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SUMMARY

Gullies are erosional features found in both natural and reconstructed landscape. They are indicators of
geomorphic maturity and therefore represent a valuable tool for assessing the performance and sustainability of
mine disturbed land following reclamation. Some types of gullies are associated with instability, rapid erosion, and
accelerated landform deterioration. Other types are inactive, self-healing and/or subject to gradual change,
consistent with the aims of sustainable reclamation. Both types of gullies occur on mine disturbed land following
reclamation or premature abandonment. An inventory of gullies at a sand disposal area near Fort McMurray was
conducted to identify the types of gullies, their size, associated erosion rates, and self healing tendency. The results
of this analysis lend support to the current method of reclamation and provide guidance for future modifications to
closure plans. The data can be used to develop a strategy for mine closure to minimize the risk of rapid landscape
evolution by gullying. A system of annual monitoring of gully shapes and sizes is being conducted to confirm long
term sustainability.

BACKGROUND

Suncor Inc. has built numerous tailings storage facilities at their oilsands mine in Northern Alberta, 30 km
north of Fort McMurray. The facilities are composed of sand dykes which presently contain a combination of fine
tailings, other mine waste materials and water. Ultimately, upon mine closure, the fine tailings will be replaced with
Consolidated Tailings (CT) which is a solid mixture of sand and fine tailings, to enable development of mainly dry
landscape.

The oldest sand dykes on the Suncor mine site are located at Pond No. 1 which is contained by a sand
perimeter dyke known as the Tar Island Dyke (TID). Construction of the TID began in the late 1960°s and is
presently close to completion. The sand dyke has been progressively reclaimed and therefore vegetation at the
lower reaches of the dyke have reached a 25 year maturity.

The TID is composed mainly of sand and is presently about 100 metres high at an overall slope of 3H:1V.
The sand is highly permeable with an effective infiltration rate of over 70 mm/hour. The near surface soil
permeability was measured by Guelph Permeameter to be about 1 to 6x10™ cm/sec. The Dy, of the sand ranges
from 0.20 to 0.25 mm. The sand contains 2 percent to 8 percent fines (minus #200 sieve).

Reclamation of the sand dykes includes a 15 to 20 cm cover of topsoil composed mainly of peat.
Formerly, revegetation involved planting of agronomic grasses as well as trees but the present method of
reclamation involves growth of natural species enabled by direct placement of peat. Most of the dyke area is
covered by topsoil and supports vigorous growth of grasses, natural species and trees. Some areas have little or no
topsoil cover as a resuit of erosion during construction and covering by windblown sand.

In 1995, Suncor Inc. commissioned a study to examine the erosional sustainability of their reclaimed areas.
The study was commissioned to provide a sound basis for reclamation planning and ultimately to provide evidence
that the reclamation system is sustainable over the long term.

* Presented at the 21st Annual Meeting, Canadian Land Reclamation Association, Calgary, Alberta,
September 18 - 20, 1996
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As part of this study, Suncor Inc. commissioned an inventory of the occurrence, character, frequency and
stability of gullies on the TID. The inventory included classification of the gullies and an assessment of any self-
healing characteristics. Suncor Inc. also commissioned the selection, survey and monitoring of fifteen gullies to
provide a long term assessment of their growth or stabilization. The monitoring data is intended to provide a basis
for acceptance of the sustainability of the TID by government regulators.

METHODOLOGY

Tar Island Dyke (TID) has been subject to a range of environmental conditions since reclamation began 25
years ago. These have resulted in some gullying, particularly at unreclaimed areas and freshly reclaimed areas. A
survey was conducted to provide a basis for assessing the frequency and stability of the gullies. The survey
included the number, density, location, size, type, cause and growth/stability of gullies. An inventory of gully data
was developed to determine the prevalence, severity and long term continuation of gullying. It was configured to
provide a basis for assessing the self-healing character and progressive growth of gullies.

A representative sample of gullies was selected to provide a sound statistical basis for developing an
inventory of gullies. The inventory was based on an area of 23 hectares which represents about 19 percent of the
total surface area on the outside face of TID. The total area was divided into eight strips, each approximately 100
metres wide, located at 500 metre intervals. They extended from the crest of the dyke, down to the toe of the dyke.
Each strip was divided into blocks from the toe to the crest of the dyke.

In addition to the inventory of gullies in the representative strips, fifteen gullies were selected for more
detailed investigation and future monitoring. The fifteen gullies were selected to represent a range of gully sizes
(five small, five medium and five large) and a variety of gully types (self-healed, no growth and active growth).
Detailed investigation included a survey of gully cross sections with local benchmarks installed along each cross
section so that gully growth may be tracked over time.

SURVEY, INVENTORY AND MAPPING

A detailed inventory of all gullies identified during the study was presented on a spreadsheet which
indicated the following characteristics of each gully:

e Gully location; e Assessment of erosion activity (self-healed, growth, etc.;
e Gully length, width and depth; e Repair efforts and effectiveness;

e Volume of eroded material,; e Photograph record;

e Existing vegetation cover; e Commentary.

®

Assessment of possible causes;

A statistical summary of the gully inventory assessment was also prepared. The number of gullies in each
block were summarized by cause of erosion and by level of erosion activity. The number of gullies in each category
of cause, type and eroded volume was summarized for each block. This provided a spacial analysis of gullying on
the TID. The character and cause of gullying was summarized by location, from the earliest reclamation at the base
of the TID to the most recent reclamation near the crest of the dyke.

The locations of the 15 gullies selected for detailed assessment were mapped. The surveyed cross sections,
photographs and details of each gully were presented on separate drawings. Future surveys may be carried out
using the benchmark information provided on the drawings.

CAUSES OF GULLYING

The spacial distribution of gully density indicated a greater number of gullies within Strips A, B and C,
located on the south end of the TID, than at other locations. This may be indicative of improved soil moisture
availability to support vegetation on the north end of TID, where aspect is more favourable to water conservation.
The south end of TID has a southerly exposure resulting in greater solar radiation, more drying, and possibly more
loosening of surfical soil by freeze-thaw.
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The three most common causes of gully development observed at the TID are as follows: no vegetation
present when the gully first developed (29 percent of gullies identified); no existing vegetation (39 percent of gullies
identified); and terrace ponding (22 percent of gullies identified).

There were other minor causes of gullying. A high phreatic surface and groundwater seepage discharge at
the toe of TID caused 6.5 percent of the gullies. Such gullies are characterized by a cirque-shaped head. The
channel formation process for this type of gully has been described by Schumm, et a/ (1995). One gully was caused
by a pipe outfall and two gullies were caused by uneven grading of the TID slope.

Gullies exhibiting the greatest growth were found near the top of TID, where very little or no reclamation
existed. This area of the TID was built most recently and the extensive gullying reflects immature vegetation and
pre-reclamation conditions. Many large gullies and rills formed on the exposed sand surface as a result of the
absence of a protection cover and root mass. Sand dunes caused by wind erosion on the unreclaimed sand surfaces
near the crest have formed on the lower berm. These dunes have caused flow obstructions and ponding on the
lower berms and this may have caused many of the gullies on the lower slope.

Active gullies exhibiting progressive growth occur at various locations on TID. Active gullies on the
recently reclaimed area are attributed to the absence of an effective vegetative cover, reflecting pre-reclamation
conditions. Most other active gullies are attributed to terrace ponding (i.e., flow concentrations created on the TID
berms).

A self-healed gully is one in which there is no active erosion or growth as a result of an armour layer or the
growth of vegetation in and alongside the gully. The concept of self-healing has been described by Ireland, et al.,
(1939) in a description of the stages of gully development. “Stage 3 is a period of healing. Slopes of the gully walls
are reduced by weathering, slope-wash and mass movement; plants are established on the lowered slopes, and
vegetation gradually brings about a healing of the gully. Stage 4 is a period of stabilization, and it is characterized
by the slow development and accumulation of new soil over the old scarred surface.” More recent discussion of this
phenomenon is provided by Schumm, et al., (1984). Self-healed gullies are predominantly located near the bottom
of the TID. Self-healed gullies comprised 37 percent of all gullies identified.

Self-healed gullies were analyzed to identify the cause of the self-healing mechanism. Self-healing is often
associated with the development of a gravel armour layer as a result of the removal of fines by erosional forces
which are insufficient to remove the larger size material. However, the self-healing process on TID is different.
Vegetation develops in the gully to reduce erosion. Vegetation develops naturally in gullies, probably as a result of
improved moisture conditions inside the gully The gullies collect more water than adjacent areas because of their
larger collection area and because wind blown snow deposition in depressional areas. At many locations, the
vegetation in the gullies was observed to be thicker than the vegetation adjacent to the gully.

RATES OF EROSION AND GULLYING

The total volume of gully erosion on the 100 metre strips is approximately 5900 m’, based on the
calculated volume of measured gullies. This equates to an erosion per unit area of 26 mm, or an average of 1.3 mm
per year over the average 20 year life of TID.

Assuming this erosion rate is representative of long term conditions, the total erosion over the entire dyke
in 1000 years would be 3.1 x 10° m’, which is equivalent to a total depth of erosion of 1.3 metres over the entire
surface of the TID. This erosion volume and depth shows that TID has been subject to moderate to high rates of
erosion. However, most of the gullying is representative of immature reclamation conditions during the early years
immediately after construction. Gullying at the more mature reclaimed areas is much smaller than calculated above.

A useful follow-up to this gully mapping study is monitoring the selected fifteen gullies whose cross
sections have been surveyed. It is very likely that future erosion will be far less, especially at well reclaimed areas.
Such data may provide a sound basis for confirming the sustainability of TID and also for regulatory certification.



158

REFERENCES

Ireland, H.A., C.F.S. Sharpe, and D.H. Eargle, 1939. “Principles of Gully Erosion in the Piedmont of
South Carolina.” U.S. Department of Agriculture, Technical Bulletin 633.

Schumm, S.A., M.D. Harvey, and C.C. Watson, 1984. “Incised Channels: Morphology, Dynamics and
Control”. Water Resources Publication, Littleton, Colorado.

Schumm, S.A., K.F. Boyd, C.G. Wolff, and W.J. Spitz, 1995. “A Groundwater-Sapping Landscape in the
Florida Panhandle.” Geomorphology 12 (1995): 281-297.

Schumm, S.A., 1995. “Drainage Density: Problems of Prediction and Application”.









ACKNOWLEDGEMENTS

The compilers acknowledge the assistance of Jamie Legarie, Alberta Environmental
Protection, Land Reclamation Division in preparing the manuscript. We also thank the authors
for providing their papers on short notice.

The compilers edited some of the papers for format and length. We apologize for any errors
that may have resulted.



iii
TABLE OF CONTENTS
Blp el o Eeliis e s e i e T SRR S R -, Vi
INDUSTRIAL FACILITIES

Industrial Site Decommissioning in Alberta .. ...... ... i i 1
Walter J. Ceroici

Changing Knowledge Needs for Wellsite Reclamation . ........................... 3
Jim Smith
The Orphan Facilities and Pipeline Program: An Industry/Government Responsibility ... .. 7

David Lloyd and David Sandmeyer

In-Situ Amelioration of Sodic Mine Spoil Using Sulfur, Gypsum and Crop Management ... 11
Jeff J. Sansom, M. Anne Naeth, and David S. Chanasyk

Bioremediation of Contaminated SitesS . .. ...ttt ittt e e e e e 13
Christopher Schneider

Contaminant Metal Concentration in Alberta Soils Under Different Land Uses .......... 17
Gerry Lutwick, Gordon D. Dinwoodie, David Gower and G. E. Nason

Waste Disposal Guidelines from a Testing Lab's Perspective ..................... 19
John Ashworth

Reclamation of a Former Heavy Oil Plant in Northeastern Alberta ... ............... 23
Tim R. Bossenberry, J. Jeffrey Wilson, David Evans,
Darrell Chollak and George Walker

Nutrient and Metal Levels and Dynamics on a 30-year Revegetated Copper-Nickel

QR el e e e w R Tl ] @ T e T BTGRP e S N 27
Jeremy Niemi, John Giffen and Keith Winterhalder

FORESTS

Land Application of BCTMP Mill Waste Researchin Alberta ...................... 31
Terry M. Macyk

Reclamation to Native Forest Ecosystems in the Oil Sand Region . ................. 33
Steve Tuttle

Land Capability Classification for Forest Ecosystems .. ... ....... it nn. 37
Leonard A. Leskiw, Steve Tuttle and Earle Anderson

Forest Land Restoration on Vancouver Island . .. .. ... .. ittt ittt ine e 39
David Polster



iv

Lichen Diversity in the Reclaimed Areas of Sudbury, Ontario ...................... 43
S. Wainio and Peter Beckett

MOUNTAINS

Application of Population Biology, Conservation Biology and Succession Theory to
the Reclamation of a High Elevation Coal Mine .. ......... .0t nnnnnn. 47
Clint R. Smyth

Plant Community Changes in Response to Anchor Chaining and Seeding on
FPihven/Juniper Sites it Cenfral Utah =, <2 0NN aa Ul b o aitili s o i shin = ot <t e ol 51
J. Gregory Sutor

Tailings Disposal and Reclamation at the Coal ValleyMine ....................... 53
Dane McCoy
In-Pit Disposal Program for Acid Generating Waste Rock . ....................... 57

Jamie Quesnel and S. W. Stogran

Reclamation, Trans Canada Highway Twinning, Banff National Park . ............... 63
Otto Hammer

GENERAL ISSUES

Railway Reclamation: Issues and Opportunities . ......... ..., 67
Chris B. Powter and David A. Lloyd

Experiences in Reclaiming Railways Under Alberta's new Reclamation Guidelines ...... 71
Mark Polet
Pipeline:Abandonment: A DISCUSSION PAPBEE v it s s v s ki o s o ahsah 50 xbut &5 o s io nla it x 5 73

Karen Etherington

Legal Perspectives on Land Reclamation ey S i A8 S . asla o e« braidh o 75
Gilbert Van Nes

Liability for Reclamation: Enforcement at CommonlLaw .................... ... 77
Adrian Currie

WATER AND WETLANDS

Coursier Reservoir: The Planning and Costs Associated with the Reconstruction
and Revegetation of a Subalpine Lake ............ ... ... i 81
J. Leah Jackson

Spray Lakes Reclamation Project B e e ey o 0 o el s e & e 85
Margwyn R. Zacaruk



v

The Pine Coulee Project: Linking Reclamation Planning to Impact Assessment ........ 89
Ron Middleton

Design and Construction Management Aspects of Constructed Wetlands ............. 93
Bernard Amell and Kim Eastlick

Natural Revegetation of an Alberta Peatland after Horticultural Peat Extraction ......... 97
Wayne S. Tedder and Larry W. Turchenek

RUNOFF/EROSION

Computer Modelling of Soil Erosion from ReclaimedLand ....................... 101
Les Sawatsky, Wes Dick and Senarath Ekanayake

Runoff and Sediment Yield under Grazing in Foothills Fescue Grassland of Alberta .... 103
M. Anne Naeth and David S. Chanasyk

Runoff Curve Numbers for Two Reclaimed Watersheds in Central Alberta ........... 107
Ted E. Harms and David S. Chanasyk

Vegetation Characteristics, Grazing Disturbance and Soil Erosion . ................ 111
Suzanne . Gill, M. Anne Naeth, David S. Chanasyk
and V. S. Baron

PRAIRIE

Renewing the Ecological Integrity of Disturbed Native Prairie ..................... 113
Heather S. Gerling

Mixed Grass Prairie habitat Restoration Project: Landscape Restoration in the
MoistiMixed GrassiPraife @ o« i xe bioinim o muis »x Tomih ANES. M S0 Fobss s 2 117
Dean Nerberg

Native Prairie Regeneration After Pipeline Construction: A Comparison Between
Topsoil Stripping versus No Topsoil Stripping During Construction ................. 119
Gordon Dunn and Gina Fryer

Restoration of Native Sandhills Vegetation after Pipeline Construction in the
Great Sand Hills Region of Saskatchewan ............. ... ... ... 123
David G. Walker, Laurier Kremer and Wayne Marshall

The Effects of Grazing, Mowing, Glyphosate and Burning on Smooth Brome in

Fasrlie Grasslant Lak rl o it a8y o o b ool ol i, o s ooud s RIS AR KOs R 1 S o & 51 ok ok R 125
D. J. Brown and M. Anne Naeth

VEGETATION

Avoiding Downy Brome When Buying Seed .. ........ ..., 127
Kerby Lowen and Sarah Foster-Stubbs



vi

Biodiveristy and Reclamation: How Many Species do we Need in a Seed Mix? ..

Dana Bush and M. Anne Naeth

Germination and Survivability of Selected Native and Introduced Grasses

ANA LEGUMBE & v i s wnsni sivs o b o pam e s s no s v we s HEllal ¥ e

William E. Pelech and M. Anne Naeth

Road Maps for Repairing Ecological Damage .. ..........c.oiiiiinnnn...

Andy Hammermeister

Ecovar Developments in Western Canada . ...,

Les Wetter and Brent Wark

Plant Growth on Aggregated QOil Sands ProcessingWastes ................

Xiaomei Li, Jim Storey, Paul Y. P. Yeung and Martin Y. P. Fung

The Clover Bar Landfill: A State of the Art Landfill Reclamation Process ......

Ann Smreciu, Nolan Turner and Don Barron
BULK DENSITY

A Method of Characterizing the Bulk Density of Compressible Partlculate Material
D. Guenther, Stacy Schaub and J. Leonard

Near-Surface Compaction Under Grazing of Annual and Perennia! Forages . ...

Dennis Twerdoff, David S. Chanasyk, M. Anne Naeth
and V. S. Baron

Grazing Impacts on Bulk Density and Soil Strength in the Foothills Fescue

Grassiands ol Alberta i@ anad it sy | Ses Srl B

David S. Chanasyk and M. Anne Naeth

Computer Modelling of Soil Erosion from Reclaimed Land
Les Sawatsky, Wes Dick and Senarath Ekanayake

155



Vii
LIST OF SPONSORS
Diamond Level

Alberta Environmental Centre
TransCanada Pipeline Limited

Gold Level

AGRA Earth & Environmental Limited
CHEMEX Labs Alberta Inc.
Government of the Northwest Territories
TransAlta Utilities Corporation

Silver Level

Canadian Energy Pipeline Association
Cardinal River Coals Ltd.

Inco Limited

Olds College

Imperial Oil Resources

Bronze Level

Alberta Treasury Branches

Cigar Lake Mining Corporation

Enron Oil Canada Ltd.

Estevan Coal Corporation

Hudson Bay Mining & Smelting Co. Ltd.
Inland Industrial Materials

Manalta Coal Ltd.

Nelson Dynes & Associates Inc.

NOVA Gas Transmission Ltd.
PanCanadian Petroleum Limited

Iron Level

EnviResource Consulting Ltd.

Morgan Hydrocarbons Inc.

Petroleum Industry Training Service

Western Ecological Systems Management Consulting Inc.



	0 - Cover.pdf
	0 - Covr 2.pdf
	Slide 1

	0 - Covr 1.pdf
	Slide 1





