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INTRODUCTION

Integration of constructed wetlands within land reclamation schemes afford opportunities to manage
runoff, provide habitat and protect surface water quality. Constructed wetlands concepts can be applied to deal
with poorly drained areas and can enhance the habitat and water quality value of post-reclamation ponds and
lakes.

CONSTRUCTED WETLANDS DEFINITIONS

In considering application of wetland ecosystems for water quality enhancement, a very broad definition
of “wetland” is useful.

“Wetland is defined as land having the water table at, near or above the land surface or

which is saturated for a long enough period to promote wetland or aquatic processes as

indicated by hydric soils, hydrophitic vegetation and various kinds of biological activity which

are adapted to the wet environment.” (Tarnocai, 1979)

This definition includes a wide range of systems and land forms including ponds, marshes, sloughs,
muskeg, wet meadows and floodable forests which provides an extensive palette for water management, site
rehabilitation and landscape design.

Wetlands can also be distinguished by the degree of human intervention and four distinctions are
commonly used (US SCS, 1992):

Natural wetlands: no human alteration

Restored wetlands: reconstructed on former wetland sites

Created wetlands: constructed on sites where no wetlands existed primarily to
compensate for natural wetlands lost to development

Constructed wetlands: constructed with the intent of managing water quality

Natural wetlands are not typically used for wastewater treatment. Constructed wetlands are designed
with flow paths, water depths, water distribution and vegetation compatible with the influent stream in a way
which results in the desired effluent quality, aesthetics and habitat features.

CONSTRUCTED WETLANDS APPLICATIONS
Constructed wetlands have been used for a variety of water management purposes:

Municipal Wastewater Treatment: Secondary - tertiary treatment of domestic or municipal wastewater.
Constructed wetlands are used to enhance removal of organic material, suspended solids and nutrients.

Agricultural Wastewater and Runoff Treatment: Constructed wetlands and wetland concepts (e.g.
floodable buffer strips) are used to treat effluents from intensive livestock operations and runoff from cultivated
and pasture lands.
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Mine Drainage: Remove suspended solids and metals, as well as adjust pH of contaminated runoff and
drainage from mine sites. If systems receive runoff from eroding sites, inlet ponds can be provided to reduce
sediment loads on the marsh cells.

Industrial Wastewater Treatment: Provide secondary, tertiary and/or polishing treatment for industrial
effluents and site runoff for pulp mill effluents, refinery wastewater, food processing plant discharges and runoff
from industrial sites.

Leachate Treatment: Remove oxygen demand, suspended solids, metals, organics and nitrogenous
compounds from municipal and industrial landfill leachates and surface runoff.

Stormwater Management: Removal of suspended solids, bacteria, organic matter and nutrients from
urban runoff. Stormwater wetlands are also employed as runoff detention facilities to reduce downstream
flooding risks.

MULTIPLE BENEFIT DESIGN OPPORTUNITIES WITH CONSTRUCTED WETLANDS

Among water treatment technologies, constructed wetlands concepts provide an opportunity to design
with multiple values in mind incorporating engineering function, wildlife habitat, naturalized vegetation and
pleasing aesthetics into a single project. In many cases the combination of these values into design can lower
costs, enhance land values and increase public acceptance of related facilities.

Functional Purpose: The engineering function is usually a primary purpose for developing a facility.
Such functions include contaminant removal from domestic wastewater, sediment removal from runoff and
detention to control peak stormwater flows.

Aesthetic Value: Naturalized wetland sites can be aesthetically pleasing and can enhance the
experience of surrounding land uses, in fact stormwater wetlands have been shown to increase the value of
surrounding properties. By utilizing floodable forests and wetlands, natural appearing buffers can be established
surrounding gravel operations, landfills and industrial sites. The concept transforms a regulatory necessity such
as stormwater containment into an amenity which enhances the public perception of the proposed site use.

Ecological Enhancement: Constructed wetlands can provide a wide range of habitat which compensate
for loss of natural areas to urban and industrial development. Designed with marsh, open water pond and
upland buffer vegetation zones, these wetlands provide a diversity of micro-habitats for a wide range of wildlife.
Stormwater wetlands and associated overland flow channels can form the basis of linear urban park systems
which can provide important wildlife corridors in developed areas. Wetland modifications such as aquatic
benches and shore fringe can improve the habitat value of lagoons and stormwater lakes by providing cover,
food and nesting habitat.

Recreational Uses: Pathways and wildlife viewing points (bird watching) integrated into constructed
wetland projects can provide increasingly sought after nature-centered recreation. The inclusion of naturalized
vegetation (wet meadows, marsh areas, floodable forests) attracts animal life and presents a diverse, seasonally
changing experience for recreational users.

Developer Benefit: Naturally vegetated systems of distributed stormwater wetland detention sites with
interconnecting overland drainage channels would not only greatly enhance stormwater quality but also could
reduce costs for piped stormwater systems. Park-like stormwater facilities have become perceived as amenities
by consumers increasing the value of lots abutting the sites. Creation of naturalized open spaces with lower
maintenance costs can appeal to municipal agencies increasing the chances for land use designations favorable to
the developer.
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CASE STUDIES

Calgary Constructed Wetland Pilot Project
Objectives: Evaluate water treatment capability of stormwater wetlands in Calgary climate.
Design Features: Alternating pond - marsh zones and vegetation test areas.
Ancillary Benefits: Future development as an urban park - wetland interpretive site.
Winnipeg West End Pollution Control Center Lagoon Decommissioning
Objectives: Retain obsolete lagoons for waterfowl habitat.
Design Features: Enhancement of lagoons with aquatic bench marsh zones.
Ancillary Benefits: Incremental effluent treatment and lower reclamation costs.
Bow Ridge Stormwater Wetland
Objectives: Address anticipated public and municipal objections to development.
Design Features: Reconstruction of riparian wetland area with pond and marsh zones.
Ancillary Benefits: Will provide stormwater water quality enhancement and park area.
Calgary Zoo Northern Forest Wetland
Objectives: Reduce potential contaminants in runoff and drainage from zoo exhibits.
Design Features: Floodable forest detention/treatment zone, wetland habitat exhibits
Ancillary Benefits: Wetland interpretive displays, regulatory/public acceptance.
Hobbema Correctional Facility Integrated Water Reuse Wetland
Objectives: Provide for integrated water use and domestic wastewater reuse.
Design Features: Packaged treatment unit, wetland polishing and storage ponds.
Ancillary Benefits: Landscape amenities and acceptance of on-site effluent irrigation.
Edgemont Stormwater Wetland
Objectives: Provide stormwater detention.
Design Features: Sediment forebay, passive subsurface wet meadow irrigation.
Ancillary Benefits: Park area, water quality improvement and amenity land value.
Nowicki Farm Feedlot Runoff Treatment Wetland
Objectives: Reduce contaminants in runoff from feedlot.
Design Features: Inlet pond and multiple marsh zones.
Ancillary Benefits: Improved land drainage and reduced cattle health risks
Gregg River Coal Mine Aquatic Habitat Enhancement Wetlands
Objectives: Reclamation of coal mine including end-cut lake.
Design Features: Marshes to intercept inflow and end cut lake littoral wetland zones.
Ancillary Benefits: Addition of nutrients, vegetation and detritus to enhance fishery.

CONCLUSIONS

Constructed wetlands using concepts such as marshes, ponds and floodable forests have a role in land
reclamation, as well as in mitigating the impacts of development. With consideration of potential multiple
values, wetlands can provide water quality improvement, hydrological control, habitat enhancement and human
amenity. Early applications of constructed wetlands in Western Canada indicate the techniques are feasible and
cost effective.

REFERENCES

Tarnocai, C. 1979. Canadian Wetland Registry. In Proceedings of a Workshop on Canadian Wetlands, CD.A.
Rubec and F.C. Pollett editors, Environment Canada, Lands Dircctorate, Ecological Land Classification Series,
No. 12, Saskatoon, Saskatchewan.

US SCS. 1992. Wetland Restoration, Enhancement or Creation. Chapter 13 SCS Engineering Field Handbook.
U.S. Department of Agriculture, Soils Conservation Service, Washington, D.C.









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





