate establishment of these species on mine waste rock, both in single-species trials and in 
multiple-species mixes. Work on establishing these species on waste rock indicated that the best 
establishment and longer-term persistence (5 years+) in the reclamation setting was achieved by: 
 

• Native Grasses and Forbs – blue bunch wheatgrass, sheep fescue, mountain brome, and slender 
wheatgrass; 

• Naturalized/Introduced Grasses and Forbs – hard fescue, Canada bluegrass, and creeping red 
fescue. 

 
The mean proportion of seed germination for all species, even the more successful ones, is low, averaging 
5%, with even the best performers only up to approximately 15%. Consequently, on average a seed 
delivery rate of 2000 seeds/m2 will result in approximately 100 germinants present per m2. Comparison of 
“naturalized” versus native seed mixes showed similar number of successful germinants and resultant 
vegetative cover for both types of mixes. However, greater species diversity resulted from the naturalized 
mixes, whereas native species mixes resulted in vegetation dominated by slender wheatgrass. 



Table 1. Valued elk forage and browse species in the Elk Valley  
 

Native Grasses & Forbs Winter Spring Summer Fall 

Blue wildrye     

Idaho fescue     

Rough fescue     

Bluebunch wheatgrass     

Pinegrass     

Sheep fescue     

Arctic bluegrass     

Mountain brome     

Silky lupine     

Fireweed     

Sedges     

Slender wheatgrass     

Naturalized/Introd’d Grasses & Forbs Winter Spring Summer Fall 

Hard fescue     

Timothy     

Sweet Clover     

Canada bluegrass     

Smooth brome     

Alfalfa     

Creeping red fescue      

Native Shrubs Winter Spring Summer Fall 

Trembling aspen     

Saskatoon     

Chokecherry     

Willow     

Prickly rose     

Red osier dogwood     

  
Highly valuable – plants avidly sought by elk, making up a major part of the 
diet or consumed far in excess of their proportional presence. 

  
Valuable – plants sought and readily eaten, but to a lesser extent than the above 
category. Such plants make up a moderate part of the diet. 

Unshaded cells - species with lesser value for the applicable season. 
 
Evaluation of timing of seed application yielded variable results, but overall fall seed applications had 
better or equal performance (in terms of resultant plant presence, cover and biomass) to spring 
applications. Seed mixes were formulated for use on the Elk Valley mine sites as a result of this research, 
and are shown below (Table 2), with high-value species for elk forage shaded as in Table 1. 



 
 

   

Table 2. Seed mixes used in reclamation 

SEED MIX # 8 (elevations below 1900 meters) 
Species Category % of mix by wt. 

   Alfalfa Introduced 34 

   Intermediate wheatgrass Introduced 20 

   Alsike clover Introduced 10 

   Creeping red fescue v. Boreal Introduced 10 

   Orchard grass v. Chinook Introduced 8 

   Meadow foxtail Introduced 5 

   Hard fescue Introduced 5 

   Timothy v. Climax Introduced 4 

   Canada bluegrass Introduced 2 

   Red top Introduced 2 

               TOTAL:   100 

 

SEED MIX # 9 (elevations above 1900 meters) 
Species Category % of mix by wt. 

  Sainfoin Introduced 73 

  Meadow foxtail Introduced 5 

  Creeping red fescue v. Boreal Introduced 5 

  Alsike clover  Introduced 5 

  Hard fescue Introduced 5 

  Timothy v. Climax Introduced 3 

  Canada bluegrass Introduced 2 

  Red top Introduced 2 

               TOTAL:   100 

 

SEED MIX #10 (wildlife forage mix) 

Species Category % of mix by wt. 
  Slender wheatgrass v. revenue Native 20 

  Crested wheatgrass v. fairway  Introduced 16 

  Mountain brome v. bromar Native 25 

  Sheep fescue Native 6 

  Hard fescue v. durar Introduced 6 

  Canada bluegrass v. reubens Introduced 2 

  Fowl Bluegrass Native 3 

  Alfalfa Introduced 22 

               TOTAL:   100 

  Indicates species identified as highly valuable for elk subsistence, see Table 1. 

Unshaded cells indicate species with no identified value for elk forage. 



Reclamation Using Preferred Browse (Tree and Shrub) Species 
 
Similar work as described above was also conducted to evaluate reclamation using browse species. 
Substantial effort in reclamation research programs has been directed at techniques for successfully 
establishing these species on mine waste, due to the importance of tree and shrub species in providing 
structural and winter dietary components of ungulate, particularly elk, habitat. This work has specifically 
focussed on: 
 

• identification of species most adapted to use in coal reclamation programs, and optimum planting 
windows, stock size, and age of seedlings for these programs; 

• evaluation of the use of physical plant protectors (“cones”), both to protect seedlings from 
browse, and to reduce desiccation during periods of excessive drought and wind; and 

• evaluation of ground-cover treatments for browse species establishment – a common practice on 
the Elk Valley mines has been to treat tree and shrub plantations with legume (typically birdsfoot 
trefoil) interseeding, to establish ground cover and nutrient enrichment (through symbiotic 
nitrogen fixation and shoot and root growth and decomposition). 

 
The synthesis of the findings of these programs is provided in the Integration section below.  
 
Integration – What Do We Know? 
 
Reclamation research focussed on re-establishment of wildlife habitat on post-mining landforms has 
provided substantial information on techniques to re-introduce critical components of this habitat.  
 
What species (both native and agronomics with potential for reclamation use) are most valuable as 
preferred forage and browse for ungulate populations? Reclamation research and pre-disturbance 
surveys have identified these species, as presented in Table 1. These species have been incorporated into 
both tree and shrub planting programs and seed mixes used on the Elk Valley mine sites (see above) as a 
result of this research. 
 
Can native and naturalized/introduced grass and forb species be used successfully in reclamation of 
wildlife habitat on coal mining waste materials? What are the advantages of each? Reclamation 
research has shown that both native and naturalized/introduced grass and forb species can be successfully 
established as part of reclamation programs, where all naturalized species can be successfully established, 
and some native species can be successfully established. Both types of vegetation are capable of 
establishing, providing ground cover and producing above-ground biomass that can be consumed by 
ungulate populations as forage. In general, species diversity in areas seeded with “naturalized” mixes can 
be higher than those seeded with native mixes, as in the native mixes a small number of species that are 
adapted to rapid establishment tend to dominate resulting forage stands. Advantages of use of 
naturalized/introduced species are that these species are bred for rapid and reliable establishment, and 
thus can be used to address reclamation objectives such as erosion control, while native species can take 
longer to establish. In addition, above-ground biomass production of agronomic (naturalized/introduced 
species) is generally higher, which provides more forage for wildlife. Advantages of use of native species 



 
 

   

are that these species are appropriate for the region, and thus may contribute to biodiversity objectives. 
These native species are more adapted to local conditions (particularly for successful reproduction at 
high-altitude, short growing-season sites), and may be more capable of long-term persistence than 
agronomic species. To date, there has been no evidence of declining persistence or productivity of 
agronomic forage stands on reclaimed sites (up to 20 years post-establishment), which relates to issues of 
succession discussed below. 
 
Can native tree and shrub species be used successfully in reclamation of wildlife habitat on coal 
mining waste materials? What techniques optimize establishment and survival of these species? 
Extensive research has shown that all identified preferred elk browse species (aspen, saskatoon, dogwood, 
willow, rose, and chokecherry) can be successfully established on coal spoil, including challenging high-
elevation winter-range sites, where long-term survival of approximately 50% can be achieved through use 
of optimal planting windows and plant protection. Additional species useful in providing structural or 
minor browse components of habitat that can be successfully established include Douglas maple, 
snowberry, wolf-willow, cottonwood, pine, and spruce. Despite substantial effort, it has been shown that 
both buffalo berry and spirea are difficult to establish on mine waste materials, and should not be 
included in planting programs without more research focussed on techniques for these two species.  
 
Techniques for improving establishment and survival of seedling of these species include: 
 

• Planting window, stock size and age - in general, deciduous species perform better after cold 
storage and spring planting, while locally grown conifer seedlings perform best after a hot-lift fall 
plant. Stock age and size were found not to have any significant influence on long-term survival. 
Economic considerations suggest that the smaller, younger seedlings (1+0 styro 77 seedlings, 
equivalent to current 410-415 container sizes) confer the greatest reclamation benefit per unit 
cost. 

• Plant protection – use of some form of plant protection has been shown to be critical to 
increasing survival of seedlings on challenging, high-elevation wildlife-habitat sites. Extensive 
work has been directed at use of individual physical plant protectors, which provide some 
protection both against browse damage and against wind and cold desiccation. Research on use of 
these protectors has shown that their use increases the survival of most deciduous species (with 
the exception of wolf-willow) by approximately 3 times, in comparison to unprotected plants.  
The optimum duration of protection for these species was found to be 3 years (growing seasons) 
following planting. Wolf-willow, spruce and pine showed no significant survival gains from 
protection. Although effective, individual plant protectors are difficult and costly to maintain; 
later research has investigated use of chemical browse deterrents.  Although limited in scope, this 
research generally indicates a survival decrease (approximately 10%) in plants treated solely with 
chemical deterrents, in comparison with those treated either solely with physical protectors, or 
with physical and chemical protection agents in conjunction. 

• Legume interseeding – legume interseeding of tree and shrub plantations is a common practice 
on the Elk Valley mines. The optimum delay of interseeding (application of seed following 
planting) has been found to be 2 years for standard conifer plantations established at low-mid 
elevations. However, use of this practice with protected plants results in excessive competition 



inside the protector between the ground-cover species and the protected seedling. Thus, ungulate 
habitat reclamation research has resulted in recommendations that the minimum interseed delay 
for protected plants be 4 years following plant establishment, or 1 year following protector 
removal. 

 
What are the nutritional characteristics of tree, shrub and introduced forb species used for 
reclamation of wildlife habitat? Analysis of nutritional quality (Crude Protein and Total Digestible 
Nutrients) of a small number of species (aspen, wolf-willow and alfalfa) used in reclamation of ungulate 
habitat indicated that these species maintain these parameters over the winter period, that all species meet 
Crude Protein dietary requirements of 5%, but that only aspen has Total Digestible Nutrient over the 50% 
requirement. Thus this species plays a critical role in meeting elk nutritional requirements over the year, 
while the other species contribute to habitat through provision of protein. We know that grass and forb 
species, both native and agronomic, degrade nutritionally in the late fall and winter to the point that they 
no longer meet dietary maintenance requirements for ungulates. It is thought that ungulates meet these 
requirements by shifting their consumption to woody shrubs during this critical period. 
  
Integration – What Do We Need to Know? 
 
Can current seed mixes be further developed to improve performance and achievement of changing 
reclamation objectives? Current grass-and-forb seed mixes on the Elk Valley mine sites have been 
developed to meet reclamation objectives of erosion control and provision of wildlife forage; however, 
there are increasing motivations, both external and internal, to incorporate more native species into 
reclamation seed mixes, primarily to address biodiversity objectives. Current seed mixes are effective, 
and we want to ensure that any alterations to these mixes for the above reasons maintain or increase this 
effectiveness. What we need to know about the agronomic/native species issue includes: 
 

• Are there species (e.g., crested wheatgrass) currently in reclamation seed mixes that are widely 
thought to be invasive and thus pose risks to surrounding ecosystems? We know that the majority 
of agronomic species used in reclamation in the Elk Valley are not invasive (e.g., work on 
exploration roads at Line Creek showed no evidence of agronomic egress from seeded 
disturbance, even 20 years after seeding), but perhaps a small number are. Should these species 
be removed from or replaced in current seed mixes? Can modified mixes be confidently used 
without testing? 

• There are some native species grass and forb species that have been shown to be high-value 
components of local ungulate habitat. These species are blue wildrye, Idaho fescue, rough fescue, 
bluebunch wheatgrass, pinegrass, sheep fescue, arctic fescue, mountain brome, silky lupine, 
fireweed, sedges, and slender wheatgrass. Of these, sheep fescue, mountain brome, and slender 
wheatgrass have been incorporated into operational reclamation seed mixes, but the other species 
have not been utilized (including bluebunch wheatgrass, which was shown in early research to 
have potential as a reclamation species). Can we develop some or all of the remaining species – 
blue wildrye, Idaho fescue, rough fescue, bluebunch wheatgrass, pinegrass, arctic fescue, 
silky lupine, fireweed, and upland sedges – to the stage that they can be a useful and 



 
 

   

feasible/affordable component of reclamation seed mixes? Are these species commercially 
available from external sources?  

• Wildlife-habitat reclamation in the Elk Valley uses a mixture of native species (some native 
grasses, as well as native trees and shrubs) and naturalized/introduced species (typically 
agronomic grasses and legumes as components of forage seed mixes, as well as agronomic 
legumes for tree/shrub interseeding). There is much debate around the concept of succession – a 
fundamental assumption of mine reclamation with agronomics has long been that these species 
will play an important functional role early in reclamation, but will be gradually replaced by 
invading native species that are better adapted to local conditions. Other observers have suggested 
that agronomic forage stands may be successionally stagnant. Although we can conclusively 
prove that agronomic stands provide substantial ecologic and biologic value, there are little data 
to demonstrate the long-term succession patterns on these reclaimed areas. In order to address 
this, we need to establish successional trajectories and rates for agronomic stands, and determine 
if they can transition to ecosystems dominated by native species. What are successional rates for 
reclaimed forest stands and wildlife habitat shrub islands that are mixtures of native and 
agronomic species?  

 
Are there other techniques that can replicate the benefits of individual plant protectors, without the 
effort/cost associated with their maintenance? Reclamation research has demonstrated that the use of 
individual physical plant protectors is critical to successful establishment of preferred browse tree and 
shrub species on high-elevation wildlife-habitat sites, through reduction in browse damage and wind/cold 
desiccation of plants. However, this research also highlighted the difficulty of maintaining these 
protectors over a large scale for the required duration of protection. Later work, both in the research and 
operational trial setting, has looked at use of other forms of browse protection, such as chemical 
deterrents and fencing. Although use of chemical deterrents requires frequent re-application to maintain 
effectiveness, and fencing requires substantial initial effort and expenditure, it appears that these 
protection methods may be more economic than use of individual plant protectors. However, we do not 
know if the browse protection provided by chemical deterrents or fencing is alone sufficient to enhance 
survival of tree and shrub seedling on high-elevation reclaimed sites, or whether some individual 
protection from desiccation is also required (note that this question should be evaluated on a result-per-
unit-cost basis – e.g., even if overall survival rates are lower with fencing in comparison to use of 
individual protectors, it might be more cost-effective to achieve desired results by increasing planting 
densities in fenced areas, rather than by using plant protectors). Depending on the answer to this question, 
it may be possible to use fencing instead of individual protectors for high-value wildlife habitat sites 
incorporating tree and shrub planting. If individual protectors are required in some cases, we need to 
identify which sites have sufficient climatic limitations to require their use. 
 
Do we have adequate information to determine the quantity or proportion of ungulate browse 
shrub species required to provide high-quality winter-range habitat?  As discussed above, we know 
that woody shrub species may provide critical digestible nutrients over the winter months, and that 
ungulates meet dietary requirements by shifting their consumption to woody shrubs during this critical 
period. We do not know the proportion/quantity of woody shrubs species necessary on reclaimed lands to 
fulfill this functional role.  



CONCLUSION 
 
It is Teck Coal’s intent to summarize the history of reclamation research over the past 40 years at their 
eight operating and non-operating mine sites in B.C. and Alberta, and to synthesize findings from this 
work in the manner presented above. This synthesis will be valuable in guiding Teck’s future reclamation 
efforts on their mine sites, and in educating new reclamation practitioners on these mines. This work also 
has wider implications, particularly in B.C., where Teck Coal’s reclamation represents over 2/3 of the 
total coal reclamation completed in the province, and thus the majority of experience in this field. Thus, it 
is hoped that Teck’s synthesis effort will contribute more widely to overall reclamation knowledge in the 
two provinces through publications such as this. 
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February 5th 2014    Ronald Lake Bison Herd  
 
Attendees: 
Paul MacMahon (ESRD) 
Tim Burggraaff (ESRD) 
Craig Dockrill (ESRD)  
Kelly Williams (ESRD)  
Joann Skilnick (ESRD)  
Melody Lepine (MCFN) 
Crystal Blain  (MCFN)    
Sebastien Fekete (MCFN)  
Kyle Harrietha (Metis Local 1935) 
Gillian Donald (Metis Local 1935) 
Sheila Risbud (Teck)  
Janais Turuk (Teck)  

Bori Arrobo (Ft McKay FN)  
Karla Buffalo (Ft. McKay FN) 
Amanda Annand (ACFN)  
Doreen Somers (ACFN)  
Scott Nielsen (U Alberta)  
Cam Bateman (SilverWillow) 
Mark Edwards (Royal Alberta Museum)  
Martin Jalkotzky (Golder)  
Margwyn Zacharuk (Shell)  
Paul Knaga (Shell) 
Jen Platman (Shell) 
Greg Wilson (Environment Canada) 

Steve Hiltz (Teck) 
 

Context and Background 

Purpose of meeting was established as:  a discussion of interest and options for broadening 
participation and input regarding directed studies of the Ronald Lake Bison Herd.   
 
Some participants expressed frustration with GoA for not protecting the herd on the basis of its 
cultural value to First Nations (particularly ACFN), and Crown’s obligation to respect treaty 
rights.  
 
Aboriginal Groups would like to see an immediate moratorium on development, until the herd 
and its needs are better understood. ACFN has applied to Federal Government for an 
emergency protection order, does not want Provincial Government to manage the herd.   
 
Environment Canada estimates that a federal wood bison recovery strategy would be 
completed in 2014.  COSEWIC has recently recommended down listing wood bison to 
“Threatened”; should take Cabinet 2 to 2.5 years to make a decision.   
 
Studies conducted to date (Joann Skilnick):  
 
2009 – population estimate of 75 to 100, with large confidence interval 
2013 – minimum population count (single day) of 186 bison 
 



ESRD initiated disease testing to test null hypothesis that prevalence of TB and Brucellosis in 
the RLBH would be comparable to disease rates (30 to 50%) in the greater Wood Buffalo herd.   

- Lethal tests of 12 animals 
- Blood samples drawn from 12 animals affixed with collars for tracking movements 
- We now understand that disease (if it occurs) is currently at levels of less than 12% 

 
12 Bison were equipped with Iridium Satellite collars (March 2013), set to take location data 
every 90 minutes for up to 2 years (battery life can be unpredictable).  

- 1 collar failed immediately, 1 bison died of capture myopathy within a week, 2 
collars have failed since, and 1 bison was killed by wolves.  

 
Disease Status and Management of RLBH and wild Bison in Alberta 

Aboriginal Groups are concerned that disease status is prioritized in GoA actions, while it has no 
relevance to the exercise of treaty rights.  
 
Wood bison, as a species is considered endangered in the province of Alberta.   However, the 
only herd of wood bison actively managed through the Wildlife Act is Hay Zama.   

- Other herds, including RLBH are not considered to be wildlife under Alberta’s 
Wildlife Act.   

- GoA regulates non-aboriginal hunting of the Hay Zama herd 
- Habitat is not a component of GoA’s management for the Hay Zama herd   
- Hay Zama herd receives no more attention from GoC than does RLBH  

Government of Alberta prefers to recover wood bison populations that are free of disease, but 
disease status of a herd does not currently impact decisions related to industrial land uses.  

- GoA is unwilling to place a moratorium on development/exploration activities within 
the known RLBH range    

- Government would have tools (regulate non-aboriginal hunting, protection plans, 
etc) at its disposal if bison were listed as wildlife.  

Industry Perspective Regarding Studies of Ronald Lake Bison Herd 

Understanding potential impacts to the herd, knowing where the herd is, the size of the herd, 
whether activities, are, or may impact the herd is a priority.   

- Teck, Shell, and Silverwillow are all able and willing to provide data layers/shapefiles 
of projects as built to date 

- Teck, Shell, and Silverwillow can also provide information on when activities were 
occurring across the landscape.   

- Industry is at the table to be informed, not to direct or manipulate the research 



- Where is the threshold at which the RLBH cannot be sustained or accessed by First 
Nations?   

- Current mitigation measures are intended to address short term impacts of 
exploration activities  

o Early entry/early exit, minimize new disturbance/use existing disturbance 
o Minimize sensory disturbance in the short term 

Teck has similar experience related to caribou in NE British Columbia (Steve Hiltz) 
- FNs were frustrated with government response at the provincial and federal levels 
- Industry detected growing risk to projects, desired to work collaboratively on a 

solution that was satisfactory to all resource managers/users/developers 
o Forum was established through initiative of a FN to discuss and produce a 

strategy to address declining caribou populations, and to exchange ideas 
regarding respecting Treaty Rights 

Important for industry to remain at the table going forward, so that information is shared by all 
groups currently using the landscape 
   
First Nations Perspective Regarding Studies of Ronald Lake Bison Herd 

Important to recognize the need for directed studies at this time, monitoring should come after 
the baseline is understood.   i.e. Monitoring might tell us how the bison are reacting to 
developments, but a directed study would tell us how bison currently behave and use the 
landscape.   

- Scientific study of the RLBH must be undertaken in a collaborative, cooperative 
manner 

- Directed studies should respect and balance both western science and traditional 
knowledge, seeking to combine these elements to best inform decisions.   

- Studies need to inform regulatory processes, and provide information in advance of 
decisions 

- Studies should inform the production of a management plan or strategy for the 
RLBH 

- Key to recognize the priority of Constitutional Rights throughout research and study 
- Clear terms of reference for a group providing technical oversight of research are 

required, including clear description of mandate, function, purpose, roles, 
responsibilities, and objectives of that group.  

- ToR should provide an active role for that group in identifying actions/next steps 
based on outcome of directed study 

- Membership should be actively involved in the design of studies 
- Need to understand what is wanted for the future, what data do we need to collect 

to answer those questions?  



- Does the working group have the mandate to expand scope of study to address the 
needs of all parties?  

- CEMA has outlined research methods/guidelines for gathering ATK that could be 
valuable.  

- Access to previous reports would be valuable to new participants of these 
discussions 

- Interpretation of results should be by consensus.   
- Need to understand the full mandate of the group prior to determining whether or 

not participation is valuable – some concern that it will be process driven, and be of 
limited impact 

- Who would represent each organization?  
o Structure, purpose, and role should provide foundation for determining 

composition 
- Multistakeholder processes cannot address consultation responsibilities 

o Working group cannot be substituted for consultation, even on plans 
decisions emanating from that group 

 

Collection and Use of RLBH Data  

Need to make our best attempts to integrate information, factor in multiple viewpoints and 
understand how data would be used by all parties.   
 
Where do we want to end up? RLBH should be the ultimate winner 

- Herd is sustained and always available for harvest by FN and non-FN hunters 
- Understand how the herd responds to activities on the landscape and to harvest 
- Will funds always be focussed on disease sampling?  

o No, 2014 hoped to be last year with that focus 
 
Products delivered to/approved by the technical team should be consensus based, but group 
members would be free to use the products in different manners.   
 
Group would be expected to develop consensus on research priorities, study design, and agree 
that objectives could be achieved before any research commenced.  
 
CEMA has updated its guidelines for Traditional Knowledge research – could help inform 
studies for Ronald Lake bison.  
 
 



Next Steps  

GoA provide Aboriginal Groups with draft principles of Technical Team by 12th February 

Aboriginal Groups respond to GoA with comments on draft principles by 19th February  

2014 field program will occur in the interim 

- Collaring of additional bison 
- Disease sampling of 49 animals  
- Population estimate via mark/resight 

GoA will prepare briefing note to seek mandate to establish Team; inform Melody and Karla 
when this is occurring so that they can support through advocacy.   

Greg Wilson (Environment Canada) to provide information to ACFN on status of request for 
emergency protection order.  

Reconvene in April to discuss future of team  
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85a.1.1 Introduction

A bison winter feeding habitat suitability index (HSI) model was developed for the Project to assess
cumulative effects on the Ronald Lake bison herd (see Volume 6, Appendix 4A, Section 4A.3,
Pages 4A-7 to 4A-13). The HSI model used vegetation cover classes as input variables that subdivide
wetlands into functional cover classes recognized by the Alberta Wetland Policy (e.g., marshes and fens).
Open wetlands (i.e., marshes, wet meadows and open fens) were rated as having high suitability for
winter forage in the HSI winter bison habitat suitability model.

The open wetlands cover classes used as input to the HSI model represent different types of wetlands
communities that support different species. Some of these species generate large amounts of aboveground
biomass, but others do not. As a result, not all open wetlands rated as having high suitability for winter
bison feeding habitat in the Integrated Application will produce adequate biomass for bison. The Ronald
Lake bison herd requires substantial biomass on an annual basis (about 700 tons of dry matter) to sustain
the current known population (i.e., 186 individuals). This estimate is based on an annual requirement of
3,796 kg dry matter per animal (Hamilton 2005; Kuzyk et al. 2009).

To account for differential biomass production in open wetlands, a refined open wetlands cover class map
has been developed that shows biomass production levels (e.g., low, moderate and high) for each open
wetland (see Figure 85a.1-1). The refined map was verified using historical data and Project-specific field
studies. Traditional knowledge was also used to verify mapping in areas identified as important habitat for
the Ronald Lake bison herd (e.g., “buffalo prairie”). In assessing Project and cumulative effects on open
wetlands, those with a high potential to produce abundant biomass are specifically considered.

Although available traditional knowledge has been used to verify bison winter feeding habitat mapping,
MCFN and ACFN have indicated that they have concerns with the degree and manner with which their
traditional knowledge and Aboriginal perspectives have been considered and incorporated by Teck,
particularly in assessing impacts to Aboriginal rights and culture. To this end, Teck acknowledges the
need for further engagement regarding bison, potential effects of the Project on bison, and development of
mitigation and monitoring plans for the Ronald Lake bison herd. Teck will revisit conclusions contained
in this appendix once the parties have pursued the collaborative processes that Teck, MCFN and ACFN
are working to develop, and as additional information is gathered.

However, Teck wishes to provide additional western-science-based information that is relevant to bison
and their habitat. Teck expects that this information will be reviewed in more detail with potentially
affected Aboriginal communities, and it expects to integrate additional information into a bison-specific
mitigation and monitoring plan that will be developed for the Project.

85a.1.2 Assessment Scope and Approach

85a.1.2.1 Study Area

An expanded study area was used to quantify the amount of winter feeding habitat potentially available to
the Ronald Lake bison herd (see Figure 85a.1-1). This area is larger than the bison study area previously
used to assess cumulative effects on the herd (see the response to ESRD/CEAA Round 1 SIR 219c,
Appendix 219c.1 and ESRD/CEAA Round 2 SIR 136a, Appendix 136a.4). The expanded study area
extends into the Birch Mountains and Wood Buffalo National Park (WBNP) because recent collar data
indicates that bison are using these areas (GOA 2013; Skilnick 2014, pers. comm.). For comparison and
to provide further context, areas east of the Athabasca River were also mapped, although there are no
recent reports of bison in these areas.



Figure 85a.1-1: Bison Winter Feeding Habitat - Predevelopment
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85a.1.2.2 Assessment Cases and Snapshots

A predevelopment reference condition was used to evaluate the loss of potentially available winter
feeding habitat for bison under the following development scenarios:

 Base Case, which includes developments that are currently operating or under construction, and
activities approved but not yet constructed.

 Application Case, which includes developments and activities in the Base Case with the Frontier
Project added.

 Planned Development Case (PDC), which includes developments and activities included in the
Application Case with other planned developments added.

An alternate development inclusion list (DIL) was used for the Base Case and Application Case that
removed likely-to-be-approved developments such as the Pierre River Mine (PRM) that were applied for,
but not yet approved, as of July 18, 2012. For a detailed list of which developments are included in the
alternate DIL, see the response to ESRD/CEAA Round 1 SIR 308a, Table 308a-1.

The revised Project was assessed at maximum build-out (2057).

85a.1.2.3 Effects Classification

The methods used to analyze and classify effects are the same as those used in the Integrated Application
(see Volume 6, Sections 4.3.5 to 4.3.7, Pages 4-20 to 4-25). This includes the determination of
environmental consequence and prediction confidence.

85a.1.3 Methods

85a.1.3.1 Mapping

Effects of the Project on potentially available winter feeding habitat for bison were assessed based on the
estimated carrying capacity required by bison in the winter (for details, see the response to ESRD/CEAA
Round 3 SIR 85a). A limiting life requisite for wood bison is winter feeding habitat (Larter and
Gates 1991). In the Integrated Application, the key habitat requirement used to define the winter feeding
habitat model is the presence of sedge and sedge meadows (see Volume 6, Appendix 4A, Section 4A.3,
Pages 4A-7 to 4A-13). Based on this limiting life requisite, open fen and marsh cover classes were
predicted to represent high-quality habitat for bison.

Open fen and marsh cover classes include several vegetation communities that support species that have
different tolerances to water permanence and water quality. These communities have different
characteristics such as maximum height and the amount of standing, live biomass that provides a food
source for bison. For a list of common species that dominate open fen and marsh communities in
northeastern Alberta and their characteristics, see Table 85a.1-1.



ESRD and CEAA Responses
Appendix 85a.1: Bison Winter Habitat Assessment

Frontier Oil Sands Mine Project
Integrated Application

Supplemental Information Request, Round 3

ESRD/CEAA Page 85a.1-4 October 2014

Table 85a.1-1 Common Open Wetland Sedges and Graminoids

Species
Maximum Height

(m)

Biomass
Average and (Range)

(kg/ha) Available Nutrients Salinity Tolerance

Tall, high biomass producing, temporary to shallow marsh species and fen species

Calamagrostis canadensis (Michx.) Beauv. (bluejoint) 1.2
1

1,967 (10 to 8,070)
7

Moderate
2

None
2,4

to Low
12

Calamagrostis inexpansa A. Gray (northern
reedgrass)

1.0
1

4,575 (3,927 to 5,987)
6

Moderate
2

Low
2

Carex aquatilis Wahlenb. (water sedge) 0.8
1

to 1.5
3

2,834 (1,630 to 3,345)
6

Low
9

to Moderate
2

None
1,4

Carex atherodes Spreng. (awned sedge) 1.2
1

to 1.5
2,4

4,686 (3,510 to 6,043)
6

Moderate
2

None
2,4

to Moderate
12

Carex rostrata Stokes (beaked sedge) 1.0
1

to 1.2
4

4,564 (900 to 8,230)
7

Low
9

to Moderate
2

None
3

to Low
2,4

Scolochloa festucacea (Willd.) Link (spangletop) 1.5
2

(1,975 to 4,575)
6

Moderate
2

None
1,4

to Moderate
12

Tall, high biomass producing, deep marsh species

Typha latifolia L. (common cattail) 1.5
2

5,457 (460 to 15,270)
7

Moderate
2

Low
2,4

Medium height, moderate to high biomass, temporary to shallow marsh species and fen species

Carex lasiocarpa Ehrh. (hairy-fruited sedge) 1.0
1

to 1.2
3

254 (13 to 477)
8

Low
9

to Moderate
11

Low
10,12

Carex utriculata Boott (small bottle sedge) 0.8 to 1.0
3,4

(1,975 to 4,575)
6

Low
9

to Moderate
2

Low
2,4

Short, low to moderate biomass fen species

Carex chordorrhiza Ehrh. ex L. f. (prostrate sedge) 0.3
1,5

to 0.4
3

2,330
7

Low
2

None
9

to Low
4

Carex diandra Schrank (two-stamened sedge) 0.7
1

(500)
6

Low
1

None
2

Carex limosa L. (mud sedge) 0.4
1

to 0.6
3

270
7

Low
2

None
2

SOURCES:
1

Moss (1983);
2

USDA NRCS (2014);
3

Flora of North America (2003);
4

Alberta Environment (2007);
5
Johnson et al. (1995);

6
Strong and Gates (2009);

7
Campbell et al. (2000);

8
Luan et al. (2013);

9
Jacques Whitford-AXYS (2007);

10
Gignac et al. (2004);

11
McClintock and Waterway (1994);

12
Purdy et al. (2005)
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Sedges and related graminoids that have a high biomass production and are found in areas where the
water table is near the ground surface provide most of the bison winter diet (Larter and Gates 1991;
Strong and Gates 2009; Timoney 2013). This includes species such as Carex atherodes, Carex aquatilis,
Calamagrostis canadensis, Calamagrostis stricta and Scolochloa festucacea, all of which require
relatively high levels of available nutrients. Other sedges and related graminoids typical of common
boreal open fen and marsh ecosystems produce less biomass or are typically shorter species (i.e., Carex
chordorrhiza, Carex diandra, Carex lasiocarpa, Carex limosa, Carex utriculata) and are often associated
with nutrient-limited ecosystems. These species are also more typical in deeply flooded areas, where most
of the biomass is below the frozen surface of the wetland in winter (i.e., Typha latifolia).

Large, contiguous areas of open wetlands that have relatively high levels of available nutrients are typical
of specific terrain types in northeastern Alberta, including deltaic, riparian and fluvial fan ecosystems.
Open wetlands that have available nutrients also frequently occur in areas of upland-dominated
hummocky moraine. In contrast, glaciofluvial, aeolian, glaciolacustrine and ground moraine terrain types
that dominate northeastern Alberta support nutrient-limited open wetlands (i.e., poor to extreme-rich
fens).

Open wetlands were mapped at a 1:60,000 scale using a 10% cover class increment following the
methods of Vitt et al. (1996) and Halsey et al. (1997) where terrain type is an important consideration in
polygon delineation. Mapping was completed using 2011 to 2013 color Landsat imagery with a cell width
of approximately 30 m.

Once mapping was completed, open wetlands polygons were then rated as having high, moderate or low
potential to have available nutrients based on terrain types identified in the terrestrial LSA (see Volume 2,
Section 7.4.1, Figure 7-6, Page 7-31) as well as from available surficial geology maps (Fenton et al.
2013). Open wetlands that have high potential for available nutrients likely support the preferred winter
habitat of bison. Open wetlands polygons associated with deltaic, fluvial fan or riparian terrain types were
considered to have high potential, while those associated with glaciofluvial, aeolian and ground moraine
were rated as having low potential. Open wetlands polygons associated with glaciolacustrine deposits that
are present on the northern flanks of the Birch Mountains were rated as having moderate potential
because nutrient inputs into these wetlands ecosystems are likely high, but not as high as in fluvial fan
areas.

In addition to requiring a food source, bison also require cover and are therefore often found close to
shrub or forest communities. LGL Limited (1986) identified that bison typically remain within 400 m of
cover. To quantify the amount of potential bison habitat in the study area, polygons with 80% to 100%
open wetlands were considered bison habitat only 400 m into the polygon. For polygons with 10% to
70% open wetlands, it was assumed that as cover would be distributed throughout the polygon; therefore,
the entire polygon was considered as available habitat. Potential bison habitat was adjusted by the
proportion of open wetlands that was mapped.

85a.1.3.2 Mapping Verification

To verify mapping accuracy, historical and Project-specific vegetation data were summarized and
compared to mapping results. Vegetation data included species percent cover in marshes/wet meadows
and open fens and was typically collected across a 20 m x 20 m plot with percent cover of individual
species estimated in 5% increments. Species that represented less than 5% of the plot were noted as
present in trace amounts. In some cases (e.g., monitoring sites), percent cover data was based on ten
replicated 1 m x 1 m plots.
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85a.1.4 Results

85a.1.4.1 Reference Conditions

The distribution of open wetlands without consideration of disturbance (i.e., predevelopment) is shown in
Figure 85a.1-1. Most areas of high-potential bison winter feeding habitat are found to the west of the
Athabasca River along the flanks of the Birch Mountains where fluvial fan deposits are present and
extending north into the Peace-Athabasca Delta where deltaic deposits occur. The area of hummocky
moraine that is present around Unnamed Lakes 1 and 2 was also rated as high-potential winter feeding
habitat. These areas are known to support open wetlands areas dominated by the sedge and graminoid
species that represent bison’s winter diet including Carex atherodes in particular (Larter and Gates 1991;
Strong and Gates 2009; Timoney 2013).

Areas of open wetlands on the Birch Mountains mainly represent poor fen collapse scars within large
expanses of permafrost bog. These areas support sedges such as Carex diandra and Carex limosa
(National Wetlands Working Group 1988; Allen and Johnson 2007) that generate a low amount of
biomass and are not considered a good winter food source for bison.

Most areas of open wetlands east of the Athabasca River are associated with glaciofluvial and aeolian
deposits and represent moderate- and extreme-rich fens that are often patterned. These fens largely
support low biomass-generating sedges such as Carex limosa (Halsey 2006) with higher-biomass species
occurring only around the margins of these large open-wetland complexes and along riparian channels.

Under predevelopment conditions, there are 63,070 ha of high-potential bison winter feeding habitat in
the study area with most (54,161 ha; 85.9%) located west of the Athabasca River (see Table 85a.1-2).

85a.1.4.2 Mapping Verification

Dominant graminoid species for 99 sites in the study area were compared to mapped open wetlands for
available bison winter feeding habitat. Of the 99 sites:

 40 sites (40.4%) were located in polygons identified with a high potential to support species that are
tall and generate high biomass (i.e., Carex atherodes, Carex aquatilis, Calamagrostis canadensis,
Calamagrostis stricta and Scolochloa festucacea)

 59 sites (59.6%) were located in polygons identified with a low potential to support species that are
tall and generate or high biomass (i.e., other species are present including Carex chordorrhiza, Carex
diandra, Carex lasiocarpa, Carex limosa and Carex utriculata)

 5 of the 40 sites (12.5%) identified as having high potential to support species that are tall and
generate high biomass were not dominated by the expected species (i.e., incorrectly classified)

 17 of the 59 sites (28.8%) identified as having a low potential to support species that are tall and
generate high biomass did contain those species (i.e., incorrectly classified)

Based on the relationship of the 99 sites and the mapping classification, overall mapping accuracy is
approximately 78%. Areas identified by Aboriginal communities as being particularly important to the
Ronald Lake bison herd (i.e., buffalo prairie) (Candler et al. 2013) were correctly classified as high-
potential bison winter feeding habitat. Based on this mapping accuracy, the refined open wetlands cover
class map (see Figure 85a.1-1) is thought to underpredict the total amount of available high-potential
bison winter feeding habitat.
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Table 85a.1-2 Change in Bison Winter Feeding Habitat

High-Potential
Open Wetland

Habitat

Predevelopment
Base
Case

Change from
Predevelopment to

Base Case

Application
Case

Change from
Predevelopment

to Application
Case PDC

Change from
Predevelopment

to PDC
Project

Contribution

Project
Maximum
Build-out

Project Maximum
Build-out

Project
Maximum
Build-out

Project
Maximum Build-

out
Application
Case / PDC

(ha) (ha) (ha) (%) (ha) (ha) (%) (ha) (ha) (%) (%)

Study area 63,070 62,757 -313 -0.5 60,378 -2,693 -4.3 59,266 -3,805 -6.0 -3.8

West of the
Athabasca River

54,161 54,084 -77 -0.1 51,704 -2,457 -4.5 50,928 -3,233 -6.0 -4.4
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In general, misclassified sites included sites in the Birch Mountains along riparian areas and to the east of
the Athabasca River along the edge of large fen complexes. Both of these landscape positions receive
upland runoff; therefore, they likely have higher nutrient concentrations than predicted by mapping.
Misclassification is supported by traditional knowledge that indicates that the Ronald Lake bison herd
makes use of the Birch Mountains (Candler et al. 2013), though it is unclear what season(s) this use
occurs in.

85a.1.4.3 Base Case

There is a decline in high-potential bison winter feeding habitat in the study area of -313 ha (-0.5%) with
a -77 ha (-0.1%) decline west of the Athabasca River at Base Case relative to predevelopment without
consideration of reclamation (see Table 85a.1-2).

85a.1.4.4 Application Case

MITIGATION

Marsh and wet meadows (MONG wetland class) have been included in the closure, conservation and
reclamation plan for the Project. Areas along the margin of Project waterbodies and watercourses with
Carex atherodes, and other species with high biomass, will be included in reclamation plantings.

Teck will work with regulators and potentially affected Aboriginal communities to develop additional
mitigation measures that may be required for the Ronald Lake bison herd. It is anticipated that ongoing
research being led by Alberta Environment and Sustainable Resource Development (ESRD) and
additional studies being completed by ACFN, MCFN, Métis Local 125 and Métis Local 1935 will inform
bison-specific mitigation and monitoring plans that will be developed for the Project (for details, see the
response to AER Round 3 SIR 2 and ESRD/CEAA Round 3 SIR 85).

LINKAGE ANALYSIS

Construction, operation, reclamation and closure of the Project will affect high-potential bison winter
feeding habitat availability in the study area through site clearing and grading. Indirect effects, such as
sensory disturbance (e.g., increased noise levels) from the Project, might temporarily reduce habitat
effectiveness; however, only direct effects are considered here. For a more detailed assessment of the
effects of the revised Project, see the response to ESRD/CEAA Round 2 SIR 136, Appendix 136a.4.

Effects on wood bison winter feeding habitat availability might also influence wildlife health (see
Volume 7, Section 2); resource use (see Volume 8, Section 3) and traditional land use (see Volume 8,
Section 6). For the validity of linkages to these components, see those sections of the Integrated
Application.

EFFECTS ANALYSIS

There is a decline in high-potential bison winter feeding habitat in the study area of -2,693 ha (-4.3%)
with a -2,457 ha (-4.5%) decline west of the Athabasca River at Application Case relative to
predevelopment (see Table 85a.1-2).
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85a.1.4.5 Planned Development Case

The Project, in combination with potential developments such as the PRM, will create landscape
disturbances that might temporarily reduce the availability of high-potential bison winter feeding habitat.
As a result, effects are assessed for the PDC.

A decline in high-potential bison winter feeding habitat is expected in the study area at PDC relative to
predevelopment (-3,805 ha; -6.0%) with a -3,233 ha (-6.0%) decline west of the Athabasca River (see
Table 85a.1-2).

85a.1.4.6 Effects Classification and Environmental Consequence

Effects of changes in the availability of high-potential bison winter feeding habitat that did not include
progressive reclamation are considered of moderate magnitude for all assessment cases. It is expected that
the Project will include reclamation of high-suitability winter bison habitat in the reclamation landscape;
therefore, effects of the Project are considered reversible from a western-science perspective and
following the assessment criteria used in the Integrated Application. As a result, effects on high-potential
bison winter feeding habitat are considered of low environmental consequence.

Although available traditional knowledge has been used to verify bison winter feeding habitat mapping,
MCFN and ACFN have indicated that they have concerns with the degree and manner with which their
traditional knowledge and Aboriginal perspectives have been considered and incorporated by Teck,
particularly in assessing impacts to Aboriginal rights and culture. To this end, Teck acknowledges the
need for further engagement regarding bison, potential effects of the Project on bison, and development of
mitigation and monitoring plans for the Ronald Lake bison herd. Teck will revisit conclusions contained
in this appendix, and in particular, how this additional information will inform the development of a
bison-specific mitigation and monitoring plan for the Project once the parties have perused the
collaborative processes that Teck, MCFN and ACFN are working to develop, and as additional
information is gathered.

85a.1.4.7 Prediction Confidence

Prediction confidence for effects on high-potential bison winter feeding habitat is moderate. The quality
and quantity of baseline information is considered moderate and reflects a mapping accuracy of 78%.
Confidence in analytical techniques is high for assessing direct effects because abundant literature on
species habitat requirements exists for model development, and because the Project footprint was defined
by the mine plan at an adequate level of detail for the assessment.
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1 WATER QUALITY PROGRAM 

1.1 WATER QUALITY MONITORING PROGRAM OVERVIEW 

The water quality component of the 2012 monitoring program consisted of water 
sample collection at representative watercourses/waterbodies and a snow survey to 
measure atmospheric deposition of metals and Polycyclic Aromatic Hydrocarbons 

(PAHs) within the Local Study Area (LSA). The water quality monitoring 
supplements the baseline data collection program that took place from spring 2006 
through fall 2010 (Teck 2011: Volume 2, Section 5).  

1.1.1 Objectives: 

Objectives of the 2012 water quality monitoring program were to: 

• fill gaps in the historical data series and to determine if the new data 
extends the range of the historical data to the extent that the surface 
water quality models would need to be recalibrated.  

• support modelling of the Project’s conceptual fish habitat compensation 
lake as part of the No Net Loss Plan; and 

• conduct a snow survey to support the modelling of aerially deposited 
PAHs and metals to snowpack. 

1.1.2 Timing and Location of Sampling  

In the 2012 monitoring program, samples were collected from ten different locations 
(Table 1 and Figure 1). Sampling dates were: March 11th and 14th, May 21st and 23rd 
and June 8th for water sampling, and March 11th and 14th for snow sampling. The 

sample locations were chosen to be in close proximity to those in the baseline study 
(EIA, Volume 2, Figure 5-3), and were a sub-set of the stations in the Fish and 
Hydrology programs. 
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Table 1 Water Quality Monitoring Stations and Samples Collected in 2012 

Watershed 
Watercourse 

Segment 
Waterbody Station 

Monitoring Activities 

March 11 March 14 
May 
21 

May 
23 

June 
8 

Water Snow Water Snow Water Water Water 

Big Creek 

Big Creek in MDA* - S09   X     X     

Big Creek at mouth - S11   X     X     

Big Creek upstream 
of MDA 

  UTS 01             X 

Redclay 
Creek 

Redclay Creek in 
MDA 

- Site 6       X X     

Redclay Creek at 
FHFCL 

- S5 X X     X     

Redclay Creek at 
FHFCL 

- UTS 04             X 

Redclay Creek 
upstream of MDA 

- UTS 05             X 

Ronald Lake 

- 
Ronald 
Lake 

RL     X     X   

Creek 17 in MDA - Site 4 
 

      

Unnamed Creek 18 - FSTAN05           X   

- 
Ronald 
Lake 

UTS 08             X 

Note: *MDA: Main Development Area 

Sample collection was not possible at the following stations and dates, for the 
reasons provided below: 

• On March 11th, 2012: 

− water samples could not be collected from Creek 17 (Site 4), 
because there was no water at that location.  

− water samples could not be collected from S11, S09 and Site 6, 
because the streams were frozen to the bottom at these locations.   

• On May 21st, 2012, water samples could not be collected from Creek 17 
in the MDA (Site 4), because the area was a flooded swamp, making it 
unsafe to land and access the site. As an alternative to this site, 
samples were collected at Unnamed Creek 18 (FSTAN05) which is 
approximately 13 km northeast of Site 4. 

1.2 METHODS 

1.2.1 WATER SAMPLING PROCEDURES 

In general, water sampling methods are similar to the Baseline methods (Teck 2011: 
Volume 2, Section 5). In this monitoring program, grab samples were collected from 
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watercourses, and composite samples were collected at waterbodies for water 
quality analysis.  Field parameters were measured at each station, including water 
temperature, pH, specific conductivity and dissolved oxygen concentration.   

All water and snow samples collected during the field surveys in March and May 
were shipped to Maxxam Analytics in Calgary, except for ultra-low dissolved 
mercury samples, which were analyzed at ALS Laboratory Group in Calgary.   

Samples collected in June for PAHs and naphthenic acids (NAs) analysis were 
shipped to AXYS Analytical Services in Sidney, BC.  AXYS was chosen because 
they provide low-level analyses for these parameters which is consistent with 

methods adopted by the Regional Aquatics Monitoring Program (RAMP), described 
in Section 6.3 of RAMP (2012).  

Water quality parameters analyzed are listed in Table 2. 
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Table 2 Water Quality Parameters Analyzed in Samples Collected in 2012 

Group of Parameters Parameters 

Water/Snow Samples 

Field Measured Water temperature, pH, specific conductivity and dissolved oxygen 

Conventional Parameters 
pH, specific conductivity, total dissolved solids, total suspended solids, hardness, 
total alkalinity, dissolved organic carbon, total organic carbon and colour  

Major Ions 
Bicarbonate, calcium, carbonate, chloride, magnesium, potassium, sodium, sulphate 
and sulphide 

Nutrients 
Ammonia, nitrate + nitrite, total Kjeldahl nitrogen, dissolved phosphorus and total 
phosphorus 

Organics Naphthenic acids and total phenols  

Metals (Total and Dissolved) 
Aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, cobalt, 
copper, iron, lead, lithium, manganese, mercury, molybdenum, nickel, selenium, 
silver, strontium, thallium, titanium, uranium, vanadium and zinc 

Target Polycyclic Aromatic 
Hydrocarbons (PAHs) and 
Alkylated PAHs 

Acenaphthene, acenaphthylene, anthracene, dibenzo(a,h)anthracene, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,  
benzo(g,h,i)perylene, fluoranthene, fluorene, naphthalene, indeno(1,2,3,cd)pyrene, 
phenanthrene, pyrene, chrysene, 2-methylnaphthalene 

Samples for Low Detection Limit Analysis 

Naphthenic Acids 

C12H18O2, C12H20O2, C12H22O2, C12H24O2, C13H20O2, C13H22O2, C13H24O2, C13H26O2, 
C14H20O2, C14H22O2, C14H24O2, C14H26O2, C14H28O2, C15H18O2, C15H20O2, C15H22O2, 
C15H24O2, C15H26O2, C15H28O2, C15H30O2, C16H20O2, C16H22O2, C16H24O2, C16H26O2, 
C16H28O2, C16H30O2, C16H32O2, C17H22O2, C17H24O2, C17H26O2, C17H28O2, C17H30O2, 
C17H32O2, C17H34O2, C18H24O2, C18H26O2, C18H28O2, C18H30O2, C18H32O2, C18H34O2, 
C18H36O2, C19H26O2, C19H28O2, C19H30O2, C19H32O2, C19H34O2, C19H36O2, C19H38O2, 
C20H28O2, C20H30O2, C20H32O2, C20H34O2, C20H36O2, C20H38O2, C21H30O2, C21H32O2, 
C21H34O2, C21H36O2, C21H38O2, C21H40O2 

Target Polycyclic Aromatic 
Hydrocarbons and Alkylated 
PAHs 

naphthalene, C1 subst'd naphthalenes, C2 subst'd naphthalenes, C3 subst'd 
naphthalenes, C4 subst'd naphthalenes, acenaphthene, C1 subst'd acenaphthene, 
acenaphthylene, anthracene, dibenzo(a,h)anthracene, benzo(a)anthracene, 
chrysene, C1 subst'd benzo(a)anthracene / chrysene, C2 subst'd 
benzo(a)anthracene / chrysene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, biphenyl, C1 subst'd biphenyl, C2 subst'd biphenyl, 
dibenzothiophene, C1 subst'd dibenzothiophene, C2 subst'd dibenzothiophene, C3 
subst'd dibenzothiophene, C4 subst'd dibenzothiophene, fluoranthene, C1 subst'd 
fluoranthene / pyrene, C2 subst'd fluoranthene / pyrene, C3 subst'd fluoranthene / 
pyrene, fluorene, C1 subst'd fluorine, C2 subst'd fluorine, C3 subst'd fluorine, 
Indeno(c,d-123)pyrene, phenanthrene, C1 subst'd phenanthrene / anthracene, C2 
subst'd phenanthrene / anthracene, C3 subst'd phenanthrene / anthracene,C4 
subst'd phenanthrene / anthracene, 1-methyl-7-isopropyl-phenanthrene (retene), 
pyrene, benzo(e)pyrene, perylene, 1,2,6-trimethylphenanthrene, 1,2-
dimethylnaphthalene, 1,4,6,7-tetramethylnaphthalene, 1,7-dimethylfluorene, 1,7-
dimethylphenanthrene, 1,8-dimethylphenanthrene, 1-methylchrysene, 1-
methylphenanthrene, 2,3,5-trimethylnaphthalene, 2,3,6-trimethylnaphthalene, 2,4-
dimethyldibenzothiophene, 2,6-dimethylnaphthalene, 2,6-dimethylphenanthrene, 
2/3-methyldibenzothiophenes, 2-methylanthracene, 2-methylfluorene, 2-
methylphenanthrene, 3,6-dimethylphenanthrene, 3-
methylfluoranthene/benzo(a)fluorine, 3-methylphenanthrene, 5,9-dimethylchrysene, 
5/6-methylchrysene, 7-methylbenzo(a)pyrene, 9/4-methylphenanthrene, 
benzo(j,k)fluoranthenes, C1-benzofluoranthenes/benzopyrenes, C2-
benzofluoranthenes/benzopyrenes, C4-fluoranthenes/pyrenes 
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1.2.2 SNOW SAMPLING PROCEDURES 

A snow survey was conducted to measure atmospheric deposition of metals and 
PAHs within the LSA. The methods used for snow sampling are as follows: 

At each sampling location, an area of undisturbed snow was chosen. A Prairie Snow 
Core (PSC) was used because it has a larger diameter than the standard Rose 
(Imperial) core. The inner cutter diameter was 7 cm and the core composition is 

aluminum with a stainless steel cutter. 

Samples were collected at least 100 m away from any combustion source such as 
helicopters, vehicles, snowmobiles and ATVs, to ensure that samples are not 

contaminated by the rotor wash in the case of helicopters. 

The core was cleaned prior to sampling by giving it a “snow rinse”. This was done by 
placing the core vertically into the “clean” snow, several times before taking the first 

sample. After the core had been “snow rinsed”, samples were collected. The depth 
of each core was recorded and the core was added to the appropriate container. 
Two sets of snow samples were collected at each location: one set for PAHs and 

one set for metals and routine parameters. The PAHs were collected in 1L glass jars 
per sample; metals and routine parameters were collected in one 4L plastic pail. 
Given the shortage of 4L plastic pails provided by the laboratory, metals and routine 

parameters were collected using four 1L glass jars instead of the pails at one site. 
The snow split sample were also collected using glass jars. 

In order to collect enough snow at each site to fill the sample containers, multiple 

snow cores were required. These snow cores were at least 5 m apart. After 
collection, samples were immediately placed into a dark cooler and kept from 
thawing before reaching the laboratory. 

1.2.3 Quality control 

Water quality field blanks and duplicate or split samples were collected for quality 
control (QC) purposes as part of the 2012 monitoring program.  Results of the QC 

samples were used to evaluate potential contamination of samples during sampling 
and laboratory analysis, to assess within-site variability and precision of field 
sampling methods, and analytical precision of laboratory analysis, as described 

below. 

In the field blank, parameter concentrations were considered notable if they were 
greater than five times the corresponding detection limit (DL). 
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Differences between concentrations measured in duplicate or split water samples 
were calculated as the relative percent difference (RPD) for each parameter.  Before 
calculating the RPD, concentrations below the DL were replaced with the DL value 

in cases when only one of the concentrations for a given parameter was detectable.  
The RPD was calculated using the following formula: 

RPD = (|difference in concentration between duplicate or split samples| / 
mean concentration) x 100% 

The RPD value for a given parameter was considered notable if: 

• it was greater than 20%; and 

• concentrations in at least one sample were greater than or equal to five 
times the DL. 

“within-site variability” and “field sampling precision” were rated as: 

• low and high, respectively, if less than 10% of the parameters included 
in the duplicate/split sample analysis were notably different from one 
another; 

• moderate if 10% to 30% of the parameters included in the duplicate/split 
sample analysis were notably different from one another; or 

• high and low, respectively, if more than 30% of the parameters included 
in the duplicate/split sample analysis were notably different from one 
another. 

These criteria are consistent with those used by analytical laboratories as part of 
internal QC procedures for duplicate samples. 

1.3 2012 RESULTS 

1.3.1 Water Quality 

Field and laboratory water quality data are summarized in Tables 3 and 4, along with 
applicable water quality guidelines (AENV 1999, CCME 1999, U.S. EPA 2002 and 

Health Canada 2010).  Table 3 contains samples from March and May, which 
include the full suite of parameters, whereas Table 4 includes the samples collected 
in June for low level analysis of PAHs and NAs. 
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Table 3 2012 Water Quality Data 

Parameter Unit 

Guidelines for the protection of: Big Creek Watershed - Sampling Sites Redclay Creek Watershed - Sampling Sites Ronald Lake Watershed - Sampling Sites 

Aquatic Life* 

Human Health Wildlife Health (Livestock) Drinking Water 

S09 S11 S5 S5 Site 6 FSTAN05 RL RL 

Acute Chronic 21-May-12 21-May-12 11-Mar-12 21-May-12 21-May-12 23-May-12 14-Mar-12 23-May-12 

Field Measured                 
      

pH - 6.5 - 8.5 6.5 - 9.0 5.0 - 9.0 - 6.5 - 8.5 7.0 7.7 7.3 7.8 7.4 7.1 - - 

Specific conductivity µS/cm - - - - - 347 300 577 483 333 318 - - 

Temperature °C - - - - - 5.1 7.0 1.8 9.7 7.3 13.2 - - 

Dissolved oxygen mg/L 5.0 6.5 - - - 11.9 12.2 10.8 11.8 13.0 4.4(A, C) - - 

Conventional Parameters                             

pH - 6.5 - 8.5 6.5 - 9.0 5.0 - 9.0 - 6.5 - 8.5 7.3 7.9 8.1 7.9 6.7 7.7 8.0 8.3 

Specific conductivity µS/cm - - - - - 560 310 580 490 360 350 550 440 

Hardness mg/L - - - - - 235 122 265 226 173 153 235 180 

Total alkalinity mg/L - - - - - 56 94 160 180 32 120 200 160 

Total dissolved solids mg/L - - - 3,000 500 390 210 370 300 230 240 340 260 

Total suspended solids mg/L - - - - - 220 5.0 6.0 2.0 6,200 1.0 <1.0 2.0 

Total organic carbon mg/L - - - - - 13 17 8.5 9.9 31 20 14 13 

Dissolved organic carbon mg/L - - - - - 13 17 7.4 9.7 13 20 13 14 

Colour TCU - - - - 15 19(D) 38(D) 11 15 47(D) 36(D) 13 10 

Major Ions                             

Calcium mg/L - - - 1,000 - 57 32 70 62 33 40 57 46 

Hydroxide mg/L - - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Magnesium mg/L - - - - - 21 9.6 20 17 11 12 20 16 

Potassium mg/L - - - - - 2.4 3.1 3.3 3.5 2.3 6.5 4.6 3.3 

Sodium mg/L - - - - 200 22 14 15 14 14 9.3 26 19 

Bicarbonate mg/L - - - - - 69 110 200 220 39 150 240 200 

Carbonate mg/L - - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Chloride mg/L 640 120 - - 250 1.5 1.9 1.7 2.3 2.5 1.9 23 16 

Sulphate mg/L - - - 1,000 500 230 75 150 99 140 72 56 41 

Sulphide* mg/L - 0.0032-0.0091 - - 0.05 0.029(C) 0.0063 <0.002 <0.002 0.16(C, D) 0.023(C) 0.011(C) <0.002 

Nutrients and Biological Indicators                           

Nitrate + nitrite mg-N/L - - - 100 - 0.23 0.02 0.075 0.018 0.09 0.012 0.038 0.01 

Total ammonia* mg-N/L 15-42 2-12 - - - 0.11 0.05 0.13 <0.05 0.22 0.21 0.54 0.085 

Total Kjeldahl nitrogen mg-N/L - - - - - 0.98 0.58 0.52 0.37 2.7 0.8 1.2 0.7 

Total nitrogen (calculated) mg-N/L - 1.0 - - - 1.2(C) 0.6 0.6 0.39 2.8(C) 0.81 1.2(C) 0.71 

Total phosphorus mg-P/L - 0.05 - - - 0.2(C) 0.053(C) 0.1(C) 0.044 0.55(C) 0.026 0.044 0.024 

Dissolved phosphorus mg-P/L - - - - - <0.003 0.025 <0.001 0.004 0.003 0.014 0.038 0.009 

Oxygen Total COD mg/L - - - - - 34 39 31 23 58 47 44 31 

Nitrate mg/L - - - - - 0.23 0.02 0.075 0.018 0.09 0.012 0.019 0.01 

Nitrite mg/L - - - - - <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.019 <0.003 

General Organics                             

Naphthenic acids mg/L - - - - - <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

Total phenolics mg/L - 0.004 - 0.002 - 0.0027(W) 0.0032(W) 0.0027(W) 0.0023(W) 0.0028(W) 0.0035(W) <0.002 0.0027(W) 

Total Metals                             

Aluminum µg/L 750 100 100 5,000 100 1,440(A, C, H, D) 72 4.5 2.2 19,100(A, C, H, W, D) 2.8 2.1 1.8 

Antimony µg/L - - 5.5 - 6.0 0.19 0.061 <0.02 <0.02 0.63 0.047 0.037 0.022 

Arsenic µg/L 340 5 10 25 10 3.2 0.6 0.14 0.12 16(C, H, D) 0.27 0.37 0.29 

Barium µg/L - - 1,000 - 1,000 59 36 36 28 362 24 81 82 

Beryllium µg/L - - 4.0 100 - 0.3 0.014 <0.01 <0.01 1.4 <0.01 <0.01 <0.01 
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Table 3 2012 Water Quality Data (continued) 

Parameter Unit 

Guidelines for the protection of: Big Creek Watershed - Sampling Sites Redclay Creek Watershed - Sampling Sites Ronald Lake Watershed - Sampling Sites 

Aquatic Life* 

Human Health Wildlife Health (Livestock) Drinking Water 

S09 S11 S5 S5 Site 6 FSTAN05 RL RL 

Acute Chronic 21-May-12 21-May-12 11-Mar-12 21-May-12 21-May-12 23-May-12 14-Mar-12 23-May-12 

Bismuth µg/L - - - - - 0.016 <0.005 <0.005 0.012 0.42 <0.005 <0.005 <0.005 

Boron µg/L 29000 1500 5,000 5,000 5,000 114 71 110 114 140 63 112 101 

Cadmium* µg/L 2.6 - 5.7 0.039-0.56 5.0 80 5.0 0.72(C) 0.024 0.0063 <0.005 0.86(C) <0.005 <0.005 0.007 

Calcium µg/L - - - - - 58,200 31,800 74,000 61,600 39,100 40,200 60,000 44,800 

Chromium µg/L 16 1 50 50 50 1.9(C) 0.32 <0.1 <0.1 31(A, C) <0.1 0.14 <0.1 

Cobalt µg/L - - - 1,000 - 18 0.29 0.083 0.05 18 0.057 0.03 0.021 

Copper* µg/L 17-35 2.8-5.4 1,300 500 1,000 6.7(C) 0.63 0.091 0.19 44(A, C) 0.12 0.28 0.055 

Iron µg/L - 300 - - 300 6,930(C, D) 1,390(C, D) 4,600(C, D) 1,080(C, D) 38,200(C, D) 117 45 100 

Lead* µg/L 105 - 282 4.1 - 11 10 100 10 2.6 0.12 0.0057 <0.005 26(C, H, D) 0.0064 0.2 0.0085 

Lithium µg/L - - - - - 84 34 48 50 74 40 37 30 

Magnesium µg/L - - - - - 21,900 9,970 19,600 17,400 15,900 12,600 20,800 15,600 

Manganese µg/L - - - - 50 1,820(D) 116(D) 764(D) 326(D) 903(D) 132(D) 344(D) 201(D) 

Mercury µg/L 0.013 0.026 1.0 3.0 1.0 0.024(A, C) 0.0012 <0.002 <0.0005 0.41(A, C) 0.00062 <0.002 <0.0005 

Molybdenum µg/L - 73 - 500 - 0.87 0.27 0.056 0.074 4.7 0.16 0.2 0.1 

Nickel* µg/L 555-1070 62-200 340 1,000 - 68 3.2 0.31 0.35 63 0.69 0.37 0.23 

Potassium µg/L - - - - - 2,780 3,290 3,420 3,470 4,260 6,500 4,740 3,460 

Selenium µg/L - 1 10 50 10 0.36 0.097 <0.04 <0.04 2.1(C) <0.04 0.04 <0.04 

Silicon µg/L - - - - - 5,990 3,580 4,610 4,470 34,800 2,600 9,020 4,780 

Silver* µg/L 5.7-22 0.1 - - - 0.027 <0.005 <0.005 <0.005 0.12(C) <0.005 <0.005 <0.005 

Sodium µg/L - - - - - 23,000 14,400 15,400 14,200 14,200 9,620 26,300 19,200 

Strontium µg/L - - - - - 255 130 267 224 351 162 255 211 

Sulphur µg/L - - - - - 86,000 24,000 49,000 33,000 43,000 22,000 20,000 15,000 

Thallium µg/L - 0.8 0.13 - - 0.065 0.0036 <0.002 <0.002 0.52(H) <0.002 <0.002 <0.002 

Tin  µg/L - - - - - <0.2 <0.2 <0.2 <0.2 0.58 <0.2 <0.2 <0.2 

Titanium µg/L - - - - - 14 3.2 <0.5 <0.5 82 <0.5 <0.5 <0.5 

Uranium µg/L 33 15 20 200 20 0.93 0.11 0.056 0.04 3.4 0.01 0.029 0.02 

Vanadium µg/L - - - 100 - 3.8 0.31 <0.2 <0.2 77 <0.2 <0.2 <0.2 

Zinc* µg/L 142-274 30 5,103 50,000 5,000 85(C) 3.0 0.37 0.21 144(C) 0.33 1.1 0.31 

Zirconium µg/L - - - - - 1.7 0.32 0.19 <0.1 3.9 <0.1 <0.1 <0.1 

Dissolved Metals                             

Aluminum µg/L 750 100 - - - 17 2.7 2.0 1.1 8.2 0.99 1.3 0.53 

Antimony µg/L - - - - - 0.17 0.058 <0.02 <0.02 0.78 0.046 0.035 0.024 

Arsenic µg/L 340 5 - - - 0.27 0.35 0.09 0.098 0.69 0.27 0.37 0.32 

Barium µg/L - - - - - 19 31 30 24 27 21 82 79 

Beryllium µg/L - - - - - 0.016 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Bismuth µg/L - - - - - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Boron µg/L 29000 1500 - - - 109 70 115 109 84 62 108 100 

Cadmium* µg/L 2.6 - 5.7 0.039-0.56 - - - 0.27 0.006 0.0053 <0.005 0.08 <0.005 <0.005 <0.005 

Chromium µg/L 16 1 - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Cobalt µg/L - - - - - 8.7 0.075 0.08 0.042 2.8 0.032 0.031 0.026 

Copper* µg/L 17-35 2.8-5.4 - - - 1.7 0.4 0.19 0.16 2.2 0.1 0.33 0.052 

Iron µg/L - 300 - - - 32 473 15 29 95 22 6.5 17 

Lead* µg/L 105 - 282 4.1 - 11 - - - <0.005 0.0065 <0.005 <0.005 0.091 <0.005 0.02 <0.005 

Lithium µg/L - - - - - 77 34 50 47 38 39 37 29 

Manganese µg/L - - - - - 1,580 10 714 231 428 2.1 331 166 
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Table 3 2012 Water Quality Data (continued) 

Parameter Unit 

Guidelines for the protection of: Big Creek Watershed - Sampling Sites Redclay Creek Watershed - Sampling Sites Ronald Lake Watershed - Sampling Sites 

Aquatic Life* 

Human Health Wildlife Health (Livestock) Drinking Water 

S09 S11 S5 S5 Site 6 FSTAN05 RL RL 

Acute Chronic 21-May-12 21-May-12 11-Mar-12 21-May-12 21-May-12 23-May-12 14-Mar-12 23-May-12 

Mercury µg/L 0.013 0.026 - - - <0.0025 0.00064 <0.002 <0.0005 <0.025 <0.0005 0.0029 <0.0005 

Molybdenum µg/L - 73 - - - 0.98 0.27 0.055 0.11 2.9 0.19 0.13 0.12 

Nickel* µg/L 555-1070 62-200 - - - 33 2.4 0.22 0.32 15 0.67 0.33 0.23 

Selenium µg/L - 1 - - - 0.26 0.1 <0.04 0.046 0.59 <0.04 <0.04 <0.04 

Silicon µg/L - - - - - 4,220 3,340 4,080 4,480 2,330 2,600 8,300 4,960 

Silver* µg/L 5.7-22 0.1 - - - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Strontium µg/L - - - - - 241 130 259 217 187 158 257 208 

Sulphur µg/L - - - - - 83,000 23,000 46,000 32,000 47,000 23,000 19,000 16,000 

Thallium µg/L - 0.8 - - - 0.031 0.0028 <0.002 <0.002 0.044 <0.002 <0.002 <0.002 

Tin  µg/L - - - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Titanium µg/L - - - - - <0.5 <0.5 <0.5 <0.5 1.0 <0.5 <0.5 <0.5 

Uranium µg/L 33 15 - - - 0.49 0.093 0.053 0.037 0.089 0.009 0.03 0.02 

Vanadium µg/L - - - - - <0.2 <0.2 <0.2 <0.2 0.32 <0.2 <0.2 <0.2 

Zinc* µg/L 142-274 30 - - - 11 0.4 0.73 0.31 5.9 0.27 0.94 0.18 

Zirconium µg/L - - - - - <0.1 0.15 <0.1 <0.1 0.15 <0.1 <0.1 <0.1 

Target PAHs and Alkylated PAHs                             

2-Methylnaphthalene µg/L - - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Acenaphthene µg/L - 5.8 326 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Acenaphthylene µg/L - - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Anthracene µg/L - 0.012 6,269 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Benzo(a)Anthracene µg/L - 0.018 0.0028 - - <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) 

Benzo(a)pyrene µg/L - 0.015 0.0028 - 0.01 <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) 

Benzo(a)pyrene equivalency µg/L - - - - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Benzo(b)fluoranthene µg/L - - - - - <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 

Benzo(c)Phenanthrene µg/L - - - - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Benzo(e)Pyrene µg/L - - - - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Benzo(g,h,i)perylene µg/L - - - - - <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 

Benzo(k)fluoranthene µg/L - - - - - <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 <0.0085 

Chrysene µg/L - - 0.0028 - - <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) 

Dibenzo(a,h)anthracene µg/L - - 0.0028 - - <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) 

Fluoranthene µg/L - 0.04 52 - - <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 

Fluorene µg/L - 3.0 836 - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Indeno(c,d-123)pyrene µg/L - - 0.0028 - - <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) 

Naphthalene µg/L - 1.1 - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Perylene µg/L - - - - - <0.05 <0.05 <0.05 <0.05 0.066 <0.05 <0.05 <0.05 

Phenanthrene µg/L - 0.4 - - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Pyrene µg/L - 0.025 627 - - <0.02 <0.02 <0.02 <0.02 0.037(C) <0.02 <0.02 <0.02 

Target PANHs                             

Acridine µg/L - - - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Quinoline µg/L - - - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Hydrocarbons                             

F1 (C6-C10) mg/L - - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

F1 (C6-C10) - BTEX mg/L - - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

F2 (C10-C16) mg/L - - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

F3 (C16-C34) mg/L - - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
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Table 3 2012 Water Quality Data (continued) 

Parameter Unit 

Guidelines for the protection of: Big Creek Watershed - Sampling Sites Redclay Creek Watershed - Sampling Sites Ronald Lake Watershed - Sampling Sites 

Aquatic Life* 

Human Health Wildlife Health (Livestock) Drinking Water 

S09 S11 S5 S5 Site 6 FSTAN05 RL RL 

Acute Chronic 21-May-12 21-May-12 11-Mar-12 21-May-12 21-May-12 23-May-12 14-Mar-12 23-May-12 

F4 (C34-C50) mg/L - - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Volatile organics                             

Benzene µg/L - 370 2.1 - 5.0 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 

Ethylbenzene µg/L - 90 380 2.4 2.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 

M- + P-Xylene µg/L - - - - - <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 

O-Xylene µg/L - - - - - <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 

Toluene µg/L - 2.0 1.0 24 24 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 

Xylene µg/L - - 10,000 - 300 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 

Bolded concentrations are higher than relevant water quality guidelines. 

- = no guideline or data. 

The aquatic health guideline is based on AENV (1999) and CCME (1999) guidelines. 

The human health guideline is based on the more conservative of: U.S. EPA (2002), with applicable adjustments for increased fish consumption using a rate of 45g/day (Richardson, 1997), and Health Canada (2006). 

The wildlife health guideline is based on CCME (1999). 

The drinking water guideline is based on Health Canada (2010) 

*Guideline is dependent on ambient hardness, temperature, and/or pH thus the range is presented. Sample specific guidelines are applied to each sample. 
(A) = concentration higher than the relevant acute aquatic life guideline or beyond the recommended pH or DO concentration range. 
(C) = concentration higher than the relevant chronic aquatic life guideline or beyond the recommended pH or DO concentration range. 
(H) = concentration higher than the relevant human health guideline or beyond the recommended pH or DO concentration range. 
(W) = concentration higher than the relevant wildlife health (livestock) guideline. 
(D) = concentration higher than the relevant drinking water guideline or beyond the recommended pH or DO concentration range. 
(D>H) = analytical detection limit was higher than the relevant human health guideline. 
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Table 4 2012 Water Quality Data – Low-level Polycyclic Aromatic Hydrocarbon and Naphthenic Acids 

Parameter Unit 

Guidelines for the protection of: 
Big Creek 

Watershed - 
Sampling Sites  

Redclay Creek 
Watershed - Sampling 

Sites  

Ronald Lake 
Watershed - 

Sampling Sites  

Aquatic Life Human 
Health 

UTS 01 UTS 04 UTS 05 UTS 08 

Acute Chronic  8-Jun-12 8-Jun-12 8-Jun-12 8-Jun-12 

Target PAHs and Alkylated PAHs                 

Acenaphthene µg/L - 5.8 326 0.0007 <0.00032 0.0053 <0.00039 

Acenaphthylene µg/L - - - <0.00041 <0.00016 <0.00046 <0.0004 

Anthracene µg/L - 0.012 6,269 <0.00025 <0.00026 0.00045 0.00021 

Benzo(a)Anthracene µg/L - 0.018 0.0028 0.0005 <0.000096 0.0031(H) 0.00024 

Benzo(a)pyrene µg/L - 0.015 0.0028 0.00082 <0.00023 0.0063(H) <0.00085 

Benzo(b)fluoranthene µg/L - - - 0.0032 <0.00014 0.021 0.00024 

Benzo(e)pyrene µg/L - - - 0.0039 <0.0002 0.021 0.00021 

Benzo(g,h,i)perylene µg/L - - - 0.0026 <0.00018 0.017 <0.00043 

Benzo(j,k)fluoranthenes µg/L - - - <0.00031 <0.00017 0.002 <0.00015 

Biphenyl µg/L - - - 0.0073 0.0025 0.017 0.0034 

Chrysene µg/L - - 0.0028 0.0029(H) 0.00023 0.016(H) 0.00058 

Dibenzo(a,h)anthracene µg/L - - 0.0028 <0.00052 <0.0002 0.0033(H) <0.00024 

Dibenzothiophene µg/L - - - <0.00039 0.00038 <0.0011 <0.00041 

Fluoranthene µg/L - 0.04 52 0.0016 0.00035 0.011 0.00072 

Fluorene µg/L - 3.0 836 0.00057 <0.0004 0.0025 0.001 

Indeno(c,d-123)pyrene µg/L - - 0.0028 0.0011 <0.00017 0.0064(H) <0.00051 

Naphthalene µg/L - 1.1 - 0.012 0.0041 0.023 0.0056 

Perylene µg/L - - - 0.069 <0.00023 0.65 0.0016 

Phenanthrene µg/L - 0.4 - 0.0029 0.0014 0.0095 0.003 

Pyrene µg/L - 0.025 627 0.0023 0.00024 0.017 0.00058 

1,2,6-Trimethylphenanthrene µg/L - - - 0.00028 <0.00021 0.00075 <0.00025 

1,2-Dimethylnaphthalene µg/L - - - <0.0012 <0.00067 0.004 <0.001 

1,4,6,7-Tetramethylnaphthalene µg/L - - - <0.0013 <0.00033 <0.0059 <0.00066 

1,7-Dimethylfluorene µg/L - - - <0.00034 <0.00039 0.0013 <0.00035 

1,7-Dimethylphenanthrene µg/L - - - 0.0011 <0.00029 0.0047 <0.00064 

1,8-Dimethylphenanthrene µg/L - - - 0.0003 <0.00027 0.0013 <0.00016 

1-Methyl-7-isopropyl-phenanthrene (Retene) µg/L - - - 0.012 0.0015 0.095 0.0035 

1-Methylchrysene µg/L - - - 0.002 <0.0001 0.018 0.00024 

1-Methylnaphthalene µg/L - - - 0.0029 0.00091 0.0074 0.0015 

1-Methylphenanthrene µg/L - - - 0.0017 0.0003 0.0074 0.00077 
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Table 4 2012 Water Quality Data – Low-level Polycyclic Aromatic Hydrocarbon and Naphthenic Acids 
(continued) 

Parameter Unit 

Guidelines for the protection of: 
Big Creek 

Watershed - 
Sampling Sites  

Redclay Creek 
Watershed - Sampling 

Sites  

Ronald Lake 
Watershed - 

Sampling Sites  

Aquatic Life Human 
Health 

UTS 01 UTS 04 UTS 05 UTS 08 

Acute Chronic  8-Jun-12 8-Jun-12 8-Jun-12 8-Jun-12 

2,3,5-Trimethylnaphthalene µg/L - - - 0.0029 0.00057 0.012 0.0015 

2,3,6-Trimethylnaphthalene µg/L - - - 0.0024 0.00039 0.012 0.0012 

2,4-Dimethyldibenzothiophene µg/L - - - <0.00024 <0.00022 0.0012 <0.00022 

2,6-Dimethylnaphthalene µg/L - - - <0.001 <0.00055 0.0035 0.012 

2,6-Dimethylphenanthrene µg/L - - - 0.00034 <0.00027 <0.00035 <0.0002 

2/3-Methyldibenzothiophenes µg/L - - - <0.00025 <0.00035 <0.0013 0.00033 

2-Methylanthracene µg/L - - - <0.00023 <0.00023 <0.00054 <0.00039 

2-Methylfluorene µg/L - - - <0.00073 <0.00057 0.0027 <0.00069 

2-Methylnaphthalene µg/L - - - 0.0027 0.0012 0.0066 0.0021 

2-Methylphenanthrene µg/L - - - 0.00073 <0.00021 0.0041 0.00073 

3,6-Dimethylphenanthrene µg/L - - - <0.00095 <0.00026 <0.0028 <0.00016 

3-Methylfluoranthene/Benzo(a)fluorene µg/L - - - 0.0038 <0.00043 0.027 0.00052 

3-Methylphenanthrene µg/L - - - 0.00089 <0.00022 0.0042 0.00047 

5,9-Dimethylchrysene µg/L - - - 0.00027 <0.00013 0.0027 <0.00015 

5/6-Methylchrysene µg/L - - - 0.00056 <0.000094 0.0027 <0.00016 

7-Methylbenzo(a)pyrene µg/L - - - <0.00042 <0.0003 0.0024 <0.00037 

9/4-Methylphenanthrene µg/L - - - 0.0021 <0.00022 0.015 0.0006 

C1 subst'd acenaphthene µg/L - - - <0.00043 <0.00024 0.0011 0.00028 

C1 subst'd benzo(a)anthracene / chrysene µg/L - - - 0.0069 0.0004 0.05 0.0014 

C1 subst'd biphenyl µg/L - - - 0.023 0.0088 0.015 0.02 

C1 subst'd dibenzothiophene µg/L - - - 0.00035 <0.00035 0.0033 0.00096 

C1 subst'd fluoranthene / pyrene µg/L - - - 0.016 0.0018 0.15 0.0029 

C1 subst'd fluorene µg/L - - - 0.0046 0.0028 0.017 0.0069 

C1 subst'd naphthalenes µg/L - - - 0.0057 0.0021 0.014 0.0036 

C1 subst'd phenanthrene / anthracene µg/L - - - 0.0054 0.0003 0.03 0.0026 

C1-Benzofluoranthenes/Benzopyrenes µg/L - - - 0.015 0.00057 0.094 0.00088 

C2 subst'd benzo(a)anthracene / chrysene µg/L - - - 0.0061 0.00024 0.037 0.0017 

C2 subst'd biphenyl µg/L - - - 0.11 0.045 0.069 0.091 

C2 subst'd dibenzothiophene µg/L - - - 0.0036 0.0025 0.017 0.0023 
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Table 4 2012 Water Quality Data – Low-level Polycyclic Aromatic Hydrocarbon and Naphthenic Acids 
(continued) 

Parameter Unit 

Guidelines for the protection of: 
Big Creek 

Watershed - 
Sampling Sites  

Redclay Creek 
Watershed - Sampling 

Sites  

Ronald Lake 
Watershed - 

Sampling Sites  

Aquatic Life Human 
Health 

UTS 01 UTS 04 UTS 05 UTS 08 

Acute Chronic  8-Jun-12 8-Jun-12 8-Jun-12 8-Jun-12 

C2 subst'd fluoranthene / pyrene µg/L - - - 0.02 0.0024 0.13 0.0021 

C2 subst'd fluorene µg/L - - - 0.0061 0.0014 0.038 0.006 

C2 subst'd naphthalenes µg/L - - - 0.0099 0.0032 0.037 0.02 

C2 subst'd phenanthrene / anthracene µg/L - - - 0.0069 0.0007 0.051 0.0026 

C2-Benzofluoranthenes/Benzopyrenes µg/L - - - 0.0047 <0.00031 0.021 0.0018 

C3 subst'd benzo(a)anthracene / chrysene µg/L - - - 0.00079 0.00027 0.0061 0.00049 

C3 subst'd dibenzothiophene µg/L - - - 0.0045 0.00064 0.016 0.0026 

C3 subst'd fluoranthene / pyrene µg/L - - - 0.0052 0.0018 0.025 0.002 

C3 subst'd fluorene µg/L - - - 0.01 0.0041 0.054 0.0067 

C3 subst'd naphthalenes µg/L - - - 0.016 0.0031 0.068 0.0089 

C3 subst'd phenanthrene / anthracene µg/L - - - 0.0076 0.0013 0.042 0.0026 

C4 subst'd benzo(a)anthracene / chrysene µg/L - - - 0.00084 0.00067 0.0021 0.0016 

C4 subst'd dibenzothiophene µg/L - - - 0.0017 0.0016 0.0077 0.0017 

C4 subst'd naphthalenes µg/L - - - 0.036 0.0074 0.065 0.01 

C4 subst'd phenanthrene / anthracene µg/L - - - 0.029 0.0057 0.17 0.006 

C4-Fluoranthenes/Pyrenes µg/L - - - 0.0038 0.00078 0.037 0.0031 

Naphthenic acids                 

C12H18O2 µg/L - - - 0.038 0.43 0.04 0.13 

C12H20O2 µg/L - - - 0.051 1.2 0.071 0.27 

C12H22O2 µg/L - - - 0.013 0.11 0.02 <0.0013 

C12H24O2 µg/L - - - <0.0008 <0.001 <0.0011 0.061 

C13H20O2 µg/L - - - 0.042 1.1 0.051 0.33 

C13H22O2 µg/L - - - 0.062 1.9 0.079 0.49 

C13H24O2 µg/L - - - 0.019 0.2 0.022 0.041 

C13H26O2 µg/L - - - <0.0011 <0.00066 <0.00074 <0.0077 

C14H20O2 µg/L - - - 0.027 0.32 0.031 0.12 

C14H22O2 µg/L - - - 0.08 2.3 0.084 0.81 

C14H24O2 µg/L - - - 0.081 2.6 0.1 0.91 

C14H26O2 µg/L - - - 0.011 0.27 0.014 0.058 
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Table 4 2012 Water Quality Data – Low-level Polycyclic Aromatic Hydrocarbon and Naphthenic Acids 
(continued) 

Parameter Unit 

Guidelines for the protection of: 
Big Creek 

Watershed - 
Sampling Sites  

Redclay Creek 
Watershed - Sampling 

Sites  

Ronald Lake 
Watershed - 

Sampling Sites  

Aquatic Life Human 
Health 

UTS 01 UTS 04 UTS 05 UTS 08 

Acute Chronic  8-Jun-12 8-Jun-12 8-Jun-12 8-Jun-12 

C14H28O2 µg/L - - - <0.0011 <0.0012 <0.0011 <0.0029 

C15H18O2 µg/L - - - 0.021 0.88 0.032 0.27 

C15H20O2 µg/L - - - 0.06 0.83 0.059 0.27 

C15H22O2 µg/L - - - 0.19 0.86 0.13 0.48 

C15H24O2 µg/L - - - 0.25 3.7 0.22 1.8 

C15H26O2 µg/L - - - 0.082 3.1 0.097 1.1 

C15H28O2 µg/L - - - 0.0068 0.31 0.0089 0.075 

C15H30O2 µg/L - - - <0.0005 <0.00051 <0.0005 <0.0006 

C16H20O2 µg/L - - - 0.029 1.8 0.043 0.6 

C16H22O2 µg/L - - - 0.029 1.2 0.045 0.36 

C16H24O2 µg/L - - - 0.045 1.3 0.048 0.95 

C16H26O2 µg/L - - - 0.11 4.3 0.11 2.3 

C16H28O2 µg/L - - - 0.043 2.6 0.052 0.82 

C16H30O2 µg/L - - - <0.0008 0.32 <0.0005 0.062 

C16H32O2 µg/L - - - <0.00095 0.0082 <0.0014 <0.0015 

C17H22O2 µg/L - - - 0.053 2.4 0.076 1.0 

C17H24O2 µg/L - - - 0.036 1.3 0.045 0.45 

C17H26O2 µg/L - - - 0.052 1.8 0.054 0.7 

C17H28O2 µg/L - - - 0.074 3.5 0.089 0.95 

C17H30O2 µg/L - - - 0.021 1.8 0.031 0.38 

C17H32O2 µg/L - - - <0.00094 0.21 <0.0028 <0.032 

C17H34O2 µg/L - - - <0.00062 <0.00052 <0.00059 <0.0031 

C18H24O2 µg/L - - - 0.066 2.1 0.07 1.0 

C18H26O2 µg/L - - - 0.02 1.2 0.038 0.44 

C18H28O2 µg/L - - - 0.031 1.5 0.039 0.92 

C18H30O2 µg/L - - - 0.019 1.9 0.028 0.33 

C18H32O2 µg/L - - - <0.0005 0.86 0.0089 0.13 

C18H34O2 µg/L - - - <0.0005 0.12 <0.00095 <0.0048 

C18H36O2 µg/L - - - <0.00099 <0.00073 <0.00092 <0.00079 
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Table 4 2012 Water Quality Data – Low-level Polycyclic Aromatic Hydrocarbon and Naphthenic Acids 
(continued) 

Parameter Unit 

Guidelines for the protection of: 
Big Creek 

Watershed - 
Sampling Sites  

Redclay Creek 
Watershed - Sampling 

Sites  

Ronald Lake 
Watershed - 

Sampling Sites  

Aquatic Life Human 
Health 

UTS 01 UTS 04 UTS 05 UTS 08 

Acute Chronic  8-Jun-12 8-Jun-12 8-Jun-12 8-Jun-12 

C19H26O2 µg/L - - - 0.063 1.8 0.088 0.76 

C19H28O2 µg/L - - - 0.019 0.89 0.026 0.27 

C19H30O2 µg/L - - - 0.025 0.83 0.026 0.23 

C19H32O2 µg/L - - - <0.00066 0.91 0.018 0.11 

C19H34O2 µg/L - - - <0.00052 0.36 0.0043 0.029 

C19H36O2 µg/L - - - <0.0005 0.037 <0.0005 <0.0012 

C19H38O2 µg/L - - - <0.0005 <0.00051 <0.00075 <0.00073 

C20H28O2 µg/L - - - 0.025 1.4 0.039 0.4 

C20H30O2 µg/L - - - 0.41 1.2 0.23 0.28 

C20H32O2 µg/L - - - 0.051 0.4 0.036 0.5 

C20H34O2 µg/L - - - 0.011 0.32 0.013 0.059 

C20H36O2 µg/L - - - <0.00059 0.1 <0.0021 <0.00058 

C20H38O2 µg/L - - - <0.0005 <0.0091 <0.00054 <0.0021 

C21H30O2 µg/L - - - 0.035 0.66 0.033 0.17 

C21H32O2 µg/L - - - <0.00065 0.23 0.0062 0.043 

C21H34O2 µg/L - - - <0.00078 0.11 0.0067 0.012 

C21H36O2 µg/L - - - <0.00051 0.14 <0.00065 <0.0005 

C21H38O2 µg/L - - - <0.0005 0.025 <0.00062 <0.00078 

C21H40O2 µg/L - - - <0.00088 <0.00089 <0.0005 <0.0021 

Bolded concentrations are higher than relevant water quality guidelines. 
- = no guideline or data. 
The aquatic health guideline is based on AENV (1999) and CCME (1999) guidelines. 
The human health guideline is based on the more conservative of: U.S. EPA (2002), with applicable adjustments for increased fish consumption using a rate of 45g/day 
(Richardson, 1997), and Health Canada (2006). 
(H) = concentration higher than the relevant human health guideline or beyond the recommended pH or DO concentration range. 
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The data collected in the 2012 monitoring program were compared to the baseline 
data (Teck 2013) based on the season and watershed in which each sample was 
collected. Concentrations of water quality parameters from the 2012 monitoring 

program were generally consistent with the data presented in the baseline study.  
Notably, the characteristically-high values for total suspended solids (TSS) and 
associated metals such as aluminum, iron and manganese were evident in samples 

collected in the upper watersheds in May.  In particular, the May 21, 2012 sample 
collected at Site 6 had concentrations that exceeded acute guidelines for several 
total metals.  Similarly, high values of total nitrogen, sulphide, total phenolics and 

total phosphorus and were also observed in May, consistent with the baseline 
results. 

Measured concentrations that fell outside of the historically-measured range by 

more than 50% are listed below, with site name and percent difference given in 
parentheses: 

• The dissolved oxygen (DO) value measured at Unnamed Creek 18 
(FSTAN05-May 23; 64%) was lower than the baseline value. 

• Concentration of sulphate was higher at Big Creek (S09-May 21; 89%) 
relative to the baseline values. Concentrations were below guidelines at 
all sampling locations. 

• Sulphide concentration was higher at Redclay Creek (Site 6-May 21; 
515%) compared to the baseline value. 

• At Ronald Lake (RL-May 23; 233%) concentration of nitrate + nitrite was 
higher than the baseline value.  

• Concentrations of dissolved phosphorus were below the baseline values 
for the following sampling locations/times: Big Creek (S09-May 21; 
70%), Redclay Creek at FHFCL (S5-May 21; 64%) and Redclay Creek 
(Site 6-May 21; 73%). 

• Concentration of total ammonia was higher at Ronald Lake (RL-May 23; 
70%) relative to baseline values. 

• Total metal and metalloid concentrations were generally within the 
ranges reported in the baseline, except for the following: 

− At Big Creek (S09-May 21) concentration of sulphur (126%) was 
higher than the baseline value. 

− At Redclay Creek at FHFCL (S5-March 11) concentrations of some 
metals were lower than baseline values, mainly due to lower 
detection limits used for the 2012 monitoring program. 

− At Redclay Creek at FHFCL (S5-May 21) the aluminum 
concentration was lower (69%) than the baseline values. 



Teck Resources Ltd. - 17 - Surface Water and Fish Monitoring Plan 
Frontier Oil Sands Mine  Annual Report - 2012 
  December 2012 

 

 

− At Redclay Creek (Site 6-May 21), concentrations of mercury 
(58,471%) and molybdenum (1,467%) were higher relative to the 
baseline values.  It is possible that these higher values are due to 
differences in analytical techniques, but this is not known 
conclusively. 

− At Unnamed Creek 18 (FSTAN05-May 23), concentrations of 
aluminum (75%), copper (76%), uranium (90%) and zinc (93%) 
were lower than baseline values. 

− At Ronald Lake (RL-May 23), concentrations of aluminum (64%) 
and arsenic (52%) were lower, and concentrations of silicon (139%) 
were higher relative to baseline values. 

• Concentrations of dissolved metals were generally within the ranges 
reported in the baseline, except for the following: 

− At Big Creek (S09-May 21) concentrations of cadmium (170%), 
lithium (83%) and sulphur (118%) were higher than the baseline 
values. 

− At Big Creek (S11-May 21) concentration of manganese (67%) was 
lower than the baseline value. 

− At Redclay Creek at FHFCL (S5-March 11) concentration of cobalt 
(60%) was lower the baseline values. 

− At Redclay Creek at FHFCL (S5-May 21), concentration of 
aluminum (63%) was lower, and concentration of silicon (95%) was 
higher than the baseline values. 

− At Unnamed Creek 18 (FSTAN05-May 23), concentrations of 
aluminum (80%), manganese (90%) and zinc (87%) were lower 
than baseline values. 

• Concentrations of PAHs and NAs were generally lower than the 
baseline values due to improved analytical methods that resulted in 
lower DLs. 

1.3.2 Snow Quality  

The snow chemistry represents the first year of monitored data for the Frontier Mine. 

Snow quality data are summarized in Table 5. 
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Table 5 2012 Snow Quality Data 

Parameter Unit 

Guidelines for the protection of: 
Big Creek Watershed - 

Sampling Sites 

Redclay Creek 
Watershed - Sampling 

Sites 

Aquatic Life Human 
Health 

Wildlife 
Health 

(Livestock) 

Drinking 
Water 

S09 
(Snow) 

S11 (Snow) S5 (Snow) 
Site 6 

(Snow) 

Acute Chronic 11-Mar-12 11-Mar-12 11-Mar-12 14-Mar-12 

Conventional Parameters 

pH - 6.5 - 8.5 6.5 - 9.0 5.0 - 9.0 - 6.5 - 8.5 6.3(A, C, D) 7.3 6.6 6.2(A, C, D) 

Specific conductivity µS/cm - - - - - 13 32 25 15 

Hardness mg/L - - - - - 5.2 14 6.3 4.2 

Total alkalinity mg/L - - - - - 3.1 13 6.6 2.1 

Total dissolved solids mg/L - - - 3,000 500 14 30 26 10 

Total suspended solids mg/L - - - - - 37 16 47 190 

Colour TCU - - - - 15 4.5 2.3 11 4.7 

Major Ions 
          

Calcium mg/L - - - 1,000 - 0.41 3.7 1.7 2.5 

Hydroxide mg/L - - - - - <0.5 <0.5 <0.5 <0.5 

Magnesium mg/L - - - - - 0.096 0.68 0.54 0.25 

Potassium mg/L - - - - - 1.2 0.21 2.0 0.37 

Sodium mg/L - - - - 200 0.87 0.88 1.0 1.1 

Bicarbonate mg/L - - - - - 3.8 16 8.0 2.6 

Carbonate mg/L - - - - - <0.5 <0.5 <0.5 <0.5 

Chloride mg/L 640 120 - - 250 <1.0 <1.0 1.3 1.4 

Sulphate mg/L - - - 1,000 500 <1.0 <1.0 1.4 2.1 

Nutrients and Biological Indicators 

Nitrate + nitrite mg-N/L - - - 100 - 0.21 0.16 0.17 0.15 

Nitrate mg/L - - - - - 0.2 0.16 0.17 0.15 

Nitrite mg/L - - - - - 0.006 <0.003 <0.003 <0.003 
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Table 5 2012 Snow Quality Data (continued) 

 

Parameter Unit 

Guidelines for the protection of: 
Big Creek Watershed - 

Sampling Sites 

Redclay Creek 
Watershed - Sampling 

Sites 

Aquatic Life Human 
Health 

Wildlife 
Health 

(Livestock) 

Drinking 
Water 

S09 
(Snow) 

S11 (Snow) S5 (Snow) 
Site 6 

(Snow) 

Acute Chronic 11-Mar-12 11-Mar-12 11-Mar-12 14-Mar-12 

Total Metals 
          

Aluminum µg/L 750 5 or 100** 100 5,000 100 29(C) 61 30 152(C, H, D) 

Antimony µg/L - - 5.5 - 6.0 <0.02 <0.02 0.03 0.067 

Arsenic µg/L 340 5.0 10 25 10 0.087 0.036 <0.02 0.93 

Barium µg/L - - 1,000 - 1,000 5.0 9.2 10 52 

Beryllium µg/L - - 4.0 100 - <0.01 <0.01 <0.01 0.033 

Bismuth µg/L - - - - - <0.005 0.009 <0.005 0.018 

Boron µg/L 29,000 1,500 5,000 5,000 5,000 <50 <50 <50 <50 

Cadmium* µg/L 0.085 - 0.3 0.0022-0.064 5.0 80 5.0 0.18(A, C) 0.025(C) 0.023(C) 0.098(A, C) 

Calcium µg/L - - - - - 1,410 4,330 3,380 1,190 

Chromium µg/L 16 1.0 50 50 50 0.25 0.42 0.22 0.29 

Cobalt µg/L - - - 1,000 - 0.36 0.095 0.075 0.73 

Copper* µg/L 0.71 - 2.2 2.0 1,300 500 1,000 1.8(A) 0.47 1.4(A) 1.5(A) 

Iron µg/L - 300 - - 300 152 161 264 1,050(C, D) 

Lead* µg/L 1.5 - 6.9 1 10 100 10 0.61(C) 0.74(C) 0.41(C) 1.2(C) 

Lithium µg/L - - - - - 0.62 <0.5 0.9 0.91 

Magnesium µg/L - - - - - 399 857 752 305 

Manganese µg/L - - - - 50 147(D) 14 52(D) 62(D) 

Mercury µg/L 0.013 0.026 1.0 3.0 1.0 0.0088(C) 0.0067(C) 0.0051(C) 0.049(A, C) 

Molybdenum µg/L - 73 - 500 - 0.13 0.12 0.23 0.17 

Nickel* µg/L 32 - 91 25 340 1,000 - 2.9 0.54 0.48 2.4 

Potassium µg/L - - - - - 2,220 261 2,220 701 

Selenium µg/L - 1.0 10 50 10 <0.04 <0.04 <0.04 0.079 

Silicon µg/L - - - - - <100 400 100 290 

Silver* µg/L 0.018 - 0.14 0.1 - - - <0.005 <0.005 <0.005 <0.005 

Sodium µg/L - - - - - 1,040 964 1,020 1,100 

Strontium µg/L - - - - - 4.4 6.8 11 7.2 

Sulphur µg/L - - - - - <10,000 <10,000 <10,000 <10,000 

Thallium µg/L - 0.8 0.13 - - 0.0064 0.0021 <0.002 0.028 
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Table 5 2012 Snow Quality Data (continued) 

 

Parameter Unit 

Guidelines for the protection of: 
Big Creek Watershed - 

Sampling Sites 

Redclay Creek 
Watershed - Sampling 

Sites 

Aquatic Life Human 
Health 

Wildlife 
Health 

(Livestock) 

Drinking 
Water 

S09 
(Snow) 

S11 (Snow) S5 (Snow) 
Site 6 

(Snow) 

Acute Chronic 11-Mar-12 11-Mar-12 11-Mar-12 14-Mar-12 

Tin  µg/L - - - - - 1.3 2.1 0.21 <0.2 

Titanium µg/L - - - - - 0.91 2.3 0.83 4.1 

Uranium µg/L 33 15 20 200 20 0.017 0.016 0.0091 0.2 

Vanadium µg/L - - - 100 - <0.2 0.23 <0.2 0.95 

Zinc* µg/L 8.2 - 23 30 5,103 50,000 5,000 27(A) 3.5 15(A) 9.9(A) 

Zirconium µg/L - - - - - <0.1 <0.1 <0.1 0.12 

Dissolved Metals 
          

Aluminum µg/L 750 5 or 100** - - - 14 9.4 15 23 

Antimony µg/L - - - - - <0.02 <0.02 <0.02 <0.02 

Arsenic µg/L 340 5.0 - - - <0.02 <0.02 <0.02 0.05 

Barium µg/L - - - - - 1.1 5.8 2.8 9.8 

Beryllium µg/L - - - - - <0.01 <0.01 <0.01 0.018 

Bismuth µg/L - - - - - <0.005 <0.005 <0.005 <0.005 

Boron µg/L 29,000 1,500 - - - <50 <50 <50 <50 

Cadmium* µg/L 0.085 - 0.3 0.0022-0.064 - - - 0.014 0.0051 0.0097 0.058 

Chromium µg/L 16 1.0 - - - <0.1 0.12 0.17 <0.1 

Cobalt µg/L - - - - - 0.053 0.018 0.02 0.66 

Copper* µg/L 0.71 - 2.2 2.0 - - - 0.37 0.3 0.93 0.49 

Iron µg/L - 300 - - - 24 8.2 22 18 

Lead* µg/L 1.5 - 6.9 1 - - - 0.099 0.053 0.067 0.02 

Lithium µg/L - - - - - <0.5 <0.5 <0.5 <0.5 

Manganese µg/L - - - - - 14 5.5 8.5 44 

Mercury µg/L 0.013 0.026 - - - <0.002 0.0022 <0.002 <0.002 

Molybdenum µg/L - 73 - - - 0.14 0.099 0.23 0.063 

Nickel* µg/L 32 - 91 25 - - - 0.39 0.14 0.22 2.0 

Selenium µg/L - 1.0 - - - <0.04 <0.04 <0.04 <0.04 

Silicon µg/L - - - - - <100 280 <100 <100 

Silver* µg/L 0.018 - 0.14 0.1 - - - <0.005 <0.005 <0.005 <0.005 

Strontium µg/L - - - - - 1.3 6.0 5.6 13 
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Table 5 2012 Snow Quality Data (continued) 

 

Parameter Unit 

Guidelines for the protection of: 
Big Creek Watershed - 

Sampling Sites 

Redclay Creek 
Watershed - Sampling 

Sites 

Aquatic Life Human 
Health 

Wildlife 
Health 

(Livestock) 

Drinking 
Water 

S09 
(Snow) 

S11 (Snow) S5 (Snow) 
Site 6 

(Snow) 

Acute Chronic 11-Mar-12 11-Mar-12 11-Mar-12 14-Mar-12 

Sulphur µg/L - - - - - <10,000 <10,000 <10,000 <10,000 

Thallium µg/L - 0.8 - - - <0.002 <0.002 <0.002 0.017 

Tin  µg/L - - - - - 0.61 0.48 <0.2 <0.2 

Titanium µg/L - - - - - 0.58 <0.5 <0.5 <0.5 

Uranium µg/L 33 15 - - - 0.0059 0.0073 0.0042 0.03 

Vanadium µg/L - - - - - 0.27 <0.2 <0.2 <0.2 

Zinc* µg/L 8.2 - 23 30 - - - 5.1 2.2 6.2 6.2 

Zirconium µg/L - - - - - <0.1 <0.1 <0.1 <0.1 

Target PAHs and Alkylated PAHs 

2-Methylnaphthalene µg/L - - - - - <0.1 <0.1 <0.1 <0.1 

Acenaphthene µg/L - 5.8 326 - - <0.1 <0.1 <0.1 <0.1 

Acenaphthylene µg/L - - - - - <0.1 <0.1 <0.1 <0.1 

Anthracene µg/L - 0.012 6,269 - - <0.01 <0.01 <0.01 <0.01 

Benzo(a)Anthracene µg/L - 0.018 0.0028 - - <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) 

Benzo(a)pyrene µg/L - 0.015 0.0028 - 0.01 <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) 

Benzo(a)pyrene 
equivalency 

µg/L - - - - - <0.01 <0.01 <0.01 <0.01 

Benzo(b)fluoranthene µg/L - - - - - <0.0085 <0.0085 <0.0085 <0.0085 

Benzo(c)Phenanthrene µg/L - - - - - <0.05 <0.05 <0.05 <0.05 

Benzo(e)Pyrene µg/L - - - - - <0.05 <0.05 <0.05 <0.05 

Benzo(g,h,i)perylene µg/L - - - - - <0.0085 <0.0085 <0.0085 <0.0085 

Benzo(k)fluoranthene µg/L - - - - - <0.0085 <0.0085 <0.0085 <0.0085 

Chrysene µg/L - - 0.0028 - - <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) 

Dibenzo(a,h)anthracene µg/L - - 0.0028 - - <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) <0.0075(D>H) 

Fluoranthene µg/L - 0.04 52 - - <0.04 <0.04 <0.04 <0.04 

Fluorene µg/L - 3.0 836 - - <0.05 <0.05 <0.05 <0.05 

Indeno(c,d-123)pyrene µg/L - - 0.0028 - - <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) <0.0085(D>H) 

Naphthalene µg/L - 1.1 - - - <0.1 <0.1 <0.1 <0.1 

Perylene µg/L - - - - - <0.05 <0.05 <0.05 <0.05 
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Table 5 2012 Snow Quality Data (continued) 

 

Parameter Unit 

Guidelines for the protection of: 
Big Creek Watershed - 

Sampling Sites 

Redclay Creek 
Watershed - Sampling 

Sites 

Aquatic Life Human 
Health 

Wildlife 
Health 

(Livestock) 

Drinking 
Water 

S09 
(Snow) 

S11 (Snow) S5 (Snow) 
Site 6 

(Snow) 

Acute Chronic 11-Mar-12 11-Mar-12 11-Mar-12 14-Mar-12 

Phenanthrene µg/L - 0.4 - - - <0.05 <0.05 <0.05 <0.05 

Pyrene µg/L - 0.025 627 - - <0.02 <0.02 <0.02 <0.02 

Acridine µg/L - - - - - <0.2 <0.2 <0.2 <0.2 

Quinoline µg/L - - - - - <0.2 <0.2 <0.2 <0.2 

Bolded concentrations are higher than relevant water quality guidelines. 

- = no guideline or data. 

The aquatic health guidlien is based on AENV (1999) and CCME (1999) guidelines. 

The human health guideline is based on the more conservative of: U.S. EPA (2002), with applicable adjustments for increased fish consumption using a rate of 45g/day 
(Richardson, 1997), and Health Canada (2006). 

The wildlife health guideline is based on CCME (1999). 

The drinking water guideline is based on Health Canada (2010) 

*Guideline is dependent on ambient hardness, temperature, and/or pH thus the range is presented. Sample specific guidelines are applied to each sample. 

**The guideline is 5 µg/L if pH is less than 6.5 and 100 µg/L if pH is greater than or equal to 6.5 (CCME 1999). 
(A) = concentration higher than the relevant acute aquatic life guideline or beyond the recommended pH or DO concentration range. 
(C) = concentration higher than the relevant chronic aquatic life guideline or beyond the recommended pH or DO concentration range. 
(D) = concentration higher than the relevant drinking water guideline or beyond the recommended pH or DO concentration range. 
(H) = concentration higher than the relevant human health guideline or beyond the recommended pH or DO concentration range. 
(D>H) = analytical detection limit was higher than the relevant human health guideline. 
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1.4 QUALITY CONTROL 

1.4.1 WATER 

Field blank and split/duplicate samples were collected at one site for each sampling 

event. Appendix I, contains the QC reports for these samples. 

Concentrations of water quality parameters in field blanks collected during the 2012 
monitoring program were generally below five times the DL (Appendix I), except for 

the field blank (UTS10, June 8) collected at the site UTS05. At this sampling event, 
concentrations of several parameters were greater than five times the corresponding 
DL (Appendix I, substances are indicated in bold red). 

The concentrations detected in the field blank were similar to those of the laboratory 
blank, which suggests the concentrations are not due to contamination during the 
sampling.  Investigations with AXYS indicated that the results were not blank-

corrected, as is commonly done by other laboratories.  The values presented in this 
report have not been blank-corrected, as the most suitable method for doing so has 
not yet been established.  Golder is presently working with AXYS and Hatfield to 

determine the most appropriate method of blank correction.  For the time being, the 
values are being stored in Golder’s water quality database as reported by AXYS; a 
suitable method of blank-correction will be applied before using the data in future 

models or assessments. 

A number of parameters were above the duplicate sample (UTS09, June 8) QC 
criterion in water samples collected at UTS05 sampling location (Appendix I).  Of the 

135 parameters analyzed, the total number of parameters above the QC criterion 
were 21, which represent 15% of the total analyzed parameters.  Therefore, within-
site variability and field sampling precision was rated as moderate for this sampling 

event. 

In the May 23rd sampling event at RL location, in the split sample, out of 128 
parameters analyzed, eight of them were above the QC criterion (Appendix I); which 

represents about 6% of the total analyzed parameters. Therefore, analytical 
precision was rated as high for this sampling event. 

1.4.2 SNOW 

Field blank (lab grade water) and split samples were collected at one of the snow 
sampling sites (S11- March 11). Appendix I, contains the QC reports for the field 
blank and split samples. 
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Concentrations present in the field blank (water) collected at Big Creek (S11-March 
11) were generally below five times the DL except for total phosphorus and 
dissolved lead.  

A number of parameters were above the split sample QC criterion in snow sample 
collected on March 11 at Big Creek (S11).  Of the 60 parameters analyzed, the total 
number of parameters above the QC criterion was 34; which represents 57% of the 

total analyzed parameters.  Therefore, analytical precision was rated as low for this 
sampling event.  

1.5 DISCUSSION 

1.5.1 Water 

The 2012 monitoring program supplements the baseline data sets (Teck 2013). As 
part of the Supplemental Information Requests (SIRs) from the department of 

Environment and Sustainable Resources Development (ESRD), Teck was asked to 
provide additional monitoring data.  

The 2012 monitoring results indicated that except for a few circumstances, 

measured concentrations fell within the historically-measured ranges. During the 
calibration of the surface water quality models, water quality distributions, instead of 
fixed concentrations, were assigned to each mine-related source water to account 

for the wide ranges of input water quality (Teck 2011, Appendix 4A; Section 4A.3).  
The results of the 2012 program suggest that a recalibration of models would yield 
slightly different results for some parameters, but would not likely change the 

conclusions of the EIA, since only a few of the values fell outside of the historic 
ranges, and these changes would apply to pre-development conditions.  Therefore, 
a model recalibration is not recommended at this time.  However, the supplementary 

data collected in the 2012 monitoring program will be used to support modelling of 
the Project’s conceptual fish habitat compensation lake. 

1.5.2 Snow 

In this section, results of the snow survey conducted as part of the 2012 monitoring 
program are compared to the findings of Kelly et al. (2010) for metals. 
Concentrations of PAHs at all snow sampling locations (Table 1) were below the 

corresponding detection limits, thus they are not compared to detected 
concentrations presented by Kelly et al. (2009).  Additionally, the presentation of 
PAH data in Kelly et al. (2009) makes it difficult to complete any comparison to their 

measured data. 
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Mean concentrations of total and dissolved metals were compared to the mean 
concentrations extracted from the supporting information provided by Kelly et al. 
(2010), for the following metals: antimony, arsenic, beryllium, cadmium, chromium, 

copper, lead, mercury, nickel, silver, thallium, and zinc. Kelly et al. (2010) presented 
ranges of concentrations for each metal; the lower band represented background 
concentrations (distance of the sampling locations > 50 km from AR6, located near 

the oil sands upgrading facilities) and the upper band representing concentrations 
near the development (distance of the sampling locations < 50 km from AR6). In the 
2012 monitoring program, snow sampling locations were more than 60 km away 

from AR6.  

Mean concentrations of total and dissolved metals from the 2012 monitoring 
program were generally less than the lower band (i.e., background concentrations) 

reported by Kelly et al. (2010) with four exceptions.  The mean concentration of total 
and dissolved mercury, dissolved nickel and dissolved chromium were higher than 
the upper band reported by Kelly et al. (2010). 

Additional sampling will be required to establish the conditions prior to, and during, 
operations so that the effects from the Frontier Project can be separated from those 
of other operators in the area. As there is currently no active mining within the LSA, 

the first year of the snow survey can serve as a baseline for deposition from other 
sources prior to operations. 

The findings of recent studies (Kurek et al. 2013; Kelly et al. 2009, 2010) suggest 

that aerial emissions from oil sands mining operations and upgraders lead to PAH 
and metal accumulation in nearby snowpack and lake sediments. The snow quality 
data collected as part of the 2012 monitoring program and the snow surveys 

conducted by Environment Canada and ESRD (when available) will be used to 
validate the models used to predict aerially deposited PAHs and metals to snowpack 
and snowmelt water concentrations (Teck 2011: Volume 5, Section 4.10). 

Comparison of the aerial deposition model results (Teck 2011, Volume 5, 
Section 4.10) and the 2012 snow sampling results indicated that concentrations of 
metals were under-predicted by the model. Some of the possible reasons why the 

aerial deposition model under-predicts the snowmelt water concentrations are: 

• Underestimation of the deposition rates by the CALPUFF model. 
(deposition rates are input to the aerial deposition model). 

• Potential contamination of snow samples during sampling. 

• The model calculates the concentrations resulting from two of the three 
flow components of snowmelt, while snowpack samples present the 
concentrations resulting from all three flow components. The model 
results predict the concentrations in snowmelt water that reaches 
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surface waterbodies (composed of surface runoff plus interflow), and it 
assumes that the portion of the snowmelt water that reaches ground 
water does not contribute to surface water concentrations. On the other 
hand, the snow sampling results show the concentrations resulted from 
melting of the snow samples (which has all flow components: surface 
runoff, interflow and ground water flow). For these reasons, one would 
expect that the model predictions would be slightly lower than the 
monitoring data. 
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QUALITY CONTROL SAMPLE RESULTS FOR  
WATER AND SNOW QUALITY MONITORING 



QC Report - Blank Samples Import Number: 1024
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QC Report - Replicate Samples Import Number: 1024
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Mercury (Hg)-Total Total Mercury in Water by C Total MetalsMercury ug/L -0.0005-0.0005

Mercury (Hg)-Dissolved Diss. Mercury in Water by C Dissolved MetalsMercury ug/L -0.0005-0.0005
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Nitrite (N) Dissolved Nutrients Nutrients and Chlorophyll aNitrite mg/L -0.003-0.003

Silicon (Si) 4.10%Total Metals by ICPMS METALS, TOTALSILICON TOTAL mg/L 4.984.78

Bismuth (Bi) Dissolved Metals by ICPMS METALS, DISSOLVEDBISMUTH DISSOLVED mg/L -0.000005-0.000005

m & p-Xylene Volatiles HYDROCARBONS, SUBSTITM- + P-XYLENE mg/L -0.0008-0.0008

BENZO(E)PYRENE Polycyclic Aromatics HYDROCARBONS, AROMATBENZO(E)PYRENE mg/L -0.00005-0.00005

BENZO(C)PHENANTHRENE Polycyclic Aromatics HYDROCARBONS, AROMATBENZO(C)PHENANTHRENE mg/L -0.00005-0.00005

Bismuth (Bi) Total Metals by ICPMS METALS, TOTALBISMUTH TOTAL RECOVER mg/L -0.000005-0.000005

Nitrate (N) 85.71%Dissolved Nutrients Nutrients and Chlorophyll aNitrate mg/L 0.0250.01

(C6-C10) Volatiles HYDROCARBONSF1 (C6-C10) mg/L -0.1-0.1

Nitrite (NO2) Dissolved Calculated Param Dissolved Calculated ParamNitrite (NO2) mg/L -0.0099-0.0099

O-TERPHENYL (sur.) 4.65%Ext. Pet. Hydrocarbon Lab SurrogateO-TERPHENYL (sur.) % 8488

O-XYLENE Volatiles HYDROCARBONS, SUBSTITO-XYLENE mg/L -0.0004-0.0004

Perylene Polycyclic Aromatics HYDROCARBONS, AROMATPerylene mg/L -0.00005-0.00005

Reached Baseline at C50 0%Ext. Pet. Hydrocarbon Ext. Pet. HydrocarbonReached Baseline at C50 mg/L YESYES

Silicon (Si) 1.60%Dissolved Metals by ICPMS METALS, DISSOLVEDSILICON DISSOLVED mg/L 5.044.96

Benzo(a)pyrene equivalency Polycyclic Aromatics Polycyclic AromaticsBenzo(a)pyrene equivalency ug/L -0.01-0.01

F2 (C10-C16 Hydrocarbons) Ext. Pet. Hydrocarbon HYDROCARBONSF2 (C10-C16) mg/L -0.1-0.1

Cation Sum 2.25%Calculated Parameters CALCULATED QUANTITIESSUM OF CATIONS meq/L 4.44.5

Chemical Oxygen Demand 3.28%Total Demand Parameters OXYGENOXYGEN TOTAL COD mg/L 3031

D10-ANTHRACENE (sur.) 2.11%Polycyclic Aromatics Lab SurrogateD10-ANTHRACENE (sur.) % 9694

D12-BENZO(A)PYRENE (sur 15.56%Polycyclic Aromatics Lab SurrogateD12-BENZO(A)PYRENE (sur % 9783

D4-1,2-DICHLOROETHANE 8.60%Volatiles Lab SurrogateD4-1,2-DICHLOROETHANE % 8997

Zirconium (Zr) Total Metals by ICPMS METALS, TOTALZIRCONIUM TOTAL mg/L -0.0001-0.0001

F1 (C6-C10) - BTEX Volatiles HYDROCARBONSF1 (C6-C10) - BTEX mg/L -0.1-0.1

Nitrate (NO3) 85.71%Dissolved Calculated Param Dissolved Calculated ParamNitrate (NO3) mg/L 0.110.044

F3 (C16-C34 Hydrocarbons) Ext. Pet. Hydrocarbon HYDROCARBONSF3 (C16-C34) mg/L -0.1-0.1

F4 (C34-C50 Hydrocarbons) Ext. Pet. Hydrocarbon HYDROCARBONSF4 (C34-C50) mg/L -0.1-0.1

Filter and HNO3 Preservatio 0%Calculated Parameters Calculated ParametersFilter and HNO3 Preservatio N/A LABLAB

Hardness (CaCO3) 1.69%Total Calculated Parameters Total Calculated ParametersHardness (CaCO3) mg/L 179176

Hydrogen Sulphide (H2S) Calculated Parameters CALCULATED QUANTITIESHydrogen Sulphide mg/L -0.002-0.002

Ion Balance 1.03%Calculated Parameters CALCULATED QUANTITIESIONIC BALANCE N/A 0.970.98

D8-ACENAPHTHYLENE (sur. 3.67%Polycyclic Aromatics Lab SurrogateD8-ACENAPHTHYLENE (sur. % 111107
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QC Report - Replicate Samples Import Number: 1046

Zirconium (Zr) Dissolved Metals by ICPMS METALS, DISSOLVEDZIRCONIUM DISSOLVED mg/L -0.0001-0.0001

1,4-Difluorobenzene (sur.) 1.92%Volatiles Lab Surrogate1,4-Difluorobenzene (sur.) % 103105

4-BROMOFLUOROBENZENE 3.17%Volatiles Lab Surrogate4-BROMOFLUOROBENZENE % 9396

Tin (Sn) Total Metals by ICPMS METALS, TOTALTIN TOTAL mg/L -0.0002-0.0002

Tin (Sn) Dissolved Metals by ICPMS METALS, DISSOLVEDTIN DISSOLVED mg/L -0.0002-0.0002

Alkalinity (PP as CaCO3) Anions IONS, MAJOR IONSALKALINITY PHENOLPHTHA mg/L 0.6-0.5

TERPHENYL-D14 (sur.) 3.28%Polycyclic Aromatics Lab SurrogateTERPHENYL-D14 (sur.) % 9390

Anion Sum 0%Calculated Parameters CALCULATED QUANTITIESSUM OF ANIONS meq/L 4.64.6

Colour 0%TRUE Physical Properties Conventional ParametersColour PtCo units 1010

Conductivity 0%Misc. Inorganics Conventional ParametersSpecific Conductance uS/cm 440440

Organic Carbon (C) 7.41%Dissolved Misc. Inorganics Conventional ParametersDissolved Organic Carbon mg/L 1314

Hardness (CaCO3) 0%Calculated Parameters Conventional ParametersHardness mg/L 180180

Hardness (CaCO3) 1.68%Dissolved Misc. Inorganics Conventional ParametersHardness mg/L 177180

pH 0.24%Misc. Inorganics Conventional ParameterspH N/A 8.328.3

Alkalinity (Total as CaCO3) 0%Anions Conventional ParametersTotal Alkalinity mg/L 160160

Solids 3.92%Total Dissolved Misc. Inorga Conventional ParametersTotal Dissolved Solids mg/L 250260

Total Dissolved Solids 0%Calculated Parameters Conventional ParametersTotal Dissolved Solids (Calc mg/L 240240

Organic Carbon (C) 0%Total Misc. Inorganics Conventional ParametersTotal Organic Carbon mg/L 1313

Solids Total Suspended Misc. Inor Conventional ParametersTotal Suspended Solids mg/L -12

Bicarbonate (HCO3) 0%Anions Major IonsBicarbonate mg/L 200200

Calcium (Ca) 1.93%Dissolved Metals by ICPMS Major IonsCalcium mg/L 4746.1

Calcium (Ca) 2.15%Dissolved Elements Major IonsCalcium mg/L 4647

Carbonate (CO3) Anions Major IonsCarbonate mg/L 0.72-0.5

Hydroxide (OH) Anions Major IonsHydroxide mg/L -0.5-0.5

Chloride (Cl) 0%Dissolved Anions Major IonsChloride mg/L 1616

Magnesium (Mg) 6.45%Dissolved Elements Major IonsMagnesium mg/L 1516

Magnesium (Mg) 0%Dissolved Metals by ICPMS Major IonsMagnesium mg/L 15.515.5

Potassium (K) 0%Dissolved Elements Major IonsPotassium mg/L 3.13.1

Potassium (K) 2.09%Dissolved Metals by ICPMS Major IonsPotassium mg/L 3.383.31

Sodium (Na) 0.53%Dissolved Metals by ICPMS Major IonsSodium mg/L 18.918.8

Sodium (Na) 0%Dissolved Elements Major IonsSodium mg/L 1818

Sulphate (SO4) 2.41%Dissolved Anions Major IonsSulphate mg/L 4241

Sulphide Anions Major IonsSulphide mg/L -0.002-0.002

Nitrate plus Nitrite (N) 85.71%Calculated Parameters Nutrients and Chlorophyll aNitrate + Nitrite mg/L 0.0250.01

Ammonia (N) 4.82%Total Nutrients Nutrients and Chlorophyll aNitrogen - Ammonia mg/L 0.0810.085

Total Kjeldahl Nitrogen 4.20%Total Nutrients Nutrients and Chlorophyll aNitrogen - Kjeldahl mg/L 0.730.7

Phosphorus (P) 11.76%Total TOT-ED-Phosphorus ( Nutrients and Chlorophyll aPhosphorus, total mg/L 0.0270.024

Phosphorus (P) 28.57%Dissolved DIS-ED-Phosphor Nutrients and Chlorophyll aPhosphorus, dissolved mg/L 0.0120.009

Naphthenic acids Misc. Organics General OrganicsNaphthenic acids mg/L -1-1
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Phenols 16.95%Misc. Organics General OrganicsTotal Phenolics mg/L 0.00320.0027

Aluminum (Al) 12.10%Total Metals by ICPMS Total MetalsAluminum mg/L 0.001630.00184

Antimony (Sb) Total Metals by ICPMS Total MetalsAntimony mg/L -0.000020.000022

Arsenic (As) 0.34%Total Metals by ICPMS Total MetalsArsenic mg/L 0.0002930.000292

Barium (Ba) 0.36%Total Metals by ICPMS Total MetalsBarium mg/L 0.08260.0823

Beryllium (Be) Total Metals by ICPMS Total MetalsBeryllium mg/L -0.00001-0.00001

Boron (B) 0%Total Metals by ICPMS Total MetalsBoron mg/L 0.1010.101

Cadmium (Cd) Total Metals by ICPMS Total MetalsCadmium mg/L -0.0000050.000007

Calcium (Ca) 2.86%Total Metals by ICPMS Total MetalsCalcium mg/L 46.144.8

Chromium (Cr) Total Metals by ICPMS Total MetalsChromium mg/L -0.0001-0.0001

Cobalt (Co) 36.00%Total Metals by ICPMS Total MetalsCobalt mg/L 0.00002950.0000205

Copper (Cu) Total Metals by ICPMS Total MetalsCopper mg/L -0.000050.000055

Iron (Fe) 2.18%Total Metals by ICPMS Total MetalsIron mg/L 0.1020.0998

Lead (Pb) Total Metals by ICPMS Total MetalsLead mg/L -0.0000050.0000085

Lithium (Li) 0.68%Total Metals by ICPMS Total MetalsLithium mg/L 0.02930.0295

Magnesium (Mg) 0%Total Metals by ICPMS Total MetalsMagnesium mg/L 15.615.6

Manganese (Mn) 0%Total Metals by ICPMS Total MetalsManganese mg/L 0.2010.201

Mercury (Hg) Total Elements Total MetalsMercury ug/L -0.002-0.002

Molybdenum (Mo) 5.83%Total Metals by ICPMS Total MetalsMolybdenum mg/L 0.0001060.0001

Nickel (Ni) 9.52%Total Metals by ICPMS Total MetalsNickel mg/L 0.0002530.00023

Potassium (K) 0.58%Total Metals by ICPMS Total MetalsPotassium mg/L 3.443.46

Selenium (Se) Total Metals by ICPMS Total MetalsSelenium mg/L -0.00004-0.00004

Silver (Ag) Total Metals by ICPMS Total MetalsSilver mg/L -0.000005-0.000005

Sodium (Na) 0.52%Total Metals by ICPMS Total MetalsSodium mg/L 19.119.2

Strontium (Sr) 0.47%Total Metals by ICPMS Total MetalsStrontium mg/L 0.2120.211

Sulphur (S) 0%Total Metals by ICPMS Total MetalsSulphur mg/L 1515

Thallium (Tl) Total Metals by ICPMS Total MetalsThallium mg/L -0.000002-0.000002

Titanium (Ti) Total Metals by ICPMS Total MetalsTitanium mg/L -0.0005-0.0005

Uranium (U) 5.85%Total Metals by ICPMS Total MetalsUranium mg/L 0.00002110.0000199

Vanadium (V) Total Metals by ICPMS Total MetalsVanadium mg/L -0.0002-0.0002

Zinc (Zn) 74.75%Total Metals by ICPMS Total MetalsZinc mg/L 0.000680.00031

Aluminum (Al) 23.33%Dissolved Metals by ICPMS Dissolved MetalsAluminum mg/L 0.000670.00053

Antimony (Sb) 15.38%Dissolved Metals by ICPMS Dissolved MetalsAntimony mg/L 0.0000280.000024

Arsenic (As) 6.43%Dissolved Metals by ICPMS Dissolved MetalsArsenic mg/L 0.0003370.000316

Barium (Ba) 0.75%Dissolved Metals by ICPMS Dissolved MetalsBarium mg/L 0.080.0794

Beryllium (Be) Dissolved Metals by ICPMS Dissolved MetalsBeryllium mg/L -0.00001-0.00001

Boron (B) 1.00%Dissolved Metals by ICPMS Dissolved MetalsBoron mg/L 0.1010.1

Cadmium (Cd) Dissolved Metals by ICPMS Dissolved MetalsCadmium mg/L 0.0000054-0.000005

Chromium (Cr) Dissolved Metals by ICPMS Dissolved MetalsChromium mg/L -0.0001-0.0001

Page 3 of 5



QC Report - Replicate Samples Import Number: 1046

Cobalt (Co) 19.93%Dissolved Metals by ICPMS Dissolved MetalsCobalt mg/L 0.0000320.0000262

Copper (Cu) 25.21%Dissolved Metals by ICPMS Dissolved MetalsCopper mg/L 0.0000670.000052

Iron (Fe) 39.62%Dissolved Metals by ICPMS Dissolved MetalsIron mg/L 0.02540.017

Iron (Fe) Dissolved Elements Dissolved MetalsIron mg/L -0.06-0.06

Lead (Pb) Dissolved Metals by ICPMS Dissolved MetalsLead mg/L -0.000005-0.000005

Lithium (Li) 0.69%Dissolved Metals by ICPMS Dissolved MetalsLithium mg/L 0.02910.0289

Manganese (Mn) 0%Dissolved Elements Dissolved MetalsManganese mg/L 0.190.19

Manganese (Mn) 9.20%Dissolved Metals by ICPMS Dissolved MetalsManganese mg/L 0.1820.166

Mercury (Hg) Dissolved Elements Dissolved MetalsMercury ug/L -0.002-0.002

Molybdenum (Mo) 2.47%Dissolved Metals by ICPMS Dissolved MetalsMolybdenum mg/L 0.000120.000123

Nickel (Ni) 0.85%Dissolved Metals by ICPMS Dissolved MetalsNickel mg/L 0.0002360.000234

Selenium (Se) Dissolved Metals by ICPMS Dissolved MetalsSelenium mg/L -0.00004-0.00004

Silver (Ag) Dissolved Metals by ICPMS Dissolved MetalsSilver mg/L -0.000005-0.000005

Strontium (Sr) 0.48%Dissolved Metals by ICPMS Dissolved MetalsStrontium mg/L 0.2090.208

Sulphur (S) 0%Dissolved Metals by ICPMS Dissolved MetalsSulphur mg/L 1616

Thallium (Tl) Dissolved Metals by ICPMS Dissolved MetalsThallium mg/L -0.000002-0.000002

Titanium (Ti) Dissolved Metals by ICPMS Dissolved MetalsTitanium mg/L -0.0005-0.0005

Uranium (U) 16.47%Dissolved Metals by ICPMS Dissolved MetalsUranium mg/L 0.0000230.0000195

Vanadium (V) Dissolved Metals by ICPMS Dissolved MetalsVanadium mg/L -0.0002-0.0002

Zinc (Zn) 20.00%Dissolved Metals by ICPMS Dissolved MetalsZinc mg/L 0.000220.00018

Naphthalene Polycyclic Aromatics Target PAHs and Alkylated Naphthalene mg/L -0.0001-0.0001

2-Methylnaphthalene Polycyclic Aromatics Target PAHs and Alkylated C1 subst'd naphthalenes mg/L -0.0001-0.0001

Acenaphthene Polycyclic Aromatics Target PAHs and Alkylated Acenaphthene mg/L -0.0001-0.0001

Acenaphthylene Polycyclic Aromatics Target PAHs and Alkylated Acenaphthylene mg/L -0.0001-0.0001

Anthracene Polycyclic Aromatics Target PAHs and Alkylated Anthracene mg/L -0.00001-0.00001

Dibenz(a,h)anthracene Polycyclic Aromatics Target PAHs and Alkylated Dibenzo(a,h)anthracene mg/L -0.0000075-0.0000075

Benzo(a)Anthracene Polycyclic Aromatics Target PAHs and Alkylated Benzo(a)Anthracene mg/L -0.0000085-0.0000085

Chrysene Polycyclic Aromatics Target PAHs and Alkylated Chrysene mg/L -0.0000085-0.0000085

Benzo(a)pyrene Polycyclic Aromatics Target PAHs and Alkylated Benzo(a)pyrene mg/L -0.0000075-0.0000075

Benzo(b&j)fluoranthene Polycyclic Aromatics Target PAHs and Alkylated Benzo(b)fluoranthene mg/L -0.0000085-0.0000085

Benzo(k)fluoranthene Polycyclic Aromatics Target PAHs and Alkylated Benzo(k)fluoranthene mg/L -0.0000085-0.0000085

Benzo(g,h,i)perylene Polycyclic Aromatics Target PAHs and Alkylated Benzo(g,h,i)perylene mg/L -0.0000085-0.0000085

Fluoranthene Polycyclic Aromatics Target PAHs and Alkylated Fluoranthene mg/L -0.00004-0.00004

Fluorene Polycyclic Aromatics Target PAHs and Alkylated Fluorene mg/L -0.00005-0.00005

Indeno(1,2,3-cd)pyrene Polycyclic Aromatics Target PAHs and Alkylated Indeno(c,d-123)pyrene mg/L -0.0000085-0.0000085

Phenanthrene Polycyclic Aromatics Target PAHs and Alkylated Phenanthrene mg/L -0.00005-0.00005

Pyrene Polycyclic Aromatics Target PAHs and Alkylated Pyrene mg/L -0.00002-0.00002

Quinoline Polycyclic Aromatics Target PANHsQuinoline mg/L -0.0002-0.0002

Acridine Polycyclic Aromatics Target PANHsAcridine mg/L -0.0002-0.0002
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Benzene Volatiles Volatile organicsBenzene mg/L -0.0004-0.0004

Ethylbenzene Volatiles Volatile organicsEthylbenzene mg/L -0.0004-0.0004

Toluene Volatiles Volatile organicsToluene mg/L -0.0004-0.0004

Xylenes (Total) Volatiles Volatile organicsXylenes mg/L -0.0008-0.0008
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Nitrite (N) -0.003Dissolved Nutrients Nutrients and Chlorophyll aNitrite mg/L 0.003

Silicon (Si) -0.1Total Metals by ICPMS METALS, TOTALSILICON TOTAL mg/L 0.1

Bismuth (Bi) -0.000005Dissolved Metals by ICPMS METALS, DISSOLVEDBISMUTH DISSOLVED mg/L 0.000005

m & p-Xylene -0.0008Volatiles HYDROCARBONS, SUBSTITM- + P-XYLENE mg/L 0.0008

BENZO(E)PYRENE -0.00005Polycyclic Aromatics HYDROCARBONS, AROMATBENZO(E)PYRENE mg/L 0.00005

BENZO(C)PHENANTHRENE -0.00005Polycyclic Aromatics HYDROCARBONS, AROMATBENZO(C)PHENANTHRENE mg/L 0.00005

Bismuth (Bi) -0.000005Total Metals by ICPMS METALS, TOTALBISMUTH TOTAL RECOVER mg/L 0.000005

Nitrate (N) -0.003Dissolved Nutrients Nutrients and Chlorophyll aNitrate mg/L 0.003

(C6-C10) -0.1Volatiles HYDROCARBONSF1 (C6-C10) mg/L 0.1

Nitrite (NO2) -0.0099Dissolved Calculated Param Dissolved Calculated ParamNitrite (NO2) mg/L 0.0099

O-TERPHENYL (sur.) 99Ext. Pet. Hydrocarbon Lab SurrogateO-TERPHENYL (sur.) %

O-XYLENE -0.0004Volatiles HYDROCARBONS, SUBSTITO-XYLENE mg/L 0.0004

Perylene -0.00005Polycyclic Aromatics HYDROCARBONS, AROMATPerylene mg/L 0.00005

Reached Baseline at C50 YESExt. Pet. Hydrocarbon Ext. Pet. HydrocarbonReached Baseline at C50 mg/L

Silicon (Si) -0.1Dissolved Metals by ICPMS METALS, DISSOLVEDSILICON DISSOLVED mg/L 0.1

Benzo(a)pyrene equivalency -0.01Polycyclic Aromatics Polycyclic AromaticsBenzo(a)pyrene equivalency ug/L 0.01

F2 (C10-C16 Hydrocarbons) -0.1Ext. Pet. Hydrocarbon HYDROCARBONSF2 (C10-C16) mg/L 0.1

Cation Sum 0Calculated Parameters CALCULATED QUANTITIESSUM OF CATIONS meq/L

Chemical Oxygen Demand -5Total Demand Parameters OXYGENOXYGEN TOTAL COD mg/L 5

D10-ANTHRACENE (sur.) 107Polycyclic Aromatics Lab SurrogateD10-ANTHRACENE (sur.) %

D12-BENZO(A)PYRENE (sur 95Polycyclic Aromatics Lab SurrogateD12-BENZO(A)PYRENE (sur %

D4-1,2-DICHLOROETHANE 110Volatiles Lab SurrogateD4-1,2-DICHLOROETHANE %

Zirconium (Zr) -0.0001Total Metals by ICPMS METALS, TOTALZIRCONIUM TOTAL mg/L 0.0001

F1 (C6-C10) - BTEX -0.1Volatiles HYDROCARBONSF1 (C6-C10) - BTEX mg/L 0.1

Nitrate (NO3) -0.013Dissolved Calculated Param Dissolved Calculated ParamNitrate (NO3) mg/L 0.013

F3 (C16-C34 Hydrocarbons) -0.1Ext. Pet. Hydrocarbon HYDROCARBONSF3 (C16-C34) mg/L 0.1

F4 (C34-C50 Hydrocarbons) -0.1Ext. Pet. Hydrocarbon HYDROCARBONSF4 (C34-C50) mg/L 0.1

Filter and HNO3 Preservatio LABCalculated Parameters Calculated ParametersFilter and HNO3 Preservatio N/A

Hardness (CaCO3) -0.5Total Calculated Parameters Total Calculated ParametersHardness (CaCO3) mg/L 0.5
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indicated in bold red.
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Hydrogen Sulphide (H2S) -0.002Calculated Parameters CALCULATED QUANTITIESHydrogen Sulphide mg/L 0.002

Ion Balance NCCalculated Parameters CALCULATED QUANTITIESIONIC BALANCE N/A 0.01

D8-ACENAPHTHYLENE (sur. 118Polycyclic Aromatics Lab SurrogateD8-ACENAPHTHYLENE (sur. %

Zirconium (Zr) -0.0001Dissolved Metals by ICPMS METALS, DISSOLVEDZIRCONIUM DISSOLVED mg/L 0.0001

1,4-Difluorobenzene (sur.) 105Volatiles Lab Surrogate1,4-Difluorobenzene (sur.) %

4-BROMOFLUOROBENZENE 103Volatiles Lab Surrogate4-BROMOFLUOROBENZENE %

Tin (Sn) -0.0002Total Metals by ICPMS METALS, TOTALTIN TOTAL mg/L 0.0002

Tin (Sn) -0.0002Dissolved Metals by ICPMS METALS, DISSOLVEDTIN DISSOLVED mg/L 0.0002

Alkalinity (PP as CaCO3) -0.5Anions IONS, MAJOR IONSALKALINITY PHENOLPHTHA mg/L 0.5

TERPHENYL-D14 (sur.) 107Polycyclic Aromatics Lab SurrogateTERPHENYL-D14 (sur.) %

Anion Sum 0.016Calculated Parameters CALCULATED QUANTITIESSUM OF ANIONS meq/L

Colour -2TRUE Physical Properties Conventional ParametersColour PtCo units 2

Conductivity 1.5Misc. Inorganics Conventional ParametersSpecific Conductance uS/cm 1

Organic Carbon (C) -0.5Dissolved Misc. Inorganics Conventional ParametersDissolved Organic Carbon mg/L 0.5

Hardness (CaCO3) -0.5Calculated Parameters Conventional ParametersHardness mg/L 0.5

Hardness (CaCO3) -0.5Dissolved Misc. Inorganics Conventional ParametersHardness mg/L 0.5

pH 5.97Misc. Inorganics Conventional ParameterspH N/A

Alkalinity (Total as CaCO3) 0.79Anions Conventional ParametersTotal Alkalinity mg/L 0.5

Solids -10Total Dissolved Misc. Inorga Conventional ParametersTotal Dissolved Solids mg/L 10

Total Dissolved Solids -10Calculated Parameters Conventional ParametersTotal Dissolved Solids (Calc mg/L 10

Organic Carbon (C) -0.5Total Misc. Inorganics Conventional ParametersTotal Organic Carbon mg/L 0.5

Solids -1Total Suspended Misc. Inor Conventional ParametersTotal Suspended Solids mg/L 1

Bicarbonate (HCO3) 0.96Anions Major IonsBicarbonate mg/L 0.5

Calcium (Ca) -0.05Dissolved Metals by ICPMS Major IonsCalcium mg/L 0.05

Calcium (Ca) -0.3Dissolved Elements Major IonsCalcium mg/L 0.3

Carbonate (CO3) -0.5Anions Major IonsCarbonate mg/L 0.5

Hydroxide (OH) -0.5Anions Major IonsHydroxide mg/L 0.5

Chloride (Cl) -1Dissolved Anions Major IonsChloride mg/L 1

Magnesium (Mg) -0.2Dissolved Elements Major IonsMagnesium mg/L 0.2
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Magnesium (Mg) -0.05Dissolved Metals by ICPMS Major IonsMagnesium mg/L 0.05

Potassium (K) -0.3Dissolved Elements Major IonsPotassium mg/L 0.3

Potassium (K) -0.05Dissolved Metals by ICPMS Major IonsPotassium mg/L 0.05

Sodium (Na) -0.05Dissolved Metals by ICPMS Major IonsSodium mg/L 0.05

Sodium (Na) -0.5Dissolved Elements Major IonsSodium mg/L 0.5

Sulphate (SO4) -1Dissolved Anions Major IonsSulphate mg/L 1

Sulphide -0.002Anions Major IonsSulphide mg/L 0.002

Nitrate plus Nitrite (N) -0.003Calculated Parameters Nutrients and Chlorophyll aNitrate + Nitrite mg/L 0.003

Ammonia (N) -0.05Total Nutrients Nutrients and Chlorophyll aNitrogen - Ammonia mg/L 0.05

Total Kjeldahl Nitrogen -0.05Total Nutrients Nutrients and Chlorophyll aNitrogen - Kjeldahl mg/L 0.05

Phosphorus (P) 0.001Total TOT-ED-Phosphorus ( Nutrients and Chlorophyll aPhosphorus, total mg/L 0.001

Phosphorus (P) 0.001Dissolved DIS-ED-Phosphor Nutrients and Chlorophyll aPhosphorus, dissolved mg/L 0.001

Naphthenic acids -1Misc. Organics General OrganicsNaphthenic acids mg/L 1

Phenols -0.002Misc. Organics General OrganicsTotal Phenolics mg/L 0.002

Aluminum (Al) -0.0002Total Metals by ICPMS Total MetalsAluminum mg/L 0.0002

Antimony (Sb) -0.00002Total Metals by ICPMS Total MetalsAntimony mg/L 0.00002

Arsenic (As) -0.00002Total Metals by ICPMS Total MetalsArsenic mg/L 0.00002

Barium (Ba) 0.000039Total Metals by ICPMS Total MetalsBarium mg/L 0.00002

Beryllium (Be) -0.00001Total Metals by ICPMS Total MetalsBeryllium mg/L 0.00001

Boron (B) -0.05Total Metals by ICPMS Total MetalsBoron mg/L 0.05

Cadmium (Cd) -0.000005Total Metals by ICPMS Total MetalsCadmium mg/L 0.000005

Calcium (Ca) -0.05Total Metals by ICPMS Total MetalsCalcium mg/L 0.05

Chromium (Cr) -0.0001Total Metals by ICPMS Total MetalsChromium mg/L 0.0001

Cobalt (Co) -0.000005Total Metals by ICPMS Total MetalsCobalt mg/L 0.000005

Copper (Cu) 0.000094Total Metals by ICPMS Total MetalsCopper mg/L 0.00005

Iron (Fe) -0.001Total Metals by ICPMS Total MetalsIron mg/L 0.001

Lead (Pb) -0.000005Total Metals by ICPMS Total MetalsLead mg/L 0.000005

Lithium (Li) -0.0005Total Metals by ICPMS Total MetalsLithium mg/L 0.0005

Magnesium (Mg) -0.05Total Metals by ICPMS Total MetalsMagnesium mg/L 0.05

Page 3 of 6



QC Report - Blank Samples Import Number: 1044

G
A
L
S
ite

 N
a
m

e

S
a
m

p
le

 N
a
m

e

UnitsGAL GroupGAL AnalyteGroupAnalyte

B243029-R2012-07-12_15-02-42_A029.xlsSelected File:

DL

Note: Analyte values > 5 x detection limit are 
indicated in bold red.

Project Number: 12-1337-0003

Project Name: Teck Frontier Baseline

Sampling Date: 23-May-12

S
IT

E
 1

2
 F

IE
L
D

 

B
L
A

N
K

R
L

Manganese (Mn) -0.00005Total Metals by ICPMS Total MetalsManganese mg/L 0.00005

Mercury (Hg) 0.0022Total Elements Total MetalsMercury ug/L 0.002

Molybdenum (Mo) -0.00005Total Metals by ICPMS Total MetalsMolybdenum mg/L 0.00005

Nickel (Ni) -0.00002Total Metals by ICPMS Total MetalsNickel mg/L 0.00002

Potassium (K) -0.05Total Metals by ICPMS Total MetalsPotassium mg/L 0.05

Selenium (Se) -0.00004Total Metals by ICPMS Total MetalsSelenium mg/L 0.00004

Silver (Ag) -0.000005Total Metals by ICPMS Total MetalsSilver mg/L 0.000005

Sodium (Na) -0.05Total Metals by ICPMS Total MetalsSodium mg/L 0.05

Strontium (Sr) -0.00005Total Metals by ICPMS Total MetalsStrontium mg/L 0.00005

Sulphur (S) -10Total Metals by ICPMS Total MetalsSulphur mg/L 10

Thallium (Tl) -0.000002Total Metals by ICPMS Total MetalsThallium mg/L 0.000002

Titanium (Ti) -0.0005Total Metals by ICPMS Total MetalsTitanium mg/L 0.0005

Uranium (U) -0.000002Total Metals by ICPMS Total MetalsUranium mg/L 0.000002

Vanadium (V) -0.0002Total Metals by ICPMS Total MetalsVanadium mg/L 0.0002

Zinc (Zn) 0.00011Total Metals by ICPMS Total MetalsZinc mg/L 0.0001

Aluminum (Al) 0.00021Dissolved Metals by ICPMS Dissolved MetalsAluminum mg/L 0.0002

Antimony (Sb) -0.00002Dissolved Metals by ICPMS Dissolved MetalsAntimony mg/L 0.00002

Arsenic (As) -0.00002Dissolved Metals by ICPMS Dissolved MetalsArsenic mg/L 0.00002

Barium (Ba) -0.00002Dissolved Metals by ICPMS Dissolved MetalsBarium mg/L 0.00002

Beryllium (Be) -0.00001Dissolved Metals by ICPMS Dissolved MetalsBeryllium mg/L 0.00001

Boron (B) -0.05Dissolved Metals by ICPMS Dissolved MetalsBoron mg/L 0.05

Cadmium (Cd) -0.000005Dissolved Metals by ICPMS Dissolved MetalsCadmium mg/L 0.000005

Chromium (Cr) -0.0001Dissolved Metals by ICPMS Dissolved MetalsChromium mg/L 0.0001

Cobalt (Co) -0.000005Dissolved Metals by ICPMS Dissolved MetalsCobalt mg/L 0.000005

Copper (Cu) -0.00005Dissolved Metals by ICPMS Dissolved MetalsCopper mg/L 0.00005

Iron (Fe) -0.001Dissolved Metals by ICPMS Dissolved MetalsIron mg/L 0.001

Iron (Fe) -0.06Dissolved Elements Dissolved MetalsIron mg/L 0.06

Lead (Pb) -0.000005Dissolved Metals by ICPMS Dissolved MetalsLead mg/L 0.000005

Lithium (Li) -0.0005Dissolved Metals by ICPMS Dissolved MetalsLithium mg/L 0.0005
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Manganese (Mn) -0.004Dissolved Elements Dissolved MetalsManganese mg/L 0.004

Manganese (Mn) -0.00005Dissolved Metals by ICPMS Dissolved MetalsManganese mg/L 0.00005

Mercury (Hg) -0.002Dissolved Elements Dissolved MetalsMercury ug/L 0.002

Molybdenum (Mo) -0.00005Dissolved Metals by ICPMS Dissolved MetalsMolybdenum mg/L 0.00005

Nickel (Ni) -0.00002Dissolved Metals by ICPMS Dissolved MetalsNickel mg/L 0.00002

Selenium (Se) -0.00004Dissolved Metals by ICPMS Dissolved MetalsSelenium mg/L 0.00004

Silver (Ag) -0.000005Dissolved Metals by ICPMS Dissolved MetalsSilver mg/L 0.000005

Strontium (Sr) -0.00005Dissolved Metals by ICPMS Dissolved MetalsStrontium mg/L 0.00005

Sulphur (S) -10Dissolved Metals by ICPMS Dissolved MetalsSulphur mg/L 10

Thallium (Tl) -0.000002Dissolved Metals by ICPMS Dissolved MetalsThallium mg/L 0.000002

Titanium (Ti) -0.0005Dissolved Metals by ICPMS Dissolved MetalsTitanium mg/L 0.0005

Uranium (U) -0.000002Dissolved Metals by ICPMS Dissolved MetalsUranium mg/L 0.000002

Vanadium (V) -0.0002Dissolved Metals by ICPMS Dissolved MetalsVanadium mg/L 0.0002

Zinc (Zn) 0.00011Dissolved Metals by ICPMS Dissolved MetalsZinc mg/L 0.0001

Naphthalene -0.0001Polycyclic Aromatics Target PAHs and Alkylated Naphthalene mg/L 0.0001

2-Methylnaphthalene -0.0001Polycyclic Aromatics Target PAHs and Alkylated C1 subst'd naphthalenes mg/L 0.0001

Acenaphthene -0.0001Polycyclic Aromatics Target PAHs and Alkylated Acenaphthene mg/L 0.0001

Acenaphthylene -0.0001Polycyclic Aromatics Target PAHs and Alkylated Acenaphthylene mg/L 0.0001

Anthracene -0.00001Polycyclic Aromatics Target PAHs and Alkylated Anthracene mg/L 0.00001

Dibenz(a,h)anthracene -0.0000075Polycyclic Aromatics Target PAHs and Alkylated Dibenzo(a,h)anthracene mg/L 0.0000075

Benzo(a)Anthracene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Benzo(a)Anthracene mg/L 0.0000085

Chrysene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Chrysene mg/L 0.0000085

Benzo(a)pyrene -0.0000075Polycyclic Aromatics Target PAHs and Alkylated Benzo(a)pyrene mg/L 0.0000075

Benzo(b&j)fluoranthene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Benzo(b)fluoranthene mg/L 0.0000085

Benzo(k)fluoranthene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Benzo(k)fluoranthene mg/L 0.0000085

Benzo(g,h,i)perylene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Benzo(g,h,i)perylene mg/L 0.0000085

Fluoranthene -0.00004Polycyclic Aromatics Target PAHs and Alkylated Fluoranthene mg/L 0.00004

Fluorene -0.00005Polycyclic Aromatics Target PAHs and Alkylated Fluorene mg/L 0.00005

Indeno(1,2,3-cd)pyrene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Indeno(c,d-123)pyrene mg/L 0.0000085
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Phenanthrene -0.00005Polycyclic Aromatics Target PAHs and Alkylated Phenanthrene mg/L 0.00005

Pyrene -0.00002Polycyclic Aromatics Target PAHs and Alkylated Pyrene mg/L 0.00002

Quinoline -0.0002Polycyclic Aromatics Target PANHsQuinoline mg/L 0.0002

Acridine -0.0002Polycyclic Aromatics Target PANHsAcridine mg/L 0.0002

Benzene -0.0004Volatiles Volatile organicsBenzene mg/L 0.0004

Ethylbenzene -0.0004Volatiles Volatile organicsEthylbenzene mg/L 0.0004

Toluene -0.0004Volatiles Volatile organicsToluene mg/L 0.0004

Xylenes (Total) -0.0008Volatiles Volatile organicsXylenes mg/L 0.0008
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(C6-C10) -0.1Volatiles HYDROCARBONSF1 (C6-C10) mg/L 0.1

Silicon (Si) -0.1Dissolved Metals by ICPMS METALS, DISSOLVEDSILICON DISSOLVED mg/L 0.1

Reached Baseline at C50 YESExt. Pet. Hydrocarbon Ext. Pet. HydrocarbonReached Baseline at C50 mg/L

Perylene -0.00005Polycyclic Aromatics HYDROCARBONS, AROMATPerylene mg/L 0.00005

O-XYLENE -0.0004Volatiles HYDROCARBONS, SUBSTITO-XYLENE mg/L 0.0004

O-TERPHENYL (sur.) 104Ext. Pet. Hydrocarbon Lab SurrogateO-TERPHENYL (sur.) %

Nitrite (NO2) -0.0099Dissolved Calculated Param Dissolved Calculated ParamNitrite (NO2) mg/L 0.0099

Nitrite (N) -0.003Dissolved Nutrients Nutrients and Chlorophyll aNitrite mg/L 0.003

Nitrate (N) -0.003Dissolved Nutrients Nutrients and Chlorophyll aNitrate mg/L 0.003

Benzo(a)pyrene equivalency -0.01Polycyclic Aromatics Polycyclic AromaticsBenzo(a)pyrene equivalency ug/L 0.01

BENZO(C)PHENANTHRENE -0.00005Polycyclic Aromatics HYDROCARBONS, AROMATBENZO(C)PHENANTHRENE mg/L 0.00005

BENZO(E)PYRENE -0.00005Polycyclic Aromatics HYDROCARBONS, AROMATBENZO(E)PYRENE mg/L 0.00005

m & p-Xylene -0.0008Volatiles HYDROCARBONS, SUBSTITM- + P-XYLENE mg/L 0.0008

Bismuth (Bi) -0.000005Dissolved Metals by ICPMS METALS, DISSOLVEDBISMUTH DISSOLVED mg/L 0.000005

Silicon (Si) -0.1Total Metals by ICPMS METALS, TOTALSILICON TOTAL mg/L 0.1

F2 (C10-C16 Hydrocarbons) -0.1Ext. Pet. Hydrocarbon HYDROCARBONSF2 (C10-C16) mg/L 0.1

Cation Sum 0Calculated Parameters CALCULATED QUANTITIESSUM OF CATIONS meq/L

Chemical Oxygen Demand 12Total Demand Parameters OXYGENOXYGEN TOTAL COD mg/L 5

D10-ANTHRACENE (sur.) 100Polycyclic Aromatics Lab SurrogateD10-ANTHRACENE (sur.) %

D12-BENZO(A)PYRENE (sur 95Polycyclic Aromatics Lab SurrogateD12-BENZO(A)PYRENE (sur %

D4-1,2-DICHLOROETHANE 113Volatiles Lab SurrogateD4-1,2-DICHLOROETHANE %

Zirconium (Zr) -0.0001Total Metals by ICPMS METALS, TOTALZIRCONIUM TOTAL mg/L 0.0001

F1 (C6-C10) - BTEX -0.1Volatiles HYDROCARBONSF1 (C6-C10) - BTEX mg/L 0.1

Bismuth (Bi) -0.000005Total Metals by ICPMS METALS, TOTALBISMUTH TOTAL RECOVER mg/L 0.000005

F3 (C16-C34 Hydrocarbons) -0.1Ext. Pet. Hydrocarbon HYDROCARBONSF3 (C16-C34) mg/L 0.1

F4 (C34-C50 Hydrocarbons) -0.1Ext. Pet. Hydrocarbon HYDROCARBONSF4 (C34-C50) mg/L 0.1

Hardness (CaCO3) -0.5Total Calculated Parameters Total Calculated ParametersHardness (CaCO3) mg/L 0.5

Hydrogen Sulphide (H2S) -0.002Calculated Parameters CALCULATED QUANTITIESHydrogen Sulphide mg/L 0.002

Ion Balance NCCalculated Parameters CALCULATED QUANTITIESIONIC BALANCE N/A 0.01
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Nitrate (NO3) -0.013Dissolved Calculated Param Dissolved Calculated ParamNitrate (NO3) mg/L 0.013

D8-ACENAPHTHYLENE (sur. 101Polycyclic Aromatics Lab SurrogateD8-ACENAPHTHYLENE (sur. %

Zirconium (Zr) -0.0001Dissolved Metals by ICPMS METALS, DISSOLVEDZIRCONIUM DISSOLVED mg/L 0.0001

Tin (Sn) -0.0002Dissolved Metals by ICPMS METALS, DISSOLVEDTIN DISSOLVED mg/L 0.0002

1,4-Difluorobenzene (sur.) 109Volatiles Lab Surrogate1,4-Difluorobenzene (sur.) %

4-BROMOFLUOROBENZENE 100Volatiles Lab Surrogate4-BROMOFLUOROBENZENE %

Alkalinity (PP as CaCO3) -0.5Anions IONS, MAJOR IONSALKALINITY PHENOLPHTHA mg/L 0.5

Tin (Sn) -0.0002Total Metals by ICPMS METALS, TOTALTIN TOTAL mg/L 0.0002

Anion Sum 0Calculated Parameters CALCULATED QUANTITIESSUM OF ANIONS meq/L

TERPHENYL-D14 (sur.) 104Polycyclic Aromatics Lab SurrogateTERPHENYL-D14 (sur.) %

Colour -2TRUE Physical Properties Conventional ParametersColour PtCo units 2

Conductivity 1.5Misc. Inorganics Conventional ParametersSpecific Conductance uS/cm 1

Organic Carbon (C) -0.5Dissolved Misc. Inorganics Conventional ParametersDissolved Organic Carbon mg/L 0.5

Hardness (CaCO3) -0.5Calculated Parameters Conventional ParametersHardness mg/L 0.5

Hardness (CaCO3) -0.5Dissolved Misc. Inorganics Conventional ParametersHardness mg/L 0.5

pH 5.33Misc. Inorganics Conventional ParameterspH N/A

Alkalinity (Total as CaCO3) -0.5Anions Conventional ParametersTotal Alkalinity mg/L 0.5

Solids -10Total Dissolved Misc. Inorga Conventional ParametersTotal Dissolved Solids mg/L 10

Total Dissolved Solids -10Calculated Parameters Conventional ParametersTotal Dissolved Solids (Calc mg/L 10

Organic Carbon (C) -0.5Total Misc. Inorganics Conventional ParametersTotal Organic Carbon mg/L 0.5

Solids -1Total Suspended Misc. Inor Conventional ParametersTotal Suspended Solids mg/L 1

Bicarbonate (HCO3) -0.5Anions Major IonsBicarbonate mg/L 0.5

Calcium (Ca) -0.3Dissolved Elements Major IonsCalcium mg/L 0.3

Calcium (Ca) -0.05Dissolved Metals by ICPMS Major IonsCalcium mg/L 0.05

Carbonate (CO3) -0.5Anions Major IonsCarbonate mg/L 0.5

Hydroxide (OH) -0.5Anions Major IonsHydroxide mg/L 0.5

Chloride (Cl) -1Dissolved Anions Major IonsChloride mg/L 1

Magnesium (Mg) -0.2Dissolved Elements Major IonsMagnesium mg/L 0.2

Magnesium (Mg) -0.05Dissolved Metals by ICPMS Major IonsMagnesium mg/L 0.05
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Potassium (K) -0.05Dissolved Metals by ICPMS Major IonsPotassium mg/L 0.05

Potassium (K) -0.3Dissolved Elements Major IonsPotassium mg/L 0.3

Sodium (Na) -0.5Dissolved Elements Major IonsSodium mg/L 0.5

Sodium (Na) -0.05Dissolved Metals by ICPMS Major IonsSodium mg/L 0.05

Sulphate (SO4) -1Dissolved Anions Major IonsSulphate mg/L 1

Sulphide -0.002Anions Major IonsSulphide mg/L 0.002

Nitrate plus Nitrite (N) -0.003Calculated Parameters Nutrients and Chlorophyll aNitrate + Nitrite mg/L 0.003

Ammonia (N) -0.05Total Nutrients Nutrients and Chlorophyll aNitrogen - Ammonia mg/L 0.05

Total Kjeldahl Nitrogen -0.05Total Nutrients Nutrients and Chlorophyll aNitrogen - Kjeldahl mg/L 0.05

Phosphorus (P) 0.057Total TOT-ED-Phosphorus ( Nutrients and Chlorophyll aPhosphorus, total mg/L 0.001

Phosphorus (P) 0.001Dissolved DIS-ED-Phosphor Nutrients and Chlorophyll aPhosphorus, dissolved mg/L 0.001

Naphthenic acids -1Misc. Organics General OrganicsNaphthenic acids mg/L 1

Phenols -0.002Misc. Organics General OrganicsTotal Phenolics mg/L 0.002

Aluminum (Al) 0.00021Total Metals by ICPMS Total MetalsAluminum mg/L 0.0002

Antimony (Sb) -0.00002Total Metals by ICPMS Total MetalsAntimony mg/L 0.00002

Arsenic (As) -0.00002Total Metals by ICPMS Total MetalsArsenic mg/L 0.00002

Barium (Ba) -0.00002Total Metals by ICPMS Total MetalsBarium mg/L 0.00002

Beryllium (Be) -0.00001Total Metals by ICPMS Total MetalsBeryllium mg/L 0.00001

Boron (B) -0.05Total Metals by ICPMS Total MetalsBoron mg/L 0.05

Cadmium (Cd) -0.000005Total Metals by ICPMS Total MetalsCadmium mg/L 0.000005

Calcium (Ca) -0.05Total Metals by ICPMS Total MetalsCalcium mg/L 0.05

Chromium (Cr) -0.0001Total Metals by ICPMS Total MetalsChromium mg/L 0.0001

Cobalt (Co) -0.000005Total Metals by ICPMS Total MetalsCobalt mg/L 0.000005

Copper (Cu) -0.00005Total Metals by ICPMS Total MetalsCopper mg/L 0.00005

Iron (Fe) 0.0013Total Metals by ICPMS Total MetalsIron mg/L 0.001

Lead (Pb) -0.000005Total Metals by ICPMS Total MetalsLead mg/L 0.000005

Lithium (Li) -0.0005Total Metals by ICPMS Total MetalsLithium mg/L 0.0005

Magnesium (Mg) -0.05Total Metals by ICPMS Total MetalsMagnesium mg/L 0.05

Manganese (Mn) 0.000053Total Metals by ICPMS Total MetalsManganese mg/L 0.00005
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Mercury (Hg) -0.002Total Low Level Elements Total MetalsMercury ug/L 0.002

Molybdenum (Mo) -0.00005Total Metals by ICPMS Total MetalsMolybdenum mg/L 0.00005

Nickel (Ni) -0.00002Total Metals by ICPMS Total MetalsNickel mg/L 0.00002

Potassium (K) -0.05Total Metals by ICPMS Total MetalsPotassium mg/L 0.05

Selenium (Se) -0.00004Total Metals by ICPMS Total MetalsSelenium mg/L 0.00004

Silver (Ag) -0.000005Total Metals by ICPMS Total MetalsSilver mg/L 0.000005

Sodium (Na) -0.05Total Metals by ICPMS Total MetalsSodium mg/L 0.05

Strontium (Sr) -0.00005Total Metals by ICPMS Total MetalsStrontium mg/L 0.00005

Sulphur (S) -10Total Metals by ICPMS Total MetalsSulphur mg/L 10

Thallium (Tl) -0.000002Total Metals by ICPMS Total MetalsThallium mg/L 0.000002

Titanium (Ti) -0.0005Total Metals by ICPMS Total MetalsTitanium mg/L 0.0005

Uranium (U) -0.000002Total Metals by ICPMS Total MetalsUranium mg/L 0.000002

Vanadium (V) -0.0002Total Metals by ICPMS Total MetalsVanadium mg/L 0.0002

Zinc (Zn) 0.00013Total Metals by ICPMS Total MetalsZinc mg/L 0.0001

Aluminum (Al) 0.00061Dissolved Metals by ICPMS Dissolved MetalsAluminum mg/L 0.0002

Antimony (Sb) -0.00002Dissolved Metals by ICPMS Dissolved MetalsAntimony mg/L 0.00002

Arsenic (As) -0.00002Dissolved Metals by ICPMS Dissolved MetalsArsenic mg/L 0.00002

Barium (Ba) -0.00002Dissolved Metals by ICPMS Dissolved MetalsBarium mg/L 0.00002

Beryllium (Be) -0.00001Dissolved Metals by ICPMS Dissolved MetalsBeryllium mg/L 0.00001

Boron (B) -0.05Dissolved Metals by ICPMS Dissolved MetalsBoron mg/L 0.05

Cadmium (Cd) -0.000005Dissolved Metals by ICPMS Dissolved MetalsCadmium mg/L 0.000005

Chromium (Cr) -0.0001Dissolved Metals by ICPMS Dissolved MetalsChromium mg/L 0.0001

Cobalt (Co) -0.000005Dissolved Metals by ICPMS Dissolved MetalsCobalt mg/L 0.000005

Copper (Cu) 0.000088Dissolved Metals by ICPMS Dissolved MetalsCopper mg/L 0.00005

Iron (Fe) -0.001Dissolved Metals by ICPMS Dissolved MetalsIron mg/L 0.001

Iron (Fe) -0.06Dissolved Elements Dissolved MetalsIron mg/L 0.06

Lead (Pb) 0.0000286Dissolved Metals by ICPMS Dissolved MetalsLead mg/L 0.000005

Lithium (Li) -0.0005Dissolved Metals by ICPMS Dissolved MetalsLithium mg/L 0.0005

Manganese (Mn) -0.004Dissolved Elements Dissolved MetalsManganese mg/L 0.004
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Manganese (Mn) 0.00008Dissolved Metals by ICPMS Dissolved MetalsManganese mg/L 0.00005

Mercury (Hg) -0.002Dissolved Low Level Elemen Dissolved MetalsMercury ug/L 0.002

Molybdenum (Mo) -0.00005Dissolved Metals by ICPMS Dissolved MetalsMolybdenum mg/L 0.00005

Nickel (Ni) -0.00002Dissolved Metals by ICPMS Dissolved MetalsNickel mg/L 0.00002

Selenium (Se) -0.00004Dissolved Metals by ICPMS Dissolved MetalsSelenium mg/L 0.00004

Silver (Ag) -0.000005Dissolved Metals by ICPMS Dissolved MetalsSilver mg/L 0.000005

Strontium (Sr) 0.000095Dissolved Metals by ICPMS Dissolved MetalsStrontium mg/L 0.00005

Sulphur (S) -10Dissolved Metals by ICPMS Dissolved MetalsSulphur mg/L 10

Thallium (Tl) -0.000002Dissolved Metals by ICPMS Dissolved MetalsThallium mg/L 0.000002

Titanium (Ti) -0.0005Dissolved Metals by ICPMS Dissolved MetalsTitanium mg/L 0.0005

Uranium (U) -0.000002Dissolved Metals by ICPMS Dissolved MetalsUranium mg/L 0.000002

Vanadium (V) -0.0002Dissolved Metals by ICPMS Dissolved MetalsVanadium mg/L 0.0002

Zinc (Zn) 0.00048Dissolved Metals by ICPMS Dissolved MetalsZinc mg/L 0.0001

Naphthalene -0.0001Polycyclic Aromatics Target PAHs and Alkylated Naphthalene mg/L 0.0001

2-Methylnaphthalene -0.0001Polycyclic Aromatics Target PAHs and Alkylated C1 subst'd naphthalenes mg/L 0.0001

Acenaphthene -0.0001Polycyclic Aromatics Target PAHs and Alkylated Acenaphthene mg/L 0.0001

Acenaphthylene -0.0001Polycyclic Aromatics Target PAHs and Alkylated Acenaphthylene mg/L 0.0001

Anthracene -0.00001Polycyclic Aromatics Target PAHs and Alkylated Anthracene mg/L 0.00001

Dibenz(a,h)anthracene -0.0000075Polycyclic Aromatics Target PAHs and Alkylated Dibenzo(a,h)anthracene mg/L 0.0000075

Benzo(a)Anthracene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Benzo(a)Anthracene mg/L 0.0000085

Chrysene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Chrysene mg/L 0.0000085

Benzo(a)pyrene -0.0000075Polycyclic Aromatics Target PAHs and Alkylated Benzo(a)pyrene mg/L 0.0000075

Benzo(b&j)fluoranthene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Benzo(b)fluoranthene mg/L 0.0000085

Benzo(k)fluoranthene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Benzo(k)fluoranthene mg/L 0.0000085

Benzo(g,h,i)perylene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Benzo(g,h,i)perylene mg/L 0.0000085

Fluoranthene -0.00004Polycyclic Aromatics Target PAHs and Alkylated Fluoranthene mg/L 0.00004

Fluorene -0.00005Polycyclic Aromatics Target PAHs and Alkylated Fluorene mg/L 0.00005

Indeno(1,2,3-cd)pyrene -0.0000085Polycyclic Aromatics Target PAHs and Alkylated Indeno(c,d-123)pyrene mg/L 0.0000085

Phenanthrene -0.00005Polycyclic Aromatics Target PAHs and Alkylated Phenanthrene mg/L 0.00005
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Pyrene -0.00002Polycyclic Aromatics Target PAHs and Alkylated Pyrene mg/L 0.00002

Quinoline -0.0002Polycyclic Aromatics Target PANHsQuinoline mg/L 0.0002

Acridine -0.0002Polycyclic Aromatics Target PANHsAcridine mg/L 0.0002

Benzene -0.0004Volatiles Volatile organicsBenzene mg/L 0.0004

Ethylbenzene -0.0004Volatiles Volatile organicsEthylbenzene mg/L 0.0004

Toluene -0.0004Volatiles Volatile organicsToluene mg/L 0.0004

Xylenes (Total) -0.0008Volatiles Volatile organicsXylenes mg/L 0.0008
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BENZO(E)PYRENE 10.00%PAH_LO HYDROCARBONS, AROMATBENZO(E)PYRENE ng/L 23.120.9

Perylene 1.69%PAH_LO HYDROCARBONS, AROMATPerylene ng/L 657646

2,6-Dimethylnaphthalene d- 14.33%PAH_LO Lab Surrogate2,6-Dimethylnaphthalene d- % Recove 27.231.4

2-Methylnaphthalene d-10 20.12%PAH_LO Lab Surrogate2-Methylnaphthalene d-10 % Recove 21.926.8

Acenaphthylene d-8 15.43%PAH_LO Lab SurrogateAcenaphthylene d8 % Recove 28.733.5

Benzo(a)anthracene d-12 4.00%PAH_LO Lab SurrogateBenzo(a)anthracene d-12 % Recove 80.984.2

Benzo(a)pyrene d-12 7.41%PAH_LO Lab SurrogateBenzo(a)pyrene d12 % Recove 70.275.6

Benzo(b)fluoranthene d-12 3.20%PAH_LO Lab SurrogateBenzo(b)fluoranthene d-12 % Recove 73.876.2

Benzo(ghi)perylene d-12 5.53%PAH_LO Lab SurrogateBenzo(g,h,i)perylene d12 % Recove 63.366.9

Benzo(k)fluoranthene d-12 9.13%PAH_LO Lab SurrogateBenzo(k)fluoranthene d-12 % Recove 71.177.9

Biphenyl d-10 15.49%PAH_LO Lab SurrogateBiphenyl d-10 % Recove 26.230.6

Chrysene d-12 6.34%PAH_LO Lab SurrogateChrysene d-12 % Recove 80.986.2

D19-Decanoic Acid 8.00%HC_LC Lab SurrogateD19-Decanoic Acid % Recove 56.461.1

D31-Hexadecanoic Acid 18.22%HC_LC Lab SurrogateD31-Hexadecanoic Acid % Recove 49.459.3

Dibenzo(a,h)anthracene d-1 2.71%PAH_LO Lab SurrogateDibenzo(a,h)anthracene d-1 % Recove 69.271.1

Fluoranthene d-10 6.86%PAH_LO Lab SurrogateFluoranthene d-10 % Recove 77.482.9

Indeno(1,2,3-cd)pyrene d-1 2.58%PAH_LO Lab SurrogateIndeno(1,2,3-cd)pyrene d-1 % Recove 65.166.8

Naphthalene d-8 17.62%PAH_LO Lab SurrogateNaphthalene d8 % Recove 20.724.7

Perylene d-12 3.73%PAH_LO Lab SurrogatePerylene d-12 % Recove 73.676.4

Phenanthrene d-10 8.43%PAH_LO Lab SurrogatePhenanthrene d10 % Recove 60.265.5

C12H18O2 18.67%HC_LC Naphthenic acidsC12H18O2 ng/L 48.640.3

C12H20O2 6.80%HC_LC Naphthenic acidsC12H20O2 ng/L 7671

C12H22O2 19.57%HC_LC Naphthenic acidsC12H22O2 ng/L 16.620.2

C12H24O2 HC_LC Naphthenic acidsC12H24O2 ng/L -1-1.1

C13H20O2 2.70%HC_LC Naphthenic acidsC13H20O2 ng/L 52.551.1

C13H22O2 11.02%HC_LC Naphthenic acidsC13H22O2 ng/L 88.178.9

C13H24O2 0.89%HC_LC Naphthenic acidsC13H24O2 ng/L 22.622.4

C13H26O2 HC_LC Naphthenic acidsC13H26O2 ng/L 10.8-0.736

C14H20O2 12.61%HC_LC Naphthenic acidsC14H20O2 ng/L 27.531.2

C14H22O2 0.72%HC_LC Naphthenic acidsC14H22O2 ng/L 83.584.1

C14H24O2 -4.57%HC_LC Naphthenic acidsC14H24O2 ng/L 98.4103

C14H26O2 12.24%HC_LC Naphthenic acidsC14H26O2 ng/L 15.613.8
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C14H28O2 HC_LC Naphthenic acidsC14H28O2 ng/L -1.09-1.07

C15H18O2 11.26%HC_LC Naphthenic acidsC15H18O2 ng/L 28.531.9

C15H20O2 3.34%HC_LC Naphthenic acidsC15H20O2 ng/L 60.858.8

C15H22O2 8.24%HC_LC Naphthenic acidsC15H22O2 ng/L 139128

C15H24O2 1.84%HC_LC Naphthenic acidsC15H24O2 ng/L 219215

C15H26O2 -11.25%HC_LC Naphthenic acidsC15H26O2 ng/L 10896.5

C15H28O2 -50.21%HC_LC Naphthenic acidsC15H28O2 ng/L 14.88.86

C15H30O2 HC_LC Naphthenic acidsC15H30O2 ng/L -0.581-0.504

C16H20O2 5.44%HC_LC Naphthenic acidsC16H20O2 ng/L 45.342.9

C16H22O2 11.15%HC_LC Naphthenic acidsC16H22O2 ng/L 39.844.5

C16H24O2 9.47%HC_LC Naphthenic acidsC16H24O2 ng/L 53.148.3

C16H26O2 2.71%HC_LC Naphthenic acidsC16H26O2 ng/L 112109

C16H28O2 10.99%HC_LC Naphthenic acidsC16H28O2 ng/L 57.651.6

C16H30O2 HC_LC Naphthenic acidsC16H30O2 ng/L -0.725-0.504

C16H32O2 HC_LC Naphthenic acidsC16H32O2 ng/L -1.21-1.35

C17H22O2 7.36%HC_LC Naphthenic acidsC17H22O2 ng/L 70.776.1

C17H24O2 8.86%HC_LC Naphthenic acidsC17H24O2 ng/L 4144.8

C17H26O2 10.32%HC_LC Naphthenic acidsC17H26O2 ng/L 48.754

C17H28O2 9.22%HC_LC Naphthenic acidsC17H28O2 ng/L 97.689

C17H30O2 10.56%HC_LC Naphthenic acidsC17H30O2 ng/L 34.931.4

C17H32O2 HC_LC Naphthenic acidsC17H32O2 ng/L 3.76-2.79

C17H34O2 HC_LC Naphthenic acidsC17H34O2 ng/L -0.512-0.593

C18H24O2 1.73%HC_LC Naphthenic acidsC18H24O2 ng/L 68.769.9

C18H26O2 18.76%HC_LC Naphthenic acidsC18H26O2 ng/L 31.437.9

C18H28O2 14.76%HC_LC Naphthenic acidsC18H28O2 ng/L 45.138.9

C18H30O2 HC_LC Naphthenic acidsC18H30O2 ng/L -6.6827.9

C18H32O2 HC_LC Naphthenic acidsC18H32O2 ng/L -0.9478.93

C18H34O2 HC_LC Naphthenic acidsC18H34O2 ng/L -1.36-0.946

C18H36O2 HC_LC Naphthenic acidsC18H36O2 ng/L -1.5-0.918

C19H26O2 6.73%HC_LC Naphthenic acidsC19H26O2 ng/L 81.987.6

C19H28O2 18.12%HC_LC Naphthenic acidsC19H28O2 ng/L 30.725.6

C19H30O2 13.48%HC_LC Naphthenic acidsC19H30O2 ng/L 29.325.6

C19H32O2 16.54%HC_LC Naphthenic acidsC19H32O2 ng/L 21.618.3

C19H34O2 HC_LC Naphthenic acidsC19H34O2 ng/L -0.5124.25

C19H36O2 HC_LC Naphthenic acidsC19H36O2 ng/L -0.75-0.504

C19H38O2 HC_LC Naphthenic acidsC19H38O2 ng/L -1.57-0.753

C20H28O2 31.42%HC_LC Naphthenic acidsC20H28O2 ng/L 28.739.4

C20H30O2 31.96%HC_LC Naphthenic acidsC20H30O2 ng/L 323234

C20H32O2 67.77%HC_LC Naphthenic acidsC20H32O2 ng/L 73.136.1
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C20H34O2 37.94%HC_LC Naphthenic acidsC20H34O2 ng/L 18.512.6

C20H36O2 HC_LC Naphthenic acidsC20H36O2 ng/L -1.4-2.06

C20H38O2 HC_LC Naphthenic acidsC20H38O2 ng/L -0.512-0.535

C21H30O2 0.90%HC_LC Naphthenic acidsC21H30O2 ng/L 3333.3

C21H32O2 HC_LC Naphthenic acidsC21H32O2 ng/L -0.5126.18

C21H34O2 25.80%HC_LC Naphthenic acidsC21H34O2 ng/L 8.626.65

C21H36O2 HC_LC Naphthenic acidsC21H36O2 ng/L -1.07-0.65

C21H38O2 HC_LC Naphthenic acidsC21H38O2 ng/L -0.789-0.615

C21H40O2 HC_LC Naphthenic acidsC21H40O2 ng/L -0.512-0.504

1,2,6-Trimethylphenanthren PAH_LO PAH_LO1,2,6-Trimethylphenanthren ng/L -0.9360.747

1,2-Dimethylnaphthalene 14.49%PAH_LO PAH_LO1,2-Dimethylnaphthalene ng/L 4.593.97

1,4,6,7-Tetramethylnaphtha PAH_LO PAH_LO1,4,6,7-Tetramethylnaphtha ng/L -7.57-5.93

1,7-Dimethylfluorene 17.67%PAH_LO PAH_LO1,7-Dimethylfluorene ng/L 1.541.29

1,7-Dimethylphenanthrene PAH_LO PAH_LO1,7-Dimethylphenanthrene ng/L -5.254.69

1,8-Dimethylphenanthrene 20.49%PAH_LO PAH_LO1,8-Dimethylphenanthrene ng/L 1.561.27

1-Methylchrysene 16.33%PAH_LO PAH_LO1-Methylchrysene ng/L 21.218

1-Methylphenanthrene 2.79%PAH_LO PAH_LO1-Methylphenanthrene ng/L 7.647.43

2,3,5-Trimethylnaphthalene 0%PAH_LO PAH_LO2,3,5-Trimethylnaphthalene ng/L 12.412.4

2,3,6-Trimethylnaphthalene 10.77%PAH_LO PAH_LO2,3,6-Trimethylnaphthalene ng/L 13.712.3

2,4-Dimethyldibenzothiophe 46.15%PAH_LO PAH_LO2,4-Dimethyldibenzothiophe ng/L 1.921.2

2,6-Dimethylnaphthalene 23.72%PAH_LO PAH_LO2,6-Dimethylnaphthalene ng/L 4.483.53

2,6-Dimethylphenanthrene PAH_LO PAH_LO2,6-Dimethylphenanthrene ng/L -1.85-0.35

2/3-Methyldibenzothiophen PAH_LO PAH_LO2/3-Methyldibenzothiophen ng/L -1.27-1.3

2-Methylanthracene PAH_LO PAH_LO2-Methylanthracene ng/L -0.661-0.538

2-Methylfluorene 1.82%PAH_LO PAH_LO2-Methylfluorene ng/L 2.772.72

2-Methylphenanthrene 8.33%PAH_LO PAH_LO2-Methylphenanthrene ng/L 4.54.14

3,6-Dimethylphenanthrene PAH_LO PAH_LO3,6-Dimethylphenanthrene ng/L -3.38-2.82

3-Methylfluoranthene/Benzo 1.09%PAH_LO PAH_LO3-Methylfluoranthene/Benzo ng/L 27.727.4

3-Methylphenanthrene 13.01%PAH_LO PAH_LO3-Methylphenanthrene ng/L 4.834.24

5,9-Dimethylchrysene 46.46%PAH_LO PAH_LO5,9-Dimethylchrysene ng/L 4.352.71

5/6-Methylchrysene 113.82%PAH_LO PAH_LO5/6-Methylchrysene ng/L 0.7472.72

7-Methylbenzo(a)pyrene 36.99%PAH_LO PAH_LO7-Methylbenzo(a)pyrene ng/L 3.462.38

9/4-Methylphenanthrene 7.26%PAH_LO PAH_LO9/4-Methylphenanthrene ng/L 15.714.6

Benzo(j,k)fluoranthenes 51.04%PAH_LO PAH_LOBenzo(j,k)fluoranthenes ng/L 3.321.97

C1-Benzofluoranthenes/Ben -14.18%PAH_LO PAH_LOC1-Benzofluoranthenes/Ben ng/L 10893.7

C2-Benzofluoranthenes/Ben 14.35%PAH_LO PAH_LOC2-Benzofluoranthenes/Ben ng/L 23.920.7

C3-Benzo(a)anthracenes/Ch 13.37%PAH_LO PAH_LOC3-Benzo(a)anthracenes/Ch ng/L 7.026.14

C4-Benzo(a)anthracenes/Ch 12.61%PAH_LO PAH_LOC4-Benzo(a)anthracenes/Ch ng/L 2.362.08

C4-Fluoranthenes/Pyrenes 20.81%PAH_LO PAH_LOC4-Fluoranthenes/Pyrenes ng/L 45.136.6
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Naphthalene 21.79%PAH_LO Target PAHs and Alkylated Naphthalene ng/L 28.522.9

1-Methylnaphthalene -32.77%PAH_LO Target PAHs and Alkylated C1 subst'd naphthalenes ng/L 10.37.4

C1-Naphthalenes 39.54%PAH_LO Target PAHs and Alkylated C1 subst'd naphthalenes ng/L 20.914

C2-Naphthalenes 15.38%PAH_LO Target PAHs and Alkylated C2 subst'd naphthalenes ng/L 43.437.2

2-Methylnaphthalene -46.94%PAH_LO Target PAHs and Alkylated C2 subst'd naphthalenes ng/L 10.66.57

C3-Naphthalenes 3.59%PAH_LO Target PAHs and Alkylated C3 subst'd naphthalenes ng/L 70.968.4

C4-Naphthalenes 1.86%PAH_LO Target PAHs and Alkylated C4 subst'd naphthalenes ng/L 63.865

Acenaphthene 13.99%PAH_LO Target PAHs and Alkylated Acenaphthene ng/L 6.125.32

C1-Acenaphthenes 21.18%PAH_LO Target PAHs and Alkylated C1 subst'd acenaphthene ng/L 1.411.14

Acenaphthylene PAH_LO Target PAHs and Alkylated Acenaphthylene ng/L -0.661-0.46

Anthracene 34.95%PAH_LO Target PAHs and Alkylated Anthracene ng/L 0.6420.451

Dibenz(a,h)anthracene 3.02%PAH_LO Target PAHs and Alkylated Dibenzo(a,h)anthracene ng/L 3.363.26

Benz(a)anthracene 14.36%PAH_LO Target PAHs and Alkylated Benzo(a)Anthracene ng/L 2.653.06

Chrysene 11.76%PAH_LO Target PAHs and Alkylated Chrysene ng/L 1816

C1-Benzo(a)anthracenes/Ch 19.84%PAH_LO Target PAHs and Alkylated C1 subst'd benzo(a)anthrac ng/L 61.550.4

C2-Benzo(a)anthracenes/Ch 28.83%PAH_LO Target PAHs and Alkylated C2 subst'd benzo(a)anthrac ng/L 5037.4

Benzo(a)pyrene 9.01%PAH_LO Target PAHs and Alkylated Benzo(a)pyrene ng/L 6.846.25

Benzo(b)fluoranthene 8.33%PAH_LO Target PAHs and Alkylated Benzo(b)fluoranthene ng/L 22.520.7

Benzo(ghi)perylene 6.82%PAH_LO Target PAHs and Alkylated Benzo(g,h,i)perylene ng/L 18.217

Biphenyl 9.09%PAH_LO Target PAHs and Alkylated Biphenyl ng/L 18.416.8

C1-Biphenyls 44.21%PAH_LO Target PAHs and Alkylated C1 subst'd biphenyl ng/L 23.214.8

C2-Biphenyls -43.79%PAH_LO Target PAHs and Alkylated C2 subst'd biphenyl ng/L 10869.2

Dibenzothiophene PAH_LO Target PAHs and Alkylated Dibenzothiophene ng/L -1.08-1.05

C1-Dibenzothiophenes 73.07%PAH_LO Target PAHs and Alkylated C1 subst'd dibenzothiophen ng/L 1.523.27

C2-Dibenzothiophenes 22.11%PAH_LO Target PAHs and Alkylated C2 subst'd dibenzothiophen ng/L 21.617.3

C3-Dibenzothiophenes 18.71%PAH_LO Target PAHs and Alkylated C3 subst'd dibenzothiophen ng/L 18.715.5

C4-Dibenzothiophenes 14.28%PAH_LO Target PAHs and Alkylated C4 subst'd dibenzothiophen ng/L 6.77.73

Fluoranthene 0.95%PAH_LO Target PAHs and Alkylated Fluoranthene ng/L 10.610.5

C1-Fluoranthenes/Pyrenes 7.74%PAH_LO Target PAHs and Alkylated C1 subst'd fluoranthene / p ng/L 161149

C2-Fluoranthenes/Pyrenes 12.95%PAH_LO Target PAHs and Alkylated C2 subst'd fluoranthene / p ng/L 148130

C3-Fluoranthenes/Pyrenes 4.46%PAH_LO Target PAHs and Alkylated C3 subst'd fluoranthene / p ng/L 24.125.2

Fluorene 8.86%PAH_LO Target PAHs and Alkylated Fluorene ng/L 2.712.48

C1-Fluorenes 3.51%PAH_LO Target PAHs and Alkylated C1 subst'd fluorene ng/L 17.416.8

C2-Fluorenes 10.55%PAH_LO Target PAHs and Alkylated C2 subst'd fluorene ng/L 41.937.7

C3-Fluorenes 9.02%PAH_LO Target PAHs and Alkylated C3 subst'd fluorene ng/L 59.154

Indeno(1,2,3-cd)pyrene 7.51%PAH_LO Target PAHs and Alkylated Indeno(c,d-123)pyrene ng/L 6.916.41

Phenanthrene -6.65%PAH_LO Target PAHs and Alkylated Phenanthrene ng/L 10.19.45

C1 Phenanthrenes/Anthrace 6.98%PAH_LO Target PAHs and Alkylated C1 subst'd phenanthrene / ng/L 32.630.4

C2 Phenanthrenes/Anthrace 11.35%PAH_LO Target PAHs and Alkylated C2 subst'd phenanthrene / ng/L 45.751.2
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C3-Phenanthrenes/Anthrace 1.90%PAH_LO Target PAHs and Alkylated C3 subst'd phenanthrene / ng/L 42.541.7

C4-Phenanthrenes/Anthrace 11.70%PAH_LO Target PAHs and Alkylated C4 subst'd phenanthrene / ng/L 190169

Retene -6.33%PAH_LO Target PAHs and Alkylated 1-Methyl-7-isopropyl-phena ng/L 10194.8

Pyrene 7.20%PAH_LO Target PAHs and Alkylated Pyrene ng/L 18.717.4
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Bismuth (Bi) Dissolved Metals by ICPMS METALS, DISSOLVEDBISMUTH DISSOLVED mg/L -0.000005-0.000005

Silicon (Si) 60.00%Dissolved Metals by ICPMS METALS, DISSOLVEDSILICON DISSOLVED mg/L 0.520.28

Benzo(a)pyrene equivalency Polycyclic Aromatics Polycyclic AromaticsBenzo(a)pyrene equivalency ug/L -0.01-0.01

Perylene Polycyclic Aromatics HYDROCARBONS, AROMATPerylene mg/L -0.00005-0.00005

Nitrite (NO2) Dissolved Calculated Param Dissolved Calculated ParamNitrite (NO2) mg/L 0.01-0.0099

Nitrite (N) Dissolved Nutrients Nutrients and Chlorophyll aNitrite mg/L 0.003-0.003

Nitrate (N) 6.45%Dissolved Nutrients Nutrients and Chlorophyll aNitrate mg/L 0.150.16

Cation Sum 9.84%Calculated Parameters CALCULATED QUANTITIESSUM OF CATIONS meq/L 0.320.29

Silicon (Si) 27.96%Total Metals by ICPMS METALS, TOTALSILICON TOTAL mg/L 0.530.4

BENZO(E)PYRENE Polycyclic Aromatics HYDROCARBONS, AROMATBENZO(E)PYRENE mg/L -0.00005-0.00005

Nitrate (NO3) 4.32%Dissolved Calculated Param Dissolved Calculated ParamNitrate (NO3) mg/L 0.680.71

Bismuth (Bi) Total Metals by ICPMS METALS, TOTALBISMUTH TOTAL RECOVER mg/L -0.0000050.000009

Zirconium (Zr) Total Metals by ICPMS METALS, TOTALZIRCONIUM TOTAL mg/L -0.0001-0.0001

Ion Balance 0%Calculated Parameters CALCULATED QUANTITIESIONIC BALANCE N/A 1.11.1

Hardness (CaCO3) 0.70%Total Calculated Parameters Total Calculated ParametersHardness (CaCO3) mg/L 14.414.3

D8-ACENAPHTHYLENE (sur. 2.11%Polycyclic Aromatics Lab SurrogateD8-ACENAPHTHYLENE (sur. % 9496

D12-BENZO(A)PYRENE (sur 4.12%Polycyclic Aromatics Lab SurrogateD12-BENZO(A)PYRENE (sur % 9599

D10-ANTHRACENE (sur.) 4.17%Polycyclic Aromatics Lab SurrogateD10-ANTHRACENE (sur.) % 9498

BENZO(C)PHENANTHRENE Polycyclic Aromatics HYDROCARBONS, AROMATBENZO(C)PHENANTHRENE mg/L -0.00005-0.00005

TERPHENYL-D14 (sur.) -4.00%Polycyclic Aromatics Lab SurrogateTERPHENYL-D14 (sur.) % 98102

Anion Sum 7.14%Calculated Parameters CALCULATED QUANTITIESSUM OF ANIONS meq/L 0.290.27

Zirconium (Zr) Dissolved Metals by ICPMS METALS, DISSOLVEDZIRCONIUM DISSOLVED mg/L -0.0001-0.0001

Alkalinity (PP as CaCO3) Anions IONS, MAJOR IONSALKALINITY PHENOLPHTHA mg/L -0.5-0.5

Tin (Sn) 52.63%Dissolved Metals by ICPMS METALS, DISSOLVEDTIN DISSOLVED mg/L 0.000280.00048

Tin (Sn) 151.05%Total Metals by ICPMS METALS, TOTALTIN TOTAL mg/L 0.000290.00208

Colour 9.09%TRUE Physical Properties Conventional ParametersColour PtCo units 2.12.3

Conductivity 6.06%Misc. Inorganics Conventional ParametersSpecific Conductance uS/cm 3432

Hardness (CaCO3) 8.00%Calculated Parameters Conventional ParametersHardness mg/L 1312

Hardness (CaCO3) 7.75%Dissolved Misc. Inorganics Conventional ParametersHardness mg/L 13.412.4

pH 0.28%Misc. Inorganics Conventional ParameterspH N/A 7.247.26

Alkalinity (Total as CaCO3) 7.41%Anions Conventional ParametersTotal Alkalinity mg/L 1413

Solids 40.00%Total Dissolved Misc. Inorga Conventional ParametersTotal Dissolved Solids mg/L 2030
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Total Dissolved Solids 6.90%Calculated Parameters Conventional ParametersTotal Dissolved Solids (Calc mg/L 1514

Solids -66.67%Total Suspended Misc. Inor Conventional ParametersTotal Suspended Solids mg/L 816

Bicarbonate (HCO3) 6.06%Anions Major IonsBicarbonate mg/L 1716

Calcium (Ca) 15.79%Dissolved Metals by ICPMS Major IonsCalcium mg/L 3.153.69

Calcium (Ca) 20.29%Dissolved Elements Major IonsCalcium mg/L 3.13.8

Carbonate (CO3) Anions Major IonsCarbonate mg/L -0.5-0.5

Hydroxide (OH) Anions Major IonsHydroxide mg/L -0.5-0.5

Chloride (Cl) Dissolved Anions Major IonsChloride mg/L -1-1

Magnesium (Mg) 65.40%Dissolved Elements Major IonsMagnesium mg/L 1.40.71

Magnesium (Mg) 74.85%Dissolved Metals by ICPMS Major IonsMagnesium mg/L 1.50.683

Potassium (K) Dissolved Elements Major IonsPotassium mg/L -0.3-0.3

Potassium (K) 9.01%Dissolved Metals by ICPMS Major IonsPotassium mg/L 0.2320.212

Sodium (Na) 31.91%Dissolved Metals by ICPMS Major IonsSodium mg/L 1.210.877

Sodium (Na) 30.77%Dissolved Elements Major IonsSodium mg/L 1.20.88

Sulphate (SO4) Dissolved Anions Major IonsSulphate mg/L -1-1

Nitrate plus Nitrite (N) 0%Calculated Parameters Nutrients and Chlorophyll aNitrate + Nitrite mg/L 0.160.16

Aluminum (Al) 76.27%Total Metals by ICPMS Total MetalsAluminum mg/L 0.02750.0614

Antimony (Sb) Total Metals by ICPMS Total MetalsAntimony mg/L -0.00002-0.00002

Arsenic (As) 32.56%Total Metals by ICPMS Total MetalsArsenic mg/L 0.000050.000036

Barium (Ba) 8.47%Total Metals by ICPMS Total MetalsBarium mg/L 0.008480.00923

Beryllium (Be) Total Metals by ICPMS Total MetalsBeryllium mg/L -0.00001-0.00001

Boron (B) Total Metals by ICPMS Total MetalsBoron mg/L -0.05-0.05

Cadmium (Cd) 0.40%Total Metals by ICPMS Total MetalsCadmium mg/L 0.00002490.0000248

Calcium (Ca) 30.01%Total Metals by ICPMS Total MetalsCalcium mg/L 3.24.33

Chromium (Cr) 58.46%Total Metals by ICPMS Total MetalsChromium mg/L 0.000230.00042

Cobalt (Co) 78.65%Total Metals by ICPMS Total MetalsCobalt mg/L 0.00004150.0000953

Copper (Cu) 6.42%Total Metals by ICPMS Total MetalsCopper mg/L 0.0004980.000467

Iron (Fe) 67.66%Total Metals by ICPMS Total MetalsIron mg/L 0.07960.161

Lead (Pb) 117.52%Total Metals by ICPMS Total MetalsLead mg/L 0.0001930.000743

Lithium (Li) Total Metals by ICPMS Total MetalsLithium mg/L 0.00067-0.0005

Magnesium (Mg) 57.58%Total Metals by ICPMS Total MetalsMagnesium mg/L 1.550.857

Manganese (Mn) 46.76%Total Metals by ICPMS Total MetalsManganese mg/L 0.008570.0138

Mercury (Hg) 22.52%Total Low Level Elements Total MetalsMercury ug/L 0.00840.0067

Molybdenum (Mo) 38.00%Total Metals by ICPMS Total MetalsMolybdenum mg/L 0.0000810.000119

Nickel (Ni) 48.74%Total Metals by ICPMS Total MetalsNickel mg/L 0.0003290.000541

Potassium (K) 6.32%Total Metals by ICPMS Total MetalsPotassium mg/L 0.2450.261

Selenium (Se) Total Metals by ICPMS Total MetalsSelenium mg/L -0.00004-0.00004

Silver (Ag) Total Metals by ICPMS Total MetalsSilver mg/L -0.000005-0.000005

Sodium (Na) 24.25%Total Metals by ICPMS Total MetalsSodium mg/L 1.230.964
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QC Report - Replicate Samples Import Number: 1042

Strontium (Sr) 8.98%Total Metals by ICPMS Total MetalsStrontium mg/L 0.006170.00675

Sulphur (S) Total Metals by ICPMS Total MetalsSulphur mg/L -10-10

Thallium (Tl) Total Metals by ICPMS Total MetalsThallium mg/L -0.0000020.0000021

Titanium (Ti) 93.25%Total Metals by ICPMS Total MetalsTitanium mg/L 0.000830.00228

Uranium (U) 22.06%Total Metals by ICPMS Total MetalsUranium mg/L 0.00001250.0000156

Vanadium (V) Total Metals by ICPMS Total MetalsVanadium mg/L -0.00020.00023

Zinc (Zn) 11.52%Total Metals by ICPMS Total MetalsZinc mg/L 0.003110.00349

Aluminum (Al) 95.52%Dissolved Metals by ICPMS Dissolved MetalsAluminum mg/L 0.02670.00944

Antimony (Sb) Dissolved Metals by ICPMS Dissolved MetalsAntimony mg/L -0.00002-0.00002

Arsenic (As) Dissolved Metals by ICPMS Dissolved MetalsArsenic mg/L -0.00002-0.00002

Barium (Ba) 36.43%Dissolved Metals by ICPMS Dissolved MetalsBarium mg/L 0.008340.00577

Beryllium (Be) Dissolved Metals by ICPMS Dissolved MetalsBeryllium mg/L -0.00001-0.00001

Boron (B) Dissolved Metals by ICPMS Dissolved MetalsBoron mg/L -0.05-0.05

Cadmium (Cd) 135.24%Dissolved Metals by ICPMS Dissolved MetalsCadmium mg/L 0.00002640.0000051

Chromium (Cr) 28.57%Dissolved Metals by ICPMS Dissolved MetalsChromium mg/L 0.000160.00012

Cobalt (Co) 89.26%Dissolved Metals by ICPMS Dissolved MetalsCobalt mg/L 0.00004780.0000183

Copper (Cu) 30.18%Dissolved Metals by ICPMS Dissolved MetalsCopper mg/L 0.0004080.000301

Iron (Fe) Dissolved Elements Dissolved MetalsIron mg/L -0.06-0.06

Iron (Fe) 153.41%Dissolved Metals by ICPMS Dissolved MetalsIron mg/L 0.06220.0082

Lead (Pb) 100.75%Dissolved Metals by ICPMS Dissolved MetalsLead mg/L 0.000160.0000528

Lithium (Li) Dissolved Metals by ICPMS Dissolved MetalsLithium mg/L 0.0007-0.0005

Manganese (Mn) 31.37%Dissolved Elements Dissolved MetalsManganese mg/L 0.00430.0059

Manganese (Mn) 26.95%Dissolved Metals by ICPMS Dissolved MetalsManganese mg/L 0.00720.00549

Mercury (Hg) Dissolved Low Level Elemen Dissolved MetalsMercury ug/L -0.0040.0022

Molybdenum (Mo) 17.58%Dissolved Metals by ICPMS Dissolved MetalsMolybdenum mg/L 0.0000830.000099

Nickel (Ni) 75.32%Dissolved Metals by ICPMS Dissolved MetalsNickel mg/L 0.0003180.000144

Selenium (Se) Dissolved Metals by ICPMS Dissolved MetalsSelenium mg/L -0.00004-0.00004

Silver (Ag) Dissolved Metals by ICPMS Dissolved MetalsSilver mg/L -0.000005-0.000005

Strontium (Sr) 2.19%Dissolved Metals by ICPMS Dissolved MetalsStrontium mg/L 0.005870.006

Sulphur (S) Dissolved Metals by ICPMS Dissolved MetalsSulphur mg/L -10-10

Thallium (Tl) Dissolved Metals by ICPMS Dissolved MetalsThallium mg/L -0.000002-0.000002

Titanium (Ti) Dissolved Metals by ICPMS Dissolved MetalsTitanium mg/L 0.00103-0.0005

Uranium (U) 60.29%Dissolved Metals by ICPMS Dissolved MetalsUranium mg/L 0.00001360.0000073

Vanadium (V) Dissolved Metals by ICPMS Dissolved MetalsVanadium mg/L -0.0002-0.0002

Zinc (Zn) 29.12%Dissolved Metals by ICPMS Dissolved MetalsZinc mg/L 0.002990.00223

Naphthalene Polycyclic Aromatics Target PAHs and Alkylated Naphthalene mg/L -0.0001-0.0001

2-Methylnaphthalene Polycyclic Aromatics Target PAHs and Alkylated C1 subst'd naphthalenes mg/L -0.0001-0.0001

Acenaphthene Polycyclic Aromatics Target PAHs and Alkylated Acenaphthene mg/L -0.0001-0.0001

Acenaphthylene Polycyclic Aromatics Target PAHs and Alkylated Acenaphthylene mg/L -0.0001-0.0001
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Anthracene Polycyclic Aromatics Target PAHs and Alkylated Anthracene mg/L -0.00001-0.00001

Dibenz(a,h)anthracene Polycyclic Aromatics Target PAHs and Alkylated Dibenzo(a,h)anthracene mg/L -0.0000075-0.0000075

Benzo(a)Anthracene Polycyclic Aromatics Target PAHs and Alkylated Benzo(a)Anthracene mg/L -0.0000085-0.0000085

Chrysene Polycyclic Aromatics Target PAHs and Alkylated Chrysene mg/L -0.0000085-0.0000085

Benzo(a)pyrene Polycyclic Aromatics Target PAHs and Alkylated Benzo(a)pyrene mg/L -0.0000075-0.0000075

Benzo(b&j)fluoranthene Polycyclic Aromatics Target PAHs and Alkylated Benzo(b)fluoranthene mg/L -0.0000085-0.0000085

Benzo(k)fluoranthene Polycyclic Aromatics Target PAHs and Alkylated Benzo(k)fluoranthene mg/L -0.0000085-0.0000085

Benzo(g,h,i)perylene Polycyclic Aromatics Target PAHs and Alkylated Benzo(g,h,i)perylene mg/L -0.0000085-0.0000085

Fluoranthene Polycyclic Aromatics Target PAHs and Alkylated Fluoranthene mg/L -0.00004-0.00004

Fluorene Polycyclic Aromatics Target PAHs and Alkylated Fluorene mg/L -0.00005-0.00005

Indeno(1,2,3-cd)pyrene Polycyclic Aromatics Target PAHs and Alkylated Indeno(c,d-123)pyrene mg/L -0.0000085-0.0000085

Phenanthrene Polycyclic Aromatics Target PAHs and Alkylated Phenanthrene mg/L -0.00005-0.00005

Pyrene Polycyclic Aromatics Target PAHs and Alkylated Pyrene mg/L -0.00002-0.00002

Quinoline Polycyclic Aromatics Target PANHsQuinoline mg/L -0.0002-0.0002

Acridine Polycyclic Aromatics Target PANHsAcridine mg/L -0.0002-0.0002
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BENZO(E)PYRENE -0.177PAH_LO HYDROCARBONS, AROMATBENZO(E)PYRENE ng/L 0.177

Perylene 1.3PAH_LO HYDROCARBONS, AROMATPerylene ng/L 0.2

2,6-Dimethylnaphthalene d- 55.5PAH_LO Lab Surrogate2,6-Dimethylnaphthalene d- % Recove

2-Methylnaphthalene d-10 53.7PAH_LO Lab Surrogate2-Methylnaphthalene d-10 % Recove

Acenaphthylene d-8 51.9PAH_LO Lab SurrogateAcenaphthylene d8 % Recove

Benzo(a)anthracene d-12 88.8PAH_LO Lab SurrogateBenzo(a)anthracene d-12 % Recove

Benzo(a)pyrene d-12 83.8PAH_LO Lab SurrogateBenzo(a)pyrene d12 % Recove

Benzo(b)fluoranthene d-12 90.7PAH_LO Lab SurrogateBenzo(b)fluoranthene d-12 % Recove

Benzo(ghi)perylene d-12 92.1PAH_LO Lab SurrogateBenzo(g,h,i)perylene d12 % Recove

Benzo(k)fluoranthene d-12 89.8PAH_LO Lab SurrogateBenzo(k)fluoranthene d-12 % Recove

Biphenyl d-10 56.5PAH_LO Lab SurrogateBiphenyl d-10 % Recove

Chrysene d-12 93PAH_LO Lab SurrogateChrysene d-12 % Recove

D19-Decanoic Acid 98.2HC_LC Lab SurrogateD19-Decanoic Acid % Recove

D31-Hexadecanoic Acid 41.9HC_LC Lab SurrogateD31-Hexadecanoic Acid % Recove

Dibenzo(a,h)anthracene d-1 90.1PAH_LO Lab SurrogateDibenzo(a,h)anthracene d-1 % Recove

Fluoranthene d-10 78.9PAH_LO Lab SurrogateFluoranthene d-10 % Recove

Indeno(1,2,3-cd)pyrene d-1 93.5PAH_LO Lab SurrogateIndeno(1,2,3-cd)pyrene d-1 % Recove

Naphthalene d-8 51.4PAH_LO Lab SurrogateNaphthalene d8 % Recove

Perylene d-12 82.6PAH_LO Lab SurrogatePerylene d-12 % Recove

Phenanthrene d-10 67PAH_LO Lab SurrogatePhenanthrene d10 % Recove

C12H18O2 -0.487HC_LC Naphthenic acidsC12H18O2 ng/L 0.487

C12H20O2 -0.487HC_LC Naphthenic acidsC12H20O2 ng/L 0.487

C12H22O2 -0.487HC_LC Naphthenic acidsC12H22O2 ng/L 0.487

C12H24O2 -0.487HC_LC Naphthenic acidsC12H24O2 ng/L 0.487

C13H20O2 -0.487HC_LC Naphthenic acidsC13H20O2 ng/L 0.487

C13H22O2 -0.487HC_LC Naphthenic acidsC13H22O2 ng/L 0.487

C13H24O2 -0.487HC_LC Naphthenic acidsC13H24O2 ng/L 0.487

C13H26O2 -0.487HC_LC Naphthenic acidsC13H26O2 ng/L 0.487

C14H20O2 2.2HC_LC Naphthenic acidsC14H20O2 ng/L 0.487
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C14H22O2 -0.487HC_LC Naphthenic acidsC14H22O2 ng/L 0.487

C14H24O2 -0.487HC_LC Naphthenic acidsC14H24O2 ng/L 0.487

C14H26O2 -0.487HC_LC Naphthenic acidsC14H26O2 ng/L 0.487

C14H28O2 -0.487HC_LC Naphthenic acidsC14H28O2 ng/L 0.487

C15H18O2 -0.487HC_LC Naphthenic acidsC15H18O2 ng/L 0.487

C15H20O2 -0.487HC_LC Naphthenic acidsC15H20O2 ng/L 0.487

C15H22O2 -0.487HC_LC Naphthenic acidsC15H22O2 ng/L 0.487

C15H24O2 2.34HC_LC Naphthenic acidsC15H24O2 ng/L 0.487

C15H26O2 2.1HC_LC Naphthenic acidsC15H26O2 ng/L 0.487

C15H28O2 -0.487HC_LC Naphthenic acidsC15H28O2 ng/L 0.487

C15H30O2 -0.487HC_LC Naphthenic acidsC15H30O2 ng/L 0.487

C16H20O2 4.71HC_LC Naphthenic acidsC16H20O2 ng/L 0.487

C16H22O2 -0.487HC_LC Naphthenic acidsC16H22O2 ng/L 0.487

C16H24O2 -0.487HC_LC Naphthenic acidsC16H24O2 ng/L 0.487

C16H26O2 -0.487HC_LC Naphthenic acidsC16H26O2 ng/L 0.487

C16H28O2 4.48HC_LC Naphthenic acidsC16H28O2 ng/L 0.487

C16H30O2 -0.487HC_LC Naphthenic acidsC16H30O2 ng/L 0.487

C16H32O2 -1.17HC_LC Naphthenic acidsC16H32O2 ng/L 1.17

C17H22O2 13.4HC_LC Naphthenic acidsC17H22O2 ng/L 0.487

C17H24O2 -0.487HC_LC Naphthenic acidsC17H24O2 ng/L 0.487

C17H26O2 -0.487HC_LC Naphthenic acidsC17H26O2 ng/L 0.487

C17H28O2 -0.558HC_LC Naphthenic acidsC17H28O2 ng/L 0.558

C17H30O2 -0.487HC_LC Naphthenic acidsC17H30O2 ng/L 0.487

C17H32O2 -0.604HC_LC Naphthenic acidsC17H32O2 ng/L 0.604

C17H34O2 -0.591HC_LC Naphthenic acidsC17H34O2 ng/L 0.591

C18H24O2 21.1HC_LC Naphthenic acidsC18H24O2 ng/L 0.562

C18H26O2 -0.487HC_LC Naphthenic acidsC18H26O2 ng/L 0.487

C18H28O2 -0.487HC_LC Naphthenic acidsC18H28O2 ng/L 0.487

C18H30O2 -0.487HC_LC Naphthenic acidsC18H30O2 ng/L 0.487
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C18H32O2 -0.535HC_LC Naphthenic acidsC18H32O2 ng/L 0.535

C18H34O2 -0.665HC_LC Naphthenic acidsC18H34O2 ng/L 0.665

C18H36O2 -1.69HC_LC Naphthenic acidsC18H36O2 ng/L 1.69

C19H26O2 17.5HC_LC Naphthenic acidsC19H26O2 ng/L 0.487

C19H28O2 -0.487HC_LC Naphthenic acidsC19H28O2 ng/L 0.487

C19H30O2 -0.487HC_LC Naphthenic acidsC19H30O2 ng/L 0.487

C19H32O2 -0.487HC_LC Naphthenic acidsC19H32O2 ng/L 0.487

C19H34O2 -0.487HC_LC Naphthenic acidsC19H34O2 ng/L 0.487

C19H36O2 -0.799HC_LC Naphthenic acidsC19H36O2 ng/L 0.799

C19H38O2 -3.26HC_LC Naphthenic acidsC19H38O2 ng/L 3.26

C20H28O2 21HC_LC Naphthenic acidsC20H28O2 ng/L 0.487

C20H30O2 41.7HC_LC Naphthenic acidsC20H30O2 ng/L 0.487

C20H32O2 12.8HC_LC Naphthenic acidsC20H32O2 ng/L 0.487

C20H34O2 -0.494HC_LC Naphthenic acidsC20H34O2 ng/L 0.494

C20H36O2 -0.487HC_LC Naphthenic acidsC20H36O2 ng/L 0.487

C20H38O2 -0.73HC_LC Naphthenic acidsC20H38O2 ng/L 0.73

C21H30O2 28.5HC_LC Naphthenic acidsC21H30O2 ng/L 0.487

C21H32O2 -0.487HC_LC Naphthenic acidsC21H32O2 ng/L 0.487

C21H34O2 -0.487HC_LC Naphthenic acidsC21H34O2 ng/L 0.487

C21H36O2 -0.487HC_LC Naphthenic acidsC21H36O2 ng/L 0.487

C21H38O2 -0.487HC_LC Naphthenic acidsC21H38O2 ng/L 0.487

C21H40O2 -0.487HC_LC Naphthenic acidsC21H40O2 ng/L 0.487

1,2,6-Trimethylphenanthren -0.132PAH_LO PAH_LO1,2,6-Trimethylphenanthren ng/L 0.132

1,2-Dimethylnaphthalene -0.59PAH_LO PAH_LO1,2-Dimethylnaphthalene ng/L 0.59

1,4,6,7-Tetramethylnaphtha -0.273PAH_LO PAH_LO1,4,6,7-Tetramethylnaphtha ng/L 0.16

1,7-Dimethylfluorene -0.296PAH_LO PAH_LO1,7-Dimethylfluorene ng/L 0.296

1,7-Dimethylphenanthrene -0.122PAH_LO PAH_LO1,7-Dimethylphenanthrene ng/L 0.122

1,8-Dimethylphenanthrene -0.113PAH_LO PAH_LO1,8-Dimethylphenanthrene ng/L 0.113

1-Methylchrysene -0.095PAH_LO PAH_LO1-Methylchrysene ng/L 0.095
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1-Methylphenanthrene -0.134PAH_LO PAH_LO1-Methylphenanthrene ng/L 0.134

2,3,5-Trimethylnaphthalene 0.277PAH_LO PAH_LO2,3,5-Trimethylnaphthalene ng/L 0.187

2,3,6-Trimethylnaphthalene 0.33PAH_LO PAH_LO2,3,6-Trimethylnaphthalene ng/L 0.193

2,4-Dimethyldibenzothiophe -0.146PAH_LO PAH_LO2,4-Dimethyldibenzothiophe ng/L 0.146

2,6-Dimethylnaphthalene -0.483PAH_LO PAH_LO2,6-Dimethylnaphthalene ng/L 0.483

2,6-Dimethylphenanthrene -0.113PAH_LO PAH_LO2,6-Dimethylphenanthrene ng/L 0.113

2/3-Methyldibenzothiophen -0.291PAH_LO PAH_LO2/3-Methyldibenzothiophen ng/L 0.291

2-Methylanthracene -0.146PAH_LO PAH_LO2-Methylanthracene ng/L 0.146

2-Methylfluorene -0.407PAH_LO PAH_LO2-Methylfluorene ng/L 0.407

2-Methylphenanthrene 0.205PAH_LO PAH_LO2-Methylphenanthrene ng/L 0.133

3,6-Dimethylphenanthrene -0.114PAH_LO PAH_LO3,6-Dimethylphenanthrene ng/L 0.108

3-Methylfluoranthene/Benzo -0.323PAH_LO PAH_LO3-Methylfluoranthene/Benzo ng/L 0.323

3-Methylphenanthrene 0.227PAH_LO PAH_LO3-Methylphenanthrene ng/L 0.137

5,9-Dimethylchrysene -0.183PAH_LO PAH_LO5,9-Dimethylchrysene ng/L 0.183

5/6-Methylchrysene -0.09PAH_LO PAH_LO5/6-Methylchrysene ng/L 0.09

7-Methylbenzo(a)pyrene -0.202PAH_LO PAH_LO7-Methylbenzo(a)pyrene ng/L 0.202

9/4-Methylphenanthrene 0.162PAH_LO PAH_LO9/4-Methylphenanthrene ng/L 0.137

Benzo(j,k)fluoranthenes -0.135PAH_LO PAH_LOBenzo(j,k)fluoranthenes ng/L 0.135

C1-Benzofluoranthenes/Ben 0.852PAH_LO PAH_LOC1-Benzofluoranthenes/Ben ng/L 0.202

C2-Benzofluoranthenes/Ben 0.419PAH_LO PAH_LOC2-Benzofluoranthenes/Ben ng/L 0.267

C3-Benzo(a)anthracenes/Ch 0.225PAH_LO PAH_LOC3-Benzo(a)anthracenes/Ch ng/L 0.119

C4-Benzo(a)anthracenes/Ch -0.188PAH_LO PAH_LOC4-Benzo(a)anthracenes/Ch ng/L 0.188

C4-Fluoranthenes/Pyrenes 0.466PAH_LO PAH_LOC4-Fluoranthenes/Pyrenes ng/L 0.227

Naphthalene 3.62PAH_LO Target PAHs and Alkylated Naphthalene ng/L 0.371

1-Methylnaphthalene 0.774PAH_LO Target PAHs and Alkylated C1 subst'd naphthalenes ng/L 0.234

C1-Naphthalenes 2.05PAH_LO Target PAHs and Alkylated C1 subst'd naphthalenes ng/L 0.223

C2-Naphthalenes 3.96PAH_LO Target PAHs and Alkylated C2 subst'd naphthalenes ng/L 0.59

2-Methylnaphthalene 1.28PAH_LO Target PAHs and Alkylated C2 subst'd naphthalenes ng/L 0.223

C3-Naphthalenes 2.36PAH_LO Target PAHs and Alkylated C3 subst'd naphthalenes ng/L 0.19

Page 4 of 6



QC Report - Blank Samples Import Number: 1146

G
A
L
S
ite

 N
a
m

e

S
a
m

p
le

 N
a
m

e

UnitsGAL GroupGAL AnalyteGroupAnalyte

40308_40310 NA_PAH for Db.xlsSelected File:

DL

Note: Analyte values > 5 x detection limit are 
indicated in bold red.

Project Number: 12-1337-0003

Project Name: Teck Frontier Baseline

Sampling Date: 08-Jun-12

U
T
S
 1

0

U
T
S
 0

5

C4-Naphthalenes 8.63PAH_LO Target PAHs and Alkylated C4 subst'd naphthalenes ng/L 0.16

Acenaphthene -0.397PAH_LO Target PAHs and Alkylated Acenaphthene ng/L 0.397

C1-Acenaphthenes -0.223PAH_LO Target PAHs and Alkylated C1 subst'd acenaphthene ng/L 0.223

Acenaphthylene -0.166PAH_LO Target PAHs and Alkylated Acenaphthylene ng/L 0.166

Anthracene -0.203PAH_LO Target PAHs and Alkylated Anthracene ng/L 0.203

Dibenz(a,h)anthracene -0.159PAH_LO Target PAHs and Alkylated Dibenzo(a,h)anthracene ng/L 0.159

Benz(a)anthracene -0.086PAH_LO Target PAHs and Alkylated Benzo(a)Anthracene ng/L 0.086

Chrysene 0.123PAH_LO Target PAHs and Alkylated Chrysene ng/L 0.09

C1-Benzo(a)anthracenes/Ch 0.114PAH_LO Target PAHs and Alkylated C1 subst'd benzo(a)anthrac ng/L 0.092

C2-Benzo(a)anthracenes/Ch -0.183PAH_LO Target PAHs and Alkylated C2 subst'd benzo(a)anthrac ng/L 0.183

Benzo(a)pyrene -0.204PAH_LO Target PAHs and Alkylated Benzo(a)pyrene ng/L 0.204

Benzo(b)fluoranthene -0.121PAH_LO Target PAHs and Alkylated Benzo(b)fluoranthene ng/L 0.121

Benzo(ghi)perylene -0.105PAH_LO Target PAHs and Alkylated Benzo(g,h,i)perylene ng/L 0.105

Biphenyl 1.62PAH_LO Target PAHs and Alkylated Biphenyl ng/L 0.342

C1-Biphenyls 10.3PAH_LO Target PAHs and Alkylated C1 subst'd biphenyl ng/L 0.132

C2-Biphenyls 51.4PAH_LO Target PAHs and Alkylated C2 subst'd biphenyl ng/L 0.32

Dibenzothiophene -0.258PAH_LO Target PAHs and Alkylated Dibenzothiophene ng/L 0.258

C1-Dibenzothiophenes -0.291PAH_LO Target PAHs and Alkylated C1 subst'd dibenzothiophen ng/L 0.291

C2-Dibenzothiophenes 1.34PAH_LO Target PAHs and Alkylated C2 subst'd dibenzothiophen ng/L 0.146

C3-Dibenzothiophenes 1.24PAH_LO Target PAHs and Alkylated C3 subst'd dibenzothiophen ng/L 0.242

C4-Dibenzothiophenes 1.78PAH_LO Target PAHs and Alkylated C4 subst'd dibenzothiophen ng/L 0.152

Fluoranthene 0.406PAH_LO Target PAHs and Alkylated Fluoranthene ng/L 0.134

C1-Fluoranthenes/Pyrenes 1.2PAH_LO Target PAHs and Alkylated C1 subst'd fluoranthene / p ng/L 0.323

C2-Fluoranthenes/Pyrenes 0.726PAH_LO Target PAHs and Alkylated C2 subst'd fluoranthene / p ng/L 0.314

C3-Fluoranthenes/Pyrenes 0.684PAH_LO Target PAHs and Alkylated C3 subst'd fluoranthene / p ng/L 0.201

Fluorene 0.241PAH_LO Target PAHs and Alkylated Fluorene ng/L 0.15

C1-Fluorenes 3.39PAH_LO Target PAHs and Alkylated C1 subst'd fluorene ng/L 0.407

C2-Fluorenes 2.5PAH_LO Target PAHs and Alkylated C2 subst'd fluorene ng/L 0.296

C3-Fluorenes 5.09PAH_LO Target PAHs and Alkylated C3 subst'd fluorene ng/L 0.192
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Indeno(1,2,3-cd)pyrene -0.103PAH_LO Target PAHs and Alkylated Indeno(c,d-123)pyrene ng/L 0.103

Phenanthrene 1.37PAH_LO Target PAHs and Alkylated Phenanthrene ng/L 0.183

C1 Phenanthrenes/Anthrace 0.594PAH_LO Target PAHs and Alkylated C1 subst'd phenanthrene / ng/L 0.134

C2 Phenanthrenes/Anthrace 0.569PAH_LO Target PAHs and Alkylated C2 subst'd phenanthrene / ng/L 0.113

C3-Phenanthrenes/Anthrace 0.755PAH_LO Target PAHs and Alkylated C3 subst'd phenanthrene / ng/L 0.132

C4-Phenanthrenes/Anthrace 1.75PAH_LO Target PAHs and Alkylated C4 subst'd phenanthrene / ng/L 0.406

Retene -0.406PAH_LO Target PAHs and Alkylated 1-Methyl-7-isopropyl-phena ng/L 0.406

Pyrene -0.307PAH_LO Target PAHs and Alkylated Pyrene ng/L 0.136
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Station UTS 05 UTS 09

Date 6/8/2012 6/8/2012

Analyte Group Units Analyte's DL Duplicate's DL Sample
Duplicate 
Sample

Target PAHs and Alkylated PAHs
Acenaphthene Target PAHs and Alkylated PAHs µg/L 0.00057 0.0007 0.0053 0.0061 14%
Acenaphthylene Target PAHs and Alkylated PAHs µg/L 0.00028 0.00066 <0.00046 <0.00066 NA
Anthracene Target PAHs and Alkylated PAHs µg/L 0.00084 0.0007 0.00045 0.00064 -
Benzo(a)Anthracene Target PAHs and Alkylated PAHs µg/L 0.00081 0.0011 0.0031 0.0027 -
Benzo(a)pyrene Target PAHs and Alkylated PAHs µg/L 0.00032 0.00023 0.0063 0.0068 8%
Benzo(b)fluoranthene Target PAHs and Alkylated PAHs µg/L 0.00023 0.00043 0.021 0.023 9%
Benzo(e)pyrene Target PAHs and Alkylated PAHs µg/L 0.00027 0.00035 0.021 0.023 9%
Benzo(g,h,i)perylene Target PAHs and Alkylated PAHs µg/L 0.0003 0.00038 0.017 0.018 6%
Benzo(j,k)fluoranthenes Target PAHs and Alkylated PAHs µg/L 0.00044 0.00044 0.002 0.0033 49%
Biphenyl Target PAHs and Alkylated PAHs µg/L 0.00035 0.00036 0.017 0.018 6%
Chrysene Target PAHs and Alkylated PAHs µg/L 0.00036 0.00036 0.016 0.018 12%
Dibenzo(a,h)anthracene Target PAHs and Alkylated PAHs µg/L 0.00031 0.00043 0.0033 0.0034 3%
Dibenzothiophene Target PAHs and Alkylated PAHs µg/L 0.00031 0.00041 <0.0011 <0.0011 NA
Fluoranthene Target PAHs and Alkylated PAHs µg/L 0.00054 0.0005 0.011 0.011 0%
Fluorene Target PAHs and Alkylated PAHs µg/L 0.0006 0.00058 0.0025 0.0027 -
Indeno(c,d-123)pyrene Target PAHs and Alkylated PAHs µg/L 0.0007 0.00066 0.0064 0.0069 8%
Naphthalene Target PAHs and Alkylated PAHs µg/L 0.00081 0.00076 0.023 0.029 23%
Perylene Target PAHs and Alkylated PAHs µg/L 0.00079 0.00071 0.65 0.66 2%
Phenanthrene Target PAHs and Alkylated PAHs µg/L 0.00051 0.00048 0.0095 0.01 5%
Pyrene Target PAHs and Alkylated PAHs µg/L 0.00052 0.00059 0.017 0.019 11%
1,2,6-Trimethylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00049 0.00055 0.00075 <0.00094 NA
1,2-Dimethylnaphthalene Target PAHs and Alkylated PAHs µg/L 0.0006 0.00089 0.004 0.0046 14%
1,4,6,7-Tetramethylnaphthalene Target PAHs and Alkylated PAHs µg/L 0.00063 0.00093 <0.0059 <0.0076 NA
1,7-Dimethylfluorene Target PAHs and Alkylated PAHs µg/L 0.0006 0.00089 0.0013 0.0015 -
1,7-Dimethylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00036 0.0007 0.0047 <0.0053 NA
1,8-Dimethylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00038 0.00051 0.0013 0.0016 -
1-Methyl-7-isopropyl-phenanthrene (Retene) Target PAHs and Alkylated PAHs µg/L 0.00085 0.00065 0.095 0.1 5%
1-Methylchrysene Target PAHs and Alkylated PAHs µg/L 0.00052 0.00092 0.018 0.021 15%
1-Methylnaphthalene Target PAHs and Alkylated PAHs µg/L 0.00052 0.00092 0.0074 0.01 30%
1-Methylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00043 0.00076 0.0074 0.0076 3%
2,3,5-Trimethylnaphthalene Target PAHs and Alkylated PAHs µg/L 0.0012 0.0011 0.012 0.012 0%
2,3,6-Trimethylnaphthalene Target PAHs and Alkylated PAHs µg/L 0.0012 0.0011 0.012 0.014 15%
2,4-Dimethyldibenzothiophene Target PAHs and Alkylated PAHs µg/L 0.0011 0.0011 0.0012 0.0019 -
2,6-Dimethylnaphthalene Target PAHs and Alkylated PAHs µg/L 0.00086 0.0013 0.0035 0.0045 -
2,6-Dimethylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00049 0.00065 <0.00035 <0.0019 NA
2/3-Methyldibenzothiophenes Target PAHs and Alkylated PAHs µg/L 0.00081 0.0011 <0.0013 <0.0013 NA
2-Methylanthracene Target PAHs and Alkylated PAHs µg/L 0.00057 0.00088 <0.00054 <0.00066 NA
2-Methylfluorene Target PAHs and Alkylated PAHs µg/L 0.00057 0.00088 0.0027 0.0028 -
2-Methylnaphthalene Target PAHs and Alkylated PAHs µg/L 0.00076 0.00066 0.0066 0.011 50%
2-Methylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00031 0.00027 0.0041 0.0045 9%
3,6-Dimethylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00049 0.00054 <0.0028 <0.0034 NA
3-Methylfluoranthene/Benzo(a)fluorene Target PAHs and Alkylated PAHs µg/L 0.00049 0.00054 0.027 0.028 4%
3-Methylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00057 0.00036 0.0042 0.0048 13%
5,9-Dimethylchrysene Target PAHs and Alkylated PAHs µg/L 0.00057 0.00036 0.0027 0.0044 48%
5/6-Methylchrysene Target PAHs and Alkylated PAHs µg/L 0.00045 0.0005 0.0027 0.00075 113%
7-Methylbenzo(a)pyrene Target PAHs and Alkylated PAHs µg/L 0.00049 0.00036 0.0024 0.0035 37%
9/4-Methylphenanthrene Target PAHs and Alkylated PAHs µg/L 0.00045 0.00045 0.015 0.016 6%
C1 subst'd acenaphthene Target PAHs and Alkylated PAHs µg/L 0.00043 0.00044 0.0011 0.0014 -
C1 subst'd benzo(a)anthracene / chrysene Target PAHs and Alkylated PAHs µg/L 0.00047 0.00048 0.05 0.062 21%
C1 subst'd biphenyl Target PAHs and Alkylated PAHs µg/L 0.00045 0.00045 0.015 0.023 42%
C1 subst'd dibenzothiophene Target PAHs and Alkylated PAHs µg/L 0.00044 0.00044 0.0033 0.0015 75%
C1 subst'd fluoranthene / pyrene Target PAHs and Alkylated PAHs µg/L 0.0003 0.00022 0.15 0.16 6%
C1 subst'd fluorene Target PAHs and Alkylated PAHs µg/L 0.00032 0.00023 0.017 0.017 0%
C1 subst'd naphthalenes Target PAHs and Alkylated PAHs µg/L 0.00034 0.00025 0.014 0.021 40%
C1 subst'd phenanthrene / anthracene Target PAHs and Alkylated PAHs µg/L 0.00032 0.00023 0.03 0.033 10%
C1-Benzofluoranthenes/Benzopyrenes Target PAHs and Alkylated PAHs µg/L 0.00052 0.00073 0.094 0.11 16%
C2 subst'd benzo(a)anthracene / chrysene Target PAHs and Alkylated PAHs µg/L 0.00052 0.00073 0.037 0.05 30%
C2 subst'd biphenyl Target PAHs and Alkylated PAHs µg/L 0.0012 0.002 0.069 0.11 46%
C2 subst'd dibenzothiophene Target PAHs and Alkylated PAHs µg/L 0.0012 0.002 0.017 0.022 26%
C2 subst'd fluoranthene / pyrene Target PAHs and Alkylated PAHs µg/L 0.0012 0.00077 0.13 0.15 14%
C2 subst'd fluorene Target PAHs and Alkylated PAHs µg/L 0.0012 0.00077 0.038 0.042 10%
C2 subst'd naphthalenes Target PAHs and Alkylated PAHs µg/L 0.0007 0.00082 0.037 0.043 15%
C2 subst'd phenanthrene / anthracene Target PAHs and Alkylated PAHs µg/L 0.0011 0.00092 0.051 0.046 10%
C2-Benzofluoranthenes/Benzopyrenes Target PAHs and Alkylated PAHs µg/L 0.001 0.001 0.021 0.024 13%
C3 subst'd benzo(a)anthracene / chrysene Target PAHs and Alkylated PAHs µg/L 0.00036 0.00047 0.0061 0.007 14%
C3 subst'd dibenzothiophene Target PAHs and Alkylated PAHs µg/L 0.00035 0.00045 0.016 0.019 17%
C3 subst'd fluoranthene / pyrene Target PAHs and Alkylated PAHs µg/L 0.00037 0.00048 0.025 0.024 4%
C3 subst'd fluorene Target PAHs and Alkylated PAHs µg/L 0.00037 0.00051 0.054 0.059 9%
C3 subst'd naphthalenes Target PAHs and Alkylated PAHs µg/L 0.00037 0.00051 0.068 0.071 4%
C3 subst'd phenanthrene / anthracene Target PAHs and Alkylated PAHs µg/L 0.00058 0.00071 0.042 0.043 2%
C4 subst'd benzo(a)anthracene / chrysene Target PAHs and Alkylated PAHs µg/L 0.00037 0.00037 0.0021 0.0024 13%
C4 subst'd dibenzothiophene Target PAHs and Alkylated PAHs µg/L 0.00094 0.0011 0.0077 0.0067 14%
C4 subst'd naphthalenes Target PAHs and Alkylated PAHs µg/L 0.00094 0.0011 0.065 0.064 2%
C4 subst'd phenanthrene / anthracene Target PAHs and Alkylated PAHs µg/L 0.00066 0.0013 0.17 0.19 11%
C4-Fluoranthenes/Pyrenes Target PAHs and Alkylated PAHs µg/L 0.00086 0.0013 0.037 0.045 20%

Relative 
percentage 
difference



Station UTS 05 UTS 09

Date 6/8/2012 6/8/2012

Analyte Group Units Analyte's DL Duplicate's DL Analyte
Duplicate 
Sample

Target PAHs and Alkylated PAHs
C12H18O2 Target PAHs and Alkylated PAHs µg/L 0.00066 0.00059 0.0 0.0 20%
C12H20O2 Target PAHs and Alkylated PAHs µg/L 0.0007 0.00055 0 0 7%
C12H22O2 Target PAHs and Alkylated PAHs µg/L 0.00074 0.0009 0 0 16%
C12H24O2 Target PAHs and Alkylated PAHs µg/L 0.0011 0.001 <0.0011 <0.001 NA
C13H20O2 Target PAHs and Alkylated PAHs µg/L 0.00061 0.0012 0.051 0.053 4%
C13H22O2 Target PAHs and Alkylated PAHs µg/L 0.00079 0.0014 0.1 0.1 11%
C13H24O2 Target PAHs and Alkylated PAHs µg/L 0.00099 0.0011 0 0 4%
C13H26O2 Target PAHs and Alkylated PAHs µg/L 0.00074 0.001 <0.00074 0.011 NA
C14H20O2 Target PAHs and Alkylated PAHs µg/L 0.00069 0.00083 0.031 0.028 10%
C14H22O2 Target PAHs and Alkylated PAHs µg/L 0.0016 0.0015 0 0 0%
C14H24O2 Target PAHs and Alkylated PAHs µg/L 0.0011 0.00093 0.10 0.10 2%
C14H26O2 Target PAHs and Alkylated PAHs µg/L 0.0017 0.0013 0.014 0.016 13%
C14H28O2 Target PAHs and Alkylated PAHs µg/L 0.0011 0.0011 <0.0011 <0.0011 NA
C15H18O2 Target PAHs and Alkylated PAHs µg/L 0.001 0.0012 0.0 0.0 10%
C15H20O2 Target PAHs and Alkylated PAHs µg/L 0.00082 0.0014 0.1 0.1 3%
C15H22O2 Target PAHs and Alkylated PAHs µg/L 0.0011 0.0013 0 0 7%
C15H24O2 Target PAHs and Alkylated PAHs µg/L 0.0011 0.0019 0 0 0%
C15H26O2 Target PAHs and Alkylated PAHs µg/L 0.003 0.0022 0 0 13%
C15H28O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00092 0 0 51%
C15H30O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00058 <0.0005 <0.00058 NA
C16H20O2 Target PAHs and Alkylated PAHs µg/L 0.0012 0.0019 0.043 0.045 5%
C16H22O2 Target PAHs and Alkylated PAHs µg/L 0.0015 0.0024 0.0 0.0 12%
C16H24O2 Target PAHs and Alkylated PAHs µg/L 0.0016 0.0013 0.0 0.1 10%
C16H26O2 Target PAHs and Alkylated PAHs µg/L 0.0019 0.0021 0.11 0.11 0%
C16H28O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.0013 0.052 0.058 11%
C16H30O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00073 <0.0005 <0.00073 NA
C16H32O2 Target PAHs and Alkylated PAHs µg/L 0.0014 0.0012 <0.0014 <0.0012 NA
C17H22O2 Target PAHs and Alkylated PAHs µg/L 0.0012 0.0017 0.076 0.071 7%
C17H24O2 Target PAHs and Alkylated PAHs µg/L 0.0011 0.00094 0.045 0.041 9%
C17H26O2 Target PAHs and Alkylated PAHs µg/L 0.0018 0.0014 0.054 0.049 10%
C17H28O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00076 0.089 0.098 10%
C17H30O2 Target PAHs and Alkylated PAHs µg/L 0.00055 0.00057 0.031 0.035 12%
C17H32O2 Target PAHs and Alkylated PAHs µg/L 0.0028 0.00051 <0.0028 0.0038 NA
C17H34O2 Target PAHs and Alkylated PAHs µg/L 0.00059 0.00051 <0.00059 <0.00051 NA
C18H24O2 Target PAHs and Alkylated PAHs µg/L 0.0023 0.0015 0.070 0.069 1%
C18H26O2 Target PAHs and Alkylated PAHs µg/L 0.0018 0.0015 0.038 0.031 20%
C18H28O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00051 0.039 0.045 14%
C18H30O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.0067 0.028 <0.0067 NA
C18H32O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00095 0.0089 <0.00095 NA
C18H34O2 Target PAHs and Alkylated PAHs µg/L 0.00095 0.0014 <0.00095 <0.0014 NA
C18H36O2 Target PAHs and Alkylated PAHs µg/L 0.00092 0.0015 <0.00092 <0.0015 NA
C19H26O2 Target PAHs and Alkylated PAHs µg/L 0.0019 0.0031 0.088 0.082 7%
C19H28O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00096 0.026 0.031 18%
C19H30O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00083 0.026 0.029 11%
C19H32O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00066 0.018 0.022 20%
C19H34O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00051 0.0043 <0.00051 NA
C19H36O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00075 <0.0005 <0.00075 NA
C19H38O2 Target PAHs and Alkylated PAHs µg/L 0.00075 0.0016 <0.00075 <0.0016 NA
C20H28O2 Target PAHs and Alkylated PAHs µg/L 0.0024 0.0021 0.039 0.029 29%
C20H30O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.0042 0.23 0.32 33%
C20H32O2 Target PAHs and Alkylated PAHs µg/L 0.0007 0.00051 0.036 0.073 68%
C20H34O2 Target PAHs and Alkylated PAHs µg/L 0.00065 0.00068 0.013 0.019 38%
C20H36O2 Target PAHs and Alkylated PAHs µg/L 0.0021 0.0014 <0.0021 <0.0014 NA
C20H38O2 Target PAHs and Alkylated PAHs µg/L 0.00054 0.00051 <0.00054 <0.00051 NA
C21H30O2 Target PAHs and Alkylated PAHs µg/L 0.00058 0.00051 0.033 0.033 0%
C21H32O2 Target PAHs and Alkylated PAHs µg/L 0.00052 0.00051 0.0062 <0.00051 NA
C21H34O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00064 0.0067 0.0086 25%
C21H36O2 Target PAHs and Alkylated PAHs µg/L 0.00065 0.0011 <0.00065 <0.0011 NA
C21H38O2 Target PAHs and Alkylated PAHs µg/L 0.00062 0.00079 <0.00062 <0.00079 NA
C21H40O2 Target PAHs and Alkylated PAHs µg/L 0.0005 0.00051 <0.0005 <0.00051 NA

Relative 
percentage 
difference
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1.0 2014 WINTER SNOW SURVEY 

1.1 Winter Snow Survey Program Overview 
In 2012, a snow survey pilot project was initiated for Teck Resources Ltd Frontier Oil Sands Mine Project (the 

Project).  The snow survey was part of the 2012 supplemental winter water quality baseline survey to collect 

winter data to add to the existing baseline database (Teck Energy 2012).  The winter survey included collection 

of snow samples from Redclay Creek, Big Creek and Ronald Lake watersheds.  The results of the snow 

samplings will be used to inform the assessment of atmospheric deposition of metals and Polycyclic Aromatic 

Hydrocarbons (PAHs).  The 2014 winter snow survey was designed to mimic the 2012 pilot survey, with some 

adjustments made to incorporate learnings from 2012.   

1.2 Objective 
The objectives of the 2014 winter snow survey were: 

 to collect additional snow quality data to supplement existing baseline data; and 

 to support future refinements to modelling of aerially deposited PAHs and metals.  

2.0 METHODS 

2.1 Sample Collection and Analysis 
The 2014 winter snow survey was conducted on March 5, 2014.  Snow samples were collected from six 

locations in the Big Creek, Redclay Creek and Ronald Lake watersheds (Figure 1).  Sample locations were 

selected to cover representative sites within the local study area, including samples upstream, downstream and 

within the footprint of the Project. 

The snow samples were collected using an acetate snow corer.  The goal of the core sampling was to collect 

snow samples that represented the complete vertical make-up of the snowpack.  Therefore, only complete 

vertical cores were collected. Samples were collected at least 100 m away from any combustion source such as 

helicopters, vehicles, snowmobiles and ATVs to minimize the likelihood that samples would be contaminated by 

the rotor wash or exhaust. 

The snow corer was cleaned according to standard protocols the day before the survey started.  The snow corer 

was then wrapped in protective bag and case for transport to the site.  At each sampling location, an area of 

undisturbed snow was chosen.  The corer was cleaned prior to sampling by giving it a “snow rinse”.  This was 

done by placing the corer vertically into the nearby snow several times before taking the first sample.  After the 

corer had been “snow rinsed”, samples were collected.  Two sets of snow samples were collected at each 

location: one set for PAH analysis and one set for metals and routine parameters analysis.  Each set was 

collected in a 20 L plastic pail lined with three bags; a nylon bag (outer bag), plastic garbage bag (middle bag), 

and a flat-bottom Teflon bag (inner bag).  In order to collect enough snow at each site to fill the sample 

containers, multiple snow cores were required.  Snow temperature, snow depth and weight of snow sampled 

were recorded for each snow core. 

The samples were shipped to AXYS Analytical Services (AXYS) in Sidney, BC for PAH analysis and to Maxxam 

Analytics (Maxxam) in Calgary, AB for the remainder of the analyses.  The full list of analyzed parameters is 

presenting in Table 1. 

kharms
Cross-Out
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Table 1: Snow Quality Parameters Analyzed in 2014 Winter Survey 

Group Parameters 

Conventional Parameters 
pH, specific conductivity, hardness, total dissolved solids, total suspended solids, total organic carbon, 
dissolved organic carbon, colour, total alkalinity, as CaCO3,

 phenolphthalein alkalinity,  as CaCO3, 
total dissolved solids (calculated), turbidity  

Major Ions 
calcium, magnesium, potassium, sodium, chloride, fluoride, sulphate, sulphide, bicarbonate, as 
CaCO3, carbonate, as CaCO3, hydroxide, as CaCO3 

Nutrients 
nitrate, nitrate + nitrite, nitrite, total ammonia, total Kjeldahl nitrogen, total nitrogen (calculated), total 
phosphorus, dissolved phosphorus 

Total Metals 
aluminum, antimony, arsenic, barium, beryllium, bismuth, boron, cadmium, chromium, cobalt, copper, 
iron, lead, lithium, manganese, mercury, methyl mercury, molybdenum, nickel, selenium, silicon, 
silver, strontium, thallium, tin, titanium, uranium, vanadium, zinc, zirconium 

Dissolved Metals 
aluminum, antimony, arsenic, barium, beryllium, bismuth, boron, cadmium, chromium, cobalt, copper, 
iron, lead, lithium, manganese, mercury, molybdenum, nickel, selenium, silicon, silver, strontium, 
sulphur, thallium, tin, titanium, uranium, vanadium, zinc, zirconium 

Target and Alkylated PAHs 

naphthalene, 1-methylnaphthalene, 2-methylnaphthalene, C2 subst'd naphthalenes, C1 subst'd 
naphthalenes, C3 subst'd naphthalenes, C4 subst'd naphthalenes, 1,2-dimethylnaphthalene, 
1,4,6,7-tetramethylnaphthalene, 2,3,5-trimethylnaphthalene, 2,3,6-trimethylnaphthalene, 
2,6-dimethylnaphthalene, acenaphthene, C1 subst'd acenaphthenes, acenaphthylene, anthracene, 
2-methylanthracene, dibenzo(a,h)anthracene, benzo(a)anthracene, chrysene, 5/6-methylchrysenes, 
C1 subst'd chrysene, 5,9-dimethylchrysene, C1 subst'd benzo(a)anthracenes / chrysenes, C2 subst'd 
benzo(a)anthracenes / chrysenes, C3 subst'd benzo(a)anthracenes / chrysenes, C4 subst'd 
benzo(a)anthracenes / chrysenes, benzo(b)fluoranthene, benzo(j,k)fluoranthenes, benzo(a)pyrene, 
7-methylbenzo[a]pyrene, benzo(e)pyrene, C1 subst'd benzofluoranthenes / benzopyrenes, C2 subst'd 
benzofluoranthenes / benzopyrenes, benzo(g,h,i)perylene, biphenyl, C1 subst'd biphenyls, C2 subst'd 
biphenyls, dibenzothiophene, 2/3-methyldibenzothiophenes, C1 subst'd dibenzothiophenes, C2 
subst'd dibenzothiophenes, C3 subst'd dibenzothiophenes, C4 subst'd dibenzothiophenes, 
2,4-dimethyldibenzothiophene, fluoranthene, 3-methylfluoranthene/benzo[a]fluorine, C1 subst'd 
fluoranthenes / pyrenes, C2 subst'd fluoranthenes / pyrenes, C3 subst'd fluoranthenes / pyrenes, C4 
subst'd fluoranthenes / pyrenes, fluorene, 2-methylfluorene, C1 subst'd fluorenes, C2 subst'd 
fluorenes, C3 subst'd fluorenes, 1,7-dimethylfluorene, indeno(c,d-123)pyrene, phenanthrene, 
1-methylphenanthrene, 2-methylphenanthrene, 3-methylphenanthrene, 9/4-methylphenanthrene, C1 
subst'd phenanthrenes / anthracenes, C2 subst'd phenanthrenes / anthracenes, C3 subst'd 
phenanthrenes / anthracenes, C4 subst'd phenanthrenes / anthracenes, 1,7-dimethylphenanthrene, 
1,8-dimethylphenanthrene, 2,6-dimethylphenanthrene, 3,6-dimethylphenanthrene, 
1,2,6 trimethylphenanthrene, 1-methyl-7-isopropyl-phenanthrene, perylene, pyrene 

  





 

2014 WINTER SNOW SURVEY 

 

June 2014 
Report No. 14-1337-0002 5  

 

2.2 Quality Control 
One duplicate snow sample was collected for quality control (QC) purposes during the 2014 winter snow survey.  

Results of the duplicate sample were used to assess within-site variability and precision of field sampling 

methods, as described below. 

Analysis of a set of equipment blanks was performed prior to the snow collection.  One sample of rinse water 

from the acetate corer and one sample of rinse water from a Teflon bag were analyzed by AXYS and Maxxam. 

Results from the equipment blanks were less than five times the detection limits, indicating that the sampling 

equipment was fit for purpose.  

Differences between concentrations measured in the duplicate sample were calculated as the relative percent 

difference (RPD) for each parameter.  The RPD was calculated using the following formula: 

RPD = (|difference in concentration between duplicate samples|/mean concentration) x 100% 

The RPD value for a given parameter was considered notable if: 

 it was greater than 20%; and 

 concentrations in at least one sample were greater than or equal to five times the detection limit (DL). 

“within-site variability” and “field sampling precision” were rated as: 

 low and high, respectively, if less than 10% of the parameters included in the duplicate sample analysis 

were notably different from one another; 

 moderate if 10% to 30% of the parameters included in the duplicate sample analysis were notably different 

from one another; or 

 high and low, respectively, if more than 30% of the parameters included in the duplicate sample analysis 

were notably different from one another. 

These criteria are consistent with those used by analytical laboratories as part of internal QC procedures for 

duplicate samples. 

3.0 RESULTS AND DISCUSSION 

3.1 Snow Pack Characteristics 
The average snow pack depth during the 214 winter survey was 49 cm, with an average density of 0.13 g/cm3. 

The average snow water equivalence of the snowpack was 6.4 cm.  The cumulative total of zero thaw degree 

days since February 1, suggests that the pack had not started to ripen, which is also confirmed by the recorded 

snow pack temperatures.  The snow pack depth, temperature and density at each station are presented in 

Table 2.  
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Table 2: Snow Pack Characteristics 

Sampling Location 
Average Snow Pack Depth  

[cm] 
Snow Temperature  

[°C] 
Density  
[g/cm3] Degree Day(a) 

BC1 39 -7.8 0.11 0 

BC2 45 -15.2 0.12 0 

BC3 53 -14.4 0.12 0 

RC1 57 -14.9 0.14 0 

RC2 51 -15.3 0.14 0 

RL1 51 -19.4 0.13 0 

(a) Degree Day calculated as of February 1, 2014. 

3.2 Snow Chemistry 
The results of the snow pack chemical analyses are described below, with comparisons to surface water quality 

guidelines.  The snow quality data do not directly represent habitat environments or human or wildlife drinking 

water; however, chemistry of snow pack will influence the chemistry of surface waters during spring freshet and 

for that reason the data were compared to water quality guidelines for the protection of freshwater aquatic life, 

human health and wildlife health (AENV 1999; CCME 1999; Health Canada 2012; U.S. EPA 2002, 2003a, 

2003b, 2013).   

The snow quality data (Table 3) were generally less than the water quality guidelines; with the following 

exceptions:  

 pH was below the acute and chronic guidelines at all locations, which is expected of pure or nearly pure 

precipitation; 

 total nitrogen concentrations were above the chronic guideline at BC1, BC2 and RL1; 

 total phosphorus concentrations were above the chronic guideline at BC1, BC2, RC1 and RL1; 

 total aluminum concentrations were above the chronic guideline at all locations, and above the human 

health guideline at BC2, RC1 and RC2; 

 total cadmium concentrations were above the acute and or chronic guidelines at BC1, RC2 and RL1 and 

above the chronic guideline at RC1; 

 total copper concentrations were above the acute guideline at BC1, BC2, RC1, RC2 and RL1 and above 

the chronic guideline at RC2; 

 total iron concentrations were above the chronic guideline at RC1 and RC2; 

 total lead concentrations were above the chronic guideline at all locations, and above the acute guideline at 

RC1 and RC2; 

 total nickel concentrations were above the chronic guideline at RC2; 

 total silver concentrations, or detection limits, were above the acute guideline at all locations; 

 total zinc concentrations were above the acute guideline at BC1, BC2, RC1, RC2 and RL1; 
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 the reported detection limits for dibenzo(a,h)anthracene were above the human health guidelines at BC2, 

RC1 and RL1;  

 benzo(a)anthracene concentrations were above human health guidelines at BC2, RC1, RC2 and RL1; 

 chrysene concentrations were above the human health guideline at all locations; 

 benzo(b)fluoranthene and benzo(a)pyrene concentrations were above human health guidelines at BC2, 

RC1, RC2 and RL1; 

 benzo(j,k)fluoranthenes concentrations were above the human health guideline at RL1; and 

 the reported detection limits for indeno(c,d-123)pyrene were above the human health guideline at BC1 and 

RC2. 

The PAH data presented in Table 3 are not blank-corrected and as a result are reported with sample-specific 

DLs for each PAH species, which varied among the samples.  In order to establish consistent DLs for all of the 

samples, the data will be blank-corrected.  The blank-correction will be completed by calculating a set of DLs for 

the sampling survey.  The blank-corrected DLs will be calculated for each PAH species as two times the 

standard deviation of a dataset of laboratory blanks analyzed during Golder sampling programs.  The 

blank-corrected DLs will then be applied to the data provided by AXYS, and will likely result in a higher detection 

limit. In the event that the mean reported DL is greater than the blank-corrected DL, the mean reported DL will 

be used as the DL for the sampling survey.  These methods of blank-correction are consistent with those used 

by RAMP (2012).  Currently, due to insufficient blank data, the data cannot be blank-corrected at this time.  For 

the time being, the values are being stored in Golder’s water quality database as reported by AXYS; and the 

data will be blank-corrected in future drafts and before using the data in future models. 
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Table 3: 2014 Snow Quality Data 

Parameter Unit 

Guidelines for the Protection of Big Creek Watershed Redclay Creek Watershed 
Ronald Lake 
Watershed 

Aquatic Life Human 
Health 

Wildlife Health 
(Livestock) 

BC1 BC2 BC3 RC1 RC2 RL1 

Acute Chronic 05-Mar-14 05-Mar-14 05-Mar-14 05-Mar14 05-Mar-14 05-Mar-14 

Conventional Parameters 
           

pH - 6.5 to 8.5 6.5 to 8.5 5.0 to 9.0 - 5.5(A, C) 5.5(A, C) 5.4(A, C) 5.2(A, C) 5.4(A, C) 5.3(A, C) 

Specific Conductivity µS/cm - - - - 5.5 5.9 4.9 4.7 7.1 5.5 

Hardness mg/L - - - - 1.2 1.9 1.5 1.4 0.58 1.6 

Total dissolved solids mg/L - - - 3,000 20 16 14 10 10 16 

Total suspended solids mg/L - - - - 29 42 4.9 87 68 29 

Total organic carbon mg/L - - - - 3.6 4.3 4.7 1.7 1.6 1.5 

Dissolved organic carbon mg/L - - - - 1.6 2.9 1.5 1.3 1.2 1.6 

Colour TCU - - - - 4.0 4.3 5.9 <2.0 4.9 2.3 

Total alkalinity, as CaCO3 mg/L - - - - 0.63 0.73 0.55 <0.5 0.58 <0.5 

Phenolphthalein alkalinity,  as CaCO3 mg/L - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Total dissolved solids (calculated) mg/L - - - - <10 <10 <10 <10 <10 <10 

Turbidity NTU - - - - 12 18 2.7 26 24 10 

Major Ions 
           

Calcium mg/L - - - 1,000 0.29 0.56 0.4 0.47 0.17 0.45 

Magnesium mg/L - - - - 0.11 0.12 0.12 0.063 0.041 0.11 

Potassium mg/L - - - - 0.5 0.36 0.16 0.081 0.16 0.37 

Sodium mg/L - - - - 0.22 0.21 0.22 0.24 0.23 0.24 

Chloride mg/L 640 120 - - <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

Fluoride mg/L - 0.12 1.5 2.0 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Sulphate mg/L - - - 1,000 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

Sulphide(a) mg/L - 0.002 - - <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

Bicarbonate, as CaCO3 mg/L - - - - 0.77 0.89 0.67 <0.5 0.71 <0.5 

Carbonate,  CaCO3 mg/L - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Hydroxide, as CaCO3 mg/L - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Nutrients and Biological Indicators 
           

Nitrate + nitrite mg-N/L - - - 100 0.17 0.16 0.1 0.18 0.14 0.15 

Total ammonia(b) mg-N/L 38 to 39 5.2 - - 0.049 0.0089 0.0075 0.014 0.009 0.0056 

Total Kjeldahl nitrogen mg-N/L - - - - 0.91 1.1 0.22 0.62 0.17 1.4 

Total nitrogen (calculated) mg-N/L - 1.0 - - 1.1(C) 1.3(C) 0.32 0.8 0.31 1.6(C) 

Total phosphorus mg-P/L - 0.05 - - 0.39(C) 0.069(C) 0.031 0.069(C) 0.033 0.063(C) 

Dissolved phosphorus mg-P/L - - - - 0.031 0.021 0.003 0.012 0.01 0.052 

Nitrate mg-N/L 124 2.9 10 - 0.17 0.16 0.1 0.18 0.14 0.15 

Nitrite mg-N/L - 0.06 1.0 10 0.0039 <0.003 <0.003 <0.003 <0.003 <0.003 
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Parameter Unit 

Guidelines for the Protection of Big Creek Watershed Redclay Creek Watershed 
Ronald Lake 
Watershed 

Aquatic Life Human 
Health 

Wildlife Health 
(Livestock) 

BC1 BC2 BC3 RC1 RC2 RL1 

Acute Chronic 05-Mar-14 05-Mar-14 05-Mar-14 05-Mar14 05-Mar-14 05-Mar-14 

Total Metals 
           

Aluminum(a) µg/L 750 5.0 100 5,000 58(C) 114(C, H) 12(C) 557(C, H) 283(C, H) 49(C) 

Antimony µg/L - - 5.5 - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Arsenic µg/L 340 5.0 10 25 0.1 0.11 0.042 0.22 0.18 0.076 

Barium µg/L - - 1,000 - 6.4 12 2.0 28 16 4.7 

Beryllium µg/L - - 4.0 100 <0.01 <0.01 <0.01 0.021 0.028 <0.01 

Bismuth µg/L - - - - <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Boron µg/L 29,000 1,500 5,000 5,000 <20 <20 <20 <20 <20 <20 

Cadmium(c) µg/L 0.11 0.04 5.0 80 0.17(A, C) 0.024 0.008 0.045(C) 0.14(A, C) 0.16(A, C) 

Chromium µg/L 16 1.0 50 50 <0.5 <0.5 <0.5 0.58 <0.5 <0.5 

Cobalt µg/L - - - 1,000 0.26 0.15 0.043 0.33 0.36 0.13 

Copper(c) µg/L 0.11 - 0.33 2.0 1,300 500 1.3(A) 0.65(A) <0.2 0.91(A) 2.8(A, C) 0.65(A) 

Iron µg/L - 300 - - 167 283 41 834(C) 467(C) 106 

Lead(c) µg/L 0.12 - 0.52 0.0045 - 0.02 10 100 0.17(C) 0.31(C) 0.068(C) 1.4(A, C) 0.56(A, C) 0.16(C) 

Lithium µg/L - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Manganese µg/L - - - - 82 128 46 187 135 15 

Mercury µg/L 0.013 0.005 1 3 0.0031 0.0030 0.0016 0.0044 0.0040 0.0025 

Methyl Mercury µg/L 0.002 0.001 - - 0.00015 <0.00008 <0.00008 <0.00008 <0.00008 <0.00008 

Molybdenum µg/L - 73 - 500 0.056 0.086 0.11 0.11 0.11 0.068 

Nickel(c) µg/L 6.0 - 16 0.67 - 1.8 340 1,000 0.89 0.45 0.12 1.1 2.2(C) 0.48 

Selenium µg/L - 1.0 10 50 <0.04 <0.04 <0.04 <0.04 0.05 <0.04 

Silicon µg/L - - - - <100 166 <100 594 906 <100 

Silver(d) µg/L 0.00058 - 0.0044 0.1 - - <0.005(DL>A) <0.005(DL>A) <0.005(DL>A) 0.005(A) 0.017(A) <0.005(DL>A) 

Strontium µg/L - - - - 8.1 3.2 0.84 3.1 3.8 3.5 

Thallium µg/L - 0.8 0.13 - 0.003 <0.002 0.013 0.015 0.012 0.002 

Tin µg/L - - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Titanium µg/L - - - - <5.0 <5.0 <5.0 14 6.2 <5.0 

Uranium µg/L 33 15 20 200 0.008 0.01 <0.005 0.021 0.03 0.005 

Vanadium µg/L - - - 100 0.51 0.54 <0.5 2.3 1.6 <0.5 

Zinc(d) µg/L 1.5 - 4.1 30 5,103 50,000 28(A) 8.9(A) 3.4 12(A) 18(A) 12(A) 

Zirconium µg/L - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Dissolved Metals 
           

Aluminum µg/L - - - - 3.1 5.3 1.4 11 7.1 2.5 

Antimony µg/L - - - - <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Arsenic µg/L - - - - 0.023 0.026 <0.02 0.021 0.053 0.022 

Barium µg/L - - - - 0.67 2.4 0.69 2.4 0.33 1.2 

Beryllium µg/L - - - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
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Parameter Unit 

Guidelines for the Protection of Big Creek Watershed Redclay Creek Watershed 
Ronald Lake 
Watershed 

Aquatic Life Human 
Health 

Wildlife Health 
(Livestock) 

BC1 BC2 BC3 RC1 RC2 RL1 

Acute Chronic 05-Mar-14 05-Mar-14 05-Mar-14 05-Mar14 05-Mar-14 05-Mar-14 

Bismuth µg/L - - - - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Boron µg/L - - - - <20 <20 <20 <20 <20 <20 

Cadmium µg/L - - - - 0.01 <0.005 <0.005 0.006 0.006 0.033 

Chromium µg/L - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Cobalt µg/L - - - - 0.054 0.019 0.028 0.021 0.018 0.036 

Copper µg/L - - - - 0.15 0.11 0.15 0.11 0.14 0.12 

Iron µg/L - - - - 9.7 10 4.6 12 14 5.3 

Lead µg/L - - - - 0.016 0.013 0.024 0.01 0.008 0.031 

Lithium µg/L - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Manganese µg/L - - - - 43 41 34 38 15 5.9 

Mercury µg/L - - - - 0.0005 <0.0005 <0.0005 <0.0005 0.0007 <0.0005 

Molybdenum µg/L - - - - <0.05 <0.05 0.09 <0.05 <0.05 <0.05 

Nickel µg/L - - - - 0.19 0.16 0.089 0.082 0.14 0.25 

Selenium µg/L - - - - <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 

Silicon µg/L - - - - <100 <100 <100 <100 <100 <100 

Silver µg/L - - - - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Strontium µg/L - - - - 1.1 1.8 0.67 1.3 0.33 2.1 

Sulphur µg/L - - - - <600 <600 <600 <600 <600 <600 

Thallium µg/L - - - - <0.002 <0.002 0.009 <0.002 0.009 <0.002 

Tin µg/L - - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Titanium µg/L - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Uranium µg/L - - - - <0.002 0.002 <0.002 <0.002 0.002 <0.002 

Vanadium µg/L - - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Zinc µg/L - - - - 3.0 1.5 0.8 2.0 0.94 3.0 

Zirconium µg/L - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Target PAHs and Alkylated PAHs 
           

Naphthalene µg/L - 1.1 - - 0.0088 NQ NQ NQ NQ 0.01 

1-methylnaphthalene µg/L - - - - 0.0021 NQ 0.0012 NQ NQ 0.0038 

2-methylnaphthalene µg/L - - - - 0.0034 NQ 0.0023 NQ NQ 0.0063 

C1 subst'd naphthalenes µg/L - - - - 0.0055 NQ 0.0035 NQ NQ 0.01 

C2 subst'd naphthalenes µg/L - - - - 0.011 NQ 0.004 NQ 0.037 0.022 

C3 subst'd naphthalenes µg/L - - - - 0.0035 NQ 0.0038 NQ 0.04 0.02 

C4 subst'd naphthalenes µg/L - - - - 0.011 NQ 0.0044 NQ 0.046 <0.036 

1,2-dimethylnaphthalene µg/L - - - - <0.0042 NQ <0.00033 NQ <0.0029 <0.0013 

1,4,6,7-tetramethylnaphthalene µg/L - - - - <0.0023 NQ <0.00026 NQ <0.002 <0.001 

2,3,5-trimethylnaphthalene µg/L - - - - <0.0022 NQ <0.00076 NQ <0.0076 <0.0044 

2,3,6-trimethylnaphthalene µg/L - - - - <0.0022 NQ <0.0013 NQ 0.006 0.0051 

2,6-dimethylnaphthalene µg/L - - - - <0.0034 NQ <0.00062 NQ 0.0047 <0.0027 
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Parameter Unit 

Guidelines for the Protection of Big Creek Watershed Redclay Creek Watershed 
Ronald Lake 
Watershed 

Aquatic Life Human 
Health 

Wildlife Health 
(Livestock) 

BC1 BC2 BC3 RC1 RC2 RL1 

Acute Chronic 05-Mar-14 05-Mar-14 05-Mar-14 05-Mar14 05-Mar-14 05-Mar-14 

Acenaphthene µg/L - 5.8 326 - <0.0016 <0.00046 <0.000094 <0.00033 0.00058 0.00043 

C1 subst'd acenaphthenes µg/L - - - - <0.00045 <0.00023 <0.00017 <0.00048 <0.00027 <0.00016 

Acenaphthylene µg/L - - - - <0.0011 0.00029 <0.00011 <0.00073 0.00046 <0.0003 

Anthracene µg/L - 0.012 6,269 - <0.00087 0.0025 0.00043 0.0022 0.0018 0.0023 

2-methylanthracene µg/L - - - - <0.00054 0.003 0.0006 0.0025 0.0018 0.0026 

Dibenzo(a,h)anthracene µg/L - - 0.0028 - <0.0027 <0.0051(DL>H) <0.0011 <0.0062(DL>H) <0.0025 <0.0034(DL>H) 

Benzo(a)anthracene µg/L - 0.018 0.0028 - <0.0025 0.0087(H) 0.0017 0.0075(H) 0.0057(H) 0.0089(H) 

Chrysene µg/L - - 0.0028 - 0.005(H) 0.019(H) 0.0035(H) 0.016(H) 0.017(H) 0.021(H) 

5/6-methylchrysenes µg/L - - - - 0.00067 0.0022 0.00034 0.0017 0.0017 0.0026 

C1 subst'd chrysene µg/L - - - - 0.00097 0.0056 0.00088 0.0051 0.0049 0.0059 

5,9-dimethylchrysene µg/L - - - - 0.0029 0.0096 0.0015 0.0094 0.0047 0.0084 

C1 subst'd benzo(a)anthracenes/chrysenes µg/L - - - - 0.011 0.05 0.0085 0.041 0.034 0.053 

C2 subst'd benzo(a)anthracenes chrysenes µg/L - - - - 0.0096 0.037 0.0055 0.036 0.024 0.036 

C3 subst'd benzo(a)anthracenes/chrysenes µg/L - - - - 0.0025 0.0053 0.00046 0.028 0.0049 0.0076 

C4 subst'd benzo(a)anthracenes/chrysenes µg/L - - - - 0.0019 0.0018 <0.00017 0.0035 0.0023 0.0066 

Benzo(b)fluoranthene µg/L - - 0.0028 - <0.0016 0.0051(H) 0.00078 0.0071(H) 0.0041(H) 0.0069(H) 

Benzo(j,k)fluoranthenes µg/L - - 0.0028 - <0.00069 0.0023 0.00056 0.0028 0.0028 0.003(H) 

Benzo(a)pyrene µg/L - 0.015 0.0028 - <0.002 0.0094(H) 0.0018 0.0087(H) 0.006(H) 0.0087(H) 

7-methylbenzo[a]pyrene µg/L - - - - <0.0015 0.0029 0.00076 0.0029 0.0027 0.0024 

Benzo(e)pyrene µg/L - - - - <0.0024 0.0098 0.0018 0.0089 0.0071 0.01 

C1 subst'd benzofluoranthenes/benzopyrenes µg/L - - - - 0.0034 0.054 0.01 0.045 0.042 0.083 

C2 subst'd benzofluoranthenes/benzopyrenes µg/L - - - - 0.001 0.041 0.0086 0.051 0.028 0.037 

Benzo(g,h,i)perylene µg/L - - - - <0.00087 0.0061 0.0012 0.0053 0.0045 0.0059 

Biphenyl µg/L - - - - <0.0027 0.0071 0.00083 0.0066 0.016 0.0023 

C1 subst'd biphenyls µg/L - - - - 0.003 0.0041 0.0014 0.0055 0.0056 0.0028 

C2 subst'd biphenyls µg/L - - - - 0.011 0.01 0.0039 0.013 0.011 0.0058 

Dibenzothiophene µg/L - - - - 0.0026 0.0072 0.0013 0.0065 <0.0073 0.0083 

2/3-methyldibenzothiophenes µg/L - - - - 0.0027 0.012 0.0017 0.0093 0.0064 0.014 

C1 subst'd dibenzothiophenes µg/L - - - - 0.0081 0.031 0.0046 0.025 0.019 0.038 

C2 subst'd dibenzothiophenes µg/L - - - - 0.02 0.06 0.0093 0.076 0.041 0.063 

C3 subst'd dibenzothiophenes µg/L - - - - 0.012 0.044 0.0053 0.036 0.027 0.041 

C4 subst'd dibenzothiophenes µg/L - - - - 0.018 1.0 0.0072 1.8 0.017 0.024 

2,4-dimethyldibenzothiophene µg/L - - - - <0.0011 <0.0039 <0.00065 <0.0043 <0.0025 <0.0039 

Fluoranthene µg/L - 0.04 52 - 0.0021 0.0043 0.001 0.0068 0.005 0.0061 

3-methylfluoranthene/benzo[a]fluorene µg/L - - - - <0.0024 0.011 0.0022 <0.017 0.0097 0.011 

C1 subst'd fluoranthenes/pyrenes µg/L - - - - 0.011 0.038 0.0072 0.043 0.027 0.033 

C2 subst'd fluoranthenes/pyrenes µg/L - - - - 0.011 0.051 0.0093 0.05 0.049 0.041 
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Parameter Unit 

Guidelines for the Protection of Big Creek Watershed Redclay Creek Watershed 
Ronald Lake 
Watershed 

Aquatic Life Human 
Health 

Wildlife Health 
(Livestock) 

BC1 BC2 BC3 RC1 RC2 RL1 

Acute Chronic 05-Mar-14 05-Mar-14 05-Mar-14 05-Mar14 05-Mar-14 05-Mar-14 

C3 subst'd fluoranthenes pyrenes µg/L - - - - 0.0039 0.036 0.0051 0.044 0.039 0.032 

C4 subst'd fluoranthenes pyrenes µg/L - - - - 0.0017 0.028 0.0058 0.038 0.036 0.022 

Fluorene µg/L - 3.0 836 - <0.00067 <0.0016 0.00036 <0.0022 <0.0029 <0.0023 

2-methylfluorene µg/L - - - - <0.0035 <0.0034 <0.00071 <0.0046 <0.0037 <0.0044 

C1 subst'd fluorenes µg/L - - - - 0.0067 0.01 0.0022 0.013 0.012 0.012 

C2 subst'd fluorenes µg/L - - - - 0.0059 0.029 0.0056 0.04 0.034 0.024 

C3 subst'd fluorenes µg/L - - - - 0.019 0.3 0.0053 0.59 0.048 0.042 

1,7-dimethylfluorene µg/L - - - - <0.0014 0.00099 <0.00018 <0.0023 <0.0024 <0.0012 

Indeno(c,d-123)pyrene µg/L - - 0.0028 - <0.0057(DL>H) 0.0021 <0.00063 <0.0024 <0.0031(DL>H) <0.0023 

Phenanthrene µg/L - 0.4 - - 0.0063 0.018 0.0026 0.021 0.018 0.022 

1-methylphenanthrene µg/L - - - - <0.0027 0.0077 0.00087 0.01 0.0081 0.0084 

2-methylphenanthrene µg/L - - - - 0.0035 0.013 0.002 0.011 0.011 0.015 

3-methylphenanthrene µg/L - - - - 0.002 0.0073 0.0011 0.0068 0.0064 0.0087 

9/4-methylphenanthrene µg/L - - - - 0.002 0.0061 0.00085 0.0066 0.0058 0.0073 

C1 subst'd phenanthrenes/anthracenes µg/L - - - - 0.0075 0.037 0.0055 0.038 0.033 0.042 

C2 subst'd phenanthrenes/anthracenes µg/L - - - - 0.006 0.026 0.0032 0.044 0.023 0.027 

C3 subst'd phenanthrenes/anthracenes µg/L - - - - 0.0064 0.016 0.0021 0.039 0.016 0.015 

C4 subst'd phenanthrenes/anthracenes µg/L - - - - 0.05 0.18 0.028 0.46 0.14 0.16 

1,7-dimethylphenanthrene µg/L - - - - <0.0014 0.0061 0.00065 <0.023 0.0061 0.0055 

1,8-dimethylphenanthrene µg/L - - - - <0.00039 0.0011 <0.000098 0.0011 0.0012 0.00076 

2,6-dimethylphenanthrene µg/L - - - - <0.0011 <0.0026 <0.00043 <0.0025 0.0019 0.0027 

3,6-dimethylphenanthrene µg/L - - - - <0.00045 <0.0018 <0.00026 <0.0018 <0.0014 <0.0022 

1,2,6-trimethylphenanthrene µg/L - - - - <0.00048 0.0016 <0.000074 0.0022 <0.00036 <0.00084 

1-methyl-7-isopropyl-phenanthrene (retene) µg/L - - - - 0.0024 0.016 0.00056 0.29 0.025 0.0058 

Perylene µg/L - - - - <0.00079 0.00069 <0.00017 0.00069 0.0004 0.00073 

Pyrene µg/L - 0.025 627 - 0.0024 0.0076 0.0015 0.0086 0.0061 0.0078 

Bolded Concentrations are higher than relevant water quality guidelines. 
- = No guideline or data. 
NQ = Data not quantifiable. 
(A) = Concentration higher than the relevant acute aquatic life guideline or beyond the recommended pH or DO concentration range. 
(C) = Concentration higher than the relevant chronic aquatic life guideline or beyond the recommended pH or DO concentration range. 
(H) = Concentration higher than the relevant human health guideline or beyond the recommended pH or DO concentration range. 
(DL>A) = Analytical detection limit was higher than the relevant acute aquatic life guideline. 
(DL>H) = Analytical detection limit was higher than the relevant human health guideline. 
(a) Chronic guideline is pH dependant. 
(b) Guidelines are pH and temperature dependant, sample specific guidelines are applied to each sample. 
(c) Guidelines are hardness dependant, sample specific guidelines are applied to each sample. 
(d) Acute guideline is hardness dependant, thus the range is presented, sample specific guidelines are applied to each sample. 
Water quality data and guidelines shown in this table were rounded to reflect laboratory or field instrument precision after comparisons to guidelines.  Therefore, values slightly above guidelines may be displayed as being equal to the guidelines and identified as exceedances.  Measured concentrations equal to the 
guideline values were not identified as exceedances. 
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3.3 Quality Control  
The results of the duplicate sample analysis (Table 3) suggest that the within-site variability was high and field 

sampling precision was low, as 42% of the analyzed parameters had an RPD that was greater than 20%.  The 

total metals and PAH results had the most parameters with a notable RPD; 46% and 57%, respectively, of the 

parameters had a RPD greater than 20%. 

Table 4: 2014 Duplicate Snow Samples Data 

Parameter Unit Sample 1 Sample 2 
Relative Percent Difference 

(RPD) 

Conventional Parameters 
    

pH - 5.2 5.08 2% 

Specific Conductivity µS/cm 4.7 4.8 - 

Hardness mg/L 1.44 1.11 - 

Total dissolved solids mg/L 10 20 - 

Total suspended solids mg/L 87 42 70% 

Total organic carbon mg/L 1.7 1.4 - 

Dissolved organic carbon mg/L 1.3 1.1 - 

Colour TCU <2 <2 - 

Total alkalinity, as CaCO3 mg/L <0.5 <0.5 - 

Phenolphthalein alkalinity,  as CaCO3 mg/L <0.5 <0.5 - 

Total dissolved solids (calculated) mg/L <10 <10 - 

Turbidity NTU 26 17 42% 

Major Ions 
    

Calcium mg/L 0.472 0.342 32% 

Magnesium mg/L 0.063 0.063 0% 

Potassium mg/L 0.081 0.081 0% 

Sodium mg/L 0.238 0.22 8% 

Chloride mg/L <1 <1 - 

Fluoride mg/L <0.05 <0.05 - 

Sulphate mg/L <1 <1 - 

Sulphide mg/L <0.002 <0.002 - 

Bicarbonate, as CaCO3 mg/L <0.5 <0.5 - 

Carbonate, as CaCO3 mg/L <0.5 <0.5 - 

Hydroxide, as CaCO3 mg/L <0.5 <0.5 - 

Nutrients and Biological Indicators 
    

Nitrate + nitrite mg-N/L 0.18 0.18 0% 

Total ammonia mg-N/L 0.014 0.012 - 

Total Kjeldahl nitrogen mg-N/L 0.62 1.2 64% 

Total nitrogen (calculated) mg-N/L 0.8 1.38 53% 

Total phosphorus mg-P/L 0.069 0.042 49% 

Dissolved phosphorus mg-P/L 0.012 0.01 18% 

Nitrate mg-N/L 0.18 0.18 0% 

Nitrite mg-N/L <0.003 <0.003 - 
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Parameter Unit Sample 1 Sample 2 
Relative Percent Difference 

(RPD) 

Total Metals 
    

Aluminum µg/L 557 232 82% 

Antimony µg/L <0.05 <0.05 - 

Arsenic µg/L 0.215 0.128 51% 

Barium µg/L 28.4 14.5 65% 

Beryllium µg/L 0.021 0.013 - 

Bismuth µg/L <0.02 <0.02 - 

Boron µg/L <20 <20 - 

Cadmium µg/L 0.045 0.027 50% 

Chromium µg/L 0.58 <0.5 - 

Cobalt µg/L 0.331 0.156 72% 

Copper µg/L 0.91 0.41 - 

Iron µg/L 834 365 78% 

Lead µg/L 1.41 0.67 71% 

Lithium µg/L <0.5 <0.5 - 

Manganese µg/L 187 120 44% 

Mercury µg/L 0.0044 0.0037 18% 

Methyl Mercury µg/L <0.00008 <0.00008 - 

Molybdenum µg/L 0.11 0.074 - 

Nickel µg/L 1.12 0.54 70% 

Selenium µg/L <0.04 <0.04 - 

Silicon µg/L 594 273 74% 

Silver µg/L 0.005 0.005 - 

Strontium µg/L 3.09 1.7 58% 

Thallium µg/L 0.015 0.008 61% 

Tin µg/L <0.2 <0.2 - 

Titanium µg/L 13.7 6.6 - 

Uranium µg/L 0.021 0.016 - 

Vanadium µg/L 2.27 1.19 - 

Zinc µg/L 11.6 7.3 46% 

Zirconium µg/L <0.1 <0.1 - 

Dissolved Metals 
    

Aluminum µg/L 11.2 4.53 85% 

Antimony µg/L <0.02 <0.02 - 

Arsenic µg/L 0.021 <0.02 - 

Barium µg/L 2.42 1.86 26% 

Beryllium µg/L <0.01 <0.01 - 

Bismuth µg/L <0.005 <0.005 - 

Boron µg/L <20 <20 - 

Cadmium µg/L 0.006 <0.005 - 

Chromium µg/L <0.1 <0.1 - 
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Parameter Unit Sample 1 Sample 2 
Relative Percent Difference 

(RPD) 

Cobalt µg/L 0.021 0.012 - 

Copper µg/L 0.112 0.059 - 

Iron µg/L 12.2 6.2 65% 

Lead µg/L 0.01 0.006 - 

Lithium µg/L <0.5 <0.5 - 

Manganese µg/L 37.5 25.4 38% 

Mercury µg/L <0.0005 <0.0005 - 

Molybdenum µg/L <0.05 <0.05 - 

Nickel µg/L 0.082 0.177 73% 

Selenium µg/L <0.04 <0.04 - 

Silicon µg/L <100 <100 - 

Silver µg/L <0.005 <0.005 - 

Strontium µg/L 1.31 0.936 33% 

Sulphur µg/L <600 <600 - 

Thallium µg/L <0.002 <0.002 - 

Tin µg/L <0.2 <0.2 - 

Titanium µg/L <0.5 <0.5 - 

Uranium µg/L <0.002 <0.002 - 

Vanadium µg/L <0.2 <0.2 - 

Zinc µg/L 1.97 1.07 59% 

Zirconium µg/L <0.0001 <0.1 - 

Target PAHs and Alkylated PAHs 
    

Naphthalene µg/L NQ NQ - 

1-methylnaphthalene µg/L NQ NQ - 

2-methylnaphthalene µg/L NQ NQ - 

C1 subst'd naphthalenes µg/L NQ NQ - 

C2 subst'd naphthalenes µg/L NQ 0.0128 - 

C3 subst'd naphthalenes µg/L NQ 0.0152 - 

C4 subst'd naphthalenes µg/L NQ 0.012 - 

1,2-dimethylnaphthalene µg/L NQ <0.00066 - 

1,4,6,7-tetramethylnaphthalene µg/L NQ <0.00102 - 

2,3,5-trimethylnaphthalene µg/L NQ <0.00274 - 

2,3,6-trimethylnaphthalene µg/L NQ 0.00304 - 

2,6-dimethylnaphthalene µg/L NQ 0.0027 - 

Acenaphthene µg/L <0.00033 <0.00031 - 

C1 subst'd acenaphthenes µg/L <0.00048 <0.0002 - 

Acenaphthylene µg/L <0.00073 <0.0002 - 

Anthracene µg/L 0.0022 0.00175 23% 

2-methylanthracene µg/L 0.0025 0.0019 27% 

Dibenzo(a,h)anthracene µg/L <0.00623 <0.00446 - 

Benzo(a)anthracene µg/L 0.00749 0.00588 24% 
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Parameter Unit Sample 1 Sample 2 
Relative Percent Difference 

(RPD) 

Chrysene µg/L 0.0162 0.0135 18% 

5/6-methylchrysenes µg/L 0.00171 0.00169 1% 

C1 subst'd chrysene µg/L 0.0051 0.00361 34% 

5,9-dimethylchrysene µg/L 0.00943 0.00863 9% 

C1 subst'd benzo(a)anthracenes / chrysenes µg/L 0.041 0.0331 21% 

C2 subst'd benzo(a)anthracenes / chrysenes µg/L 0.0362 0.0245 39% 

C3 subst'd benzo(a)anthracenes / chrysenes µg/L 0.0283 0.00301 162% 

C4 subst'd benzo(a)anthracenes / chrysenes µg/L 0.0035 0.00205 52% 

Benzo(b)fluoranthene µg/L 0.00713 0.00405 55% 

Benzo(j,k)fluoranthenes µg/L 0.00275 0.00168 48% 

Benzo(a)pyrene µg/L 0.00868 0.00672 25% 

7-methylbenzo[a]pyrene µg/L 0.00286 0.00208 32% 

Benzo(e)pyrene µg/L 0.00891 0.00663 29% 

C1 subst'd benzofluoranthenes / benzopyrenes µg/L 0.0447 0.035 24% 

C2 subst'd benzofluoranthenes / benzopyrenes µg/L 0.0506 0.0413 20% 

Benzo(g,h,i)perylene µg/L 0.00525 0.00389 30% 

Biphenyl µg/L 0.00662 0.00275 83% 

C1 subst'd biphenyls µg/L 0.00552 0.00452 20% 

C2 subst'd biphenyls µg/L 0.0134 0.00935 36% 

Dibenzothiophene µg/L 0.00649 0.00568 13% 

2/3-methyldibenzothiophenes µg/L 0.00927 0.0087 6% 

C1 subst'd dibenzothiophenes µg/L 0.0248 0.0233 6% 

C2 subst'd dibenzothiophenes µg/L 0.076 0.0513 39% 

C3 subst'd dibenzothiophenes µg/L 0.0364 0.0285 24% 

C4 subst'd dibenzothiophenes µg/L 1.84 0.666 94% 

2,4-dimethyldibenzothiophene µg/L <0.00426 <0.00254 - 

Fluoranthene µg/L 0.00679 0.00332 69% 

3-methylfluoranthene/benzo[a]fluorene µg/L <0.0174 0.00778 76% 

C1 subst'd fluoranthenes / pyrenes µg/L 0.0425 0.0257 49% 

C2 subst'd fluoranthenes / pyrenes µg/L 0.0499 0.0347 36% 

C3 subst'd fluoranthenes / pyrenes µg/L 0.0436 0.0238 59% 

C4 subst'd fluoranthenes / pyrenes µg/L 0.0375 0.0205 59% 

Fluorene µg/L <0.00217 <0.00144 - 

2-methylfluorene µg/L <0.00456 <0.00246 - 

C1 subst'd fluorenes µg/L 0.0125 0.00864 37% 

C2 subst'd fluorenes µg/L 0.0401 0.0266 40% 

C3 subst'd fluorenes µg/L 0.59 0.215 93% 

1,7-dimethylfluorene µg/L <0.00233 0.000823 - 

Indeno(c,d-123)pyrene µg/L <0.00236 <0.00145 - 

Phenanthrene µg/L 0.0207 0.0132 44% 

1-methylphenanthrene µg/L 0.0103 0.00526 65% 
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Parameter Unit Sample 1 Sample 2 
Relative Percent Difference 

(RPD) 

2-methylphenanthrene µg/L 0.0114 0.00924 21% 

3-methylphenanthrene µg/L 0.00679 0.00509 29% 

9/4-methylphenanthrene µg/L 0.00664 0.00448 39% 

C1 subst'd phenanthrenes / anthracenes µg/L 0.0376 0.026 36% 

C2 subst'd phenanthrenes / anthracenes µg/L 0.0436 0.0182 82% 

C3 subst'd phenanthrenes / anthracenes µg/L 0.0389 0.0113 110% 

C4 subst'd phenanthrenes / anthracenes µg/L 0.461 0.117 119% 

1,7-dimethylphenanthrene µg/L <0.0227 <0.00423 - 

1,8-dimethylphenanthrene µg/L 0.00106 0.000553 63% 

2,6-dimethylphenanthrene µg/L <0.00245 <0.00204 - 

3,6-dimethylphenanthrene µg/L <0.00177 <0.00119 - 

1,2,6-trimethylphenanthrene µg/L 0.0022 0.00081 92% 

1-methyl-7-isopropyl-phenanthrene (retene) µg/L 0.292 0.0118 184% 

Perylene µg/L 0.000688 0.000544 - 

Pyrene µg/L 0.00858 0.00517 50% 

Bolded Relative Percent Differences are notably different (i.e., greater than 20%). 
- = Relative Percent Difference Not Calculable because concentrations in both samples are less than five times the respective detection 
limits.  
NQ = Data not quantifiable. 

3.4 2012 to 2014 Comparison 
The data from the 2014 winter snow survey was compared to the 2012 survey (Table 4).  Average 

concentrations of most conventional parameters and major ions were lower in the 2014 samples than in the 

2012 samples.  The average concentrations of nitrate, nitrite and nitrate & nitrite were similar in both survey 

years.  The concentrations of total and dissolved metals varied from 2012 to 2014; however, the difference in 

average concentrations, and the range of concentrations, was generally less than an order of magnitude.  

In the 2012 snow survey, the samples collected for PAH analysis were sent to Maxxam, and all results were 

reported below DL. In 2014, PAH analysis was performed by AXYS with much lower detection limits, therefore 

the data from 2012 could not be directly compared to the 2014 data and are not presented.      
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Table 5: 2012 and 2014 Snow Survey Data Summary 

Parameter Unit 
2012 Snow Survey 2014 Snow Survey 

Mean Min Max Count Mean Min Max Count 

Conventional Parameters 
         

pH - 6.6 6.2 7.3 4 5.3 5.1 5.5 7 

Specific Conductivity µS/cm 21 13 32 4 5.5 4.7 7.1 7 

Hardness mg/L 7.4 4.2 14 4 1.3 0.58 1.9 7 

Total dissolved solids mg/L 20 10 30 4 15 10 20 7 

Total suspended solids mg/L 73 16 190 4 43 4.9 87 7 

Total organic carbon mg/L - - - 0 2.7 1.4 4.7 7 

Dissolved organic carbon mg/L - - - 0 1.6 1.1 2.9 7 

Colour TCU - - - 0 3.3 <2.0 5.9 7 

Total alkalinity, as CaCO3 mg/L 6.2 2.1 13 4 0.46 <0.5 0.73 7 

Phenolphthalein alkalinity,  as CaCO3 mg/L - - - 0 0.25 <0.5 <0.5 7 

Total dissolved solids (calculated) mg/L - - - 0 5 <10 <10 7 

Turbidity NTU 5.6 2.3 11 4 16 2.7 26 7 

Major Ions 
         

Calcium mg/L 2.1 0.41 3.7 4 0.38 0.17 0.56 7 

Magnesium mg/L 0.39 0.096 0.68 4 0.088 0.041 0.12 7 

Potassium mg/L 0.95 0.21 2 4 0.24 0.081 0.5 7 

Sodium mg/L 0.96 0.87 1.1 4 0.23 0.21 0.24 7 

Chloride mg/L 0.93 <1.0 1.4 4 0.5 <1.0 <1.0 7 

Fluoride mg/L - - - 0 0.025 <0.05 <0.05 7 

Sulphate mg/L 1.1 <1.0 2.1 4 0.5 <1.0 <1.0 7 

Sulphide mg/L - - - 0 0.001 <0.002 <0.002 7 

Bicarbonate, as CaCO3 mg/L 7.6 2.6 16 4 0.54 <0.5 0.89 7 

Carbonate, as CaCO3 mg/L 0.25 <0.5 <0.5 4 0.25 <0.5 <0.5 7 

Hydroxide, as CaCO3 mg/L 0.25 <0.5 <0.5 4 0.25 <0.5 <0.5 7 

Nutrients and Biological Indicators 
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Parameter Unit 
2012 Snow Survey 2014 Snow Survey 

Mean Min Max Count Mean Min Max Count 

Nitrate + nitrite mg-N/L 0.17 0.15 0.21 4 0.15 0.1 0.18 7 

Total ammonia mg-N/L - - - 0 0.015 0.0056 0.049 7 

Total Kjeldahl nitrogen mg-N/L - - - 0 0.8 0.17 1.4 7 

Total nitrogen (calculated) mg-N/L - - - 0 0.96 0.31 1.6 7 

Total phosphorus mg-P/L - - - 0 0.099 0.031 0.39 7 

Dissolved phosphorus mg-P/L - - - 0 0.020 0.003 0.052 7 

Nitrate mg-N/L 0.17 0.15 0.2 4 0.15 0.1 0.18 7 

Nitrite mg-N/L 0.0026 <0.003 0.006 4 0.0019 <0.003 0.0039 7 

Total Metals 
         

Aluminum µg/L 68 29 152 4 186 12 557 7 

Antimony µg/L 0.029 <0.02 0.067 4 0.025 <0.05 <0.05 7 

Arsenic µg/L 0.27 <0.02 0.93 4 0.12 0.042 0.22 7 

Barium µg/L 19 5 52 4 12 2 28 7 

Beryllium µg/L 0.012 <0.01 0.033 4 0.011 <0.01 0.028 7 

Bismuth µg/L 0.008 <0.005 0.018 4 0.01 <0.02 <0.02 7 

Boron µg/L 25 <50 <50 4 10 <20 <20 7 

Cadmium µg/L 0.082 0.023 0.18 4 0.083 0.008 0.17 7 

Chromium µg/L 0.3 0.22 0.42 4 0.3 <0.5 0.58 7 

Cobalt µg/L 0.32 0.075 0.73 4 0.2 0.043 0.36 7 

Copper µg/L 1.3 0.47 1.8 4 0.96 <0.2 2.8 7 

Iron µg/L 407 152 1,050 4 323 41 834 7 

Lead µg/L 0.74 0.41 1.2 4 0.48 0.068 1.4 7 

Lithium µg/L 0.67 <0.5 0.91 4 0.25 <0.5 <0.5 7 

Manganese µg/L 69 14 147 4 102 15 187 7 

Mercury µg/L 0.017 0.0051 0.049 4 0.0031 0.0016 0.0044 7 

Methyl mercury µg/L - - - 0 0.000056 <0.00008 0.00015 7 

Molybdenum µg/L 0.16 0.12 0.23 4 0.088 0.056 0.11 7 



 

2014 WINTER SNOW SURVEY 

 
Table 5: 2012 and 2014 Snow Survey Data Summary (continued) 

June 2014 
Report No. 14-1337-0002 20  

 

Parameter Unit 
2012 Snow Survey 2014 Snow Survey 

Mean Min Max Count Mean Min Max Count 

Nickel µg/L 1.6 0.48 2.9 4 0.83 0.12 2.2 7 

Selenium µg/L 0.035 <0.04 0.079 4 0.025 <0.04 0.05 7 

Silicon µg/L 210 <100 400 4 298 <100 906 7 

Silver µg/L 0.0025 <0.005 <0.005 4 0.0052 <0.005 0.017 7 

Strontium µg/L 7.4 4.4 11 4 3.5 0.84 8.1 7 

Thallium µg/L 0.0094 <0.002 0.028 4 0.0078 <0.002 0.015 7 

Tin µg/L 0.93 <0.2 2.1 4 0.1 <0.2 <0.2 7 

Titanium µg/L 2 0.83 4.1 4 5.2 <5.0 14 7 

Uranium µg/L 0.061 0.0091 0.2 4 0.013 <0.005 0.03 7 

Vanadium µg/L 0.35 <0.2 0.95 4 0.94 <0.5 2.3 7 

Zinc µg/L 14 3.5 27 4 13 3.4 28 7 

Zirconium µg/L 0.068 <0.1 0.12 4 0.05 <0.1 <0.1 7 

Dissolved Metals 
         

Aluminum µg/L 15 9.4 23 4 5 1.4 11 7 

Antimony µg/L 0.01 <0.02 <0.02 4 0.01 <0.02 <0.02 7 

Arsenic µg/L 0.02 <0.02 0.05 4 0.023 <0.02 0.053 7 

Barium µg/L 4.9 1.1 9.8 4 1.4 0.33 2.4 7 

Beryllium µg/L 0.0083 <0.01 0.018 4 0.005 <0.01 <0.01 7 

Bismuth µg/L 0.0025 <0.005 <0.005 4 0.0025 <0.005 <0.005 7 

Boron µg/L 25 <50 <50 4 10 <20 <20 7 

Cadmium µg/L 0.022 0.0051 0.058 4 0.0090 <0.005 0.033 7 

Chromium µg/L 0.098 <0.1 0.17 4 0.05 <0.1 <0.1 7 

Cobalt µg/L 0.19 0.018 0.66 4 0.027 0.012 0.054 7 

Copper µg/L 0.52 0.3 0.93 4 0.12 0.059 0.15 7 

Iron µg/L 18 8.2 24 4 8.8 4.6 14 7 

Lead µg/L 0.06 0.02 0.099 4 0.016 0.006 0.031 7 

Lithium µg/L 0.25 <0.5 <0.5 4 0.25 <0.5 <0.5 7 
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Parameter Unit 
2012 Snow Survey 2014 Snow Survey 

Mean Min Max Count Mean Min Max Count 

Manganese µg/L 18 5.5 44 4 29 5.9 43 7 

Mercury µg/L 0.0013 <0.002 0.0022 4 0.00035 <0.0005 0.00065 7 

Molybdenum µg/L 0.13 0.063 0.23 4 0.035 <0.05 0.09 7 

Nickel µg/L 0.69 0.14 2 4 0.16 0.082 0.25 7 

Selenium µg/L 0.02 <0.04 <0.04 4 0.02 <0.04 <0.04 7 

Silicon µg/L 108 <100 280 4 50 <100 <100 7 

Silver µg/L 0.0025 <0.005 <0.005 4 0.0025 <0.005 <0.005 7 

Strontium µg/L 6.5 1.3 13 4 1.2 0.33 2.1 7 

Sulphur µg/L 5,000 <10,000 <10,000 4 300 <600 <600 7 

Thallium µg/L 0.005 <0.002 0.017 4 0.0032 <0.002 0.009 7 

Tin µg/L 0.32 <0.2 0.61 4 0.1 <0.2 <0.2 7 

Titanium µg/L 0.33 <0.5 0.58 4 0.25 <0.5 <0.5 7 

Uranium µg/L 0.012 0.0042 0.03 4 0.0012 <0.002 0.002 7 

Vanadium µg/L 0.14 <0.2 0.27 4 0.1 <0.2 <0.2 7 

Zinc µg/L 4.9 2.2 6.2 4 1.8 0.8 3 7 

Zirconium µg/L 0.05 <0.1 <0.1 4 0.05 <0.1 <0.1 7 

- = Data not available. 
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4.0 SUMMARY AND CLOSURE  
The data collected during the 2014 winter snow survey has provided information on the 2014 snow pack physical 

characteristics and chemical composition.  The snow pack had not started to ripen at the time of the survey and 

had a snow water equivalence of 6.4 cm.  The majority of the chemical constituents within the snow pack at all 

sampling locations were less than the corresponding surface water guidelines for the protection of freshwater 

aquatic life, human health and wildlife health.  Exceptions were pH, total nitrogen, phosphorus, aluminum, 

cadmium, copper, iron, lead, nickel, silver, zinc as described in Section 3.2.  Also, concentrations or detection 

limits (not yet blank-corrected), of the following PAHs were above the human health guideline at two or more 

sampling locations: dibenzo(a,h)anthracene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, 

benzo(j,k)fluoranthenes, benzo(a)pyrene, and indeno(c,d-123)pyrene.  These data will be used to supplement 

existing baseline data and support future refinements to modelling of aerially deposited PAHs and metals. 
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